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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form
the specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the
development of International Standards through technical committees established by the respective organization to deal
with particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.
In the field of information technology, 1SO and IEC have established a joint technical committee, ISO/IEC JTC 1.

The procedures used to develop this document and those intended for its further maintenance are described in the ISO/IEC
Directives, Part 1. In particular the different approval criteria needed for the different types of document should be noted.
This rdocoment—was—drafted—im—accordance—with—the—editoriat—rutes—of —the—SOAEC Dirgctives, Part 2
(see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subjectof patent rights. ISO
and 1HC shall not be held responsible for identifying any or all such patent rights. Details of.any’patent r|ghts identified
during the development of the document will be in the Introduction and/or on the 1SO list of\patent declarptions received
(see www.iso.org/patents).

Any tfade name used in this document is information given for the convenience of users and does ngt constitute an
endorgement.

For an explanation of the voluntary nature of standards, the meaning of 4SO specific terms and expresgions related to
confofmity assessment, as well as information about 1ISO's adherence to:the World Trade Organization (WTO) principles
in the [Technical Barriers to Trade (TBT) see: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/IECITC 1, Information technology, Subcommittee SC 29,
Coding of audio, picture, multimedia and hypermedia information.

A list pf all parts in the ISO/IEC 23090 series can be-fotind on the 1SO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A cpmplete listing
of thege bodies can be found at www.iso.org/members.html.
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Introduction

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 devices that are able to playback 360° video with different processing capabilities. To avoid fragmentation of
omnidirectional media content and devices, a standardized format for omnidirectional media applications is specified in
this document.

This document defines a media format that enables omnidirectional media applications, focusing on 360° video, images,
and audio, as Well as associated timed text. What is specified in this document includes (but is not limited, to):

1) acoordingte system that consists of a unit sphere and three coordinate axes, namely the X (back:to-front) axis| the Y
(lateral, sjde-to-side) axis, and the Z (vertical, up) axis,

2) projectiof and rectangular region-wise packing methods that may be used for conversion.of aspherical video sequence
or image jinto a two-dimensional rectangular video sequence or image, respectively,

3) storage of omnidirectional media and the associated metadata using the 1SO baseymedia file format (ISOBMFF) as
specifiedfin ISO/IEC 14496-12,

4) encapsulgtion, signalling, and streaming of omnidirectional media in &media streaming system, e.g., dynamic
adaptive treaming over HTTP (DASH) as specified in ISO/IEC 23009-1 or MPEG media transport (MNIT) as
specifiedfin ISO/IEC 23008-1, and

5) media profiles and presentation profiles that provide interoperable and conformance points for media codecs gs well
as media [coding and encapsulation configurations that may-be*used for compression, streaming, and playback] of the
omnidireg¢tional media content.

viii © ISO/IEC 2019 - All rights reserved
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Information technology — Coded representation of immersive
media —

Part2:
Omnidirectional media format

1 S$cope

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

In an DMAF player the user's viewing perspective is from the centre of the sphere looking outward towjards the inside
surfacp of the sphere.

NOTE|1 In this document, only 3 degrees of freedom (3DOF) is supported. In other,\words, purely translational movgment of the user
does not result in different omnidirectional media being rendered to the user. For<3BOF support with stereoscopic viddo, when the user
rolls his/her head, there could be a stereoscopic rendering issue.

NOTE|2 Omnidirectional video could contain graphics elements generateddoy computer graphics but encoded as videg.

2 INormative references

The fdllowing documents are referred to in the text inSuch a way that some or all of their content constitutds requirements
of thi§ document. For dated references, only the &dition cited applies. For undated references, the latesq edition of the
referenced document (including any amendments) applies.

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

ISO/IEC 14496-1, Infomation technology — Coding of audio-visual objects — Part 1. Systems
ISO/IEC 14496-3:2009, Information technology — Coding of audio-visual objects — Part 3: Audio
ISO/IEC 14496-10:2014, Information technology — Coding of audio-visual objects — Part 10: Advanced yideo coding
ISO/IEC 14496-12, Information technology — Coding of audio-visual objects — Part 12: ISO base media [file format
ISO/IEC 14496-14{ nformation technology — Coding of audio-visual objects — Part 14, MP4 file format

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

ISO/I £EC14496-30:201 Q' ,njfnrm/‘lﬁnn fp/ﬂllnnlng"y _— Fnding r‘bf'nurlfn visual nl‘\jor'fv — Part 30 Timed text and Ol‘her
visual 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)
WebVTT: The web video text tracks format, W3C (Working Draft, 08 August 2017)

W3C Recommendation XM, schema part I~ Structures

W3C Recommendation, XML schema part 2: Datatypes
IETF BCP 47,|Tags for Identifying Languages
IETF RFC 6341, MIME Codecs and Profiles

3 Termg, definitions, abbreviated terms, and conventions

3.1 Terms and definitions

For the purposps of this document, the terms and definitions in ISO/IEC 14496-12, 1SO/IEC 23008-12, ISO/IEC 23009-1
and the following apply. If terms defined in ISO/IEC 14496-12, ISO/IEC 23008-12 and ISO/IEC 23009-1 are also defined
in this documeht, the definitions in this document are applicable.

NOTE In parficular, the terms coded image, coded image item, derived images dérived image item, image item, reconstructed|image,
and source imagg 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 Elecjropedia: available at http://www.electropedia.org/

— 1SO Onlipe browsing platform: available at http://Wwww.iso.org/obp

3.1.1
azimuth
first of the two|sphere coordinates describing,the location of a point on the sphere

Note 1 to entry: |JAzimuth and elevation are'specified in subclause 5.1.

3.1.2
azimuth circldg
circle on the sghere conneeting all points with the same azimuth value

Note 1 to entry: |An azimuth-circle is always a great circle (3.1.17).

3.1.3
circular imagd
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

3.1.7
contemt coverage
one ofl more sphere regions that are covered by the content represented by the track or by an image item

3.1.8
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.

3.1.9
elevation circle
circle pn the sphere connecting all points with the same elevation value

Note 1]to entry: When the elevation is zero, an elevation circle is also a great circle (3.1.17). This coincides with the euator on Earth.

3.1.10
extragtor track
track that has untransformed sample entry type (3.1.44) equalMo™ hvc2', "avc2',0r "avc4 ' and contains one or more
'scall' track references

3.1.11
field df view
extent|of the observable world in captured/recorded content or in a physical display device

3.1.12
file ddcoder
collective term for file/segment decapsulation and decoding of video, audio or image bitstreams

3.1.13
file dgcoding process
procegs specified as a part of'a media profile specification that takes as input a set of ISOBMFF tracks or itegms and derives
either jof the following:

— degoded pictures or audio samples, and rendering metadata for them;
— afplly renderedaudio scene in the reference system

3.1.14

fisheyg lens
wide-angle camera lens that usually captures an approximately hemispherical field of view (3.1.11) and projects it as a
circular image (3.1.3)

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.

© ISO/IEC 2019 - All rights reserved 3
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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

3.1.17
great circle
intersection of

Note 1 to entry:

Note 2 to entry:

3.1.18

guard band
area in a packd
avoid or mitigd

Note to entry: G

3.1.19
local coording
coordinate axe

3.1.20
OMAF player
collective term
file/segmer
file/segmer
decoding 0
rendering g
viewport se

3.1.21
omnidirection
media such as
(3.1.45), if con
user was in the

3.1.22
open-ended sq
scheme type (3

3.1.23
packed pictur

) relative to the global coordinate axes.

the sphere and a plane that passes through the centre point of the sphere

A great circle is also known as an orthodrome or Riemannian circle.

The centre of the sphere and the centre of a great circle are co-located.

[ picture (3.1.23) that is not rendered but may be used to improve the rendered part of the'packed pic
te visual artifacts such as seams

Liard bands are associated with packed regions (3.1.24) as described in subclause 7.5.3.

te axes
5 obtained after applying rotation to the global coordinate axes (3.1.46)

for

t reception or file access;

t decapsulation;

f audio, video, image, or timed text bitstreams;
f audio, images, or timed text; and

lection

al media
image or video and its associated-audio that enable rendering according to the user's viewing oriel
sumed with a head-mounted device, or according to user's desired viewport (3.1.46), otherwise, ag
spot where and when the media was captured

heme type
.1.35) that allows, future extensions

a)
c

picture that is
Note 1 to entry:

3.1.24
packed region

epresented as a coded picture in the coded video bitstream

ture to

tation
if the

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 pict

ure

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

3.1.28
quality ranking region
regionfthat is associated with a quality ranking value and is specified relative to a decoded picture or a sphdre

3.1.29
qualitly ranking 2D region
quality ranking region (3.1.28) that is specified relative to a decoded picture

3.1.30
qualitly ranking sphere region
quality ranking region (3.1.28) that is specified relative to a sphere

3.1.31
region-wise packing
inversg of the process of transformation, resizing, and relocating of packed.régions (3.1.24) of a packed picfure (3.1.23) to
remap|to projected regions (3.1.26) of a projected picture (3.1.25)

3.1.32
rendefing
procegs of generating audio-visual content for playback fromthe decoded audio-visual data according to thq user's viewing
orientution (3.1.45), if consumed with a head-mounted device, or according to user's desired viewport (3.1}46), otherwise

3.1.33
sample
all the|data associated with a single time or single element in one of the three sample arrays that represent g picture

Note 1{to entry: When the term sample is used in'the context of a track, it refers to all the data associated with a single time of that track,
where @ time is either a decoding time or acomposition time. When the term sample is used in the context of a picture, g.g., in the phrase
"luma sample", it refers to a single elementin one of the three sample arrays that represent the picture.

3.1.34
sample entry type
four-character code that is either the value of the format field of a SampleEntry directly contained in
SamplleDescriptienBox or the data format value of an instance of OriginalFormatBox

3.1.35
schenje type
type tTat parameterizes an encrypted, restricted, or incomplete media track

3.1.36
sphere coordinates
azimuth (¢) and elevation (0) that identify a location of a point on the unit sphere

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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tstream

bitstream 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

3.1.40
sub-picture tr

ack

track that represents a sub-picture bitstream (3.1.39)

3.1.41
tilt angle

angle indicating the amount of tilt of a sphere region (3.1.37), measured as the amount of rotation of the sphere region

along the axis
value increaseg

3.1.42
time-parallel
sample in a tra
other track, or,
time relative td

3.1.43
track sample
sample entry t)

3.1.44
untransforme
track sample ¢

3.1.45
viewing orien

triplet of azimyth, elevation, and tilt angle characterizing the ofientation that a user is consuming the audio-visual ¢

in case of imag

3.1.46
viewport
region of omni

3.2 Abb

2D
CICP
CMAF

DASH

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

ample

that of a particular sample in the other track

PNtry type
e (3.1.34) of a SampleEntry directly contained in SampleDesCxiptionBox

[ sample entry type

ation

e or video, characterizing the orientation of the viewport (3.1.46)

directional image or video suitable_for display and viewing by the user
reviated terms
two-dimensional

coding-independent code points (specified in ISO/IEC 23091-1, 23091-2, and 23091-3)

commarn*media application format (specified in ISO/IEC 23000-19)

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

originating from the sphere origin passing through the centre point of the sphere region, where tog

Ck that is associated with another track, and either has the same decoding time as a particular sample
when a sample with the same decoding time in the other track is not available, the clesest preceding de

ntry type (3.1.43) that would apply if no transformations had.been performed to a transformed medial

angle

in the

coding

track

bntent;

ERP

FOV

ISOBMFF

HEVC

HMD

HOA

equirectangular projection

field of view

ISO base media file format (specified in ISO/IEC 14496-12)
high efficiency video coding (specified in ISO/IEC 23008-2)
head-mounted display

higher-order ambisonics
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MCTS

MMT

OMAF

SRD
URN

VR

3.3

xY

< | =

ISO/IEC 23090

motion-constrained tile set

MPEG media transport (specified in ISO/IEC 23008-1)
omnidirectional media format (specified in ISO/IEC 23090-2)
spatial relationship description

uniform resource name

virtual reality

-2:2019(E)

)

X)

X)

Arithmetic operators and mathematical functions

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

exponentiation, specifies x to the power of y
(In other contexts, such notation is used for superscripting not-intended for interpretation as ex|

integer division with truncation of the result toward zero
EXAMPLE 7 /4 and —7/—4 are truncated to 1 and~7 /4 and 7 / —4 are truncated to —1.

denotes division in mathematical equations wheré.no truncation or rounding is intended

denotes division in mathematical equatiens 'where no truncation or rounding is intended

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

modulus
(Remainder of Xtdivided by y, defined only for integers x and y with x >= Oandy > 0.)

trigonometrie/inverse sine function, operating on an argument X that is in the range of —1.0 tg
with an eutput value in the range of —n+2 to n+2, inclusive, in units of radians

trigonometric invers tangent function, operating on an argument x that is any real number, with
in'‘the range of —n+2 to n+2, inclusive, in units of radians

ponentiation.)

1.0, inclusive,

hn output value

AtanLXJ ifx >0
X

Atan[l}ﬂr ; ifx<0&&Yy>=0
X

Atan2(y, x) = Atan[l)—n T ifx<0&&Yy<0

Cos(x)

X
T .
+E ; ifX==0&&y>=0
_r ;. otherwise
2

trigonometric cosine function operating on an argument x in units of radians
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largest integer less than or equal to x

ign( x ) * Floor( Abs(x) +0.5)

; X==0

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

trigonometric tangent function operating on an argument X in units of radians

Floor( x)
Round(x) =S
1
Sign(x)=40
Sin( x)
Tan(x)
3.4 Ord
The following

When order of]
—  Operatiorn
—  Operation

Table 1 specif
precedence.

NOTE For th
same as used in

T

br of operation precedence

notation is used to specify a range of values:

he C programming language.

s of a higher precedence are evaluated before any operation of a lower precedence:

s of the same precedence are evaluated sequentially from left to right.

hble 1 — Operation precedence from highest (at top.ef table) to lowest (at bottom of table)

precedence in an expression is not indicated explicitly by use of parentheses, the followingrules apgly:

es the precedence of operations from highest to lowest; a higher positionvin the table indicates a higher

Dse operators that are also used in the C programming language, the order of precedence used in this documertt is the

operations (with operands X, y, and z)

"X++", "y— —"

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

xY

iy g o
Y y

XY+ y

X% y"

y
"X + ¥4 — y" (as a two-argument operator), " )" (i) "

=X

<< Yt X S>> Y

XY X <= YT X YT X >

X==y""x 1=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 and z being
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 underscore
characters. Variables starting with an upper case letter are derived for the current syntax structure and all depending syntax

es—Mariables-starting-with-aR-tppereasetetter—ray-be-tsed—-the-specificationfor-dependentsyntax structures
t mentioning the originating syntax structure of the variable. Variables starting with a lower case lettgr are only used
within the clause in which they are derived.

3.7 Processes

Procegses are used to describe the decoding of syntax elements. A process has a separate,specification angl invoking. All
syntaX elements and upper case variables that pertain to the current syntax structure and depending syntax structures are
available in the process specification and invoking. A process specification may alsa-have a lower case varjiable explicitly
specifled as input. Each process specification has explicitly specified an output.The output is a variable that can either be
an upper case variable or a lower case variable.

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

- If the variables at the invoking and the process specification-dg not have the same name, the variables are explicitly
ssigned to lower case input or output variables of the process specification.

Q.

—  (therwise (the variables at the invoking and the process'specification have the same name), assignmejnt is implied.

4 OQverview

4.1 | Organization of this document

This document is organized as follows:

- Yubclauses 4.2 and 4.3 -provide the overall architecture for projected omnidirectional vide¢ and fisheye
dmnidirectional video, resSpectively.

- Yubclause 4.4 desCribes which types of referenceable features specified in this document implermentations and
gxternal specifications may be used to achieve interoperability. It also defines OMAF media and presentation profiles.

- (lause 5 specifies a coordinate system used in this document and the equations for the equirectangulgr and cubemap
mnidirectional projection formats, the conversion from the local coordinate axes to the global coordinate axes, and
he rectangular region-wise packing.

—

- (lnllonﬁc
S80S

nacifias svuntav ctriictirac that ara camman far fichaovo vidan and fichavia imanac
+ad PecHHeS S HteSHHGHH S Hatate-cooRto - HoReYe\HGEe0aRaHSHEYe-HHages:

- Clause 7 specifies extensions to the 1SO base 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 14496-15, which
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.

- 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.

© ISO/IEC 2019 - All rights reserved 9
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4.2

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.

Overall architecture for omnidirectional media with projected video

42.1 Overview

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

AP{ Acquisitid | Ba

A 4

Audio encoding }?

The following |interfaces aresadrmatively specified in this document:

n
Image stitching, - - Ey
g | | rotation, projection, Video encoding }7“ File/segment Fs
‘ and region-wise D . encapsulation F
packing Image encoding }L ‘
(Metedate ] |
I h 4
@
- 1 Delivery
OMAF player < Iy
8 .
Loudspeakgrs/ ‘\Ja | - - B'a - - =3
headphons — Audio rinderlng Audio dfcodlng =
e GCON (i
i . X E
3 : Video decoding |[—— Fllefsegmgnt <
INE v /| decapsulation Fe
Display| F———‘ Image rendering D' Ei/ A
: ry :
Image decoding
‘ _____________________________________________ Head/eye |
Orientation/viewport metadata tracking | Orientation/
viewport metadata

Figure 1 — Contentflow process for omnidirectional media with projected video

E'a, E'y, Hi: audio bitstream, video bitstream, coded image(s), respectively; see Clause 10.

F/F": media file, including projection and region-wise packing metadata; see Clause 7. Moreover, media profiles
specified|in Clause 10 include the specification of the track formats for F/F', which may contain constraints [on the
elementary streams comtained wWithimn the samptes of the tracks.

Clause 8 specifies the delivery related interfaces for DASH delivery.

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.

10
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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.

The packed plctures (D) are encoded as coded |mages (E) or a coded V|deo bitstream (E.). The captured audio (B,) is
encodg a-media file for file
playbdck (F) or a sequence of an |n|t|aI|zat|on segment and medla segments for streaming (Fs), according| to a particular
medialcontainer file format. In this document, the media container file format is the 1ISO base media-file format specified
in ISQ/IEC 14496-12. The file encapsulator also includes metadata into the file or the segments,‘such as|projection and
region-wise packing information assisting in rendering the decoded packed pictures.

The metadata in the file includes information for the following:

t

ne 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.

The sdggments Fs are delivered using a delivery mechanism to.a player.

The fi
proces
metad
The d
based
packin
the cu

e that the file encapsulator outputs (F) is identical to'the file that the file decapsulator inputs (F'). A fi
ses the file (F') or the received segments (F's) and-extracts the coded bitstreams (E's, E'y, and/or E')
bta. The audio, video, and/or images are then.decoded into decoded signals (B'; for audio, and D' for
bcoded packed pictures (D') are projected-onto the screen of a head-mounted display or any other
on the current viewing orientation or-viewport and the projection, spherical coverage, rotation, a

trackimg functionality. Besides being.used by the renderer to render the appropriate part of decoded video an

the cu

Thep

4.2.2

For m
generd
wise []
are sti

[rent viewing orientation may also be used by the video and audio decoders for decoding optimizatio|

ocess described abovesis applicable to both live and on-demand use cases.

Stitching, ratation, projection, and region-wise packing

pnoscopic_360-degree video, the source images of one time instance are stitched, possibly rotated, a
te a projected picture representing one view. The breakdown of the image stitching, rotation, projecti
acking processes for monoscopic content is illustrated with Figure 2 and described as follows. Sou
chéed, possibly rotated, and projected onto a unit sphere.

g metadata parsed from the file. Likewise, decoded audio (B's) is rendered, e.g. through headphone
'rent viewing orientation. The current viewing orientation is determined by the head tracking and pg

Je decapsulator
and parses the
images/video).
display device
nd region-wise
s, according to
ssibly also eye
i audio signals,
n.

nd projected to
on, and region-
ce images (Bi)

The image data on the unit sphere is further arranged onto a two-dimensional projected picture (C). The projected picture
covers the entire sphere. Optionally, 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
of a single acquisition time instance

In the case of stereoscopic 360-degree video, the source images of one time instance are stitched, possibly rotated, and
projected to generatea InrnJim‘mri Inir\fnm mpmennfing two views one for each eye Both views may. be mnlr_\lr_mrl onto the
same packed picture, as described below in relation to Figure 3, and encoded by a traditional 2D videoCerjcoder.
Alternatively, pach view of the projected picture may be mapped to its own packed picture, in which case, the image

stitching, projd
either the left
right view may

ction, and region-wise packing is like described above with Figure 2. A sequence of packed picty
iew or the right view may be independently coded. Alternatively, packed pictures of the'left view g
be temporally interleaved in an alternating manner and encoded as a single bitstreams-which is indic

res of
nd the
nted to

ne temporal interleaving frame packing arrangement. In another alternative, multiview coding is ysed to

ews into the same bitstream with inter-view prediction.

comply with t
encode both vi
ontent

The breakdowp of the image stitching, rotation, projection, and region-wise packing precesses for stereoscopic G

where both vig
images (B;) ar¢

unit sphere is further arranged onto a two-dimensional projected picture (C. for lefteye, Cr for right eye), which

the entire sphe
picture. Optior]
picture (D) is

identical to the
only a part of t

ws are mapped onto the same packed picture is illustrated with Figure 3\and described as follows. §
stitched, possibly rotated, and projected onto two unit spheres, one-for each eye. The image data o

re. Frame packing is applied to pack the left view picture and right view picture onto the same prd
piven as input to image/video encoding. If the region-wiSe Jpacking is not applied, the packed pic

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

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

bource
n each
COVers
jected

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

ture is
cover

Co
b Stitching Projected \ C Region-wise D
Source images ~! rotation (optional), left picture F;S;-Ine —+ Projected —| packing + li::}atﬁlr(:(i} lrgﬁgg’;ﬁlw
and projection Cg / P 9 picture (optional) P 9
Projected
right pictare:

Figure J

The image stitg
source images
of local coord
performed mu
encoded.

— Stereoscopic image stitching, rotation, projection, and region-wise packing of source images
of a single acquisition time instance

hing, rotation, projection, and region-wise packing processes may be carried out multiple times for th
to create different versions of the same content, e.g., for different sphere rotations (i.e., different ro
nate axes with respect to the global coordinate axes). Similarly, the region-wise packing process n
tiple tites from the same projected picture to create more than one sequence of packed pictures

P same
ations
hay be

to be

4.3

Overall 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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%A Acquisition Ba ‘—‘i Audio encoding }?
: : E -
B Circularimage D Video encoding }7\: , File/segment Fs
mapping encapsulation F
: Ei A
Image encoding i
Metedata
I Y
f'i 1 Delivery
OMAF player % x
(]
b (=]
Ldudspeakersr 1" | K . .
Headphones — Audio rinderlng H Audio dfcodlng
,.........._______5;_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_‘; """""""""""" Metadata |
5 i . : i F
: v Video decoding |[4—— dFlIe.’segme_nt <
Al . . ecapsulation =
Display }_‘_ .| Image stitching & ", ! x
; rendering : :
A \‘ Image decoding
‘ 77777777777777777777777 777777 Headleye | |
Orientation/viewport metadaf tracking | Orientatipn/
viewport metadata
Figure 4 — Content flow process for omnidirectional media with fisheye video
Afisheye lens is a lens that achieves extremely wide angles of view and produces a circular image. Circular ifnages captured

by mu

devicd.

tiple fisheye lenses of a 360 camera typically cover alldirections around the centre point of the came

The circular images (Bi) captured by fisheye lenses at'the same time instance are not stitched, but directly

pictur
video

The fi
(Ev). T
initial
file en
segme

The fi
len
ler]
di

q

(D) in the fisheye video format, which is specified in clause 6. Region-wise packing is not allowed
format.

bheye images including non-stitched‘Circular images (D) are encoded as coded images (E;) or a coded
he coded images, video, and/oraudio are then composed into a media file for file playback (F) or a
zation segment and media segments for streaming (Fs), according to a particular media container f
capsulator also includes fisheye-specific metadata, which assist in rendering the decoded pictures, int
nts.

bheye-specific metadata in the file includes:
s distortion eorrection (LDC) parameters with local variation of FOV,
s shading.compensation (LSC) parameters with RGB gains,

played-field of view information, and

A

set or camera

mapped onto a
for the fisheye

ideo bitstream
sequence of an
le format. The
D the file or the

Ca

era extrinsic parameters (pnysical location).

In an OMAF player, the circular images in the decoded fisheye video are stitched using the signalled fisheye-specific
parameters to an omnidirectional image and rendered according to the user’s viewport.

4.4

441

Conformance and interoperability

General

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

process between sets of coordinate axes of this coordinate system (subclause 5.3).

© ISO/IEC 2019 - All rights reserved
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ctional projection formats (subclause 5.2).

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

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

Region-wise packing formats (subclause 5.4).
Scheme types for post-decoder processing of omnidirectional video (subclause 7.6.1).

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

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

However, the
specified in thi

This document
OMAF feature]

442  Medi

4421 Ger

A media profil
single media f{

combination of:

Specifical
to those i

Constrain
the samp

A media profil
single media ty

combination of:

Specifical
imposed

Constrain
the items

The elementar
and level of thq
of the presencq

NOTE The ug
specifications in

technologies and features specified in this document may be used independently. For example)
5 document may be used independently of other OMAF features.

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

h profiles

eral

e for timed media is defined as requirements and constraints for a set-of one or more ISOBMFF trac
ype. The conformance of a set of one or more ISOBMFF tracks-t0 a media profile is specifie

ion of which sample entry type(s) are allowed, and which eonstraints and extensions are required in ag
mposed by the sample entry type(s).

ts on the samples of the tracks, typically expressed as'eonstraints on the elementary stream contained
es of the tracks.

e for static media is defined as requirementsiand constraints for a set of one or more ISOBMFF item
pe. The conformance of a set of one or mare ISOBMFF items to a media profile is specified as a

ion of which item type(s) are allowed, and which constraints and extensions are required in addition t
Dy the item type(s).

ts on the content of the items, typically expressed as constraints on the elementary stream contained

 stream constraints’/of a media profile may be indicated by a requirement to comply with a certain
media coding:specification, possibly including additional constraints and extensions, such as a requi
of certaip-information for rendering and presentation.

e of the'€lementary stream constraints specified for a media profile could be referenced by implementations and
Hependently of the ISOBMFF requirements and constraints specified for the media profile. However, the encaps

boxes

ective

ks of a
H as a

dition

within

ofa

those

within

profile
ement

xternal
ulation

and use of a me(

iaprofile for other encapsulation formats is outside of the scope of this document.

4.4.2.2

File decoding process and file decoder requirements for video and image media profiles

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:

alistofd

the pr

14

ecoded pictures;

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

ojection format of the associated projected pictures,
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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
following:

- he fifedecoderinctudes a conforming decoder that produces numericatty Tenticat cropped decoded plictures to those
roduced by the file decoding process specified for the video or image media profile in Clause 10-(with the correct
utput order or output timing, as specified in the video or image coding specification of the-ideo gr image media
rofile, respectively).

he file decoder outputs rendering metadata that is equivalent to that produced by the file-dlecoding prpcess specified
pr the video or image media profile in Clause 10 (with the correct association of the‘rendering metadata to particular
ropped decoded pictures, as specified in this document).

|
O =h e lllelre

Figurg 5 illustrates an example file decoder, its outputs as described above, and’its’relation to other parts of an OMAF
player{implementation.

A player claiming conformance to a video or image media profile shalkinclude a file decoder complying with the file
decod|ng process of that video or image media profile as specified above. While the player operation, witlr the exception
of thelfile decoding process, is not specified normatively in this document, specifications of a media profile may include
an informative clause on expectations of a player operation, for example including recommendations for rendering.

Orientation
viewport
metadata

QMAF conformance

Other Media

File decoder
t(r)aMle) ; pecoded
) File V.Ideo or picture(s) ] Rendered Synchronized an
imhee image Mapplng of decoded € spatially-ajigned
mpe parser decoder picture(s) onto sphere viewport presentdtion
item Rendering
metadata

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

4.4.2.3 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.

© ISO/IEC 2019 - All rights reserved 15


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

ISO/IEC 23090-2:2019(E)

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.

