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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 IS
participate in the development of International Standards through technical committees establishe

0 or IEC
d 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.

b0 /1EC Directives, Part 1. In particular, the different approval criteria needed for the different types of g
hould be noted. This document was drafted in accordance with the editorial rules of the ISO/IEC Directiv
see www.iso.org/directives or www.iec.ch/members experts/refdocs).

—~ 0 =

Attention is drawn to the possibility that some of the elements of this document may be thie:Subject of pate
I50 and IEC shall not be held responsible for identifying any or all such patent rights-Deétails of any pat
identified during the development of the document will be in the Introduction and/or on the ISO list
declarations received (see www.iso.org/patents ) or the IEC list of patent declarations received (see paten

o~y

ny trade name used in this document is information given for the convenience of users and does not con
ndorsement.

)

b conformity assessment, as well as information about ISO's adherence to the World Trade Organizatig
rinciples in the Technical Barriers to Trade (TBT) seeswww.iso.org/iso/foreword.html. In the
rww.iec.ch/understanding-standards.

< T ot

—

his document was prepared by Joint Technical Comrhittee ISO/IEC JTC 1, Information technology, Subc
C 29, Coding of audio, picture, multimedia and hyperinedia information.

W

—

his second edition cancels and replaces thefirst edition (ISO/IEC 23090-2:2019), which has been td
bvised.

—

The main changes compared to the preyvious edition are as follows:
-+ Multiple viewpoints have-been added. Viewpoints can be used for example to provide several user-sy
camera positions to view the content or to express a storyline where the user is given the choice to sel
storyline path is follewed.

—+ Sphere-relativesand viewport-relative video and image overlays have been added.

—+ Mesh omnidirectional video where the video is projected on an indicated set of mesh elements has be

—+ Twae:tiling OMAF video profiles for viewport-dependent streaming have been added.

A list of all parts in the ISO/IEC 23090 series can be found on the ISO and IEC websites.

he procedures used to develop this document and those intended for its further maintenance are descrilped in the

ocument
les, Part 2

nt rights.
ent rights
of patent
ts.iec.ch).

stitute an

or an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressios related

n (WTO)
IEC, see

bmmittee

chnically

witchable
bct which

bn added.

Any feedback or questions on this document should be directed to the user’s national standards body. A
listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national-committees.
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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 forms of omnidirectional media applications is omnidirectional video, also
known as 360° video. Omnidirectional video is typically captured by multiple cameras that cover the entire sphere
or at least a large part of the sphere. 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 capturin
360° vidg
different

b0, and on the playback side there are many different devices that are able to playback 360° video wit]
processing capabilities. To avoid fragmentation of omnidirectional media content and devices,
zed format for omnidirectional media applications is specified in this document.

Jxment defines a media format that enables omnidirectional media applications, focusing 61ny360° vide

nd audio, as well as associated timed text. What is specified in this document includes (but'is not limite

brdinate system that consists of a unit sphere and three coordinate axes, namelytheX (back-to-front) axi
¥ (lateral, side-to-side) axis, and the Z (vertical, up) axis;

ection and rectangular region-wise packing methods that may be used for\conversion of a spherical vide

sequence or image into a two-dimensional rectangular video sequence or image, respectively;

hge of omnidirectional media and the associated metadata using thé ISO Base Media File Format (ISOBMH
becified in ISO/IEC 14496-12;

hge of video or image overlays and the associated metadata using ISOBMFF;

lynamic adaptive streaming over HTTP (DASH)\as specified in ISO/IEC 23009-1 or MPEG media transpot
T) as specified in ISO/IEC 23008-1;

ia profiles and presentation profiles.that provide conformance points for media codecs as well as med

coding and encapsulation configurations.that may be used for compression, streaming, and playback of th

idirectional media content;

ment is organized asfollows:
se 1 specifies thescope of this document.
se 2 contains the normative references.

se 3'specifies the terms, definitions, abbreviated terms, arithmetic operations, mathematical functions an|

psulation, signalling, and streaming of omnidireefional media and overlays in a media streaming systemn,

cet brands that provide cofiformance points for functionalities beyond plain 360° video, images and audi¢.

h

[<Y)

[=TIR4

(i

[

r‘eonventions used in this document.

Clause 4 contains an overview of this document.

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

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

Clause 7 specifies extensions to the ISOBMFF 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.

standard
This doc
images,
to):
— aco
the
— proj
— stor
as sj
— stor
— encd
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(MM
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omi]
— tool
This doct
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h) Clause 8 specifies extensions to DASH for omnidirectional media.
i) Clause 9 specifies extensions to MMT for omnidirectional media.

j)  Clause 10 specifies OMAF media profiles.

021(E)

k) Clause 11 specifies OMAF presentation profiles based on some of the OMAF media profiles specified in

Clause 10.

) Clause 12 specifies OMAF toolset hrands

m) 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 d
b) Annex C specifies the CMAF integration of some of the OMAF media profiles specified in'Clause 10.
b) Annex D describes some schemes for viewport-dependent omnidirectional video processing.

1) Annex E contains some DASH MPD examples.

) Annex F contains some MMT signalling examples.

£)  Annex G specifies the expected OMAF player behaviour for renidering overlays.

Tlhe International Organization for Standardization (ISO) ahd International Electrotechnical Commiss
draw attention to the fact that it is claimed that compliance'with this document may involve the use of a

I50 and IEC take no position concerning the evidence, validity and scope of this patent right.

Thhe holder of this patent right has assured ISO and [EC that he/she is willing to negotiate licences under re¢
and non-discriminatory terms and conditions Wwith applicants throughout the world. In this respect, the 3

database available at www.iso.org/patents.

oy

ttention is drawn to the possibility that some of the elements of this document may be the subject of pat
ther than those in the patent-database. ISO and IEC shall not be held responsible for identifying any o
atent rights.

holilie]

lause 10.

on (IEC)
atent.

asonable
tatement

of the holder of this patent right is registered with ISO and IEC. Information may be obtained from the patent

ent rights
I all such
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INTERNATIONAL STANDARD ISO/IEC 23090-2:2021(E)

Information technology — Coded representation of
immersive media —

Part 2:
Omnidirectional media format

Jud

Scope

mnidirectional media, including video, images, audio and timed text. Omnidirectional image or video cah contain
raphics elements generated by computer graphics but encoded as image-or video. Multiple viewpoints, each
prresponding to an omnidirectional camera, are supported. The document‘also specifies storage and dg¢livery of
verlay images or video intended to be rendered over the omnidirectiofial background image or video.

his document specifies the omnidirectional media format for coding, storage, delivery and renPering of

O Qg ©

2 Normative references

—

he following documents are referred to in the text in such a way that some or all of their content cgnstitutes
equirements of this document. For dated references, only the edition cited applies. For undated refergnces, the
atest edition of the referenced document (including any amendments) applies.

—_—

el

50 /1EC 10918-1, Information technology <= Digital compression and coding of continuous-tone still images —
art 1: Requirements and guidelines

~

—

b0 /1EC 14496-1, Information technology — Coding of audio-visual objects — Part 1: Systems

—_—

50 /1EC 14496-3:2019, Infermation technology — Coding of audio-visual objects — Part 3: Advanced audiq coding

=

ec. ITU-T H.264 (06/19) | ISO/IEC 14496-10:2014, Information technology — Coding of audio-visual objdcts —
art 10: Advanced video coding

vl

—

50/1EC 14496-12:2020, Information technology — Coding of audio-visual objects — Part 12: I1SO base media file
format

—

50 /IEC 14496-14, Information technology — Coding of audio-visual objects — Part 14, MP4 file format

ISO/IEC 14496-15:2019, Information technology — Coding of audio-visual objects — Part 15, Carriage of network
abstraction layer (NAL) unit structured video in the I1SO base media file format

ISO/IEC 14496-30:2018, Information technology — Coding of audio-visual objects — Part 30: Timed text and other
visual overlays in ISO base media file format

ISO/IEC 23000-19:2020, Information technology — Multimedia application format (MPEG-A) — Part 19: Common
media application format (CMAF) for segmented media

ISO/IEC 23000-22:2019, Information technology — Multimedia application format —Part 22 Multi-image
application format (MIAF)
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ISO/IEC 23003-3:2020, Information technology — MPEG audio technologies — Part 3: Unified speech and audio
coding

ISO/IEC 23003-4:2020, 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)

Rec. ITU-T H.265 | ISO/IEC 23008-2:2020, Information technology — High efficiency coding and media delivery in

heterogeneous environments — Part 2: High efficiency video coding

ISO/IEC 23008-3:2019, Information technology — High efficiency coding and media delivery in heterogeneous
environmlents — Part 3: 3D audio

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

ISO/IEC 23009-1:2019, Information technology — Dynamic adaptive streaming over HTTP (DASH) — Part 1: Mediq
presentation description and segment formats

ISO/IEC 23091-2, Information technology — Coding-independent code points — Part-2:Video
ISO/IEC 23091-3, Information technology — Coding-independent code points,—"Part 3: Audio
IETF BCR 47, Tags for Identifying Languages

IETF Internet Standard 66, Uniform Resource Identifier (URI): Generic'Syntax

IETF RFQ 6381, MIME Codecs and Profiles

W3C Candidate Recommendation, WebVTT, The Web Video Text Tracks Format

W3C Recpmmendation, TTML Profiles for Internet-Media Subtitles and Captions 1.0.1 (IMSC1)
W3C Recpmmendation, XML schema part 1: Structures

W3C Recpmmendation, XML schema paxt2: Datatypes

W3C Recpmmendation, XML Path Language (XPath) 2.0 (Second Edition)

3 Terms, definitions, abbreviated terms and conventions

3.1 Termsand definitions

For the purposes of this document, the terms and definitions in ISO/IEC 14496-12, ISO/IEC 23008-12 and the
following apply.

NOTE In particular, the terms coded image, coded image item, derived image, derived image item, image item, reconstructed
image and source image item are defined in ISO/IEC 23008-12.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

2 © ISO/IEC 2021 - All rights reserved
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3.1.1
azimuth

first 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.

3.1.2
azimuth circle

021(E)

circle on the sphere connecting all points with the same azimuth value

Note 1 to entry: An azimuth circle is always a great circle (3.1.22).

L

.1.3
ackground visual media

jou

piece of visual media (3.1.62) on which an overlay (3.1.31) is superimposed

(98]

1.4
ircular image

o

image captured with a fisheye lens (3.1.18)

(98]

.1.5
Josed scheme type

o

rheme type (3.1.46) that clearly specifies which transformations are allowed and does not allow future e;

[%]

3.1.6
common reference coordinate system

3D Cartesian coordinate system with the centre being (X, Y, Z) equal to (0, 0, 0), used as the reference c
syystem for all viewpoints (3.1.59) within a piewpoint group (3.1.60)

L

1.7
pmposition-aligned sample

o

(727}

bmple in the another track, or, when a sample with the same composition time is not available in the anot
he closest preceding'composition time relative to that of a particular sample in the another track

—t

(O8]

.1.8
pmposition picture

o

plicture that is suitable to be presented and is obtained from the decoding outputs of composition-aligne
(B&.7)of all tracks of a 2D spatial relationship track group by arranging them spatially as specified by the 3

I +lo 21N cnatial volationchin traoly Grarin

ktensions

ordinate

hmple in a track that is asseciated with another track, the sample has the same composition time as a particular

her track,

1 samples
emantics

Tt e D Spatiot T CratroTotrptracic g oup

3.1.9
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
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3.1.10
content coverage

one or more sphere regions (3.1.48) that are covered by the content represented by the track, an image item, or a
composition picture (3.1.8)

3.1.11
elevation

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

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

3.1.12
elevation circle

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

Note 1 to gntry: When the elevation is zero, an elevation circle is also a great circle (3.1.22). This coincides with the equator on
Earth.

3.1.13
encoded|tile sequence

coded representation of a tile sequence (3.1.52) that has the capability, to be merged with other encoded tile
sequenceds in coded domain without decoding mismatch by rewriting only header data

3.1.14
extractor track

track thaf has untransformed sample entry type equal to.®hvc2', 'avc2', or 'avc4' and contains one or morje
"scal' frack references

3.1.15
field of view

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

3.1.16
file decoder

collectivg term for file/segment decapsulation and decoding of video, audio or image bitstreams

3.1.17
file decoding process

process gpecified as a part of a media profile specification that takes as input a set of ISOBMFF tracks or items and

deri es ety o dacadad piodbiing e o din oo lag o d vandasing santa dobs £o0 + b aa o £l o darad oads
v et G CCOaC oI e €S O/t O—Sampr e S, an T e Gt st tatata 10Tt O Ttuny T ChaCret—aut

scene in the reference system

3.1.18
fisheye lens

wide-angle camera lens that usually captures an approximately hemispherical field of view (3.1.15) and projects it
as a circular image (3.1.4)

4 © ISO/IEC 2021 - All rights reserved
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3.1.19
fisheye omnidirectional video
fisheye omnidirectional image

omnidirectional media (3.1.29) where circular images (3.1.4) of fisheye lenses (3.1.18) are spatially arranged onto

picture(s)

3.1.20
fisheye video

deo captured by fisheye lenses (3.1.15)

.1.21
obal coordinate axes

cpordinate axes that are associated with audio, video, and images representing the same-acquisition pos
ntended to be rendered together

—

Note 1 to entry: Coordinate axes are specified in subclause 5.1.

=z

ote 2 to entry: The origin of the global coordinate axes is usually the same as the_centre point of a device or ri
Imnidirectional audio/video acquisition as well as the position of the observer's héad in the three-dimensional spad
e audio and video tracks are located.

jmile]

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

—-

3.1.22

—

Teat circle
intersection of the sphere and a plane that passes through the centre point of the sphere
Note 1 to entry: A great circle is also known as\an orthodrome or Riemannian circle.

Note 2 to entry: The centre of the sphere‘and the centre of a great circle are co-located.
3.1.23

Tard band
ea that is not rendered but may be used to improve the rendering quality to avoid or mitigate visual artif
as seams

oSO

=z

ote 1 to entry: Guard bands in packed pictures (3.1.34) are associated with packed regions (3.1.35) as described in
5.3.

~1

(98]

.1.24
pcal coordinate axes

It

ition and

g used for
e in which

e 7.9.9 for

hzimuth,

acts such

subclause

coordinate axes obtained after applying rotation to the global coordinate axes (3.1.21)

3.1.25
mesh omnidirectional video

omnidirectional media (3.1.29) where rectangular regions of two-dimensional pictures are mapped
elements of a three-dimensional mesh

© ISO/IEC 2021 - All rights reserved
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3.1.26

OMAF base track

track whose samples are resolved by merging samples of the referenced OMAF tile tracks (3.1.28)

Note 1 to entry: An HEVC tile base track as specified in ISO/IEC 14496-15 and an extractor track (3.1.14) referencing OMAF tile

tracks are

examples of OMAF base tracks.

ot

=

3.1.27

OMAF player

applicatipn responsible for receiving files or segments or accessing files locally, decapsulating these files,an|
segmentd, decoding the audio, video, image or timed text bitstreams, rendering the audio, video, image or timed'te;
and applying a strategy for receiving the files or segments based on the viewport (3.1.61) information

3.1.28

OMAF tilLe track

track thaf represents a rectangular subset of the original video content and has the capability to be merged wif]
other OMAF tile tracks in coded domain without decoding mismatch by rewriting only” header data, where
decodingl mismatch refers to the value of any pixel having a different value when(decoded prior to merging d
subsequgntly to merging

Note 1 to ¢ntry: An HEVC tile track as specified in ISO/IEC 14496-15 is an example of an OMAF tile track.

3.1.29

omnidirectional media

media sych as image or video and its associated audio that\€nable rendering according to the user's viewin|
orientatipn (3.1.56), if consumed with a head-mounted device, or according to user's desired viewport (3.1.61
otherwisg, as if the user was in the spot where and when the media was captured

3.1.30

open-enfled scheme type

scheme type (3.1.46) that allows future extensions

3.1.31

overlay

piece of Visual media (3.1.62)endered over omnidirectional video or image item or over a viewport (3.1.61)
3.1.32

overlay Jource

piece of Visual media (3.1.62) used as the content for an overlay (3.1.31)

3.1.33

overlay source region

overlay source (3.1.32) specified as a rectangular region within decoded pictures

3.1.34

packed picture

picture that is represented as a coded picture in the coded video bitstream

Note 1 to entry: A packed picture may result from region-wise packing (3.1.43) of a projected picture (3.1.37).
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3.1.35
packed region

region in a packed picture (3.1.34) that is mapped to a projected region (3.1.38) as specified by the region-wise

packing signalling

3.1.36
projected omnidirectional video
projected omnidirectional image

dmnidirectional media (3.1.29) where the relation of two-dimensional picture coordinates to sphere co
(B.1.47) is specified using mathematical projection equation(s)

0

.1.37
rojected picture

=

picture that has a representation format specified by an omnidirectional video projectiémformat

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

=z

ote 2 to entry: A project picture i) covers the entire sphere. ii) has no re-sized, re-positioned, rotated, or mirror
blative to a representation format specified by an omnidirectional video projection format, and iii) has no guard band

-

3.1.38
projected region

—

bgion in a projected picture (3.1.37) that is mapped to apacked region (3.1.35) as specified by the re
acking signalling

o]

3.1.39
projection

—-

nverse of the process by which the samples 6fa projected picture (3.1.37) are mapped to a set of positions
y a set of azimuth (3.1.1) and elevation (3:1.11) coordinates on a unit sphere

o

3.1.40
quality ranking region

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

3.1.41
uality ranking 2D region

uality rankingregion (3.1.40) that is specified relative to a decoded picture

.1.42
uality ranking sphere region

brdinates

bd regions

s (3.1.23).

Fion-wise

dentified

here

quality ranking region (3.1.40) that is specified relative to a sphere

3.1.43
region-wise packing

inverse of the process of transformation, resizing, and relocating of packed regions (3.1.35) of a packed picture

(3.1.34) to remap to projected regions (3.1.38) of a projected picture (3.1.37)
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3.1.44

rendering

process of generating audio-visual content for playback from the decoded audio-visual data according to the user's
viewing orientation (3.1.56), if consumed with a head-mounted device, or according to user's desired viewport
(3.1.61), otherwise, as well as optionally the user's viewing position (3.1.57) when sphere-relative overlays (3.1.31)
are displayed with background visual media (3.1.3)

3.1.45
sample

all the da

Note 1 to
that track,
e.g.in the

3.1.46

scheme type

type that

3.1.47
sphere ¢

azimuth

3.1.48
sphere r

region o1} a sphere, specified either by four great circles (3.22) or by two azimuth circles (3.1.2) and two elevatio

circles (3

3.1.49
sub-pict

picture that represents a spatial subset of the original video content, which has been split into spatial subsets befor
video eng¢oding at the content production side

3.1.50
sub-pict

bitstreanp that represefits'a spatial subset of the original video content, which has been split into spatial subset

before vi

3.1.51
sub-pict

[¢)

La associated with a single time or single element in one of the three sample arrays that represent a pictur

entry: When the term sample is used in the context of a track, it refers to all the data associated with a single time ¢f
where a time is either a decoding time or a composition time. When the term sample is used in the congtext of a picturp
phrase "luma sample”, it refers to a single element in one of the three sample arrays that represent thepicture.

parameterizes an encrypted, restricted, or incomplete media track

pordinates

3.1.1) and elevation (3.1.11) that identify a location of a point ofi the unit sphere

pgion

nv S

1.12), or such aregion on the rotated sphere after applying certain amount of yaw, pitch, and roll rotation

jre

[¢)

ire bitstream

72}

Heo encoding’at the content production side

ire track

track that is with spatial relationships to other track(s) and that represents a sub-picture bitstream (3.1.50)

3.1.52

tile sequence

rectangular subset of the original video content
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3.1.53
tilt angle

angle indicating the amount of tilt of a sphere region (3.1.48), measured as the amount of rotation of the sphere
region along the axis originating from the sphere origin passing through the centre point of the sphere region, where
the angle value increases clockwise when looking from the origin towards the positive end of the axis

3.1.54
time-parallel sample

srmple in a track thatis associated with another track, and either has the same decoding time as a particuldr sample
in the other track, or, when a sample with the same decoding time in the other track is not available, the closest
preceding decoding time relative to that of a particular sample in the other track

0

.1.55
rack sample entry type

(=4

hmple entry type of a SampleEntry directly contained in SampleDescriptionBox

(%)

3.1.56
viiewing orientation

(=3

riplet of azimuth (3.1.1), elevation (3.1.11), and tilt angle (3.1.53), characterizing the orientation that|a user is
pnsuming the audio-visual content; in case of image or video, charactérizing the orientation of the viewport (3.1.61)

(@]

3.1.57
viiewing position

position from which video and image content is viewed

ote 1 to entry: In the first edition of this document, the viewing position is the centre of the unit sphere. In Editign 2 of this
ocument, a viewing position within the viewing space (3.1.58) is enabled to view overlays (3.1.31) from different pefrspectives
blative to the background visual media (3.1.3). When the content is rendered with a head-mounted display, head tracking can
e used to locate the viewing position.

o0 o 'z

L

.1.58
ilewing space

<

—t

hree-dimensional space of'viéwing positions (3.1.57) within which rendering (3.1.44) of image and video if enabled
Ind VR experience is valid

QO

3.1.59
iewpoint

nidirectional media (3.1.29) corresponding to one omnidirectional camera

.1.60
viewpoint group

group of viewpoints (3.1.59) that share the same common reference coordinate system (3.1.6)
3.1.61

viewport

region of omnidirectional media (3.1.29) suitable for display and viewing by the user

© ISO/IEC 2021 - All rights reserved 9
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3.1.62
visual media

video, image item or timed text

3.2 Abbreviated terms

2D two-dimensional

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

CMP cubemap projection

DASH MPEG dynamic adaptive streaming over HTTP (specified in ISO/IEC 23009-1]
ERP equirectangular projection

FOV field of view

GPS global positioning system

ID identifier

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

HEVC high efficiency video coding (specified inRec. ITU-T H.265 | ISO/IEC 23008-2)
HMD head-mounted display

HOA higher-order ambisonics

MCTS motion-constrained tile-set

MMT MPEG media transport (specified in ISO/IEC 23008-1)

OMAF omnidirectional media format (specified in ISO/IEC 23090-2)

SRD spatial-relationship description

URN uniform resource name

VR virtual reality

WGS world geodetic system

3.3 Conventions

3.31 Arithmetic operators and mathematical functions
+ addition

- subtraction (as a two-argument operator) or negation (as a unary prefix operator)
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* multiplication, including matrix multiplication
XY exponentiation
Specifies x to the power of y. In other contexts, such notation is used for superscripting not intended for

interpretation as exponentiation.

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

= division in mathematical equations where no truncation or rounding is intended
t &

ol division in mathematical equations where no truncation or rounding is intended
)
)y
‘ol y?
)_J f(l) summation of f( i) with i taking all integer values from x up to and including-y
iFx

b

%y modulus
Remainder of x divided by y, defined only for integers x and y with-x->= 0 andy > 0.

bs(x)={x ; x>=0 )

-x ; x<0

o~y

o~y

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

>

tan(x) trigonometric inverse tangent function, operating on an argument x that is any real number, with an
output value in the range of —+2 to m+2/inclusive, in units of radians

Atan(lj ©ifx >0
X
Atan(lj—i-n ; Ifx<0&&y>=0
X
Atan2(y, x) = Atan(lj—n'  ifx<0&&y<0 (2)
X
T .
-4-E ; fx==0&& y>=0
Q ;  otherwise
2
(os( x) trigonometric cosine function operating on an argument x in units of radians
Hlooer(\x) largest integer less than or equal to x
Round( x) = Sign( x) * Floor( Abs(x) + 0.5) 3
1 ; x>0
Sign(x)=10 ; x==0 4)
-1 ; x<0
Sin(x) trigonometric sine function operating on an argument x in units of radians
Tan(x) trigonometric tangent function operating on an argument x in units of radians

© ISO/IEC 2021 - All rights reserved 11
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3.3.2

Order of operation precedence

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

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

apply:

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

—  Ope

Table 1 dpecifies the precedence of operations from highest to lowest; a higher position in the table indicatés [a

higher prlecedence.

NOTE |

ations-ofthe same brecedence-areevaluated-seauentiallzfrom left toriaht
r 1 J t=]

or those operators that are also used in the C programming language, the order of precedence used-in-this document

is the sam as used in the C programming language.

-

able 1 — Operation precedence from highest (at top of table) to lowest (at bettom of table)

operations (with operands x, y, and z)

x++", "x-

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

XY

"X*y , X/y "X +}/n’ 11311' "X%y"

"x+y","x - y" (as a twozargument operator), " i f(i)"

"X<<y,X>>y"

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

3.3.3

Range notation

X=yL X 4=y X -=y

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

12
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x=y.Z xtakes on integer values starting from y to z, inclusive, with %, y, and z being integer numbers and

z being greater than y.

3.34 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 structures. Variables starting with an upper case letter may be used in the specification for

dependent syntax structures without mentioning the originating syntax structure of the variable. Variable

s starting

with a lower case letter are only used within the subclause In which they are derived.

3.3.5 Processes
rocesses are used to describe the decoding of syntax elements. A process has a separate specification and

fructures are available in the process specification and invoking. A process specification may also hav

o Q W >

a variable that can either be an upper case variable or a lower case variable.
When invoking a process, the assignment of variables is specified as follows:

— If the variables at the invoking and the process specification do net have the same name, the varij
explicitly assigned to lower case input or output variables of the process specification.

—— Otherwise (the variables at the invoking and the progcess specification have the same name), assig
implied.

3.3.6 Conventions for indicating the number-of boxes in tables

—

his subclause specifies conventions used imbox tables (i.e. Table 30, Table 31, Table 32, Table 33,
able 50, Table 51, Table 52, Table 53, Table*54, Table 55, Table B.1, Table B.2, and Table B.3) where thi
Ind the number of boxes with given fourtcharacter codes are specified.

o

Tlhe Format Req. column in the tables specifies the number of boxes that shall be present as follows:
—+ “* specifies that “zero or more” boxes may be present.
—+ “+” specifies that “one’or more” boxes shall be present.

—+ “0/1” specifies that either zero or one boxes shall be present.

—+ “1” spécifies that one and only one box shall be present.

—

1 addition to boxes included in a box table, any other boxes may be present unless specifically disallowed.

invoking.

1l syntax elements and upper case variables that pertain to the current syntax structure and depending syntax

b a lower

hse variable explicitly specified as input. Each process specification has explicitly Specified an output. The output

ables are

nment is

able 34,
e nesting

4 OQOverview

4.1 Organization of this clause

This clause is organized as follows:

— Subclause 4.2 provides the overall architecture for an omnidirectional media application.

© ISO/IEC 2021 - All rights reserved
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— Subclauses 4.3, 4.4, and 4.5 specify how the overall architecture is applied for projected, fisheye, and mesh
omnidirectional video/images, respectively.

— Subclause 4.6 describes applicable streaming methods for video delivery.
— Subclause 4.7 describes which types of referenceable features specified in this document implementations and

external specifications may be used to achieve interoperability. It also defines OMAF media and presentation
profiles.

4.2 Overall architecture

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

N Acqisition Ba >{ Audio encoding E
5 Image Video encoding | £ File/segment | .Fs
' pre-processing D encapsulation e
for encoding Image encoding E ‘
Metadata
i} v
; Delivery ‘_
1Y) L
OMAF player ~§ ;
(2]
Louddpeakers/ | |Aa| 5 - B'a - - &
< Audio rendering H Audio decoding

headphones

Metadata

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

F
A 4

File/segment

Video E'vi Bitstream

ik decoding i rewriting decapsulation )
A i [ Fs
Display }47-—{ Image rendering D’ (3 A
| [ NV oo\ s § Strategy
: Image decoding ; .
7777777777777777777777777777777777777777777777777777777 > Tracking of i

Orientation/viewportmetadata | viewing orientation |Orientation/
viewport metadata

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

The folloWing interfaces)are specified in this document:
— E'3, Hv, E'i: audie/bitstream, video bitstream, coded image(s), respectively; see Clause 10.

— F/F":[media file; see Clause 7. Moreover, media profiles specified in Clause 10 include the specification of th
trackformats for PI/P' which mav contain constraints on the plpmpnfnry streams contained within the cnmp]p

of the tracks.

[¢)

7]

— 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 in this document.

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

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 binauralized for presentation via headphones

For audio, no stitching process is needed, since the captured signals are inherently immersive and omnidifectional.

Thhis document specifies the following types of omnidirectional video and images, which differ in‘the ardhitecture
n the image pre-preprocessing for encoding and in the image rendering processing blocks;

—

— Projected omnidirectional video/images:

— Image pre-processing for encoding: The images (Bi) of the same time instanee are stitched, possibly rotated,
and projected onto a 2D picture coordinates using a mathematically spegified projection format. Optionally,
the resulting projected pictures may be further mapped region-wisé-oiito a packed picture. Either projected
pictures or packed pictures are subject to video or image encoding:

— Image rendering: Either regions of the decoded packed pictures (if region-wise packing has beer] applied)
or the entire projected picture (otherwise) is mapped<onto a rendering mesh suitable for the grojection
format in use.

— Fisheye omnidirectional video/images:

— Image pre-processing for encoding: Circularimages (Bi) captured by fisheye lenses are arranged pnto a 2D
picture, which is then input to video or<image encoding.

— Image rendering: The decoded cir¢ular images are stitched using the signalled fisheye-specific pafameters.

— Mesh omnidirectional video:

— Image pre-processing for encoding: A 3D mesh consisting of mesh elements is generated, where mesh
elements can be either parallelograms or regions of a sphere surface. The images (Bi) of the same time
instance are stitched, possibly rotated, and projected onto the 3D mesh. Mesh elements are magped onto
rectangular regions of one or more 2D pictures, which are input to video encoding,.

— Imagedendering: Rectangular regions of the decoded 2D picture(s) are mapped to the 3D mesh| which is
used\directly as the rendering mesh.

ol

urther.details of the architecture for projected, fisheye, and mesh omnidirectional video/images are prpvided in
ubclauses 4.3, 4.4, and 4.5, respectively.

w0

The pre-processed pictures (D) are encoded as coded images (Ei) or a coded video bitstream (Ev). The captured
audio (Ba) is encoded as an audio bitstream (Ea). The coded images, video or audio are then composed into a media
file for file playback (F) or a sequence of an initialization segment and media segments for streaming (Fs), according
to a particular media container file format. In this document, the media container file format is the ISO Base Media
File Format specified in ISO/IEC 14496-12. The file encapsulator also includes metadata into the file or the segments.

The segments Fs are delivered using a delivery mechanism to a player.
The file that the file encapsulator outputs (F) is identical to the file that the file decapsulator inputs (F'). A file

decapsulator processes the file (F') or the received segments (F's) and extracts the coded bitstreams (E's, E'y, or E'i)
and parses the metadata. Viewport-dependent video may be carried in multiple tracks, which may be merged in the
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bitstream rewriting into a single video bitstream E'v prior to decoding. The audio, video or images are then decoded
into decoded signals (B'a for audio, and D' for images/video). In the image rendering block, the decoded pictures
(D") are projected onto the screen of a head-mounted display or any other display device based on the metadata
parsed from the file. Likewise, decoded audio (B'a) is rendered, e.g. through headphones, according to the current
viewing orientation. The current viewing orientation is determined by the viewing orientation tracking
functionality. When a head-mounted display is in use, the viewing orientation tracking can involve head tracking
and possibly also eye tracking. When sphere-relative overlays are in use, the viewing orientation tracking
functionality can include or be complemented by viewing position tracking and rendering of overlays with
background visual media can take both the viewing position and the viewing orientation into account. Besides being
used by the renderer to render the appropriate part of decoded video and audio signals, the current viewing
orientatipn may also be used by the video and audio decoders for decoding optimization. In viewport-dependent
delivery, [the current viewing orientation is also passed to the strategy module, which determines the video-tracKs
to be rec¢ived based on the viewing orientation.

The procgss described above is applicable to both live and on-demand use cases.

4.3 Projected omnidirectional video/images

4.3.1 General
The architecture specified in subclause 4.2 applies with the following further spécifications.

The images (Bi) of the same time instance are stitched, possibly rotated,.projected, and mapped onto a packed
picture (IP). A description of this process is provided in subclause 4.3.:2:

The packgd pictures (D) are encoded as coded images (Ei) or a coded video bitstream (Ev).

The metddata in the file includes information for the followinig:

— the projection format of the projected picture;

— the alrea of the spherical surface covered by.the packed picture;

— the rptation for converting between the global coordinate axes and the local coordinate axes;
— regidn-wise packing;

— regidn-wise quality ranking;

In the imjage renderingblock, the decoded packed pictures (D') are projected onto the screen of a head-mounted

display dr any other-display device based on the current viewing orientation or viewport and the projectiop,
sphericall coverage; rotation, and region-wise packing metadata parsed from the file.

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

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

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
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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

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

steps.

s - B rotatitrlltcglq%nal Projected Reg;g:ir\:wse Packed Image/video
ource images | (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 stiteched; possibl

 rotated,

and projected to generate a projected picture representing two views, one for each eye. Both'yiews may b¢ mapped

to the same packed picture, as described below in relation to Figure 3, and encoded.by a traditional

2D video

encoder. Alternatively, each view of the projected picture may be mapped to its own packed picture, in which case

the image stitching, projection, and region-wise packing is like described above with Figure 2. A sequence
ictures of either the left view or the right view may be independently coded. Alternatively, packed pictu

bf packed
res of the

left view and the right view may be temporally interleaved in an alternating' manner and encoded a§ a single
itstream, which is indicated to comply with the temporal interleaving«frame packing arrangement. I} another

ternative, multiview coding is used to encode both views into the same bitstream with inter-view predi

he breakdown of the image stitching, rotation, projection, and<région-wise packing processes for ste

= = o

mage data on each unit sphere is further arranged onto atwo-dimensional projected picture (C. for left ¢
ght eye), which covers the entire sphere. Frame packing is applied to pack the left view picture and r
icture onto the same projected picture. Optionally, region-wise packing is then applied to pack the

icture onto a packed picture, and the packed pictare (D) is given as input to image/video encoding. If th

g ST T S

b image/video encoding. The packed picture‘'may cover only a part of the entire sphere.

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

tion.

Ffeoscopic

pntent where both views are mapped onto the same packed.picture is illustrated with Figure 3 and degcribed as
llows. Source images (Bi) are stitched, possibly rotated, and projected onto two unit spheres, one for each eye. The

ye, Cr for
ght view
brojected
e region-

Fise packing is not applied, the packed picture issidentical to the projected picture, and this picture is givef as input

Co
Stitchi Projected c Region-wise D
B ftching; left picture \ ) - i
Source images : rotation (optional), P Frame —> Projected —»| packing Eacked —»| Imagq \{ldeo
- N\egt packing : . picture(s) encoding
and prejection Cr picture (optional)
Projected
right picture
Figure 3 — Stereoscopic image stitching, rotation, projection, and region-wise packing of source images
of a single acquisition time instance
Theimage stitching, rotation, projection, and region-wise packing processes may be carried out multipletimes for
the same source images to create different versions of the same content, e.g. for different sphere rotarions (i.e.

different rotations of local coordinate axes with respect to the global coordinate axes). Similarly, the region-wise

packing process may be performed multiple times from the same projected picture to create more
sequence of packed pictures to be encoded.

4.4 Fisheye omnidirectional video/images

The architecture specified in subclause 4.2 applies with the following further specifications.

© ISO/IEC 2021 - All rights reserved
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A fisheye lens is a lens that achieves extremely wide angles of view and produces a circular image. Circular images
captured by multiple fisheye lenses of a 360 camera typically cover all directions around the centre point of the
camera set or camera device.

The circular images (Bi) captured by fisheye lenses at the same time instance are not stitched, but directly mapped
onto a picture (D) in the fisheye video format, which is specified in Clause 6. Region-wise packing is not allowed for
the fisheye video format.

The fisheye images including non-stitched circular images (D) are encoded as coded images (Ei) or a coded video
bitstream (Ey). The coded images, video or audio are then composed into a media file for file playback (F) or a
sequencq of an initialization segment and media segments for streaming (Fs), according to a particular media
container file format. The file encapsulator also includes fisheye-specific metadata, which assist in renderingthle
decoded pictures, into the file or the segments.

The fishelye-specific metadata in the file includes:

— Lens|distortion correction (LDC) parameters with local variation of FOV,
— Lens|shading compensation (LSC) parameters with RGB gains,

— Displayed field of view information, and

— Camgra extrinsic parameters (physical location).

)

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

4.5 Miesh omnidirectional video

The architecture specified in subclause 4.2 applies with the following further specifications.

[=]

The images (Bi) of the same time instance are stitched, possibly rotated, projected onto a 3D mesh. A picture (D) 4
be encodpd consists of rectangular regions, each mapping to exactly one mesh element of the 3D mesh.

The metddata in the file includes information for the following:
— the rptation for converting bétween the global coordinate axes and the local coordinate axes,
— the 3D mesh, consisting-of mesh elements,

— amapping of rectangular regions to mesh elements.

—

The decofled pictures (D') are mapped onto the 3D mesh used for rendering on a head-mounted display or any othe
display device based on the current viewing orientation or viewport.

4.6 Streaming methods for omnidirectional video

4.6.1 Overview

In viewport-independent streaming, omnidirectional video is represented with the equirectangular projection or
another projection method. The video pictures are encoded as a single-layer bitstream using temporal inter
prediction, the entire coded bitstream is stored at a server, and if needed, typically fully transmitted to the OMAF
player, fully decoded by the decoder, and the area of the decoded picture corresponding to the current viewport is
rendered to the user.
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A distinct feature of omnidirectional video is that only a viewport is displayed at any particular time, while in normal
video applications typically the entire video is displayed. This feature may be utilized to improve the performance
of omnidirectional video systems, through selective delivery depending on the user’s viewport (or any other criteria,
such as recommended viewport timed metadata). Viewport-dependent delivery can be enabled for example by
region-wise packing or viewport-dependent video coding. The performance improvement can be either or both of
lower transmission bandwidth and lower decoding complexity compared to conventional omnidirectional video
systems under the same resolution/quality of the video part presented to the user.

Viewport-dependent delivery can be achieved by either of the following:

—+ Multiple versions of the content, where different versions are optimized for different viewing ori¢ntations.
Examples of this category are provided in Clauses D.2 and D.9.

—+ Splitting the content into tile sequences. Each tile sequence can be encoded at multiple/ resolutipns or at
different quality levels. Viewport-dependent delivery can be achieved by receiving different sets of|available
encoded tile sequences.

The tile-based viewport-dependent streaming can be arranged in one of the following ways:
a) Author-driven binding, which is further categorized into the following twoymethods:

1) Viewport-specific author-driven binding: The content author prepares multiple OMAF base tracks, each
targeted at a particular range of viewing orientations and previding bitstream rewriting instryctions to
merge specific encoded tile sequences. The strategy module selects between available OMAF bdse tracks
as described in further detail in subclause 4.6.2. The bitstfeam rewriting module follows the indtructions
of the selected OMAF base track to create a video bitstream. Examples of this category are prpvided in
Clause D.6 (excluding subclause D.6.6) and ClauseD:8.