Tabla2 Ryrandc cnacifind 1n thic docimaant
TotoTc—== DT o oo SPe oot io aocur et

Brand jidentifier | Clause in this | Name of the media profile or the presentation profile
document

hevi 10.1.2 HEVC-based viewport-independent OMAF video prafile

hevd 10.1.3 HEVC-based viewport-dependent OMAF videg profile

avde 10.14 AV C-based viewport-dependent OMAF video profile

oabl 10.2.2 OMAF 3D audio baseline profile

oca2d 10.2.3 OMAF 2D audio legacy profile

heoi 10.3.3 OMAF HEVC image profile

jpoi 10.3.4 OMAF legacy image’profile

ttml 10.4.2 OMAF IMSET timed text profile

ttwv 10.4.3 OMAFRWebVTT timed text profile

ompp 111 OMAF viewport-independent baseline presentation profile

ovdp 11.2 OMAF viewport-dependent baseline presentation profile

cvid C.l1 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

cabl C21 CMAFmedia profite for OMAF-3Dautio basetine profite

4.4.4.2 Uniform resource names

The URNSs specified in this document are listed in Table 3.
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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
uyn:mpeg:mpegl:omaf:2017:rwpk | 8.3.3 Scheme identifier for the region-wisgpacking
type DASH MPD descriptor
uyn:mpeg:mpegl:omaf:2017:cc 8.3.4 Scheme identifier for the content coverpge DASH
MPD descriptor
ufn:mpeg:mpegl:omaf:2017:srgr | 8.3.5 Scheme identifier for-the spherical regipn-wise
quality ranking(DASH MPD descriptor
ugn:mpeg:mpegl:omaf:2017:2dqr | 8.3.6 Scheme identifier for the 2D region-wisge quality
ranking-DASH MPD descriptor
ufn:mpeg:mpegl:omaf:2017:fomv | 8.3.7 Scheme identifier for the fisheye omnidirectional
video DASH MPD descriptor

4.4.48 Restricted scheme types

The rdstricted scheme types specified in this documient are listed in Table 4.

Table 4 — Restnicted scheme types specified in this document

Rastricted scheme type

Clause in this document

Informative description

pqdv

7.6.1.2

Projected omnidirectional video; an open-endgd
restricted scheme type for omnidirectional vidgo based
on a projection.

enpv

7.6.1.3

Equirectangular projected video; a closed resttficted
scheme type for omnidirectional video based gn the
equirectangular projection and essentially no region-wise
packing.

ercm

7.6.1.4

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

fodv

7.6.1.5

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.

© ISO/IEC 2019 - All rights reserved
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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 7.74 For use with a timed metadata track containing the initial
viewing orientation timed metadata.

rcvp 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 containing the timed
text sphere location timed metadata.

4445 BoXtypes

The box types gpecified in this document are listed in Table 6.

Table 6 — Box types specified in this doctment

Box type Clause in this document | Box name

csch 7.16 Compatible scheme type box

ttyp 7.1.9 Track type box

povd 7.6.2 Projected omnidirectional video box

prfr 7.6.2,79.3 Projection format box, projection format item property
fodv 7.6.3 Fisheye omnidirectional video box

fovi 76.3,79.4 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 164 796 Region-wise packing hox _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

srgr 7.8.2 Sphere region quality ranking box

18 © ISO/IEC 2019 - All rights reserved
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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.

offcf 7.10.2 OMAF timed text configuration box

4446 Track grouping types

The trhck 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

stler

711

Stereoscopic video track grouping

alte

721

Alternative extraction source track grouping

5 Omnidirectional video projection and region-wise packing

5.1 | Coordinate system

The cgordinate system consists of a unit sphere and three coordinate axes, namely the X (back-to-front) axig
side-t@-side) axis, and the Z{vertical, up) axis, where the three axes cross at the centre of the sphere.

The Idcation of a point anthe sphere is identified by a pair of sphere coordinates azimuth (¢) and elevation|(6).

Figurg 6 specifiesdhe relation of the sphere coordinates azimuth (¢) and elevation (0) to the X, Y, and Z co

© ISO/IEC 2019 - All rights reserved
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NOTE The s

The value rang
90.0, inclusive

5.2 Om

5.2.1 Gene

Subclause 5.2
projected lumg

The omnidirec
specifies the d
respective inve

v

increasing ¢

Figure 6 — Coordinate axes and their relation to the sphere.coordinates

ecified coordinate system is the same as in ISO/IEC 23008-3.

degrees.

midirectional projection formats

ral

specifies the inverse of the projectionprocess for remapping of one sample location of a mono
picture onto a position on the unit Sphere identified by a pair of azimuth and elevation coordinates.

ional projection formats specified in this document are identified by a 5-bit unsigned integer value. ]

mnidirectional projection format identifier values and provides references to the clauses in whi
rse projection processes.are specified.

Table 8 — Omnidirectional projection formats

es of azimuth is —180.0, inclusive, to 180.0, exclusive, degrees. The value range of elevation is —¢

0.0 to

scopic

able 8

ch the

2.2

Identifier value | Omnidirectional projection | Clause
0 Equirectangular projection 522

1 Cubemap projection 523
2.31 Reserved N/A

Equirectangular projection for one sample location

Inputs to this process are:

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

in relative p

20

rojected 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

Figure

NOTE
the out

NOTE
system

523

Inputs

-
i

-t
d

Outpu
- 9

Figure

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

Figure 7 — Azimuth and elevation ranges of the menoscopic projected picture
of the equirectangular{projection

ilar projection.

1  Since an input to this process is the centre point of a sample location and the width and height of the sample are non-zero,

put ¢ is never equal to —180° or 180° and the output 0 is figver equal to —90° or 90°.

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

Cubemap projection for one sample location

to this process are:

ictureWidth and pictureHeight,which are the width and height, respectively, of a monoscopic projectg
n relative projected picture sample units, and

he centre point of aSample location (hPos, vPos) along the horizontal and vertical axes, respective
nd vPos are in relatiyve projected picture sample units and may have non-integer real values.

(s of this process are:
phere coardinates (¢, 0) for the sample location in degrees relative to the coordinate axes specified in

8dMustrates the cube face arrangement in the projected picture of the cubemap projection format ar

of the

bf the coordinate

d luma picture,

y, where hPos

subclause 5.1.

d the mapping

uhe faces anta the coordinate axes specified in subclause 5 1 _where PX _NX PY NY PZ and N7

lenote positive

X, negative X, positive Y, negative Y, positive Z, and negative Z, respectively.

© ISO/IEC 2019 - All rights reserved
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8 — Relation of the cube face arrangement of the projected picture to the sphere coordinates

rdinates (¢, 0) for the luma sample location, in degrees, are given by the following equations:

v

ictureWidth and pictureHeight shall be such that pictureWidth is a multiple of 3, pictureHeight is a multiple

lw = pictureWidth / 3
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’
Yelseif(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
JElSe MW == U && h == U){ /] posiive y Ieft 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

egrees, where

exclusive, and

(o) expresses
Rotations are
origin towards

5.3 | Conversion from the local coordinate axes to-the global coordinate axq

Inputs|to this process are:

— fotation yaw (od), rotation pitch (Bug), wotation roll (yg), all in units of d
fotation yaw (ag) and rotation roll (ya), are in the range of —180.0, inclusive, to 180.0,
fotation pitch (Bd) is in the range of —90.0to 90.0, inclusive, and

—  gphere coordinates (¢q, 84) relative to the local coordinate axes.

Outputs of this process are:

—  gphere coordinates (¢, 0") in degrees relative to the global coordinate axes.

This pirocess specifies rotations around the three axes of the coordinate system of subclause 5.1, where yaw

a rotation around the Z axis, pitch (B4) rotates around the Y axis, and roll (yq) rotates around the X axis

extringic, i.e., around X, Yand Z fixed reference axes. The angles increase clockwise when looking from the

the popitive end of an axis;as illustrated in Figure 9.

Yaw Z
A
Ir»
A - Pitch
- ~ /'
| -
N 64 - \;VY
X Rol

Figure 9 — Hlustration of the directions of the yaw, pitch and roll rotations
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23


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

ISO/IEC 23

090-2:2019(E)

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:

¢ =¢4g*7+180
0=04* 7+ 180
o=og*7m+ 180
B=PBs*n~+ 180
Yy=vd*n+180

X1 =

Y1 =
21 =
X2 =

Y2 =

Zy =

0 =
5.4 Reg

54.1 Gene

Subclause 5.4
packed region

The inverse re
Table 9 specif
respective invg

Cos(¢ ) *Cos(0)

Sin(¢ ) * Cos(0)

5in( 0)
Cos(B)*Cos(a)*x1—Cos(B)*Sin(a)*y;+Sin(p)*z

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) *z1

Sin(y) *Sin(a)—Cos(y) *Sin(B) *Cos(a)) *x1 +
(Sin(y)*Cos(a)+Cos(y)*Sin(p)*Sin(a))*y1+
Cos(y) *Cos(B) *z

Atan2( y2, X2 ) * 180 + ¢

Asin( z2) * 180 + =

on-wise packing formats

ral

rse processes are specified.

Table 9 — Region-wise packing formats

specifies the inverse processes of the region-wise packing for remapping of a luma sample locatid
pnto a luma sample location of the correspending projected region.

gion-wise packing processes specified™in this document are identified by a 4-bit unsigned integer
es the region-wise packing format«identifier values and provides references to the clauses in whi

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

nina

value.
ch the

5.4.2  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 p

rOCess are:

— 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,

24
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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.

Outputs of this process are:

& CENtre point of the sample focation (NP0oS, VPOS) WITNIN e Projé
fgrojected picture sample units and may have non-integer real values.

The olitputs are derived as follows:

horRatio = projRegWidth + packedRegWidth
verRatio = projRegHeight + packedRegHeight
}else if (transformType == 4 || transformType == 5 || transformType ==
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 * ( packedRegHeight — y — offsetY )
} else if (transformType == 39

hPos = horRatio * ( x +.0ffsetX )

vPos = verRatio * (;packedRegHeight — y — offsetY )
} else if (transformType~== 4){

hPos = horRatio ¥ (y + offsetY )

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

hPos = fiorRatio * (y + offsetY )

vPos='verRatio * ( packedRegWidth — x — offsetX )
} elsetif( transformType ==6) {

hPos = horRatio * ( packedRegHeight — y — offsetY )

vPos = verRatio * ( packedRegWidth — x — offsetX )

} plse if ( fraannrmTypp ==17 ) {

if(transformType == 0 || transformType == 1 || transformType == 2 || transformType

611

hPos = horRatio * ( packedRegHeight — y — offsetY )
vPos = verRatio * ( x+ offsetX )

}
6 Fisheye omnidirectional video

6.1 General

3 are in relative

==3){

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:

© ISO/IEC 2019 - All rights reserved
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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

6.2.1  Syntdx
aligned(8)
unsigned int (3)
bit (21) reserved =
unsigned int (8)
for
int (32)
int

unsfigned
unsfigned
unsfigned
unsfigned
unsfigned
unsfigned
unsfigned
unsfigned
sighed int (32
sighed int (32
sighed int (32
unsfigned int (32)
unsfigned int (32)
unsfigned int (32)
unsfigned int (32)
bit|(16) reserved
unsfigned int (16)
for

6.2.2  Semantics

view dimérision idc

(3=0; j< numg,
signed int (32)

FishleyeVideoEssentiallnfoStruct syntax structure

class FisheyeVideoEssentialInfoStruct () {
view dimension idc;

0;

num_
(iF0; i< num _circular images; i++) {

circular_ images;

image centre x;
image centre y;
rect region top;
rect region left;
rect region width;
rect region height;
full radius;

scene_ radius;

camera_centre_azimuth;
camera_centre_elevation;
camera centre tidt;

camera centrejoffset x;

camera cenfve offset y;

camera centre offset z;
fieldof/view;

= 0;
num_polynomial coefs distortion;
polynomial coefs distortion; j++)
polynomial coef k distortion;

indicates that the syntax

element

values of this

Fist

The indicated

shall be obeyed in the

FisheyeVideoEssentialInfoStruct syntax structure.

26

syntax
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constraints

element values of this
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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 y,and
camera_ centre offset z aresuch that the circular images have

alianad antinal av oo and foann AN Ho diroctione
Ay TIC U opPTttar oAt Sanu aCCUP PO SIIC O C U tIroTIST

Thesumof field of view values is greater than or equal to 860 '°.

1 num circular images isequal to 2.

The values of camera centre azimuth,

camera centre elevation, camera centpbe tilt,
camera_ centre offset x, camera centre offset vy, and
camera centre offset =z aresuch thatthe circular images have
parallel optical axes that are orthogonal to\the line intersecting the camefa
centre points.

The camera with i equal to 0 isthe left view.

2 num circular imageésisequalto 2.

The values of camefa centre azimuth,

camera_ centrerelevation, camera centre tilt,

camera cenfite offset x,camera centre offset y,and
camera_ ocerntre offset z aresuch that the circular images have
parallel optical axes that are orthogonal to the line intersecting the camefa
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 this
FisheyeVideoEssentialInfoStruct Syntax structure.

niri/circular images specifies the number of circular images in each coded picture this strucfure applies to.

I H Ll +la 1 H L+ 2 ot ot 1 1 +Hal
rypreany, ticvdiut 1S Tyudr tU 2, DUt UTTCT TIUTTEZCTU VATuUTS dirc diSU JUSSTUTT,

image centre x is a fixed-point 16.16 value that specifies the horizontal 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.

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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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,
and that the enclosed area is the suggested area for stitching as recommended by the content provider.

camera [CENTTE _azimutn daMd camera CeNtIe _€levation SPecity the Centre of e Sphereyegion
corregponding to the centre of the circular image. camera centre azimuth shall be in the rapge of
—180[* 2'¢ to 180 * 2 — 1, inclusive. camera centre elevation shall be in the range pf\=90 *2% to
90 * 2%, inclusive.

camera [centre tilt specifies the tilt angle of the centre of the sphere region corresponding-to the centre of the
circulpr image. camera centre tilt shall be in the range of —180 * 216 to 180 *2'€3-1, inclusive.

camera| centre offset x,camera centre offset y andcamera cefitre offset z are|fixed-
point [L6.16 values that indicate the XYZ offset values, in millimeters, of the focal centre of the fisheye damera
lens cprresponding to the circular image, from the focal centre origin of the gverall fisheye camera configyration
as illustrated in Figure 10.

Z
0z L
Cr
L ]
Ox
X

~

Figure 10 — Illustration of camera_centre_offset_x (Ox), camera_centre_offset_y (Oy), and
cameral centre_offset.2(0,) of the focal centre (CL or Cr) of the fisheye camera lens (L or R, respectiely)
relativeto the focal centre origin of the overall fisheye camera configuration (Cw)

field Jf siew isafixed-point 16.16 value that specifies the field of view of the fisheye lens corresponding to the
circulprimage, in degrees. A typical value for a hemispherical fisheye lens is 180.0 degrees.

num polynomial 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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Cy

—

the angle (0), in radians, using the following polynomial equation:

N_l .
0= %) pyx )

num polynomial coefs distortion, respectively.

6.3 | FisheyeVideoSupplementallnfoStract syntax structure

6.3.1 | Syntax

alighed(8) class FisheyeVideoSupplementalInfoStruct () {
wnsigned int(8) num circular images;

bit (20) reserved = 0;

uwnsigned int (1) flip\info flag;

tnsigned int(l) camera intrinsic_ flag;

tinsigned int (1) docal fov flag;
tnsigned int (l)ndeadzone flag;

(i=0; iKnum circular images; i++) {
if (fXip info flag == 1) {
bit (30) reserved = 0;
unsigned int (2) image flip;

for

}

¥f (camera intrinsic flag == 1) {

npim polynomial coefs distortion is an integer that specifies the number~of ‘polynom
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 polynor
values that describes the curve function from the normalized radius (#) of luma sample x,, in the ci

where p; and N; are represented byl polynomial coef k distoj

Figure 11 — lllustration of relation between radius (r) and theta (0) of distortion-function

al coefficients

nial coefficient
rcular image to

tion and

unsigned 1nt (32) 1mage scale axis angle;
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  Semantics

30

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 int (32) 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;

if (depdzone flag == 1) {

bit|(24) reserved = 0;

unsfigned int (8) num deadzones;

for| (3j=0; j<num deadzones; Jj++) {
unsigned int (16) deadzone left horizontal ofifget;
unsigned int (16) deadzone top vertical offse&t;
unsigned int (16) deadzone width;
unsigned int (16) deadzone height;

num circular images specifies the number pf €ircular images in each coded picture this structure applies to.
Typically, the value is equal to 2, but other non=zero values are also possible.

flip inffo flagequalto 1 specifiesthat image flipping regioninformationispresent. f1ip info |[flag
equal|to O specifies that image flipping.information is not present.

camera |intrinsic flag equal to'1 specifies that image scale and lens shading compensation camera intrinsic
paramjeters are present. camera intrinsic flag equal to O specifies that image scale and lens shading
compegnsation camera intrinsic parameters are not present.

local flov_flagequalto 1 specifies that the local field of view parameters are present. local fov_ flag equal
to O specifies thatthe local field of view parameters are not present.

deadzone flagequal to 1 specifies that deadone related parameters are present. deadzone flag equgl to 0

speci]ies that'deadzone parameters are not present.
image fTIip SpPeciTies WNether and now the image nas peen THPpped and thus a reverse T1pping operation needs to

be applied. The value 0 indicates that the image has not been flipped. The value 1 indicates that the image has
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.

image 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 function using the following polynomial equation:

_ VN Loaim1
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 wheh p is represented by
polynomial coef k 1lsc r, polynomial coef k lsc g, and polydomial coeff k lsc b,
respectively, and r is the corresponding radius from the image centre after normalization by the fyl11l radius.
Nis represented by num polynomial coefs 1lsc. Figure 12 shows.anlexample of an input fisheye video
picture and the output after applying lens shading compensation.

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

npm _angle for displaying fov specifies the number of angles that define the displayed gdnd overlapped
regions. According to the,>value of num angle for displaying fov, multiple values of
displayed fov and( gverlapped fov are defined with equal intervals, which start at {L2 o'clock and
increase clockwise.

diisplayed fov specifies the field of view of the part of the circular image that is recommended|to be used for
displaying without blending that involves adjacent circular images.

oyverlappe@lfov specifies the field of view of the part of the circular image that may be overlapged on a sphere
by adjacent circular images and that is recommended to be used for displaying either as such or by blending with
adjacent circular images.

Thelvalues 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 physical property of each fisheye 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°

4= LT

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

num lodal fov region specifies the number of local fitting regionsthat have different fields of view.

start radius (r), end radius (r.), start angle (ay), @pdénd angle (a.) specify the region fof local
fitting/warping to change the actual field of view for displaying locally. start radius and end rgdius
are fixed-point 16.16 values that specify the minimuniand maximum radius values. start anglle and
end |angle specify the minimum and maximum anglé-values that start at 12 o’clock and increase clockwise, in
units pf 27'° degrees. start angle and end_angle shall be in the range of —180 * 2'° to 180 * 2{° — 1,
inclugive. Figure 15 illustrates an example of local'FOV parameters.

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

angle delta (aq) specifies the delta angle value, in units of 27'° degrees, for representing a different field of view
for each angle.

local flov _weight (W) isa8:24 fixed point value which specifies the weighting value for the field of view{ of the
positipn specified by start radius,end radius,start angle,end angle, the angle indexignd the
radiug index j. The positive value of 1ocal fov weight specifies the expansion of field of view, while the
negat(ve value specifies the contraction of field of view. Figure 16 shows an example result of applying locgl FOV
parameters with-a'set of weighting values.

ae

Figure 15 — Illustration of parameters regarding local FOV
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Ellipse where FOV=00

before local FOV is applied
Ellipse where FOV=60.-"
before local FOV is applied, -

[
[
i

",

| Ellipse where FOV=60

___ Ellipse where FOV=90
| afterdocal FOV is applied

~~—fter local FOM.1

igure 16 — Example of local FOV with as, a., and as equal to 45°, 135°, and 45°, repectively, an
equal to 0.5, 1.0, and 0.5, respectively

applies to.

eadzone left horizontal offset, deadzone top verticdal offset, deadz
and deadzone height are integer values that specify the.position and size of the deadzq
area in which the pixels are not usable. deadzone left horizontal
deadzone top vertical offset specify the horizantal and vertical coordinates, respeg
samples, of the upper left corner of the deadzonges in the coded picture. deadzong

bits for representing the video, all pixels within a deadzone should be set to the same pixel value

Omnidirectional media storage’and metadata signalling in
the ISOBMFF

Generic extensions to the ISOBMFF

Stereoscopic video track-grouping

Il  Definition

kGroupTypeBox With track group type equal to 'ster' indicates that this track is either
f a stereo pair suitable for playback on a stereoscopic display.

pcks that have the same value of track group id within StereovVideoGroupBox form a s
hall be_nho-more than two of such tracks for the same value of track group id.

1 Usually there are two tracks indicated to be a stereo pair with the StereovVideoGroupBox having th

k applied

drs, re, and rq

im deadzones is an integer that specifies the number of dead zones in each goded picture this stiucture

one width,
ne rectangular
ffset and
tively, in luma
_width and

deadzone height specify the width and height;yrespectively, in luma samples, of the deagizone. To save

e.g., all black.

he left or right

tereo pair, and

e same value of

_ar'oup id. However, only one track could be associated with a stereo pair in specific cases. For example

the file could be

edited in a manner that one of the tracks forming a stereo pair gets removed. In another example, only one of the tracks of a stereo pair
is selected for transmission, e.g. using 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  Syn

aligned(8)
unsigne
bit (31)
}

7.1.1.3

090-2:2019(E)

tax

{

class StereoVideoGroupBox extends TrackGroupTypeBox ('ster')
d int (1) left view flag;
reserved 0;

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

_view_flag shall differ.

left
7.1.2 Indic
Bit O of the £

uniqueness of

(fla
g

(
3
v

7.13

The semantics

track T

presemt. A given value shall not be duplicated in the array;

to

track T
value
trad
trad
trad
is refd
other
not b

7.14 Indic

Bit4 of the f1
is not intended
semantics of tt]

t0 track group id of any TrackGroupTypeBox with a different track group type.

Updalted semantics of track_IDs of the track reference box

btion of track _group_id uniqueness

1 ags (with bit 0 being the least significant bit) of the TrackGroupTypeBox is used t0"indic
Frack group id. The semantics of the flag is specified as follows:

hs & 1) equal to 1 in a TrackGroupTypeBox of a particular track group-type indicat
rack _group_idinthat TrackGroupTypeBox is not equal to any track. TPvalue and is no

flags & 1) isequal to 1 ina TrackGroupTypeBox with particular values of track group |
hd track group id, (flags & 1) shall be equal to 1 in all TrackGroupTypeBoxes of the
plues of track group typeand track group id, respectively-

of track IDs of the TrackReferenceBox is changed-ftom

Ds is an array of integers providing the track identifiers ‘of the referenced tracks. The value 0 shall

Ds is an array of integers providing the track identifiers of the referenced tracks or track groy
of the referenced track groups. Eactrvalue of track IDs[i], where i is a valid index
k_IDs[] array, is an integer that“provides a reference from the containing track to the trac
k_ID equal to track IDsfi] or to the track group with both track group id eq
k_IDs[i] and (flags &1)0f TrackGroupTypeBox equal to 1. Whena track group_ id
renced, the track reference“applies to each track of the referenced track group individually unless
vise in the semantics of particular track reference types. The value 0 shall not be present. A given valu
duplicated in the array:

btion of a track\not intended to be presented alone

bgs (withrbit 0 being the least significant bit) of the TrackHeaderBox is used to indicate whether
to bespresented alone, e.g., due to that the track represents only a small portion of a videos scen
e flag.is specified as follows:

te the

s that
equal
When
type
same

not be

p_id
to the
with
ual to
value
stated
e shall

h track
E. The

trac

. . (= b ) ) e 1 - - l (|
KNot _1Hntended 1ol presentatl1on alolle. indrcates—that—the—track—snot—mtended

to be

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.

7.15

7.15.1

Timed metadata tracks

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.

34
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7.1.6  Compatible scheme type box

7.1.6.1 Definition

Box Type: 'csch!

Container: RestrictedSchemeInfoBox
Mandatory: No

Quantity: Zero or more

CompatibleSchemeTypeBox identifies a scheme type that the track conforms to.

-2:2019(E)

aligned(8) class CompatibleSchemeTypeBox extends FullBox('csch', 0, flags) {
/ ldelitlcCal SVyIltda LO ocCllelllel'ypebo
upsigned int (32) scheme type; // 4CC identifying the scheme
uhsigned int(32) scheme version; // scheme version
iff (flags & 0x000001) {
unsigned int (8) scheme uril[]; // browser uri
}
}
7.1.6.2 Semantics
The semantics of the syntax elements are identical to the semantics of the\syntax elements with the [same name in

Sche

7.1.7

A tran

more

EXAM
The fd

1.

7.18

meTypeBox

Multiple transformations for a single transformed media track

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

PLE A transformed track could be both protected‘and restricted.

Ilowing process applies to conclude the untransformed sample entry type of a transformed media tra

L
d
M

et schemelnfoContainerBox be ProtectionSchemeInfoBox, RestrictedSchemel
ompleteTrackInfoBox when the~track sample entry type indicates an encrypted, restricted,
hedia track, respectively.

Llet dataFormat be equal to theidata format value of OriginalFormatBox of schemelnfoCon

f dataFormat indicates . a transformed media track, schemelnfoContainerBox is up
rotectionSchemé&InfoBox, RestrictedSchemeInfoBox, 0r CompleteTrackIn
ataFormat indicatessan encrypted, restricted, or incomplete media track, respectively. The process

tep 2.

DO =

Fan

Dtherwise (dataFormat does not indicate a transformed media track), the untransformed samplg
oncluded to’be equal to dataFormat.

The "codecs"™ parameter for a transformed media track

ave undergone

ck:

nfoBox, oOr
or incomplete

tainerBox.

Jated to be
foBox When
continues from

entry type is

For a transformed media track, the ' codecs' parameter is a comma-separated list of one or more list items. Each list
item is formed from a sample entry of the transformed media track by concatenating the track sample entry type (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.
2.

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

Let schemelnfoContainerBox be ProtectionSchemeInfoBox,
CompleteTrackInfoBox when the track sample entry type indicates an encrypted, restricted,
media track, respectively.

© ISO/IEC 2019 - All rights reserved
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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
scheme type four-character code contained in the Scheme TypeBox of schemelnfoContainerBox.

5. When schemelnfoContainerBox contains instances of CompatibleSchemeTypeBox, the following applies for
each instance of the CompatibleSchemeTypeBox of schemelnfoContainerBox in any order: the value of the
codecs parameter is appended by a plus character ('+') followed by the scheme type four-character code
contained in the CompatibleSchemeTypeBox.

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

7. If dataRormat indicates a transformed media track, schemelnfoContainerBox is updated~‘to be
ProtecfionSchemeInfoBox, RestrictedSchemeInfoBox, 0Or CompleteTrackInfédBox |when
dataFormat indicates an encrypted, restricted, or incomplete media track, respectively. The process continueg from
step 3.

8. Otherwisg (dataFormat does not indicate a transformed media track), the value of the code ¢ § parameter is apgended
by the original format string.

The original format string starts with the untransformed sample entry type indicating a’coding format and folloys the

specifications ¢f the ' codecs ' string for that coding format.

In the process above, steps 4 and 5 describe the derivation of a scheme type string:

For example, the value of the ' codecs' parameter might be 'resv.podwv+ekrpv.avcl'.

7.1.9  Track type box

7.1.9.1 Defjnition

Box Type: "ttyp'

Container: TrackBox

Mandatory: No

Quantity: Zero or one

The payload of TrackTypeBox has the same Syntax as the payload of FileTypeBox. The content of an instance of

TrackTypeHox shall be such that it would apply as the content of FileTypeBox, if all other tracks of the fil¢ were

removed and only the track containing,this box remained in the file.

NOTE TrackTypeBox could be uSedin specifying media profiles or track-specific brands.

7.1.9.2 Syntax

aligned(8)| class\ TrackTypeBox extends FullBox ('ttyp', 0, 0) {

unsilgnegd \int (32) major brand;
unsijgped”int (32) minor version;
unsilgned int (32) compatible brands[]: fto end of the box

}

NOTE The payload syntax of TrackTypeBox is identical to that of FileTypeBox.

7.1.9.3

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:
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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

- \hen stereo scheme is equal to 4, PackedContentInterpretationType specified in ISOAEC 23091-2 is
inferred to be equal to 1.

- \When the value of stereo_indication type indicates the temporal interleaving frame“packirjg arrangement
gnd the display system in use presents two views simultaneously, readers should impligitly set the composition time
fpr constituent picture 0 to coincide with the composition time for constituent picture-t:

- WVhen the value of stereo indication type indicates the temporal interleaving frame packinp arrangement,
dach sync sample and each SAP sample with SAP_type in the range of 1 ta_3, inclusive, indicated by the stream
gccess point sample group represent constituent picture O followed, \invComposition time orddr, by samples
representing constituent pictures 1 and 0 in an alternating manner up.t6_but excluding the next sync sample or SAP
sample with SAP_type in the range of 1 to 3, inclusive, indicated bythe stream access point sample{group.

7.2 | Generic extensions to ISO/IEC 14496-15
7.2.1 | Alternative extraction source track grouping
Members of the track group with track group_ type equal to 'alte' are alternatives to be used @s a source for

"scall' or 'sabt ' track reference. The value of (fl'ags & 1) shall be equal to 1 ina TrackGroupTypeBox Of type

'altp' toindicate the uniqueness of track_group id as specified in subclause 7.1.2.

A '"s¢al' or 'sabt"' track reference may.refer to a track group idvalueofan 'alte' track group. As implied
by the|general semantics of a track reference to a track group_id as specified in subclause 7.1.3, any|single track of
an 'afLlte' track group is a valid souree for extraction as specified in ISO/IEC 14496-15:2017, Clauses A.3 and A.7 or
for bitstream reconstruction from tile tracks as specified in ISO/IEC 14496-15:2017, subclause 10.5.4.

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

When|a timed metadata‘track is linked to a tile base track with a 'cdsc' track reference, it describes the HEVC video
bitstrepm carried by/the'tile base track and all the associated tile tracks.

7.3 | OMAF-specific extensions to the ISOBMFF

7.3.1 —Syncsamptes i timed metadata tracks

For timed metadata tracks specified in this document, a sample in a timed metadata track is defined as a sync sample if and
only if at least one of media samples in the referenced media tracks having the same decoding time is a sync sample.

7.4

74.1

OMAF-specific extensions to ISO/IEC 14496-15

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 description could be derived for an image item.

Global coorclinate axes Local coordinate axes

—
y%]
w
Lo
\S]
w

_______ U
a) b) c) d
Unit sphere Unit sphere Projected picture on which Packed picturs
aligned with aligned with regions for region-wise packing
global cogrdinate local cocrdinate are spetcified

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

The content authoring could include the following ordered steps:

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

—  The unitgphere is then rotated relative to theiglobal coordinate axes, as indicated in Figure 17b. The amount of r¢tation
to convert from the local coordinate axésto the global coordinate axes is specified by the rotation angles indicgted in
the Rot gt ionBox. The local coordinate axes of the unit sphere are the axes of the coordinate system that has been
rotated. Tlhe absence of RotatidnBox indicates that the local coordinate axes are the same as the global coofdinate
axes.

— Asillustrated in Figure 1¥%c, the spherical picture on the rotated unit sphere is then converted to a two-dimerjsional
projected|picture, for€xample using the equirectangular projection specified in subclause 5.2.1. When spatial packing
of stereogcopic cantent is applied, two spherical pictures for the two views are converted to two constituent piftures,
after whi¢h franiepacking is applied to pack the two constituent pictures to one projected picture.

— Rectangular.fegion-wise packing could be applied to obtain a packed picture from the projected picture. One eXample
of packing 1s depicted In Figure I7c and Figure 17d. The dashed rectangles in Figure I17c indicate the projected
regions on a projected picture, and the respective areas in Figure 17d indicate the corresponding packed regions. In
this example, projected regions 1 and 3 are horizontally downsampled, while projected region 2 is kept at its original
resolution.

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

resulting sample locations correspond to a sphere picture depicted in Figure 17b.

|
r
t

lUth;UII ;a ;I |d;\,atcd, thc Dphclc bUUId;I |atca IC:Gt;VC tU thC :Uba: bUUId;I |atc AATS AlI'T LUI IVCItCQJ tU Dth
blative to the global coordinate axes as specified in subclause 5.3. Otherwise, the global coordinate-ax
b the local coordinate axes.

erall process for mapping of luma sample locations within a decoded picture to sphere cgordinateg
coordinate axes is normatively specified in subclause 7.5.1.2.

P Mapping of luma sample locations within a decoded picture to sphete-coordinates rel:

global coordinate axes

ause specifies the semantics of luma sample locations within a decoded pictare to sphere coordinate
coordinate axes. The decoded picture may be of any of the following:

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 imageé of the image item.
K is set equal to 0.5 and offsetY is set equal to 0.5.

onWisePackingFlag is equal to 1, the following applies for each packed region nin the range of 0 to N
ve:

Ror each sample location (xPackedPicture, yPackedPicture) belonging to the n-th packed region with P

qual to O (i.e., with rectangular region-wise packing), the following applies:

D

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

X is set equal to xPackedPicture — PackedRegLeft[n].
y is set equal to yPackedPicture — PackedRegTop[n].

Subclause\5!4.2 is invoked with X, y, PackedRegWidth[n], PackedRegHeight[n], Prq
ProjRegHeight[n], TransformType[n], offsetX, and offsetY as inputs, and the output is assi
location (hPos, VPos).

xProjPicture is set equal to ProjRegLeft[n] + hPos.

When SideBySideFlag is equal to 0, and when xProjPicture is greater than

ere coordinates
es are identical

relative to the

ntive to the

relative to the

mRegions — 1,

ackingType[n]

d as follows:

jRegWidth[n],
gned to sample

or equal to

yidth.

proj picture width, XxProjPicture is set equal to xProjPicture —proj picture

When SideBySideFlag is equal to 1, the following applies:

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

greater than or equal to proj picture width, is

XProjPicture — proj picture width/2.

xProjPicture

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

greater than or
equal to

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

equal to

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

regi

on in the decoded picture.

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

picture:

xProjPicture 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

inputs, and the outputs indicating the sphere coordinates and the constituent frame index (for frame-packed

stereosco,

7513 Co

ic video) for the sample location (x, v) within the decoded picture

global coordinate axes

Inputs to this p

NOTE 1 Thep
packed picture.

Outputs of thig

1.

NOTE 2 When
view as specifie

The outputs ar

the centrg
yProjPict

pictureW|
in relativg

sphere co

when Sp4d

rocess are

Lire are in relative projected picture sample units and may have non-integer real valUes, and

projected picture sample units.

ojected picture for which the sample location (xProjPicture, yProjPicturg)‘is-given as input could be a spatially

process are:

tiallyPackedStereoFlag is equal to 1, the index of;the constituent picture (constituentPicture) equal

the temporal interleaving packing arrangementis in use, the projected picture is associated with the left view
in subclause 7.1.10.

e derived with the following orderedssteps:

—  If xProjP|cture is greater than or equalto-pictureWidth or yProjPicture is greater than or equal to pictureHeig
followind applies:
— congtituentPicture is set equal to 1.
— If xProjPicture is greater than or equal to pictureWidth, xProjPicture is set to xProjPicture — pictureWidt

If yl

Otherwis

I

Dependir

rojPicture-isgreater than or equal to pictureHeight, yProjPicture is set to yProjPicture — pictureHeig
e, constitlentPicture is set equal to 0.

g anrthe projection format, the following applies:

version from a sample location in a projected picture to sphere coordinates relativecto the

point of a sample location (xProjPicture, yProjPicture) within a projected picture;where xProjPictuy

dth and pictureHeight, which are the width and height, respectively, of a monoscopic projected lumap

ordinates (azimuthGlobal, elevationGlobal), in units of\degrees relative to the global coordinate axes

re and

icture,

frame-

and

oOor

br right

ht, the

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%,

rotation pitch+2% and rotation roll + 2% asinputs, and the output is assigned to azimuthGlobal and
elevationGlobal.
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Otherwise, azimuthGlobal is set equal to azimuthLocal and elevationGlobal is set equal to elevationLocal.
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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

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

7.5.3

7.5.3.L Definition

a5 Specitied M Subclause 5.1, The Values 0f projection type and thelr semantics are specifiad in Table 8.

Region-wise packing structure

RegipnWisePackingStruct specifies the mapping between packed regions and the respective projected regions and

specifles the location and size of the guard bands, if any.

NOTE Among other information the RegionWisePackingStruct also providesthe content coverage information in the 2D

Cartesian picture domain.

A decpded picture in the semantics of this clause is either one of the following depending on the container|for this syntax

structyre:

Ror video, the decoded picture is the decoding output resultingfrom a sample of the video track.

Ror an image item, the decoded picture is a reconstructéd image of the image item.

The cpntent of RegionWisePackingStruct is informatively summarized below, while the normdtive semantics

follow subsequently in this clause:

—)

[he width and height of the projected-picture are explicitly signalled with proj pictur¢ width and
groj picture height, respectively,

[he width and height of the packed picture are explicitly signalled with packed pictur¢ width and
acked picture height;kespectively.

Lran S|

\Vhen the projected picture is stereoscopic and has the top-bottom or side-by-side frame packing arrangement,
onstituent picture matching flag equal to 1 specifies that

o=

- the projectedregion 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, ahd

-, the'number of projected regions and packed regions is double of that indicated by the value of num regions
ih 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:

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

The content of the guard band structure GuardBand (i) is informatively summarized below, while the nornative

semantics follqw subsequently in subclause 7.5.3:

left gb width[i], right gb width([i], top gb height[i], or bottom gb height [i] gpecify
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|bands
are not uded as a reference in the inter prediction process.

gb_typg[i] [J] specifies the type of the guard bands for the i-th packed region:

Figure 18 illusrates an example of the position and size of a projected region within-a“projected picture (on the left side)
as well as that pf a packed region within a packed picture with guard bands (on the'right side). This example applieg when

the value of c¢gnstituent picture matching flagisequal to 0.

Subclause 7.5.8.18 nrgr—mimd as follows:

42

proj_reg_topli] proj_picture_height .
packed_reg_topli]
proj_reg_ldft[i] packed_reg_left[i] T
;E
2 }
gl \ packed_reg_height][i]
i'.)’ left_gb_width[i] right_gb_widthl[i]
| x v
B . 5
o} L4 ~
bottom_gb_height]i] |
\ packed_reg_width[i]
R
proj_reg_widthl[i]

proj_picture \width

Figlire 18 =Rrojected region and the corresponding packed region with guard bands (informative

The syntax and semantics of the rectangular region packing structure are specified in subclauses 7.5.3.2 and 7.5.3.3,
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 (

un
un
un
un
un
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Syntax of the rectangular region packing structure

i) |
signed int(32) proj reg width[i]
signed int (32) proj reg height[i
signed int (32) proj reg topl[i];
signed int (32) proj reg leftl[i];
signed int (3) transform typeli];

17

bit (5) reserved = 0;

un
un
un

signed int (16
signed int

packed reg width([i];
packed reg height[i];
packed reg topli];

un

7.5.3.8

jel 8

- — — —

(16
signed int (16
(1o

signed 1nt packed reg lerftl[i];

Semantics of the rectangular region packing structure

oj reg width[i], proj reg height[i], proj reg topl[il], and proJy reg left[i] specify
the width, height, top offset, and left offset, respectively, of the i-th projected region, either withip the projected
picture (when constituent picture matching flag isequal to 0)orwithin the constifuent picture of
the projected picture (when constituent picture matching flag is efual to 1)
proj reg width([i], proj reg height[i], proj reg top{i] and proj reg |left[i] are
indicated in relative projected picture sample units.

NOTE|1 Two projected regions could partially or entirely overlap with each.othér. When there is an indication of quiality difference,
e.g., by a region-wise quality ranking indication, then for the overlapping area)of any two overlapping projected regjions, the packed

region [corresponding to the projected region that is indicated to have highérquality is expected to be used for rendering.

tr

ansform type[i] specifies the rotation and mirroring that is applied to the i-th packed regior to remap it to
the i-th projected region. When transform typei] specifies both rotation and mirroring, rotation is applied
before mirroring for converting sample locations of a packed region to sample locations of a projected region. The
following values are specified:

0: no transform

: mirroring horizontally

: rotation by 180 degrees\(eounter-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)

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

~ oo o B~ W N -

wrotation by 270 degrees (counter-clockwise)

NOTE|2 Subclause 5.4.2 specifies the semantics of transform type [1] for converting a sample location offa packed region

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

ra

cked reg width[i], packed reg height[i], packed reg top[i], and
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.

NOTE 3 Two packed regions could partially or entirely overlap with each other.
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tax of the guard band structure

class GuardBand (i) {

unsigned int(8) left gb width[i];

unsigned int (
unsigned int (
unsigned int (
unsigned int (

for (3

8) right gb width[i];

) top _gb height[i];

) bottom gb height[i];

) gb _not used for pred flagl[i];

= 0; J < 47 j++)

8
8
1

unsigned int(3) gb_typeli][]];

bit (3)
}

reserved = 0;

7.5.35 SenLantics of the guard band structure

left gp
packej
shall

right g
packe
shall

top_gb |
samp
even

bottom |
pictun
correg

When G
top |

gb_not |
predi
guard

NOTE 1 Wi

example, the co

| width[i] specifies the width of the guard band on the left side of the i-th packed region in r
d picture sample units. When the decoded picture has 4:2:0 or 4:2:2 chroma format, 1e£t ,gb wid{
orrespond to an even number of luma samples within the decoded picture.

b width[1i] specifies the width of the guard band on the right side of the i-th packed region in r
d picture sample units. When the decoded picture has 4:2:0 or 4:2:2 chroma format, right gb wid
orrespond to an even humber of luma samples within the decoded pictures

e units. When the decoded picture has 4:2:0 chroma format, top¢ gls”height [1] shall correspon
humber of luma samples within the decoded picture.

e sample units. When the decoded picture has 4:2:0, chroma format, bottom gb height[i]
pond to an even number of luma samples within the decoded picture.

hardBand (1) is present, at least onew@f left gb width[i], right gb widt
gb_height[i],0orbottom gb height [1i] shall be greater than 0.

used for pred flag[i] equal to\0:specifies that the guard bands may or may not be used in th
tion process. gb_not used for(pred flag[i] equal to 1 specifies that the sample values
bands are not used in the inter prediction process.

len gb_not used_for pmnedhflag[i] isequal to 1, the sample values within guard bands in decoded f

tent of a packed region.could be seamlessly expanded to its guard band with decoded and re-projected sam

could be rewrittfn even if the decoded pictures Were used as references for inter prediction of subsequent pictures to be decod

another packed

gb_typd
or3i

region:

egion.

[1] [3] specifiesthe type of the guard bands for the i-th packed region as follows, with j equal to
ndicating that.the semantics below apply to the left, right, top, or bottom edge, respectively, of the |

b, Eype [1] [J] equal to O specifies that the content of the guard bands in relation to the content

blative
h[i]

blative
thli]

height [1] specifies the height of the guard band above the i-th packed region in relative packed picture

l to an

gb_height[1i] specifies the height of the guard band.elow the i-th packed region in relative gacked

shall

n[i],

e inter
of the

ictures
ed. For
ples of

1 11 2!
acked

of the

backed regions is unspecified. When gb not used for pred flag[i] is equal

to 0,

gb _type 11137 shall not be equal to U.

gb_typel[i] [j] equal to 1 specifies that the content of the guard bands suffices for 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 type([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_type[i] [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 _type[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)
bit (7) reserved 0;
unsigned int (8) num regions;
hsigned int(32) proj picture width;
hsigned int(32) proj picture height;
hsigned int (16) packed picture width;
hsigned int (16) packed picture height;
br (1 0; 1 < num_regions; i++) {
bit (3) reserved 0;
unsigned int (1) guard band flag[i];
unsigned int (4) packing typel[i];
if (packing typeli] )y |
RectRegionPacking (1) ;
if (guard band flag[i])
GuardBand (i) ;

{

constituent picture matching flag;

3
1
1

u
u
u
u
£

7.5.3.f Semantics of the region-wise packing structure

bnstituent picture matching flag_gqual to 1 specifies that the projected region information, packed

NOTE

to1all

p

NOTE

region information, and guard band region:information in this syntax structure apply indivi
constituent picture and that the packed picture and the projected picture have the same stereoscopio
format. constituent picturegmatching flag equal to O specifies that the pr
information, packed region information, and guard band region information in this syntax structy
projected picture. When SpatiallyPackedStereoFlag is equal
constituent picture(matching flag shall be equal to 0.

1 For the stereoscopic.content that uses equivalent region-wise packing for the constituent pictures, setti
pws more compact signalling of region-wise packing information.

im regions specifies the number of packed regions when constituent picture matcH

number of)packed regions is equal to 2 * num regions and the information in RectRegion
and GiardBand (i) applies to each constituent picture of the projected picture and the packed g

roj \picture width and proj picture height specify the width and height, respe
projected picture, in relative projected picture sample units. proj picture|]

Hually to each
frame packing
bjected region
re apply to the
to 0,

g this flag equal

ing flagis

equal to 0. Vialue 0 is reserved. When constituent picture matching flag isequdl to 1, the total

Packing (1)
icture.

ttively, of the
lwidth and

proj picture height shall both be greater than 0.
2

projected picture.

The same sampling grid, width and height are used for the luma sample array and the chroma sample arrays of the

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
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

p

width and

guard bands.

guard band flag[i] equalto 1 specifies that the i-th packed region has at least one guard band.

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

GuardBand (i) specifies the guard bands for the i-th packed region. The syntax and semantics of GuardBand (i)

are sp

7.5.3.8

ecified in subclauses 7.5.3.4 and 7.5.3.5, respectively.

wise packing structure

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

When the i-th packed region as specified by this RegionWisePackingStruct overlaps with the j-th packed region
specified by the same RegionWisePackingStruct, the i-th and j-th projected regions shall reside in different

constituent pic|
RegionWisg
RegionWise

The guard ban
not overlap wi
specified by th

NOTE Projec
projected region
the packed regio

The variable
ProjRegLeft[n
follows:

Fornint

Pac

Pac

Pa

o

Pal

Q

tures for any values of i and j that are not equal to each other. The i-th packed region as specified
PackingStruct shall not overlap with any guard band specified by ~the
PackingStruct.

T[S associated with the i-th packed region, if any, as specified by this RegionWisePackingStruc

h any packed region specified by the same RegionWisePackingStruct or-any other guard
P same RegionWisePackingStruct.

fed regions are allowed to overlap. When projected regions overlap and a quality difference is indicated betw|
5, .., by a region-wise quality ranking indication, the packed region that is indicated.to have the highest quality
ns corresponding to the projected regions that overlap should be used for rendgering the overlapping area.

NumRegions, PackedReglLeft[n], PackedRegTop[n], PackedRegWidth[n], PackedRegHei
, ProjRegTop[n], ProjRegWidth[n], ProjRegHeight[n], TrasnformType[n], PackingType[n] are deri
ne range of 0 to num_regions — 1, inclusive, the following applies:
edRegLeft[n] is set equal to packed reg leftfur].
edRegTop[n] is set equal to packed reg top[n].
edRegWidth[n] is set equal to packed¥ég width[n].

edRegHeight[n] is set equal to padked reg height[n].

Proj

Proj
Proj
Proj
Tra

Pac

RegLeft[n] is set equal t0 pxoJ"reg left[n].
RegTop[n] is set equal to proj reg top([n].
RegWidth[n] is set-equal to proj reg width[n].
RegHeight[n]tis\set equal to proj reg height[n].
sformType[n] is set equal to transform type[n].

ingType[n] is set equal to packing type[n].

by this
same

- shall
bands

ben the
among

ght[n],
ved as
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If constituent picture matching flag isequal to 0, the following applies:
NumRegions is set equal to num regions.

Otherwise (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 t0 proj picture height/2 and packedTopOffset is set equal to

packed picture height/2.

© ISO/IEC 2019 - All rights reserved


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

ISO/IEC 23090-2:2019(E)

— 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.

— 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] + projTopOfiset.

— 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 tyge [hldx].

For edch value of n in the range of 0 to NumRegions — &inclusive, the values of ProjRegWidth[n], ProjRegHeight[n],

ProjR¢gTop[n], and ProjRegLeft[n] are constrained as follows:

HrojRegWidth[n] shall be in the range of 1 tojoroj picture width, inclusive.
HrojRegHeight[n] shall be in the range of\} to proj picture height, inclusive.
HrojRegLeft[n] shall be in the range 0f 0 to proj picture width —1, inclusive.
ArojRegTop[n] shall be in therange of 0 to proj picture height — 1, inclusive.

If ProjRegTop[n] isless than proj picture height/VerDivl, the sum of ProjRegTop[n] and
ArojRegHeight[n] shall be less than or equal to proj picture height /VerDivl. Otherwige, the sum of
HrojRegTop[n] and ProjRegHeight[n] shall be less than or equal to proj picture height / VerDivl * 2.

For eath value of rin'the range of 0 to NumRegions — 1, inclusive, the values of PackedRegWidth[n], PackepRegHeight[n],

PackefiRegTop[n]} and PackedRegLeft[n] are constrained as follows:

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

[ DO Llaiedotbal-elaoll oo o sl £4 4 3 1 . 3 R : 1 :
AURTUMRCYTICTYTIg stiair T e 1aliyc ur L' WU Pp4dCREU PICLULE TISIYIIL, MILIUSIVE.

PackedRegLeft[n] shall be in the range of 0 to packed picture width — 1, inclusive.
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 with

in 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.
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The fields in this structure provides the content,coverage, which is expressed by one or more sphere regions cove

the content, re

Syntax

Semantics

IS Structure provides the yaw, pitch, and roll angles, respectively, of the rotation 1o be applied 10 conv
e axes to the global coordinate axes. In the case of stereoscopic omnidirectional video, the fields-aj
vidually.

class RotationStruct () {
int (32) rotation yaw;

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

yaw, rotation pitch, and rotation roll specify-the yaw, pitch, and roll angles, respectiv
on that is applied to the unit sphere to convert the local'coerdinate axes to the global coordinate al
P16 degrees, relative to the global coordinate axes. rotation yaw shall be in the range of —180 ¥
—1, inclusive. rotation pitch shall be Gfthe range of —90*2' to 90* 2%, inc
on_ roll shall be in the range of —180 * 2% to 180 * 2'¢ — 1, inclusive.

nt coverage structure
nition

ative to the global coordinate axes.

ert the
ply to

ely, of
Kes, in
2% to
usive.

red by

7.5.5.2 Syntax
aligned(8)| class ContentCoverageStruct () {
unsigngd int (8) _&overage shape type;
unsigngd int (8){ffum regions;
unsigngd int{3}) view idc presence flag;
if (vigw_idchpresence flag == 0) {
unsijgied int (2) default view_idc;
bit (5> reserved = (;
} else
bit (7) reserved = 0;
for (1 = 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 present.
view idc presence flagequal to 1 specifiesthat view idc[i] is present and indicates the association of
sphere regions with particular (left, right, or both) views.

defhult view idc equal to O indicates that each sphere region is monoscopic, 1 indicates that eachrgphere region is
bn the left view of a stereoscopic content, 2 indicates that each sphere region is on the right view"of| a stereoscopic
content, 3 indicates that each sphere region is on both the left and right views.

viep idc[1i] equal to 1 indicates that the i-th sphere region is on the left view of a steréoscopic content, 2 indicates
he i-th sphere region is on the right view of a stereoscopic content, and 3 indicates thiat the i-th sphgre region is on
poth the left and right views. view idc[i] equal to O is reserved.

NOTE| view idc presence flag equal to 1 enables indicating asymmetric stereeseopic coverage. For example, one example
of an apymmetric stereoscopic coverage could be described by setting num regions egual'to 2, indicating one spherp region to be on
the leffview covering the azimuth range of —90° to 90°, inclusive, and indicating the ather sphere region to be on the right view covering
the aziputh range of —60 to 60°, inclusive.

Wheh SphereRegionStruct (1) isincluded in the ContentCoverageStruct (), subclause 7.5.6 applies and
interpolate shall be equal to 0.

The fontent coverage is specified by the union of num regions SphereRegionStruct (1) strufture(s). When
hum regions is greater than 1, the content coveragémay be non-contiguous.

7.5.6 | Sphere region structure

7.5.6.L Definition

The sphere region structure (SphereReddonStruct) specifies a sphere region.

When|centre tilt isequal to,0ythe sphere region specified by this structure is derived as follows:

— Ifboth azimuth rangeand elevation range are equal to O, the sphere region specified by this structure is

g point on a spherical-sttface.
—  (Otherwise, the sphere region is defined using variables centreAzimuth, centreElevation, cAzimuthl, cAzimuth,
gElevationl, 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
CElevationl = (centre elevation-—-elevation range +2)+ 65536
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)

, -

il cElevation2

Figure 19 — A sphere region specified by feur great circles

Shape type vallie equal to 1 specifies that the sphere region is specified by two azimuth circles and two elevation cirfles as
illustrated in Fjgure 21.

(centre Azimuth, centreElevation)

-

cElevatio 2
~ (_:Qzlmulh | CA21ml:1th2
Ny A
\ ‘Q‘\.“ﬁ_ -

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;
}
unsigned int(l) interpolate;
bit (7) reserved = 0;

7.5.6.p Semantics

centre azimuthand centre elevation specify the azimuth and elevation values, respectively, of the centre
of the sphere region in units of 27%° degrees. centre azimuth shall be inythe range off —180 * 216 to
180 * 2% — 1, inclusive. centre elevation shall be in the range of —90 *2'¢10 90 * 2'°, inclusive.

cpntre tilt specifies the tilt angle of the sphere region in units of 27%° degreés. centre tilt{shall be in the
range of —180 * 216 to 180 * 226 — 1, inclusive.

apimuth range and elevation range, when present, specifythe.azimuth and elevation rangeg, respectively,
of the sphere region specified by this structure in upits~of 27%° degrees. azimutq range and
elevation range specify the range through the centre paint of the sphere region, as illustratdd by Figure 19
or Figure 20. When azimuth range and elevation range are not present in this instance of
SphereRegionStruct, they are inferred as specified\in the semantics of the structure containing this instance
of SphereRegionStruct. azimuth range. shall be in the range of 0 to 360 * P, inclusive.
elevation range shall be in the range of 0 t9-280 * 2'¢, inclusive.

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

7.6 Restricted video schemesfor omnidirectional video

7.6.1 | Scheme types

7.6.1.1 Open-ended and:elosed scheme types

An open-ended scheme itype for a kind of transformation is a scheme type that allows future extensions. For example, the
"stvl ' scheme type\(stereoscopic video) may be used for a new frame packing arrangement type that is defined after the
definition of the_“stvi' scheme type. A closed scheme type, on the other hand, when defined, clearly dpecifies which
transformationsare allowed and does not allow future extensions.

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

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

SchemeInfo

rmationBox when the scheme type is 'podv'.

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

As specified in
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subclause 7.6.2, a ProjectionFormatBox shall be present within the ProjectedOmnivide
FormatBox is not constrained beyond the specification in subclause 7.6.2. The 'podv' scheme tyg
Il version values specified for ProjectionFormatBox in this document and in any,of its
nd editions. The 'podv' scheme type may be used with any projection type value specified
n any of its future amendments and editions.

ame SchemeInformationBox.

ic video, the frame packing arrangement of the projected left and right “pictures is indicated wi

irectionally projected content of the track is monoscopic. When'StereovideoBox is present
rmationBox for the omnidirectional video scheme, versidr shall be equal to 0, stereo sg

packing, the side-by-side frame packing, or the temporal interleaving of alternating first and
es, respectively, is in use and the second byte of stereo indication type shall be equ
quincunx sampling is not in use.

5tvi' scheme type is not expected to be used when‘the 'podv ' scheme type is used.

on-wise packing is indicated with
mnivideoBox. The absence of RegivnWisePackingBox indicates that no region-wise pach
at the packed picture is identical to'the’projected picture.

PackingBox is not constrained beyond the specification in subclause 7.6.4. The 'podv' schem
thall version values specified for RegionWisePackingBox in this document and in any of its
nd editions. The 'podv' scheme type may be used with any values of the syntax eleme
PackingBox specified and allowed in this document and in any of its future amendments and editi

the boxes constrained above, SchemeInformationBox may directly or indirectly contain any
document andiin any of its future amendments and editions. Those boxes are not constrained beyon
ax, and semantics.
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The "erpv' scheme type is defined as a closed scheme type for projected omnidirectional video.

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:

When Re

The

For
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gionWisePackingBox is present, the following constraints all apply:
value of NumRegions shall be equal to HorDiv1 * VerDiv1l.

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].
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version Of ProjectionFormatBox, StereoVideoBox (when present), RegionWisePackingBox
(when present), RotationBox (when present), and CoverageInformationBox (when present) shall be equal

to 0.

- SchemelInformationBox shall not directly or indirectly contain _any boxes other than
FrojectedOmnivVideoBox, ProjectionFormatBox, StereoVideoBox, RegionWisglPackingBox,
RotationBox, and CoverageInformationBox.

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

NOTE| This scheme type could be used for specifying media profiles.

The "prcm' scheme type is defined as a closed scheme type for projected omnidirectional video.

When| scheme type is equal to 'ercm' in an instance of CdmpatibleSchemeTypé¢Box in the

RestfictedSchemeInfoBox, the track conforms to the constrainis\of scheme type equal to 'podv',

schepe type equal to 'podv' shall be presentin SchemeTypeBox jfthe RestrictedSchemeInfoBox, and all

of the

following additional constraints apply:

rojectionFormatBox within the ProjectedOmniVddeoBox shall indicate either the ¢
rojection or the cubemap projection.