2) Free-viewport author-driven binding. The content author prepares one or more OMAF base tfacks. An
OMAF base track is not tailor-made for any-viewing orientation but gives multiple options from yhich the
OMAF player can choose the encoded.tile sequences that are used for extraction. Furthermore, pn OMAF
base track provides bitstream rewrifing instructions to merge any encoded tile sequences selected by the
OMAF player. The strategy module selects an OMAF base track and the encoded tile sequences among the
indicated options. For example; an OMAF base track can enable the player to choose encpded tile
sequences from multiple resolutions and the player can e.g. receive a full set of low-resolution tiles to show
the full representation of the content at a lower quality while retrieving a subset of high-resolytion tiles
that together make up.the viewport. The operation of the strategy module is described in subclause 4.6.3.
The bitstream rewtiting module follows the instructions of the selected OMAF base track to creafe a video
bitstream. Examples of this category are provided in Clause D.4 and subclause D.6.6.

b) Late binding. The'strategy module selects any encoded tile sequences that can be merged to a bitstregm. It will
typically retrieve a full set of low-resolution tiles to show the full representation of the content af a lower
quality while retrieving a subset of high-resolution tiles that together make up the viewport. The tile[selection
strategyycan be tailored according to the current viewport, available bandwidth, the field of view of the head-
mounted display or the hardware decoding capabilities, among other things. The bitstream rewriting module
merges the selected encoded tile sequences into a bitstream. The decoded picture/texture cgntains a
¢ombination of high and low resolution tiles which are then mapped onto a sphere, where the low qufality tiles
are used for those tocations witere o high-resotution titesare being decoded: Further detaitsom ate binding
are provided in subclause 4.6.4.

An ISOBMFF Media Segment as specified in ISO/IEC 23009-1 includes one or more MovieFragmentBoxes and
one or more MediaDataBoxes. Itis allowed to splitan ISOBMFF Media Segment into Subsegments, each containing
one or more MovieFragmentBoxes and one or more MediaDataBoxes. A DASH client either requests entire
Media Segments through their URLs indicated in the MPD or entire Subsegments through their byte ranges
indicated in the Segment IndexBox(es).

The duration of a Segment or a Subsegment can be too long for responding to a viewing orientation change with a
new selection of OMAF tile tracks. To enable fine-grained requests, even down to a single picture interval, and to
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obtain the indexing data conveniently for all OMAF tile tracks, subclause 8.6 specifies the formats for the
Initialization Segment for an OMAF base track, the Tile Index Segment, and the Tile Data Segment. The Initialization
Segment for an OMAF base track contains not only a header for the OMAF base track but also a header for all the
referenced OMAF tile tracks. The Tile Index Segment is an Index Segment as specified in ISO/IEC 23009-1 and
contains MovieFragmentBoxes for the OMAF base track and all the referenced OMAF tile tracks. A Tile Data
Segment contains media data for the respective OMAF tile track.

4.6.2 Tile-based streaming with viewport-specific author-driven binding

When an[SRQR descriptor is present in one or more Main Adaptation Sets, an OMAF player concludes that, the
content has been made available for viewport-specific author-driven binding. An OMAF player chooses aMai

Adaptatign Set that provides a higher quality for the viewport as indicated by the SRQR descriptor. When thebpe arle
many Majin Adaptation Sets suitable for the viewport, the following factors can be used for selecting between the

14

— Codelc and the coding profile and level. These pieces of information are carried in the @codees-MPD attribute.
The decoding capacity of the client device can constrain which Main Adaptation Sets are decodable in real-tim

™

[¢’)

— The festricted video scheme type carried in the @codecs MPD attribute or the projection format carried in th
PF dé¢scriptor, or both.

|

— OMAF video profile. The OMAF video profile for the Main Adaptation Set is eonveyed in the @profiles MP
attribute.

=]

— Relafive picture quality in the viewport area as indicated/ by the SRQR descriptor, whe
sphRegionQuality@quality_ranking_local_flag is equal to 0.

~

— The projected picture resolution from which the content on the viewport originates, as indicated by the SRQ
descriptor. An OMAF player can select such Main Adaptation Set, which provides a suitably high resolution i
relatjon to the resolution of the viewport.

=1

[l

— The gegion covered by the high-quality content, asiindicated by the SRQR descriptor, in relation to the viewpot
size and margins for potential viewing orientation changes.

When a Partial Adaptation Set contains multiple Representations, the following factors can be used for selecting
between them:

[¢)

— Relafiive picture quality amongthe’Representations as indicated by the SRQR descriptors. Alternatively, th
@bamndwidth value or the @qualityRanking value can be used as an indication of the respective qualit
among the Representatiors-n’the same Partial Adaptation Set.

<

— The pitrates for the‘Representations, as indicated with the @bandwidth MPD attribute, in relation to the
estimated throughput.

4.6.3 Tile-based streaming with free-viewport author-driven binding

When an SRAQR dper‘ripfnr isabsentin one ormore Main Ad:\pfnfinn Sets an QMAFE p]:\ypr concludesthatthe contendt
has been made available for free-viewport author-driven binding. When there are many Main Adaptation Sets, the
following factors can be used for selecting between them:

— Codec and the coding profile and level. These pieces of information are carried in the @codecs MPD attribute.
The decoding capacity of the client device can constrain which Main Adaptation Sets are decodable in real-time.

— The restricted video scheme type carried in the @codecs MPD attribute or the projection format carried in the
PF descriptor, or both.

— OMAF video profile. The OMAF video profile for the Main Adaptation Set is conveyed in the @profiles MPD
attribute.
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An OMAF player can select the OMAF tile tracks to be received as follows:

— If the Segment formats specified in subclause 8.6 are in use, an OMAF player can use the following factors to
select a subset of the OMAF tile tracks to be received:

— The TrackBoxes of the OMAF tile tracks among which an OMAF player needs to select are present in the
Initialization Segment of the Representation in the Main Adaptation Set.

— The number of track references from the OMAF base track to OMAF tile tracks or to 'alte’ track groups

Hon H s +la. 1 £ONAT 31 o &+ 1 £looi OMN-AF—al Faik 1 'S
TITUTCatTSUTCTTUTITOCT UT UTVITIT (U TN ACRSUTd T alT OVITIT Pray CT TICCUSTOSTTCCT

— The ContentCoverageBox or the SphereRegionQualityRankingBox can be used 'to [conclude
which sphere region is covered by the OMAF tile track.

— An OMAF player aims at selecting OMAF tile tracks covering the viewport so that they have a highgr quality
than the other selected OMAF tile tracks. The @bandwidth value or the @quaXityRanking value can be
used as an indication of the respective quality among the Representations.in the same Partial Adlaptation
Set and hence to select between collocated OMAF tile tracks. Alternatively or additionally, the quality
ranking metadata in the instances of SphereRegionQualityRankinigBox, when present, can be used.

—+ Otherwise, an OMAF player selects a Representation from each PartiabAdaptation Set. An OMAF play¢r aims at
selecting OMAF tile tracks covering the viewport so that they havea higher quality than the other selected
OMAF tile tracks. When a Partial Adaptation Set contains mulfiple Representations of OMAF tile tracks, the
following factors can be used for selecting between them:

— Relative picture quality among the Representations.asrindicated by the SRQR descriptors. Alternatively, the
@bandwidth value or the @qualityRanking yalue can be used as an indication of the respectiye quality
among the Representations in the same Partial’/Adaptation Set.

— The bitrates for the Representations, asiiidicated with the @bandwidth MPD attribute, in relatjfon to the
estimated throughput.

4.6.4 Tile-based streaming with late binding
4.6.4.1 Strategy

The client determines which tiles to retrieve. It will typically retrieve the full omnidirectional video in a low quality
ind the high-resolution tilés to provide high quality in the viewport. Although the strategy used by an OMAF player
b determine which 'tiles to select at which point in time is up to the implementation, the following fis a non-
kxhaustive list of elements that may be used in this process:

o o v

—+ Current viewport orientation (yaw, pitch, roll)

—+ Cursent zoom level (if any)

—+ ~The decoding capacity of the client-device. On a device with limited decoding capability, the tilelselection
algorithm may decide to limit the number of tiles it will fetch from the highest quality level. Or, alternatively,
decide to skip a certain quality layer completely, and use a only fetch tiles from a medium quality level.

— Random access points for each tile
— Available network bandwidth
— Measured network latency

— The number of quality levels, and the number of tiles in each of those quality levels, along with their respective
tile sizes
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— Individual base tracks can be used to distinguish different quality levels.

A typical operation is to identify the tiles covering the current viewport (and the expected viewport in the next few
hundred milliseconds). Based on the readings of the data generated by the user device, the client conceptually maps
this target viewport onto the projected frame. The high-resolution tiles covering this area on the projected frame
are then selected for retrieval. Upon reception, bitstream rewriting is performed on the retrieved tiles such that the
rewritten bitstream contains the tiles for rendering the viewport, hence providing a partial view of the total
projected frame. The client may, in addition, also decide to merge in the bitstream one or more low resolution tiles
for covering the rest of the of projected frame.

4.6.4.2 | Bitstream rewriting

4.6.4.2.1] General

=)

A player ¢an have many decoders at its disposal, a few, or only one. The most common case in devides at the time
writing this document is that a player has only one decoder, or just a few. To enable operation efdévices that hay
only a single decoder, the bitstreams for the individual tiles need to be merged into a single bitstieam.

[¢)

Depending on device, viewport and network circumstances, it can be possible for a client.deciding to select fewqr
tiles than|are needed to satisfy the resolution the decoder has been initialized with, re§ulting in ‘empty’ tiles. In such
a case, inforder to still create a compliant bitstream, the client will have to fill those'€mpty tiles with valid data. Onle
method fpr doing so is to copy an already added tile as often as needed to make stire all tile ‘slots’ are filled. Anothqr
method if for a client to generate ‘dummy’ tile data.

4.6.4.2.2( HEVC bitstream rewriting
The bitstfeam rewriting process is not specified in this document, with the present subclause giving directions o

how to aghieve such a rewrite for HEVC. Implementers are referfed to Rec. ITU-T H.265 | ISO/IEC 23008-2 for mor
details o how to write a conformant bitstream.

[CHl=]

Generating a conformant video bitstream typically consists of two types of rewriting that need to be carried out:
a) Rewriting parameter sets in the Initialization‘Segment.

b) Rewriting the slice segment header.

ot

Additionglly, it may be required to remoye start code emulation prevention bytes before rewriting the slice segmer
header and insert the start code emulation prevention bytes after rewriting the slice segment header.

4.7 Additional functionalities

In addition to omnidirectional video, images and audio, this document specifies the following additional
functiondlities:

— Mult|pleviewpoints. A viewpoint can be regarded as an omnidirectional camera. Viewpoints can be used e.
for the following purposes:

<

P

— Provide several user-switchable camera positions to view the content. For example, a sports event can be
captured from different positions.

— Express a storyline where the user is given the choice to select which storyline path is followed. Each
temporally contiguous portion in the storyline is represented by a viewpoint.

The storage of viewpoints is specified in subclause 7.12.
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— Overlays. Video, image, or timed text can be indicated to be overlays of the omnidirectional background visual
video or image. Overlays can be indicated to have sphere-relative or viewport-relative positions. The storage of
overlays is specified in subclause 7.14.

The use of the additional functionalities can be indicated using the toolset brands specified in Clause 12.

4.8 Conformance and interoperability

4.8.1 General

—3

his document specifies several referenceable features that implementations and external specification§ may use
b achieve interoperability. These referenceable features include the following:

[

—+ Specification of a coordinate system for omnidirectional media (subclause 5.1), and €quations for a cqnversion
process between sets of coordinate axes of this coordinate system (subclause 5.3):

—+ Omnidirectional projection formats (subclause 5.2).
—+ Media profiles, as defined in subclause 4.8.2. Individual media profiles@re specified in Clause 10.
—+ Presentation profiles, as defined in subclause 4.8.3. Individual presentation profiles are specified in Clause 11.

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

—+ Toolset brands, as defined in subclause 4.8.4. Individital toolset brands are specified in Clause 12.
—+ 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).

—_

owever, the technologies and features specified in this document may be used independently. For example, boxes
pecified in this document mdy be used independently of other OMAF features.

(%)

=z

OTE For implementing a niedia profile, it is suggested to refer to the specification of that media profile in Clause 1P and read
ther parts of this documhént selectively by following the cross-references included in the specification of the media pyrofile.

o

—

his document-specifies code points that implementations and external specifications may use for referring to
bspective OMAF features. The code points are summarized in subclause 4.8.5.

—

4.8.2 Media profiles

48.2.T General
A media profile for timed media is defined as requirements and constraints for a set of one or more ISOBMFF tracks
of a single media type. The conformance of a set of one or more ISOBMFF tracks to a media profile is specified as a

combination of:

— Specification of which sample entry type(s) are allowed, and which constraints and extensions are required in
addition to those imposed by the sample entry type(s).

— Constraints on the samples of the tracks, typically expressed as constraints on the elementary stream contained
within the samples of the tracks.
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A media profile for static media is defined as requirements and constraints for a set of one or more ISOBMFF items
of a single media type. The conformance of a set of one or more ISOBMFF items to a media profile is specified as a
combination of:

— Specification of which item type(s) are allowed, and which constraints and extensions are required in addition
to those imposed by the item type(s).

— Constraints on the content of the items, typically expressed as constraints on the elementary stream contained
within the items.

The elemlentary stream constraints of a media profile may be indicated by a requirement to comply with a certailn
profile arjd level of the media coding specification, possibly including additional constraints and extensions,such gs
arequirement of the presence of certain information for rendering and presentation.

[=}

NOTE  The use of the elementary stream constraints specified for a media profile can be referenced by implementations an
external specifications independently of the ISOBMFF requirements and constraints specified for the media‘profile. Howeve|
the encapsulation and use of a media profile for other encapsulation formats is outside of the scope of this document.

Al

4.8.2.2 |File decoding process and file decoder requirements for video and imfage media profiles

Each vid¢o or image media profile specified in Clause 10 includes a file decoding process such that all file decoder
that confprm to the video or image media profile will produce numerically identi¢al cropped decoded pictures whe
invoking|the file decoding process associated with that video or image media ‘profile for a set of ISOBMFF tracK
conforming to the video media profile or a set of ISOBMFF image items/conforming to the image media profil
respectiviely. A bitstream that conforms to the elementary stream constraints specified for the video or image medi
profile is|reconstructed as an intermediate product of the file decoding process. The output of the file decodin
process donsists of all of the following:

NARZE=E)

|

— alist|of decoded pictures;

— for projected omnidirectional video or image, all ofthe following rendering metadata:
— the projection format of the associated ptrojected pictures,
— the frame packing format of the associated projected pictures (when applicable),
— the region-wise packing informgation (when applicable),
— the rotation information (When applicable);

— for fisheye omnidirectional video or image, fisheye-specific rendering metadata;

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

— 3 3D mesh, consisting of mesh elements,

— mnpping of rpr‘mngnl;\r rpginnc in the decaoded pictures to mesh elements

— the rotation information (when applicable).
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:

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

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

Figure 4 illustrates an example file decoder, its outputs as described above, and its relation to other parts of an
OMAF player implementation.

player claiming conformance to a video or image media profile shall include a file decoder complying with the file
ecoding process of that video or image media profile as specified above. Specifications of a media/prpfile may
include a subclause on expectations of a player operation, for example including recommendatious|for rendering.

I~
C + @©
] o
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OMAF conformance 2 s g 9]
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File decoder
MAF
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o g parser decoder picturé(s) onto sphere viewport presentation
ftem Rendering
metadata

Figure 4 — Conformance points for OMAF video and image media profiles

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

Hach audio profile specified in Clause 10 includes a file decoding process such that all file decoders that cgnform to
the audio profile will produce-an output according to the specification of the file decoding process. For gudio, the
cpnformance 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.

4.8.3 Presentation profiles

A presentation profile is defined as requirements and constraints for an ISOBMFF file containing tracks of items of
y number.of media types. A specification of a presentation profile should refer to the specified media profiles and
ay include additional requirements or constraints. A file conforming to a presentation profile typically|provides

enmnidirectional audio-visual experience.

4.8.4 Toolset brands

A toolset brand facilitates a functionality that is considered additional compared to the basic operation of an OMAF
player. A toolset brand should be specified so that the toolset brand can be used with any media coding format or
media profile. A toolset brand is specified as requirements and constraints for a set of one or more ISOBMFF tracks
and items. A file is indicated to conform to a toolset brand with a Fi 1eTypeBox containing the four-character code
of the toolset brand among compatible brands. The specification of a toolset brand may include requirements
for an OMAF player complying with the toolset brand.
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4.8.5 Summary of referenceable code points
4.8.5.1 Brands

ISO/IEC 14496-12 defines the concept of brands, which may be indicated in a file-specific manner in the
FileTypeBox andin atrack-specific manner in the TrackTypeBox. Brands are used in this document to indicate
conformance to OMAF media profiles, OMAF presentation profiles, OMAF toolset brands, and CMAF Media Profiles
that are defined in this document.

The brands-specified-in this document are listed-in Table 2
Table 2 — Brands specified in this document
Brand identifier | Subclause in Name of the media profile or the presentation profile
this document

hevf 10.1.2 HEVC-based viewport-independent OMAF video profile

hevpd 10.1.3 HEVC-based viewport-dependent OMAF yideo profile

avde 10.1.4 AVC-based viewport-dependent OMAF video profile

uhvf 10.1.5 Unconstrained HEVC-based viewport-independent OMAF video
profile

adtp 10.1.5 Advanced tiling OMAF video profile

Sitf 10.1.6 Simple tiling OMAFvideo profile

oabll 10.2.2 OMAF 3D audio baseline profile

ocaz2pd 10.2.3 OMAF2D audio legacy profile

heofi 10.3.3 OMAF HEVC image profile

jpof 10.3.4 OMAF legacy image profile

ttmfl 10.4.2 OMAF IMSC1 timed text profile

ttwy 10,473 OMAF WebVTT timed text profile

ompp 11.1 OMAF viewport-independent baseline presentation profile

ovdp 11.2 OMAF viewport-dependent baseline presentation profile

ovl 121 Overlay tootset bramd

vwpt 12.2 Viewpoint toolset brand

nlsl 12.3 Non-linear storyline toolset brand

cvid C.11 CMAF Media Profile for the HEVC-based viewport-independent
OMATF video profile

chev C.1.2 CMAF Media Profile for the HEVC-based viewport-dependent
OMATF video profile
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Brand identifier

Subclause in
this document

Name of the media profile or the presentation profile

cuvd C.1.3 CMAF Media Profile for the unconstrained HEVC-based viewport-
independent OMAF video profile
cabl c.21 CMAF Media Profile for OMAF 3D audio baseline profile

4.8.5.2 Uniform resource names
Tlhe URNSs specified in this document are listed in Table 3.
Table 3 — URNs specified in this document
URN Subclause in Description
this document

urn:mpeg:mpegl:omaf:2017 8.2.2 Namespacefor the XML elements and
attributes specified in Edition 1 of thig
dociment

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

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

urn:mpeg:mpegl:omaf:2017:cc 8:34 Scheme identifier for the content coverage
DASH MPD descriptor

urn:mpeg:mpegl:omaf:2017:8&gr 8.3.5 Scheme identifier for the spherical region-
wise quality ranking DASH MPD desctjiptor

urn:mpeg:mpegl:omaf+2017:2dgr 8.3.6 Scheme identifier for the 2D region-wjse
quality ranking DASH MPD descriptor

urn:mpeg:mpegLlromaf:2017: fomv 8.3.7 Scheme identifier for the fisheye
omnidirectional video DASH MPD
descriptor

urn:mpeg:mpegl:omaf:2020 8.5.1 Namespace for the XML elements and
attributes specified in Edition 2 of thig
document

urn:mpeg:mpegl:omaf:2020:assoc | 8.5.2 Scheme identifier for the association
descriptor

urn:mpeg:mpegl:omaf:2020:vwpt 8.5.3 Scheme identifier for the viewpoint
information descriptor

urn:mpeg:mpegl:omaf:2020:0vly 8.5.5 Scheme identifier for the overlay
information descriptor

urn:mpeg:mpegl:omaf:2020:etgb | 8.5.6 Scheme identifier for the entity to group
descriptor
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URN

Subclause in Description
this document

urn:mpeg:mpegl:omaf:dash:
profile:indexed-isobmff:2020

B.1.4.1 DASH profile identifier indicating the use
of the segment formats specified in
subclause 8.5

4.8.5.3 Restricted scheme types

The restr

icted scheme types specified in this document are listed in Table 4.

Table 4 — Restricted scheme types specified in this document

Restricted Subclause in Description

scheme type this document

podv 7.6.1.2 Projected omnidirectional video; an open-ended ré€stricted scheme
type for omnidirectional video based on a projection

erpv 7.6.1.3 Equirectangular projected video; a clos€d restricted scheme type for
omnidirectional video based on the equirectangular projection and
essentially no region-wise packing:

ercm 7.6.1.4 Packed equirectangular or éabemap projected video; a closed
restricted scheme type fo’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

ecov 7.6.1.6 Like.'ercm' but overlay information may additionally be present.

erc2 7.6.1.7 Like 'ercm' but the region-wise packing format of the track
containing the 'erc?2' scheme type is derived from the collection of
the instances of RegionWisePackingBox of the tracks referenced
by the track containing the 'erc2' scheme type.

modv 7+6.1.8 Mesh omnidirectional video; an open-ended restricted scheme type
for omnidirectional video based on a 3D mesh

meov 7.6.1.9 Closed scheme type for mesh omnidirectional video
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4.8.5.4 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 | Subclause in Description
type this document
invo 7.7.4 For use with a timed metadata track containing the initial viewing

orientation timed metadata

rcevp 7.7.5 For use with a timed metadata track containing the recommended
viewport timed metadata without indicating a viewpoint

rvp2 7.7.5 For use with a timed metadata track containing the recommended
viewport timed metadata concerning one ormore indicated
viewpoints

ttsl 7.7.7 For use with a timed metadata track-eontaining the timed text sphere

location timed metadata

stmd 7.11 For use with a timed metadata track containing ERP region metadata

dyvp 7.12.3.1 For use with a timed metadata track indicating the viewpoint
parameters that are'dynamically changing over time

invp 7.12.3.2 For use with a timed metadata track indicating the initial viewpoipt
that shouldbe used
ocpc 7.12.3.3 For use with a timed metadata track indicating information on object

céntre points correspondence between viewpoints

dyol 7.14.6 For use with a timed metadata track indicating overlays that are dctive
only at particular times and dynamically changing overlay paramg¢ters

vIsp 7.15.5 For use with a timed metadata track indicating viewing space

4.8.5.5 Box types

—3

he box typesspecified in this document are listed in Table 6.
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Table 6 — Box types specified in this document and their relation to boxes not specified in this document

Box types, structure and cross-reference.

moov ISOBMFF |container for all the metadata
trak ISOBMFF |container for an individual track or stream
tref ISOBMFF |track reference container
cdtg 7.1.2.1 track reference for describing the referenced
tracks and track groups collectively
shsc 7.1.5 track reference to a shadow sync sample track
trgr [SOBMFF [track grouping indication
2dsr 7.1.4 ispatial relationship 2D description bex
2dss 7.1.4 spatial relationship 2D source box:
Sprg 7.1.4 lsub-picture region box
coif 7.13.3 composition information box
ttyp ISOBMFF |track type box
mdia ISOBMFF |container for the'media information in a track
minf ISOBMFF |media information container

ISOBMFF [sampletable box, container for the time/space
map

stbl

[ISOBMFF*lsample descriptions (codec types, initialization

stsd etc)

- ISOBMFF [sample entry or restricted sample entry

rinf ISOBMFF |restricted scheme info box
schi [SOBMFF |scheme information box
povd 7.6.2 projected omnidirectional video box
prfr [7.6.2 lprojection format box
rwpk 7.6.4 region-wise packing box
rotn [7.6.5 rotation box
covi |7.6.6 coverage information box
ovly |7.14.4 overlay configuration box
fovd 7.6.3 fisheye omnidirectional video box
fovi [7.6.3 fisheye video essential info box
fvsi |7.6.3 fisheye video supplemental info box
movd 7.6.7 imesh omnidirectional video box
mesh |7.6.8 mesh box
rotn [7.6.5 rotation box
- 7.7.2 lsphere region sample entry
rosc 7.7.2 lsphere region configuration box
rcvp 7.7.5 recommended viewport sample entry
rvif 7.7.5 recommended viewport information box

- [SOBMFF |visual sample entry
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Box types, structure and cross-reference.
srqr 7.8.2 lsphere region quality ranking box
2dqr 7.8.3 2D region quality ranking box
ovly 7.14.4 overlay configuration box
vssn 7.15.3 viewing space box
stpp [SOBMFF XML subtitle sample entry
OTCt 7.10.2 OMAF timed text conjiguration box
wvtt 1154(3}/(; g_cg 0 WebVTT sample entry
otcf 7.10.2 OMAF timed text configurationbox
meta [SOBMFF |Metadata
iprp [SOBMFF |item properties bok
ipco ISOBMFF litem property’container box
prir 7.9.3 projection format item property
fovi 7.9.4 essential fisheye image item property
fvsi 7.9.5 supplemental fisheye image item propert]
rwpk 7.9.6 region-wise packing item property
rotn 7.9:7 rotation item property
covi 7.9.8 coverage information item property
frame packing item property
tvi 7 9.2 b(l)\IXOTE FramePackingProperty has the same
type and syntax as StereoVideoBox
specified in ISO/IEC 14496-12.
iivo 7.9.9 initial viewing orientation item property
ovly 7.14.5 overlay item property
lvssn 7.15.4 viewing space item property
meof 7.1.6 media offset box
4.8.5.6 Trackgrouping types
The track greuping types specified in this document are listed in Table 7.
Table 7 — Track grouping types specified in this document
Track grouping type | Subclause in this Track grouping name
document
2dsr 7.1.4.2 Two dimensional spatial relationship track grouping

4.8.5.7 Entity grouping types

The entity grouping types specified in this document are listed in Table 8.
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Table 8 — Entity grouping types specified in this document

Entity grouping type | Subclause in this Entity grouping name
document

vipo 7.12.2 Viewpoint entity grouping

oval 7.14.7.1 Grouping of overlays that are alternatives for
switching

ovbg 7.14.7.2 Grouping of overlays and background visual media
that are intended to be presented together

4.8.5.8 | Sample grouping types

The sample grouping types specified in this document are listed in Table 9.

Table 9 — Sample grouping types specified in this document

Sampl|e grouping Subclause in this Sample grouping name
type document
2dsr 7.1.4.3 Two dimensional spatial relationship sample
grouping
tmsh 7.16.2 Tile m€sh sample grouping
5 Onnidirectional video projection-and region-wise packing

5.1 Coordinate system

The coor
(lateral, g

The locat

Figure 5
axes.

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

ion of a point on the.sphere is identified by a pair of sphere coordinates azimuth (¢) and elevation (6).

bpecifies the relation of the sphere coordinates azimuth (¢) and elevation (8) to the X, Y, and Z coordinate

=<
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Figure 5 — Coordinate axes and their relation to the sphere coordinates

NOTE The specified coordinate system is the same as in ISO/IEC 23008-3.

—

he value ranges of azimuth is -180.0, inclusive, to 180.0, exclusive, degrees. The value range of elevation is -90.0
b 90.0, inclusive, degrees.

—+

3.2 Omnidirectional projection formats

52.1 General

W

ubclause 5.2 specifies the inversg of the projection process for remapping of one sample location of a mg

projected luma picture onto a-position on the unit sphere identified by a pair of azimuth and elevation coq

noscopic
rdinates.

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

Tlable 10 specifies the omnidirectional projection format identifier values and provides references to the siibclauses
n which the respective inverse projection processes are specified.

—

Table 10 — Omnidirectional projection formats

Identifier Omnidirectional Subclause
value projection

0 Equirectangular projection | 5.2.2

1 Cubemap projection 5.2.3

2.31 Reserved N/A
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5.2.2 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 projected picture sample units, and

— 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 (¢, 6) for the sample location in degrees relative to the coordinate axes specified i
subclause 5.1.

=

The sphefe coordinates (¢, 8) for the luma sample location, in degrees, are given by the following\equations:

¢ =(0.5 - hPos + pictureWidth ) * 360 (5
0 =(]0.5 - vPos + pictureHeight ) * 180

Figure 6 fllustrates the azimuth and elevation ranges of a monoscopic projected picture with the equirectangulg
projectiop.

=

180° |-----rsemomeecpoene @ ooo- ~180°

Figure 6 — Azimuth and elevationranges of the monoscopic projected picture of the
equirectangular projection

NOTE 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, the dutput ¢ is never equal to -180°0t1 180° and the output 6 is never equal to —=90° or 90°.

NOTE 2 The monoscopic projected picture represents the inside surface of the unit sphere observed from the origin of th
coordinat¢ system. Thus, the azimuth decreases from left to right.

@

5.2.3 Cubemap projection for one sample location

Inputs to|this progess are:

[<Y)

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

— 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.
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Figure 7 illustrates the cube face arrangement in the projected picture of the cubemap projection format and the
mapping of the cube faces onto the coordinate axes specified in subclause 5.1, where PX, NX, PY, NY, PZ, and NZ

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

O ® | NY Right
PY Left PX Front | @

O O

S

Z

g “| =

= w N

g | =3

g o 213

v

Figure 7— Relation of the cube face arrangement of the projected picture to the sphere coordi

Tlhe=¢talues of pirh]rpWidfh and pirh]rpl—lpighf shall be such that pirh]rpWidth isa mn]riplp of 3 picture

multiple of 2, and pictureWidth / 3 is equal to pictureHeight / 2.

hates

eightis a

The sphere coordinates (¢, 8) for the luma sample location, in degrees, are given by the following equations:

lw = pictureWidth / 3

lh = pictureHeight / 2

tmpHorVal = hPos - Floor( hPos + 1w ) * 1w
tmpVerVal = vPos - Floor( vPos + 1h ) *1h
hPos’ = -( 2 *tmpHorVal +lw) + 1

vPos' = -(2 *tmpVerVal +1h)+1

w = Floor( hPos + 1w )

© ISO/IEC 2021 - All rights reserved
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h = Floor( vPos + lh)
ifftw==1 && h == 0){// positive x front face

x=1.0
y = hPos’
z = vPos’
telseif(w == 1 && h == 1){// negative x back face
x=-1.0
y = -vPos'
z = -hPos’
telseif(w == 2 && h == 1) {// positive z top face (6
x = -hPos’
y = -vPos’
z=1.0
}elseif(w == 0 && h == 1){// negative z bottom face
x = hPos’
y = -vPos'
z=-1.0
telseif(w == 0 && h == 0) {// positive y left face
x = -hPos’
y=1.0
z =vPos’
telse{//(w == 2 && h == 0), negative y right face
x = hPos’
y=-1.0
z =vPos’

i
$ =Atan2(y,x)*180+m

0 =Asin(z + /X2 +y2 + ZZ) *180 + 1

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

Inputs to|this process are:

¢

— rotption yaw (ad), rotation ‘gitch (Bd), rotation roll (ya), all in units of degrees, wher
rotption yaw (ad) and rotatfion roll (yd), are in the range of ~180.0, inclusive, to 180.0, exclusive, and
rotption pitch (Ba) isin therange of -90.0 to 90.0, inclusive, and

— sphdre coordinates (¢4, 8d4)-relative to the local coordinate axes.

Outputs ¢f this process’are:

— sphdre coordinates (¢, 8) in degrees relative to the global coordinate axes.
This progess specifies rotations around the three axes of the coordinate system of subclause 5.1, where yaw (o4)
expresses a-rotation around the 7 axis, pitch (4) rotates around the Y axis, and roll (yd) rotates around the X axis.

Rotations are extrinsic, i.e. around X, Y, and Z fixed reference axes. The angles increase clockwise when looking from
the origin towards the positive end of an axis, as illustrated in Figure 8.
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5.4.1

X Rol

Figure 8 — Illustration of the directions of the yaw, pitch, and roll retations

The outputs are derived as follows:

d=c¢a*m+180
0=04*m=+180
a=oad*m+ 180
B=Ba*m=+180
y=ya*m+180

x1=Cos(¢ ) *Cos(0)

y1=Sin(¢ ) *Cos(0)

z1=Sin(0)

x2=Cos(B)*Cos(a)*xi-Cos(B)*Sin(a)*y1+Sin(f)*z1

y2=(Cos(y) *Sin( g+ Sin(y) *Sin(B) *Cos(a)) *x1 +
(Cos(y)*Cos(a)-Sin(y)*Sin(B)*Sin(a)) *y1 -
Sin(yJ¥ Cos(B) *z1

z2 = (Sin( y)*Sin(a) - Cos(y) *Sin(B) *Cos(a)) *x1 +
(Sin(y) *Cos(a) + Cos(y) *Sin(B) *Sin(a) ) *y1 +
Cos(y)*Cos(B)*z1

d=\Atan2(yz, x2) *180 + 1t

8°='Asin(z2) * 180 + it

Vhen any of the yaw (o), pitch (B4) and roll (y4) rotation angles is not equal to zero, an OMAF player needs to apply
he sphere rotation process specified in this subclause to convert the local coordinate axes to the global cpordinate
aes.

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

()

5-4—Region-wise-packingformats
: formats

General

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

The inverse region-wise packing processes specified in this document are identified by a 4-bit unsigned integer
value. Table 11 specifies the region-wise packing format identifier values and provides references to the subclauses
in which the respective inverse processes are specified.

© ISO/IEC 2021 - All rights reserved

37


https://standardsiso.com/api/?name=670106e0de62d8367d80fbb25d204661

ISO/IEC 23090-2:2021(E)

5.4.2

This subq

location in a packed region onto a luma sample location of the corresponding projected region.

Inputs to

— sam
the {

— the
sam

— theV
sam

— tran

— offsq
and

NOTE ¢
sample un

Outputs

— the
relat

The outp

Table 11 — Region-wise packing formats

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

Lonversion ol one sample location 1or rectangular region-wise packing

lause specifies the inverse of the rectangular region-wise packing process for remapping of a luma'sampl

[¢)

this process are:

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

vidth and the height (projRegWidth, projRegHeight) of the projected regien,.in relative projected pictur
ble units,

[¢’)

vidth and the height (packedRegWidth, packedRegHeight) of the packed region, in relative packed pictur
ble units,

[¢)

sform type (transformType), and

t values for the sampling position (offsetX, offsetY) in'the range of 0, inclusive, to 1, exclusive, in horizontal
yertical relative packed picture sample units, respettively.

¢

ffsetX and offsetY both equal to 0.5 indicate a sampling position that is in the centre point of a sample in packed pictuy
its.

f this process are:

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

Lits are derived as follows"

if( transformType,='= 0 || transformType == 1 || transformType == 2 || transformType == 3)
horRatio&*projRegWidth + packedRegWidth
verRatig’= projRegHeight + packedRegHeight
} else if (transformType == 4 || transformType == 5 || transformType == 6 ||
tiansformType == 7){
horRatio = projRegWidth + packedRegHeight

verRatio = proiRegHeight = nackedRegWidth
r 7 [=) (=) I [=]

38

}
if( transformType == 0){
hPos = horRatio * ( x + offsetX)
vPos = verRatio * (y + offsetY )
} else if ( transformType == 1) {
hPos = horRatio * ( packedRegWidth - x - offsetX) (8)
vPos = verRatio * (y + offsetY )
} else if ( transformType == 2){
hPos = horRatio * ( packedRegWidth - x - offsetX)
vPos = verRatio * ( packedRegHeight - y - offsetY )
} else if ( transformType == 3) {
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hPos = horRatio * ( x + offsetX)

vPos = verRatio * ( packedRegHeight - y - offsetY )
} else if ( transformType == 4){

hPos = horRatio * (y + offsetY )

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

hPos = horRatio * (y + offsetY )

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

hPos = horRatio * ( packedRegHeight — v — offsetY )

vPos = verRatio * ( packedRegWidth - x - offsetX)
} else if ( transformType == 7) {

hPos = horRatio * ( packedRegHeight — y - offsetY )

vPos = verRatio * ( x+ offsetX )

6 Fisheye omnidirectional video

(@1

.1 General

Vithout the projection and region-wise packing processes specifiedyin Clause 5, multiple circular images

MAF player, the decoded fisheye omnidirectional video maybe stitched and rendered according to
intended viewport using the signalled fisheye video parameters, including:

- 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.

Hssential fisheye video parameters for enabling stitching and rendering at the OMAF player are sp
FisheyeVideoEssentiallInfoStruct () insubclause 6.2. For high quality rendering and efficient d
f
H

sheye video, supplemental fisheye video parameters are specifie
isheyeVideoSupplémentalInfoStruct () in subclause 6.3.

6.2 TheFisheyeVideoEssentialInfoStruct () syntax structure

q.2.1 Syntax

captured

V
by fisheye cameras may be directly projected onto a picture, which consists of fisheye omnidirectional ViJLeo. In an
d

e user’s

bcified in
elivery of
d in

aligned(8) class FisheyeVideoEssentialInfoStruct () {
unsigned int (3) view _dimension idc;
bit (21) reserved = 0;
unsigned int(8) num circular images;
for (i=0; i< num circular images; i++) {
unsigned int (32) circular image centre x;

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

© ISO/IEC 2021 - All rights reserved
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unsigned int(32) circular image radius;
unsigned int (32) scene_ radius;

signed int (32) camera centre azimuth;
signed int (32) camera centre elevation;
signed int (32) camera centre tilt;
unsigned int(32) camera centre offset x;
unsigned int (32) camera centre offset y;
unsigned int (32) camera centre offset z;
unsigned int(32) field of view;

bit (16) reserved = 0;

6.2.2

40

viey
i
]
i

unsigned 1Nt (l6) num polynomial Coeiis,
for (j=0; j< num polynomial coeffs; j++)
signed int (32) polynomial coeff;

Semantics

w

i dimension idc indicates that the syntax element values of th
'isheyeVideoEssentialInfoStruct () syntax structure have been~constrained as specified i
[able 12. The indicated constraints shall be obeyed in the syhataXx element values of th
'isheyeVideoEssentialInfoStruct () syntax structure.

=]

Table 12 — Constraints implied by view_dimension_idc

view_dimension_idc | Constraints

0 num_circular images isequal to 2.
The values of camera centre azimuth
camera centre(elevation, camera centre tilt,

camera centke offset x, camera centre offset y, and
camera céhtre offset z are such that the circular images have
aligned optical axes and face opposite directions.

The'sumof field of view valuesis greater than or equal to 360 * 216,

1 num circular images isequal to 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 are such that the circular images have
parallel optical axes that are orthogonal to the line intersecting the camera
centre points.