H

H

When RegionWisePackingBox is present, the value of packing type[i] for each value of
t

quirectangular

- shall be equal
D 0.

- vJersion of ProjectionFormatBox, StereoVideoBox (when present), RegionWisePackingBox
(When present), RotationBox (when present), and CoverageInformationBox (when present) shall be equal
tp O.

- YchemelInformationBox shall” not directly or indirectly contain any boxes | other than
BrojectedOmnivVideoBoxpProjectionFormatBox, StereoVideoBox, RegionWiselPackingBox,
RotationBox, and CoverageInformationBox.

7.6.1.p Fisheye omnidirectional video (" fodv ™)

The uge of the fisheye.omnidirectional video scheme for the restricted video sample entry type 'resv' inficates that the

decod

bd pictures are-fisheye video pictures. The use of the fisheye omnidirectional video scheme i

5 indicated by

schepe typé& yequal to 'fodv' (fisheye omnidirectional video) within SchemeTypeBox in the
RestfictedSchemeInfoBox.

The [fermat of fisheye video is indicated with the FisheyeOmniVvideoBox contained within the
SchemeInformationBox. ONe and only OnNe FisheyeOmnivideoBox shall be present in the
SchemeInformationBox Wwhen the scheme type is 'fodv' within SchemeTypeBox in the

RestrictedSchemeInfoBox.

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, synt

ax, 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: Zeoro ar one.

This box isac

the proje
right viey

region-w

the rotati

optionaly
The values of {

If Sters

equal to 1.

Otherwis

If si

bntainer box that contains boxes indicating information for the following:

tion format of the projected picture (C for monoscopic video contained in the track, C. and Cg for I
of stereoscopic video),

se packing, when applicable,

n for conversion between the local coordinate axes and the global coordinate-axes, if applied, and
the content coverage of the track.

he variables HorDiv1 and VerDivl are set as follows:

oVideoBox is not present in SchemeInformationBox, HorDivl is set equal to 1 and VerDiv]

E (StereoVideoBox is present in SchemeInformationBox), the following applies:

He-by-side frame packing is indicated, HorDiv1 is-set equal to 2 and VerDiv1 is set equal to 1.

bft and

| is set

—  Othgrwise if top-bottom frame packing is indicated;"HorDiv1 is set equal to 1 and VerDiv1 is set equal t¢ 2.
—  Othgrwise (temporal interleaving is indicated),-HorDiv1 and VerDiv1 are both set equal to 1.

If RotationBox isnotpresentin ProjectedOmirivVideoBox, RotationFlag is set equal to 0. Otherwise, RotatipnFlag

is set equal to 1.

If StereovifleoBox is not present in Seheme InformationBox, SpatiallyPackedStereoFlag, TopBottomFlgg, and

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

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

- When thg StereoWideoBox indicates side-by-side frame packing, SpatiallyPackedStereoFlag is set equgl to 1,
TopBottgmFlag.is:set equal to 0, and SideBySideFlag is set equal to 1.

- When th¢ SketeoVideoBox indicates temporal interleaving, SpatiallyPackedStereoFlag, TopBottomFlap, and
SideBySideRlag-are-al-set-egual-to-0-

The following applies:

respectively) are derived as follows:

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

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

proj picture width/HorDivland proj picture height / VerDivl, respectively.

equal to 0. Otherwise, RegionWisePackingFlag is set equal to 1.
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If RegionWisePackingBox is not present in ProjectedOmnivVideoBox, RegionWisePackingFlag is set
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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

}

aligned(8) class ProjectionFormatBox () extends FullBox('prfr', 0, 0) {
ProjectionFormatStruct () ;

}
7.6.3 | Fisheye omnidirectional video box

7.6.3.. Definition

Box Tlype: 'fovd'

Conta|ner: SchemeInformationBox

Mandatory: Yes, when scheme type isequal to ' fodv'
Quantjty: Zero or one

FishpyeOmniVideoBox provides essential fisheye video parameterstfor-stitching and rendering of flsheye video at
the OMAF player. The fields in FisheyeOmnivideoBox provide fegion information of circular imaggs in the coded
picturg¢ and field of view and camera parameters of fisheye lens. E4i sheyeVideoSupplementalInfpBox provides
the logal field of view information for high quality stitching and rendering of fisheye video, as well as deadzgne information.

7.6.3.0  Syntax

alighed(8) class FisheyeOmniVideoBox~€xtends Box ('fovd') {
FlisheyeVideoEssentialInfoBox () ;, A/ mandatory
FlisheyeVideoSupplementalInfoBex\(); // optional

alighed(8) class FisheyeVideoEssentialInfoBox extends FullBox('fovi', 0} 0) {
FlisheyeVideoEssentialImfoStruct () ;

alighed(8) class FisheyeVideoSupplementalInfoBox extends FullBox ('fvsi' 0, 0) {
FliisheyeVideoSupplementalInfoStruct () ;
}

7.6.4 | Region-wisepacking box

7.6.4.1 Definition

Box Tlype: 'rwpk'

Contakrer Projeectedomrividess
Mandatory: No

Quantity: Zero 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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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

7.6.51 Def

Box Type:
Container:
Mandatory:
Quantity:

Rotation box

inition

'rotn'

ProjectedOmnivVideoBox
No
Zero or one

The fields in this box provides the yaw, pitch, and roll angles, respectively, of the rotation to be applied to convert th

coordinate axe|
view individu
rotation 7

5 to the global coordinate axes. In the case of stereoscopic omnidirectional video,-the fields apply t
Ily. When the RotationBox is not present, the fields rotation yaw, rotation pitc
o011 are all inferred to be equal to 0.

7.6.5.2 Syntax

aligned(8)| class RotationBox extends FullBox('rotn', ‘0, 0) {
RotatidnStruct () ;

}

7.6.6  Coverage information box

7.6.6.1 Defjnition

Box Type: 'covi'

Container: ProjectedOmniVideoBox

Mandatory: No

Quantity: Zero or one

This box provi

NOTE ltistg
video content.

Each sphere I
decoded pictur
but are outside

fes information on the content coverage of this track.

tally up to the OMAF player to handle the area that is not covered by the content when rendering the omnidire

cation within.the.sphere regions specifying the content coverage shall have a corresponding sample
bs. Howevef.there may be some sphere locations that do have corresponding samples in the decoded p
the content/coverage.

7.6.6.2 Syqtax

b local
D each
h, and

ctional

in the
ctures

aligned(8)
Content

}

7.7

7.7.1

class CoverageInformationBox extends FullBox('covi',
CoverageStruct ()

0, 0) {

Timed metadata for sphere regions

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

7.7.2.

1

Sample entry

Definition

Exactly one SphereRegionConfigBox shall be present in the sample entry. SphereRegionConfigBox specifies
the shape of the sphere region specified by the samples. When the azimuth and elevation ranges of the sphere region in the

sampleSdo Mot change, they may De indicated in the sampte enery. . |

71.7.2.

clas
S
B

clas

= C O C

o

7.7.2.

]

]

D

=)

=]

i

B

bhereRegionConfigBox () ; // mandatory
bx [] other boxes; // optional

hsigned int(8) shape type;
it (7) reserved = 0;
hsigned int(l) dynamic_range flag;

hsigned int(8) num regions;

Syntax

SphereRegionSampleEntry (type) extends MetaDataSampleEntry(type) {

SphereRegionConfigBox extends FullBox('rosc', 0,407 {

(dynamic_range flag == 0) {
unsigned int(32) static azimuth range;
unsigned int(32) static_elevation range;

Semantics

hape type equal to 0 specifies that the'sphere region is specified by four great circles. shape type equal to 1

specifies that the sphere regionis.Specified by two azimuth circles and two elevation circles. [shape type
values greater than 1 are reserved. The value of shape type is used as the shape type value when applying
clause 7.5.6 to the semantics:of the samples of the sphere region metadata track.

ynamic range flag equal to O specifies that the azimuth and elevation ranges of the sphere[region remain

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

tatic azimuth range and static elevation range specify the azimuth and elepvation ranges,

respectively, of the sphere region for each sample referring to this sample entry in units of 272 degrees.
static azimuth rangeandstatic elevation range specify the ranges through thelcentre point of
the sphere region, as illustrated by Figure 19 or Figure 20. static azimuth range shall be|in the range of
0.t0 360 * 21°, inclusive. static elevation range shall be in the range of 0 to 180 * 21¢, inclusive. When

static azimuth rangeandstatic elevation range are presentand are both equal to O, the sphere
region for each sample referring to this sample entry is a point on a spherical surface. When
static_azimuth rangeandstatic elevation range are present, the values of azimuth range
and elevation range are inferred to be equal to static azimuth range and
static_elevation range, respectively, when applying subclause 7.5.6 to the semantics of the samples of
the sphere region metadata track.

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.
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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++)
SphereRegionStruct (dynamic_ range flag);
}

7.7.3.3 SenLantics

Subclause 7.5.p applies to the sample that contains the SphereRegionStruct structure.

Let the target edia samples be the media samples in the referenced media tracks with composition-times greater than or
equal to the composition time of this sample and less than the composition time of the next sample.

interpdlate equal to O specifies that the values of centre azimuth, centre elevation, centre [tilt,
azimuth range (if present), and elevation range (if present) in this sample apply to the target|media
samples. interpolate equal to 1 specifies that the values of centre azinfuth, centre elevafion,
centlre tilt, azimuth range (if present), and elevation range-(if present) that apply to thetarget
medig samples are linearly interpolated from the values of the correspondingfields in this sample and the prgvious
sample.

The value|of interpolate for a sync sample, the first sample of the)track, and the first sample of a track frggment
shall pe equal to 0.

7.7.4  Initigll viewing orientation

7.7.4.1 Defjnition

This metadata |ndicates initial viewing orientations that'should be used when playing the associated media tracks or gsingle
omnidirectiongl image stored as an image iteni)In the absence of this type of metadata centre azifnuth,
centre eldvation, and centre tilt should all be inferred to be equal to 0.

An OMAF player should use the indicated Qrinferred centre azimuth, centre elevation,and centre |tilt
values as follows:

— If the origntation/viewport métadata of the OMAF player is obtained on the basis of an orientation sensor inclyded in
or attachgd to a viewing device, the OMAF player should

— obeyonly the centre azimuth value, and

— igndre the“values of centre elevation and centre tilt and use the respective values frgm the
orieptatiorrsensor instead.

— Otherwise, the OMAF player should obey all three of centre azimuth, centre elevation, and
centre 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

NOTE 1 As the sample structure extends from SphereRegionSample, the syntax elements of SphereRegi
included in the sample.

= + gy
=

1 cnacifiz tha yvovana ariantatinn 1
TTopte

+ 4 e E= 1 E— an
CeHTF [EX=miseaersy 7Tt E= St Oforo et

NOTH

when playing the video continuously. For example, refresh flag equal to 1'could be indicated for a scene cut po

7.7.5
The re

NOTE

The trhck sample entry type 'rcvp' shall be used:.

The s

ihterpolate shall be equal to O.

refresh flagequal to O specifies that the indicated viewing orientation should beused when startir
from a time-parallel sample in an associated media track. refresh flag equal to 1 specifies that the indicated

Ty trc—vicyv i g—orchtatror

degrees relative to the global coordinate axes. centre azimuth and centre elevatig
centre of the viewport, and centre tilt indicates the tilt angle of the viewport.

viewing orientation should always be used when rendering the time-parallel’sample of each associa
i.e., both in continuous playback and when starting the playback from the'time-parallel sample.

2 refresh flagequal to 1 enables the content author to indicate that a-particular viewing orientation is reg

Recommended viewport

cut or based on measurements of viewing statistics.

mple entry of this sample entry typeds specified as follows:
5 RcvpSampleEntry () eXipends SphereRegionSampleEntry('rcvp') {
cvpInfoBox (); // mdndatory

5 RcvpInfoBox (extends FullBox ('rvif', 0, 0) {
hsigned int (8) viewport type;
Lring viewport description;

i ewpord  type specifies the type of the recommended viewport as listed in Table 11.

onSample are

n units of 2716
n indicate the

g the playback

ed media track,

ommended even
ition.

commended viewport timed metadata track indicates thea/iéwport that should be displayed when the user does not
have dontrol of the viewing orientation or has released controlof the viewing orientation.

The recommended viewport timed metadata track could be used for indicating a recommended viewport basg¢d on a director's

Table 11 — Recommended viewport type

Value Description

0 A recommended viewport per the director's cut, i.e., a viewport suggested according
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

Iobal Coordir\ ta avac £ a1 ndinatac tho tilt anala Af tho racammandad viavwnart
g ate-axes—eertre—t+ e indicatesthe-tilt-angle-of therecommended-viewnort:

7.7.6  Timefl text sphere location metadata

7.7.6.1 General

The timed text{sphere location metadata indicates the timed text sphere Ication that is used, togetherwith other information,
to determine where the timed text is placed and displayed in 3D space. Since the timed text cues’are rendered at ¢ertain
positions in 3P space, they are only visible when timed text sphere location is within the sphere region definipg the
viewport.

7.7.6.2 Sample entry format
The track sample entry type "tts1' shall be used.
The sample enfry of this sample entry type is specified as follows:

class TTSgherelLocationSampleEntry () extends SpllereRegionSampleEntry ('ttsl') {
unsigngd int (1) depth included flag;
bit (7) |reserved = 0;

depth_included flag equal to 1 specifies that'the depth (z-value) of the regions on which the timed text is to
be rendered is present in the samples. The value 0 specifies that the depth (z-value) of the regions on which the
timed]text is to be rendered is not present<in-the samples.

When SphereRegionSampleEntry () isincluded in TTSpherelLocationSampleEntry (), the following
appligs:

The | values of shdpe’ type, dynamic range flag, static_azimuth range,| and
fjtatic_elevation range shall all be equal to 0.

The vplue of num_kegions may be greater than 1.

7.7.6.3 Sample format

The sample format.oftimed text sphere location timed metadata is specified as follows:

aligned(8) TTSpherelLocationSample () extends SphereRegionSample () {
for (i=0; i<num regions; i++) {
string region_ 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
2DRegionQualityRankingBox. When neither SphereRegionQualityRankingBox nor
2DRegionQualityRankingBox is present in a visual sample entry, the quality ranking value for the visual track is
not defined. Quality ranking values indicate a relative quality order of quality ranking regions. When quality|ranking region
A has|a non-zero quality ranking value less than that of quality ranking region B, quality ranking region’|A has a higher
quality than quality ranking region B. When the quality ranking value is non-zero, the picture quality wjthin the entire
indicafed quality ranking region is approximately constant. The boundaries of the quality rankingySphere regions specified
by thel SphereRegionQualityRankingBox may or may not match with the boundaries /of the qualjity ranking 2D
regions specified by the 2DRegionQualityRankingBox. The boundaries of the quality-¥anking spher¢ or 2D regions
may of may not match with the boundaries of the packed regions or the boundaries of.the projected regiops specified by
RegipnWisePackingBox

7.8.2 | Spherical region-wise quality ranking

7.8.2.1. Definition

Box type: 'srqr'

Conta|ner: VisualSampleEntry

Mandatory (per an item): No

Quantjty (per an item): At most one for each region definition type value

7.8.2.p  Syntax

alighed(8) class SphereRegionQua®ityRankingBox extends FullBox('srgr', 0, 0) {
SphereRegionQualityRankingStruct () ;

—

©
'_l
'_l.

«Q

hed (8) class SphereRegdonQualityRankingStruct () {
hsigned int (8) region definition type;
hsigned int (8) num-.regions;

hsigned int(l)~femaining area flag;
hsigned int (&)~view_idc presence flag;
hsigned inf (1) quality ranking local flag;
hsigned AntY(4) quality type;

it (1) reserved = 0;

f (visew idc presence flag == 0) {

uhsigned int(2) default view idc;

¥t (6) reserved = 0;

H-O o o Ccc oo

for (i = 0; i < 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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definition type hasidentical semanticsto shape type of SphereRegionConfigBox.

ions specifies the number of quality ranking sphere regions for which the quality ranking information is
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.

remaini

ng area flag equal to O specifies that all the quality ranking sphere regions are defined by the

Sphe
numﬁ
the la
the

Spheg
left an

view id
equal
partic

quality

instar
only.
this

Spheg
quall

NOTE1l qua
set of tracks am
subclause 7.2.1
quality ran

quality]

quall
quall
from
value

regions of the picture. quadity type values greater than 1 are reserved.

defaulty

qualit

reRegionStrucik (1) structures remaining area flag equal to 1 specifies that the first
regions — 1 quality ranking sphere regions are defined by SphereRegionStruct (1) structyre and
5t remaining quality ranking sphere region is the sphere region within the content coverage, natcovered by
Lnion  of the quality ranking sphere regions defined by the first num_regiong — 1
reRegionStruct (1) structures. The last remaining quality ranking sphere region.may-be on bgth the
d right views.

c_presence flagequaltoO specifiesthat view idc isnotpresent. viewyidc presence |[flag
to 1 specifies that view idc is present and indicates the association of quality ranking sphere region with
ular (left or right or both) views or monoscopic content.

ranking local flag equal to 1 specifies that the quality fanking information provided |n this
ce of this box is relative to the quality ranking information provided-rrall instances of this box for thip track
quality ranking local flag equal to O specifies that the*quality ranking information provided in
nstance of this box is relative to the quality ranking‘information provided in all instanges of
reRegionQualityRankingBox and 2PRegionQualityRankingBox with
ity ranking local flag equal to O for this and other tracks.

ity ranking local flag equal to 1 could beused in a track that includes coded video data by refererjce to a
ng which one is selected as the source of the codedwideo data. For example, an 'alte' track reference specjfied in
could be used for this purpose. SphereRegiohQualityRankingBox Or 2DQualityRankingBok Wwith
king local flag equal to O could be present in the referenced tracks within the file.

type indicates which factor causes the differences in the quality of packed regions on the picture.
ity type equal to O specifies thatall packed regions correspond to the same projected picture resofution.
ity type equal to 1 specifigs.that at least one horRatio value, as derived in subclause 5.4.2, may| differ
bther horRatio values among.all pairs of packed and projected regions of the picture or at least one vegrRatio
as derived in subclause§.4:2, may differ from other verRatio values among all pairs of packed and pragjected

view idc equakbto O indicates that the quality ranking sphere region is monoscopic, 1 indicates that the
y ranking sphere‘region is on the left view of stereoscopic content, 2 indicates that the quality ranking gphere

region is on the-right view of stereoscopic content, 3 indicates that the quality ranking sphere region is oh both

the le

quality .

ft and right-views.

fanking specifies a quality ranking value of the quality ranking sphere region. quality rarking

equal

A A tndinatnc that tha Aol vanlaanavaliin 1o nar Anfinnd Tha capantine Af nAan onra Al vanliina alues
v lII\.Al\.lMI.\aJ TTUAL TG qUMIIL_y IMIII\IIIs VvVUTUL T TITUT UCLTITICUL. TTTC JuTTiaritavo vt IIUII ZCTU \.1MMIIL] IMIII\IIIM v

are specified in subclause 7.8.1.

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

qualit
NOTE2 ori

y ranking sphere region, are equal to 1.

g widthand 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
region definition type. The value of interpolate in SphereRegionStruct (1) shall be equal
to 0.

7.8.3 | 2D region-wise quality ranking

7.8.3.L Definition

Box type: '2dgr'

Conta|ner: VisualSampleEntry
Mandatory (per an item): No

Quantjty (per an item): Zero or one

7.8.3.p  Syntax

alighed(8) class 2DRegionQualityRankingBox extendss FullBox ('2dgr', 0, 0) {
2DRegionQualityRankingStruct () ;

alighed(8) class 2DRegionQualityRankingSsruct () {
uhsigned int(8) num regions;

uhsigned int(l) remaining area flag;

uhsigned int(l) view idc presencelflag;
upsigned int(l) quality rankingllocal flag;
uhsigned int (4) quality type:;

blit(l) reserved = 0;

iff (view idc_ presence flag.== 0) {

unsigned int(2) default view idc;

bit (6) reserved =-0%

H —

br (1 = 0; i < num'regions; i++) {

unsigned ing(8) quality ranking;

if (view idg presence flag == 1) {
unsignied int(2) view_idc;
bitdk) reserved = 0;

ifS(fquality type == 1) {
unsigned int (16) orig width;
unsigned int (16) orig height;

if ((1i < (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:

© ISO/IEC 2019 - All rights reserved 63


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

ISO/IEC 23090-2:2019(E)

- 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
to 1 specifies that the first num regions — 1 quality ranking 2D regions are defined by left offset,
top offset, region width, and region height and the last remaining quality ranking 2D region is
the arpa in the picture with width equal to width of VisualSampleEntry and height equal to height of
VisyalSampleEntry, notcovered by the union of the first num regions — 1 quality ranking-2D rdgions.
The Iast 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 |n this
instance of this box is relative to the quality ranking information provided in all instances of:this box for thip track
only. quality ranking local flag equal to 0 specifies that the quality ranking’information provided in
this Instance of this box is relative to the quality ranking information provided in all instan¢es of
SphegreRegionQualityRankingBox and 2DRegionQuaXityRankingBox with
quallity ranking local flag equal to O for this and other tracks.

NOTE1l quaflity ranking local flag equal to 1 could be used in a track that.includes coded video data by refererjce to a
set of tracks am@ng which one is selected as the source of the coded video data. For example, an 'alte' track reference specjfied in
subclause 7.2.1| could be used for this purpose. SphereRegionQualityRafikifigBox Or 2DQualityRankingBok 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 pficture.
quallity type equal to O specifies that all packed regions correspond to the same projected picture resoflution.
quallity type equal to 1 specifies that at least one‘horRatio value, as derived in subclause 5.4.2, may differ
from pther horRatio values among all pairs of packed-and projected regions of the picture or at least one vgrRatio
value|as derived in subclause 5.4.2, may differ from other verRatio values among all pairs of packed and prajected
regions of the picture. quality type valugs:greater than 1 are reserved.

orig wildthand orig height specify the‘width and height, respectively, of such a monoscopic projected picture
for which both horRatio and verRatiof as derived in subclause 5.4.2 for each of the packed regions that coyer the
quality ranking 2D region, are equahto 1.

NOTE2 orip widthand orig height represent the width and height of the picture from which the packed region hgs been
extracted withoyt resampling.

NOTE 3 A plpyer is recommended to parse 2DRegionQualityRankingBox and select the track for playing that matches the
user's viewing ofientation in asmanner that:
- The quality fanking value @n the region covering the viewport is greater than 0 and less than that for other regions.
- The resolutipn of the region covering the viewport is suitable for the display. If quality typeisequaltol, orig widfth and
orig height represent the width and height of the monoscopic projected picture from which the packed region coverjing the
viewport hag beeh extracted. Otherwise, width and height of VisualSampleEntry could be used to conclude the resolution on
the viewport:

left offset, top offset, region width, and region height are integer values that indicate the
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.

64 © ISO/IEC 2019 - All rights reserved


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

ISO/IEC 23090-2:2019(E)

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.L Definition

Box type: 'stvi'

Property type: Descriptive item property
Contalner: ItemPropertyContainerBox
Mandatory (per an item): No

Quantjty (per an item): Zero or one

FrampPackingProperty indicates that the reconstructed image contains, asrepresentation of two spatially packed
constifuent pictures.

essehtial shall beequaltolfora 'stvi' item property.

7.9.2.2 Syntax

FrampPackingProperty has the same syntax as StereoVideoBox specified in ISO/IEC 14496-12

7.9.2.8 Semantics

The s¢mantics of the syntax elements within the FramePackingProperty are the same as those specified for the
syntaq elements of StereovVideoBox as defined in ISO/IEC 14496-12 and in subclause 7.1.10.

7.9.3 | Projection format item property

7.9.3.L Definition

Box type: "prfr'

Property type: Descriptive item property
Conta|ner: ItemPropertyContainerBox
Mandatory (per an item): No

Quantjty (per an itefm): Zero or one

ProjpctionFermatProperty indicates the omnidirectional projection format of the image.

When|'gx £r' is present, the reconstructed image represents a packed picture that has been generated jps indicated in

Figur 2 and Figure 3 for a monoscopic-and stereoscopic-imagerespectivelhs The semanticsof the sample locations of the
~ae-=gHFe—o+ofa-Ho4 pHc-ahRe-Stef BptcHRageesSpectHery—-Re-SefahRtecS-oithe-Sanpie

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.
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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 frame packing is indicated), HorDiv1 is set equal to 1 and VerDivl is set equal to 2.

The width and fleTghtofaMoNOSCOPIC Projected fuma picture (ConstutuemPicWidthand ConstituentPicHeght, Tespegtively)
corresponding [to the reconstructed image of the image item are derived as follows:

— If RegionWisePackingProperty is not present for the image item, ConstituentPicWidth and
ConstitugntPicHeight are set to be equal to image width /HorDivl and image height /VeyDivl,
respectively, where image width and image height are syntax elements of
ImageSpatialExtentsProperty associated with the image item.

—  Otherwisg, ConstituentPicWidth and ConstituentPicHeight are set equal to proj pidture width/HorDiyl and
proj plcture height /VerDivl, respectively.

If RotationProperty is not present for the image item, RotationFlag is set equalto 0. Otherwise, RotationFlag is set
equal to 1.

If FramePackingProperty is not present for the image item, SpafiallyPackedStereoFlag, TopBottomFlag, and
SideBySideFlgg are set equal to 0. Otherwise, the following applies:

- When thg FramePackingProperty indicates top-bottom frame packing, SpatiallyPackedStereoFlag is sef equal
to 1, TopBottomFlag is set equal to 1, and SideBySideFlag.is set equal to 0.

- Whenthg FramePackingProperty indicates side-by-side frame packing, SpatiallyPackedStereoFlag is sef equal
to 1, TopBottomFlag is set equal to 0, and SideBySideFlag is set equal to 1.

If RegionWisePackingProperty is not present for the image item, RegionWisePackingFlag is set equal| to O.
Otherwise, RegionWisePackingFlag is set equal to'1.

7.9.3.2 Syntax

aligned(8)| class ProjectientormatProperty
extends ItlemFullProperty (' prfr', 0, 0) {
ProjectlionFormatStruct (); /* specified in clause 7.5.2 */

}

7.9.4  Essential 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, the
EssentialFisheyeImageProperty shall be present for the image item.

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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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*/

}

7.9.4.4 Semantics

The s

7.9.5

7.9.5.

Box ty
Prope
Conta
Mand
Quant

Supp

mantics are as specified In subclause 6.2.2.
Supplemental fisheye image item property
L Definition
pe: 'fvsi!
ty type: Descriptive item property
ner: ItemPropertyContainerBox
tory (per an item): No
ty (per an item): Zero or one
lementalFisheyeImageProperty provides supplemental fishéye parameters, such as the loc

information for high quality stitching and rendering as well as deadzone)information.

When

7.9.5.

alig
exte

F
}

7.9.5.
The sq

7.9.6

7.9.6.

Box ty
Prope
Conta
Mand
Quant

the 'fvsi' item property is present, the ' fovi' item property shall be present.
P Syntax
hed (8) class SupplementalFisheyelmageProperty

nds ItemFullProperty('fvsi', Q3 0) {
i sheyeVideoSupplementalInfoSpruct (); /*specified in clause 6*/

B Semantics

mantics are as specified in subclause 6.3.2.

Region-wise packing item property
|  Definition
pe: 'rwpk'
ty type: Descriptive item property
ner: ItemPropertyContainerBox
tory((per an item): No
ty\(per an item): Zero or one

hl field of view

RegionWisePackingProperty specifies the mapping between packed regions and the corresponding projected

region

s 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 */

}

© ISO/IEC 2019 - All rights reserved

67


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

ISO/IEC 23090-2:2019(E)

7.9.6.3 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 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.

7.9.7  Rotation item property

7.9.7.1 General

When an |mlige item contains an omnidirectional image specified based on the local coordinate axes, the
RotationProperty shall be present for the image item.

7.9.7.2 Defjnition

Box type: 'rotn'

Property type: Descriptive item property
Container: ItemPropertyContainerBox
Mandatory (pef an item): No

Quantity (per gn item): Zero or one

RotationProperty is used to indicate the yaw, pitch, and roll angles, respectively, of the rotation to be applied to
convert the lochl coordinate axes to the global coordinate axes. In the case of stereoscopic omnidirectional image, thq fields
apply to eagh view individually. The absence of RotationPriperty indicates that rotation| yaw,
rotation gitch, and rotation roll are all inferred to be equalto/0.

essential ghall beequalto 1 fora 'rotn' item property.

7.9.7.3 Syntax

aligned(8)| class RotationProperty
extends IfemFullProperty('rotn', 0, Q) {
RotatignStruct(); /* specified.in clause 7.5.4 */

}

7.9.8  Covefage information item property

7.9.8.1 General

7.9.8.2 Defjnition

Box type: 'covi'

Property type: Descriptive item property
Container: ItemPropertyContainerBox
Mandatory (pef an item): No

Quantity (per gmiitern): Zero or one

CoverageInformationProperty is used to indicate the content coverage of the omnidirectional image.

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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aligned(8)
extends ItemFullProperty('covi',

ISO/IEC 23090

Syntax

class CoverageInformationProperty
0, 0) {

ContentCoverageStruct ()

}

-2:2019(E)

7.9.9 Initial viewing orientation item property

7.9.9.1 Definition

Box type: 'iivo!

Property type: Descriptive item property
Conta-llcl. ItCLIILnJ_Ul\)CJ_t_YﬂULLtQJ._LLCJ_BU
Mandatory (per an item): No

Quantjty (per an item): Zero or one

Init
shoulg
cent

An ON
values

|
g

q
q

For th
to 1,
stat

NOTE
dynar
viewpd
as con
of the

7.9.9.

alig
exte
I

ialViewingOrientationProperty indicates the initial viewing orientation according to w
be initially rendered to the user. In the absence of this property centre azimutl()¢entre el
re tilt should all be inferred to be equal to 0.

NAF player should use the indicated or inferred centre azimuth, centxe,elevation, and ¢
as follows:

f the orientation/viewport metadata of the OMAF player is obtained en'the basis of an orientation sen
r attached to a viewing device, the OMAF player should

obey only the centre azimuth value, and

ignore the values of centre elevation and‘¢entre tilt and use the respective v
orientation sensor instead.

Dtherwise, the OMAF player should obey. all)three of centre azimuth, centre ele
entre tilt

shape type is inferred to be-~equal to 0, dynamic range flag is inferred to bg
ic azimuth range isinferred to-be equal to 0, and static elevation range isinferredt

This metadata applies to any-viewport regardless of which azimuth and elevation ranges are covered by the]
ic_range flag, static ‘@zimuth range, and static_elevation range do not affect the d
rt that this metadata concerns and are hence required to be equal to 0. When the OMAF player obeys the cent]
luded above, the cengrer tilt value of could be interpreted by setting the azimuth and elevation ranges for {
iewport equal to those that are actually used in displaying the viewport.

D

Syntax

hed (8)-2Class InitialViewingOrientationProperty
nds\ItemFullProperty('iivo', 0, 0) {
hitialViewingOrientationSample vr initial orientation;

hich the image
cvation, and

entre tilt

sor included in

hlues from the

vation, and

b syntax and semantics of InitialView@ngOrientationProperty, num regions is infefred to be equal

equal to O,
b be equal to 0.

viewport. Thus,
mensions of the
re tilt value
he sphere region

}

7.9.9.3

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

7.10.1

Storage of timed text for omnidirectional video

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.

7.10.2 OMAF timed text configuration box

7.10.2.1 Def

Box Type:
Container:
Mandatory:
Quantity:

This box provi

nition

'otct!

7.10.2.2 Syntax

class Omaf]
unsigng
unsigng
unsigng
bit (5)
unsigng
for (i
stri
if (g

}

d int(l) relative to viewport flag;
d int (1) relative disparity flag;
d int (1) depth included flag;
reserved = 0;
d int (8) region count;
0;i<region count;i++) {
ng region id;
elative to viewport flag == 1) 7
f (relative disparity flag)

signed int (16) disparity (in percent;
lse

signed int (16) disparity in pixels;
se {
phereRegionStruct (0) 4
f (depth included:’ flag)

unsigned int (l%) region_ depth;

7.10.2.3 Semantics

relativ
the ti

XMLSubtitleSampleEntry Or WWITSampleEntry
Yes (for timed text tracks associated with an omnidirectional video track)
One (for timed text tracks associated with an omnidirectional video track)

des configuration information for presenting timed text together with omnidirectional video.

TimedTextConfigBox extends FullBox('otcf',

{

e /o viewport flag specifies how the timed text cues are to be rendered. The value 1 indicates that
edtext is expected to be always present on the display screen, j.e., the text cue is visible independently of

the viewing direction of the user. The value O indicates that the timed text is expected to be rendered at a certain
position on the sphere, i.e., the text cue is only visible when the user is looking in the direction where the text cue
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 disparity, in units of 27'°, as a fraction of the width of the display window
for one view. The value may be negative, in which case the displacement direction is reversed. This value is used
todisplace theTegiomto the teftomthe tefteye viewand tothe Tight o the Tight eye view:

dlisparity in pixels indicates the disparity in pixels. The value may be negatives~in which case the
displacement direction is reversed. This value is used to displace the region to the left on.the Teft gye view and to
the right on the right eye view.

SphereRegionStruct () indicates a sphere location that is used, together withcother informatiof, to determine
where the timed text is placed and displayed in 3D space. The vector between the centre of the $phere and this
sphere location is the normal vector to the rendering 3D plane on which the-timed text cue is to be|rendered. This
information and the depth of the 3D plane are used to determine the position 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.

NOTH The purple plane indicates the region, and the line segment in black indicates the depth.

I:igllr‘Fl 21— An m(amplp of a rpginn 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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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,

7.10.2.4 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 rendering procedure for timed text on omnidirectional video depends on the value of

relative te—viewport—fiae

If relative|to viewport flagisequal to 0, the rendering procedure may be as follows:

1. Setup thg VR scene geometry by creating the sphere and placing the rendering camera in the centre.of the gphere
(depending on whether the content is stereo or mono, the rendering camera has to correspondingly he mono or stereo).

2. For each fext sample to be rendered at time t, the following applies:
a. Fetdh the corresponding information about depth d, direction (u, v), and the 2D dimensions of the region
b. Cregte a 3D plane with the normal vector calculated out of (d, u, v).
C. Renper the text cue on that plane and on the corresponding 2D rectangle“with a centre at the normal vector.
Otherwise (reflative to viewport flag isequal to 1), the rendering procedure may be as follows:

1. Read infgrmation of the rectangular region from the timed text tracksand the disparity disparityVal for each tgxt cue
at time t.

2. After renglering the omnidirectional video, render the text cue'in the rectangular region for the left or right halfj of the
screen as|follows:

a. For the left half of the screen, render the text cuelin the left-half of the rectangular region such that the lefft-side
boundary of the text cue starts from the position‘'that is disparityVal units to the right from the left-side bolindary
of the left-side half of the rectangular region.

b. 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-side
boundary of the right-side half ofthe rectangular region.

7.10.3 IMSC1 tracks
When IMSC1 |streams are used, OmafTimedTextConfigBox shall be present in XMLSubtitleSampleEhtry.
When the dispgrity information is present in OmafTimedTextConfigBox, it is superseded by the tts:dispdrity
attribute of the[IMSC1 track.

class XMLYubtitleSampleEntry () extends SubtitleSampleEntry ('stpp') {
string hémespace;

string schema location; optional
string auxiliary mime types;

// optional, required if auxiliary resources are present
OmafTimedTextConfigBox () ; // optional

}

The namespace field of the XMLSubtitleSampleEntry shall contain one instance of the string
"http://www.w3.0rg/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 "imlt"

processor is required, respectively.

or "imli™ that indicates that an IMSC1 Text or Image

All samples of the IMSCL1 track shall conform to the Text Profile or Image Profile specified in W3C Recommendation,

TTML

profiles for Internet media subtitles and captions 1.0.

All IM
The m

7.10.4
When

clas
W
W
0

}
All W,

SC1 sample format shall conform to ISO/IEC 14496-30.

edia type of the IMSC1 samples is "application/mp4".

WebVTT tracks
WebVTT is used, OmafTimedTextConfigBox shall be present in WWTTSampleEntry.

5 WVTTSampleEntry () extends PlainTextSampleEntry ('wvt®') {

epVTTConfigurationBox config;
EbVTTSourceLabelBox label; // recommended
nafTimedTextConfigBox () ; // optional

bV TT samples shall conform to the sample format as defined in-ISO/IEC 14496-30:2018 subclause

The media type of the WebVTT samples is "text/vtt".
8 Omnidirectional media encapsulation and signalling in DASH
8.1 | Architecture of DASH delivery in OMAF
Figurq 22 illustrates the content flow in thelDASH delivery function of OMAF.
DASH delivery
FS Fg
» DASH MPD [—*
generation ?IEI
H
H
h 4
DASH MPD
P & segment
F reception
) x

Head/eye | _______1
tracking | Orientation/
viewport metadata

Figure 22 — Content flow in the DASH delivery function of OMAF

© ISO/IEC 2019 - All rights reserved

73


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

ISO/IEC 23090-2:2019(E)

The following interfaces are normatively specified in this clause:

Fs/F's: 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

information in

the segments.

A DASH clien
and possibly a|
DASH client g
Adaptation Sef
afforded by thq

The server typ
interface H in 1
over a network
server (H) is ¢
segments (F')
subclauses 4.2
segment seque

8.2

8.2.1 Gene

The following

The presq

The preg
Adapta

The preq
Repres

8.2.2

A DASH
urn:mpeg:mn
present at MPIl
present), this e

| obtains a current viewing orientation or viewport e.g. from the head-mounted display that detects-th
S0 eye orientation. By parsing metadata, e.g. on projection and region-wise packing, from the"\MiP
oncludes which Adaptation Set and Representation contain the supported projection format ete.’and
and Representation cover the current viewing orientation at the highest quality and at a bitrate that
prevailing estimated network throughput. The DASH client issues (sub)segment requests according

ically provides segments (Fs) to the client. The server may also provide the MRD-(considered as

. and the received segments and MPD from the server are marked with H' in the)figure. The output fr
pnsidered to be identical to the input to the DASH MPD and segment recéption block (H"). The re
are output by the DASH MPD and segment reception block to the fife/segment decapsulation blog
and 4.3). In some media profiles, the segment reception function maytinclude reconstruction of a confd
nce, which is regarded as the F's interface.

Usage of DASH in OMAF

ral

applies for the specifications in subclauses 8.2<and 8.3:
nce of an element at MPD level refers to that the element is a child element of the MPD element.

ence of an element at AdaptationSet level refers to that the element is a child element
FionSet element.

ence of an element at Représentation level refers to that the element is a child element
bntation element.

Signdlling of stereoscapic-frame packing

FramePacking element with a @schemeIdUri attribute equal
pegB:cicpiVideoFramePackingType may be present at Adaptation Set level and shall

e head
D, the
which
nay be
y.

part of

his case), or the MPD may be delivered by other means to the client. The segmeéntsand MPD are delivered

bm the
ceived
k (see
rming

of an

of a

to
hot be

D or Representation level. When used with projected omnidirectional video (i.e., when the PF descri
ement indicates that the projected pictures consist of spatially or temporally packed constituent pict

the leftand rig
video. This

ptor is

VideoFramePackingType in ISO/IEC 23091-2. The value of QuincunxSamplingFlag as specified in ISO/IEC
23091-2 is inferred to be equal to 0.

8.2.3 Carri

A timed metadata track, e.g., of track sample entry type 'invo'

age of timed metadata

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
8.2 use datatypes defined in XML Schema Part 2 and shall have the meaning as defined in W3C Recommendation, XML
schema part 2: Datatypes.

8.3.2 | Signalling of projection type information

An EssentialProperty element with a @schemeIdUri attribute equal to
"urnfmpeg:mpegl:omaf:2017:pf" isreferred to as a projection format (PF) descriptor.

At mokt one PF descriptor may be present at MPD level. At most one PF descriptor may hé present at Adaptation Set level.
At mast one PF descriptor may be present at Representation level.

The gmaf:@projection type attribute of a PF descriptor present at.a “hierarchically lower level overrides
omafl: @projection_type attribute of a PF descriptor present at a hierarchically higher level. For exanjple, when both
an AdaptationSet element and a Representation element in the AdaptationSet element have p PF descriptor
presert, the PF descriptor present in the Representation element applies to the Representation.

The Rvalue attribute of the PF descriptor shall not bé  present. The PF descriptor shall include an
omafl@projection type attribute whose value shall nothe'empty as specified in Table 12.

Table 12 — Semantics of omafs@projection_type attribute

Attrjibute for PF Use | Data type Description
desgriptor

omaff : @projection M | omaf:listofUnsignedByte Specifies a list of projection type values of the prgjected 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 ISO base media file format Segments, projeg¢tion type
shall be equal to projection| type in
ProjectionFormatBox in sample entfjies of the
Initialization Segment.

The data typesfor the attribute shall be as defined in the XML schema. An XML schema for projection type pignalling shall
be ap _shown below. The schema shall be represented in an XML schema that hgs namespace
urn:pped: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: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 omaf:@packing type attribute of a RWPK descriptor present at a hierarchically lower level overrides
omaf:@packing tvype attribute of a RWPK descriptor present at a hierarchically higher level. For example, when
both an AdaptationSet element and a Representation element in the AdaptationSet element have@RWPK
descriptor present, the RWPK descriptor present in the Representation element applies to the Representation.

The @valug of the RWPK descriptor shall not be present. The RWPK descriptor may.”incluge an
omaf:@pacKing type attribute as specified in Table 13.

Table 13 — Semantics of omaf:@packing_type attribute

Attribute for Use | Data type Description
RWPK descrjiptor

omaf:@packing @) omaf:OptionallistofUnsignedByte Specifies a list-0f the packing type value of the pictufe as
type specified in, Table 9. Each value in the list shall be in the
range of Q“to 15, inclusive. The values 16 to 25§ are
reserved. Each value in the list shall be unique.

ForISO base media file format Segments,
packing_ type shall be equal to packing type In
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 eqqal
to 0.

The absence of a RWPK descriptor indicates that no region-wise packing has been applied.

The data type [for the attribute shall.be as defined in the XML schema. An XML schema for region-wise packing type
signalling sha|l be as shown_below. The schema shall be represented in an XML schema that has namegspace
urn:mpeg:mpegl:omaf 2017 and is specified as follows:

<?xm]l version="1.0" encoding="UTF-8"?2>
<xs:pchema\ xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
FargetNamespace="urn:mpeg:mpegl:omaf:2017"
kil s :omaf="urn:mpeg:mpegl:omaf:2017"
elementFormDefault="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.

The @value attribute of the CC descriptor shall not be present. The CC descriptor shall include elements and attributes
as spepifietim Tabte1:

Table 14 — Semantics of elements and attributes of CC descriptor

Elements and attributes Use

for CC descriptor

Data type Description

cc

0.1

omaf:CCType

Container element whose attribufés and elements 9
region coverage information:

pecify sphere

cce

shape type

xs:unsignedByte

Specifies the shape typé.of the sphere region, ag
subclause 7.7.2.3. WWhen not present, cC@shape_ty]
to be equal to 0.

specified in
pe is inferred

cca
ce |

flag

view idc presen 0]

xs:boolean

Value 0 specifies that cc.coveragelnfolview
signalled.\\alue 1 specifies that cc. coverage Infq
is signglled and indicates the association of sphere
partictlar (left, right, or both) views or monoscopic
notpresent, cCevview idc presence flag i
equal to 0.

| idc is not
@view_idc
regions with
ontent. When
inferred to be

cce

default view id

CM

omaf:ViewType

Value 0 indicates that all the sphere regions are monos
indicates that all the sphere regions are on the I
stereoscopic content. Value 2 indicates that all the sph
on the right view of a stereoscopic content. Value 3 in
the sphere regions are on both the left and

copic. Value 1
ft view of a
re regions are
icates that all
right views.

cC@default view idc shall ~ be  pregent  when
cc@view idc presence flag is equgl to O
cc@default view idc shall be abgent when
CClview idc presence flag isequalto 1.

cc.coveragelnfo 1..255 | omaf:.coveragelnf

oType

Element whose attribute cc.coveragelnfo@viep idc, when
present, provides information about view(s) to wihich coverage
specified by  sphere  region defined b attributes
cc.coveragelnfolcentre azimuth,
cc.coveragelnfolcentre elevation,
cc.coveragelnfo@ecentre tilt,
cc.coveragelnfofazimuth range,

ce—ecoveragalnforal £
ec—ecovefrageritocer =a—ro

apphies.

T—efs

cc.coveragelnfo@vi
ew idc

CM omaf:ViewType | Value 1 indicates that the sphere region is on the left view of a
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

cc@view idc presence flag isequaltol

cc.coveragelnfolce (0]
ntre azimuth

omaf:Rangel Specifies the azimuth of the centre point of the sphere region in units
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.coveragelnfoece (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.coveragelnfotce (0] omaf:Rangel Specifies the tilt angle of the sphere region, in units of 2716 degrees,
ntre tilt relative to the global coordinate axes. When not present,
cc.coveragelnfo@centre tilt isinferred to be equal to 0.
cc.coveragelnfolaz (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 to beegyal to
360 * 216,
cc.coveragelnfoeel (0] omaf:VRange Specifies the elevation range of the sphere region through the centre
evation_rgnge point of the sphere region in units of 2716 degrees..\When not prgsent
cc.coveragelnfolelevation rande\~is inferred to be
equal to 180 * 216,
The absence of the cc element in the CC descriptor indicates that each Representation ¢overs the entire sphere whep a PF
descriptor thatjapplies to the Representation is present.
When a PF descriptor is not present at MPD level or Adaptation Set level, there shall be no CC descriptor presenfin the

Adaptation

The data types
descriptor shal
urn:mpegq :mjf

<?xm
<xs:

defa

defa

<

defa
defa
defa
defa

defa

78

Set element.

I be as shown below. The schema shall be represented in an XML schema that has nam
pegl:omaf:2017 and is specified as follows:

| version="1.0" encoding="UTF-8"72>
Echema xmlns:xs="http://www.w3,.0£¢g/2001/XMLSchema"
FargetNamespace="urn:mpeg:mpegltomaf:2017"
kmlns:omaf="urn:mpeg:mpegl:omaf:2017"
blementFormDefault="qualified">
xs:element name="cc" typée="omaf:CCType"/>
xs:complexType name="CCType">
<xs:sequence>
<xs:elemenf, ritame="coverageInfo" type="omaf:coverageInfoType"
minOccurs="1" maxOccurs="255"/>
<xs:anmy amespace="##other" processContents="lax" minOccurs="0"
maxQccurs="unbounded" />
</xs:seguence>
<xs:aftribute name="shape type" type="xs:unsignedByte" use="optional"
h1t="0"/>
<xgmdttribute name="view idc presence flag" type="xs:boolean" use="optiong
hlg="0" />

for various elements and attributes shall be as defined.in the XML schema. An XML schema for the CC

bspace

"

<xs:attribute name="default view idc" type="omaf:ViewType" use="optiong

lll/>

<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"
ult="0"/>

<xs:attribute name="centre elevation" type="omaf:Range2" use="optional"
ult="0"/>

<xs:attribute name="centre tilt" type="omaf:Rangel" use="optional"
ult="0"/>

<xs:attribute name="azimuth range" type="omaf:HRange" use="optional"
ult="23592960"/>

<xs:attribute
ult="11796480"/>

<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>

name="elevation range" type="omaf:VRange" use="optional"
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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>
</xs:simpleType>
<xs:simpleType name="HRange">
TrEeStrIctIon bases TUTS TONEd It
<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>

8.3.5 | Signalling of spherical region-wise quality ranking

A SupplementalProperty element with a @schemeIdUri attribute equal to
"urnfmpeg:mpegl:omaf:2017:srqgr" isreferred to as a spherical region-wise quality ranking (SRQR) descriptor.

At mgst one SRQR descriptor for each sphRegionQuality@shape type value of 0 and 1 may be present at
Adaptption Set level. At most one SRQR deseriptor for each sphRegionQuality@shape type value|of 0 and 1 may
be present at Representation level. A SRQR descriptor shall not be present at MPD level.

The SRQR descriptor indicates a guality ranking value of a quality ranking sphere region relative to:

|
o)

ther quality ranking sphere regions in the same Adaptation Set, and

vhen sphRegionQuality@quality ranking local flag is equal to 0, SRQR descriptors with
phRegionQuality@quality ranking local flag equal to 0 and @qualityRankinlg values in all
\daptation-Sets that have the same @value in the DASH Viewpoint element as the Adaptation|Set containing
his SRQRdescriptor or containing the Representation that contains this SRQR descriptor.

Lo i O 7 W

NOTE(L As specified in ISO/IEC 23009-1, the handling of the Viewpoint element is recommended to be applied equally for
recognjzedand unrecognized @schemeIdUri values. It is suggested to use the same @schemeIdUri value for gll 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
attributes for
SRQR descriptor

Use

Data type

Description

ty

sphRegionQuali

omaf:SphRegio
nQualityType

Container element which includes one or more quality information elements
(sphRegionQuality.qualitylnfo) and common set of attributes
(sphRegionQuality@shape type,
sphRegionQuality@remaining area flag,
sphRegionQuality@view idc presence flag,
sphRegionQuality@quality ranking local flag,

bthUglUHVua:iLy@qudlLL ERYET
sphRegionQuality@default view idc) that apply to al-)those
quality information elements.

sphRegion
ty@shape

bual i
Lvype

xs:unsignedByt
e

Value 0 specifies that the quality ranking sphere region is indicated through| four
great circles as specified in subclause 7.7.2.3. Value 1 specifiés that the qyality
ranking sphere region is indicated through two azimuth)and two elevgtion
circles as specified in subclause 7.7.2.3/)<When not prgsent
sphRegionQuality@shape type is inferredto be equal to O.

sphRegion
ty@remain
rea flag

bual i
i ng_ a

xs:boolean

Value 0 specifies that all the quality ranking.Sphere regions are specified by the
signalled sphRegionQuality.qualsitylnfo elements. Valup 1
specifies that all except the last quality’ranking sphere regions are specifigd by
the signalled sphRegionQuality:gqualitylnfo elements, and th¢ last
remaining quality ranking sphere fegion is the sphere region within the coptent
coverage, not covered by thesunion of the quality ranking sphere regions
specified by the signalled, sphRegionQuality.qualityInfo elements.
When not present sphRegionQuality@remaining area flap is
inferred to be equal to:0."The last remaining quality ranking sphere region|may
be on both the left and right views.

NOTE 2 WhenssphRegionQuality@remaining area flagisdqual
to 1, the gual ity Info element is present for the last quality ranking sghere
region s but excludes @centre azimuth, Q@centre elevatjon,
@centre tilt, and @elevation rahnge
attributes.

@azimuth range

sphRegion
ty@view i
esence fl

bual i
c pr
2}

xs:boolean

Value 0 specifies that sphRegionQuality.qualitylInfo@view |idc
is not signalled in each sphRegionQuality.qualitylnfo element.
Value 1 specifies that sphRegionQuality.qualitylnfo@view |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 prgsent
sphRegionQuality@view idc presence flag is inferred t¢ be
equal to 0.

sphRegion
ty@qualit
king loca
g

bual i
y ran
| fla

xs:boolean

Value 0 specifies that the quality ranking information provided in this instance
of this descriptor is relative to the quality ranking information provided injall

instances of this descriptor with
sphRegionQuality@quality ranking local flagequalto

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.

80
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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
among all pairs of packed and projected regions of the picture. Values greater
1 are reserved.

sph
tye

wW_1

RegionQuali
default vie
dc

CM

omaf:ViewType

Value 0 indicates that all the quality ranking sphere regions ar¢ monoscopic.
Value 1 indicates that all the quality ranking sphere regions areoh the left view
of stereoscopic content. Value 2 indicates that all theqquality ranking sphere
regions are on the right view of stereoscopic content:Value 3 inglicates that all
the quality ranking sphere regions are on both\the left and right views.
sphRegionQuality@default view iddy~ shall be present when
sphRegionQuality@view idc presence flag is|equal to O.
sphRegionQuality@default viéw, idc shall be pbsent when
sphRegionQuality@view idc(presence flag iseqpal to 1.

sph
ty.

RegionQuali
qualityInfo

omaf:QualityInf
oType

Element whose attribute
sphRegionQuality.qualityInfotquality rankinf provides
quality ranking for one qualitytanking sphere region described Ry its
attributes sphRegionQuality.qualitylnfolview idg,
sphRegionQual ity .qualitylnfotcentre azimuth
sphRegionQual ity .qualityInfolcentre elevatipn,
sphRegionQtiality.qualitylnfotcentre tilt,
sphRegionQuality.qualitylnfolazimuth range,
sphReg#onQuality.qualitylnfotelevation rangp.

sph
ty.
@qu
ng

RegionQuali
gualitylnfo
plity ranki

xs:unsignedByt
e

Specifies a quality ranking value of the quality ranking sphere region.
sphRegionQuality.qualitylnfolquality rankinpequalto0
indicates that the quality ranking is not defined. When quality rapking sphere
region A has a non-zero
sphRegionQuality.qualitylnfolquality rankin value less
than the sphRegionQuality.qualityInfolquality fanking
value of quality ranking sphere region B, quality ranking sphere fegion A has
a higher quality than quality ranking sphere region B. When quality ranking
sphere region A partly or entirely overlaps with quality ranking dphere region
B, sphRegionQuality.qualitylnfo@quality rankfng of
quality ranking sphere region A shall be equal to
sphRegionQuality.qualitylnfolquality rankinp of quality
ranking sphere region B.

sph

@vi

RegionQuali

Joualityinfo

ew , 1d¢

CM

omaf:ViewType

Value 0 indicates that the content is monoscopic, value 1 indicatgs that the
quality ranking sphere region is on the left view of stereoscopic ¢ontent, value
2 indicates that the quality ranking sphere region is on the right Jiew of
stereoscopic content, 3 indicates that the quality ranking sphere r|egion ison

bottheteftamd Tight views.
sphRegionQuality.qualitylnfoeview idc shall be present when
sphRegionQuality@view idc presence flag isequalto 1.
sphRegionQuality.qualitylnfolview idc shall be absent when
sphRegionQuality@view idc presence flag isequaltoO.

sph
ty.
@or

RegionQuali
qualitylnfo
ig 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.

© ISO/IEC 2019 - All rights reserved

81


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

ISO/IEC 23090-2:2019(E)

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.qualitylinfo in units of 27 degrees, relative to the global coordinate axes.

@dcentre azimut Qphpﬁgiﬁanlﬂlif\Jl qn::lifylnfnm ot imath shall be

h present when sphRegionQuality@remaining area flag (S\gqual
to 0. sphRegionQuality.qualitylnfo@centre azimuth ‘shgll be
absentin only one sphRegionQuality.qualitylnfo elementandghall
be present in all the other sphRegionQuality.qualitylnfo elenpents
when sphRegionQuality@remaining area flag)isequal to 1.

sphRegionQuali [ CM | omaf:Range2 Specifies the pitch of the centre point of the quality(ranking sphere regiop, in

ty.qualitylinfo units of 271 degrees, relative to the ‘glebal coordinate gxes.

@centre_elevat sphRegionQuality.qualitylnfolcentve elevation shall be

ion present when sphRegionQuality@remdining area flag is gqual
to 0. sphRegionQuality.qualityInfolcentre elevation phall
be absent in only one sphRegionQuality.qualitylnfo elemen{and
shall be present in all the othefc sphRegionQuality.qualitylnfo
elements when sphRegionQuallity@remaining area flag isqqual
to 1.

sphRegionQuali [ CM | omaf:Rangel Specifies the tilt angle.for the quality ranking sphere region in units off 2716

ty.qualitylinfo degrees. sphRegionQuality.qualitylnfoecentre tilt shgll be

@centre tjlt present when sphRegionQuality@remaining area flag is dqual
to 0. sphRegionQuality.qualityInfoGcentre tilt shall be
absent one_sphRegionQuality.qualitylnfo element and shajl be
present in.all the other sphRegionQuality.qualitylnfo elenpents
when-sphRegionQuality@remaining area flag isequalto 1.

sphRegionQuali [ CM | omaf:HRange Specifies the azimuth range of the quality ranking sphere region through ifs

ty.qualitylinfo centre point in units of 2716 degrees.

@azimuth range sphRegionQuality.qualitylnfo@azimuth range shall be
present when sphRegionQuality@remaining area flag isequal
to 0. sphRegionQuality.qualitylnfolazimuth range shallbe
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<f~CM | omaf:VRange Specifies the elevation range of the quality raking sphere region through ifs

ty.qualitylnfo centre point in units of 2716 degrees.