The camera corresponding to i equal to 0 is the left view.
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view_dimension_idc | Constraints

camera centre offset z are such that the circular images h

2 num_circular images isequalto 2.
The values of camera_ centre azimuth,
camera_ centre elevation, camera_centre tilft,

camera centre offset x, camera centre offset y, and

ave

parallel optical axes that are orthogonal to the line intersecting the camera
centre points.
The camera corresponding to 1 equal to 0 is the right view.
3 to 6, inclusive Reserved.
7 No additional constraints are implied for the syntax elément values within
this FisheyeVideoEssentialInfoStruct(())syntax structure.
num circular images specifies the number of circular images inthe'cropped output picture of egch coded
picture this structure applies to. Typically, the value is equakto 2, but other non-zero valueq are also
possible.
circular image centre x is afixed-point 16.16 value that specifies the horizontal coordinatg, in luma
samples, of the centre of the circular image in each«coded picture this structure applies to, relatjve to the
top-left corner of the coded picture.
circular image centre y is a fixed-point 16.16 value that specifies the vertical coordinatg, in luma
samples, of the centre of the circular image in each coded picture this structure applies to, relatjve 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 san

circular image radius is a fixed-point 16.16 value that specifies the radius, in luma sampl
circular image that’ is defined as a length from the centre of the circular image spe
circular_image: centre_x and circular_image_centre_y to the outermost pixel boundary of the circu

that corresponds to the maximum field of view of the fisheye lens, specified by field of view.

The attive area of a circular image is defined by the intersection of the rectangular region, sp¢
rect{ region top, rect region left, rect region width, and rect region hei
the“circular image specified by circular image centre x, circular image centr
Circular image radius.

ples.

es, of the
cified by
ar image,

cified by
ght, and
ey, and

The active area of each circular image shall contain at {east one sampie [ocation. 1here shall i
sample location that is within more than one active area.

scene radius is a fixed-point 16.16 value that specifies the radius, in luma samples, of a circul

t be any

ar region

within the active area of the circular image, where the obstruction, such as the camera body, is not included
in the region specified by circular_region_centre_x, circular_region_centre_y, and scene_radius. The

enclosed area is the suggested area for stitching as recommended by the content provider.
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camera centre azimuth and camera centre elevation

indicate the spherical coordinates that

correspond to the centre of the circular image. camera centre azimuth shall be in the range of
-180 * 216 to 180 * 216 - 1, inclusive. camera centre elevation shall be in the range of -90 * 216 to

90 * 216, inclusive.

camera_ centre tilt shall beinthe range of -180 * 216 to 180 * 216 - 1, inclusive.

camera_ centre tilt indicates the tilt angle of the sphere region that corresponds to the circular image.

camera centre offset x, camera centre offset y and camera centre offset z are

—_

1 . P 4 1 1 PR T 1 NINIIZ_ CC 1 . 1 £l £ 1 el £l
ACU-PUIIL 10.10 VdIUCS Uldl ITIUICALE UIC ATZ OIISTU VAIUCS, TIT HIHIITICLIES, O UIC 1004 CEIILE O UIC TISTIC

e

camera

fiel

num

i

damera lens corresponding to the circular image, from the focal centre origin of the overall fisheye camera
donfiguration as illustrated in Figure 9.

ffo the circular image, in degrees. A‘typical value for a hemispherical fisheye lens is 180.0 degrees.

[polynomial coeffs and polynomial coeff arelensdistortion parameters that define the cury

- J X
Figure 9 - Illustration of camera_centre_offset'x (Ox), camera_centre_offset_y (Oy) and

_centre_offset_z (0) of the focal centre (C.-0r'Cr) of the fisheye camera lens (L or R, respectively)
relative to the focal centre origin of.the overall fisheye camera configuration (Cw)

ld of viewis afixed-point 16.16 walue that specifies the field of view of the fisheye lens corresponding

ﬂ:.nction that maps the normalized distance (r) of a luma sample (xp) from the centre of the circular imag
0

the angle (8) of a sphere coordinate from the normal vector of a nominal imaging plane that passe
rough the centre ofithe sphere coordinate system for the active area of the circular image, where the angl
5 in units of radians,/as shown in Figure 10.

® »vn ® @

Figure 10 — Illustration of the relation between the normalized distance (r) and the angular value (0)

42

of distortion function
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num polynomial coeffs isan integer that specifies the number of polynomial coefficients for the circular
image. This is the maximum order of the polynomial plus 1. The value of num_polynomial coeffs shall
be in the range of 0 to 8, inclusive. Values of num polynomial coeffs greater than 8 are reserved.

The instances of polynomial polynomial coeff are fixed-point 8.24 polynomial coefficient values that

describes the curve function using the following polynomial equation:

_ N;i-1 j
6=3itp e r

9)

6.3 The FisheyeVideoSupplementalInfoStruct () syntax structure

4q.3.1 Syntax

Q

unsigned int(8) num circular images;
bit (19) reserved = 0;

unsigned int(l) entrance pupil flag;
unsigned int (1) flip info flag;
unsigned int(l) camera intrinsic flag;
unsigned int (1) local fov flag;
unsigned int (1) deadzone flag;

for (i=0; i<num circular images; i++)s {
if (container box version > 0) {
unsigned int (4) lens projec¢tion type;
bit (4) reserved = 0;
}
if (entrance pupil flag == ) |
unsigned int (16) num-ep coeffs;
for (j=0; j<num _epicoeffs; j++)
signed int (32) ep coeff;
}
if (flip info fiag == 1) {
bit (30) neserved = 0;
unsignedy int (2) image flip;
}
if (cam@xa intrinsic flag == 1) {
ufisigned int(32) image scale axis_ angle;
ynsigned 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; j<num polynomial coefs lsc; J++) {
Q-igngri int (32) pm'\inmmi:'l coef k lsc ¢

where p; and N; are represented by polynomial coeff and num polynomial coeffs, resped

ligned(8) class FisheyeVideoSupplementalInfoStruct (contadner box version)

tively.

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;
for (j=0; j<num angle for displaying fov; j++) {
unsigned int(32) displayed fov;
unsigned int (32) overlapped fov;

© ISO/IEC 2021 - All rights reserved
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6.3.2

44

num
i[icture this structure applies to. Typically, the.value is equal to 2, but other non-zero values are als|

ent

flip info flag equal to~1.specifies that image flipping region information is present.

camgra intrinsic(flrag equal to 1 specifies that image scale and lens shading compensation camerja
intrinsic parameéters are present. camera_intrinsic_flag equal to 0 specifies that image scale an
lens shadingcompensation camera intrinsic parameters are not present.

loc

dea

len

¢ntrance pupil flag equal to 0 specifies that the entrance pupil coefficients are not present. Whe

gqual to 0 specifies that the local field of view parameters are not present.

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)
Ior (ang=start_angle; ang<= end angle; angf=angle delta)
unsigned int (32) local fov_weight;

}

(deadzone flag == 1) {
bit (24) reserved = 0;
unsigned int (8) num deadzones;
for (Jj=0; j<num deadzones; j++) {
unsigned int (16) deadzone left horizontal offset;

unsigned int (16) deadzone top vertical offset;
unsigned int (16) deadzone width;
unsigned int (16) deadzone height;

Semantics

[o]

[circular images specifies the number of circular images in the cropped output picture of each code

[=]

ossible.

fance pupil flag equal to 1 ¢specifies the entrance pupil coefficients are presenf.

=i

ontainer box versionisequalto0,entrance pupil flag shall be equalto 0.

flip info flag equalto0 specifies that image flipping information is not present.

o

al fovwFflagequalto 1 specifies that the local field of view parameters are present. Local fov_ flap

zone_ flag equal to I specifies that deadone related parameters are present. deadzone flag equal

to 0 specifies that deadzone parameters are not present.

s_projection type indicates the type of lens projection model corresponding to the circular image.
lens projection type equal to 0 indicates the equidistant projection model.
lens projection type equal to 1 indicates the perspective projection model.
lens projection type equal to 2 indicates the stereographic projection model.
lens projection type equal to 3  indicates the sine-law  projection  model.
lens projection type equal to 4 indicates the equi-solid angle projection model. Values for
lens projection type intherange of 5 to 15, inclusive, are reserved.
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num_ep coeffs specifies the number of entrance pupil coefficients for the circular image. The value of
num_ep coeffs shallbeequalto3,5,7, or9,and other values of num ep coeffs are reserved.

The instances of ep coeff are entrance pupil distortion parameters that define the curve function that
corrects the incidence ray of any object which points to the optical center Cw as shown in Figure 11. These
entrance pupil distortion parameters are used to correct the camera_centre_offset_z (0;) to its real optical
center (Cw) in the external camera coordinates.

Oy

v

’O‘ S .CR

Figure 11 — Illustration of the entrance pupil rectification on the Z-axis

The instances of ep_coeff are fixed-point 8.24 polynomial coefficient values q;. For the first given
ep_coeff thevalue ofjisequal to 3,and;jis incremented by 1 for each subsequent instance of eg coeff.
The values of q; specify the entrance pupil equatiota:

EP(0) = Y tq « 1/ (10)

j=3
where M; is represented by num ep coeffs + 3.

When instances of ep _coeff areipresent, the angle (6) of a sphere coordinate from the normalfvector of
anominal imaging plane that-passes through the centre of the sphere coordinate system for the a¢tive area
of the circular image, where-the angle is in units of radians, is specified using the following pqlynomial
equation:

0= ¥ \pfx v/ + EP(B) (11)

where p; and\V; are represented by polynomial coeffandnum polynomial_coeffs,respectively,
and r is the ormalized distance of a luma sample (x,) from the centre of the circular image.

image~flip specifies whether and how the image has been flipped and thus a reverse flipping ¢peration
needs to be applied. The value 0 indicates that the image has not been flipped. The value 1 indi¢ates 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 0 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:

Ll=18 A0 +[c] (12)
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The

equation relates the actual pixel coordinates (u,v) to the ideal image coordinates (uy,vy). ¢x and c,,

represent image centre x, image centre y respectively. c, d, and e represent image scale x,

image scale axis angle,and image scale_ y respectively.

num polynomial coefs lsc specifies the number of polynomial coefficients of the lens shading

The

Figure

num |

displayéd-fov specifies the field of view of the part of the circular image that is recommended to be used
fordisplaying without blending that involves adjacent circular images.

ove

The

46

I
lespectively, and r is the corresponding radius from the image centre after normalization by th
]

input fisheye video picture and the output after applying lens)shading compensation.

4nd increase ‘clockwise.

compensation (LSC) parameters for the circular image.

polynomial coef k lsc r, polynomial coef k lsc g, and polynomial coef k 1lsc b
are 8.24 fixed-point values that specify the LSC parameters to compensate the shading artifact of the fisheye

riginal color is approximated as a curve function using the following polynomial equations where ris thie
ormalized radius as specified in subclause 6.2.2:

entrance pupil flagisequalto 0,the compensating weight (w) is specified as follows:

w= ZiLipig xrt? (13
therwise, the compensating weight (w) is specified as follows:
w= YN, pig #ri7t + EP(6) (14

weighing factors for red, green, and blue may be calculated separately whenp is represented by
olynomial coef k lsc r, polynomial coef k lsc g,and polynomial coef k 1lsc b}

@

full radius. Nisrepresented by num polynomial cqefs lsc.Figure 12 shows an example of an

12 — Example of a pair of output images (on the right) resulting from lens shading compensation|
from a-pair of circular input images (on the left)

[oW)

[angle for displaying fov specifies the number of angles that define the displayed an
verlapped regions-According to the value of num angle for displaying fov, multiple values
isplayed €6v" and overlapped fov are defined with equal intervals, which start at 12 o'clog

o

rlapped fov specifies the field of view of the part of the circular image that may be overlapped 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.

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

NOTE Thevalueof 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 isequal to 2 and two lenses are symmetrically located, the value
of displayed fov and overlapped fov can be set as 180 and 190 respectively, by default. However, the value
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can 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 can 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.

FOV =190°
FOV =170°

e
-
-

~
e
o

-
T

T

L
LT

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

num_local fov_ region specifies the number oflocal fitting regions that have different fields of yiew.

start_radius (rs), end~padius (re), start angle (as),and end angle (ac) specify the region for local
fitting/warping td_change the actual field of view for displaying locally. start radifis and
end radius (aye fixed-point 16.16 values that specify the minimum and maximum radiug values.
start anglé€and end angle specify the minimum and maximum angle values that start at 12 o’clock
and increaséclockwise, in units of 2-16 degrees. start _angle and end_angle shall be in th¢ range of
-180 ¥211t0 180 * 216 - 1, inclusive. Figure 15 illustrates an example of local FOV parameters.

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

angle delta (adq) specifies the delta angle value, in units of 2-1¢ degrees, for representing a different field of
view for each angle.

local fov weight (W) is a 8.24 fixed point value which specifies the weighting value for the field of view
of the position specified by start radius,end radius, start angle,end angle, the angle index
iand the radius indexj. The positive value of local fov weight specifies the expansion of field of view,
while the negative value specifies the contraction of field of view. Figure 16 shows an example result of
applying local FOV parameters with a set of weighting values.
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Figure 15 — Illustration of parameters regarding local FOV

Ellipse where FOV=90
___ Ellipsewhere FOV=90
-1 aftemMocal FOV is applied

Ellipse where FOV:60/‘" -
befdre local FOV is a}’bliedﬁ,r’ :

Figure 16 — Example of local FOV with as, a., and'as equal to 45°, 135°, and 45°, respectively, and

num |

dea

| deadzones is an integer that spécifies the number of dead zones in each coded picture this structure

dzone left horizontal offset,

Il
'

. Ellipse‘where FOV=60
“after local FOV is applied

"\\\ s __‘_',' 4 n,: 10 “\\\‘_

I's, I'e, and rq equal to.0.5, 1.0, and 0.5, respectively

pplies to.

deadzone top vertical offset, deadzone width]
and deadzone height” are integer values that specify the position and size of the deadzonje
rectangular area in¢which the pixels are not usable. deadzone left horizontal offset and
deadzone top (vertical offset specify the horizontal and vertical coordinates, respectively, in
luma samples, ©f the upper left corner of the deadzone in the coded picture. deadzone width and
deadzonech€ight specify the width and height, respectively, in luma samples, of the deadzone. Tp
save bitsfoy representing the video, all pixels within a deadzone should be set to the same pixel value, e.g.

all black:

7 Omnidirectional media storage and metadata signalling in the ISOBMFF

7.1 Generic extensions to the ISOBMFF

NOTE

Content found in ISO/IEC 23090-2:2019, subclauses 7.1.1,7.1.2,7.1.3,7.1.4,7.1.5.1,7.1.6,7.1.7, 7.1.8 and 7.1.9 (the first

edition of this document) has been integrated into ISO/IEC 14496-12 and subclause 7.1 has been renumbered.

48

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=670106e0de62d8367d80fbb25d204661

ISO/IEC 23090-2:2021(E)

7.1.1 Indication of a track not intended to be presented alone

Bit 4 of the f1ags (with bit 0 being the least significant bit) of the TrackHeaderBox is used to indicate whether
a track is not intended to be presented alone, e.g. due to that the track represents only a small portion of a videos

scene. The semantics of the flag is specified as follows:

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

without-othartracke
Ot etFaeKsS:

vV ItIrrotre

The use of the track not intended for presentation alone flagis deprecated.

7.1.2 Association of timed metadata tracks with media tracks or track groups

7.1.2.1 Association with media tracks by the 'cdtg' track reference

A timed metadata track containing a 'cdtg' track reference describes the referenced media tracks
roups collectively. The 'cdtg' track reference shall only be present in timed'metadata tracks.

a9

NOTE A timed metadata track containing 'cdsc' track reference to a track, group_id value describes each t
track group individually.

metadata track describes the composition picture.

7.1.3 Clarifications on the stereo video box

—

his document uses StereoVideoBox as specified in ISO/IEC 14496-12 with the following 3
pecifications:

(%)

— When the value of stereo indication type indicates the temporal interleaving frame
arrangement, each sync sample and each SAP sample with SAP_type in the range of 1 to 3, inclusive,

by samples representing constituent pictures 1 and 0 in an alternating manner up to but excluding

sync sample or SAP samiplé with SAP type in the range of 1 to 3, inclusive, indicated by the stred
point sample group

71.4 Genericsub-picture track grouping extensions

7.1.4.1 Updated semantics of track_group_type

The semantics of track group type ofthe TrackReferenceBox is changed from

nd track

rack in the

When a timed metadata track contains a 'cdtg' track reference to a track group of type '2dsr’', the timed

dditional

packing
indicated

by the stream access point sample group represent constituent picture 0 followed, in composition tifne order,

the next
m access

TTack _group_ type Indicates the grouping type and shall be Set to one of the following values,
registered, or a value from a derived specification or registration:

'msrc' indicates that this track belongs to a multi-source presentation. Specified in 8.3.4.4.1.

ravalue

'ster' indicates that this track is either the left or right view of a stereo pair suitable for playback on a

stereoscopic display. Specified in 8.3.4.4.2.

The pair of track group idand track group_ type identifies a track group within the file. T

he tracks

that contain a particular TrackGroupTypeBox having the same value of track group id and

track group_type belong to the same track group.
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to

7.1.4.2 | Two dimensional spatial relationship
7.1.4.2.1] Definition

A SpatifalRelationship2DDescriptionBox TrackGroupTypeBox<dndicates that this track belongs to
group of|tracks with 2D spatial relationships (e.g. corresponding to plamar spatial parts of a video source).

Spatial]Relationship2DDescriptionBox TrackGroupTypeBox with a given track group i
implicitly defines a coordinate system with an arbitrary origin (0,0)’and a maximum size defined by total widt
and total height;the x-axis is oriented from left to right and-the y-axis from top to bottom. The tracks that hay
the same|value of source id withina SpatialRelationship2DDescriptionBox TrackGroupTypeBo
are mappled as being originated from the same source and their associated coordinate systems share the same origi
(0,0) and|the orientation of their axes. For example, a veryt high resolution video can have been split into sub-pictuy
tracks. Eqch sub-picture track then conveys its positién and sizes in the source video.

Tracks in the same track group shall declare the-Same source id, total width, and total height. Trad
groups With different track group id values and the same source id represent the same source contenf,
possibly at different resolutions (i.e. withidifferent values of total widthortotal height).

NOTE A source can be represented by different such track groups (for instance when the same source is available at differemt
resolutions). Each of these track groups is identified by its own identifier track group_id. Since all of these track group
originate from the same source, they share the same source id.

The SubPictureRegioOnBox is optional and either:

a)

b)

track group type indicatesthe grouping type and shall be setto one of the following values, or a value
registered, or a value from a derived specification or registration:

'msrc' indicates that this track belongs to a multi-source presentation. Specified in ISO/IEC 14496-
12:2020, subclause 8.3.4.4.1.

'ster' indicates that this track is either the left or right view of a stereo pair suitable for playback on a

n{-nwnnnnl\p;n r]:nplny Cpnniﬁ'nr] in lCﬁI/ll:‘F 14496-12:-2020 cubhelanuca Q2 4 4 9
Stereo5copc-aiSpray—ope et o v/ ey o1t oS I SH D e S - oo

2dsr' indicates that this track belongs to a group of tracks with two dimensional spatial relationship
(e.g. corresponding to spatial parts of a video source). Specified in subclause 7.1.4.2 of this,decument,

[72)

72}

The pair of track group idand track group_ type identifies a track group within thefile. The tracK
that [contain a particular TrackGroupTypeBox having the same value of trackygroup id an|
tra¢k group type belong to the same track group.

[o])

D =S X 0D P> o

[7) ~

o

is present in_the SpatialRelationship2DDescriptionBox and there shall be no associate

(o9

SpafialRelationship2DGroupEntry in the associated track (this track has a constant, static, size an|
posifion)por

is not present in the SpatialRelationship2DDescriptionBox and there shall be one or more
associated SpatialRelationship2DGroupEntry(s) in the associated track (this track possibly has a
dynamic size or position).

When constructing the composition picture as specified below, gaps between sub-pictures carried in different sub-
picture tracks are allowed, and overlaps between sub-pictures carried in different sub-picture tracks with different
values of the layer field in TrackHeaderBox are allowed. However, overlaps between sub-pictures carried in
different sub-picture tracks with the same value of the 1ayer field in TrackHeaderBox are not allowed.
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The spatial relationship is restricted according to the chroma sub-sampling format of the associat

ed track;

total width and total height, and object x, object y, object width and object height, shall

all select an integer number of samples for all planes. In effect this means that:

— when the format is 4:4:4, there is no restriction;

— when the formatis 4:2:2 the total width,object xand object width shall be even numbers;

— when the format is 4:2:0 all of these fields shall be even numbers.

he composition picture is reconstructed as follows, with values of object x, object y, objectwi
bject height obtained from SubPictureRegionBox if present or otherwise)"fr
patialRelationship2DGroupEntry applying to the sample:

0 O -

dth, and
om the

a) Outofall tracks belonging to the same ' 2dszr ' track group, form them into subgroupgs.such that each subgroup
contains tracks in the same alternate group; then select exactly one track from each ofthose subgroups.
b) For each composition-time aligned sample of each of the selected tracks, thefollowing applies, in the front-to-
back ordering (layer) indicated in the TrackHeaderBox of the picked tiacKs:
For each value of i in the range of 0 to object width - 1, inclusiye;and for each value of j in the rfange of 0
to object height -1, inclusive, the pixel value of the(composition picture at pixel| position
((i+object x)%total width, (j+object y)% total height) is setequal to the pixe|l value of
the sample of this track at pixel position (j, j).
7.1.4.2.2 Syntax
dligned (8) class SpatialRelationship2D3SourceBox
extends FullBox('2dss', 0, 0) {
unsigned int (32) total width;j
unsigned int (32) total height;
unsigned int (32) source_ idy
¥
dligned (8) class SubPictureRegionBox extends FullBox('sprg',0,0) {
unsigned int (16)«object x;
unsigned int (16) Jobject y;
unsigned int (16) object width;
unsigned int (I6) object height;
bit (14) reServed = 0;
unsigned”int (1) track not alone flag;
unsigned int(l) track not mergeable flag;
¥
dligned(8) class SpatialRelationship2DDescriptionBox extends
TrackGroupTypeBox ('2dsr') {
// track group id is inherited from TrackGroupTypeBox;
SpatialRelationshipZ2DSourceBox () ; mandatory, shall be first
SubPictureRegionBox () ; // optional
}
7.1.4.2.3 Semantics
total width specifies, in pixel units, the maximum width in the coordinate system of the

SpatialRelationship2DDescriptionBox track group. The value of total width shall be the

same in all instances of SpatialRelationship2DDescriptionBox with the same
track group_ id.

© ISO/IEC 2021 - All rights reserved
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total height specifies, in pixel units, the maximum height in the coordinate system of the
SpatialRelationship2DDescriptionBox track group. The value of total height shall be the
same in all instances of SpatialRelationship2DDescriptionBox with the same value of
track group id.

source id parameter provides a unique identifier for the source. It implicitly defines a coordinate system
associated to this source.

object x specifies the horizontal position of the top-left corner of the samples in this track within the

q
1

obij4

q

obj4

q

q
obijqg
q
tra

1
1

tra

ltl:e implicit resampling caused by the track width and height, if any, in the range of 0to tétal height -
inclusive, where total height isincluded inthis SpatialRelationship2DDescriptionBox.
this spatial relationship track group. The height value is the value prior to applying the implicit resamplin

presented alone without at least one other sub-picture track belonging to the same track group of groupin|

presented alone without at least one other subspicture track belonging to the same track group of groupin|

vordimate systenrspecitied by thisspatiat retationship track group-The positionr vatue s the vatue prior
pplying the implicit resampling caused by the track width and height, if any, in the range of~0"\t
fotal width-1, inclusive, where total width is included in th
patialRelationship2DDescriptionBox.

wn O

bct y specifies the vertical position of the top-left corner of the samples in this track withihthie coordinate
ystem specified by this spatial relationship track group. The position value is the valué-prior to applyin

= 09

tct width specifies the width of the samples in this track within the coordinate system specified by this
patial relationship track group. The width value is the value prior to applying the implicit resampling
aused by the track width and height, if any, in the range of 1 to total(width, inclusive.

bct height specifies the height of the samples in this track¥ithin the coordinate system specified by

09

aused by the track width and height, if any, in the range of<d-to total height, inclusive.
k not alone flag equal to 1 indicates that the“current sub-picture track is not intended to b

ype '2dsr'. The value 0 indicates that the cufiteént sub-picture track may or may not be intended to b

gQ ® 09 @

ype '2dszr’'.

k_not mergeable flag equal‘te 1 indicates that the video bitstream carried in the current sul

%cture track cannot be merged with the video bitstream carried in any other sub-picture tracks belongin

q

1
q
q

§

NOT

pixel when decoding“the merged single video bitstream. An example of such bitstream merging is th

the video hitstream carried in at least one other sub-picture track belonging to the same track group ¢

the same track group of grouping type '2dsr', to generate a single video bitstream without decodin
ismatch by rewriting onl§y header data of the bitstreams, where a decoding mismatch refers to the valu
fany pixel when decodingthe video bitstream in the current track is not identical to the value of the sam

econstruction of amHEVC bitstream as specified in subclause 10.1.3.4 when the untransformed sampl
ntry type of the\track with the given track IDis equal to 'hvc2'. track not mergeable fla
qual to 0 indicates that the video bitstream carried in the current sub-picture track can be merged wit

=SSO @ ® @™ @ 080

roupingtype '2dsr' to generate such a single video bitstream in such a manner as described above.

L When HEVC (i.e. Rec. ITU-T H.265 | ISO/IEC 23008-2) is the video codec used for encoding of the bitstreanis

carried in the sub-picture tracks, track not mergeable flagequalto 0 meansthatthe HEVCbitstream carried in the
current sub-picture track contains and only contains one or more MCTSs that can be indicated by a temporal MCTSs SEI

mess

7.1.4.3

7.1.4.3.1

age as specified in HEVC version 5 published by the ITU-T in Feburary 2018, or a later version of HEVC.

Spatial relationship 2D sample group

Definition

The '2dsr' grouping type for sample grouping declares the positions and sizes of the samples from a sub-
picture track in a spatial relationship track group. Version 1 of the SampleToGroupBox shall be used when
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grouping type is equal to '2dsr'. The value of grouping type parameter shall be
track group_ id of the corresponding spatial relationship track group.

equal to

There are restrictions both on the presence of this sample grouping, and on the values of the fields; see subclause

7.1.4.2.1.

7.1.4.3.2 Syntax

class SpatialRelationship2DGroupEntry extends VisualSampleGroupEntry('2dsr'

) A

unsicned int (168) mhjgrﬂ-
unsigned int(16) object y;
unsigned int (16) object width;
unsigned int (16) object height;

7.1.4.3.3 Semantics
object x specifies the horizontal position of the top-left corner of the samples in this group w

the value prior to applying the implicit resampling caused by the track'width and height, if any, in
of 0 to total width-1, inclusive, where total widt®~iS included in the corre
SpatialRelationship2DDescriptionBox.

object vy specifies the vertical position of the top-left corner of the samples in this group w

the value prior to applying the implicit resampling caused by the track width and height, if any, in
of 0 to total height -1, inclusive, where total height is included in the corre
SpatialRelationship2DDescriptionBo¢x:

object width specifies the width of the samples in this group within the coordinate system specifi
corresponding spatial relationship track‘group. The width value is the value prior to applying th
resampling caused by the track width-and height, if any, in the range of 1 to total width, incly

object height specifies the height of the samples in this group within the coordinate system sp
the corresponding spatial -relationship track group. The height value is the value prior to app
implicit resampling caused by the track width and height, if any, in the range of 1 to total |
inclusive.

7.1.5 Track reference indicating a track providing shadow sync samples

et

h this subclause a track containing an ' shsc' track reference is called a shadow sync sample track, and t
pointed to byithe 'shsc' track reference are called main tracks.

—3

he shadew sync sample track provides an optional set of sync samples that can be used when seeking to :
or forsimilar operations performed to any of the associated main tracks.

ithin the

coordinate system specified by the corresponding spatial relationship.track group. The position value is

the range
sponding

ithin the

coordinate system specified by the corresponding spatial relationship track group. The positiop value is

the range
sponding

ed by the
e implicit
sive.

ecified by

lying the

height,

he tracks

| position

When an 'shsc' track reference is present, the following constraints shall be obeyed:

— All samples of the shadow sync sample track shall be sync samples.

— Each main track shall have a sample that is aligned in decoding time with each sample of the shadow sync

sample track.
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— A concatenation of the following samples in the following order shall conform to the sample entry of the main

An 'shser track reference-indicates-that the decoded-sambples resulting from-the concatenation-specified abave
r o r

have acc¢ptable quality for playback.

NOTE 1 The samples in the main track that are aligned in decoding time with the samples in the shadow sync sample track ar
"switchable" samples that are constrained so that no samples preceding a "switchable" sample in decoding order are used as
prediction] reference for any sample following the "switchable" sample in decoding order.

NOTE 2 Figure 17 presents an example of a shadow sync sample track and the associated main track. The concatenation of an
selected spmple of the shadow sync sample track and the samples of the main track following the "switchable" sample that
aligned inf decoding time with the selected samples conforms to the sample entry of the main/raek. This implies that th
bitstream |contained in the concatenation of the samples conforms to the respective media coding spécification.

7.1.6 Media offset box
7.1.6.1 | Definition

Box Typa: 'meof’
Container: File
Mandatory: No

Quantity Zero of)more

MediaOffsetBox provides media offsets of the media segments that are referenced by the precedin
Segment IndexBox. Each media offset specifies the byte offset of the first media data box (either MediaDataBok
or Identtif 'edMediaDataBox) that contains media data for the media segment.

Nlain track | || "switchable" ||/~|——I— H “switchabie i
Shagdow sync -
sample track Syne

track:

— Any selected sample of the shadow sync sample track, with the sample duration of the sample of the main

track that is aligned in decoding time with the selected sample of the shadow sync sample track.

— Samples of the main track following the sample of the main track that is aligned in decoding time with the

selected sample of the shadow sync sample track.

[}

n <

@

o . o concatenation of samples
Prediction "across” a switchable sample is disabled conforming to the sample

4 entry of the main track

—_—
decoding time

Figure 17 — Example of a shadow syncsample track and the associated main track

(5]

There shall be 0 or 1 MediaOffsetBoxes per each SegmentIndexBox. A MediaOf fsetBox, if any, should be
the next box after the associated SegmentIndexBox and the SubsegmentIndexBox, if any, that immediately
follows the SegmentIndexBox. AMediaOf fsetBox is associated with the preceding Segment IndexBox.
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7.1.6.2 Syntax

aligned(8) class MediaOffsetBox () extends FullBox ('meof', 0, 0) {
unsigned int (16) media ref count;
for(i=1; i1 <= media ref count; i++) {
unsigned int(32) media data offset[i];
unsigned int(31) media data size[i];
unsigned int(l) sap size flag[i];
if (sap_size flag[i]) {
unsigned int (31) sap_size[i];
unsigned int(l) sap id flagl[i];
if (sap_id flag[il])
unsigned int(32) sap id[i];

7.1.6.3 Semantics

media ref count specifies the number of referenced media data boxes The value of media ref count
shall be equal to the number of entries with referencectype equal to 0 in the preceding
SegmentIndexBox. The referenced media data box (i®.“the referenced MediaDat&Box or
IdentifiedMediaBox) for loop entry i in MediaOffsetBox corresponds to the i-th entry with
reference type equal to 0 in the preceding SegmentIndexBox. In other words, loop eptry i in
MediaOffsetBox is a 1-based index to the list of entties’that have reference type equal tp 0 in the
preceding Segment IndexBox in the order the entries appear in the SegmentIndexBox.

media data offset[i] specifies the offset.te~the start of the referenced MediaDataBok or the
IdentifiedMediaDataBox of a subsegment. The value of media data offset[i] isrelatfive tothe
start of the segment containing the refereficed MediaDataBox or the IdentifiedMediaDataBox.

media data size[i] specifies byte count of the referenced MediaDataHox or
IdentifiedMediaDataBox of asubsegment.

sap size flag[i] equalto-1specifiesthatthe sap size[i] and reserved syntax elements are present
for the same value of 4.)sap size flag[i] equal to O specifies that sap size[i] and r¢served
syntax elements are not present for the same value of i. When starts with SAP for a subs¢gment is
equalto0,sap ,size flag[i] shall beequalto O forthe same subsegment. When sap size flagl[i]
is equal to 1, the-SAP sample shall start from the beginning of the box payload of MediaDataBok or from
the byte folowing imda_identifier in IdentifiedMediaDataBox.

sap_size{1] specifies the byte count of the SAP sample that starts a subsegment.

sapwdd flag[i] equal to 1 specifies that sap id[i] is present. sap_id flag[i] equal to O|specifies
that sap _id[i] is notpresent.

sap_1d[1] identifies a SAP sample. Samples with the same value of sap 1d[1] are identical. When a
subsegment contains an initial SAP sample with a sap id[i] value that is already available in a player,
the player may avoid downloading the SAP sample and use the already available identical copy of the SAP
sample instead.

7.2 Generic extensions to ISO/IEC 14496-15

NOTE Content found in ISO/IEC 23090-2:2019, subclauses 7.2.1 and 7.2.2 (the first edition of this document) has been
integrated into ISO/IEC 14496-15 and subclause 7.2 has been renumbered.
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7.2.1 Containing of SpatialRelationship2DDescriptionBox for HEVC tile base track and HEVC tile

tracks

When an

HEVC video bitstream is carried in a set of tile tracks and the associated tile base track, as specified in

ISO/IEC 14496-15, and the bitstream represents a sub-picture indicated by a 2D spatial relationship track group,
only the tile base track contains the SpatialRelationship2DDescriptionBox.

7.3 OMAF-specific extensions to the ISOBMFF

7.3.1

For timeg
as a synd
reference
a sync sa

74 O

7.4.1

When Cd
informat
with the

7.5 Structures and semantics that are common for video tracks and image items

7.5.1

7.5.1.1

Figure 18 illustrates the conversions-ftom a spherical picture to a packed picture that can be used in content

Sync samples in timed metadata tracks

| metadata tracks specified in this document, any sample in a timed metadata track is allowed to be marked
sample. For a particular sample in a timed metadata track, if at least one of the media-samples in thle
d media tracks having the same decoding time is a sync sample, the particular sample shall’be marked 3
mple, otherwise, the particular sample may or may not be marked as a sync sample.

[72)

MAF-specific extensions to ISO/IEC 14496-15

Coverage information box in an HEVC tile base track

verageInformationBox is included in ProjectedOmni¥idéoBox of a tile base track, it provide
on on the area on the sphere covered by the content that is.represented by all the tile tracks associate
ile base track.

[=PaN7}

Semantics of sample locations within a decoded picture

Relation of decoded pictures to global coordinate axes

authoring and the corresponding conversions from a packed picture to a spherical picture to be rendered that can
be used |n an OMAF player. The.example in this subclause is described for a packed picture that appears in [a
projected omnidirectional video track. Similar description can be derived for an image item.
Globallcoordinate axes; Local coordinate axes
_______ i B T 1
1 1 ! 1
1 1 ! 1
1 ' 2 3 1, 2 13
1 1 ! :
_______ o i i i e s 1
a) b) c) d)
Unit sphere Unit sphere Projected picture on which Packed picture
aligned with aligned with regions for region-wise packing
global coordinate local coordinate are specified
axes axes

Figure 18 — Example of processing stages to derive a packed picture from a spherical image or vice versa
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The content authoring can include the following ordered steps:

The source images provided as input are stitched to generate a sphere picture on the unit sphere per the global
coordinate axes as indicated in Figure 18a.

The unit sphere is then rotated relative to the global coordinate axes, as indicated in Figure 18b. The amount
of rotation to convert from the local coordinate axes to the global coordinate axes is specified by the rotation
angles indicated in the RotationBox. The local coordinate axes of the unit sphere are the axes of the
coordinate system that has been rotated. The absence of RotationBox indicates that the local coordinate

acara th axaa actha globhal coordintn o e
=4

a3, ac o
X C ST et eSO St e 5 o 0T CoOOT O ot e—oxtss

As illustrated in Figure 18c, the spherical picture on the rotated unit sphere is then convérted fo a two-
dimensional projected picture, for example using the equirectangular projection specified.in subclapse 5.2.1.
When spatial packing of stereoscopic content is applied, two spherical pictures for the two yiews are donverted
to two constituent pictures, after which frame packing is applied to pack the two constituent picturles to one
projected picture.

Rectangular region-wise packing can be applied to obtain a packed picture from the projected picfure. One
example of packing is depicted in Figure 18c and Figure 18d. The dashed rectangles in Figure 18c indlicate the
projected regions on a projected picture, and the respective areas in Figure 18d 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.

doverageInformationBox can be used to indicate which part{ofithe sphere is covered by the packed

Yt

h order to map sample locations of a packed picture (such as'that in Figure 18d) to a unit sphere used in 1
Figure 18a), the OMAF player can perform the following ordered steps:

—~

picture.

endering

A packed picture, such as that in Figure 184, is ebtained as a result of decoding a picture from a vide¢ track or
an image item.

If needed, chroma sample arrays of thé.packed picture are upsampled to the resolution of the luma sample
array of the packed picture, and coloutrspace conversion can also be performed.

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 18c, as specified in subclause 5.4.2. Othenjwise, 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 spgcified 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
areyrelative 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 18b.

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

The overall process for mapping of luma sample locations within a decoded picture to sphere coordinates relative
to the global coordinate axes is specified in subclause 7.5.1.2.
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7.5.1.2 Mapping of luma sample locations within a decoded picture to sphere coordinates relative
to the global coordinate axes

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

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

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

offsetX is|set equal to 0.5 and offsetY is set equal to 0.5.

If RegionWisePackingFlag is equal to 1, the following applies for each packed region n in the range |of 0 to
NumRegions - 1, inclusive:

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

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

— xis set equal to xPackedPicture - PackedRegLeft[n].
— yis set equal to yPackedPicture - PackedRegTop[n].
— Subclause 5.4.2 is invoked with x, y, PackedRegWidth[n], PackedRegHeight[n], ProjRegWidth[n|

ProjRegHeight[n], TransformType[n], offsetX, and-offsetY as inputs, and the output is assigned ¢t
sample location (hPos, vPos).

[=]

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

— When SideBySideFlag is equal to, "0,”and when xProjPicture is greater than or equal to
proj picture width, xProjPicture is set equal to xProjPicture - proj picture width.

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

—

— When ProjRegLeft[n}.s less than proj picture width /2 and xProjPicture is greater than g

equal to proj picture width/2, xProjPicture is set equal to
xProjPicture £proj picture width /2.

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

xProjPicture - proj picture width/2.

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

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

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

— xProjPicture is set equal to x + offsetX.

— yProjPicture is set equal to y + offsetY.

58 © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=670106e0de62d8367d80fbb25d204661

ISO/IEC 23090-2:2021(E)

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
stereoscopic video) for the sample location (x, y) within the decoded picture.

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

Inputs to this process are

—

utputs of this process are:

he outputs are derived with the following ordered steps:

tire—Temntre point of —a Sampie tocation (xProjPicture, yProjPicture)—withim—aprojectedpicture, where
xProjPicture and yProjPicture are in relative projected picture sample units and may have non:ihfeger real
values, and

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

NOTE 1 The projected picture for which the sample location (xProjPicture, yProjPicture) is given as inpyt can be a
spatially frame-packed picture.

sphere coordinates (azimuthGlobal, elevationGlobal), in units of degrees relative to the global coordinate axes,
and

when SpatiallyPackedStereoFlag is equal to 1, the index of'the constituent picture (constituentPicture) equal
to0or1.