@Gelevationyran sphRegionQuality.qualitylnfocelevation range shall bp

ge presemtwien sphRegionQual ity rematning _area_rrag isequal

to 0. sphRegionQuality.qualitylnfolelevation 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 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" minOcdurs="1(0"
maxOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="shape type" type="xs:unsignedByte’\use="optig¢nal"
default="0"/>
<xs:attribute name="remaining area flag" type="xs:boglean" use="¢ptional"
default="0"/>
<xs:attribute name="view idc presence flag" typez"xs:boolean"
use="optional" default="0"/>
<xs:attribute name="quality ranking local fTag" type="xs:boolean"|
use="optional" default="0"/>
<xs:attribute name="quality type" typez"omaf:QualityType" use="rgquired"/>
<xs:attribute name="default view idc" (Bype="omaf:ViewType" use="g¢ptional"/>
<xs:anyAttribute namespace="##otherls processContents="1lax"/>
</xs:complexType>

<xs:complexType name="QualityInfoType">
<xs:attribute name="q@ality ranking" type="xs:unsignedBytg"
use="required"/>
<xs:attribute name='"view idc" type="omaf:ViewType" use="optional"/>
<xs:attribute name="orig width" type="xs:unsignedShort"
use="optional"/>
<xs:attributel name="orig height" type="xs:unsignedShort"
use="optional"/>
<xs:attxfibute name="centre azimuth" type="omaf:Rangel"
use="optional"/>
<xsf{attribute name="centre elevation" type="omaf:Range2"
use="optional"/>
<ws:attribute name="centre tilt" type="omaf:Rangel" use="¢ptional"/>
<xs:attribute name="azimuth range" type="omaf:HRange"
use="optionaly"/>
<xs:attribute name="elevation range" type="omaf:VRange"
use="opbtienal"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
L/ %s:complexType>
<xs:simpleType name="Rangel">
<xs:restriction base="xs:int">
seminInclugive valyue="-1170£490Q"
<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>
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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>

</xs:simpleType>
<xs:simpleType name="ViewType">

</xs
8.3.6
A Suppl

"urn:mpeg:

At most one 2
Representation

The 2DQR deq

when t
twoDRe
Adaptatid
this 2DQ

NOTE 1 As sp
recognized and
elements in all A

When the qual
picture quality

When the 2DQ)
in the track g
2DRegionQu

The Qvalue
twoDRegion

Signdlling of 2D region-wise quality ranking

other quality ranking 2D regions in the same Adaptation Set, and

TrEeStrIctIon bases TUTS TOEUByYte

<xs:minInclusive value="0"/>
<xs:maxInclusive value="3"/>
</xs:restriction>
/xs:simpleType>
schema>

bmentalProperty element with a @schemeIdUri attribute equal

DQR descriptor may be present at Adaptation Set level. At most onel2DQR descriptor may be pre
level. A 2DQR descriptor shall not be present at MPD level.

criptor indicates a quality ranking value of a quality ranking 2D ‘region relative to

oDRegionQuality@quality ranking logal flag is equal to 0, 2DQR descriptors
pionQuality@quality ranking localCflag equal toOand @qualityRanking value
n Sets that have the same @value in the DASH Viewpoint element as the Adaptation Set cont
R descriptor or containing the Representatioii‘that contains this 2DQR descriptor.

cified in ISO/IEC 23009-1, the handling™of the Viewpoint element is recommended to be applied equ
Linrecognized @schemeIdUri valuessI¥is suggested to use the same @schemeIdUri value for all View,
daptation Sets of the same omnidirgctional audio-visual content within the same Period.

ty ranking value twoDRegionQual ity .twoDqualitylInfoequality ranking isnon-ze
within the entire indicated quality ranking 2D region is approximately constant.

R descriptor that applies to a Representation is present and a 2DRegionQualityRankingBox S|
orresponding to ‘the Representation, the 2DQR descriptor shall carry equivalent information
alityRankingBox.

attribute—of the 2DQR descriptor shall not be present. The 2DQR descriptor shall incl
Quadi ity element with its sub-elements and attributes as specified in Table 16.

mpegl:omaf:2017:2dqr" is referred to as a 2D region-wise quality ranking (2DQR) descriptot.

to

sent at

with
5 inall
aining

Ily for
boint

ro, the

resent
hs the

ude a

I'able 1o — Semantics or elements and attriputes of ZDQK descriptor

attributes fo
descriptor

Elements and

Use | Data type Description

r 2DQR

ty

twoDRegionQual i

omaf:twoDR
egionQuality
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.

Container element which includes one or more 2D region quality information
elements (twoDRegionQual ity . twoDqual ity Info) and common set
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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 flagisequal

to 1. the twoDgual ity Info element is present for the last qual

ty ranking 2D

region but excludes @left offset, @top offset, Quey
and @region height attributes.

ion width

two
tye
sen

PDRegionQuali
view idc pre
ce flag

xs:boolean

Value 0 specifies that
twoDRegionQuality.twoDqualitylInfoewiew idc is
signalled. Value 1 specifies that
twoDRegionQuality.twoDqualitylnfolview idc is
indicates the association of quality ranking’2D-regions with partic|
right or both) views or monoscopic content. When not present
twoDRegionQuality@view ide presence flagisinf
equal to 0.

not

signalled and
Llar (left or

brred to be

twol
tya
ing

PDRegionQuali
quality rank
| local flag

xs:boolean

Value 0 specifies that the quality ranking information provided in
of this descriptor is relative'to the quality ranking information pro
instances of this descriptor-with

twoDRegionQuality@quality ranking local flag
and in all instances of @qualityRanking in all Adaptation Sef

this instance
vided in all

equal to 0
s that have

the same @value in the DASH Viewpoint element as this Adgptation Set.

Value 1 specifies that the quality ranking information provided in
of this descriptor is relative to the quality ranking information pro
instances’of this descriptor in this Adaptation Set only. When not
value of twoDRegionQuality@quality ranking loca
inferred to be equal to 0.

NOTE 3 twoDRegionQuality@quality ranking loc
equal to 1 might be used in the Main Adaptation Set of a Pr
twoDRegionQuality@quality ranking local flag
could be used in Adaptation Sets that are not the main Adaptaj
Preselection.

this instance
vided in all
bresent, the
I flagis

hl flag

selection and
equal to 0

ion Sets of a

two|
tye

PDRegionQuali
quality type

omaf:Quality
Type

Indicates which factor causes the differences in the quality of pach
the picture. Value 0 specifies that all packed regions correspon
projected picture resolution. Value 1 specifies that at least one hor
derived in subclause 5.4.2, may differ from other horRatio values g
of packed and projected regions of the picture or at least one verH
derived in subclause 5.4.2, may differ from other verRatio values a
of packed and projected regions of the picture. Values greater 1 an

ed regions on
i to the same
Ratio value, as
mong all pairs
Ratio value, as
mong all pairs
e reserved.

two)

RegionQuali

CM

omaf:\ViewT

Value Q indicates that all the quality ranking 2D regions are mond

scopic. Value

tyldefault view
_idc

ype

1 indicates that all the quality ranking 2D regions are on the left view of
stereoscopic content. Value 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.

king

twoDRegionQuali
ty.twoDqualityl
nfolquality ran

xs:unsignedB
yte

Specifies a quality ranking value of the quality ranking 2D region.
twoDRegionQuality.twoDqualitylnfolquality ranking equal
to 0 indicates that the quality ranking is not defined. When quality ranking 2D
region A has a non-zero

twoDRegionQuality.twoDqualitylnfolquality rankingvplue
less than the
twoDRegionQuality.twoDqualitylnfolquality ranking vplue
of quality ranking 2D region B, quality ranking 2D region A has,a higher
quality than quality ranking 2D region B. When quality ranking 2D region A
partly or entirely overlaps with quality ranking 2D region By
twoDRegionQuality.twoDqualityInfoRquality ranking of
quality ranking 2D region A shall be equal to
twoDRegionQuality.twoDqualityInfo@quality ranking of
quality ranking 2D region B.

twoDRegio
ty.-twoDqu
nfoeview

nQuali
hlityl
i dc

CM

omaf:ViewT
ype

Value 0 indicates that the content is monoscopic, value 1 indicates that the qyality
ranking 2D region is on the left view-0f Stereoscopic content, value 2 indigates
that the quality ranking 2D region is‘on the right view of stereoscopic contgnt, 3
indicates that the quality ranking 2D region is on both the left and right views.
twoDRegionQuality.tweDqualitylnfoeview idc shall be present
when twoDRegionQuality@view idc presence flag isequalfto 1.
twoDRegionQual ity twoDqualityInfolview idc shall be alpsent
when twoDRegionQuality@view idc presence flag is equal to
0.

twoDRegio
ty.twoDqu
nfolorig

hQuali
hlityl
vidth

CM

xs:unsignedS
hort

Indicates the width of such a monoscopic projected picture for which horRatio,
as derivedqin-subclause 5.4.2 for each of the packed regions that cover the qality
ranking\'sphere region, is equal to 1. Shall not be present when
twoDRegionQualityGquality type isnotequal to 1. Shall be present
when twoDRegionQuality@quality type isequal to 1.

twoDRegio
ty.twoDqu
nfotorig

hQuali
hlityl
height

CM

Xs:unsigneas
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 qality
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.

twoDRegio
ty.-twoDqu
nfoeleft

nQuali
hlityl
bffset

CM

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 isefual
to 0. twoDRegionQuality.twoDqualitylnfocleft offset shall

Lyt )

be-absentin-only-onre-ErnobRegionQuadrey—trwobguatityinfe-element
and shall be present in all the other

twoDRegionQuality.twoDqual ity Info elements when
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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nfo

ty.twoDqualityl

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
shall be absent in only one twoDRegionQual ity .twoDqualitylnfo
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 height of the quality ranking 2D region within the picture in units

hort of luma samples.

region heig twoDRegionQuality twoDaualitvinfoldreoion hei
— S ~ o t o4 =

ght shall be

ht

present when twoDRegionQuality@remaining area()f
to 0. twoDRegionQuality.twoDqualitylnfo@region |
shall be absent in only one twoDRegionQual ity . twoDqual
element and shall be present in all the other

twoDRegionQual ity .twoDqual ity Info lements when
twoDRegionQuality@remaining areavflag isequal {

Llag isequal
height
itylnfo

D1

NOTE
Repres|
- Th
- Th
to
t™wl
pig
Vi
Thed
define
urn:

4 A player is recommended to parse 2D region-wise quality ranking (2DQR) descriptors and select the Ada
Entations that matches the user's viewing orientation in a manner that:

b quality ranking value on the region covering the viewport is greater than O-and-ess than that for other regions.
b resolution of the region covering the viewport is suitable for the display../ftwoDRegionQual ityRqualit

1, twoDRegionQuality.twobgualitylnfolorig width

pDRegionQuality.twoDqualitylnfolorig height represent the width and height of the mono
ture from which the packed region covering the viewport\has been extracted. Otherwise, width &
sualSampleEntry could be used to conclude the resolution‘on the viewport.

ta types for various elements and attributes shall be‘as defined in the XML schema. An XML schen
0 as shown below. The schema shall ¢’ represented in an XML schema that h
npeqg: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"
targetNamespace="urn%mpeg:mpegl:omaf:2017"
xmlns:omaf="urn:mpegzmpegl:omaf:2017"
elementFormDefault="qualified">

<xs:element name="twoDRegionQuality" type="omaf:twoDRegionQualityTypq
<xs:compleXType name="twoDRegionQualityType">
<xs:seduence>
<xs:element name="twoDqualityInfo" type="omaf:twoDQualityInf
minOccurs="1" maxOccurs="255"/>
<xs:any namespace="##other" processContents="1lax" minOccurs='
maxOdcurs="unbounded" />
</xs:sequence>
<xs:attribute name="remaining area flag" type="xs:boolean" use="
default="0"/>

ptation Sets and

/ type isequal

and
scopic projected
nd height of

na for 2DQR is
iS  namespace

n/>

Type"

on

ptional”

STItTTIpUtE name=

use="optional" default="0"/>
<xs:attribute name="quality ranking local flag" type="xs:boolean"
use="optional" default="0"/>

1ew_lac_presence L1ag rype= S .DO00Ledll

<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>
<xs:simpleType name="QualityType">

<xs:restriction base="xs:unsignedByte">

T InCIUsSTve
<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>

altle="U

</xstschema>
8.3.7  Signglling of fisheye omnidirectional video
A SupplementalProperty element with a @scheeIdUri attribute equal to
"urn:mpeg:mpegl:omaf:2017:fomv" is referred to as a fisheye omnidirectional video (FOMV) descriptor
At most one FDMV descriptor may be present at Adaptation Set level. AnWFOMYV descriptor shall not be present af MPD
or Representat|on level.
The FOMV dgscriptor indicates that each Representation carries' a fisheye omnidirectional video track contaiping a
FisheyeOmniVideoBox. The @value attribute of the ROMYV descriptor shall not be present. The FOMV desgriptor
shall include ah omaf:@view dimension_ idc attribute whose value shall be as specified in Table 17.
Table 17 — Semantics of omaf:@view_dimension_idc attribute
Attribute fqr Use Data type Description
FOMV
descriptorj
omaf:@viey_ M omaf:viewD | Has the same semantics as the view dimension_ idc syntax element (as
dimension]| i ldcType specified in subclause 6.2.2) of the FisheyeVideoEssentialInfoStruct
de syntax structure in the FisheyeOmniVideoBox in the tracks carried ir the
Representations of this Adaptation Set.
For 1SO base media file format Segments, view dimension_idc shall be gqual
to view dimension idc in FisheyeVideoEssentialInfoBoy in
sample-entriesof thelnitialzation-Segrent:

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"

t

argetNamespace="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">
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<xs:restriction base="xs:unsignedByte">
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<xs:minInclusive value="0"/>
<xs:maxInclusive value="7"/>

</xs:restriction>
</xs:simpleType>

</xs:schema>

9 Omnidirectional media encapsulation and signalling in MMT

9.1

Figur

Architecture of MMT delivery in OMAF

23 depicts the reference architecture for OMAF content delivery over MMT:

The QMAF conteént-may be described in ADC (as defined in ISO/IEC 23008-1:2017, subclause 6.5) to a

sendin
that ar
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Figure 23 — Reference Architecture for OMAF over MMT

Viewport
Feedback|
Applicati
Signalling

n

ISO/IEC 23090-2:2019(E)

ssist the MMT

g entity-during the streaming process. The Presentation Information should contain information to gescribe MPUs
e conformant to OMAF to enable appropriate processing by the application.

MMT

delivery may use the MMTP protocol over UDP, MMTP/WebSockets/TCP, or another alternative.

The player receives information about the current viewing direction and viewport and the HMD characteristics. 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:

<Med

iaSync begin="T10M5S" dur="T32M" refId="canvasl">
<sourcelist componentId="VRvideo">
<mediaSrc

mimeType='video/mp4;codecs="encv.cbcs.resv.podv+erpv.hvcl™'>
medial.mp4</mediaSrc>
</sourcelList>
</MediaSync>
The codecs MIME type parameter shall be set according to subclause 7.1.8.

The user agent
the omnidirect

For view-depe
dependent stre
MMT session

93 VR

931

MMT, specifig
application-spd
specification,
message are dg
value of "urn

Gene

A new asset dd
VR informatio
is also defined

In the specifieq

VRViewl

streaming.

VRViewl
dependen

VRViewl
the sendi

ndent media streaming and playback, the media data should be retrieved using a protocol that supports
hming of VR content, such as using MMT with VR specific signalling (see subctause 9.3). In such c
bntry point should be used as the mediaSrc element.

VRViewportChangekeedback: the receiving entity sends an indication of the current viewport to the sending e

should decode the OMAF asset in the background, e.g. using a hidden HTMLS5 video element and
onal media to the referenced HTMLS5 canvas element.

hpplication-specific MMT signalling

ral

d in ISO/IEC 23008-1, defines an application-specific signalling message that allows for the deliy
cific information. For the purpose of streaming VR_centent that is formatted according to the (

fined. The VR application-specific signalling message shall have an application identifier with a U
:mpeg:mmt:app:vr:2017" that is specifiediin ISO/IEC 23008-1.

scriptor for OMAF VR formatted content-isidefined under the name VR information asset descriptd
h descriptor shall be present in all assets that carry OMAF formatted content. A stereo video asset des
and shall be present in all assets thatcarry OMAF VR formatted stereoscopic content.

VR signalling message, the foltowing set of application message types are defined:

DependentSupportQuery: the-client uses this command to discover if the server supports view-dep

DependentSupportResponse: the server replies with an indication of its support capability for
t streaming.

DependentAssetsinformation: upon determining the set of OMAF assets that match the requested vie
ng<entity sends this message to inform the client about the new OMAF assets that will be streamed

render

view-
ise, an

ery of
DMAF

VR specific Asset descriptor, a stereo video Asset-descriptor, and a VR application-specific signalling

RN of

r. The

Criptor

endent

view-

ntity.

wport,
to the

receiving

entity
-

The VRViewportChangeFeedback and VRViewDependentAssetsinformation message are used together to support
server-driven view-dependent streaming of OMAF assets. The content selection message is used to support the client-

driven view-de

pendent 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 defi

90

ned application message types is provided in Table 18.

© ISO/IEC 2019 - All rights reserved


https://iecnorm.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
0x04 VRViewDependentAssetinformation
OX05 VRROTGUIUE
0x06 VR3DAudioAssetInformation
0x07-0xFF Reserved for future use

9.3.2 | MMT signalling
9.3.2.l VR information asset descriptor

9.3.2.1.1 General

This asset descriptor is used to inform the receiving entity and the R application about the content of tte current 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.
9.3.21.2 Syntax

The syntax of the VR information asset descriptor-is shown in Table 19.

Table, 19= VR information asset descriptor syntax

Syntax Value No. of bits | IMnemonic

VR information descgiptor () {
descriptor_tag 16 uimsbf
descriptor(length 16 uimsbf
rwfp_flag 1 bslbf
srgr_flag 1 bslbf
2dgr.flag 1 bslbf
reserved 11111 5 bslbf

ProjectionFormatStruct()

InitialViewingOrientationSample()

ContentCoverageStruct()

if (rwfp flag == 1) {
RegionWisePackingStruct()

}
if (srgqr flag == 1) {
SphereRegionQual ityRankingStruct()
}
if (2dgr flag == 1) {
2DRegionQual ityRankingStruct()
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9.3.2.1.3 Semantics

descriptor tag indicates the type of a descriptor.

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_flag equal to 1 indicates that 2D region quality information is present.

Project

ProjlectionFormatStruct() is identical to the definition in subclause 7.5.2.

InitiallViewingOrientationSample() provides information about the current initial viewing orien

Init

Content

is identical to the definition in subclause 7.5.5.

RegionW
prior
Regil

SphereR
Spheg

2DRegid
2DRs§

9.3.2.2 VRViewDependentSupportQuery

93221 Sy
The syntax of {

ionFormatStruct() provides information on the projection format that is

ialViewingOrientationSample() is identical to the definition in subclause 7:7:4.

CoverageStruct() indicates the sphere region(s) covered by the track. ContentCoverageStn

used.

tation.

uct()

isePackingStruct() indicates that the projected pictures are packed region-wise and require unpgcking

to rendering, according to the region-wise packing process information as ind
onWisePackingStruct () isidentical to the definition in subclause 7.5.3.

egionQualityRankingStruct() indicates a relative quality order of quality ranking sphere re
reRegionQualityRankingStruct () isidentical t6 the definition in subclause 7.8.2.

nQualityRankingStruct() indicates a relatives quality order of quality ranking 2D re
gionQualityRankingStruct () isidentical te'the definition in subclause 7.8.3.

ntax

he VRViewDependentSupportQuery’is shown in Table 20.

Table 20 - VRViewDependentSupportQuery

cated.

gions.

gions.

Syhtax Value | No. of bits Mnemonic
Applicgtion() {
message_id 16 uimsbf
version 8 uimsbf
lepgth 16 uimsbf
megsage payload{

application_identifier()

"urn:mpeg:mmt:app:vr:2017")

B P : i . .
1L {dppLICdUL IOl TUCIILLI LISl —=

{

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
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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.

9.3.2.8 VRViewDependentSupportResponse

9.3.23.1 Syntax

The syntax of the ViewDependentSupportResponse is shown in Table@1:

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 reg

hpd _hor fov and hmd ver fov provide the horizontal and vertical field of view-pfthe HMD,
degrees. hmd_hor_fov shall be in the range of 0 to 360 * 2%, inclusive. hmd,(veTr fov shall

olution of the

n units of 2716
be in the range

Syntax Value No. of bits Mnempnic
Application() {
message_id 16 uimgbf
version 8 uimgbf
length 16 uimgbf
message payload{
application~identifier()
if (application identifier ==
"urn:mpeg:mmt:appevr:2017")
{
app_message_type 8 uimgbf
if (app _message type == 0x02) {
view_dependent_support 1 bslhf
reserved 1111111 7 uimgbf
}
1
}
}

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 syntax of the VRViewportChangeFeedback is shown in Table 22.

MMT VR{FeCeiving entity Teedbacks the virtual camera direction information periodically or in case of FOV changing

Table 22 — VRViewportChangeFeedback

Syntax Value (~No. of bits Mnemonic
Applicgtion() {
mepsage_id 16 uimsbf
version 8 uimsbf
lepgth 16 uimsbf

megsage payload{
application_identifier()

if (application identifier ==
"urn:mpeg:mmt:app:vr:2017")

{

app_message_type 8 uimsbf
if (app_message type 75 0x03) {
dirx 16 uimsbf
diry 16 uimsbf
dirz 16 uimsbf
last\processed_media_timestamp 64 uimsbf

9.3.24.3 Semantics

94

message_1id indicates the identifier of the VRViewportChangeFeedback message.
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.

last processed media timestamp indicates the presentation timestamp of the last media unit that has been
appended 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
number immedialy following the indicated timestamp. The MMT sending entity switches from-tfansmitting the
old asset (representing the old viewport) to transmitting the new asset (representing the mew viewport) starting
from the following media timestamp, in order to reduce the delay of receiving the new wiewport. This means that
the transmitted media data from the new asset may overlap in media time with already transmitted media data
from the old asset. If more than one OMAF asset is being delivered, the minimum:value shall be Used.

9.3.2.p VRViewDependentAssetInformation

9.3.25.1 General

This sjgnalling is used to indicate to the receiving entity that MMT packets®belonging to the new asset as specified by the
packet _id will be sent to the receiving entity from the sending entity. Upon receiving this signal, the next fragment received
by the|client belongs to the new Asset as indicated by the packet_id¢/Based on the asset 1D, the renderer is aple to correctly
associpte the received media with the coverage information and tq ‘correctly render the omnidirectional \ideo using the
video fexture from the new asset.

9.3.2.5.2  Syntax

The syntax of the VRViewDependentAssetinformation is shown in Table 23.

Table 23 - \/RViewDependentAssetInformation syntax

Syntdx Value No. of bits | Mnenponic
Application() {
message_id 16 uimgbf
version 8 uimpbf
length 16 uimgbf

message payload{
appldacation_identifier()
if(application identifier ==

"urn:mpeg:mmt:app:vr:2017")

{

a.pp_lllc:obayc_typc [e] tirmsbf
if (app_message type == 0x04) {
reserverd '1111 1111 8 bslbf
packet_id 16 uimsbf

ContentCoverageStruct()
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9.3.25.3  Semantics
message_1id indicates the identifier of the VRViewDependentAssetInformation message.

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
to consume the contents of this message.

app_megsage_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 thevendprer to
indicgte the asset ID of the asset that is currently being received and played in high resolution. Based on thg asset
ID, the renderer is able to determine the coverage information of the video texture that corresponds to the ¢urrent
asset.

bntent.

(@]

ContentfCoverageStruct () indicates  the  sphere  region(s)  coveredy < by the
ContlentCoverageStruct() is identical to the definition in subclause 7.5.5.

9.3.2.6 VRROIGuide

9.3.2.6.1 General

MMT sendingentity sends VRROIGuide message to guide what to display_from the delivered entire video content| If the
MMT receiving entity receives the media data of the entire video, onlytheegion specified by the VRROIGuide mgssage
shall be presenfed.

9.3.26.2  Syntax
The syntax of YRROIGuide message is defined in Table 24

Table,24)- VRROIGuide syntax

Syrtax Value Nt?if ;’f Mnemonic
Applicafion () {
mespage_id 16 uimsbf
vergion 8 uimsbf
length 16 uimsbf
mespage paydsad{
application_identifier()
if (application identifier ==
"urn:mpeg¥mnt :app:vr:2017")
t
app_message_type 8 uimsbf
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)
}
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(

uimsbf
uimsbf
uimsbf
uimsbf

uimsbf
uimsbf

else 1if ((region type == 0x02) ||
region type == 0x04)) {
centre x 16
centre y 16
width 16
height 16
}
}
guide_start 32
guide_duration 32
}
}

9.3.2.4

.3 Semantics
Essage_id indicates the identifier of the VRROIGuide message.
ersion indicates the version of VRROIGuide message.

ength indicates the length of VRROIGuide message in bytes, counting’ from the beginning of the
last byte of the VRROIGuide message. The value of this field shall'not be equal to 0.

bplication identifier indicates the application identifier as a urn that uniquely identifies
to consume the contents of this message.

bp message type defines an application-specific-message type provided in Table 18.

1ide type indicates whether presenting only‘the guide region specified by guide region is
this flag is set to 1, only the guide region should be displayed. If this flag is set to 0, both the guide
rest of region may be displayed.

cgion type defines the type of guide region. The values for this field are specified in Table 25.

Table 25 - Value of region_type

ext field to the

the application

mandatory. If
region and the

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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y specifies the vertical centre positon of the guide region in pixels.

width specifies the width of the guide region in pixels.

height

guide s
inNT

guide d
is exp

specifies the height of the guide region in pixels.

tart indicates the presentation time of media data where the region guide starts. This field isa UTC time
P format and 32 bits long.

uration indicates the duration the region guide from the time indicated by guide start. This field
ressed in milliseconds.

9.3.27 Ste

93271 Sy
The syntax of {

. , .
CU VIUCU asstl UCSLTTPLUT

ntax

he stereo video asset descriptor is shown in Table 26.

Table 26 — Stereo video asset descriptor

Syntax Value | No:of bits Mnemonic

Stereo| video descriptor () {
descriptor_tag 16 uimsbf
descriptor_length 8 uimsbf
StereoVideoBox()

}

9.3.2.7.2  Sgmantics
descrigtor tag indicates the type of a descriptor,

descrig
descr

StereoV

9.3.28 VR

93281 G

The VR3DAuU(
to the OMAF §

93282 Sy

tor length specifies the length in bytes counting from the next byte after this field to the last bytd of the
ptor.

ideoBox () provides a copy-of the StereovideoBox as defined in ISO/IEC 14496-12.

BDAuUdioAssetInformation

bneral

ioAssetInformation message shall be conveyed for all Assets that carry OMAF formatted content compliant
D audio paseline profile.

ntax

The syntax of

/P3D AudioAssetinformation messaae is defined in Tahle 27
o AHCHO A HAeFmationH ge-s-geHheg—-abie—<,

Table 27 - VR3DAudioAssetInformation syntax

98

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_Idbyte 38 uimsbf
}
codec_code 4*8 uimsbf
profile_level_indication 8 uimsbf
num_preselections 8 uimsbf
channel_configuration 6 uimbsf
multi_stream_info_present 1 bslbf
reserved 'l 1 bslbf
for (j=0; j<num preselections; j++) {
preselection_id 8 uimbsf
interactivity_enabled 1 bslbf
language_present 1 bslbf
accessibility_role_present 1 bslbf
label present 1 bslbf
reserved 1111 4 bslbf
if (language present)" {
num_languagesiminusl 8 uimbsf
for (k=0; k<ftum languages minusl+1l;k++) {
language_length 8 uimbsf
for (1=0;1< language length;l++) {
language_byte 8 uimbsf
}
}
}
if (accessibility role present) {
for (k=0; k<num languages minusl+1l;k++) {
accessibility 8 uimbsf
}
role 8 uimbsf
}
i (lobel po S
label _length 8 uimbsf
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 S6
messagsg
version

length
next f
to 0.

applicd
to con

app_mes
number |
asset i
asset i

codec_g
of 'm

profils
conta
5.3.2.

num pre
auxili
strear
is pre
3:201

channell
Chan

mantics

| id indicates the identifier of the VR3DAudioAssetInformation message.
indicates the version of VR3DAudioAssetInformation message.

indicates the length of VR3DAudioAssetInformation message in bytes, counting from the beginning
eld to the last byte of the VR3DAudioAssetinformation message. The value of‘this field shall not bg

tion identifier indicates the application identifier as an urn thatwniquely identifies the appl
sume the contents of this message.

sage type defines an application-specific message type provided in Table 18.
of assets specifies the number of audio assets described Py this descriptor.
d_length specifies the length in bytes of the audio asset id.

d_byte contains a byte of the audio asset id.

ode specifies the 4-character code for MPEG-H 3D audio. The value of these four characters shall
hm1' or 'mhm2 ' with a semantic meaning for these codes as specified in ISO/IEC 23008-3.

of the
equal

cation

pbe one

| level indication indicates<the audio profile and level of the associated Preselection and shall

n an mpegh3daProfilelLevetIndication field as specified in ISO/IEC 23008-3:2015, sub

selections indicates the number of Preselections that are available within the main stream 3
Bry streams. The minimum number of num preselections shall be '1' for the main stream. For au

clause

nd all
Kiliary

1s num_preselécitions shall have the value '0' so that for auxiliary streams no Preselection information

ent in the descriptor. This field contains amae numGroupPresets field as specified in ISO/IEC }
b, subclause 25:3.

| configuration specifies the channel configuration and shall have the same value
nel€dnfiguration field specified in ISO/IEC 23091-3. Valid values are 1-7,9-12, 14-17 or 19.

3008-

s the

multi stTream 1nfo present equal 10 1 INdICaleS that the EleEments In the multi stream info ()
structure are present.

preselection 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.

interactivity enabled equal to 1 indicates that that the audio Preselection contains elements with associated
metadata, which enable user interactivity.

language present equal to 1 indicates that language information for this Preselection is present.

accessibility role present equal to 1 indicates that accessibility and role information for this Preselection
is present.
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label present equal to 1 indicates that a text label 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 given by a language tag as defined by IETF BCP 47. The language indicated by this field
should correspond to the information conveyed inmae contentLanguage of the default dialog element: the

The s
mae
structl
The m

H
q
H
r.
i
H

~cessibility identifies the accessibility support for each language in this Preselection: Table 2

MacGroup WHICIT 1S TMarked—as defauttim mae switchGroupDeraultGrouplD am
mae contentKind as dialog. This information is carried in the AudioSceneInformat
MPEG-H audio stream as specified in ISO/IEC 23008-3.

bit used to indicate if the Preselection contains support for a particular audio accessibility service
specified in Table 28 is set to '1' it indicates the Preselection contains the corresponding audio acces

Table 28 — Accessibility bits

is tagged in
ion () of the

8 specifies the
. When one bit
5ibility service.

Bit Audio accessibilityservice
0 (MSB) For Visually Impaired (Video description’service)
1 Dialog enhancement enabled
2 Emergency information
3-7 Reserved zero bits 2

& Reserved bits shall be set to zerog

btting of the bits in the accessibility field should correspond to the mae groupPresetKin
GroupPresetDefinitiony) structure and the mae contentKind values in the mae Con
res in the AudioSceneInformation () of the MPEG-H 3D audio stream as specified in 1SC
apping from the MPEG-H audio metadata fields should be done as follows:

it 0 should be setito 'l', if the mae contentKind value of at least one audio element is se
escription/visually impaired").

it 1 should.loe set to '1', if at least the dialog audio elements with a mae contentKind value of
ave magvallowGainInteractivitysetto'l'andmae interactivityMaxGainsettoa
N the(corresponding mae GroupDefinition () structure.

Bit.2.should be set to '1', if the mae _contentKind value of at least one audio element is set to '12'

value in the
tentData ()
/IEC 23008-3.

to '9' ("audio

2' ("dialogue™)
non-zero value

"emergency").

role

indicates the role or service type of the Preselection. The role values shall correspond to the role scheme

@schemeIdUri equal to "urn:mpeg:dash:role:2011" defined in ISO/IEC 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.

© ISO/IEC 2019 - All rights reserved
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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_pregselection aux_streams indicates the number of auxiliary streams that are required for this’specific
Preselection.
aux_stream id ientifies the ID of the auxiliary stream that is required for this specific Preselection.
Table 30 — Syntax for multi-stream_info()
Syntax Value I\G. of bits Mnemoni
multi_stream_info() {
thig_is_main_stream 1 bslbf
thig_stream_id 7 uimbsf
resgrved "1 1 bslbf
bundle_id 7 uimbsf
ifT (this_is_main_stream) {
reserved "1 1 bslbf
num_auxiliary_streams 7 uimbsf
for (m=0; m<num_auxiliary_streams; m%+) {
reserved 1 1 bslbf
auxiliary_stream_id 7 uimbsf
}
}
¥
this ig main_ stream equal I jndicates that this stream contains a main stream that may be presented|on its
own, pr that may be combingd:with additional audio components from an auxiliary stream. The main strear shall
be delivered as an MMT-P/MPU stream. Auxiliary streams are delivered as MMTP/MPU streams using different
asset [IDs and they arg signalled within the VR3DAudioAssetIinformation message.
this stream idindicates the ID of this audio stream. This ID shall be unique within one bundle, i.e., [for all
streams that have/the same bundle id.
bundle |id identifies a unique ID for one bundle of audio streams. A bundle consists of exactly one main ftream
and obe'nf mare additional auxiliary streams that shall have the same bundle id The auxiliary streams gontain

additional 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

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.

Tabla 21 YW t-Vr £ OMNAL caachia neafilac Fou \ oo

Taviv v VLT VIUVV UT UUTVIZNT mreuTrca PI JTIICo TUT VIULU
Media profile Codec | Profile Level | Required scheme types Brand | Clause
HEMC-based viewport-independent | HEVC | Main 10 5.1 podv and erpi heyi [10.1.2

OMA\F video profile

HEMC-based viewport-dependent HEVC | Main 10 5.1 podv.and-at least one of heyd | 10.1.3

OMA\F video profile erpwnand ercm
AV({-based viewport-dependent AVC | Progressive | 5.1 podv and at least one of avfe |10.14
OMA\F video profile High erpvand ercm

NOTE| For the HEVC Main 10 profile, the bit depth of decoded pictures could be either 8 bits or 10 bits.

10.1.2l HEVC-based viewport-independent OMAF video profile

10.1.4.1 General

Both monoscopic and stereoscopic sphericalvideo up to 360 degrees are supported. The profile requires nejither viewport-
depenglent delivery nor viewport-dependent decoding. Regular HEVC encoders, DASH packagers, DA$H clients, file
formaf parsers, and HEVC decoder.engines that do not need special features for handling of viewport-depéndent delivery
and d¢coding could be used for encoding, distribution and decoding. The profile also minimizes the options for basic
interoperability.

10.1.2.2 Elementaryistream constraints

The efementary stieam constraints apply to the HEVC bitstream that is reconstructed from a file 4s specified in
subclguse 10.1.2°5.

The bitstream shall comply with HEVC Main 10 profile, Main tier, Level 5.1.

All pi¢tures shall be encoded as coded frames, and shall not be encoded as coded fields

All 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 present
in the bitstreanpthat app“ca to-the pibtuw.

When present, the region-wise packing SEI messages shall indicate constraints that comply with the equirectangular
projected vided scheme type 'erpv' specified in subclause 7.6.1.3.

10.1.2.3 SEI message related 1SO base media file format constraints

This subclause|specifies ISOBMFF constraints depending on the presence of omnidirectional videa SEI messages of HEVC.
This subclausq is applicable to both the HEVC-based viewport-independent OMAF video-profile and the HEV Cibased
viewport-dependent OMAF video profile as specified subsequently.

The following [constraints apply for each picture in the bitstream:

- When the bitstream contains an equirectangular projection SEk. message applying to the plicture,
ProjectionFormatBox With projection type equal to O shall‘be present in the sample entry applying to
the sample containing the picture.

- When the bitstream contains a cubemap projection SEI messagesapplying to the picture, ProjectionFormgdtBox
with prqjection type equal to 1 shall be present in the.sample entry applying to the sample containipg the
picture.

- When the¢ bitstream contains an equirectangular projection SEI message with erp padding flag equal to 1
applying [to the picture, RegionWisePackingBdx shall be present in the sample entry applying to the gample
containinpy the picture and shall signal the same information as indicated with the values of gb erp Eype,
left gb erp width, and right gb “erp width syntax elements of the equirectangular projectign SEI
message, |i.e., the following applies:

— Let |horFact be equal to packed picture width/width, where width is the syntax element [of the
VidqualSampleEntry .containing the RegionWisePackingBox, and let gbWidth be eqbal to
leflt gb erp width +right gb erp width.

—

—  If SpatiallyPackedStereoFlag is equal to 1, constituent picture matching flag shall be equal to
1. Otherwise, thevalue of constituent picture matching flag shall be equal to 0.

— Thefvalue-6fproj picture height shall be equal to packed picture height.

— If ['SideBySideFlag is equal to 1, proj picture width shall be equa to
packed picture width — horFact * 2 * gbWidth. Otherwise, proj picture width shall be equal to
packed picture width — horFact * gbWidth.

— num regions shall be equal to 1.

— guard band flag[0] shall be equal to 1.

— packing type[0] shall be equal equal to 0.

— 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] shall be equal equal to left gb erp width * horFact.

left gbh widih[0] shallbeequaltoleft gh erp widih * horFact

-2:2019(E)

right gb width[0] shall be equalto right gb erp width * horFact.
top_gb_height [0] shall be equal to 0.

bottom gb height[0] shall be equal to 0.

When a file writer has no information whether sample values of the guard bands are used in the inter pr
t used for pred flag[0] oughtto be setequal to 0

\Vhen the bitstream contains a frame packing arrangement SEI message’applying to the picture, Ster
hall be present in the sample entry applying to the sample containing the picture. When Stereg
resent, it shall signal the frame packing format that is included in the frame packing arrangement SE
ne elementary stream.

Vhen the bitstream contains a region-wisexpacking SEI message applying to

egionWisePackingBox shall be present in the'sample entry applying to the sample containi
\Vhen present, RegionWisePackingBox shall-signal the same information as in the region-wis
nessage(s).

.4 1SO base media file format constraints

a track is the only track in a file,gompatible brands containing a brand equal to "hevi' in F
es that the track conforms te-this media profile. When a file contains multiple tracks, compati
hing a brand equal to "hewi) 'in FileTypeBox indicates that at least one of the tracks conform

btible brands. ‘containing a brand equal to 'hevi' in TrackTypeBox indicates that the tra
bdia profile.

k of this média profile shall be indicated to conform to this media profile through one or both of F
rackTypeBox.

5t ghe-sample entry type of each sample entry of the track shall be equal to ' resv'.

bdiction process,

gb type[0] [j] shall be equal to gb_erp type for each value'ofy in the range of 0 to 3, ipclusive.

oVideoBox
VideoBox is
message(s) in

the picture,
ng the picture.
e packing SEI

ileTypeBox
ple brands
5 to this media

tk conforms to

ileTypeBox

NOTE 1 'resv' doesnothave 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.

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 viewing orientation metadata, as specified in subclause 7.7.4, shall be present.

10.1.2.5 File

decoding process

The inputs to the file decoding process are

the trac

k_ 1D value of the track conforming to this media profile, and

a file con

An HEVC bitj
15:2017, Claug

The HEVC bit

The HEVC bit
the same as th
outputs Proj
applicable), an
decoded pictun

10.1.2.6 Ex

OMAF player
clause 10.1.2.2
scheme type.

When playing
OMAF playerd
it when render

When receivin
specified in sy
subclause 8.2.9
and obey it wh

10.1.3 HEV

10.1.3.1 Ger

This profile al
resolution or g
viewing orient
extractors and

aining at least the track.

tream is reconstructed from the track with the given track ID value as specified in ISQAEC ]
e 8.

stream shall conform to the elementary stream constraints specified in subclause 10.1(2.2.

Stream is decoded as specified in ISO/IEC 23008-2:2017, subclause 8.1.1. Theroutputs of this proc
b outputs of ISO/IEC 23008-2:2017, subclause 8.1.1. Additionally, for eachdecoded picture, this p
ectionFormatBox, StereoVideoBox (when applicable), RegignWisePackingBox

e as specified in subclause 7.5.1.

ected OMAF player operation

5 conforming to this media profile are expected to process either all referenced SEI messa
or all allowed boxes within the SchemeInformationBox for the equirectangular projected

a file and when the file contains the initial viewing orientation metadata, as specified in subclause
are expected to parse the initial viewing origntation metadata track associated with a media track an
ng the media track.

) and playing a DASH presentation,and a Representation containing initial viewing orientation metad
bclause 7.7.4, is present and associated with a media Representation selected for playing, as speci

En rendering the media Representation.
C-based viewport-dependent OMAF video profile

eral

uality ofithe omnidirectional video could be emphasized in certain regions, e.g., according to the
ation, In addition, the untransformed sample entry type "hvc2' is allowed, making it possible

4496-

PSS are
rocess
(when

d RotationBox (when applicable) that provide the input for the semantics of sample locations within the

jes in
video

7.7.4,
l obey

ata, as
fied in

, OMAF players are expected to.receive and parse the initial viewing orientation metadata Represeitation

ows unconstrained use of rectangular region-wise packing. With the presence of region-wise packing, the

user's
to use

pet@.conforming HEVC bitstream when tile-based streaming is used.

10.1.3.2 Elementary 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, with th

e following exceptions:

present in the bitstream that applies to the picture.

For each picture, there shall be either an equirectangular projection SEI message or a cubemap projection SEI message

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
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video scheme type 'ercm' specified in subclause 7.6.1.4.
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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
profile.

compatible brands containing a brand equal to 'hevd' 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 lea

NOTE
this mg

The s
Comp
of 'e

The untransformed sample entry type, as derived in subclause 7.1.7, shall be equal’to 'hvcl' or "hvc2'|

When
referre
depen

For eq
to the

NOTE
constrg

1)
2)

t

F
fo
th

5t one sample entry type of each sample entry of the track shall be equal to ' resv'.

1 'resv' does not have to be the track sample entry type, when the track has undergone several transformation
dia profile could also be used when the track is protected.

cheme type values of SchemeTypeBox in the RestrictedSchemeInfaBox and of a
htibleSchemeTypeBox in the same RestrictedSchemeInfoBox shalldnclude 'podv' 3
rov' and 'ercm'.

the untransformed sample entry type is "hvc2 ', the track shall include-one or more 'scal’ track
d tracks shall conform to the HEVC-based viewport-independent OMAF video profile or the HEVC-h
lent OMAF video profile.

ch sub-picture bitstream carried in a referred track, the valte 6 each sample in each decoded sub-picf
value of the corresponding sample in the decoded reconstfucted picture.

2 The following two constraints for each sub-picture bitstream carried in a referred track are sufficient to
int to be satisfied, but in some cases, they are more than’necessary:

is required that there are no sample values outside\the picture that are referenced for inter prediction.

r prediction units located on the right-side_picture boundary except the last one at the bottom-right corner o
Ilowing applies when CuPredMode[ xPbclf yPb ] is equal to MODE_INTER, where ( xPb, yPb ) specifies the t
e corresponding luma prediction block relative to the top-left sample of the current picture:

With the number of spatial merging candidates numSpatialMergeCand derived as follows:

numSpatialMergeCand = availableFlagAo + availableFlagAs +
availableFlagBo + availableFlagB: + availableFlagB2

where availableFlagAo, availableFlagAs, availableFlagBo, availableFlagBi, and availableFlagB:are the output
process for spatial merging candidates specified in ISO/IEC 23008-2:2018, subclause 8.5.3.2.3, the followin

If numSpatialMergeCand is equal to 0, merge_flag[ xPb ][ yPb ] is required to be equal to 0.

Otherwise (numSpatialMergeCand is greater than 0), merge_idx[ xPb J[ yPb ] is required to be in t
numSpatialMergeCand — 1, inclusive.

5. Consequently,

Il instances of

nd at least one

eferences. The
ased viewport-

ure is identical

nsure the above

the picture, the
p-left sample of

of the derivation
applies:

he range of 0 to

With the number of spatial motion vector predictor candidates numSpatialMvpCand derived as follows:

if (availableFlagLXA )
numSpatialMvpCand = availableFlagLXA +
((mvLXA = mvLXB) ? availableFlagLXB : 0)
else
numSpatialMvpCand = availableFlagLXB

where availableFlagLXA, availableFlagLXB, mvLXA, and mvLXB are the output of the derivation process for motion

vector predictor candidates from neighbouring prediction unit partitions specified in ISO/IEC 23008-2
8.5.3.2.7, the following applies:

:2018, 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".

NOTE 3 Besides the above constraint, the following constraints are also expected to be satisfied:

1) W

hen multiple ftiles are present in the bitstream resolved from an extractor track, the va

ue of

= @

2) T
3) T
The pictures car
order count, i.e.,
LHEVCConfil

HEVCConfig
specified in su

The track n
that a track is

The constraint

based on which the constraints are derived is reconstructed from the'track as specified in subclause 10.1.3.4.

When the p
(centre az
the initial view

10.1.3.4 Filg
The inputs to t

the trad

a file cont
on.

An HEVC bits|

If the un
bitstream
Clause 8.

htropy_coding_sync_enabled_flag in the active PPS is required be equal to 0 for each sub-picture bitstream cafr
ferred track.

he referred tracks are required to contain the same number of media samples.
he samples with the same sample number across the referred tracks are required to have the same presentation t

ied in the samples with the same sample number across the referred tracks are required to have-the same value of
PicOrderCntVal.

gurationBox shall not be present in VisualSampleEntry.

urationBox inVisualSampleEntry shall indicate conformaneeto the elementary stream cong
bclause 10.1.3.2.

bt _intended for presentation alone flag of the’TrackHeaderBox may be used to i
ot intended to be presented alone.

5 specified in subclause 10.1.2.3 apply to the track conforming to this media profile, where the bit

ayback is intended to be started using<\another viewing orientation than that indicat
imuth, centre elevation, centre tilt) equal to (0, 0, 0) relative to the global coordinat
ing orientation metadata, as specified insubclause 7.7.4, shall be present.

decoding process

ne file decoding process are
k_ID value of the track.conforming to this media profile, and

aining at least the track with that t rack ID value and all tracks that the track directly or indirectly dg

fream is recefstructed as follows:

ransfermed sample entry type of the track with the given track ID is equal to 'hvcl', an
is/generated from the track with the given track ID value as specified in ISO/IEC 14496-15

edina

me.

picture

traints

dicate

stream

d by
b axes,

pends

HEVC
2017,

Otherwise (the untransformed sample entry type of the track with the given track ID isequal to "hvc2'), an

HEVC bitstream is generated from the track with the given t rack ID value as specified 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 pictur
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e 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
subclause 8.2.3, OMAF players are expected to receive and parse the initial viewing orientation metadata Representation

and ohey it when rendering the media Representation

A player conforming to the HEVVC-based viewport-dependent OMAF video profile is expected to:

- Barse both SphereRegionQualityRankingBox and 2DRegionQualityRankingBex, when present, of
tracks present in a file and select the track that matches user's viewing orientation. ‘The player should use
4DRegionQualityRankingBox together with RegionWisePackingBox, wheg-present, to donclude which
gphere regions the indicated quality ranking 2D regions correspond to.

H
A

10.14

10.1.4
This n

arse spherical region-wise quality ranking (SRQR) descriptors, when present, and select the Adap
epresentations that match the user's viewing orientation:

When Preselections are applied in the MPD, the player is expected-te select a main Adaptation S
SRQR descriptors.

When @dependencyId is applied in the MPD, the player is expected to select the dependent
based on the SRQR descriptors.

AVC-based viewport-dependent OMAF videocprofile

.1 General

nedia profile allows unconstrained use of rectangular region-wise packing with AVC. With the pres

[ation Sets and

et based on the

Representation

ence of region-

wise gacking, the resolution of the omnidirectional video could be emphasized in certain regions, e.g., agcording to the
user's viewing orientation. In addition, the Untransformed sample entry types 'avc2' and 'avc4' are allowed, making
it posgible to use extractors and get a cofiforming AVC bitstream when slice-based streaming is used.

10.1.4.2 Elementary stream.constraints

The eglementary stream cofstraints apply to the AVC bitstream that is reconstructed from a file gds specified in
subclguse 10.1.4.4.

The bitstream shall.esmply with AVC progressive high profile, level 5.1.

10.1.4.3 1SO:base media file format constraints
When|a tfack’is the only track in a file, compatible brands containing a brand equal to 'avde' in FlileTypeBox
indicates:that the track conforms to this media pmfilp \When a_file contains m|||fip|n tracks, compatible brands

containing a brand equal to 'avde' in FileTypeBox indicates that at least one of the tracks conforms to this media
profile.

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' does not 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 in subclause 10.1.4.2.

When the playback—is—inrtended—to—be—started—using—anether—wewing—orientation—than—that—indicated by
(centre azjmuth, centre elevation, centre tilt) equal to (0, 0, 0) relative to the global coordinatg¢ axes,
the initial viewling orientation metadata, as specified in subclause 7.7.4, shall be present.

10.1.4.4 Filg decoding process

The inputs to the file decoding process are

- the tradk ID value of the track conforming to this media profile, and

- afile confaining at least the track with that t rack ID value and all tracks that the track directly or indirectly d¢pends
on.

An AVC bitstream is reconstructed as follows:

- If the untfansformed sample entry type of the track with the given track IDisequal to 'avcl' or "avcp', an
AVC bitstream is generated from the track with the given track IDvalue as specified in ISO/IEC 14496-15:2017,
Clause 5.

- Otherwisg (the untransformed sample entry type of the track with the given track ID is equal to 'avd2' or

'avcd'

14496-15
The AVC bitst

The AVC bitst|
as the output
Projection
and Rotatig
picture as spec

10.1.4.5 Exq

OMAF playe
SchemeInfdg

When playing

, an AVC bitstream is generated from the track' with the given track ID value as specified in IS
:2017, Clause 5 and Annex A.

Feam shall conform to the elementary stream constraints specified in subclause 10.1.4.2.

Feam is decoded as specified in ISO/IEC 14496-10:2014, Clause 8. The outputs of this process are th

of ISO/IEC 14496-10:2014;. Clause 8. Additionally, for each decoded picture, this process o
FormatBox, StereoVidepBox (when applicable), RegionWisePackingBox (when appli
nBox (when applicable) that provide the input for the semantics of sample locations within the dg
fied in subclause 7.5.%

ected OMAF player operation

s confopmling to this media profile are expected to process all allowed boxes withi
rmatidnBox forthe "erpv' and "ercm' scheme types.

a file-and when the file contains the initial viewing orientation metadata, as specified in subclause

OMAF playerd

O/IEC

b same
utputs
cable),
coded

n the

7.7.4,

are'expected to parse the initial viewing arientation metadata track associated with a media track an

l 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
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

Subcljuse 10.2 defines media profiles for audio in OMAF. Table 32 provides an informative overview of the supported
featur¢s. The detailed, normative specification for each audio profile is subsequently provided in the referenced clause.

Table 32 - Overview of OMAF media profiles for audio

Max 3D
Media profile Codec Profile Level | sampling Brand | Clause
rate metadata
OMAF 3D audio baseline MPEG-H Low _ 1,2o0r 48Kz included in oabl | 1022
profile Audio Complexity 3 codec
OMAF 2D audio legacy | pac HE-AACV2 |4 agkHz | Mo3D oa2fl |10.2.3
profile metadata

NOTE| The audio streams complying with the MPEG-H:3D audio low complexity (LC) profile, levels 1 or 2 (i.e.,
mpegh3daProfileLevelIndication is set to "0x0B"©r "0x0C", comply also with MPEG-H 3D audio LC prdfile, level 3 (i.e.,
mpegli3daProfilelLevelIndication issetto "0x0D"), as specified in ISO/IEC 23008-3:2015, subclause 5.3.2

10.2.2l OMAF 3D audio baseline profile

10.2.4.1 General

This nedia profile fulfills the requireéments to support 3D audio. Channels, objects and higher-order ambisopics (HOA) are
suppofted, as well as combinatians-of those. The profile is based on ISO/IEC 23008-3.

MPEG-H 3D audio (ISOAEC 23008-3) specifies coding of immersive audio material and the storaggq of the coded
representation in an ISOBM#FF track. The MPEG-H 3D Audio decoder has a constant latency, see ISO/IEC[23008-3:2015,
Table L. With this infermation, content authors could synchronize audio and video portions of a media prgsentation, e.g.
ensuripg lip-synch))When orientation sensor inputs (i.e., azimuth, elevation) of an MPEG-H 3D audio dgcoder change,
there will be same*algorithmic and implementation latency (perhaps tens of ms) between user head movement and the
desirefl sound-field orientation. This latency will not impact audio/visual synchronization (i.e. lip sypch), but only
represents the' lag of the rendered sound field with respect to the user head orientation.

MPEG=H3baudiospecifiesmethodsforbinauratizing-thepresentationofimmersivecontent-forptaybackvia headphones,
as is needed 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:
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CRC16
CRC32
GLOBAL CRC16

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 I1SObasemediafiteformatconstraints

10.2.2.3.1 General constraints

When a track i the only track in a file, compatible brands containing a brand equal to 'oabl' in EifleTygeBox
indicates that the track conforms to this media profile. When a file contains multiple tracks, compatible byands
containing a bfand equal to 'oabl' in FileTypeBox indicates that at least one of the tracks Conforms to this|media
profile.

compatibld brands containing a brand equal to 'oabl' in TrackTypeBox indicates that the track confofms to
this media profile.

A track of this media profile shall be indicated to conform to this media profile thfough one or both of FileTygdeBox
and TrackTypeBox.

The sample entry 'mhml' shall be used for encapsulation of¢MHAS packets into ISOBMFF files, per
ISO/IEC 23008-3:2015, subclause 20.6.

The sample enfry 'mhm2 ' shall be used in cases of multi-stream delivery, i.e., the MPEG-H Audio Scene is split into two
or more streans for delivery as described in ISO/IEC 23008-3;20Q15, subclause 14.6.

If the MiAConfigurationBox () is preseat, the MPEG-H profile and level indicator
mpegh3daProfileLevelIndicationinthe MHABEcoderConfigurationRecord () shall besetto "Ox0OB",
"0x0C", or "pPx0D" for MPEG-H Audio LC Profile Level 1, Level 2, or Level 3, respectively, as specified in ISO/IEC
23008-3:2015,|subclause 5.3.2.

The first sample of the movie and the first sample of every fragment (when applicable) shall be a stream access point{(SAP)
of type 1 (i.e., pync sample). For MPEG-H"Audio a sync sample shall be properly signalled according to ISO/IEC 14496-
12. All rules dgfined in ISO/IEC 23008-3:2015, subclause 20.6.1 regarding sync samples shall apply. In, addition, ja sync
sample shall consist of MHAS packéts in the following order:

- PACTYP| MPEGH3DACEG

— PACTYP| AUDIOSCENEINFO (if audio scene information is present)

- PACTYP| BUFFBRINFO

- PACTYP| MPEGH3DAFRAME

Additional 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:

ISOB
tracks
ISOB

At each configuration change, the MHASPacketLabel shall be changed to a different value from the
MHASPacketLabel 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 sample that

tol £ ' L hall k. dael la(RAD) Aafi Aok
ralrico a vuririguraturorargt oralm vt TITLUUTU do A o yTIL odITIVIC (TAAT ) do UL TITICU AuuU VLT,

A sync sample that contains a configuration change and the last sample before such a sync sample
truncation message (i.e., a PACTYP AUDIOTRUNCATION packet in the MHAS stream) s defin
43008-3:2015, subclause 14.4. If MHAS packets of type PACTYP AUDIOTRUNCATION aré preser
UYsed as described in ISO/IEC 23008-3:2015, subclause 14.4.

MFF tracks that belong to one audio programme use different configurations and &Switch between
represents also a configuration change. Thus, the MHASPacketLabel peeds to have different
MFF tracks that belong to one audio programme. Also, after a configuration’change the MHASPacke

to havg different values for all ISOBMFF tracks comprising an audio programme:

10.2.2

3.3  Multi-stream constraints

The multi-stream-enabled MPEG-H audio system is capable of handling audio programme components deli
differgnt elementary streams (e.g., the main MHAS stream containing one complete audio main, and one or
MHAZS streams, containing different languages and audio description). The MPEG-H audio metadata infor

allows

the MPEG-H audio decoder to correctly decode several' MHAS streams.

The fqllowing constraints apply for file formats using the’sample entry 'mhm2 ':

®ne MHAS stream shall be the main stream;iie., in exactly one MHAS stream the audio scene informa
the mae isMainStream field setto 1xIn all other MHAS streams the mae isMainStream sh

In each auxiliary MHAS stream’ (i.e., streams with mae isMainStream field se
ae bsMetaDataElementIDoffset field in the audio scene information shall be set to the in
Metadata element in the auxifiary MHAS stream minus one.

=3

h

A\l MHAS elementary. streams that carry audio programme components of one audio programms
ligned.

A

In each auxiliarytMHAS elementary stream (i.e., streams with mae isMainStreamn field set to 0),
ligned to theé RAPs present in the main stream (i.e., the stream with mae isMainStream field set

Q.

Rresentation Description Manifests need to make sure that all streams that contribute to one audio p
He identified as such.

may contain a
ed in ISO/IEC
t, they shall be

wo ISOBMFF
values for all
FLabel needs

ered in several
more auxiliary
mation (MAE)

tion shall have
Il be set to 0.

to 0) the
dex of the first
shall be time
RAPs shall be
to 1).

ogramme may

Or the maim and the auxitiary MHAS Stream(s), the MEASPac ket Labe I snatt be setaccording to 1SO/IEC 23008-

3:2015, subclause 14.6. ISOBMFF tracks that belong to one switching set need to use different MHASPacketLabel

values within the same range of values associated to one stream, as specified in ISO/IEC 23008-3:2
14.6. For example, all ISOBMFF tracks in the switching set for the main stream use different values

015, subclause
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
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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 compensation information (mae LoudnessCompensationData () ), as defined in ISO/IEC 23008-3:2015,

subclause 15.5
to ISO/IEC 23

10.2.3 OMA

10.2.3.1 Gerf

This media prg
The profile is |
delivery of up

HE-AAC is ug
platforms. Dug
stereo, 4.0, or
the audio code

10.2.3.2 Ele

102321 G

The audio stre
14496-3.