NOTE 2 When the temporal interleaving packing arrangement is in use, the projected picture is associated with the
left view or right view as specified for StereovideoBox in ISO/IEC 14496-12.

If xProjPicture is greater than or equalte pictureWidth or yProjPicture is greater than or equal to pictufreHeight,
the following applies:

— constituentPicture is set'equal to 1.
— IfxProjPicture is gredter than or equal to pictureWidth, xProjPicture is set to xProjPicture - pictyreWidth.
— IfyProjPictur€is greater than or equal to pictureHeight, yProjPicture is set to yProjPicture - pictufreHeight.
Otherwise; constituentPicture is set equal to 0.

Depending on the projection format, the following applies:

—~ "When the projection format is the equirectangular projection, subclause 5.2.2 is invoked with pictyreWidth,
pir‘hlrpHpighf xProjPicture and yProjPicture as inputs and the output is nccignpd 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 + 21, rotation pitch+ 2%, and rotation roll +21¢ as inputs, and the output is

assigned to azimuthGlobal and elevationGlobal.

Otherwise, azimuthGlobal is set equal to azimuthLocal and elevationGlobal is set equal to elevationLocal.
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7.5.2

7.5.2.1

Projection format structure

Syntax

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

7.5.2.2

pro]

q

7.5.3

7.5.3.1

Region}

regions and specifies the location and size of the guard bands, if any.

NOTE 4
the 2D Caj

A decode

the contdiner for this syntax structure:

— Fory

— Fora

The cont
in this cla

— The

pro] picture height, respectively.

— The
pac

— Whe

congtituent 'picture matching flag equalto 1 specifies that

in Table 10.

SCINdNntics

ection_ type indicates the type of the mapping of the projected picture onto the spherical coordihate
ystem as specified in subclause 5.1. The values of projection type and their semantics are specifie

[oN

Region-wise packing structure

Definition

[o]

lisePackingStruct () specifies the mapping between packed regionS and the respective projecte

Among other information the RegionWisePackingStruct () also.provides the content coverage information in
tesian picture domain.

=]

d picture in the semantics of the region-wise packing structure is either one of the following depending o

ideo, the decoded picture is the decoding output®esulting from a sample of the video track.
n image item, the decoded picture is a recohstructed image of the image item.

ent of RegionWisePackingStruct\') is summarized below, while the semantics follow subsequently
use:

width and height of the projected picture are explicitly signalled with proj picture width and
width and heightsof\the packed picture are explicitly signalled with packed picture width and
rted picture <héight, respectively.

h the projected picture is stereoscopic and has the top-bottom or side-by-side frame packing arrangement,

— t|he projected region information, packed region information, and guard band region information in this

syntax structure apply individually to each constituent picture,

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

— the number of projected regions and packed regions is double of that indicated by the value of
num_regions in the syntax structure.
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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 equalto 1) or to a projected region and the respective packed
region (when constituent picture matching flag equalto 0), and the loop entry the contains the

following:
— aflagindicating 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 regioh packing
structure RectRegionPacking (i),
— when guard bands are present, the guard band structure for the packed region GuardB&nd (1).

Tlhe content of the rectangular region packing structure RectRegionPacking (i) i§’summarized belpw, while

the semantics follow subsequently in this clause:

—+ proj reg width[i], proj reg height[i], proj reg topl[il,.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 topl[i], and
packed reg left[i] specify the width, height, thétop offset, and the left offset, respectively, df the i-th
packed region.

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

spubsequently in this clause:

-+ left gb width[i], right gb width[i], top gb height[i], or bottom gb height [i]] specify
the guard band size on the left sidé.of; the right side of, above, or below, respectively, the i-th packed fegion.

—+ gb_not used for pred\flag[i] indicates if the encoding was constrained in a manner that guards
bands are not used as a référence in the inter prediction process.

—+ gb_type[1] [J]_specifies the type of the guard bands for the i-th packed region.

Higure 19 illustrates.an example of the position and size of a projected region within a projected picture (qn the left

sjde) as well as’that of a packed region within a packed picture with guard bands (on the right side). Thi§ example

applies when'the value of constituent picture matching flagisequalto 0.
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proj_reg_topli] proj_picture_height .
packed_reg_topli]
proj_reg_left[i] packed_reg_left[i] P
z
2
2| packed_reg_height]i]
8 left_gb_width(i] right_gb_width(i]
LI il A2
o ’
o <] o]
_ Bottom_gb_heightin |
packed_reg_width[i]
proj_reg_width[i]

Figure

proj_picture_width

19 — An example of a projected region and the corresponding packed region with guard bands

The remdining of subclause 7.5.3 is organized as follows:

— The $yntax 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 spegified in subclauses 7.5.3.4 and 7.5.3.5,
respectively.

— The jyntax and semantics of the region-wise packing structure are specified in subclauses 7.5.3.6 and 7.5.3.7,
respe¢ctively.

— Subclause 7.5.3.8 derives variables from syntax elenient values of the rectangular region packing, guard band,
regidn-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.
7.5.3.2 | Syntax of the rectangular region packing structure
aligned (8) class RectRegionpPacking (i) {
unsjgned int(32) proj geg width[i];
unsigned int (32) projyreg height[i];
unsigned int(32) proj  reg topl[il];
unsjgned int (32) (prdj reg left[i];
unsigned int (3) )Ytransform typel[i];
bit[5) reserved-= 0;
unsjgned ip£(16) packed reg width[i];
unsigned 10t (16) packed reg height[i];
unsjgned»int (16) packed reg topl[i];
unsjgned int (16) packed reg left[i];
}
7.5.3.3 Semantics of the rectangular region packing structure
proj reg width([i], proj reg height[i], proj reg top[i], and proj reg left[i] specify
the width, height, top offset, and left offset, respectively, of the i-th projected region, either within the
projected picture (when constituent picture matching flag is equal to 0) or within the
constituent picture of the projected picture (when constituent picture matching flag isequal
to1).proj reg width[i],proj reg height[i],proj reg top[i] andproj reg left[i]
are indicated in relative projected picture sample units.
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Two projected regions can partially or entirely overlap with each other. When there is an indication of
quality difference, e.g. by a region-wise quality ranking indication, then for the overlapping area of any two
overlapping projected regions, the packed region corresponding to the projected region that is indicated
to have higher quality is suggested to be used for rendering.

transform type[i] specifies the rotation and mirroring that is applied to the i-th packed region to remap
itto the i-th projected region. When transform type [1i] 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:

N OO o A W N

equal

NOTE 3

Q

ligned(8)

0: no transform

1: mirroring horizontally

: rotation by 180 degrees (counter-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

: rotation by 270 degrees (counter-clockwise)

7.5.3.4 Syntax of the'guard band structure

clasSs GuardBand (i) {

unsigned¢int (8) left gb width[i];

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

unsighed int(8) top gb height[i];

ungigned int (8) bottom gb height[i];

uhsigned int(l) gb not used for pred flagl[i];
for (4 = 0: 5 4: 4+4) - _

NOTE 2 Subclause 5.4.2 specifies the semantics of t rafisform type[i] for converting a sample |ocation of

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

packed reg width[i], packed reg height[i], packed reg topl[il], and
packed reg left[i] specify the width, height, the offset, and the left offset, respectively, qf the i-th
packed region, either within the packed picture (when constituent picture matching [flag is

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 ind|cated in
relative
packed reg topl[i], and packed reg left[i] shall represent integer horizontal and vertical
coordinates of luma sample units within the decoded pictures.

packed picture sample units. packed reg width[i], packed reg heilght[i],

Two packed regions can partially or entirely overlap with each other.

unsigned int(3) gb typelil[j];
bit (3) reserved = 0;

7.5.3.5 Semantics of the guard band structure

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

top gb height[i] specifies the height of the guard band above the i-th packed region in relative packed
picture sample units. When the decoded picture has 4:2:0 chroma format, top_gb _height [i] shall
correspond to an even number of luma samples within the decoded picture.

bottom gb height[i] specifies the height of the guard band below the i-th packed region in relative

packedpicturesamplteunits-Whenthedecodedpicturehas4-2-6-chromaformat oot tomgb—tetgtttii ]

dhall correspond to an even number of luma samples within the decoded picture. -

Wheh GuardBand (i) is present, at least one of left gb width[i], right gb width[i],
top gb height[i],orbottom gb height [1i] shall be greater than 0.

gb mot used for pred flag[i] equalto O specifies that the guard bands may or may et be used in th
inter prediction process.gb_not used for pred flag[i] equalto 1 specifies.thatthe sample valug
f the guard bands are not used in the inter prediction process.

w O

NOTE 1 When gb_not used for pred flag[i] is equal to 1, the sample_values within guard bands |
decoded pictures can be rewritten even if the decoded pictures“were used as references for intg
prediction of subsequent pictures to be decoded. For example, the content of a packed region can H
seamlessly expanded to its guard band with decoded and re-projected samples of another packed regioy.

@ = =

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

-

— gb_type[i] [j] equalto 0 specifies that the content of the guard bands in relation to the content
of the packed regions is unspecified. When gb_not used for pred flag[i] isequal to {,
gb_type[i] []] shall not be equal to0.

— gb_type[1] [J] equalto 1 specifies that the content of the guard bands suffices for interpolatio
of sub-pixel values within the packed region and less than one pixel outside of the boundary of th
packed region.

[CIl=]

NOTE 2 gb_type'fi) [j] equal to 1 can be used when the boundary samples of a packed region hay
been copied horizontally or vertically to the guard band.

¢

— gb_type [1]43J]7equal to 2 specifies that the content of the guard bands represents actual pictur
content thatis-spherically adjacent to the content in the packed region and is on the surface of th
packed régien at quality that gradually changes from the picture quality of the packed region to tha
of the.spherically adjacent packed region.

—+ ®© @

— gb~typeli] [j] equal to 3 specifies that the content of the guard bands represents actual pictur
content that is spherically adjacent to the content in the packed region and is on the surface of th

@ @

Backadragian ot tha i obiin apa iy, ALl a o onlond vagios
paerkeaTregiotatrtmepictare-qanty- ot pactkeaTEgiott:

— gb_type[i] [j] values greater than 3 are reserved.
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7.5.3.6 Syntax the region-wise packing structure

aligned(8) class RegionWisePackingStruct () {
unsigned int (l) constituent picture matching flag;
bit (7) reserved = 0;

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

3
1
1

7.5.3.7 Semantics of the region-wise packing structure

constituent picture matching flag equal to L-specifies that the projected region inf¢rmation,
packed region information, and guard band region information in this syntax structure apply individually
to each constituent picture and that the packed picture and the projected picture have the same
stereoscopic frame packing format. constituent picture matching flag equal to 0 [specifies
that the projected region information, packed région information, and guard band region information in
this syntax structure apply to the projected picture. When SpatiallyPackedStereoFlag is equal to 0,
constituent picture matching flag shall be equal to 0.

NOTE 1 For the stereoscopic contentthat uses equivalent region-wise packing for the constituent pictutes, setting
this flag equal to 1 allows'more compact signalling of region-wise packing information.

num_regions specifies the number of packed regions when constituent picture matching| flagis
equal to 0. Value O is reserved. When constituent picture matching flag isequalto 1 the total
number of packed regionsis equalto 2 * num_regions andthe informationinRectRegionPa¢king (1)
and GuardBand.( 1Y applies to each constituent picture of the projected picture and the packed picture.

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

NOTE 2 The same sampling grid, width, and height are used for the luma sample array and the chroma sample
arrays of the projected picture.
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packed picture, in relative packed picture sample units. packed picture width and
packed picture height shall both be greater than 0.

guard band flag[i] equal to 0 specifies that the i-th packed region has no guard bands.
guard band flag[i] equalto 1 specifies that the i-th packed region has at least one guard band.

packing type[i] specifies the type of region-wise packing. The values of packing type[i] and their
semantics are specified in Table 11.
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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 (1) are specified in subclauses 7.5.3.4 and 7.5.3.5, respectively.

7.5.3.8

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

the region-wise packing structure
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— Fornpintherange of 0 to num regions - 1, inclusive, the following applies:

— |

— 1

— 1

— |

— 1

i-th packed region as specified by this RegionWisePackingStruct () overlaps with the j-th packe|
ecified by the same RegionWisePackingStruct (), the i-th and j-th projected regions shallreside i
constituent pictures for any values of i and j that are not equal to each other. The i-th packed région 3
by this RegionWisePackingStruct () shall not overlap with any guard band specified\by the sam
[isePackingStruct ().

=2 ="

® wn

ard  bands  associated with the i-th packed region, if any, as~ specified by th
[isePackingStruct () shall not overlap with any packed region $pécified by the sam
[isePackingStruct () or any other guard bands speeiffed by the same
lisePackingStruct ().

()

=

rojected regions are allowed to overlap. When projected regions overlap and a.quality difference is indicated betwesd
ted regions, e.g. by a region-wise quality ranking indication, the packed-region that is indicated to have the highe
ong the packed regions corresponding to the projected regions that overlap is expected to be used for rendering ti
\g area.

@ ~+

ables NumRegions, PackedRegLeft[n], PackedRegTop|n], PackedRegWidth[n], PackedRegHeight[nl
eft[n], ProjRegTop[n], ProjRegWidth[n], ProjRegHeight[n], TrasnformType[n], PackingType[n] ar
s follows:

¢

ackedRegLeft[n] is set equal to packed reg left[n].
ackedRegTop[n] is set equal topacked reg top[n].
ackedRegWidth[n] is set equal to packed reg width[n].
ackedRegHeight[n].is'set equal to packed reg height[n].
rojRegLeft[n}is'set equal to proj reg left[n].
rojRegTop[n] is set equal to proj reg top[n].

rojRegWidth[n] is set equal to proj reg width[n].

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

— TransformType[n] is set equal to transform_ type [n].

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

— Ifconstituent picture matching flag isequal to 0, the following applies:

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

— projTopOffset is set equal to proj picture height /2 and packedTopOffset is set equal to
Packed picture heignt/ 2.

— 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.
— Forn in the range of NumRegions / 2 to NumRegions - 1, inclusive, thefollowing applies:
— nldx is set equal to n - NumRegions / 2.
— PackedRegLeft[n] is set equal to packed reg lefit [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].
— ProjReglLeft[n] is set equal toproj reg left [nldx] + projLeftOffset.
— ProjRegTop[n] is setequal toproj reg top[nldx] + projTopOffset.
— ProjRegWidth[n}is set equal to proj reg width [nldx].
— ProjRegHeight[n] is set equal to proj reg height [nldx].
— TnansformType[n] is set equal to transform type [nldx].

<.\ PackingType[n] is set equal to packing type [nldx].

oyl

or eachWalue of n in the range of 0 to NumRegions - 1, inclusive, the values of ProjRegWidth[n], ProjRegHeight[n],
rojRegTop[n], and ProjRegLeft[n] are constrained as follows:

av]

— ProjRegWidth[n] shall be in the range of 1 to proj picture width, inclusive.

— ProjRegHeight[n] shall be in the range of 1 to proj picture height, inclusive.

— ProjRegLeft[n] shall be in the range of 0 to proj picture width - 1, inclusive.

— ProjRegTop[n] shall be in the range of 0 to proj picture height - 1, inclusive.

— If ProjRegTop[n] is less than proj picture height /VerDivl, the sum of ProjRegTop[n] and

ProjRegHeight[n] shall be less than or equal to proj picture height /VerDivl. Otherwise, the sum of
ProjRegTop[n] and ProjRegHeight[n] shall be less than or equal to proj picture height /VerDivl * 2.
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For each value of n in the range of 0 to NumRegions -1, inclusive, the values of PackedRegWidth[n],
PackedRegHeight[n], PackedRegTop[n], and PackedRegLeft[n] are constrained as follows:

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

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

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

— PackedRegTopinistattbeimtie Tange of 0o packed_picture nefgnt = §, mousive ]
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ackedRegLeft[n] is less than packed picture width /HorDivl, the sum of PackedRegLeft[n] and
edRegWidth[n] shall be less than or equal to packed picture width / HorDivl. Otherwisg,.the sumh

PackedRegLeft[n] and  PackedRegWidth[n] shall be less than or (\equal tp
ked picture width /HorDivl * 2.

ackedRegTop[n] is less than packed picture height /VerDivl, the sum of-PackedRegTop[n] and
edRegHeight[n] shall be less than or equal to packed picture height / VefDivl. Otherwise, the sumn

PackedRegTop[n] and  PackedRegHeight[n] shall be less, ~\than or equal to
ked picture height /VerDivl * 2.

n the decoded picture has 4:2:0 or 4:2:2 chroma format, PackedRegl.eft[n] shall correspond to an evejn
yontal coordinate value of luma sample units, and PackedRegWidth{n] shall correspond to an even numbsg
ma samples, both within the decoded picture.

—

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

Rotation structure

Definition

)

5 in this structure provides theyaw, pitch, and roll angles, respectively, of the rotation to be applied

he local coordinate axes to the'global coordinate axes. In the case of stereoscopic omnidirectional videg,
apply to each view individually.

Syntax

(8) class RofationStruct () {

led int (32)4 rotation yaw;
ed int(32) rotation pitch;
led int(32) rotation roll;

7.5.4.3

Semantics

rotation yaw, rotation pitch, and rotation roll specify the yaw, pitch, and roll angles, respectively,
of the rotation that is applied to the unit sphere to convert the local coordinate axes to the global coordinate
axes, in units of 2-1¢ degrees, relative to the global coordinate axes. rotation yaw shall be in the range of
-180 * 216 to 180 *216 - 1, inclusive. rotation pitch shall be in the range of -90 * 216 to 90 * 216, inclusive.
rotation roll shall be in the range of ~180 * 216 to 180 * 216 - 1, inclusive.
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7.5.5 Content coverage structure

7.5.5.1 Definition

The fields in this structure provides the content coverage, which is expressed by one or more sphere regions
covered by the content, relative to the global coordinate axes.

7.5.5.2 Syntax

gdTigned(8) class ContentCoveragestruct () [
unsigned int(8) coverage shape type;
unsigned int(8) num regions;
unsigned int(l) view_idc presence flag;
if (view_idc_presence flag == 0) {
unsigned int(2) default view idc;
bit (5) reserved = 0;
} 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, 1);

7.5.5.3 Semantics

coverage shape type specifies the shape,of the sphere regions expressing the content foverage.
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 §emantics
of ContentCoverageStruct (),

num_regions specifies the numberof sphere regions. Value 0 is reserved.

view idc presence fllag equal to 0 specifies that view idc[i] is not | present.
view idc presence’ flag equal to 1 specifies that view idc[i] is present and indi¢ates the
association of sphere'regions with particular (left, right, or both) views.

default view\idc equal to 0 indicates that each sphere region is monoscopic, 1 indicates that ea¢h sphere
region is‘on-the left view of a stereoscopic content, 2 indicates that each sphere region is on the right view of
a stepegscopic content, 3 indicates that each sphere region is on both the left and right views.

view\tdc [1] equal to 1 indicates that the i-th sphere region is on the left view of a stereoscopic dontent, 2

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

L 3 3 both +lo lafs A gl 3 PN I - | o lio 03 4
SPOCTCTCETOT IS 0T D0t thICTCTCant TIgic vIC VWS vV Tow _ Tac [ L] cquar tO oIS TeSCTrvetn

NOTE view idc presence flag equal to 1 enables indicating asymmetric stereoscopic coverage. For example,
one example of an asymmetric stereoscopic coverage can be described by setting num regions equal to 2,
indicating one sphere region to be on the left view covering the azimuth range of -90° to 90°, inclusive, and
indicating the other sphere region to be on the right view covering the azimuth range of -60 to 60°, inclusive.

When SphereRegionStruct (1, 1) is included in the ContentCoverageStruct (), subclause 7.5.6
applies and interpolate shall be equal to 0.

The content coverage is specified by the union of num regions SphereRegionStruct (1, 1) structure(s).
When num_regions is greater than 1, the content coverage may be non-contiguous.
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7.5.6

7.5.6.1
The sphe

When ce

Sphere region structure
Definition
re region structure (SphereRegionStruct) specifies a sphere region.

ntre tiltisequalto 0, the sphere region specified by this structure is derived as follows:

— Ifbothazimuth rangeandelevation range are equal to 0, the sphere region specified by this structure

isap

— Othe

The
stru

When ce
along the
angle val
region is

oint on a spherical surtace.
rwise, the variables centreAzimuth and centreElevation are derived as follows:

centreAzimuth = centre azimuth + 65536 (15
centreElevation = centre elevation + 65536

sphere region is defined as follows with reference to the shape type value specified-in the semantics of th
‘ture containing this instance of SphereRegionStruct:

When the shape type value is equal to 0, the sphere region is specified by fourgreat circles defined by foy
points cAzimuth1, cAzimuth2, cElevation1, cElevation2 and the centre point defined by centreAzimut

cAzimuthl = (0-azimuth range+2)+ 65536 (16
cAzimuth2 = (0 + azimuth range +2)+ 65536

cElevationl = (0 -elevation range +2)+ 65536

cElevation2 = (0 + elevation range +2)365536

bubsequently, the sphere region is rotated by .centreAzimuth degrees in the azimuth direction, and b
CentreElevation degrees in the elevation directioh, while its shape remains the same.

When the shape type value is equal to 1;-the sphere region is specified by two azimuth circles and tw]
elevation circles defined by four points‘cAzimuthl, cAzimuth2, cElevationl, cElevation2 and the centy
point defined by centreAzimuth and centreElevation and as shown in Figure 21 and the variabl
derivation is as follows:

cAzimuthl = (cer{itre azimuth-azimuth range +2)+ 65536 (17
cAzimuthZ =((centre azimuth+azimuth range +2)+65536

cElevationl=Jcentre elevation-elevation range +2)+ 65536

cElevationZ= ( centre elevation+elevation range +2)+ 65536

ntre tilfisnotequalto 0,the sphereregionis firstly derived as above and then a tilt rotation is applie
axis originating from the sphere origin passing through the centre point of the sphere region, where th
e increases clockwise when looking from the origin towards the positive end of the axis. The final spher
the one after applying the tilt rotation.

equal to 0 and centreElevation equal to 0 as shown in Figure 20a and the variable derivation is as follows$:

5=

D.

® @ O

o O U

Shape type value equal to 0 specifies that the sphere region is specified by four great circles.

NOTE  When shape type value is equal to 0, the order of applying the rotation by centreAzimuth and centreElevation and the
tilting by centre tilt can be switched without affecting the resulting sphere region. Figure 20 illustrates a process for
deriving of a sphere region with shape type equal to 0 by first tilting the sphere region by centre tilt and then applying
centreAzimuth and centreElevation to the tilted sphere region.
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a) sphere region with centre point lbi&ﬁlg by centre tilt

azimuth and elevation equal to 0
e
O)

, centreElevation)

Q)\ rotating the sphere region by centreAzimuth and centreElevation
??9 Figure 20 — Deriving a sphere region specified by four great circles
hap value equal to 1 specifies that the sphere region is specified by two azimuth circles and two
reles.as illustrated in Figure 21.

QW

elevation
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(centreAzimuth, centreElevation)

“cElevation]

T

\

Figure 21 — A sphere region specified by two azimuth circles and two eleyvation circles

Shape type values greater than 1 are reserved.

7.5.6.2 | Syntax

aligned (8) SphereRegionStruct (range_ included flaga Interpolate included flag)

sigped int (32) centre azimuth;
sigped int (32) centre elevation;
sigmped int (32) centre tilt;

if [range included flag) {

Tnsigned int (32) azimuth range;
nsigned int (32) elevation range;
}
if [interpolate included flag) {
Ynsigned int(l) interpolates
it (7) reserved = 0;

7.5.6.3 | Semantics

cenfre azimuth and.¢entre elevation specify the azimuth and elevation values, respectively, of th
gentre of the sphere region in units of 2-16 degrees. centre azimuth shall be in the range of -180 * 2
o 180 * 216 ~“1'inclusive. centre elevation shall be in the range of -90 * 216 to 90 * 216, inclusive.

centre t#dt specifies the tilt angle of the sphere region in units of 2-1¢ degrees. centre tilt shall be i

tlhe range of —180 * 216 to 180 * 216 - 1, inclusive.

o @

azimuth range and elevation range, when present, specify the azimuth and elevation ranges,
respectively, of the sphere region specified by this structure in units of 2-16 degrees. azimuth range and
elevation range specify the range through the centre point of the sphere region, as illustrated by
Figure 20 or Figure 21. 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 (). When the shape type value is equal to 0, azimuth range
shall be in the range of 0 to 180 * 216, inclusive. When the shape type value is equal to 1, azimuth range
shall be in the range of 0 to 360 * 216, inclusive. elevation range shall be in the range of 0 to 180 * 216,

inclusive.
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NOTE  When the shape type value is equal to 0, azimuth range is required to be in the range of 0 to 180 * 216,
inclusive, since otherwise the shape no longer corresponds to a rectangle that is presented straight in front of
the viewer.

The semantics of interpolate are specified by the semantics of the structure containing this instance of
SphereRegionStruct (). When interpolate is not present in this instance of
SphereRegionStruct (), itis inferred as specified in the semantics of the syntax structure containing
this instance of SphereRegionStruct ().

7.6 Restricted video schemes for omnidirectional video

7.6.1 Scheme types

~]

.6.1.1 Open-ended and closed scheme types

n open-ended scheme type for a kind of transformation is a scheme type that allowsfuttire extensions. Foi example,
he 'stvi' scheme type (stereoscopic video) may be used for a new frame pacKing arrangement type that is
efined after the definition of the 'stvi' scheme type. A closed scheme type), on the other hand, when defined,
early specifies which transformations are allowed and does not allow futdre extensions.

(@ @ Vi = Jille ~

chemeTypeBox allows inclusion of only one scheme type ,and there may be only one ingtance of
chemeTypeBox included in RestrictedSchemeInfoBox. The scheme type included in SchemeTypeBox
hall be an open-ended scheme type, i.e. 'podv' or ' fodv' ori/modv'.

w_n W

dompatibleSchemeTypeBox allows inclusion of only one’scheme type but there may be multiple ingtances of
JompatibleSchemeTypeBox included in RestrictedSchemeInfoBox. A closed scheme type shall only be
ncluded in an instance of CompatibleSchemeTypeBox.

—-

n OMAF player that does not recognize the open-ended scheme type in SchemeTypeBox shall ignore the track.
n OMAF player that recognizes the open-ernided scheme type in SchemeTypeBox but none of the schemg types in
he instances of CompatibleSchemeTypeBox, if any, should parse all boxes contdined in
chemeInformationBox to detenmine whether it has the capability required to properly process the|track. An
MAF player should ignore the track unless it supports all boxes contained in SchemeInformationBqx and all
ntax elements and syntax element values present in those boxes.

“w O un 4> >

7.6.1.2 Projected omnidirectional video ('podv')

Thhe 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 fise of the
projected omimidirectional video scheme is indicated by scheme type equal to 'podv' (projected
omnidirectional video) within SchemeTypeBox in the RestrictedSchemeInfoBox.

Tlhe format of the projected monoscopic pictures is indicated with the ProjectedOmnivideoBox ¢ontained
within the SchemeInformationBox. One and only one ProjectedOmniVideoBox shall be presdnt in the
SchemeInformationBox 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 subclause 7.6.2, a ProjectionFormatBox shall be present within the
ProjectedOmniVideoBox. ProjectionFormatBox is not constrained beyond the specification in subclause
7.6.2. The 'podv' scheme type may be used with all version values specified for ProjectionFormatBox in
this document and in any of its future amendments and editions. The 'podv' scheme type may be used with any
projection_type value specified in this document and in any of its future amendments and editions.
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When the ProjectedOmnivideoBox is present in the SchemeInformationBox, StereoVideoBox may be
present in the same SchemeInformationBox.

For stereoscopic video, the frame packing arrangement of the projected left and right pictures is indicated with the
StereoVideoBox contained within the SchemeInformationBox. The absence of StereoVideoBox indicates
that the omnidirectionally projected content of the track is monoscopic. When StereoVideoBox is presentin the
SchemeInformationBox for the omnidirectional video scheme, version shall be equal to 0, stereo scheme
shall be equal to 4 and the first byte of stereo _indication type shall be equal to 3, 4, or 5 indicating that the
side-by-side frame packing, the top-bottom frame packing, or the temporal interleaving of alternating first and
second ¢ T T TS mstom: i

equal to

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

Optional
Project
applied, i

Regioni
type mayj
its future
of Regiq
editions.

In additid

allowed
beyond t

7.6.1.3
NOTE ]
The 'ery

When s
Restri
of the fol
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indicating that quincunx sampling is not in use.

region-wise packing is indicated with the RegionWisePackingBox contained~within the
edOmnivVideoBox. The absence of RegionWisePackingBox indicates that no region-wise packing
e. that the packed picture is identical to the projected picture.

[

lisePackingBox is not constrained beyond the specification in subclause 7:64. The 'podv' scheme
be used with all version values specified for RegionWisePackingBox inthis document and in any ¢f
amendments and editions. The 'podv' scheme type may be used with any’values of the syntax element{s
nWisePackingBox specified and allowed in this document and in(any of its future amendments and

n to the boxes constrained above, SchemeInformationBokmay directly orindirectly contain any boxds
by this document and in any of its future amendments ahd editions. Those boxes are not constrained
heir definition, syntax, and semantics.

Equirectangular projected video ('erpv')
'his scheme type can be used for specifying media profiles.
v' scheme type is defined as a closed:seheme type for projected omnidirectional video.

cheme type is equal to “erpv' in an instance of CompatibleSchemeTypeBox in the
tedSchemeInfoBox, the tfack conforms to the constraints of scheme type equal to 'podv' with afl
owing additional constraints:

—

jectionFormatBex)within the ProjectedOmnivVideoBox shall indicate the equirectanguld
pction.

n RegionWiséPackingBox is present, the following constraints all apply:

The value of NumRegions shall be equal to HorDiv1 * VerDiv1.

For’‘each value of iin the range of O ta NnmRnginnc =1 inclusive the Fn]lnvning qpp]ipc-

— 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.

— SchemeInformationBox shall not directly or indirectly contain any boxes other than

ProjectedOmniVideoBox, ProjectionFormatBox, StereoVideoBox, RegionWisePackingBox,
RotationBox, and CoverageInformationBox.

7.6.1.4 Packed equirectangular or cubemap projected video ('ercm')

NOTE  This scheme type can be used for specifying media profiles.
The 'ercm' scheme type is defined as a closed scheme type for projected omnidirectional video.

When scheme type is equal to 'ercm' in an instance of CompatibleSchemeTypeBox in the
RestrictedSchemeInfoBox, the track conforms to the constraints of schene ‘type equal to|'podv’',
gcheme type equalto 'podv' shall be presentin SchemeTypeBox in the RestyrictedSchemeInfgBox, and
all of the following additional constraints apply:

—~ ProjectionFormatBox within the ProjectedOmniVvideoBox shallindicate either the equireftangular
projection or the cubemap projection.

—+ WhenRegionWisePackingBox is present, the value of packing type [1] foreach value ofishall be equal
to 0.

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

—+ SchemeInformationBox shall not ~directly or indirectly contain any boxes othpr than
ProjectedOmniVideoBox, ProjectionFormatBox, StereoVideoBox, RegionWisePacKingBox,
RotationBox, and CoverageInfoxrmationBox.

7.6.1.5 Fisheye omnidirectional video (' fodv')

he use of the fisheye omnjdirectional video scheme for the restricted video sample entry type ' resv' [indicates
hat the decoded pictures are fisheye video pictures. The use of the fisheye omnidirectional video scheme is
ndicated by schemeCtype equal to 'fodv' (fisheye omnidirectional video) within SchemeTypeB¢x in the
estrictedScheémeInfoBox.

— 3

)

he formate.of fisheye video is indicated with the FisheyeOmniVideoBox contained within the
chemeldfprmationBox. One and only one FisheyeOmniVideoBox shall be present| in the
chemeTnformationBox when the scheme type is 'fodv' within SchemeTypeBox | in the
estrictedSchemeInfoBox.

O 0 =

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

The 'fodv' scheme type may be wused 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, Scheme InformationBox may directly or indirectly contain any boxes
allowed by this document and in any of its future amendments and editions. Those boxes are not constrained
beyond their definition, syntax, and semantics.

7.6.1.6 Equirectangular or cubemap projected video with overlays ('ecov')

When scheme type is equal to 'ecov' in an instance of CompatibleSchemeTypeBox in the
RestrictedSchemeInfoBox, the track conforms to the constraints of scheme type equalto 'ercm' except
that the ProjectedOmniVideoBox contained in the SchemeInformationBox is additionally allowed to
contain JverIayConfigBox. Thevalueof version of OverIayConfigBox (when present] shall be equalto (.

7.6.1.7 | Packed equirectangular or cubemap projected video with derived region-wise packing
('erc2})

NOTE 1 This scheme type can be used for specifying media profiles.
The 'er¢2' scheme type is defined as a closed scheme type for projected omnidirectional video.

When slcheme type is equal to 'erc2' in an instance of CompatibleSchemeTypeBox in the
Restri¢tedSchemeInfoBox, the track conforms to the constraints of scHemé type equal to 'podv
scheme | type equal to 'podv ' shall be present in SchemeTypeBox in the Re'strictedSchemeInfoBox, and
all of the ffollowing additional constraints apply:

— ProfectionFormatBox within the ProjectedOmniVideoBox shall indicate either the equirectangulg
projection or the cubemap projection.

—

— RegfionWisePackingBox shall be present in each media track referenced by the track containing th
'erp2' scheme type. The following constraints shall be\obeyed in each RegionWisePackingBox:

[¢’)

— [The value of packing type[i] for each value of i shall be equal to 0.
— [version shall be equal to 0.
— |When the cubemap projection is in wuse, proj reg top[i], proj reg left[i

proj reg width([i], andproj reg height[i] shall be such that the projected region is withi
one cube face for all values-ofi'in the range of 0 to num regions - 1, inclusive.

=

— [When the equirectafgiilar projection is in use and the content is stereoscopic, proj reg topl[i],
proj reg leftl}iY, proj reg width[i], and proj reg height[i] shall be such that th
projected region is within one constituent picture, i.e. not spanning to both left and right views, for afl
values of i inthe range of 0 to num_regions - 1, inclusive.

[¢’)

— [The izth-projected region shall not overlap with the j-th projected region for any unequal values of i and}j
in the range of 0 to num regions - 1, inclusive.

— RegionWisePackingBox shall be empty in the track containing the 'erc2' scheme type. Players shall
derive the region-wise packing format of the track containing the 'erc2' scheme type from the collection of
the instances of RegionWisePackingBox of the tracks referenced by the track containing the 'erc2'
scheme type. When no RegionWisePackingBox is presentin a track referenced by the track containing the
'erc2' scheme type, players shall conclude that the respective region does not contain any packed regions.

NOTE 2 For example, an overlay can be carried in a referenced track with no RegionWisePackingBox.

— versionof ProjectionFormatBox, StereoVideoBox (when present), RotationBox (when present),
and CoverageInformationBox (when present) shall be equal to 0.

76 © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=670106e0de62d8367d80fbb25d204661

ISO/IEC 23090-2:2021(E)

— SchemeInformationBox in the track containing the 'erc2' scheme type shall not directly or indirectly
contain any boxes other than ProjectedOmniVideoBox, ProjectionFormatBox, StereoVideoBox,

RotationBox,and CoverageInformationBox.

7.6.1.8 Open-ended scheme type for mesh omnidirectional video ('modv')

The use of the mesh omnidirectional video scheme for the restricted video sample entry type ' resv' indicates that

the decoded pictures consist of rectangular regions that map to mesh elements of a 3D mesh. The use of
omnidirectional video scheme is indicated by scheme type equal to 'modv' (mesh omnidirection

the mesh
al video)

within SchemeTypeBox inthe RestrictedSchemeInfoBox.
The 'modv' scheme type is defined as an open-ended scheme type for mesh omnidirectional video:
At least one of the following shall be true:

—+ One and only one MeshOmniVideoBox is present in the SchemeInformatiénBox. The 3D
indicated with the MeshBox contained in the MeshOmniVideoBox within the'SchemeInformat i

— The track contains a tile mesh sample group as specified in subclause 7.16:

<

Vhen a MeshOmnivVideoBox is present within the SchemeInformattonBox, a MeshBox shall b
Fithin the MeshOmniVideoBox. The MeshBox is not constrained beyond the specification in subclause

'modv ' scheme type may be used with all version values specified for MeshBox in this document and|
its future amendments and editions. The "modv ' scheme type ‘may be used with any mesh type value
n this document and in any of its future amendments and editions.

<

—

Vhen MeshOmniVideoBox is present in the SchemeInformationBox, StereoVideoBox may be
he same SchemeInformationBox. The absence\of StereovVideoBox indicates that the omnidirg
rojected content of the track is monoscopi¢y The presence of StereoVideoBox indicates

mnidirectionally projected content of the track is stereoscopic. When StereovVideoBox is prese
chemeInformationBox for the mesh omnidirectional video scheme, version shall be equal to 0. T

fereoscopic content is arranged in the,decoded pictures. The mapping of rectangular regions for the left
iews is specified with the tile mesh sample group.

S g O 9 oo <

[o—

h addition to the boxes constrained above, SchemeInformationBox may directly orindirectly contain
allowed by this document and in any of its future amendments and editions. Those boxes are not co
beyond their definition; syntax, and semantics.

OTE Itis possible t0 author tracks that comply with both the 'modv' and 'podv' scheme types. For example, §
ofr partial cubemap-can be represented by both 'modv' and 'podv' scheme types. When a track complies wit
'modv ' and.! podv' scheme types, one of 'modv' and 'podv' can be present in the SchemeTypeBox, while the
be present\in/the CompatibleSchemeTypeBox. An OMAF player can perform processing for either mesh or

mesh is
onBox.

b present
V.6.8. The
in any of
specified

resent in
bctionally
that the
nt in the
he frame

acking format indicated in the StereoWVideoBox should be ignored as it may or may not correspond t¢ how the

and right

iny boxes
hstrained

complete
1 both the
other can
projected

NOTE  This scheme type can be used for specifying media profiles.

The 'meov' scheme type is defined as a closed scheme type for mesh omnidirectional video.

When scheme type is equal to 'meov' in an instance of CompatibleSchemeTypeBox in the

RestrictedSchemeInfoBox, the track conforms to the constraints of scheme type equal to
scheme type equal to 'modv' shall be present in SchemeTypeBox or CompatibleSchemeTypeB
RestrictedSchemeInfoBox, and all of the following additional constraints apply:

— version of MeshBox and RotationBox (when present) shall be equal to 0.
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— SchemeInformationBox shall not directly contain any boxes other than MeshOmniVvideoBox, and
StereoVideoBox.

— MeshOmniVideoBox shall not directly contain any boxes other than MeshBox and RotationBox.

7.6.2 Projected omnidirectional video box

7.6.2.1 Definition

Box Typs: 'povd'

Containef: SchemeInformationBox

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

Quantity Zero or one

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

— the projection format of the projected picture (C for monoscopic video contained in the track, Cr and Cr for le
and right view of stereoscopic video),

— region-wise packing, when applicable,

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

— optignally the content coverage of the track.