For HE-AAC
fragment (whe
audio access u

ISOBMFF tra

b; |a“ IUC }JICbCIIt ;II tiIC auu'iu SLCTIC ;IIfUIIIIatiUII Iftilc I[ldeidJ_J_UWdeJI_IlJ_Il Lerdc L,J._ J_ | flcid (au,
D08-3:2015, subclause 15.3) is set to 1 for at least one group of audio elements.

F 2D audio legacy profile

eral

ased on MPEG-4 AAC specified in ISO/IEC 14496-3, which defines coding of general audio conte
fo 5.1 audio channels allows 2D rendering according to the user’s viewing‘atientation.

ed worldwide in the most successful streaming services and supported-by all major streaming and

to the wide reach, MPEG-4 AAC may be used for VR services and platforms, which use either
b.1 surround channel configurations. The 2D audio legacy profile‘does not require any new signall
C and its configuration. Therefore, it is compatible with all déeoder implementations in the market.

mentary stream constraints

bneral encoding constraints
hm shall comply with MPEG-4 AAC-LC, HE-AAC or HE-AACV2 profiles, level 4, as defined in IS

pncoded tracks, the first sample of _the ISOBMFF movie and the first sample of every ISOBMFF
h applicable) shall be a SAP of type~1, notably, the SBR configuration information shall be present
nit.

Lks containing AAC audio as defined in ISO/IEC 14496-3 shall conform to the following AAC

encoding consfraints:

The elem

Each AA
MPEG-4

When usi
the SBR

entary stream shall be a raw data stream, i.e., ADTS and ADIF headers shall not be present.

C elementary)stream shall be encoded using MPEG-4 AAC LC, HE-AAC, HE-AACV2, Level 4. Usg
HE-AAQCV2) for stereo configuration is recommended for 32 kbps or lower.

ng HE-AAC and HE-AACV2, explicit backwards compatible signalling shall be used to indicate the

prding

file fulfills requirements to support 2D channel-based audio. The delivery of up t0)5:1 channels is supported.

t. The

media
mono,
ng for

O/IEC

movie
in the

audio

of the

use of

nd<PS coding tools.

AAC elementary streams shall not exceed 48kHz sampling rate.

information shall be in the first packet.

samples for short blocks.

audi

114

The following parameters shall not change within the elementary stream

0 object type

sampling frequency

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

The transform length of the IMDCT for AAC shall be 1024 audio PCM samples for long blocks, and 128 audio PCM
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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 is set equal to 5 for five channel audio.

— g¢hannelConfiguration is set equal to 6 for six channel audio, i.e., 5.1 audio.

Produting audio content capable of seamless bitrate adaptation with OMAF 2D audio legacy mediaprofile (AAC-LC, HE-
AAC,|HE-AACV2) requires constrained encoding at fragment boundaries. For such scenarios,” each AAC elementary
strear) shall be encoded following the constraints provided in ISO/IEC 23000-19:2018, subclauses 10.5.2 tp 10.5.6.

Encoding recommendations for AAC audio tracks are provided in ISO/IEC 23000-19:2018) Annex G.

10.2.3[2.2 Syntax and values of syntactic elements

The syntax and values for syntactic elements shall conform to ISO/IEC 14496-3.\The following element shalf not be present
in an MPEG-4 HE-AAC or HE-AACV2 elementary stream:

QO

oupling_channel_element (CCE)

If the program_config_element (PCE) element is present then itShall only list a set of channels corresponding to one of
the fiYed channel configurations specific in ISO/IEC 14496-3:2009, Table 1.19, and the element shall not|change for the
duratipn of the track.

The afrangement of syntactic elements shall be according to ISO/IEC 14496-3:2009. Table 1.19. For cdnvenience, the
arrangement of elements for the allowed channel configurations is reported in Table 33.

Table 33 — Arrangement of Audio syntactic elements

Channel Number of . .
. - Audio syntactic elements
configuration channels
1 1 <SCE>, <optional additional elements>, <TERM>, for HE-AAC v2, ahd mono 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>, <TERM>

NOTE Angled brackets (<>) are used above to indicate separate syntactic elements, not stream syntax.

The syntax and values for individual channel stream shall conform to ISO/IEC 14496-3. The following fields
shall be set as follows:

— 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 obtain 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 using the
"roll' sample group.
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uction 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

In practice, an

this approach may be found in ISO/IEC 14496-24.

encoder might prepend an arbitrary amount of (invalid) audio waveform samples to the signal. This portion

of the audio signal is sometimes called "encoder delay" and varies depending on the implementation.

Presentation delay is compensated according to one of the following options:

— The most common approach to compensate for inserted extra audio is to add an offset edit list to the ISOBMFF
header. In the case where padding has been added to the start of an audio stream, the media time inthe edit list is
the length (in audio samples, as measured by the timescale of the track) of the inserted audio samples; 2112 is a

common

yvamolefor AAC
HaHHHEHE— o

— If the con

- Ifthe SB

10.2.3.2.4 Loudness and dynamic range control

The audio stre
set the Progran

The audio en
dyn rng_ sq
the compres

NOTE Itise
loudness, if ap
14496-3 inclug

102325 M

The maximum
defined in 1SQ
maximum bitr4

10.2.3.3 1SQ

When a track i
indicates that
containing a b
profile.

compatiblg
this media prof

A track of this

tent has been generated according to ISO/IEC 23000-19:2018, Annex G.5, no EditListBox-is\prasent.

R and PS coding tools are present, they shall not be considered for the purpose of delay campensation.

hm should contain DRC and loudness metadata according to ISO/IEC 14496-3. The audio encoder should
n Reference Level to the loudness level of the audio stream.

coder should generate DRC metadata for light compression encoded in the dyn rng ctf and
n fields of dynamic_range info () in the FIL element and DRE metadata for heavy compression in
ion value field of MPEG4 ancillary data () inthe data stream element (DSE).

pected that the audio decoder will use the Program Refereneed_evel, if available, to achieve a desired target
blicable. It is expected that the audio decoder will apply the DRC metadata, if present, according to ISO/IEC
ing the DRC Presentation Mode value of the drc_prxesentation mode fields.

aximum bitrate

bitrate of AAC elementary streams shall bew¢alculated in accordance with the AAC buffer requirements as
/IEC 14496-3:2009, subclause 4.5.3. Only the raw data stream shall be considered in determinipg the
te (system-layer descriptors are excluded).

base media file format constraints

5 the only track in a file, compatible brands containing a brand equal to 'ca2d' in FileTygeBox
he track conforms to_this media profile. When a file contains multiple tracks, compatible byands
and equal to '0a2d™'in FileTypeBox indicates that at least one of the tracks conforms to this|media

| brands gontdining a brand equal to 'o0a2d' in TrackTypeBox indicates that the track confofms to
ile.

media profile shall be indicated to conform to this media profile through one or both of FileTygeBox

and TrackTy

peBox.

The syntax and values of the AudioSampleEntry shall conform to MP4AudioSampleEntry ("mp4a') as defined
in ISO/IEC 14496-14. Table 34 lists 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.

10.2.332 AAC audio qamlnlp entry

The syntax and values of the AudioSampleEntry shall conform to MP4AudioSampleEntry ('mp4a ') as defined
in ISQ/IEC 14496-14.

The sgmple entry and fields specified in this section shall not change within an ISOBMFF track,

The value of the channelcount parameter in the AudioSampleEntry box defineddnSO/IEC 14496-3 shall be set
to one|of the following specified values:

— g¢hannelcount issetequal to 1 for mono audio.

— ¢hannelcount issetequal to 2 for stereo audio.

— ¢hannelcount is setequal to 4 for four channel audio.

— ghannelcount issetequal to 5 for five channel audio.

— g¢hannelcount issetequal to 6 for six channel audig, I*e., 5.1 audio.

The vplue of the channelcount parameter in the;AtudioSampleEntry box shall correspond td the values of
chanhelConfiguration field of AudioSpeciticConfig according to Table 35:

Table35 - Mapping of channelcount parameter in the AudioSampleEntry to channelConfiguration
field of AudioSpecificConfig

channelcount channelConfiguration

1 1

2 2

4 4

5 5

6 6
NOTE The channel to loudspeaker mapping for each channelConfiguration index is given in ISO/IEC
1449613:2009, Table 1.19. The informative geometric speaker positions for channelConfiguration = 4
(Quadfophonic 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 is set equal to 0.

URL Flag issetequal to 0.

— OCRstreamFlag is set equal to 0.
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streamPriority issetequal to 0.

decConfigDescr is set equal to DecoderConfigDescriptor.

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 syntax and values for DecoderConfigDescriptor shall conform to ISO/IEC 14496-1, and the fields of this
descriptor shall be constrained to the following values.

not be

ds of

— decodefSpecificInfo shall beused, and ProfileLevelIndicationIndexDescriptor shal
used.

— objectTypeIndication isequal to 0x40 (audio).

— stream[ype is equal to 0x05 (audio stream).

— upStreamisequal to 0.

— decSpegificInfoisequal to AudioSpecificConfig.

10.2.3.3.2.3 AudioSpecificConfig

The syntax and values for AudioSpecificConfig shall conform to ISO/IEC 14496-3 .

The following ffields of AudioSpecificConfig shall be setaccording.to ISO/IEC 14496-3 and subclause 10.2

— audioOljectType

— channellConfiguration

— extensijonAudioObjectType

— GASpecificConfig

10.2.3.3.2.4 5ASpecificConfig

The syntax @nd values for GASpecificConfig shall conform to ISO/IEC 14496-3, and the fie

GASpecifidConfig shall be set to-the following values:

— framelLgngthFlag isequal to 0 (1024 lines IMDCT).

— dependgOnCoreCdder is equal to 0.

— extensilonFLlagis equal to 0.

10.3 Image-profies

10.3.1 Owverview

Subclause 10.3 defines OMAF media profiles for image coding. Table 36 provides an informative overview of the
supported features. The detailed, normative specification for each image profile is provided in the referenced clause.
Common text for both profiles is provided in subclause 10.3.2.

118
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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

Comman Qppr‘ifir‘nfinn: for imngp prnfila:

10.3.4
Subclg

stereo
or the
region
projec

item cpuld be used to support large image widths and heights.
10.3.4.2 1SO base media file format constraints for an image item-conforming to an OMAF im
An imlge item is specified to conform to an OMAF image profile when<all of the following constraints are

H

—  The item properties for the coded image. item comply with the requirements and constraints specifig
1.9.
— The item is not associated with any, other types of essential item properties than those required by the i

NOT!

10.3.2.3

.1 General

use 10.3.2 specifies common constraints applicable to both OMAF image profilesy'Both m

cubemap projection. When equirectangular projection and region-wise packing are in-Use, the numb
-wise packing is required to be equal to 1 or 2 for monoscopic or stereoscopic caontent, respectively.
tion is in use, it is allowed to use up to one region per cube face in region-wise packing. The 'grid’

ither one of the following applies:

The image item is a coded image item conforming.to'the OMAF image profile.

The image item isa 'grid"' derived image.item, and each source image item of the derived i
coded image item conforming to the OMAF image profile.

mage item, and 'stvi', '"prfo", 'rwpk',and 'rotn', which are specified in this document.

\Vhen the item is ass@cigted with a ' rwpk ' item property, the values of the item property are constrai

shall be’equal 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
face shall not be greater than 1.

AL H

n-th han 20N Anavanc
\AARIZIEm N v |

Ecopic images up to 360 degrees are supported. These image profiles require the use of the.equirectang

'he item is associated withra "prfr' item property that indicates the equirectangular or cubemap pr

When equirectangular projection is in use, the value of NumRegions, derived as specified in sul

bnoscopic and
ular projection
br of regions in
\Vhen cubemap
derived image

age profile

true:

|mage item is a

d in subclause

tem type of the

pjection.
ned as follows:

clause 7.5.1.2,

barticular cube

Ham. W | o Aot £ wuld h h t 10 o lkad nictr
TagC e COVETSICSS o o0U Gty retSa tuotTattCotit ot oSt it o gatKetprotores

The value of PackingTypel[i] for each value of i in the range of 0 to NumRegions — 1, inclus
specified in subclause 7.5.1.2, shall be equal to O.

ive, 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
associated with the image item.

ISO base media file format constraints for a file conforming to an OMAF image profi

be present and

le

Each file including a four-character code of an OMAF image profile as a compatible brand shall conform to all of the
following:
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specified in ISO/IEC 23008-12.

The

The file shall contain at least one image item that conforms to all of the following:

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 file shall include 'mi £1 ' among the compatible brands and comply with the requirements of 'mi£1' brand as

The image item is either the primary item or any item from the alternate group containing the primary item.

—  The image item conforms to the OMAF image profile.
10.3.3 OMAF HEVC image profile
10.3.3.1 Gerneral
Subclause 10.3.3 specifies the OMAF HEVC image profile, which uses HEVC as the codec for coding’of the image and
follows the common constraints for OMAF image profiles.
10.3.3.2 Elementary stream constraints
The bitstream pf a coded image item conforming to this media profile shall conform to HEVC Main 10 profile, Majn tier,
Level 5.1.
The bitstream gontained in a coded image item shall consist of one and only onescoded picture. The coded picture shall be
a coded frame,
The active SP$ of the bitstream shall be constrained as follows:
- general_progressive_source_flag shall be set to 1.
- general_frame_only_constraint_flag shall be set to 1.
- general_interlaced_source_flag shall be set to 0.
10.3.3.3 1SQ base media file format constraints
A coded imagsq item is specified to conform to the-'heoi ' brand when all of the following constraints are true:
- The content of the coded image item conforms to the elementary stream constraints specified in subclause 10.8.3.2.
- The item|has type 'hvcl' and-conforms to the requirements imposed by the 'hvcl' item type, as specified in
ISO/IEC P3008-12.
- The codefl image item eanforms to the constraints specified in subclause 10.3.2.2.
An image item is specified to conform to the "heoi ' brand when it is a coded image item conforming to the 'Heoi'
brand as specified abeve or a derived image item conforming to the constraints specified in subclause 10.3.2.2 gnd for
which each soxrrce image item is a coded image item conforming to the 'heoi' brand.
10.3.3.4 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
- 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 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.
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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:

Additi
Regi
input 1
10.3.3
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When
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When
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10.3.4

10.3.4

Subcld
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10.3.4
The el

10.3.4
A cod

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 is decoded as specified in ISO/IEC 23008-2:2017, subclause 8.1.1.

-2:2019(E)

The HEVC bitstream shall conform to the elementary stream constraints specified in subclause 10.3.3.2.

The output of this process is formed by tiling the reconstructed images resulting from the decoding of all the source

TTagE TS, a5 Speciied i themage grid derivatiomof tSOHEC23008=-12;

onally, this process outputs ProjectionFormatProperty, FramePackingProperty (wh
bnWisePackingProperty (when applicable), and RotationProperty (when applicable) t
or the semantics of sample locations within the decoded picture as specified in subclause 7.5.1.

.5 Recommendations and requirements for OMAF player

quirements on readers conforming to the 'mi £1 ' brand, as specified in ISOAEC"23008-12, shall be
s conforming to the "heoi ' brand shall support displaying an image item.that conforms to both of
'he image item is either the primary item or any item from the alternaté group containing the primary
'he image item conforms to the "heoi ' brand as specified in sibclause 10.3.3.3.

displaying an image item conforming to the "heoi ' brand; players are expected to obey semantic
ns of the decoded picture as specified in subclause 7.5:1.

an image item conforming to the 'heoi' brand.isassociated with the initial viewing orientation it
is expected to parse the initial viewing orientation’item property and obey it when viewing the item.

OMAF legacy image profile

.1 General
use 10.3.4 specifies OMAF legaey image profile, which uses JPEG as the codec for coding of the im3
mmon constraints for OMAF.image profiles.
.2 Elementary stréam constraints

ementary stream constraints are identical to those for the ' jpeg' brand specified in ISO/IEC 23009

3

bd image item is specified to conform to the ' jpoi ' brand when all of the following constraints are

1SQ(base media file format constraints

en applicable),
hat provide the

supported.
he following:

item.

of the sample

em property, a

ge and follows

12.

true:

use 10.3.4.2.

[havcantent of the coded imngn item conforms to the nlnmnntnr\]/ stream constraints epnr‘ifind insubel

The item has type 'jpeg' and conforms to the requirements imposed by the 'jpeg' item type, as specified 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 ' jpoi’
brand as specified above or a derived image item conforming to the constraints specified in subclause 10.3.2.2 and for

which

each source image item is a coded image item conforming to the ' jpoi ' brand.

10.3.4.4 File decoding process

The in

puts to the file decoding process are

the item ID value of the image item conforming to this media profile, and
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a file containing at least the image item.

m with the given i tem 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 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.

The output of this process is a decoded JPEG image.

image itemisa 'grid' derived image item), the following applies:

For each
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Subclause 10.4

source image item of the derived image item, the following applies:

EG bitstream consists of the content of the source image item.
JPEG bitstream shall conform to the elementary stream constraints specified in subclause-10.3.4.2.
JPEG bitstream is decoded as specified in ISO/IEC 10918-1.

t of this process is formed by tiling the reconstructed images resulting fromthe decoding of all the
s, as specified in the image grid derivation of ISO/IEC 23008-12.

his process outputs ProjectionFormatProperty, FramePackingProperty (when appli
PackingProperty (when applicable), and RotationPropex&y (when applicable) that prov
mantics of sample locations within the decoded picture as specified in subclause 7.5.1.

ommendations and requirements for OMAF player

nts on readers conforming to the 'mif£1 ' brand, as specified in ISO/IEC 23008-12, shall be support
ming to the ' jpoi ' brand shall support displayifg an image item that conforms to both of the follo
e item is either the primary item or any itemfrom the alternate group containing the primary item.

e item conforms to the ' jpoi ' brand as Specified in subclause 10.3.4.3.

g an image item conforming tothe " jpoi ' brand, players are expected to obey semantics of the 9
decoded picture as specifieduin:subclause 7.5.1.

e item conforming to the " jpoi ' brand is associated with the initial viewing orientation item prop
ted to parse the initial’\viewing orientation item property and obey it when viewing the item.

ed text profiles

iew

défines media profiles for timed text. Timed text is used for providing subtitles and closed captid

source

cable),

de the

ving:

ample

erty, a

ns for

omnidirectiona

L video. Table 37 rr_\m\/idm an informative overview of the :llppnrfnd features. The detailed nor

native

specification for each timed text profile is subsequently provided in the referenced clause.

Table 37 — Overview of OMAF media profiles for timed text

Media

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
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10.4.2 OMAF IMSCL1 timed text profile

10.4.2.1 Elementary stream constraints

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' in FileTypeBox
indicates that the track conforms to this media profile. When a file contains multiple tracks, compatible brands
containing a brand equal to 'ttml' in FileTypeBox indicates that at least one of the tracks conforms to this media
profild.

compptible brands containing a brand equal to 'ttml' in TrackTypeBox indicates that the tragk conforms to
this media profile.

A tragk of this media profile shall be indicated to conform to this media profile through one.or both of Fli 1eTypeBox
and TrackTypeBox.

An IMSC1 track shall conforms to the IMSCL1 track format as specified in subclause 7.10.3.
The media handler type is ' subt ', and the track uses a subtitle media header.

The rgle of an IMSCL track should be labelled by using the KindBox.

When(timed text cues are displayed on sphere regions, the timed text sphére region metadata track, as specified in subclause

7.7.6, phall be present.

10.4.3] OMAF WebVTT timed text profile

10.4.3.1 Elementary stream constraints

The elementary stream shall conform to WebVTT7he web video text tracks format.

10.4.3.2 1SO base media file format cpnstraints

Whenla track is the only track in a file,)éempatible brands containing a brand equal to 'ttwv' in FlileTypeBox
indicafes that the track conforms to<this media profile. When a file contains multiple tracks, compatiple brands
contaiping a brand equal to 'ttwv" in FileTypeBox indicates that at least one of the tracks conformg to this media
profilg.

compptible brandg containing a brand equal to 'ttwv' in TrackTypeBox indicates that the tragk 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 Fi leTypeBox
and TrackTypeBox.

A W@bVTT track shall conform to the WebVTT track format as specified in subclause 7.10.4, [using a track

2l ; £ 1 — gl 1 £ 1 —
handJ_CJ_ CYPT Ul CTXT Wit a COUTTITUTIIAINE Ul WV CC .

The role of a WebVTT track should be labelled by using the KindBox.

When timed text cues are displayed on sphere regions, the timed text sphere region metadata track, as specified in subclause
7.7.6, shall be present.
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11 Presentation profiles

11.1 OMAF viewport-independent baseline presentation profile

11.1.1 Gene

ral

The OMAF viewport-independent baseline presentation profile is intended to provide the highest interoperability and

quality on HMDs (including mobile-powered HMDs).

This profile fulfils the basic requirements to support 3D audio and omnidirectional and 3D video. Both monoscopic and

stereoscopic videq_are Quppnrmd The Ir\mfilm rpnlnirnt: neither \/ipwlnnrt_dnlnr-\ndpnt dnli\mry nor \/ipwpnrt_dnlnnndent

decoding.

The profile alsp minimizes the options for basic interoperability.

11.1.2 1SO hase media file format constraints

An ISOBMFH file for which the content author considers that the VR experience is included-in this file usipg the

technologies for the OMAF viewport-independent baseline presentation profile may be offeréd using the ISOBMIFF file

brand ' ompp .

For a file with compatible brands containing a brand equal to 'ompp' (iN\FileTypeBox, the following

constraints apgly:

—  The file shall conform to the 'is09"' brand.

— If containing video, the file shall contain at least one track conforming to the HEVC-based viewport-indepgndent
OMAF video profile as specified in subclause 10.1.2.

— If containing audio, the file shall contain at least one track cenforming to the OMAF 3D audio baseline prdfile as
specified|in subclause 10.2.2.

11.2 OMAF viewport-dependent baselifie presentation profile

11.2.1 General

The OMAF viewport-dependent baseline (presentation profile is intended to provide interoperability and quality pn the

HMDs that go peyond the viewport resolution achievable by the OMAF viewport-independent baseline presentation profile.

This profile fulfils requirements to Support 3D audio and omnidirectional and 3D video. Both monoscopic and stereoscopic

video are suppprted. The profile(requires viewport-dependent delivery and rendering.

11.2.2 1SO hase media-file format constraints

An ISOBMFH file cantaining a VR experience using the technologies for the OMAF viewport-dependent baseline

presentation profile‘'may be offered using the ISOBMFF file brand 'ovdp'.

For a file with compatible brands containing a brand equal 10 'ovdp' 1IN FileTypeBox, the tollowing

constraints apply:

The file s

OMAF vi

specified

124

hall conform to the ' iso9' brand.

deo profile as specified in subclause 10.1.3.

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"
xmlns:omaf="urn:mpeg:mpegl:omaf: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"/>
<xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccirs="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="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* tuse="optional" default="0"/5
<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="QualitylnfoType">
<xs:attribute name="quality_ranking" type=txs: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="centre_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:anyAttributé namespace="##other" processContents="lax"/>

</xs:compleXType>

<xs:element name="twoDRegionQuality" type="omaf:twoDRegionQualityType"/>
<Xs/complexType name="twoDRegionQuality Type">
<XS.sequerce~
<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"/>
<xs:attribute name="region_height" type="xs:unsignedShort" use="optional"/>

</xs:complexType>

<xs:elenpent name="cc" type="omaf:CCType"/>
<xs:complexType name="CCType">
<xs:sequence>
<xg:element name="coveragelnfo" type="omaf:coveragelnfoType" minOccurs="1" maxOccurs="255"/
<xg:any namespace="##other" processContents="lax" minOccurs="0" maxOcgcurs="unbounded"/>

\4

<xs:aftribute name="shape_type" type="xs:unsignedByte" use="optional" default="0"/>
<xs:aftribute name="view_idc_presence_flag" type="xs:boolean" use=:optional" default="0"/>
<xs:aftribute name="default_view_idc" type="omaf:ViewType" use="optional"/>
<xs:amyAttribute namespace="##other" processContents="lax"/>

</xs.complexType>

<xs:complexType name="coveragelnfoType">
<xs:aftribute name="view_idc" type="omaf:ViewType' use="optional"/>
<xs:aftribute name="centre_azimuth" type="omaf:Range1" use="optional" default="0"/>
<xs:aftribute name="centre_elevation" type="omafiRange2" use="optional" default="0"/>
<xs:aftribute name="centre_tilt" type="omaf:Rangel" use="optional" default="0"/>
<xs:aftribute name="azimuth_range" type=“omaf:HRange" use="optional" default="23592960"/>
<xs:aftribute name="elevation_range" type="omaf:VRange" use="optional" default="11796480"/>
<xs:anyAttribute namespace="##other” processContents="lax"/>

</xs:.complexType>

<xs:attripute name="projection ‘type" type="omaf:listOfUnsignedByte"/>
<xs:simpleType name="listOfUnsignedByte">
<xs:rgstriction>
<xg:simpleType>
Ixs:listitemType="xs:unsignedByte"/>
</xs:simpleType>
<x<imifl ength value="1"/>
</xs:restriction>
</xs:simpleType>

<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 TESTriction Dase=" Xs.int >
<xs:mininclusive value="-11796480"/>
<xs:maxInclusive value="11796479"/>

</xs:restriction>

</xs:simpleType>

<xs:simpleType name="Range2">

<xs:restriction base="xs:int">
<xs:minlnclusive 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:minlnclusive value="0"/>
<xs:maxInclusive value="11796480"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="QualityType">
<xs:restriction baSex"xs:unsignedByte">
<xs:mininclusive value="0"/>
<xs:maxnelusive value="15"/>
</xs:restriction>

</xs:simpleType>

<xs:SimpleType name="ViewType">

<xs:restriction base="xs:unsignedByte">

<xs:minlInclusive value="0"/>
<xs:maxInclusive value="3"/>
</xs:restriction>
</xs:simpleType>
</xs:schema>
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B.1

B.1.1 HE

Annex B
(normative)
DASH integration of media profiles

Video profiles

VC-based viewport-independent OMAF video profile

An instantiation of the HEVVC-based viewport-independent OMAF video profile in DASH should be represented as one
Adaptation Set, possibly with multiple Representations. If so, the Adaptation Set should provide the following signalling:

@cd
@mf

Asy

NOTE Bythe
to identify if thi
details on the co

The concatena
shall conform

Conformance 1
23000-19:2014
In addition, fol
- The samg
The samq

The samg

When the p

meType='video/mp4 profiles="hevi"'

hfiguration of the contained Representations.

o CMAF may be provided in addition by conforming to a HEVC-EMAF video track as defined in IS

decs='resv.podvterpv.hvcl.1.6.L93.B0O"'

pplemental descriptor or essential descriptor providing the frame packing arrangementimay be used.
use of the restricted video scheme and the @profiles referring to this media profile, the DASH-client has all infor
media profile could be played back. For additional information, the supplemental descriptor is used to provid

ion of all DASH Segments of one Representation for HEVC viewport-independent baseline media
o all the constraints specified in subclause 10.1.2.4.

, Annex B.1.

an Adaptation Set the following applies:

frame packing format shall be used on all Representations in one Adaptation Set.
coverage information shall be used on all Representations in one Adaptation Set.
spatial resolution shall be used on all Representations in one Adaptation Set.

ayback is intended to be started “using another viewing orientation than that indicats

mation

e some

profile

O/IEC

d by

(centre azjmuth, centre elevation, céntre tilt)equal to (0, 0, 0) relative to the global coordinat¢ axes,
a Representatipn containing initial viewing .orientation metadata, as specified in subclause 7.7.4, shall be presept and
associated with all related media Representations as specified in subclause 8.2.3.

B.1.2 HHBVC-based viewport-dependent OMAF video profile and AVC-based
viewport-gdependent OMAF video profile

B.1.2.1 General

This subclause applies-to both the HEVC-based viewport-dependent OMAF video profile and the AVC-based viefvport-
dependent OMAE video profile.

When switching-eracecessingRepresentationsat-each-Segment-or-Subsegmentisrelevant—the fellowing BASHprofiles

include sufficient constraints:

I1SO base

I1SO base

media file format live profile: urn:mpeg:dash:profile:isoff-1ive:2011

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:

I1SO base

media file format on demand profile: urn:mpeg:dash:profile:isoff-on-demand:2011

ISO 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 |
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