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

— If S{ereoVideoBox is not present in SchemeInformationBox, HorDivl is set equal to 1 and VerDiv1
set equal to 1.

— Othdrwise (StereoVideoBox is present in. Scheme InformationBox), 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 if top-bottom framepacking is indicated, HorDiv1 is set equal to 1 and VerDiv1 is set equal to 2.
— |Otherwise (temporal interleaving is indicated), HorDiv1 and VerDiv1 are both set equal to 1.

If RotationBox is not present in ProjectedOmniVideoBox, RotationFlag is set equal to 0. Otherwis

RotationFlag is set equalto)1.

If StergovideoR0ox'is not present in SchemeInformationBox, SpatiallyPackedStereoFlag, TopBottomFla

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

— Whe

n‘the StereoVideoBox indicates top-bottom frame packing, SpatiallyPackedStereoFlag is set equal to

ft

12

o

by

TopBottomFlag is set equal to 1, and SideBySideFlag is set equal to 0.

— Whenthe StereoVideoBox indicates side-by-side frame packing, SpatiallyPackedStereoFlagis setequal to 1,
TopBottomFlag is set equal to 0, and SideBySideFlag is set equal to 1.

— Whenthe StereovideoBox indicates temporal interleaving, SpatiallyPackedStereoFlag, TopBottomFlag, and
SideBySideFlag are all set equal to 0.
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The width and height of a monoscopic projected luma picture (ConstituentPicWidth and ConstituentPicHeight,

respectively) are derived as follows:

— 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.

ligned(8)

Ol . al . Do AL 1.1 1 al . Ve VI & SEIN |
- ULUICT WIST, CUIISUTUCTILT ICVVIULUT dITU CUILLITUTTILI ICTITTEIIT

proj picture width /HorDivl and proj picture height / VerDivl, respectively;

dl'tT STL

T al to

If RegionWisePackingBox is not present in ProjectedOmnivVideoBox, RegionWisePackingHlag is set

equal to 0. Otherwise, RegionWisePackingFlag is set equal to 1.

The semantics of the sample locations of each decoded picture resulting by decodingthe samples referring to

this sample entry are specified in subclause 7.5.1.2.

.6.2.2 Syntax

ProjectionFormatBox (); // mandatory
// optional boxes but no fields

ProjectionFormatStruct () ;

.6.3 Fisheye omnidirectional video box

.6.3.1 Definition

ox Type: 'fovd'

ontainer: SchemeInformationBox

[andatory: Yes, when sc¢heme typeisequalto ' fodv'
uantity: Zero or one

class ProjectedOmniVideoBox extends Box ({povd')

{

ligned(8) class ProjectionFormatBox () extends FullBox('prfr', 0, 0) {

his.-document specifies FisheyeVideoSupplemental InfoBox with version equal to 0 or 1.

isheyeOmnivVidenBox provides essential fisheye video parameters for stitching and rendering of fishpye video
at the OMAF player,-The fields in FisheyeOmnivideoBox provide region information of circular images in the
pded picture and field of view and camera parameters of fisheye lens. FisheyeVideoSupplemental InfoBox
rovides the,local field of view information for high quality stitching and rendering of fisheye video, gs well as
eadzoneinformation.

7.6.3.2 Syntax

aligned(8)

aligned(8)

}

FisheyeVideoEssentialInfoBox (); // mandatory

FisheyeVideoSupplementalInfoBox (); // optional

FisheyeVideoEssentialInfoStruct () ;

© ISO/IEC 2021 - All rights reserved
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aligned(8) class FisheyeVideoSupplementalInfoBox
extends FullBox('fvsi', version, 0) {
FisheyeVideoSupplementalInfoStruct (version) ;

7.6.4 Region-wise packing box

7.6.4.1 Definition

Box Typs: 'rwpk'

Container: ProjectedOmnivVideoBox
Mandatory: No

Quantity Zero or one

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

RegionWfisePackingBox may be empty, i.e. contain only the box header and{no” payload. An empty
RegionWfisePackingBox indicates that the region-wise packing format of this~track is derived from thle
collection of the instances of RegionWisePackingBox of the tracks referenced lay-this track.

NOTE Anjong other information a non-empty RegionWisePackingBox also provides the content coverage information in
the 2D Caftesian picture domain.

7.6.4.2 | Syntax

aligned(8) class RegionWisePackingBox extends~FullBox ('rwpk', 0, 0) {
if [(size == && largesize > 16) || (size > 12))
RegionWisePackingStruct () ;

7.6.4.3 | Semantics

Subclausg 7.5.3 applies with the following additional constraint:

(i

— packed picture width ahd"' packed picture height shall have such values th3
packed picture width is\an integer multiple of width and packed picture height is an integg
mulfliple of height, where'width and height are syntax elements of the Vi sualSampleEntry containing
this pox.

—

7.6.5 Rotation bex

7.6.5.1 | Definition

Box Typa: 'rotn'

Container: ProjectedOmniVideoBox or MeshOmnivVideoBox
Mandatory: No

Quantity: Zero or one

The fields in this box provides the yaw, pitch, and roll angles, respectively, of the rotation to be applied to convert
the local coordinate axes to the global coordinate axes. In the case of stereoscopic omnidirectional video, the fields
apply to each view individually. When the RotationBox is not present, the fields rotation yaw,
rotation pitch,and rotation roll are all inferred to be equal to 0.
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7.6.5.2 Syntax

aligned(8) class RotationBox extends FullBox('rotn', 0, 0) {
RotationStruct () ;
}

7.6.6 Coverage information box

7.6.6.1 Definition

Hox Type: 'covi'

(ontainer: ProjectedOmniVideoBox or SpatialRelationship2DDescriptionBax
Mandatory: No

Quantity: Zero or one

This box provides information on the content coverage of this track (whenthe box is cont
HrojectedOmnivVideoBox) or the content coverage of the composition pictures-(when the box is con
JpratialRelationship2DDescriptionBox).

=z

OTE1 It is totally up to the OMAF player to handle the area that is not covered by the content when ren
mnidirectional video content.

o

=z

OTE 2 When this box is contained in ProjectedOmniVideoBox, this.bdx can be used to indicate whether the s
hrried in the track is monoscopic or stereoscopic by the syntax elements’default view idcorview idc[i].

Q

e

ach sphere location within the sphere regions specifying the)content coverage shall have a correspondirn

—-

iwhen the box is contained in SpatialRelationship2DDescriptionBox). However, there may
phere locations that do have corresponding samples‘in the decoded pictures but are outside the content

|72

7.6.6.2 Syntax

Q

ligned(8) class CoveragelInfermationBox extends FullBox('covi', 0, 0) {
ContentCoverageStruct ()

7.6.7 Mesh omnidirectional video box

7.6.7.1 Definition

Hox Type: *movd'

(ontainer: SchemeInformationBox

Mandatory: Yes, when scheme typeis equal to 'modv’
Quantity: Zero or one

ained in
tained in

lering the

hb-picture

g sample

n the decoded pictures (when the box is contained in PréfectedOmniVvideoBox) or in the composition pictures

be some
Coverage.

Thisbox1s a container box that contains boxes Indicating information 1or the rollowing:

— the 3D mesh, consisting of mesh elements, and

— the rotation for conversion between the local coordinate axes and the global coordinate axes, if applied.

7.6.7.2 Syntax
aligned(8) class MeshOmniVideoBox extends Box ('movd') {

// boxes but no fields
}

© ISO/IEC 2021 - All rights reserved
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7.6.8

Mesh box

7.6.8.1 Definition

Box Type:
Container:

'mesh'’
MeshOmniVideoBox

Mandatory: Yes

Quantity:

MeshBof
different
TileMes
and the p

One

the rendgring process.

The 3D n

NOTE 1 §

In line w

for both
eye meshes.

When a |
rectangu
grouping

NOTE 2 4

7.6.8.2

aligne

uns
uns
uns
uns
uns
if

for

Syntax

(8) class MeshBox () extends FullBox
1gned int(16) num mesh elements;
1gned int (4) mesh type;

1gned int(1l) explicit mesh id flag;
1gned int(1l) explicit_fmesh shape flag;
Jgned int (2) reserved;
explicit mesh shapes/flag)

insigned int (8)-‘mesh shape;

(i=0; i < numnesh elements; i++)
1f (mesh type|s= || mesh type == 2)
SphereRegionStruct (1,0) ;

¢lse if (Mesh type == 1)
3DPaxagllelogramStruct () ;

1f (explicit mesh id flag == 1)
tnsigned int (16) mesh element id;

('mesh',

0,

FSpectftes a 3D esiT ConSISTNg 0f ONE Or IMOTE MESIT EIeMents, eacl 0f WIITIT Tave a untque 1D- 11
mesh elements are referenced by one or more tile mesh group entries (e.g. instances
hGroupEntry), which define the relationship between a group of samples (or a complete OMAF tile)tradk)

osition on the mesh. This information can be used for both selection of OMAF tile tracks as well‘as’durinyg

esh specified by a MeshBox is indicated relative to the local coordinate axes.

otationBox, when present, specifies the conversion from the local coordinate axes to the-global coordinate axes.

th how typical rendering engines work with stereoscopic content, the same mesh is assumed to be used

byes in case of stereoscopic content. In other words, it is not possible to define distinct left-eye and righ

leshBox is present in an OMAF base track, each mesh elementin' the MeshBox shall be mapped into
ar region of a decoded picture within one or more referenced OMAF tile tracks using the tile mesh sampl

A\mong other information, the MeshBox also provides implicit content coverage information.

0)

=

D QD

{

7.6.8.3 Semantics

82

num mesh elements specifies the number of mesh elements described in this box.

mesh type specifies the type of the mesh description used all mesh elements described in this box.
mesh_type shall be in the range of to 0 to 2, inclusive. Other values of mesh type are reserved.

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=670106e0de62d8367d80fbb25d204661

ISO/IEC 23090-2:2021(E)

explicit mesh id flagequalto 0 specifies thatmesh element idis not presentin the MeshBox and
the values of mesh element id are inferred. explicit mesh id flag equal to 1 specifies that

mesh element idis presentinthe MeshBox.

explicit mesh shape flag equal to 1 specifies that mesh shape is present in the MeshBox.
explicit mesh shape flagequalto 0specifiesthatthemesh shape isnotpresentintheMeshBox,

in that case no global shape can be presupposed for the mesh described by the MeshBox.

mesh shape equal to 0 indicates the MeshBox describes a sphere or a portion of a sphere. mesh shape

equal to T indicates that the MesnBox describes a cube or a portion of a cube. mesn_snape
indicates the MeshBox describes a portion of a plane. Other values of mesh shape are reserve

SphereRegionStruct () specifies a spherical mesh as the spherical region specified(n the str
defined in subclause 7.5.6. The SphereRegionStruct () shall be inferred to have shdpe type v3
to 1 (specified by two azimuth circles and two elevation circles). When mesh~type is equal
The value of the interpolate syntax element for the SphereRegionStru&t () isinferred tg
to 0.
in this box shall not overlap.

mesh element id specifies an identifier to uniquely identify‘a mesh element within this mesh b

explicit mesh id flag isequalto0,mesh elenent id for the i-th mesh elementis in
be equal to 1.

7.6.8.4 3D parallelogram structure

o=

3DParallelogramStruct () is a parallelogram in the local reference frame (O, X, Y, Z), as depicted
2. The vertices A, B, C, and D of the parallelogram, as depicted in Figure 22, are specified using the syntax
drigin,u direction,andv_directicncontained by the 3DParallelogramStruct () as follow

DD

A=0+origin Yertex
B=A+u direction
C=B+v_dixestion
D=A+v direction

—3

he normal vector ofa3DParallelogramStruct () is pointing toward the direction of uDir x vDir, x
ross product betweenn two 3D vectors, uDir being the vector from A to B and vDir being the vector from
presented in Figlire 22. The front face of the parallelogram is in the direction of the normal.

o

qual to 2
d.

icture as
lue equal
to 2, the

SphereRegionStruct () isinferred to have shape type value equal to 0 (specified by four great circles).

be equal

3DParallelogramStruct () specifies a parallelogram mesh in the 3D;space. Two mesh elements dlescribed

bx. When
ferred to

in Figure
elements
S:

(18)

being the
A to D, as
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Figure 22 — 3D parallelogram

i (8) class 3DParallelogramStruct () {
pctStruct origin vertex;

pctStruct u direction;

bctStruct v_direction;

| vertex is a vector used to specify the vertex A of the parallelogram.

ttion is a vector used to specify the vertex B of the'parallelogram.

ttion is a vector used to specify the vertices € and D of the parallelogram.

3D vector structure

Cture specifies a vector in a 3D.cartesian coordinate system. The vector coordinates are expressed in th
‘dinate system.

(8) class 3DVectStruct () {
ed int (32) x _comp;
ed int (32) y-Comp;
bed int (32)9 %/ comp;

vy _comp, and z_comp represent, respectively, the x,y, and z cartesian coordinate of a 3D vector expresse|
hl coordinate system. The value is relative to the unit sphere and is in units of 10-7.

7.7 Timed metadata for sphere regions

7.7.1

General

¢

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

84
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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
the samples to have only one sphere region.

7.7.2 Sample entry

7.7.2.1 Definition

that limits

les|

xactly one SphereRegionConfigBox shall be present in the sample entry. SphereRegiohCot
pecifies the shape of the sphere region specified by the samples. When the azimuth and elevatign-rang
phere region in the samples do not change, they may be indicated in the sample entry.

[ %)

7.7.2.2 Syntax

0]

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

0O

lass SphereRegionConfigBox extends FullBox ('rosc'f )0, 0) {
unsigned int (8) shape type;
bit (7) reserved = 0;
unsigned int (1) dynamic range flag;
if (dynamic range flag == 0) {
unsigned int (32) static_azimuth rangge;
unsigned int(32) static_elevatiomi\range;
}

unsigned int(8) num regions;

7.7.2.3 Semantics

shape_ type equal to 0 specifies that the sphere region is specified by four great circles. shape ty
when applying subclause 7.5.6 to the semantics of the samples of the sphere region metadata tra

unchangedin all samples referring to this sample entry. dynamic range flagequalto 1 spe
the azimuth and elevation ranges of the sphere region are indicated in the sample format.

respectively, of the sphere region for each sample referring to this sample entry in units of 2-14

hfigBox
tes of the

pe equal
to 1 specifies that thetsphere region is specified by two azimuth circles and two elevatiop circles.
shape type valuesgreater than 1 arereserved. The value of shape type isused as the shape type value

k.

dynamic_range' flag equalto 0 specifies that the azimuth and elevation ranges of the sphere regidn remain

ifies that

stat®c azimuth range and static elevation range specify the azimuth and elevatiop ranges,

static azimuth range and static elevation range specify the ranges through tlll

degrees.
e centre

point of the sphere region, as illustrated by Figure 20 or Figure 21. static _azimuth range shall bein
the range of 0 to 360 * 216, inclusive. static elevation range shall be in the range of 0 to 180 * 216,

inclusive. When static azimuth range and static elevation range are presentand

are both

equal to 0, the sphere region for each sample referring to this sample entry is a point on a spherical surface.
When static azimuth range and static 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

7.7.3.1

Sample format

Definition

Each sample specifies a sphere region. The SphereRegionSample structure may be extended in derived track

formats.

7.7.3.2

aligne
for

7.7.3.3

Subclause 7.5.6 applies to the sample that contains the SphereRegionStruct () structufe.

Let the target media samples be the media samples in the referenced media tracks with composition time

int

The

7.7.4

7.7.4.1

This metadata indicates initial viewing orientations that should be used when playing the associated media tracK
or a single omnidirectional imagestored as an image item.

When th
using

(centrg azimuthycentre elevation,centre tilt)equalto (0,0,0)relative tothe global coordinate axe
an initial[viewingorientation metadata track shall be present and associated with the media track. In the absend
of this type of metadata centre azimuth, centre elevation, and centre tilt should all be inferred to

be equal

NOTE 1
initial vie

Syntax

(8) SphereRegionsample () {
(1 = 0; i < num _regions; i++)
phereRegionStruct (dynamic_range flag, 1);

Semantics

—~+ »n

greater than or equal to the composition time of this sample and less than the-composition time of the ney
dample.

¢rpolate equal to 0 specifies that the values of centxé azimuth, centre elevationp,
entre tilt,azimuth range (if present), and elevatioe® Yange (if present) in this sample apply
fo the target media samples. interpolate equal to 1 spécifies that the values of centre azimutl,

Egesent) that apply to the target media samples are lineatly interpolated based on composition times, fromn
e values of the corresponding fields in this sample and the previous sample.

e

balue of interpolate for a sync sample, the\first sample of the track, and the first sample of a trad
fragment shall be equal to 0.

Initial viewing orientation

Definition

v

¢ playback of a media track that contains nothing but one or more overlay sources is intended to be starte

£0-0)

When a media track consists of one or more overlay sources, it is consumed with background visual media, and the
wing orientation is present or inferred for the background visual media.

When playing a file and when the file contains an initial viewing orientation metadata track, 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.

86

tentre elevation, centre tilt, azimuth range“(if present), and elevation range (ff

d
another viewing orientation than that indicated bly
s
e
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An OMAF player should use the indicated or inferred centre azimuth, centre elevation, and

centre_ tilt values as follows:

— If the orientation/viewport metadata of the OMAF player is obtained on the basis of an orientation sensor

included in or attached to a viewing device, the OMAF player should
— obeyonly the centre azimuth value, and

— ignore the values of centre elevation and centre tilt and use the respective values

from the

oTientation sensorinstead:

— Otherwise, the OMAF player should obey all three of centre azimuth, centre elevat
centre tilt.

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

[0)]

hape type shall be equalto 0, dynamic range flagshallbeequalto0,staticVazimuth rang
qual to 0,and static elevation range shall be equal to 0 in the SphereRégtonConfigBox of th
ntry.

D O

NOTE 2 This metadata applies to any viewport regardless of which azimuth and elevation ranges are covered by thd
Thus, dynamic_range flag, static_azimuth range, and static_el@eyvation range do not affect the d
of the viewport that this metadata concerns and are hence required to‘be equal to 0. When the OMAF player
dentre_ tilt value as concluded above, the value of centre tilt can be interpreted by setting the azimuth ang
ranges for the sphere region of the viewport equal to those that are acttially used in displaying the viewport.

7.7.4.2 Sample syntax

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

7.7.4.3 Sample semantics

NOTE 1 As the sample structure.éxtehds from SphereRegionSample, the syntax elements of SphereRegionS
imcluded in the sample.

centre azimuth;Centre elevation,andcentre tilt specify the viewing orientation in un

centreof'the viewport, and centre tilt indicates the tilt angle of the viewport.
intefpolate shall be equal to 0.

Tefresh flag equal to O specifies that the indicated viewing orientation should be used when stz

|l on, and

e shall be
e sample

viewport.
imensions
obeys the
elevation

mple are

ts of 2-16

degrees relative to the global coordinate axes. centre azimuth and centre elevation indicate the

rting the

playback from a time-parallel sample in an associated media track. refresh flagequal to 1

specifies

that the indicated viewing orientation should always be used when rendering the time-parallel sample of

each associated media track, i.e. both in continuous playback and when starting the playback from
parallel sample.

NOTE2 refresh flag equal to 1 enables the content author to indicate that a particular viewing orie

the time-

ntation is

recommended even when playing the video continuously. For example, refresh flag equal to 1 can be indicated for a scene

cut position.
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7.7.5

7.7.5.1

Recommended viewport

Definition

The recommended viewport timed metadata track indicates the viewport that should be displayed when the user
does not have control of the viewing orientation or has released control of the viewing orientation.

NOTE 1 The recommended viewport timed metadata track can be used for indicating a recommended viewport based on a

director's

If the timed metadata track concerns more than one viewpoint or the referenced media tracks contain media datfa

for more
type 'rc

Each vid
shall cov

NOTE 2 When arecommended viewport timed metadata track is used to derive the viewpertand the video track(s) referenced

by the re
overlays |

When pl
switch,

ViewpolntSwitchingListStruct (), an OMAF player should obey the timeline switching offsets and
transition effects as specified in the current viewpoint’s ViewgointSwitchingListStruct (). When there 1s
n

more

ViewpolntSwitchingListStruct (), the first entry should be used.

The reco

the recommended-viewport rectangular 2D media content that it defines by means of an 'esri' (encode
sphericallregion-of-interest) track reference ffom the recommended viewport metadata track to the rectangular 2

video tra

linked via the 'esri' track reference.

88

k
K
The group of video tracks that are referenced by a ' cdtg' track reference from a recommendéd viewport timed
metadatd track shall collectively cover the indicated recommended viewports completely. for the entire duration ¢f
the timed metadata track.

cut or based on measurements of viewing statistics.

than one viewpoint, the track sample entry type ' rvp2 ' shall be used. Otherwise, the track sample.entrly
vp' or 'rvp2' shall be used.

bo track referenced by a 'cdsc' track reference from a recommended viewport timed(metadata trac
br the indicated recommended viewports completely for the entire duration of the timed-metadata track.

ommended viewport timed metadata track have associated overlays, an OMAF player is expected to render the
ke in rendering with user-controlled viewing orientation.

ying the content by following a recommended viewport tinted metadata track indicating a viewpoint
if the current viewpoint’s ViewpodntInformationStruct () contairls

than one entry corresponding to the °~ same destination viewpoint id |

mmended viewport metadata track (' rcvp¥or ' rvp2') may be linked to one or more tracks carryin

o U & 09

Ck. Figure 23 illustrates the relationship between the recommended viewport and the rectangular 2D vide
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.7.5.2 Sample entry syntax

lass RcvpSampleEntry ()
RcvpInfoBox (); // mandatory

lass Rvp2SampleEntry ()
RcvpInfoBox (); // mandatory

lass RcvpInfoBox extends FullBox('rvif', wversion, 0) {
unsigned int (8) viewport type;
string viewport desgription;
if (version > 0) ({

unsigned ing(2) viewpoint idc;

bit (6) resexved = 0;

if (viewgodnt idc == 1)

unsigned int (32) rvif viewpoint id;

.7.5.37 Sample entry semantics

Figure 23 — Illustration of 'esri' trackreference

extends SphereRegionSampleEntry('rcvp') {

extends SphereRegionSampleEntry('rvp2') {

version shall be equal to 0 when RecvpInfoBox is containedina 'rcvp'

equal to 1 when RevpInfoBox is contained in ' rvp2' sample entry.

sample entry. version shall be

viewport type specifies the type of the recommended viewport as listed in Table 13.
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Table 13 — Recommended viewport type

Value Description

A recommended viewport per the director's cut, i.e. a
0 viewport suggested according to the creative intent of the
content author or content provider

A recommended viewport selected based on

viey
1

viey
1
1
i
{

rvii
1

7.7.5.4

class 1
if

7.7.5.5
shape 1
static|

elevat]
viewport

tlo be equal to 0.

unsigned int(32) viewpoint id;

1 o e

ITITASUITIIITIILS Ul VlCVVllls SLAUISUILS

Reserved (for use by future extensions of ISO/IEC 23090-
2.239 2)
240,255 Unspecified (for use by applications or external

specifications)

lport description is null-terminated UTF-8 string that provides a_textual description of th
ecommended viewport.

[¢’)

lpoint idc equal to 0 specifies that all the media tracks referenced by this timed metadata tragk
epresent the same viewpoint. viewpoint idc equal to 1 spetifies that the viewpoint identifiexs
eferenced by the sample entry containing this RcvpInfoBox)represent the viewpoint with viewpoirnt
dentifier equal to rvif viewpoint id.viewpoint idelequal to 2 specifies that the samples contain
riewpoint id.viewpoint idc equalto3isreserved. When notpresent,viewpoint idcisinferred

f viewpoint id specifies the viewpoint identifier that identifies the viewpoint containing th
ecommended viewport for the samples referencing the sample entry containing this RevpInfoBox.

¢

Sample syntax

ecommendedViewportSample () extends SphereRegionSample () {
viewpoint idc == 2)

Sample semantics

ype shall be€gual to 0 in the SphereRegionConfigBox of the sample entry.

o

|azimuthvrange and static elevation range, when present, or azimuth range an
L on , narige, when present, indicate the azimuth and elevation ranges, respectively, of the recommended

centre azimuth and centre elevation indicate the centre point of the recommended viewport relative to

the globa

| coordinate axes. centre tilt indicates the tilt angle of the recommended viewport.

viewpoint id specifies the viewpoint identifier of the viewpoint that contains the recommended viewport.

90
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7.7.6 Timed text sphere location metadata

7.7.6.1 General

021(E)

The timed text sphere location metadata 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. Since the timed text

cues are

rendered at certain positions in 3D space, they are only visible when timed text sphere location is within the sphere

region defining the viewport.

.7.6.2 Sample entry format

The track sample entry type 'ttsl1' shall be used.

—3

he sample entry of this sample entry type is specified as follows:

dlass TTSpherelocationSampleEntry () extends SphereRegionSampleEntry ('ttsl')
unsigned int (1) depth included flag;

bit (7) reserved = 0;

depth included flag equal to 1 specifies that the depth (z-value]-ef the regions on which the t

which the timed text is to be rendered is not present in the Samples.

When SphereRegionSampleEntry () isincluded in TESpherelocationSampleEntry (),the
applies:

The values of shape type, dynamic range flag, static azimuth rang
static _elevation range shall all'be equal to 0.

The value of num_regions may be greater than 1.

7.7.6.3 Sample format

—

he sample format of timed text §phere location timed metadata is specified as follows:

Q

ligned (8) TTSpherelkocationSample () extends SphereRegionSample () {
for (i=0; i<num. regions; i++) {
string regien id;
if (depth\included flag)
unsggned int (16) region depth;

region idprovides the identifier of the region on which the timed textis to be rendered. region ]
be equal to the identification of the corresponding region defined in the timed text streams in the

med text

is to be rendered is present in the samples. The value 0 specifiesthat the depth (z-value) of the regions on

following

e, and

d should
[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 2-16,

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.
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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

2DRegio
is not de

ranking fegion A has a non-zero quality ranking value less than that of quality ranking rgio B, quality rankinyg
region A has a higher quality than quality ranking region B. When the quality ranking value is non-zero, the picture

quality wi

nQualityRankingBox is present in a visual sample entry, the quality ranking value for the visual track

ned. Q dNKING d C 110 C C e _( LV _order o1 _( dNKInNg o101 Ahen g

ranking §phere regions specified by the SphereRegionQualityRankingBox may or may not match with the

boundaries of the quality ranking 2D regions specified by the 2DRegionQualityRankingBox./Fhe boundari

of the qua

boundaries of the projected regions specified by RegionWisePackingBox.

Either on

present fpr the projected omnidirectional video tracks to enable viewport-dependent content selection.

7.8.2

7.8.2.1

Box type

Containey:
Mandatory (per an item): No
Quantity|(per an item): At most one for each region definition type value

7.8.2.2

aligne
Sphe
}

aligned
unsi
unsi
unsi
unsi
unsi
unsi
bit
if

Tnsigned int (2) default view idc;

lity ranking sphere or 2D regions may or may not match with the boundaries of the packed regions or t

both of SphereRegionQualityRankingBox and the 2DRegionQualityRankingBox should be

Spherical region-wise quality ranking

Definition

'srgr'
VisualSampleEntry

Syntax

(8) class SphereRegionQualityRankingBox extends FullBox ('srgr', 0, 0) {
reRegionQualityRankingStruct () ;

(8) class SphereRegionQualityRankingStruct () {
gned int(8) regilon definition type;

gned int(8) numlregions;

gned int(l)rémaining area flag;

gned int (¥)Wwiew idc presence_ flag;

gned int{(l) quality ranking local flag;

gned ift)(4) quality type;

1) xeserved = 0;

vi€w( 1dc presence flag == 0) {

b
}

for
u
i

}

i

92

1Tt (b) reserved = 0;

(1 = 0; i < num regions; i++) {
nsigned int (8) quality ranking;
f (view idc presence flag == 1) {
unsigned int(2) view_idc;
bit (6) reserved = 0;

f (quality type == 1) {

unsigned int (16) orig width;
unsigned int (16) orig height;
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if ((1i < (num_regions - 1)) || (remaining area flag == 0))
SphereRegionStruct (1, 1);

7.8.2.3 Semantics
region definition type hasidentical semantics to shape type of SphereRegionConfigBox.

4 cnacifiac tha oo bar of ooy wopling cohbhora rogionce for ahacobh +bha ool rankin
safr—regrons—Specthes—thenumber—eofquality rankins—sphere—regions—tor—which—the—qualtty g

information is given in this box. Value 0 is reserved. There shall be no point on the sphere that is\¢ontained
in more than one of these quality ranking sphere regions.

remaining area flag equal to 0 specifies that all the quality ranking sphere regions ate defined by the
SphereRegionStruct (1, 1) structures. remaining area flag equal toDspecifies thaf the first
num_regions - 1 quality ranking sphere regions are defined by SphereRegionStruct|(l, 1)
structure and the last remaining quality ranking sphere region is the sphereregion within the content
coverage, not covered by the union of the quality ranking sphere'\régions defined by [the first
num_regions - 1 SphereRegionStruct(l, 1) structures.The’last remaining quality ranking
sphere region may be on both the left and right views.

view idc presence flag equal to 0 specifies that view idc is not | present.
view idc presence flagequalto 1specifiesthatview idcis presentand indicates the agsociation
of quality ranking sphere region with particular (left or,right or both) views or monoscopic content.

quality ranking local flag equal to 1 specifiesthat the quality ranking information provided in this
instance of this box is relative to the quality ranking information provided in all instances of thjs box for
this track only. quality ranking locals'flag equal to 0 specifies that the quality] ranking
information provided in this instance of thi§box is relative to the quality ranking information prpvided in
all instances of SphereRegionQualiifyRankingBox and 2DRegionQualityRankingBox with
quality ranking local flagequal to O for this and other tracks.

NOTE1 quality ranking ldcal flag equal to 1 can be used in a track that includes coded vidgo data by
reference to a set of fracks among which one is selected as the source of the coded video data. Fof example,
an 'alte' track reference specified in ISO/IEC 14496-15 can be wused for this| purpose.
SphereRegionQualityRankingBox or 2DQualityRankingBox with
quality ranking local flag equalto 0 can 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 picture.
quality £¥ype equal to 0 specifies that all packed regions correspond to the same projected picture
resolutienyquality type equal to 1 specifies that at least one horRatio value, as derived in ubclause
5.4.2, may differ from other horRatio values among all pairs of packed and projected regions of the picture
orsat least one verRatio value, as derived in subclause 5.4.2, may differ from other verRatio valugs among
all\pairs of packed and projected regions of the picture. quality type valuesgreaterthan 1 are feserved.

default view idc equal to 0 indicates that the quality ranking sphere region is monoscopic, 1|indicates
thatthequatity ranking sphrereregiomis o the teft view of stereoscopiccontent; 2 imdicates tiat 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.

quality ranking specifies a quality ranking value of the quality ranking sphere region.
quality ranking equal to 0 indicates that the quality ranking value is not defined. The semantics of
non-zero quality ranking values are specified in subclause 7.8.1.

view idc equalto 0 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

© ISO/IEC 2021 - All rights reserved 93


https://standardsiso.com/api/?name=670106e0de62d8367d80fbb25d204661

ISO/IEC 23090-2:2021(E)

both the left and right views. When not present, the value of view idc isinferred to be equal to the value
ofdefault view idec.

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

NOTEZ orig width and orig_height represent the width and height of the picture from which the packed
region has been extracted without resampling.

ot

INOTE 3 A player is suggested to parse SphereRegionQualityRankingBox and select the track for playing/th
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 fi
other regions.

— The resolution of the region covering the viewport is suitable for the display. If qualdty type is equgl
to 1, orig width and orig height represent the width and height of the monoscopic projectdd
picture from which the packed region covering the viewport has been extracted. Otherwise, width an
height of VisualSampleEntry can be used to conclude the resolution on the' viewport.

[=%

=]

SpheéreRegionStruct (1, 1) specifiesthe spherical location and size of the quality ranking sphere regio
1lelative to the global coordinate axes, while the shape type value of the quality ranking sphere regions
indicated by region definition type. The value of interpolate in SphereRegionStruct (1)
1) shall be equal to 0.

v

7.8.3 2D region-wise quality ranking

7.8.3.1 | Definition

Box type '2dgr’

Containet: VisualSampleEntry
Mandatory (per an item): No

Quantity|(per an item): Zero or one

7.8.3.2 | Syntax

aligned (8) class 2DRegionQualityRankingBox extends FullBox ('2dgr', 0, 0) {
2DR¢gionQualityRankimgStruct () ;
}

aligned(8) class ,2DRegionQualityRankingStruct () {

unsjigned int(8) num regions;
unsjgned int(l) remaining area flag;
unsjgned«int (1) view idc presence flag;
unsigned/int (1) quality ranking local flag;
unsigned int (4) quality type;
bit H—xeserved =0+
if (view_idc_presence flag == 0) {

unsigned int(2) default view idc;

bit (6) reserved = 0;

}

for (1 = 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) {
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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 viéw) idc are
identically to the syntax elements with the same names in SphereRegionQualityRankingBd
further constrained as follows:

— When a 2DRegionQualityRankingBox is present in . @, VisualSampleEnt
StereoVideoBox is present in the VisualSampleEntry @nd indicates temporal intd
view idc presence flag shall be equal to0and default) view idc shall be equal

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

remaining area flag equal to O specifies that all the quality ranking 2D regions are define
left offset, top offset,region widpfyand region height.remaining area fl
to 1 specifies that the first num regions g\ I quality ranking 2D regions are defined by left |
top offset, region width,and regdon height and the last remaining quality ranking 2
is the area in the picture with width equal to width of VisualSampleEntry and height
height of VisualSampleEntry,not covered by the union of the first num regions - 1

quality ranking local ‘flag equal to 1 specifies that the quality ranking information provid
instance of this box is felative to the quality ranking information provided in all instances of th
this track only. guality ranking local flag equal to 0 specifies that the quality]
information provided in this instance of this box is relative to the quality ranking information pr
all instances of-SphereRegionQualityRankingBox and 2DRegionQualityRankingh
quality ¢zartking local flag equalto O for this and other tracks.

NOTE I ~quality ranking local flag equal to 1 can be used in a track that includes coded vid
reference to a set of tracks among which one is selected as the source of the coded video data. Fo|
an 'alte' track reference specified in ISO/IEC 14496-15 can be wused for this
SphereRegionQualityRankingBox or 2DQualityRankingBox
quality ranking local flag equalto 0 can be present in the referenced tracks within th

specified
x but are

ry and
rleaving,
o 3.

mation is
tained in

d by the
ag equal
offset,
D region
equal to

quality

ranking 2D regions. The last remaining quality ranking 2D region may be on both the left and right views.

ed in this
s box for

ranking
pvided in
ox with

ko data by
I example,
purpose.
with

e file.

quality type indicates which factor causes the differences in the quality of packed regions on the picture.

quality type equal to 0 specifies that all packed regions correspond to the same projected picture
resolution. quality type equal to 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. quality type values greaterthan 1 arereserved.

orig widthand orig height specify the width and height, respectively, of such a monoscopic projected

picture for which both horRatio and verRatio, as derived in subclause 5.4.2 for each of the packed regions
that cover the quality ranking 2D region, are equal to 1.
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NOTEZ orig width and orig_height represent the width and height of the picture from which the packed
region has been extracted without resampling.

NOTE 3 A player is suggested to parse 2DRegionQualityRankingBox 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 type isequal
to 1, orig width and orig height represent the width and height of the monoscopic projected
picture from which the packed Tegion COVering the VIEWpOoIT Nas Deen extracted. Utherwise, widtir and
height of VisualSampleEntry can be used to conclude the resolution on the viewport.

left offset, top offset, region width,and region height are integer values that jndieate th

osition and size of the quality ranking 2D region. left offset and top offset~indicate th
ﬂorizontal and vertical coordinates, respectively, of the upper left corner of the quality rahking 2D regio
yithin the picture, in units of luma samples. region widthand region height indieate the width an
height, respectively, of the quality ranking 2D region within the picture, in units/of luma sample
left offset + region width shall be less than width of VisualSampleBntry. top offset
fegion height shall belessthanheight of VisualSampleEntry.

+ TS o o

regjon width shall be greater than 0.

regjon height shall be greater than 0.

7.9 Stiorage of omnidirectional images

7.9.1 General

Omnidirgctional images are stored in a file as-image items, as specified in ISO/IEC 23008-12. The
ProjectionFormatProperty shall be present foran omnidirectional image item. When an image item contairls
stereoscqpic content, the FramePackingProgerty shall be present for the image item. When an image itein
contains| a packed picture generated( by region-wise packing from the projected picture, the
RegionffisePackingProperty shall be present for the image item.

7.9.2 Frame packing item propérty

7.9.2.1 | Definition

Box type 'stvi'

Property|type: Descriptive item property
Container: ItemPropertyContainerBox
Mandatory (per.an item): No

Quantity [(peran item): Zero or one

FramePackingProperty indicates that the reconstructed image contains a representation of two spatially
packed constituent pictures.

essential shallbeequalto 1 fora 'stvi' item property.

7.9.2.2 Syntax

FramePackingProperty has the same syntax as StereoVideoBox specified in ISO/IEC 14496-12.
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7.9.2.3 Semantics

The semantics of the syntax elements within the FramePackingProperty are the same as those specified for the

syntax elements of StereoVideoBox as defined in ISO/IEC 14496-12 and in subclause 7.1.3.

7.9.3 Projection format item property

7.9.3.1 Definition

Hox type: 'prir’

Property type: Descriptive item property

(ontainer: ItemPropertyContainerBox

Mandatory (per an item): No

Quantity (per an item): Zero or one

HrojectionFormatProperty indicates the omnidirectional projection format of the’image.

<

Vhen 'prfr' ispresent, the reconstructed image represents a packed picture thathas been generated as

—_— e

cations of the reconstructed image are specified in subclause 7.5.1.2.

Tlhe format of the projected monoscopic pictures is indicated with the PpojectionFormatProperty.

_- T

fem is monoscopic.

Vhen both ProjectionFormatProperty and FramePackingProperty are present for an im

tereo_scheme shall be equal to 4, and the firstbyte of stereo indication_ type shall be equal

rd the second byte of stereo_indication-type shall be equal to 0 indicating that quincunx sampl
use.

o v o <

Qo

ptional region-wise packing is jindicated with the RegionWisePackingProperty. The ab
egionWisePackingProperty, indicates that no region-wise packing is applied.

]

gssential shall be equal to(ITfora 'prfr' item property.

Thhe values of the variables HorDiv1 and VerDiv1 are set as follows for an image item:

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

indicated

n Figure 2 and Figure 3 for a monoscopic and stereoscopic image, respectively. The semantics of the sample

or stereoscopic video, the frame packing arrangement of the projected left and right pictures is indicated with the
ramePackingProperty. The absence of FramePackingRroperty indicates that the content of the image

hge item,
to 3 or 4,
Ing is not

sence of

—+ If FramePagkingProperty is not present for the image item, HorDiv1 is set equal to 1 and VerDJiv1 is set

— Otherwise (top-bottom frame packing is indicated), HorDiv1 is set equal to 1 and VerDiv1 is set equal to 2.

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

respectively) corresponding to the reconstructed image of the image item are derived as follows:

— If RegionWisePackingProperty is not present for the image item, ConstituentPicWidth and
ConstituentPicHeight are set to be equal to image width /HorDivl and image height /VerDivl,
respectively, where image width and image height are syntax elements of

ImageSpatialExtentsProperty associated with the image item.
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— Otherwise, ConstituentPicWidth and ConstituentPicHeightare setequaltoproj picture width / HorDivl
and proj picture height / VerDivl, respectively.

IfRotationProperty is not present for the image item, RotationFlag is set equal to 0. Otherwise, RotationFlag is

set equal

to 1.

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

— Wh
equg

— Whe
equd

If Regiq
Otherwis

7.9.3.2

aligne
extendd
Proj

7.9.4
7.9.4.1

When an
Essent]

7.9.4.2

Box type
Property
Containe
Mandato
Quantity

Essent]
images a

circulari

When th¢

1 . PR 1 1 £ 1 pal PR T - Y 1 1c =1 .
I UIC T T AlllCFaCKITIJELIOPCS I LY IIIUILALES LTUD=DOLLUIIT IT4IIIC PDAdUKIILE, opPdlldily'dCKCUOSLEICUTIdg 15 54

1to 1, TopBottomFlag is set equal to 1, and SideBySideFlag is set equal to 0.

n the FramePackingProperty indicates side-by-side frame packing, SpatiallyPackedStereoFlag is s¢
1to 1, TopBottomFlag is set equal to 0, and SideBySideFlag is set equal to 1.

nWisePackingProperty is not present for the image item, RegionWisePackingFlag,is set equal to
e, RegionWisePackingFlag is set equal to 1.

Syntax
i (8) class ProjectionFormatProperty

ItemFullProperty('prfr', 0, 0) {
ectionFormatStruct (); /* specified in subclause(7.5.2 */

Essential fisheye image item property
General

image item contains a picture which consists of'multiple circular images captured by fisheye cameras, th
alFisheyeImageProperty shall be present for the image item.

Definition
' fovis!
type: Descriptive item property
I ItemPropertyContainerBox
"y (per an item): No
(per an item): Zero or one

lalFisheyelmageProperty provides essential fisheye parameters for stitching and rendering fishey
the OMAF player. The fields in EssentialFisheyeImageProperty provide region information
mages i the image item and the field of view and camera parameters of the fisheye lens(es).

Lfovi' item property is present, the 'prfr' item property shall not be present.

—+

(i

¢

—

essential shallbeequalto1fora 'fovi' item property.

7.9.4.3

Syntax

aligned(8) class EssentialFisheyeImageProperty
extends ItemFullProperty('fovi', 0, 0) {
FisheyeVideoEssentialInfoStruct(); /*specified in Clause 6*/

}
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7.9.4.4 Semantics

The semantics are as specified in subclause 6.2.2.

7.9.5 Supplemental fisheye image item property

7.9.5.1 Definition

Box type: 'fvsi'!

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

Quantity (per an item): Zero or one

0]

upplementalFisheyeImageProperty provides supplemental fisheye parameters; such as the lochl field of
iew information for high quality stitching and rendering as well as deadzone information.

<

When the 'fvsi' item property is present, the ' fovi' item property shall be present.

7.9.5.2 Syntax

Q

ligned(8) class SupplementalFisheyeImageProperty
xtends ItemFullProperty('fvsi', version, 0) {
FisheyeVideoSupplementalInfoStruct (version)s /*specified in Clause 6*/

[0)

7.9.5.3 Semantics

Tlhe semantics are as specified in subclause 6.3.2;

7.9.6 Region-wise packing item property

7.9.6.1 Definition

Hox type: “rwpk'

Hroperty type: Descriptive item property

(ontainer: ItemPropertyContainerBox

Mandatory (per an item): No

Quantity (per an item): Zero or one

HegionWisé&PackingProperty specifies the mapping between packed regions and the corresponding projected

—

eoions and.specifies the location and size of the guard bands, if any.

gssential 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 subclause 7.5.3 */

}

7.9.6.3 Semantics

Subclause 7.5.3 applies with the following additional constraint:
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— 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 image item contains an omnidirectional image specified based on the local coordinate axes, the
Rotati¢nProperty shall be present for the image item.

7.9.7.2 | Definition

Box type 'rotn'

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

Quantity|(per an item): Zero or one

o

Rotati¢nProperty is used to indicate the yaw, pitch, and roll angles, respectively, of the rotation to be applie
to convert the local coordinate axes to the global coordinate axes. In the caseof stereoscopic omnidirectional image
the fieldg apply to each view individually. The absence of RotationPréperty indicates that rotation yaf
rotati¢n pitch,and rotation roll are all inferred to be equal to(0.

=

essentlal shallbeequalto 1 fora 'rotn' item property.

7.9.7.3 | Syntax

aligned (8) class RotationProperty
extends ItemFullProperty('rotn', 0, 0N{
RotationStruct (); /* specified.in subclause 7.5.4 */

7.9.8 Coverage information itenrproperty
7.9.8.1 | General

7.9.8.2 | Definition

Box type 'covi'

Property|type: Descriptive item property
Containet: ItemPropertyContainerBox
Mandatory (per‘an item): No

Quantity |(p€r an item): 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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7.9.8.3 Syntax

aligned(8) class CoverageInformationProperty
extends ItemFullProperty('covi', 0, 0) {
ContentCoverageStruct ()

}

7.9.9 Initial viewing orientation item property

021(E)

.7.7.1  Dellniuaon

Box type: 'iivo!

Hroperty type: Descriptive item property
(ontainer: ItemPropertyContainerBox
Mandatory (per an item): No

Quantity (per an item): Zero or one

InitialViewingOrientationProperty indicates the initial viewing orientation according to v
mage should be initially rendered to the user.

—

<

Vhen the viewing of the image item is intended to be started using another viewing orientation than that
by (centre azimuth,centre elevation,centre tilt) equalto:(0, 0, 0) relative to the global c
aies, an initial viewing orientation item property shall be present and.associated with the image item. In th
f this property centre azimuth, centre elevation,and-centre tilt should all be inferred to
D 0.

o O

<

Vhen an image item is associated with the initial viewingerientation item property, OMAF players are ex
plarse the initial viewing orientation item property and.ebey it when viewing the item.

oS

n OMAF player should use the indicated.'ot inferred centre azimuth, centre elevati
dentre_ tilt values as follows:

—+ If the orientation/viewport metadata of the OMAF player is obtained on the basis of an orientatig
included in or attached to a viewing device, the OMAF player should

— obey only the centrzelazimuth value, and

— ignore the values of centre elevation and centre tilt and use the respective values
orientation sensor instead.

—+ Otherwise,~the OMAF player should obey all three of centre azimuth, centre elevat
centregtilt.

Hor the syntax and semantics of InitialViewingOrientationProperty, num_regions is infer
equal\to 1, shape type is inferred to be equal to 0, dynamic range flag is inferred to be ed

hich the

indicated
ordinate
P absence
be equal

pected to

on, and

n sensor

from the

| on, and

red to be
ual to O,

dtdfic azimuth range isinferred to be equal to 0, and static elevation range isinferred to

be equal

to 0.

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 d
of the viewport that this metadata concerns and are hence required to be equal to 0. When the OMAF player

imensions
obeys the

centre tilt value as concluded above, the centre tilt value can 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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7.9.9.2

Syntax

aligned(8) class InitialViewingOrientationProperty

extends

ItemFullProperty('iivo', 0, 0) {

InitialViewingOrientationSample vr initial orientation;

}

7.9.9.3

The seman Al 2 = detuea d ubelay
apply to the image item by replacing the phrase "sample" with the phrase "image item" except that the semantics
refresh flagare undefined and the flag shall be equal to 0.

7.10 Stiorage of timed text for omnidirectional video

7.10.1

Timed tekt is used for providing subtitles and closed captions for omnidirectional video. Timed text cues may b

rendered,
it may be

which cage the text/cue region positions are relative to the current viewpor:

For the timed text of the omnidirectional video, W3C Recommendation; T TML Profiles for Internet Media Subtitlg

and Capt,
be used.

The IMS(

XMLSubfitleSampleEntry or WVTTSampleEntxy" shall include the OmafTimedTextConfigBox 4§

specified|in subclause 7.10.2.

7.10.2 | OMAF timed text configuration box

7.10.2.1| Definition

Box Typae: 'otcf!

Containef: XMLSubtitlfeSémpleEntry or WITSampleEntry

Mandatoty: Yes (for timed text tracks associated with an omnidirectional video track)
Quantity One (foritimed text tracks associated with an omnidirectional video track)

This box provides gonfiguration information for presenting timed text together with omnidirectional video.

Semantics

General

= ©

on a certain region relative to the sphere (i.e. only visible when the userlooks in a specific direction), d
rendered in a region on the current viewport (i.e. always visible irrespective of the viewing direction), i

=]

—

ons 1.0.1 (IMSC1) or W3C Candidate Recommendation, Web¥.T'T, The Web Video Text Tracks Format shal

1 or WebVTT streams shall be carried in tracks conforming to ISO/IEC 14496-30.

v
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7.10.2.2 Syntax

aligned(8) class OmafTimedTextConfigBox extends FullBox('otcf', 0, 0) {
unsigned int (1) relative to viewport flag;
unsigned int(l) relative disparity flag;
unsigned int (1) depth included flag;
bit (5) reserved = 0;
unsigned int(8) region count;

(1i=0;i<region_ count;i++) {
string region_ id;

.10.2.3 Semantics

relative to viewport flag specifies how the timed text cues are to be rendered. The value 1

relative disparity flag/indicates whether the disparity is provided as a percentage value of

depth included fla4 equal to 1 indicates that the depth (z-value) of regions on which the timed

region <gunt specifies the number of text regions for which a placement inside the sphere is provi

if (relative to viewport flag == 1) {
if (relative disparity flag)
signed int (16) disparity in percent;
else
signed int (16) disparity in pixels;
} else {
SphereRegionStruct (0, 1);
if (depth included flag)
unsigned int (16) region depth;

that the timed text is expected to be always present on the display screen, i.e. the text cue
independently of the viewing direction of the user, The value 0 indicates that the timed text is ex
be rendered at a certain position on the spherg, i.e. the text cue is only visible when the user is |
the direction where the text cue is rendereds

NOTE1 Whenrelative to viewport' flagisequalto 1,the active area where the timed text can bd
is provided by the timed texttrack as a rectangular region.

of the display window for oneéview (when the value is equal to 1) or as a number of pixels (when
is equal to 0).

be rendered is-present. The value 0 indicates that the depth (z-value) of regions on which the tim
to be rendered-is not present.

region is identified by an identifier. (both WebVTT and TTML identify regions using a unique ID
timed metadata track containing the timed text sphere metadata track is present and linked to t
text track by the track reference of type' cdsc', the value of region count shall be 0.

021(E)

indicates
is visible
pected to
poking in

displayed

he width
the value

text is to
ed text is

Hed. Each
.When a
his timed

NOTE 2  Roth WebVTT and TTML identify a region using a unique identifier

corresponding region defined in timed text streams in the IMSC1 or WebVTT track.

region_id provides the identifier of the text region. This identifier shall be equal to the identifier of the

disparity in percent indicates the disparity, in units of 2-16, 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 to displace the region to the left on the left eye view and to the right on the right eye view.

disparity in pixels indicates the disparity in pixels. The value may be negative, in which

case the

displacement direction is reversed. This value is used to displace the region to the left on the left eye view

and to the right on the right eye view.
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SphereRegionStruct () indicates a sphere location that is used, together with other information, to

determine where the timed text is placed and displayed in 3D space. The vector between the centre of the
sphere 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 24 where the purple plane indicates the region and the line segment in black indicates the

depth.

When g

Fort

For the SphereRegionStr{ict (0, 1) included in the OmafTimedTextConfigBox, interpolat

q

cent

q

cent

$tatic elevation range are all inferred to be equal to 0.

information, to-determine where the timed text is placed and displayed in 3D space. centre azimut

Figure 24 — An example of a region on.which the timed text is rendered.

hall be equal to 0.

re azimuth andrtentre elevation specify the sphere location that is used, together with othg

hall be in therange of ~180 * 216 to 180 * 216 - 1, inclusive. centre elevation shall be in the range
90 * 21649, 90 * 216, inclusive.

re \tilt shall be equal to 0.

phereRegionStruct () isincluded in the®mafTimedTextConfigBox, the following applies:
he syntax and semantics of SphereRegionStruct () included inthe OmafTimedTextConfigBox, the
yalues of shape type, dynamic_range flag, static azimuth range, and

()

—

=3

region depth indicates the depth (z-value) of the region on which the timed textis 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

i

7.10.3

n units of 2-16,

IMSC1 tracks

When IMSC1 streams are used, OmafTimedTextConfigBox shall be present in XMLSubtitleSampleEntry.
When the disparity information is present in OmafTimedTextConfigBox, it is superseded by the
tts:disparity attribute of the IMSC1 track.
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class XMLSubtitleSampleEntry () extends SubtitleSampleEntry ('stpp') {
string namespace;

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.org/ns/ttml".

The schema location field of the XMLSubtitleSampleEntry shall contain one of following string ipstances:

"http://www.w3.0org/ns/ttml/profile/imscl/text"

"http://www.w3.0org/ns/ttml/profile/imscl/image"

The XMLSubtitleSampleEntry shall contain a MIMEBox and its content_type field shall be constrained as
llows:

-

— The type shall be "application™.

— The subtype shall be "ttml+xml".

—+ The codecs parameter shall contain either "im1t" or "fmli" thatindicates that an IMSC1 Text|or Image
processor is required, respectively.

o=

1l samples of the IMSC1 track shall conform to the Text Profile or Image Profile specified in W3C Recommpndation,
TML Profiles for Internet Media Subtitles and Captious 1.0.1 (IMSC1).

~

All IMSC1 sample format shall conform to ISO/IEC 14496-30.

—3

he media type of the IMSC1 samples is I"application/mp4".

7.10.4 WebVTT tracks

When WebVTT is used, OmafTimedTextConfigBox shall be presentin WWTTSampleEntry.
dlass WVTTSampleEntry () extends PlainTextSampleEntry ('wvtt') {
WebVTITConfigurationBox config;

WebVTTSourgelLabelBox label; // recommended
OmafTimedTextConfigBox () ; // optional

All WebVTT samples shall conform to the sample format as defined in ISO/IEC 14496-30:2018, subclause|6.6.

he media type of the WebVTT samplesis "text/vtt".

7.11 ERP region timed metadata

7.11.1  General
An ERP region timed metadata track enables indicating relative quality rank recommendation, relative priority

information, or heatmap signalling that is specific for sphere regions, which are referred to as ERP regions in
subclause 7.11. The ERP regions are indicated in the samples of the ERP region timed metadata track with a
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rectangular grid that is relative to monoscopic ERP that has a full sphere coverage and is aligned with the global
coordinate axes.

NOTE 1 An ERP region timed metadata can be associated with any type of omnidirectional video track(s). The associated video
track(s) need not use the ERP format. The term ERP region merely refers to a sphere region that corresponds to a rectangle in
an ERP picture.

NOTE 2 The indicated grid need not be aligned with any boundaries of sub-picture tracks or any coding structures, such as
HEVC tiles.

The ERP fegion timed metadata indicates one of the following information:

— Heafmap information of the ERP regions relative to each other, which indicates the viewing statistics ef'an ERP
region.

— Priofity rank information of the ERP regions relative to each other, which is intended as a guidance to OMAF
playgrs for selecting tracks to download in case of bandwidth degradation.

— Recdmmendations on selecting ERP regions based on their quality ranks. This type/f'metadata indicates the
content author's choice which ERP regions are more important to be received with\aHigh quality rank value.

NOTE 3 Methods about how different implementations generate and utilize the signalled ERP region timed metadata
informatiqn is an implementation detail and outside the scope of this document.

Subclausg 8.2.3.2 contains specifications for carriage of ERP region timedumetadata in DASH and an OMAF plays¢
behaviour description for accessing and using ERP region timed metadata.

—

7.11.2 | Sample entry format
The tracl sample entry type 'stmd' shall be used.

The sample entry of this sample type is specified as fallows:

class ERPRegionTimedMetadataSampleBrAtry () extends MetaDataSampleEntry ('stmd') {
unsjgned int(8) metadata type._indicator;

7.11.3 | Semantics

metadata type indicato¥’ indicates the types of timed metadata information which is present in the
ERPReglonTimedMetadataSample samples that utilize this sample entry.

— (metadata pype indicator & 0x01) equal to 1 indicates a relative quality rank recommendation for thie
ERP|regions;

— (metadata type indicator & 0x02) equal to 2 indicates a relative priority information for the ERP
I'egiuua.

— (metadata_ type indicator & 0x04) equal to 4 indicates a heatmap signalling for ERP regions, which
describes viewing statistics.

NOTE An OMAF player can use heatmaps as relative likelihoods of ERP regions to be viewed by the viewer when selecting
which Representations are requested for streaming.

— Value 0 is not allowed.
— (metadata type indicator & 0x38) shall be equal to 0 in files conforming to this version of this

document, and the semantics of (metadata type indicator &0x08) equal to 8,
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(metadata type indicator & 0x10) equal to 16, and (metadata type indicator & 0x20) equal to

32 are reserved.

— (metadata type indicator & 0x40) equal to 64 and (metadata type indicator & 0x80)
128 indicate for user-defined metadata types.

7.11.4 Sample format

7.11.4.1 Definition

HRP region timed metadata sample shall be a ERPRegionTimedMetadataSample, which shall be ar

MetadataInformationBoxes.
The types of information which may be present in the sample shall bé Yindicated
HRPRegionTimedMetadataSampleEntry.

—3

xcluding the next sample having MetadataInformationBox with the samemétadata type value.

D

7.11.4.2 Syntax

ligned(8) class MetadataInformationBox extends FullBox ('mibx', 0, 0) {
unsigned int (8) metadata_ type;
unsigned int (8) num_ rows;
unsigned int (8) num cols;
for (1 = 0; 1 < num cols; i++)
for (jJ = 0; J < num_rows; J++)
unsigned int(8) valueli][]j];

Q

ligned (8) class ERPRegionTimedMétadataSample {
MetadataInformationBox () []+

Q

7.11.4.3 Semantics

netadata_ type specifies the type of the ERP region metadata information. The following values are sy

—+ 1indicates a relative quality rank recommendation for the ERP regions. Higher values indicate that
regions are recommended to be displayed with higher quality rank value compared to the other ER
with lower)values. A value of 0 indicates that the corresponding ERP region is the least import
displayedat a high quality rank value.

—+ 2 sndicates a relative priority information for the ERP regions. This value provides a relative
information of an ERP region compared to the other ERP regions. Higher values indicate that such ER

equal to

array of

in the

he information of a MetadataInformationBox of a particular metadata (Eype value is valid §ip to but

ecified:

such ERP
P regions
ant to be

priority
P regions

are recommended to be prioritized when it comes to switching to a higher bitrate if there is

available

bandwidth; and they are recommended to be switched to a lower bitrate later than the other ERP reg

ions with

lower priority values if the total bandwidth is degraded. A value of 0 indicates the lowest priority for
switching to a higher quality version of the ERP region compared to other ERP regions with higher priority

values, and first to switch to a lower quality in case of bandwidth degradation.

— 4 indicates a heatmap signalling for ERP regions. This value is a statistically derived value based on th

e content

viewing characteristics of the viewers who experience the content. The higher the value, the more such an ERP
region in the viewport is recommended to be retrieved at higher quality. A value of 0 indicates the lowest

heatmap value.

— Values 8, 16 and 32 are reserved.
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— Valu

— Allw

es 64 and 128 indicate user-defined metadata types.

alues notequal to 1, 2, 4, 8, 16, 32, 64, or 128 are disallowed.

num_rows specifies the row partitioning of the coded picture.

num_cols specifies the column partitioning of the coded picture.

value[i] [J] specifies the value assigned to an ERP region which corresponds to the picture partition at index

(11031,

[num c

7.11.5

[t is poss

exampleg:

a) View
regi
geng

b) Cont
class
visu
prio

Content
sample c

7.12 Storage and signalling of viewpointsfor omnidirectional video and images

7.12.1

7.12.1.1

The view]
and view

When an|

timelined.

NOTE ]
Viewpoi
that is loo

1 O | oo 1 o ) b 1 oble sl | e I I |
WIICITT ITIUTA LU LTVU] CUIT capuuua (49 LIIT LU}) ITIU  CUILIITT Ul LIIT LUUcu pu,u,u < diltu 111U

1s - 1] [num rows - 1] corresponds to the bottom right corner of the coded picture.

Generating ERP region metadata
ible to generate ERP region timed metadata in various ways. The following approachés‘can be given g
er analytics: By analysing the content watching pattern of the viewers (e.g. statistics about which ER|
ns are in the field-of-view or gaze attention of the viewer at a given time);content creators are able t
rate heatmaps, priority ranking or relative quality information.
bnt analysis: By pre-processing the content with tools such as semantic scene parsing (e.g. detecting an|
ifying the objects in the scene) or similar computer vision algorithins, content creators can prioritize th|
il quality of certain ERP regions (e.g. ERP regions containing/pe€ople over other ERP regions). Such

[itization strategy is dependent on the content creators’ choice,

freators generate and signal ERP region metadata at time intervals of their preference. Each metadat
prresponds to the information at that given presentation time.

Viewpoint information structures
Definition

point information structures provide information of a viewpoint, viewpoint groups, viewpoint switchin
point looping.

edit list is preSent, it is resolved to prior to considering viewpoint information structures related t
'he "repeatflag” (flags & 1) of the EditListBox equal to 1 enables repeating a video track in its entirety. Th

htLooptngStruct () includes controlling the looping, e.g. with the maximum number of loops and the time perio
bed.

X

%)

a~)

oS00 =

by

[P

In order to successfully locate the viewpoints, an OMAF player is expected to have access to geolocation tracking
and magnetometer. This enables the player to align the common reference coordinate system with the geolocation
coordinates and find the player device position with respect to the geolocation coordinates.

7.12.1.2

Viewpoint position structure

The ViewpointPosStruct () provides the (X, Y, Z) position of the viewpoint.

108
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aligned(8) ViewpointPosStruct() {

signed int (32) viewpoint pos x;
signed int (32) viewpoint pos y;
signed int (32) viewpoint pos z;

viewpoint pos x,viewpoint pos_y,and viewpoint pos_z specify the position of the viewpoint in
units of 10-1 millimetres, in 3D space, relative to the common reference coordinate system. The semantics

of this syntax structure depend on the containing syntax structure as follows:

—

Q

T

— IfviewpointPosStruct () is contained in ViewpointEntityGroupBox, the viewpoint is §

— Otherwise, if ViewpointPosStruct () is contained in DynamicViewpointSampleEn

— Otherwise (when ViewpointPosStruct() is contained in DynamicViewpointSamp
ViewpointPosStruct () specifies the position of the viewpoint for the-duration of the samplgq.

.12.1.3 Viewpoint GPS position structure

he ViewpointGpsPositionStruct () providesthe GPS position of the viewpoint.

its position is specified by this ViewpointPosStruct ().

viewpoint position may be time-varying and this ViewpointPosStruct () specifies the initia
of the viewpoint.

tatic and

try, the
position

le), this

ligned(8) class ViewpointGpsPositionStruct (). ¥
signed int (32) viewpoint gpspos longitudey
signed int (32) viewpoint gpspos latitude;
signed int (32) viewpoint gpspos_ altitude;
viewpoint gpspos_longitude indicates the longitude of the geolocation of the viewpoint in unjts of 2-23
degrees. viewpoint gpspos longitude shall be in range of -180 * 223 to 180 * 223 - 1, |nclusive.
Positive values represent easterfi longitude and negative values represent western longitude.
viewpoint gpspos_latitude indicates the latitude of the geolocation of the viewpoint in units of 2-23
degrees. viewpoint gpspos_latitude shall be in range of -90 * 223 to 90 * 223 - 1, inclusivd. Positive
value represents nprthern latitude and negative value represents southern latitude.
viewpoint gpspos altitude indicates the altitude of the geolocation of the viewpoint in| units of
millimetresiabove the WGS 84 reference ellipsoid.
NOTE The"WGS 84 reference ellipsoid is specified in the EPSG:4326 database available at http://www.epsglorg/.
.12.1.4-Viewpoint geomagnetic information structure
he-ViewpointGeomagneticInfoStruct () indicates the orientation of the common reference cordinate
system relative to the geomagnetic North direction.
aligned(8) class ViewpointGeomagneticInfoStruct () {
signed int (32) viewpoint geomagnetic yaw;
signed int (32) viewpoint geomagnetic pitch;
signed int (32) viewpoint geomagnetic roll;
© ISO/IEC 2021 - All rights reserved 109
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viewpoint geomagnetic yaw, viewpoint geomagnetic pitch, and
viewpoint geomagnetic roll specify the yaw, pitch, and roll angles, respectively, of the rotation
angles of X, Y, Z axes of the common reference coordinate system relative to the geomagnetic North
direction, in units of 2-16 degrees. viewpoint geomagnetic yaw shall be in the range of ~180 * 216 to
180 *21¢ - 1, inclusive. viewpoint geomagnetic pitch shall be in the range of -90 * 216 to 90 * 21,
inclusive. viewpoint geomagnetic roll shall beinthe range of -180 * 216 to 180 * 216 - 1, inclusive.

7.12.1.5 Viewpoint global coordinate system rotation structure

The ViefpointGlobalCoordinateSysRotationStruct () provides the yaw, pitch, and roll rotation angld
of X, Y, and Z axes, respectively, of the global coordinate system of the viewpoint relative to the common refereng
coordinate system.

aligned(8) class ViewpointGlobalCoordinateSysRotationStruct () {
sigped int (32) viewpoint gcs yaw;

sigped int (32) viewpoint gcs pitch;
sigped int (32) viewpoint gcs roll;

vieypoint gcs yaw, viewpoint gcs pitch,and viewpoint gcs_ roll)specify the yaw, pitch, an

7.12.1.6| Viewpoint group structure
The VieypointGroupStruct () provides viewpoint group information.
aligned (8) class ViewpointGroupStruct (QroupDescrIncludedFlag) {

unsjgned int (8) vwpt group id;
if

vwpt group id indicates the-identifier of a viewpoint group. All viewpoints in a viewpoint group share

vwpt group d&scriptionisanull-terminated UTF-8 string which indicates the description of a viewpoir

toll angles, respectively, of the rotation angles of X, Y, Z axes of the glebal coordinate system of th
yiewpoint relative to the common reference coordinate system, in units of 2-16 degree
Viewpoint gcs yaw shall be in the range of -180*21¢ to 180%*2-1, inclusiv
viewpoint gcs_ pitch shall be in the range of -90 * 216 to 90,% 216, inclusive. viewpoint gcs_ rol
dhall be in the range of -180 * 216 to 180 * 216 — 1, inclusive.

groupDescrIncludedFlag)
tf8string vwpt group desdription;

¢ommon reference coordinate system.

NOTE1 When twocviewpoints have different values of vwpt group id, their position coordinates are n
comparable, ‘because the viewpoints belong to different coordinate systems.

group. Anull string is allowed.

INOTE2 An OMAF player is expected to start with the initial viewpoint timed metadata as defined in subclause 7.12.3.

N O R o

D wn

[<Y)

-t

[l

D

thcpr}nnnﬂy' if the user wishes to switch to a vipulpninf group and the initial vinvnpninf information isn

t

present, the OMAF player is expected to switch to the viewpoint with the lowest value of the viewpoint
identifier in the viewpoint group. Likewise, if an OMAF player starts the playback from a viewpoint group for
which no initial viewpoint timed metadata is present, the OMAF player is expected to select the viewpoint

with the lowest value of the viewpoint identifier of the viewpoint group.

7.12.1.7 Viewpoint switching list structure

7.12.1.7.1 Definition

The ViewpointSwitchingListStruct (urlIncludedFlag) provides viewpoint switching information.

110
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7.12.1.7.2 Syntax

aligned(8) class ViewpointSwitchingListStruct (urlIncludedFlag) {
unsigned int(8) num viewpoint switching;
for (1 = 0; i < num viewpoint switching; i++) {
unsigned int(32) destination viewpoint id;
unsigned int (2) viewing orientation in destination viewport mode;
unsigned int(l) transition effect flag;
unsigned int(l) timeline switching offset flag;
unsigned int(l) viewpoint switch region flag;
bit (3) reserved = 0;
if (viewing orientation in destination viewport mode == 1)
SphereRegionStruct (0,0) ;
if (timeline switching offset flag)
ViewpointTimelineSwitchStruct () ;
if (transition effect flag) {
unsigned int(8) transition effect type;
if (transition effect type == 4) {
unsigned int (32) transition video track idx;
unsigned int (32) transition audio track idx;

if (transition effect type == 5 && urllIncludedFlag)
utf8string transition video URL;
if (transition effect type == 6 && urlIncMddedFlag) {

utf8string transition scheme URI;
utf8string transition_ scheme valu&;

}

if (viewpoint switch region flag) .f{
unsigned int (4) num viewpoint “switch regions;
bit (4) reserved = 0;
for (1 = 0; i < num viewp@int switch regions; i++)
ViewpointSwitchRegionaStruct () ;

7.12.1.7.3 Semantics

num_viewpoint switching indicates the number of switching transitions possible from the vieypoint to
which the ViewpéintSwitchingListStruct () is associated.

destinati®n viewpoint id indicates the viewpoint id of the destination viewpoint of a iewpoint
switchifig.

viewdrlg orientation in destination viewport mode specifies the selection of the viewport
after viewpoint switching. The semantics of the value of
viewing orientation in destination viewport mode are specified in Table 14
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Table 14 — Viewing orientation in destination viewport modes

Value

Description

Default OMAF viewpoint switching process shall be used (initial viewing orientation if present, or
default viewport otherwise).

The specific viewing orientation specified by the contained SphereRegionStruct () shall be
used after transitioning to the new viewpoint.

The viewing orientation remains the same in the destination viewpoint as it was in source
viewpoint in the common reference coordinate system. This operation is expected to be supported
only while switching between viewpoints belonging to the same viewpoint group. This mode is'not
applicable while switching between viewpoints belonging to different viewpoint groups:

Reserved (for use by future extensions of ISO/IEC 23090-2).

trag

timg

viey

q

]

trag

isition effect flag equalto 1 specifies that a transition effect description’is present.
tline switching offset flag equalto 1 specifies that a time offsetis present.

lpoint switch region flag equal to 1 specifies that a 1€wpointSwitchRegionStruct (
tructure is present.

NOTE  When the viewpoint switch region is indicated, depending on the client configuration or guided by a use

isition effect type indicates the type of{ransition effects, as listed in Table 15, when switching t
is viewpoint. For transition effect type values inthe range of 0 to 3, inclusive, no semantics d
ayer behaviour is specified, but rather the transitions are described in Table 15.

!

interface, if the user selects the viewpoint switch region, the viewpoint can be switched to the destinatio
viewpoint.

Table 15 —£ Viewpoint transition effect types

S

-~ O

Value Description

0 Zoom-in effect: the video first zooms-in the source content, then it is replaced by a zoomed image of
the destination content with same zooming factor and finally the destination content is zoomed out.
Walk though.effect: the video of the destination content replaces the source content by appearing

1 on one side of it (usually in same direction as the movement of the source content) and
progréssively recovers it entirely by expanding its coverage.
Fade-to-black effect: the source content progressively transitions to black (typically by reducing

2 Juminosity down to 0), and then the destination content progressively transitions from black to
desired luminosity.
Mirror effect: the video of the source content is flipped 180 degrees around an axis that runs

3 through the center of the picture (typically a horizontal or vertical axis), and the back face of the
flipping plane reveals the destination content.

4 Video transition by playing an indicated video track and, when indicated, also an indicated audio
track

5 Video transition by playing the resource indicated by a URL
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6 Video transition effect defined by a signalled scheme and value

7.127 Reserved (for use by future extensions of ISO/IEC 23090-2)

128..255 | Reserved (for use by external organizations)

transition video track idx  specifies an index of the track ID contained
TrackReferenceTvpeBox ('vitr'). The index identifies the video track to be plaved from

in the
time 0 to

the end of the track when rendering the transition. The first bhe
TrackReferenceTypeBox ('vitr') has index value equal to 1. transition video. br
shall not be equal to 0. The track containing the viewpoint shall include one |and
TrackReferenceTypeBox ('vitr').

transition audio track idx equal to O specifies that no audio is played-with the transiti
transition audio track idx greater than 0 specifies an index of the track ID contain|
TrackReferenceTypeBox ('autr').The index identifies the audio track to be played when 1
the transition. The first entry in TrackReferenceTypeBox ('autr ! has index value equal t
transition audio track idx isgreaterthan 0,the track contaihing the viewpoint shall in
and only one TrackReferenceTypeBox ('autr').

transition video URL indicates the URL of the video<to be played when rendering the t
transition video URL shall be formatted as an abselute URI as specified in IETF Internet
66. There are no restrictions on the type of the video.referred to by the URL.

transition scheme URI isa null terminated string which indicates the URI which specifies a s
interpret the value signalled in transitionXscheme value. transition scheme URL

valid URI as specified in IETF Internet Standard 66. transition scheme URI shall not be ny

transition scheme value isanullterminated string which indicates a value which is interpre

on the scheme signalled in trangition scheme URI. transition scheme value can
string.

num viewpoint switchyregions specifies the number of switching
ViewpointSwitchingRegionStruct () structures for the i-th viewpoint s

num_viewpoint(switch regions shall notbe equalto 0.

7.12.1.7.4 Viewpointtimeline switch structure

—

he ViewpointTimelineSwitchStruct () provides information on how timelines are handl
witching viewpoints.

(%2}

try in
hck idx
bnly one

pn video.
ed in the
endering

1. When
flude one

ransition.
Standard

cheme to
shall be a
11.

fed based
be a null
region

witching.

ed when
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uns
bit
tim
if

if
if

els

rel

min |

max |

lon

t_min specifies the minimum playout time of the,current viewport media timeline after which the switching

t max specifies the maximum playout titne of the current viewport media timeline before which the switchin

abs

rel

7.12.1.7.,5 Viewpoint switch region structure

The VieppointSwitchRegionStruct () indicates a switch region that initiates viewpoint switching whe|

C 23090-2:2021(E)

d(8) class ViewpointTimelineSwitchStruct () {
igned int(1l) relative t offset flag;

igned int(1l) min time flag;

igned int (1) max time flag;

igned int(l) long time flag;

(4) reserved=0;

e bits = (1 + long time flag) * 32;
(min_time flag)

unsigned int (time bits) t min;

(max time flag)

fmsigned 1nt(time bits) € mMax;
relative t offset flag == 0)

insigned int (time bits) absolute t offset;

@

1nt (64) relative t offset;

ative t offset flagequalto0indicates thatthe time offsetis absolute with respect to the beginnin
¢f the stream. When relative t offset flagisequalto 1 itindicates thatthetime offset is relatiy
yith respect to the current playout time.

is present. If present, the transition can only be activated after this minimum playout time.
[ time flag equal to 1 specifies that a maximum time with regards to the current viewport medi

fimeline is present. If present, the transition can only be activated before this maximum playout time.

integers. long time flag equal to 1 specifies that*Cy min, t max,and absolute t offset are 64
it unsigned integers.

dan be activated.
¢an be activated.
estination viewpoint id.
ative t offset~specifies the relative time offset to be used when switching

estinatiopywviewpoint id. The value of relative t offset is relative with respect to th
qurrent playoufitime. relative t offset isindicated in the destination viewpoint timescale.

0Q

| time flagequalto 1 specifies thata minimum time with regards to the\Current viewport media timeline

p time flag equal to O specifies that t min, t max,and absolute t offset are 32-bit unsigned

lute t offset specifies’ the absolute time offset to be wused when switching to

[¢)

[<Y)

@ O

n

selected by the user. The following region types are specified for a switch region: a region on the viewport, a sphere
region, an overlay.
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aligned(8) class ViewpointSwitchRegionStruct () {
unsigned int(2) region_ type;
unsigned int (6) reserved = 0;
if (region type == 0) {

unsigned int (16) rect left percent;

unsigned int (16) rect top percent;

unsigned int (16) rect width percent;

unsigned int (16) rect height percent;
} else if(region type == 1) {

unsigned int (8) shape type;

SphereRegionstruct (L, 0),
} else if(region type == 2)
unsigned int (16) ref overlay id;

region type equal to O specifies that the viewpoint switch region is positiénied on the

yiewport.

region_type equalto 1 specifies that the viewpoint switch region is positionéd-pn the sphere ag a sphere

region.region_type equal to 2 specifies that the viewpoint switch region is specified by an over
values of region type are reserved.

rect left percent specifies the coordinates of the left corner of-the/viewpoint switch region,
the viewport in percent relative to the width of the viewport. The\walues are indicated in units o
216 in the range of 0 (indicating 0%), inclusive, up to but excluding 65536 (that indicates 100%).

rect top percent specifies the coordinates of the top corner of the viewpoint switch region, plag
viewport in percent relative to the height of the viewport. The values are indicated in units of 1(
in the range of 0 (indicating 0%), inclusive, up to but.excluding 65536 (that indicates 100%).

rect width percent specifies the width of the'viewpoint switch region, placed on the viewporti
relative to the width of the viewport. The-values are indicated in units of 100% + 216 in the rz
inclusive, up to but excluding 65536 (that’indicates 100%). rect width percent shall not
to 0.

rect height percent specifies’the height of the viewpoint switch region, placed on the vie
percent relative to the height of the viewport. The values are indicated in units of 100% + 216 in
of 1, inclusive, up to butiexcluding 65536 (that indicates 100%). rect height percent sh
equal to 0.

(rect left percent+ rect width percent) shall belessthan orequalto 65535.

(rect top_percent + rect height percent) shallbelessthan orequal to 65535.

shape type is used as the shape type value when applying subclause 7.5.6 to the semanti
SphereRegionStruct () specifying the viewpoint switch region.

SphereRegionStruct () indicates the sphere region on which the viewpoint switch region is plac

ay. Other

blaced on
f 100% =+

ed on the
0% =+ 216

h percent
nge of 1,
be equal

wport in
the range
bll not be

ts of the

bd. When

the SphereRegionStruct () is present, the value of the interpolate syntax elemenft for the

SphereRegionStruct () isinferred to be equal to 0.

ref overlay idindicatesthe overlay id ofthe overlay that specifies the viewpoint switch region.
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7.12.1.8 Viewpoint looping structure

The Vie

aligne
uns
uns
uns
uns
bit

if lmax_loops_flag)

if

if

if

max |
loop activation flag equalto 1 specifies that information on aloop@ctivation time is present.
loop start flagequalto 1 specifies that information on a loop,start time is present.

loop exit info flag equal to 1 indicates the presence\of ViewpointSwitchingListStruct (

max

loo

loo

116

fnsigned int(32) loop activation time;

YiewpointSwitchingListStruct (urlIncludedFlag) loop exit structs

oo

g
\
yiewpoint until the maximum number of loops is reached or until user interactions with the player or th
\
i

wpointLoopingStruct () provides viewpoint looping information.

d(8) class ViewpointLoopingStruct (urlIncludedFlag) {
igned int(1l) max loops_flag;

igned int(1l) loop_ activation flag;

igned int (1) loop start flag;

igned int(l) loop exit info flag;

(4) reserved = 0;

nsigned int (8) max loops_num;
loop activation flag)

loop start flag)
insigned int (32) loop start time;
loop _exit info flag)

| Loops_flag equal to 1 specifies that information on the maximum number of loops is present.

)
pecifying the viewpoint switching information once (the maximum number of loops as defined in
ax_loops num is completed. The included ViewpointSwitchingListStruct() shall be
onstrained to num viewpoint switching equial to 1 and viewpoint switch region flag
qual to 0.

| Loops_num greater than 0 indicates the maximum number of loops that the OMAF player shall perform
n the current viewpoint. When max_1:0éps_num is equal to 0, the maximum number of loops is infinite.
Vhen ViewpointLoopingStructd) is present, the OMAF player shall keep looping the currer

i present, the OMAF player shall infer the value of max loops num to be equal to 0. It is a constraint
bitstream conformance(that when max loops num is equal to 0, destination viewpoint fla
4hall be equal to 0.

t
e
‘R content puts an end to it. When ViewpointLoopingStruct () is presentand nomax loops nun
f
g

(s

p_activatigm’\time indicates the time in the media timeline in units of timescale of the currer
yiewpoint atiwhich the looping shall be initiated. When no loop activation time is present, th
looping shall occur at the end of the media timeline of the current viewpoint.

¢

INOTE\ * When an OMAF player reaches the inferred or indicated loop activation time the first time, the loop countef
is set equal to 1 and the looping is initiated. In each subsequent time when the OMAF player reaches the
inferred or indicated loop activation time, the loop counter is incremented by 1. If the loop counter is equal
tomax loops num, the looping is terminated.

p_start time indicates the time in the media timeline in units of timescale of the current viewpoint at
which playout of the current viewpoint shall restart when a loop is performed. When no
loop start time is present, playout shall start at the beginning of the media timeline of the current
viewpoint.
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loop exit struct indicates the destination viewpoint, the timeline handling, the transition effect and the
destination viewport orientation mode of a viewpoint switching that shall occur at the end of the playout
of the current viewpoint once the maximum number of loops (max_loops num) has been reached. When
no loop exit struct is present (i.e. when loop exit info_ flagis equal to 0) and the maximum

number of loops is reached, the presentation of this viewpoint ends and the following applies:

— If the syntax structure containing this ViewpointLoopingStruct () also
ViewpointSwitchingListStruct (), an OMAF player shall display the paused visual ¢

contains
ontent at

the end of the loop period until user interactions with the player or the VR content cause switching to

4+l PR e [P IR IR | . . . . .
UIT TITAL VICVWPDUIIIU 45 SPTLHITU TITUIT LCEWPOLIILOWILLCIIIITUL I SLOLLUCUL ).

— Otherwise, the presentation of the OMAF content ends.

7.12.2  Viewpoint entity grouping

7.12.2.1 Definition

—

racks and image items that are present in the same entity group with groupinig,type equal to 'vipd
b the same viewpoint.

—

<

Vhenno 'vipo!' entity group is present in a file, the file contains content for one viewpoint only.

Vhen tracks or image items belonging to more than one viewpointare presentinafile,a 'vipo' entity gy
e present for each viewpoint. A 'vipo' entity group for a partieular viewpoint shall list all tracks and im
pntaining background visual media of the viewpoint and allknon-video media tracks of the viewpoint
dyvp' timed metadata track is present for a viewpoint, the 'vipo' entity group for the viewpoint sh
he 'dyvp ' timed metadata track. All video tracks included ina 'vipo ' entity group shall have the same
eferred to as the viewpoint timescale.

= -0 O <

<

Vhen both a 'vipo' entity group for a particular viewpoint and an ERP region timed metadata track ap
hat viewpoint are present, the 'vipo' entity'group shall include the ERP region timed metadata track.
'vipo' entity group is present, an ERPregion timed metadata track, if any, applies to the only viewpo
present in the file.

-t

7.12.2.2 Syntax

ligned(8) class VdewpointEntityGroupBox extends EntityToGroupBox ('vipo', O,
unsigned int (329 viewpoint id;
utf8string syihewpoint label;
ViewpointdnformationStruct (1,1);

Q

ligned\(8) ViewpointInformationStruct (groupDescrIncludedFlag,
rlIncludedFlag)

o Q

' belong

oup shall
age items
. When a
l include
imescale,

plying to
When no
nt that is

unsigned int(l) gpspos_present flag;

unsigned int(l) geomagnetic info present flag;
unsigned int (1) switching info present flag;
unsigned int (1) looping present flag;

bit (4) reserved = 0;

ViewpointPosStruct () ;
ViewpointGroupStruct (groupDescrIncludedFlag) ;

ViewpointGlobalCoordinateSysRotationStruct () ;
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if (gpspos_present flag)

ViewpointGpsPositionStruct () ;

if (geomagnetic info present flag)

ViewpointGeomagneticInfoStruct () ;

if (switching info present flag)

ViewpointSwitchingListStruct (urlIncludedFlag);

if (looping present flag)

7.12.2.3| Semantics

vieypoint id specifies the viewpoint identifier of the viewpoint. The value of viewpoint ~id shall diffq

vieypoint label is a null-terminated UTF-8 string that provides a human readable text label for th

gpsH

geomagnetic info present flagequalto1indicatesthatWiewpointGeomagneticInfoStruct (

is present. geomagnetic info present flag equal to 0 indicates tha
ViewpointGeomagneticInfoStruct () is notipresent. geomagnetic info present fla
dhould be equal to 1 for at most one viewpoint in viewpoint group to enable location aware VR content.

glohal coord rotation present flag equal to 1 indicates tha
ViewpointGlobalCoordinateSysRotationStruct () is presen

lobal coord rotation presentflag equal to 0 indicates that th3

VYiewpointGlobalCoordinateSysRotationStruct () isnotpresent.

switching info present flag‘equal to 1 indicates that ViewpointSwitchingListStruct ()
present. switching~info present flag equal to 0 indicates th3
VYiewpointSwitchinglistStruct () isnotpresent.

Wheh ViewpointSwiteHingListStruct () is not present it means that there is no recommende

looping present flag equal to 1 indicates that ViewpointLoopingStruct() is presen

lewpolntlLoopingstruct () ;

from the values of viewpoint idinall otherthe 'vipo"' entity groups.

yiewpoint.

pspos_present flag equal to 0 indicates that that ViewpointGpsPositionStruct () is ng
present.

ehaviour when switching between viewpoints and an OMAF player can freely switch between th
yiewpoint and'any other viewpoint as desired.

loopinig present flag equal to 0 indicates that ViewpointLoopingStruct () is not presen

os_present flag equal to 1 indicates that ViewpointGpsPBositionStruct () is presenf.

—

t

(i

(i

[72)

="

t.
t.

hen all entitiesina 'vipo' entity group are image items, looping present flagshallbeequalto 1)

When ViewpointLoopingStruct () is not present, no looping behaviour for the viewpoint is specifie

through the ViewpointEntityGroup structure.

NOTE  When a track contains an edit list and the "repeat flag" (f1ags & 1) of the EditListBox is equal to 1, the ed
list repeated until the track duration is reached. When ViewpointLoopingStruct () is not present, an OMAF

118

player is expected to play the viewpoint, as modified by the edit list (if any), once till end of the movie timeline.

d

it
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7.12.3 Timed metadata for viewpoints
7.12.3.1 Dynamic viewpoint information
7.12.3.1.1 General

The dynamic viewpoint timed metadata track indicates the viewpoint parameters that are dynamically changing
over time.

712312 Sample nnl‘ry
r

The track sample entry type 'dyvp ' shall be used. The sample entry of this sample entry type is specified s follows:

dlass DynamicViewpointSampleEntry extends MetaDataSampleEntry ('dyvp') {
unsigned int (1) vwpt pos flag;

unsigned int (1) dynamic gcs_rotation flag;

unsigned int(l) dynamic_vwpt group flag;

unsigned int(1l) dynamic vwpt gps flag;

unsigned int (1) dynamic vwpt geomagnetic info flag;

unsigned int(l) dynamic vwpt switch flag;

bit (2) reserved = 0;

if (vwpt pos flag)
ViewpointPosStruct () ;

if (!dynamic gcs rotation flag)
ViewpointGlobalCoordinateSysRotationStruetA) ;

if (!dynamic_vwpt gps flag)
ViewpointGpsPositionStruct () ;

if (!dynamic_vwpt geomagnetic info flag)
ViewpointGeomagneticInfoStruct ()

if (!dynamic_vwpt switch flag)
ViewpointSwitchingListStruct«(L);

ywpt pos_flag equal to 0 specifies-that ViewpointPosStruct ()is not present in the sample entry.
vwpt pos_flagequalto 1 specifies that ViewpointPosStruct () is presentin the sample entry.

dynamic_gcs rotated flagiequalto 0 specifies that the yaw, pitch, and roll rotation angles of X, Y, and Z axes,
respectively, of the global.coordinate system of the viewpoint relative to the common reference c¢ordinate
system remain unchanged'in all samples referring to this sample entry. dynamic_gcs_ rotated flagequal
to 1 specifies that the'yaw, pitch, and roll rotation angles of X, Y, and Z axes, respectively, of the global cgpordinate
system of the viewpoint relative to the common reference coordinate system are indicated in the samjples.

dynamic_vwpt~group flag equal to 0 specifies that  the vwpt group flag and
ViewpeintGroupStruct () are not present in the samples and the viewpoint group infprmation
(vwptadgroup id and vwpt group description) signalled in ViewpointGroupStruct () in the
ViewpointEntityGroupBox applies to each sample referring to this samplg entry.
dynamic_vwpt group flag equal to 1 specifies that the ViewpointGroupStruct () for the yiewpoint
may change compared to that signailed inm the 1EWPOINTGroupSTruct () in the
ViewpointEntityGroupBox and newViewpointGroupStruct () may be signalled in the samples based
on the value of vwpt group flag inthe samples.

dynamic vwpt gps flag equal to 0 specifies that the GPS position information of the viewpoint remains
unchanged or is not updated in all samples referring to this sample entry. dynamic_vwpt gps_ flagequalto
1 specifies that the GPS position information of the viewpoint is indicated in the samples.

dynamic_vwpt geomagnetic info flag equal to 0 specifies that
ViewpointGeomagneticInfoStruct () is present in the sample entry.
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dynamic vwpt geomagnetic info flag equal to 1 specifies that
ViewpointGeomagneticInfoStruct () isnotpresentinthe sample entryand isindicated inthe samples.

dynamic_vwpt switch flagequalto O specifies that ViewpointSwitchingListStruct () ispresentin
the sample entry and is not present in the samples. dynamic_vwpt switch flag equal to 1 specifies that

ViewpointSwitchingListStruct () isnotpresentin the sample entry and is present in the samples.

ViewpointPosStruct () is specified in subclause 7.12.1.2 and indicates the initial viewpoint position.

ViewpomtGIooaICoordinmatesySRotatonstructt (s detfimed imrsubctause 7-1 2715 butimdicates theyay,
pitch,|and roll rotation angles of X, Y, and Z axes, respectively, of the global coordinate system of the viewpoii]
relatiye to the common reference coordinate system for each sample referring to this sample entry.

(s

ViewpolntGpsPositionStruct () is defined in subclause 7.12.1.3 but indicates the GPS position, information
of the|viewpoint for each sample referring to this sample entry.

9]

ViewpoilntGeomagneticInfoStruct () is defined in subclause 7.12.1.4 but indicates’ the geomagnet
positipn information of the viewpoint for each sample referring to this sample entry.

ViewpoilntSwitchingListStruct () is defined in subclause 7.12.1.7 but indicates the viewpoint switching
inforrhation for each sample referring to this sample entry.

7.12.3.1.3 Sample format
The sample syntax of this sample entry type (' dyvp') is specified as.follows:

aligned (8) DynamicViewpointSample () {
VieypointPosStruct () ;
if [dynamic vwpt gps flag)
ViewpointGpsPositionStruct () ;
if [dynamic vwpt geomagnetic info flag)
ViewpointGeomagneticInfoStruct ()
if [dynamic gcs rotation flag)
ViewpointGlobalCoordinateSysRotationStruct (),
if [dynamic vwpt switch flag)
ViewpointSwitchingListStruct (1) ;
if [dynamic vwpt group flag) {
nsigned int (1) vwpt group flag;
it (7) reserved 5 0;
1f (vwpt group . #1aqg)
ViewpointGroupStruct (1) ;

The semadtitics of ViewpointPosStruct (), ViewpointGpsPositionStruct (],
ViewpolntGeomagneticInfoStruct (), ViewpointGlobalCoordinateSysRotationStruct (
Viewpolnt8SwitchingListStruct (), and ViewpointGroupStruct () are specified in subclause 7.12,
and apply for the duration of the sample.

—

vwpt group flag equal to 1 specifies that the ViewpointGroupStruct () is present. vwpt group flag
equal to O specifies that the ViewpointGroupStruct () is not present. When not present, the value of
vwpt group_ flag isinferred to be equal to 0.

When dynamic vwpt group flag is equal to 1, the first sample shall have vwpt group flag equal to 1.
For subsequent samples when the viewpoint group information does not change, the
ViewpointGroupStruct () can be absent. When the ViewpointGroupStruct () is absent in a sample, the
following applies:
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— If dynamic vwpt group flag 1is equal to 1, it is inferred to be identical to the

ViewpointGroupStruct () of the previous sample, in decoding order and the value of
groupDescrIncludedFlag is inferred to be identical to the value of the groupDescrIncludedFlag of
the ViewpointGroupStruct () of the previous sample.

Otherwise (dynamic vwpt group flag is equal to 0), it is inferred to be identical to the
ViewpointGroupStruct () in the ViewpointEntityGroupBox and the value of
groupDescrIncludedFlag is inferred to be identical to the value of the groupDescrIncludedFlag of

the ViewpointGroupStruct () inthe ViewpointEntityGroupBox.

1% |

o <

—

< <

Q

i

.12.3.2 Initial viewpoint

.12.3.2.1 General

hould be used.

Vhen viewpoints are not indicated by the viewpoint entity grouping in a file, the initial viewpoint timed
rack shall not be present in the file.

his timed metadata track, named the initial viewpoint timed metadata track, indicates(the’initial viewpoint that

metadata

iewpoint should be inferred to be the viewpoint that has the least)value of viewpoint identifier
iewpoints in the file.

he initial viewpoint timed metadata track, when present, is associated with all viewpoints in the file.

.12.3.2.2 Sample entry

he track sample entry type ' invp' shall be used. The sample entry of this sample entry type is specified 4

lass InitialViewpointSampleEntry)extends MetaDataSampleEntry('invp') {
unsigned int(32) id of initial viewpoint;

d of initial viewpoint indicates the value of the viewpoint identifier of the initial viewpoint fo

hmple to which this sample entry applies.

.12.3.2.3 Sample format

he sample syntax 0fthis sample entry type (' invp') is specified as follows:

ligned (8). InitialViewpointSample () {

unsigned int(32) id of initial viewpoint;

dof initial viewpoint indicates the value of the viewpoint identifier of the initial viewpoin

h the absence of this information when viewpoints are indicated by ¢he viewpoint entity grouping, Jhe initial

mong all

s follows:

r the first

t for the

sample.

7.12.3.3 Object centre points correspondence between viewpoints

7.12.3.3.1 General

This timed metadata track, named the object centre points correspondence (OCPC) timed metadata track, indicates
information on object centre points correspondence between viewpoints. An OCPC timed metadata track applies to
all omnidirectional video tracks in the file. The OCPC timed metadata track describes the object centre points
correspondence for important objects of interest. This enables to maintain the switching continuity between
different viewpoints by maintaining the viewport oriented towards the selected object(s) of interest.

© ISO/IEC 2021 - All rights reserved

121


https://standardsiso.com/api/?name=670106e0de62d8367d80fbb25d204661

ISO/IEC 23090-2:2021(E)

7.12.3.3.2 Sample entry
The track sample entry type ' ocpc ' shall be used. The sample entry of this sample entry type is specified as follows:

class OcpcSampleEntry () extends SphereRegionSampleEntry('ocpc') {
unsigned int (31) num viewpoint sets;
unsigned int (1) last byte sent;
unsigned int (8) num_obj_ect_i?is;
for (m = 0; m < num _object ids; m++) {
unsigned int (8) object id[m];
Wtf8string object label[m];

num_vig¢wpoint sets indicates the number of viewpoint sets for which object centre points corfespondence
is signalled in the samples to which this sample entry applies.

last byte sent equal to 1 specifies that the last byte of the sphere region structure, which includes th
interp¢late bitand 7 reserved bits, is signalled in OcpcSample ()’s sphere region strdetfure. last byte sen
equal to P specifies that the last byte of the sphere region structure, which includesthe interpolate bit and
reserved |bits, is not signalled in OcpcSample ()’s sphere region structure.

N oD

[72)

num_object ids specifies the number of objectidentifiers for which objgct”id and object label valud
are signalled.

object|id[m] specifies the object identifier for the m-th object. The'value of object id[i] [k] [J] foreach
i in the range of 0 to num viewpoint sets - 1, inclusive, for each j in the range of 0 fto
num_vigwpoints in this set[i] - 1, inclusive, aHd> for each k in the range of 0 tp
num_cofresp object centre points in this se&[i] - 1, inclusive, shall match one value g¢f

object[id[m] for m intherangeofOto num objeédf ids - 1,inclusive.

object[label[m] is a null-terminated UTF-8, string that specifies the description of an object identified by
object[id[m]. A null string is allowed.

7.12.3.3.3 Sample format

The sample syntax of this sample entry-type (' ocpc ') is specified as follows:

class (QcpcSample () {
for|(i = 0; i < pum~“viewpoint sets; i++) {
tnsigned in&(§) num viewpoints in this set[i];
for (J = 0%/9 < num viewpoints in this set[i]; j++)

unsigned int (32) viewpoint id[i][]];
nsignedvint (16) num corresp object centre points in this set[i];
for ,(k>= 0; k < num corresp object centre points in this set[i]; k++)
for (J = 0; j < num viewpoints in this set[i]; j++) {
SphereRegionStruct (0, last byte sent) [i1[k]1[]1;
unsigned int (8) object id[i][k][Jj];

num viewpoints in this set[i] indicates the number of viewpoints in the i-th viewpoint set.
viewpoint id[i][J] indicates the viewpointID of the j-th viewpoint in the i-th viewpoint set.

num_corresp object centre points in this set[i] indicates the number of corresponding object
centre points signalled in this sample for the i-th viewpoint set.
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SphereRegionStruct (0, last byte sent) [1] [k][]] specifies the k-th corresponding object centre
point of the j-th viewpoint in the i-th viewpoint set.

object id[i][k][]j] specifies the k-th objectidentifier of the j-th viewpoint in the i-th viewpoint set.

interpolate equal to 0 specifies that the values of centre azimuth, centre elevation, and
centre tilt in the OcpcSample specify the object centre at the sample instance. interpolate equal to 1
specifies thatthe values of centre azimuth,centre elevation,andcentre tiltintheOcpcSample can
be linearly interpolated from the values of the corresponding fields in this sample and the previous sample for

i de 4=l e A 1 = loa = . H 1 . 4=l . 2
Luuauus LT IITITUT AtV dUDUULT UDJTLL LTIIU TS TIT UTLVWETIT UIUST WU UCPLOoAlllP LE ] 5.

When last byte sent isequalto0, interpolate isinferred to be equalto 0.

For any particular value of k in the range of to
num corresp object centre points in this set[i] -1, inclusive, the sphére-points indcated by
JphereRegionStruct (0, last byte sent) [1] [k] []] for j ranging from 0 to

um viewpoints in this set[i] -1, inclusive, are object centre points that lare corresponding to each
ther for the viewpoints in the i-th viewpoint set.

(oMo

~]

.12.3.3.4 Information derivation and OMAF player behaviour

ontent providers can perform scene or object matching among videostreams representing different viewpoints
ame by frame, and choose a representative point of the scene or.object, e.g. the centre point of an objdct, as the
prresponding object centre point to be indicated by the OCPC tithed metadata track. The object centre goint may
e assigned an object label to indicate what the object represents:

onll ol

he available object labels (i.e. object label[m]),or object identifiers (i.e. object id[m]) |for each
iewpoint may be shown to the user via a user interface. The user should be allowed to select an object df interest
h view by selecting shown object label or object identifier. The viewport corresponding to the selected ohject label
r object identifier’s object centre should be shown to the user for the selected viewpoint. When a viewpoint
witching occurs, the client checks whether, the user's field of view in the switch-from viewpoint |covers a
prresponding object centre point that is indieated by the time-aligned sample of the OCPC timed metadatp track. If
es, just after the switching, the client should render to the user the viewport in the switching-to viewpoint for
Fhich the corresponding centre point is'indicated by the time-aligned sample of the OCPC timed metadpta track.
Vhen the user's field of view covers more than one indicated object centre point, one of those that are the closest
b the centre of the user's field of.view should be chosen.

g << 0 n 9 o <

—_—

both recommended viewport metadata information for the switch-to viewpoint and the OCPC timed metadata
rack are available, sinee.both types of information do not impose mandatory OMAF player behaviour, thén it is up
h the OMAF playerto.choose to follow either one or no one.

=

7.13 Storage of omnidirectional video in sub-picture tracks

7.13.1." General

For storage of omnidirectional video in sub-picture tracks,a SpatialRelationship2DDescriptionBox with
track group type equalto '2dsr' asspecified in subclause 7.1.4.2 shall be present in each sub-picture track,
to indicate that this track belongs to a group of tracks that can be spatially arranged to construct composition
pictures. For each sub-picture track storing a part of an omnidirectional video, the SubPictureRegionBox shall
be present in SpatialRelationship2DDescriptionBox and the sub-picture track shall not contain an
instance of SpatialRelationship2DGroupEntry or SampleToGroupBox with grouping type equal to
' 2dsr'as specified in subclause 7.1.4.3.
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7.13.2

Projected omnidirectional video

This subclause applies when any of the tracks mapped to the 2D spatial relationship track group has a sample entry
type equal to ' resv' and scheme type equal to 'podv' inthe SchemeTypeBox included in the sample entry.

The projection format of each composition picture is indicated by any ProjectionFormatBox.

The regio

n-wise packing format is indicated by the collection of the instances of RegionWisePackingBox within

the sample entrles of the sub-picture tracks mapped to the same 2D spatial relatlonshlp track group, and the region-
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group. The values of Jproj picture width shall be identical in all these instances ¢

Reg
of R4

— The
sam

nfa Py riba 1E3 4 Lo nab
ing-informationfor-the-compositionpicture-isinferred-foreachregioni—in-the range-of-0-to-the-number

‘ture tracks in the '2dsr' track group, exclusive, in any order as follows:

ked picture width and packed picture height for the composition picture are inferred to be
Itototal widthand total height of SpatialRelationship2DSourceBox, respeetively.

[N

ked reg top[i] and packed reg left[i] areinferred to be respectively equalto-object yan
cct xof SubPictureRegionBox of SpatialRelationship2DDescriptienBex of the respectiy
picture track.

[¢)

¢

pther syntax elements of each region of the composition picture are inferred-to be equal to the respectiy
hx elements of the RegionWisePackingBox of the respective sub-pictur€ track.

bplicable, the frame packing arrangement of each compesition picture is indicated by any
i deoBox within the sample entry of any track of the same 2D/3patial relationship track group.

hlues of object width and object hefght of SubPictureRegionBox in
Relationship2DDescriptionBox shall be equal tothe width and height, respectively, of the picture
r the decoder in luma sample units.

w

ving constraints apply for the sub-picture tracks'mapped to the same 2D spatial relationship track group:

track mapped to this grouping shall havela sample entry type equal to ' resv'. The scheme type shal
jual to 'podv' in the SchemeTypeBox-included in the sample entry.

content of all instances of the BrojectionFormatBox included in the sample entries of the tracKs
ped to the same 2D spatial rélationship track group shall be identical.

i

i onWisePackingBox shall be present in the sample entries of the tracks mapped to a '2dsr' trag

[

i onWisePackingBox. The values of proj picture height shall be identical in all these instancg
bgionWisePackingBox.

content of'all instances of the RotationBox included in the sample entries of the tracks mapped to th
p 2D,spatial relationship track group shall be identical.

[¢’)

— The

A
A>3
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the same 2D spatial relationship track group shall be identical.

— The content of all instances of the CoverageInformationBox included in all instances of the

124

SpatialRelationship2DDescriptionBox in the tracks mapped to the same 2D spatial relationship
track group shall be identical.

When one track mapped to a 2D spatial relationship track group has a CompositionInformationBox
included in SpatialRelationship2DDescriptionBox, all tracks mapped to the same 2D spatial
relationship  track group shall have a CompositionInformationBox  included in
SpatialRelationship2DDescriptionBox.
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7.13.3 Indication of composition pictures being packed pictures or projected pictures

The CompositionInformationBox may be optionally included in
SpatialRelationship2DDescriptionBox. The presence of CompositionInformationBox in
SpatialRelationship2DDescriptionBox indicates that the composition picture is a projected picture. The
absence of CompositionInformationBox in SpatialRelationship2DDescriptionBox indicates that
the composition picture is a packed picture.

NOTE1 CoverageInformationBoxincludedin SpatialRelationship2DDescriptionBox canbe used forindicating

cpptent-coverase-when-the-compositionpicture-doesnot-coverthe-entire-sphere
13 134 i

=z

OTE 2 IfCompositionInformationBox is present, OMAF players can reconstruct projected pictures without garsing the
egionWisePackingBoxes of the associated sub-picture tracks. Otherwise, OMAF players' have [to parse
egionWisePackingBoxes of the associated sub-picture tracks to reconstruct projected pictures.

oD

—

he syntax of CompositionInformationBox is as follows:

ligned(8) class CompositionInformationBox extends FullBox("coif', 0, 0) {

Q

7.13.4 Fisheye omnidirectional video

—

his subclause applies when any of the tracks mapped to the 2D spatial relationship track group has a saniple entry
pe equal to ' resv' and scheme type equal to 'fodv' in thé\SchemeTypeBox included in the sample entry.

—

—3

he following constraints apply for the tracks mapped to this grouping:

— Each track mapped to this grouping shall have a sample entry type equal to ' resv'. The scheme tjpe shall
be equal to ' fodv' in the SchemeTypeBox included in the sample entry.

—+ All tracks mapped to the 2D spatial relatignship track group shall have a FisheyeOmniVvideoBox|included
in the sample entry.

—+ A FisheyeOmniVideoBox that specifies the fisheye format of the composition picture may be cortained in
SpatialRelationship2BDescriptionBox. When one track mapped to a 2D spatial relationghip track
group has a FisheyeOmmiVideoBox included in SpatialRelationship2DDescriptionBox,fall tracks
mapped to the same 2D spatial relationship track group shall have a FisheyeOmnivideoBox influded in
SpatialRelation§hip2DDescriptionBox and the content of all these instances| of the
FisheyeOmniVideoBox shall be identical.

NOTE AFisheyeOmnivVideoBox included in the sample entry describes the fisheye format of the track.

—+ The < SpatialRelationship2DDescriptionBox shall not include RegionWisePacKingBox,
CaverageInformationBox,or CompositionInformationBox.

7.14 Storage and signalling of overlays for omnidirectional video and images

7.14.1 General

Subclause 7.14 specifies support for overlay video and overlay images, which are superimposed either over
omnidirectional background video or image or on the viewport.

An overlay is specified with the following pieces of information:
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overlay source, specifying which track or image item and, in some cases, which spatial region within the track
or the image item are used as the content of the overlay

rendering type of the overlay, specifying whether the overlay is anchored relative to the viewport or to the unit
sphere and, for sphere-relative overlays, the shape of the surface on which the overlay is rendered (plane or
sphere region)

rendering properties of the overlay, specifying e.g. the opacity of the overlay

user
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atar
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3D npesh overlay, specifying that the overlay is displayed on indicated mesh elements of the 3D mesh

The follo

laye

separately\among each set of overlays that have the same distance from the centre of the unit sphere

TrreCroterop perees

ay source is one of the following:
e decoded pictures of a video track
htire output image of an image item

dicated rectangular overlay source region within decoded pictures of a video track br an output image ¢f
hage item

ommended viewport of omnidirectional video, as indicated by a recommended viewport timed metadata

e
S

kternally specified overlay source, referenced by a URI

ource region is used as overlay source, the picture that contains the source region may also contain othe
purce regions or background visual media.

—

ering type of the overlay is one of the following:

port-relative overlay, specifying that the overlay is displayed on a rectangular area at a specified positio|
ive to the viewport

=]

[¢)

re-relative projected omnidirectional pverlay, specifying that the overlay is displayed on a sphere surfag
indicated position within or on the unit sphere

re-relative 2D overlay, specifying that the overlay is displayed on a plane at an indicated position withip
nit sphere

ving renderinig’properties may be indicated for an overlay:

ing order,“specifying the layering order among the overlays that are relative to the viewport, and

14 £l 1 ot 3 Laod £ 11 H 1 £41 1 1. A H 4+l 1
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priority value (overlay priority), based on which a priority order of overlays can be derived and used in
the case that an OMAF player does not have enough decoding capacity to decode all overlays; value 0 indicates

that

the overlay is essential for displaying

alpha composition, specifying that the overlay is associated with an alpha plane used for determining pixel-
wise opacity and blending when superimposing the overlay

The following user interaction properties may be indicated for an overlay:

126

controls which user interactions are allowed in a user interface
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— overlay label, which can be used in a user interface
— associated sphere region, intended to be used as a user-selectable area to turn an overlay on or off

The overlay source, rendering type, rendering properties and user interaction properties for an overlay are
specified as overlay controls in the SingleOverlayStruct () syntax structure. SingleOverlayStruct () is
extensible, i.e. new overlay controls can be introduced in future version of this document. Overlay controls are
indicated to be non-essential or essential. In latter case, an OMAF player is required to process the overlay control.
A content author can specify an overlay control to be non-essential e.g. when applying the overlay control for
renderingis-preferred but-not-mandated—SingleovwerlayStruc additionally contains-an-overlayjdentifier
(pverlay_id). Since the same video track or image item may contain multiple overlays, the OverlayStruct ()
spntax structure specifies the number of overlays and includes a SingleOverlayStruct () for éach’of them.

(Qverlay controls can be static or time-varying. Static overlay controls are contained in a samplé entry in a track
pntaining the overlay source or as an item property for an image item containing the overlay source. Timg-varying
verlay controls are included in a timed metadata track.

clle]

Thhe tracks and image items containing associated overlays and the background,visiial media are indicated in an
'lovbg' entity group specified in subclause 7.14.7.2.

An overlay can be either active or inactive, which is determined as follows:

— If both of the following conditions are true, an overlay is active for a particular background visual media:

— The overlay is included among the overlays associated‘with the background visual media in ity ' ovbg"
entity group.

— There is no overlay timed metadata track for the overlay or the overlay is activated by an over|ay timed
metadata track.

NOTE As an alternative of using a timed metadata track to indicate the time period when an overlay imgge item is
active, the active time period associated.with the overlay image item can be indicated through a video track fontaining
a sample that encloses the coded data-of the image item.

—+ Otherwise, the overlay is inactive-for the background visual media.

An inactive overlay shall not be' displayed. An OMAF player shall display an active overlay when either of the
llowing conditions is true\at any particular time:

=2

—+ overlay priority isequalto O for the overlay and the overlay is not turned off by the user through a user
interface.

- overlay priority is greater than 0, an OMAF player has enough capacity for decoding and rendering the
overlayy/and the overlay is not turned off by the user through a user interface.

]

h addition to the active/inactive status for overlays, an overlay has a state on or off, which indicates whether an
verlay has been turned on or off by a user interaction An overlay is turned on by default The overlay cohtrols for
user interactions include a control that enables or disables the user action for switching an overlay on or off. When
an overlay is turned off by a user interaction, it is not displayed.

Subclause 7.14 specifies the syntax and semantics of overlay-related syntax structures. Subclause 7.15 specifies a
viewing space intended to be used for head-tracked rendering of background visual media and overlays. Annex G
specifies a rendering procedure for overlays.
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7.14.2  Overlay structure
7.14.2.1 Definition

OverlayStruct () specifies the overlay related metadata per each overlay.

7.14.2.2 Syntax

aligned(8) class SingleOverlayStruct () {
UHS_.kjucd J._ut\lv) O CJ_lcl_YiJl_Ll,
for|(i = 0; i < num flag bytes * 8; i++)
unsigned int(l) overlay control flag[i];
for|(i = 0; i < num flag bytes * 8; i++) {
1f (overlay control flagf[i]) {
unsigned int(l) overlay control essential flagl[i];
unsigned int(15) byte count[i];
unsigned int (8) overlay control struct[i] [byte count[i]];

aligned (8) class OverlayStruct() {
unsjgned int (16) num overlays;
unsjigned int(8) num flag bytes;
for|(i = 0; i < num overlays; i++)

JingleOverlayStruct () ;

7.14.2.3| Semantics

num_overlays specifies the number of overlays described by this structure. num overlays equal to 0
reserved

[72)

num_flag bytes specifies the number of bytes allocated collectively by the overlay control flagl[il
syntax elements. OMAF players shall parse’/the syntax of OverlayStruct () regardless of the value ¢f
num_flag bytes.

NOTE 1 I files conforming to this version of this document, num_flag bytes is expected to be equal to 1 or 2, depending g
which ovelrlay control structures ar¢ present.

=]

overlay idprovidesa uhique identifier for the overlay. No two overlays shall have the same overlay idvalue.

overlay controlgiflag[i] when set to 1 defines that the structure as defined by the i-f
overlay contx®l 'struct[i] is present. This version of this document specifies the semantics of overla
controls |n the.range of 0 to OVLY_LAST_ED2_IDX, inclusive, where OVLY_LAST_ED2_IDX is equal to 14. In filg
conforming te_this version of this document, overlay control flag[i] shall not be equal to 1 when i
greater than/OVLY_LAST ED2 IDX. OMAF players shall allow both values of overlay control flag[i]
appear in the syntax for all values of 1.

Ty n < B

NOTE 2 When the value of i is greater than OVLY_LAST_ED2_IDX and overlay control essential flag[i] is equal
to 0, an OMAF player implementing this version of this document needs not process overlay control flag[i] and
overlay control struct[i]. When the wvalue of i is greater than OVLY_LAST_ED2_IDX and
overlay control essential flag[i] is equal to 1, the OMAF player requirements specified below in this subclause

apply.
NOTE 3 Since OMAF players conforming to the this version of this document allow num flag bytes greater than 2 and

overlay control flag[i] equalto 1 forall values ofito appear in the syntax, OMAF players conforming to this version of
this document:
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- are able to parse OverlayStruct () conforming to potential future OMAF editions or amendments, where

num_flag bytes canbe greater than 2 or overlay control flag[i] canbe equalto 1 for values of i greater than
OVLY_LAST_ED2_IDX; and

- are permitted to display an overlay indicated in the OverlayStruct (), when
overlay control essential flag[i] isnotequal to 1 forany value of i greater than OVLY_LAST_ED2_IDX.

overlay control essential flag[i] equal to O specifies that OMAF players are not required to process
the structure as defined by the i-th overlay control struct[i].
overlay control essential flag[i] equal to 1 specifies that OMAF players shall process the structure
as defined by the 1-th overlay control struct|i].

When overlay control flag[i] with i inthe range of 0 to 6, inclusive, or equal to 11 is equal.fo 1, the value
f overlay control essential flag[i] shall beequalto 1.

Q

Q

MAF players shall be able to parse and process the structure corresponding to overlay~control stfuct[11]
.e.the OverlayPriority control structure).

~

<

Vhen overlay control essential flag[i] isequal to 1 and an OMAE player is not capable of garsing or
rocessing the structure as defined by overlay control struct[i],thefollowingapplies:

=

—+ If the OverlayPriority control structure is present for the overlay and overlay priqrity in
OverlayPriority is equal to 0, the OMAF player shall display neither the overlays specifiefl by this
OverlayStruct () nor the background visual media.

—+ Otherwise, the OMAF player shall not display the overlay.specified by this SingleOverlayStruct

—
~

o

yte count[i] givesthe byte countofthe structure¢fepresented by thei-th overlay control stquct[i].
yte count [4], when present, shall be equal 0.

o

O

verlay control struct[i] [byte count[i]] defines the i-th structure with a byte count as defined by
yte count[i].

o

7.14.3  Overlay control structures
7.14.3.1 Definition

able 16 specifies the §emantics of bit index i, for each value of i in the range of 0 to 14, inclusiye. When
verlay controliflag[i] is equal to 1, the overlay control as specified in Table 16 applies. Furthermore,

able 16 specifies-the subclause that applies for the syntax and semantics of the overlay control structur¢ for each
it index.

o = O =
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Table 16 — Overlay control structures

Bit index Subclause in this Description
document
0 7.14.3.2 Parameters for viewport-relative overlay
1 7.14.3.3 Parameters for sphere-relative projected omnidirectional overlay
2 7143% Paramretersforsphere-retative 2Dovertay
3 7.14.3.5 Parameters for 3D mesh overlay
4 none Entire decoded picture is an overlay source.
5 7.14.3.6 Source region for the overlay.
Indicates the region within the decoded picture that is used as the content
of the overlay.
6 none Recommended viewport overlay.
Indicates the recommended viewport track whose recommended
viewports are used as the content of the overlay.
7 7.14.3.7 Overlay layering order
8 7.14.3.8 Overlay opacity
9 7.14.3.9 Controls for user interaction
10 7.14.3.10 Overlay label
11 7.14.3.11 Overlay prierity
12 7.14.3.12 Associated sphere region
13 7.14.3.13 Overlay alpha composition
14 7.14.3.14 Externally specified overlay information
The following constraints apply for each SingleOverlayStruct () controlling a static overlay and for each
SingleQverlayStruct () inasample of an overlay timed metadata track with the content that is present in thle
sample of inherited from the sample entry of the overlay timed metadata track as specified in subclause 7.14.6.2:
— Conteald with bit indi 0 to 3 inclusi if 1] lori f il lav_In thi : £ this

document, one and exactly one of overlay control flag[i] with i in the range of 0 to 3, inclusive, in
each SingleOverlayStruct () shall be equal to 1.

— Controls with bitindices 4, 5, 6, and 14 specify the source of the overlay content. In this version of this document,
one and exactly one of overlay control flag[i] with i equal to 4, 5, 6, or 14 in each

SingleOverlayStruct () shall be equal to 1.

— At most one of overlay control flag[8] (overlay opacity) and overlay control flag[13]
(overlay alpha composition) shall be equal to 1 in the same SingleOverlayStruct ().
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7.14.3.2 Viewport-relative overlay

aligned(8) class ViewportRelativeOverlay () {
unsigned int (16) rect left percent;
unsigned int (16) rect top percent;
unsigned int(16) rect width percent;
unsigned int (16) rect height percent;
unsigned int( media alignment;
unsigned int(1l) relative disparity flag;
bit (2) reserved = 0;
if (relative disparity flag)

signed int (16) disparity in percent;
else

signed int (16) disparity in pixels;

16
16
5)

in units of 100% =+ 2-1¢ in the range of 0 (indicating 0%), inclusive, up to but excluding 65536 (that indicatgq

-

the overlaid media is not intended to be changed.

=

pecified rectangular region and the intended placement, of the scaled overlay source relative to the
ectangular region.

o T %)

verlay source is horizontally and vertically scaled’as needed to fill the specified rectangular region entirg

o5 o oo

he overlay source.

nfedia alignment values in the range'of 1 to 9, inclusive, specify that an OMAF player should apply theg
fit" mode specified as follows: the overlay source is horizontally and vertically scaled to cover the
rectangular region exactly along-one dimension (i.e. either horizontally or vertically) and to cover or resi
the specified rectangular regionalong the other dimension while the aspectratio of the overlay source is m
When the aspect ratio of the.everlay source differs from the aspect ratio of the specified rectangular regi
of the rectangular region is not filled.

edia_ alignment’ valuesin the range of 10 to 18, inclusive, specify that an OMAF player should apply
 fill" mode specified as follows: the overlay source is horizontally and vertically scaled to cover the
bctangular-region exactly along one dimension (i.e. either horizontally or vertically) and to cover or e)
pecified rectangular region along the other dimension while the aspect ratio of the overlay source is ma
n OMAE player should not display the parts of the scaled overlay source that exceed the specified re
PgioN.

- > W = g

021(E)

dect left percent, rect top percent, rect width percent and rect_hetght percenft specify
the coordinates of the top-left corner and the width and height of the rectangular regionyrespectively, of the overlay
tp be rendered on the viewport in per cents relative to the width and height of the yiewport. The values are jndicated

s 100%).

NOTE The size and aspect ratio of the rectangular region on which the overlay is.rendered changes according to th¢ viewport
psolution and aspect ratio. However, when the value of media alignment is-in the range 1 to 9, inclusive, the aspgct ratio of

edia_alignment specifies the intended scaling of the oyverlay source depending on the dimensiops of the

specified

edia alignment equal to O specifies that an OMAF player should apply the "stretch to fill" mode, where the

ly. When

edia alignment is equal to 0, the aspect ratio of the scaled overlay source may differ from the aspe¢t ratio of

"scale to
specified
He within
hintained.
bn, a part

the "crop
specified
kceed the
intained.
ctangular

media alignment values inthe range of 19 to 31, inclusive, are reserved.

An OMAF player should place the scaled overlay source on the specified rectangular region as specified in
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Table 17 — Placement of the scaled overlay source on the specified rectangular region as a function of

media_alignment values

Values | Description
1,10 Horizontally and vertically centered
2,11 Horizontally centered, vertically aligned at the top of the rectangular region
3,12 Horizontally centered, vertically aligned at the DOttom of the rectangular region
4,13 Horizontally aligned with the left boundary of the rectangular region, vertically centered
5,14 Horizontally aligned with the right boundary of the rectangular region, vertically centered
6,15 Horizontally aligned with the left boundary of the rectangular region,
vertically aligned at the top of the rectangular region
7,16 Horizontally aligned with the right boundary of the rectangular region,
vertically aligned at the top of the rectangular region
8,17 Horizontally aligned with the left boundary of the rectangular region,
vertically aligned at the bottom of the rectangular region
9,18 Horizontally aligned with the right boundary of the rectangular region,

vertically aligned at the bottom of the rectangular region

relatiye disparity flag indicates whether the disparity is provided as a percentage value of the width
y window for one view (when the value is equal'to 1) or as a number of pixels (when the value is equal 4

the displ{

0). This applies for the case when there is a monoscopit overlay.

dispar]
for one v
displace
when the

dispar]
displacer
the right
backgrou

[ty in percent indicates the disparity, in units of 2-16, as a fraction of the width of the display windoy
ew. The value may be negative, in which case the displacement direction is reversed. This value is used o
the region to the left on the left'eye view and to the right on the right eye view. This applies for the cas
re is a monoscopic overlay and stereoscopic background visual media.

[ty in pixels indicates the disparity in pixels. The value may be negative, in which case th
hent direction is revérsSed. This value is used to displace the region to the left on the left eye view and t
on the right eye view. This applies for the case when there is a monoscopic overlay and stereoscop
nd visual media:

-

0

v

&

a © o
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7.14.3.3 Sphere-relative projected omnidirectional overlay

aligned(8) class SphereRelativeOmniOverlay () {
unsigned int (l) region indication_ type;
unsigned int (1) timeline change flag;
bit (6) reserved = 0;
if (region indication type == 0) {
unsigned int(32) proj picture width;

unsigned int (32) proj picture height;
unsigned int (32) proj reg width;
unsigned 1int (32) proj reg height;
unsigned int (32) proj reg top;
unsigned int(32) proj reg left;

}

else
SphereRegionStruct (1, 1);
unsigned int (16) region depth minusl;

0]

phereRelativeOmniOverlay shall not be present when the background visudl media uses the 3D nj

egion indication type equal to O specifies that the sphere regien/on which the overlay is re

—

pgion on which the overlay is rendered is indicated by the Sphe®reRegionStruct () included in th
fructure. region indication type shall be equal to 0 when/the projection format of the overlay
ackground visual media is identical.

o »n =

<

Vhen the SphereRegionStruct () is present (i.e. n@gion indication type is equal to 1), th
pgion represented by SphereRegionStruct () shall be specified by two azimuth circles and two
rcles and the associated projection format shall be'ERP.

[Tl

<

Vhen the SphereRegionStruct () is present (i.e. region indication typeisequalto 1), inte]
hall be equal to 0.

%)

When region indication type_is equal to 0, the syntax structure indicates that the projected p
overlays are packed region-wisetand require unpacking prior to rendering, according to the region-wis
process information as indicated..The semantics of the syntax elements are identical to those for the syntax
of RegionWisePacking3trdct( ) with the same name as specified in subclause 7.5.3.

The ProjectionFotmatBox, StereoVideoBox, and RotationBox indirectly contained in the sam
entry that directly orjindirectly contains the OverlayConfigBox containing this OverlayStruct ()
the projected ~omnidirectional overlay(s) contained in the track. The ProjectionFormatPn
FramePackingProperty,and RotationProperty associated with the image item that is also associ
the OverlayProperty containing this OverlayStruct () apply to the projected omnidirectional ove|

=z

OTE\_ ‘In order to render a sphere-relative omnidirectional overlay without deformations, the azimuth and elevat|
f the)overlay source need to be equally large as the azimuth and elevation ranges of the region on which the overlay is

o

esh.

hdered is

ndicated as a rectangle in a projected picture. region indication~type equal to 1 specifies that the sphere

is syntax
y and the

e sphere
elevation

fpolate

ctures of
b packing
elements

e sample
apply to
operty,
hted with
rlay(s).

on ranges
rendered.

timeline change flag equal to 1 specifies that the overlay content playback shall pause if the overlay is not

in the user's current viewport, and when the overlay is back in the user's viewport the overlay content

playback

shall resume with the global presentation timeline of the content. The content in the intermediate interval is skipped.
timeline change flag shall be equal to 1, when the overlay source is specified by OverlaySourceRegion.
timeline change flag equal to O specifies that the overlay content playback shall pause if the overlay is not

in the user's current viewport, and when the overlay is back in the user's viewport the overlay content

playback

resumes from the paused sample. This prevents loss of any content due to the overlay being away from the user's

current viewport.
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region depth minusl indicates the depth (z-value) of the region on which the overlay is to be rendered. The
depth value is the norm of the normal vector of the overlay region. region depth minusl + 1 specifies the depth
value relative to a unit sphere in units of 2-6, When region depth minusl is equal to 65535 in
SphereRelativeOmniOverlay, the overlay source and the background visual media shall be associated with
the same projection format and the same yaw, pitch, and roll angles of the rotation to be applied to convert the local
coordinate axes to the global coordinate axes.

7.14.3.4 Sphere-relative two-dimensional overlay

aligned 8y CIaSS SPNETrEReIativezZDovertay(y 1
Sphe¢reRegionStruct (1, 1);
unsjgned int(l) timeline change flag;
bit|[7) reserved = 0;
sigped int (32) overlay rot yaw;
signped int (32) overlay rot pitch;
sigped int (32) overlay rot roll;
unsjgned int (16) region depth minusl;

The gyntax elements of the SphereRegionStruct (1, 1) contained within thie
SphereRelative2DOverlay () syntax structure have the following semantics:

[}

— cenfre azimuth and centre elevation specify the azimuth and.elevation angles, respectively, of th
centre of the overlay region on the unit sphere relative to the global.¢oordinate axes.

— cenfkre tilt shallbe equalto 0.

— aziputh range and elevation range specify the dimensions of the 2D plane on which the overlay
rendered. The sphere region represented by SphereRégionStruct () is specified by four great circles.

[72)

NOTE 1 Prior to rendering the 2D plane, it can be rotated-as specified by overlay rot yaw, overlay rot pitch and
overlay| rot_ yaw and placed on a certain distance as spécified by region depth minusl.

— intprpolate shall be equal to 0.

timeline change flag is specified identically to the syntax element with the same name in
SphereRelativeOmniOverlayy

overlay rot yaw,overlaysrot pitch,andoverlay rot roll specify therotation of the plane on whidh
the overlpy is rendered. The-rotations are relative to the coordinate system as specified in subclause 5.1 in which
the origin of the coordinate system is in the centre of the overlay region, the X axis is towards the origin of the global
coordinate axes, the Y a%is is towards the point on the plane that corresponds to cAzimuth1 in Figure 20, and the [Z
axis is toyards the¢peint on the plane that corresponds to cElevation2 in Figure 20. overlay rot yaw expressds
a rotation around-the Z axis, overlay rot pitch rotates around the Y axis, and overlay rot roll rotatgs
around tIe X4axis. Rotations are extrinsic, i.e. around X, Y, and Z fixed reference axes. The angles increase clockwige
when lo¢King from the origin towards the positive end of an axis. The rotations are applied starting frorln
overlay rot yaw,Iollowed by overlay rot pitch,andendingwithoverlay rot roll.

NOTE 2 The specification of the rotations with overlay rot yaw, overlay rot pitch, and overlay rot roll is
aligned with the specifications of subclause 5.3.

region depth minusl is specified identically to the syntax element with the same name in
SphereRelativeOmniOverlay.

NOTE 3 Figure 25 provides an example how the placement and orientation of the 2D plane for the sphere-relative 2D overlay
is determined based on the syntax elements of SphereRelative2DOverlay.
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ey

Q

ligned(8)
unsigned
unsigned
bit(6) r
unsigned
for (i =

bi
}

n ct

a)

b) c)

) moving the 2D plane to an indicated depth d:

K

a) 2D plane based on the indicated sphere region

b

c) rotating the 2D plane as indicated in SphereRelative2DOverlay

Figure 25 — Example of placement and orientation of sphere-relative 2D overlay,

illustrated with an equator-level cross section of the unit sphere

7.14.3.5 3D mesh overlay

class MeshOverlay () {

int (1)
int (1)
eserved
int (8)
0; i <

timeline change flag;
eye present flag;

= 0;

num_ regions;

num_ regions; i++) {

if (eye present flag) {
unsigned int (1) eyel[i];

t(7) reserved = 0;

unsigned int (16) mesh elément id[i];
RectRegionStruct () ;

imeline change flag ,iS specified identically to the syntax element with the same
phereRelativeOmndOverlay.

hame in

Tlhe semantics of the€)other syntax elements are identical to those for the syntax elements with the sam¢ name in
TileMeshGroupEntry specified in subclause 7.16.2.
7.14.3.6 ‘Source region for the overlay
gdligned (8) class OverlaySourceRegion () {
unsigned int (16) packed picture width;
unsigned int (16) packed picture height;
unsigned int (16) packed reg width;
unsigned int (16) packed reg height;
unsigned int (16) packed reg top;
unsigned int (16) packed reg left;
unsigned int(3) transform type;
bit (5) reserved = 0;
}
The syntax structure indicates the source region of the overlay within the decoded picture.
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If the track or image item containing the overlay is a projected omnidirectional video track or image item, the
semantics of the syntax elements are identical to those for the syntax elements of RegionWisePackingStruct()
with the same name as specified in subclause 7.5.3. Otherwise, the semantics of the syntax elements are specified
as follows:

packed picture width and packed picture height specify the width and height of the decoded
picture, respectively, in luma samples.

packed reg width, packed reg height, packed reg

[D

q

trapsform type specifies the rotation and mirroring that are applied to the overlay source to remap it fg
displaying. The following values are specified:

NOTE 1 ¥
OMAF pla|
informati
RegionW

NOTE 2
contains t|
same the
axes.

7.14.3.7
aligne
int

}

layerif

Vhen the track or image item containing the overlayis.not a projected omnidirectional video track or image item, th
yer can treat each decoded picture as a textureatlas including sub-images indicated by the overlay source regio

i sePackingStruct (), for processing of such a texture atlas.

Vhen the track or image item containing the overlay is a projected omnidirectional video track or image item that al4o
he background visual media, the everlay and the background visual media have the same projection format and the
Faw, pitch, and roll angles of the rotation to be applied to convert the local coordinate axes to the global coordinate

g ‘order indicates the layering order among the overlays that are relative to the viewport, and separately

top, and packed reg left specify the

a a 0 A mpleswithinthe-decoded

icture. Wen the overlay is included in the same track or image item with background visual media, thle
verlay source region shall not be overlapped with any packed regions of the background visual medja’

—

0: no transform

1: mirroring horizontally

: rotation by 180 degrees (counter-clockwise)

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

: rotation by 90 degrees (counter-clockwise)

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

N o oo oA W N

: rotation by 270 degrees (counter-clockwise)

= B 0

n. The OMAF player does not need to_perform an unpacking process, similar to what is specified fd

Overlay layering'order

(8) class/@vérlaylLayeringOrder () {
16) laye®iahg order;

ch-set of overlays that have the same depth. Viewport-relative overlays are overlaid on top of the viewport

among ed

in descending order of layering order, i.e. an overlay with a smaller layering order value is in front of an
overlay with a greater layering order value. For sphere-relative overlays, the smaller the value of
layering order, the closer the overlay is from the viewer. When not present, layering order is inferred to
be equal to 0.

NOTE It is unspecified how to render two overlays that either have the same depth or are both viewport-relative overlays,
have the same layering order value, and are overlapping.
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7.14.3.8 Overlay opacity

The overlay opacity affects the rendering identically to the source over composition mode, specified in subclause
7.14.3.13, that is applied to an alpha plane in which all pixels have a constant value.

aligned(8) class OverlayOpacity() {
unsigned int (8) opacity;

}

pacity is an integer value that specifies the opacity that is to be applied for the overlay. Value 0 is fully
fansparent and value 100 is fully opaque. Values greater than 100 are reserved.

e}

(=4

7.14.3.9 Controls for user interaction

Q

ligned(8) class OverlayInteraction() {
unsigned int (1) change position flag;

unsigned int (1) change depth flag;
unsigned int(l) switch on off flag;
unsigned int (1) change opacity flag;
unsigned int(1l) resize flag;

unsigned int (1) rotation flag;
unsigned int(l) source switching flag;
unsigned int(l) crop_ flag;

0]

hange position flag, when set to 1, specifies that users are allowed to move the overlay windqw to any
cation on the viewing sphere or the viewport.

—_—

0]

hange depth flag, when setto 1, specifies that the depth of overlay can be chosen by user interactjon.
Vhen both change position flag and chasige depth flag are set to 1 then the X)Y,Z positipn of the
verlay can be freely choosen by user interaction.,

o <=

gwitch on off flag, whensetto 1, specifies that the user is allowed to switch ON/OFF the overlay. When the
AssocilatedSphereRegion structureis present for the overlay, the value of the switch on off fllagshall
be equal to 1. All active overlays are considered to be ON by default. When an overlay is switched ON, the|playback
position for the overlay is the current time on the global presentation timeline.

0]

hange opacity flag(when setto 1, specifies that the user is allowed to change the opacity of the oyerlay.

=

esize flag, wheniSetto 1, specifies that the user is allowed to resize the overlay window. The field-¢f-view of
he resized overlay window shall be same as that of original overlay window.

—

dotation_f£*ag, when set to 1, specifies that the user is allowed to rotate the overlay window to|different
directions. The field-of-view of the rotated overlay window shall be same as that of original overlay window.

douTee switching flag,when set to 1, specifies that the user is allowed to switch to a new overlgy source
fromy’the current overlay source. The new overlay source that the user switches to shall be part of the same entity
group as the current overlay source with the grouping_type equal to ' oval', as specified in subclause 7.14.7.1.

crop_flag equal to 1 specifies that user is allowed to crop the overlay media window.
change position flag, change depth flag, switch on off flag, change opacity flag,
resize flag, rotation flag, source switching flag, or crop flag when setto 0, specifies that the

user is disallowed to perform the respective operation on the overlay.

change position flag, change depth flag, change opacity flag, resize flag,
rotation flag,and crop flag shall be equal to O for all the overlays in the same 'oval' entity group.
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7.14.3.10 Overlay label

aligned(8) class OverlayLabel () {
string overlay label;

}

overlay label provides anull-terminated UTF-8 label for the overlay.

7.14.3.1

1 Overlay priority

aligne
uns]

}

overlay
enough d

of overl]]

The valug

7.14.3.1

aligne
unsj
Sphs

shape 1
Spherel

Spherel
associate

When md
the user

NOTE
associated

sphere reg

For the
equal to

7.14.3.1

aligne

i (8) class OverlayPriority () {
lgned int (8) overlay priority;

¢

' priority indicates which overlay should be prioritized in the case that an OMAF playerdoes not hay
ecoding capacity to decode all overlays. A lower overlay priority indicates higherpriority. A valy
ay priority equalto 255 indicates unspecified priority.

¢

e of overlay priority, when present, shall be equal to 0 for overlays that aré.essential for displaying.

2 Associated sphere region

L (8) class AssociatedSphereRegion () {
lgned int (8) shape type;
breRegionStruct (1, 1);

ype is used as the shape type value when applying subclause 7.5.6 to the semantics of the
egionStruct () specifying the associated sphereregion.

egionStruct (1, 1) specifies the sphere region associated with the overlay. The sphere region
d with an overlay is intended to be used.to turn on or turn off the overlay.

re than one overlay is associated with'the same sphere region, the overlays should all be displayed whe
elects the sphere region.

=]

When multiple associated sphere regions fully or partially overlap and the user selects the overlapping area of th
sphere regions, the OMAF player is expected to turn on/off all the overlays controlled by all the overlapping associatd
ions.

Qo

SphereRegionStruct (1, 1) included in AssociatedSphereRegion, interpolate shall be

3 Overlay alpha composition

L (B)Nclass OverlayAlphaCompositing () {

unsi

}

rjhad int (8) ::1ph:1 h1ahr‘Hhrj mode;

alpha blending mode specifies the alpha blending mode as listed in Table 18. When an overlay is associated
with an alpha plane as specified in subclause 7.14.8, the alpha blending mode indicates how to compose the

overlay.
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Table 18 — Alpha blending modes

all overlays that are further away from the viewer in distance or layering order than the associated overlg

7.14.3.14 Externally specified overlay information

Q

ligned(8) class ExternallySpecifiedOverlayInfo() {
utf8string externally specified overlay scheme URI;
unsigned int (8) num scheme bytes;
for (i = 0; 1 < num scheme bytes; i++)
unsigned int (8) scheme byte vall[i];

xternally specified overlay scheme URZEIS’a null terminated UTF-8 string that indicate
pecifying a scheme to interpret the value sighalled in scheme byte val[i] syntax
xternally specified overlay scheme @RI shall be avalid URI as specified in IETF Internet
6. When an ExternallySpecifiedOverlayInfo structure is
xternally specified overlay scheme URI shall notbe null.

D O DO D

=z

OTE Examples of how externally specified overlay information can be used include the following:

— externally specified owerlday scheme URI can indicate that a webcam data source to be used as
source.

- externally specifiled overlay scheme URI can bea URL to an image used as an overlay source.

—+ externally specified overlay scheme URI and the array of scheme byte val[i] can togeth
both an externally speécified overlay source that is a logo image or video and a 3D spinning effect applied to the

o]

um_scheme<Bytes specifies the number of bytes (scheme byte wval[i] bytes) thatfollow inth
pntrol strueture. num_scheme bytes may be equal to 0.

Q

dcheme™~byte val[i] 1is i-th byte of data which is interpreted based on the scheme sig
gxternally specified overlay scheme URI. scheme byte vall[i] is absent

Value | Composition | Description Formula
mode

0 Source over Source is placed over the destination. ve=mxa+vix (1-a)

1..255 | Reserved For new modes or non-separable blending modes
NOTE The formula in Table 18 is the same as in ISO/IEC 23000-22 for overlay images that are not pre-multiplied.
Ih the formula in Table 18, vu is a pixel value in the updated visual context, m is a pixel value in the associated overlay,
qlis an alpha plane value, scaled into the range of 0 (fully transparent) to 1 (fully opaque), inclusive, and v{is a pixel
vilue in the background visual context given as input to the process. The visual context is defined as visual fendering
S

rface or mesh, such as a viewport, which initially contains the background visual media.and has been updated by

y.

5 the URI
blements.
Standard

present,

hin overlay

r indicate
logo.

s overlay

halled in
when

NUM_SCheme_Dytes 1sequat too:

7.14.4  Overlay configuration box

Box type: 'ovly'
Container: ProjectedOmniVideoBox or VisualSampleEntry or MetaDataSampleEntry
Mandatory: Yes, in a media track that contains overlays and in an overlay timed metadata track

and in a recommended viewport timed metadata track specifying an overlay source
Quantity: Zero or one

OverlayConfigBox is defined to store the static metadata of the overlays contained in this track.
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When a track has a sample entry type equal to 'resv' and scheme type equal to 'podv' in the
SchemeTypeBox included in the sample entry, the track contains background visual media, and the track contains
one or more overlays with overlay priority equal to 0, OverlayConfigBox shall be contained directly
within the ProjectedOmnivVideoBox.

When a recommended viewport track is used to specify an overlay source, OverlayConfigBox shall be contained
within the MetaDataSampleEntry of the recommended viewport timed metadata track.

When an OverlayConfigBox is present in PrOj ectedOmnivVideoBox or VlsualSampleEntry of a media
track or ITMetaDatasampleENTry Of e T [ Ted 17 ' i '
overlay id values of the overlays carried at any time in the media track or the recommended viewport timed
metadatd track, respectively.

ot

When an|overlay is controlled through an overlay timed metadata track, the OverlayConfigBox that'is preser
in ProjdctedOmnivVideoBox or VisualSampleEntry of a media track or in MetaDataSamp¥eEntry of th
recommgnded viewport timed metadata track, if any, should either contain no overlay cbntrol flagl[if
syntax elements for that overlay or have overlay control flag[i] equal to O forall values of i for tha
overlay.

¢

(i

—

NOTE When an overlay timed metadata track is in use, all the overlay controls are proyvided through the sample entry
samples of the overlay timed metadata track.

aligned(8) class OverlayConfigBox extends FullBox('ovX¥y', 0, 0) {

OverlayStruct () ;
}

7.14.5 | Overlay item property

Box type 'ovly'

Property|type: Descriptive item property
Containet: ItemPropertyContainerBox
Mandatory: No

Quantity Zero or one

OverlayConfigProperty is defined o store the static metadata of the overlays contained in the associated
image item.

aligned (8) class OverlayConfigProperty extends ItemFullProperty ('ovly', 0, 0) {

OverlayStruct () ;
}

7.14.6 | Overlay timed metadata track

7.14.6.1| Definition

m!n r“rav']f)n timed mafdr‘qfd track indicatoc:
The dyn ay-thmed-metadatat

Trorci e eeoT

— Which overlays are active at particular times. Depending upon the application the active overlay(s) may change
over time.

— Overlay parameters that may be dynamically changing over time.

The overlay timed metadata track is linked to the respective overlay visual media tracks by utilizing the 'cdsc'
track reference.
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7.14.6.2 Sample entry

aligned(8) class OverlaySampleEntry extends MetadataSampleEntry('dyol') {
OverlayConfigBox () ;
}

The sample entry of an overlay timed metadata track contains an OverlayConfigBox that includes the default
syntax element values of OverlayStruct () thatapply selectively when both of the following conditions are true:

Thesame cvzerlass 1disnresentinasample
r r

- Whenbyte count[i] ispresentand equalto O for a particular overlay idinthe OverlayStrjict () of
an overlay timed metadata sample and byte count[i] is present and greater than 0 for the same
overlay id in the OverlayStruct () of the sarmple entry,
overlay control struct[i] [byte count[i]] of the sample entry and for the“same ovetlay id
value applies.

7.14.6.3 Sample

Q

ligned(8) class OverlaySample ({
unsigned int (15) num _active overlays by id;
unsigned int(l) addl active overlays flag;
for (i = 0; 1 < num active overlays by id; i+4)
unsigned int (16) active overlay id;
if (addl_active overlays flag)
OverlayStruct () ;

o]

um active overlays by id specifies the number of overlays from the OverlayStruct () ptructure
gnalled in the sample entry OverlaySampleEftiry that are active. A value of 0 indicates that no overfays from
e sample entry are active.

— W

gddl_active overlays flag equalto 1 specifies that additional active overlays are signalled in tHe sample

directly in the overlay structure (OvéntayStruct ()). addl active overlays flag equal to 0|specifies
that no additional active overlays are signalled in the sample directly in the overlay ptructure
(pverlaystruct ()).Eacho%erlay idvaluecontainedinthe OverlayStruct () ofanOverlaySample ()

shall be equal to an overZay’/ id value contained in the OverlaySampleEntry of the same overlay timed
metadata track and to an.overlay id value in the OverlayConfigBox contained in one of the media tracks
bferenced by this overlay’timed metadata track.

—

gctive overlay id provides overlay identifier for the overlay signalled from the sample entry,|which is
currently active, For each active overlay id, the OverlayStruct () structure in the sample entry
QverlaySampleEntry shall include an overlay with a matching overlay id value.active overlay id
shall besequal to an overlay id value in the OverlayConfigBox contained in one of the media tracks
referénced by this overlay timed metadata track.

num_overlays of a sample iIs not required to be equal to num_overIlays in the sample entry, and the set of
overlay id values of a sample is not required to be the same as the set of overlay id values in the sample
entry.

Activation of particular overlays by a sample results in deactivation of any previously signalled overlays from
previous sample(s).
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7.14.7 Entity groups
7.14.7.1 Grouping of overlays that are alternatives for switching
7.14.7.1.1 Definition

EntityToGroupBox with grouping type equal to 'oval' specifies tracks and image items containing
overlays intended to be presented as a user-switchable alternative for another overlay in the same entity group.

7.14.7.1.2—Syntax

aligned (8) class OverlaySwitchAlternativesBox (version, flags)
extends EntityToGroupBox ('oval', wversion, flags) {

// ¢onditionally mandatory

for[i=0; i<num entities in group; i++)
tnsigned int (16) ref overlay id[i];

7.14.7.1.3 Semantics

ref|overlay id[i] specifiesthe overlay id from the track orimage item-identified byi-thentity iH
that is a switchable overlay in this group. The overlay identified by réf ‘overlay id[0] is the initigl
overlay source, before any user interaction. The i-th referenced“track or image item shall have

verlay idequaltoref overlay id[i] present.Ifeach ofthe tracks and image items identified bly
the entity id values of this entity group contains exactly one overlay, ref overlay id[i] syntax
g¢lements may or may not be present. Otherwise, ref overlay id[i] syntax elements shall be present.

7.14.7.2| Grouping of overlays and background visual media that are intended to be presented
togethel

7.14.7.21 Definition
EntityToGroupBox with grouping type equalto 'ovbg' specifies

— tracks and image items containing qvérlays and background visual media that are intended to be presented
together,

— recommended viewport tracks that serve as overlay sources for the background visual media specified in th
entify group,

[72)

=

— at mjost one overlay<{timed metadata track that applies when playing the overlays and the background visu3
medja included in‘this entity group, and

[¢)

— at mlost onesviéwing space ('vrsp') timed metadata track that applies when playing the overlays and th
bacKground visual media included in this entity group.

If the i-thentity I the ~ovibg —entity group Inciudes overiays, overlay f1agl 1] shail be equal to 1. Otherwise,
overlay flag[i] shall be equalto 0.

NOTE 1 The presence of overlays can also be determined as follows: When a track in an 'ovbg' entity group contains an
OverlayConfigBox in its sample entry, it includes overlays. When an image item in an 'ovbg"' entity group is associated
with an overlay item property (i.e. OverlayConfigProperty),itincludes overlays.

The pair of overlay flag[i] equal to 1 and overlay subset flag[i] equal to 0 specifies that all the
overlays specified in the i-th entity are associated with the background visual media specified in this entity group.
When overlay subset flagl[i] isequalto 1, the 'ovbg' entity group contains a list of overlay ID values of
the overlays in the i-th entity that are associated with the background visual media specified in this entity group.
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If the i-th entity in the 'ovbg' entity group includes background visual media, backgound flag[i] shall be
equal to 1. Otherwise, background flag[i] shall be equal to 0.

NOTE 2  The presence of background visual media without overlays can also be determined as follows. When a track in an
'ovbg' entity group does not contain an OverlayConfigBox inits sample entry, itis a background visual media track without
overlays. When an image item in an 'ovbg' entity group is not associated with an overlay item property (ie.
OverlayConfigProperty),itisabackground visual image item without overlays.

NOTE3 When both overlay flag[i] and background flag[i] are equal to 1 for the same value of i, both
background visual media and overlays are present in the i-th entity.

he background visual media tracks and the background image items in the same 'ovbg' entity grou|l) shall be
pnstrained in either of the following ways:

Q

—+ All the background visual media tracks and background image items are alternatives to.eéach other, ndicated
by their presence in the same 'altr' entity group.

—+ There are no background image items in the ' ovbg"' entity group and the background visual media|tracks in
the 'ovbg' entity group belong to the same 2D spatial relationship track greup.

<

Vhen both one or more overlays and background visual media are region-wise packed into the same videp track or
]:age item included in an 'ovbg' entity group, the same 'ovbg"' emntity group shall contain no othey track or
age item containing background visual media.

—

<

Vhen a user-switchable overlay included in an 'oval "' entity group is associated with background visual media in
alr 'ovbg' entity group, all the overlays of the 'oval"' entitygroup shall be associated with the backgroynd visual
edia in the 'ovbg"' entity group.

7.14.7.2.2 Syntax

Q

ligned(8) class OverlayAndBackgroundGroupingBox (version, flags)
xtends EntityToGroupBox ('ovbg'y,\version, flags) {
unsigned int (32) unit sphere- distance in mm;
for (i=0; i<num entities\in group; i++)
bit (5) reserved = 0;
unsigned int (1) ovwerlay flag[i];
unsigned int (l)r@verlay subset flag[il];
unsigned int (1), Packground flag[i];
if (overlaygsubset flag[i]) {
unsign&dyint (16) ovbg num overlays;
for (350; j<ovbg num overlays; Jj++)
unsigned int (16) ovbg overlay id[i][j];

D

71.14.7.2.3 Semantics

unit sphere distance in mm, when greater than 0, specifies a distance, in millimetres, corresponding to the
radius of the unit sphere. The value should be used in the following cases:

— For stereoscopic rendering of the content on the unit sphere together with overlaying content and for deriving
suitable binocular disparity for overlaying visual tracks or image items for which the depth is indicated relative

to the unit sphere.

— Inarendering procedure that takes the viewing position into account, for handling the changes of the viewing
position relative to the overlays and the background visual media in the same real-world scale.

unit sphere distance in mmequal to 0 specifies that the unit sphere distance is unknown.
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NOTE unit sphere distance in mmis applicable for stereoscopic rendering when the background visual media or the
overlay is monoscopic or when both the background visual media and the overlay are monoscopic.

overlay flagl[i] equal to O specifies that the entity does not contain any overlays. overlay flag[i] equal
to 1 specifies that the entity contains one or more overlays.

background flag[i] equal to O specifies that the entity does not contain background visual media.
background flag[i] equalto 1 specifies that the entity contains background visual media.

Oneorbathofoverlasy flaglilandbackaronnd flaaglil shallbe pr}nnl to 1 foreach value of i inthe range
of Otonym entities in group -1, inclusive, such thatthe i-th entity idvalueisatrack ID valueloffa
media trgck or an item ID value of an image item.

[¢)

The pair|of overlay flag[i] equal to 1 and overlay subset flag[i] equal to O specifies that all th
overlays ppecified in the i-th entity are associated with the background visual media specified in this-entity group.
overlay subset flag[i] equalto 1 specifies that some but not all of the overlays specified.in the i-th enti
are assodiated with the background visual media specified in this entity group. When overlayyflag[i] is equa
to 0, ovejrlay subset flag[i] shall be equal to 0. The semantics of the pair of over}tay flag[i] equal to
Oand ovprlay subset flag[i] equalto 0 arereserved.

=<

[o])

ovbg nym overlays specifies the number of overlays in the i-th entity that are-associated with the backgroun|
visual mgdia specified in this entity group. ovbg num_overlays shall not be@qual to 0.

ovbg oyerlay id[i] []] specifies the overlay ID of the j-th overlayin'the i-th entity that is associated with
the background visual media specified in this entity group. When overlay subset flag[i] is equal to 1, al
overlays |n the i-th entity with an overlay ID not among any ovbg ‘overlay id[i] [j] are consistently inactive
with the background visual media specified in this entity group régardless of any other overlay controls.

7.14.8 | Overlay alpha auxiliary image
7.14.8.1| General
An alphg plane is an image of the same width and height as the master image, specifying the transparendy

informatjon of the master image as defined-in TSO/IEC 23008-12. An alpha plane is an auxiliary image stored as an
image item or a sample of a video tracks

7.14.8.2| Alpha auxiliary image constraints

The consfraints provided imthis subclause are applicable to auxiliary images stored as image items, as defined in
ISO/IEC 23000-22:2019,&subclause 7.3.5.2.

The following constraints apply to alpha planes:

— The width'and height of alpha plane shall be the same as the width and height of the master overlay image.

— The mmimimmunT sampte vatue 0 means that the to-tocated pixetim the aster overtay immage s transparemnt {ie.

won't be displayed).

— The maximum sample value (e.g. 255 for 8-bit sample values) means that the co-located pixel in the master
overlay image is opaque.

— Each sample value of the alpha plane shall be in the range of 0 to the maximum value (e.g. 255 for 8-bit sample
values), inclusive.

— The sample values of the alpha mask divided by the maximum value (e.g. by 255 in 8-bit) provides the
multiplier to be used to obtain the intensity for the associated overlay image.
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The master image(s) is not pre-multiplied by the sample values of the alpha plane.

As defined in ISO/IEC 23000-22, the value of aux type for images of the AuxiliaryTypeProperty is as
"urn:mpeg:mpegB:cicp:systems:auxiliary:alpha".

An alpha auxiliary image and a master overlay image are linked using an item reference of 'aux1' from the
auxiliary image to the master overlay image as defined in ISO/IEC 23008-12.

7

.14.8.3 Alpha auxiliary video track constraints

T

~N QL

< =

=

—-

:

~1

—

o<

'hrn:mpeg:mpegB:cicp:systems:auxiliary:alpha” for alpha planes.

he constraints provided in this subclause are applicable to auxiliary images stored as samples of a vided
efined in ISO/IEC 23000-22:2019, subclause 7.4.6. The constraints specified in ISO/IEC 23000-22:20119, 5
.4.6 apply.

s defined in ISO/IEC 23000-22, the value of aux track type for tracks of the AuxiliaryTyj

he auxiliary and the master overlay video tracks are linked using the track referefice-of 'aux1' from the
ideo track to the master video track as documented in ISO/IEC 23000-22.

.14.8.4 Alpha auxiliary image/image sequence encoding

bnored by the OMAF player.

.15 Signalling of viewing space information

.15.1 General
he signalling of viewing spaces specified.in subclause 7.15 only applies for overlays.

iewing space is 3D space of viewing positions within which rendering of image and video is enable
kperience is valid.

guard range indicates the 3D space within the viewing space and adjacent to the boundaries of the view
here the viewing experience will not be optimal when the viewing position is taken into account in rend
MAF player may usevisual cues to indicate when a viewing position is within the guard range. For ex:
MATF player can‘fade the viewport towards black within the guard range.

Vhen viewpeint position information is present, the centre position of the viewing space is equal to the p
he viewpoint. When viewpoint position information is not present, the centre position of the viewing spad
b (0,0,0)1n the common reference coordinate system. In both cases, the X, Y, and Z coordinate axes are alig
hereference global coordinate axes.

track, as
ubclause

beBox is

auxiliary

Ipha planes may be encoded in monochrome or colour. When anvalpha plane is encoded in a colour format with a
lyima plane and chroma planes, e.g. as 4:2:0 YCbCr, only the lum@plane is relevant, and the chroma plane

s shall be

1 and VR

ing space
ering. An
mple, an

psition of
e is equal
med with

7.15.2 Viewing space structure

7.15.2.1 Definition

ViewingSpaceStruct () specifies the viewing space metadata information.

© ISO/IEC 2021 - All rights reserved

145


https://standardsiso.com/api/?name=670106e0de62d8367d80fbb25d204661

ISO/IEC 23090-2:2021(E)

7.15.2.2

Syntax

aligned(8) class ViewingSpaceStruct () {
unsigned int(8) viewing space shape type;
unsigned int (16) distance scale;
bit (1) guard range flag;
bit (7) reserved;
if (viewing space shape type==0)
CuboidStruct (guard range flag);

else if (viewing space shape type==1)

elsq

elss
i

aligne

sigy
sigy
sigy
sigy
sigy
sigy
if

phereStruct (guard range flag);

e 1f (viewing space shape type==2)

[ylinderStruct (guard range flag);

p 1f (viewing space shape type==3)

[11lipsoidStruct (guard range flag);

i (8) class CuboidStruct (guard range flag) {

led int (32) x Min;
led int (32) x Max;
led int (32) y Min;
led int (32) y Max;
led int(32) z Min;
led int (32) z Max;

aligne
uns]
Poif
Poif
if

}

aligne
sigi

¥nsigned int
1

guard range flag) {

(8) guard range X;
nsigned int (8) guard range Y;
nsigned int (8) guard range 7;

1 (8) class SphereStruct (guard rangelflag) {
gned int (32) sphere radius;

guard range flag) {

it (1) reserved;

nsigned int (7) guard radims.diff;

(8) class CylinderStruct (guard range flag)
lgned int (32) cylinder radius;

nt (0) ;

nt (1)

guard range, flag)
nsigned inf(8) cylinder guard radius diff;

(8), \edrass Point (i) {
led Nnt (32) x pt[i];

ed int (32) v ptl[il:

sigrl

signed int (32) z:pt[i];
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aligned(8) class EllipsoidStruct (guard range flag) {
unsigned int (32) length X;
unsigned int (32) length Y;
unsigned int (32) length Zz;
if (guard range flag) {
unsigned int(8) guard lenghthX diff;
unsigned int (8) guard lenghthY diff;
unsigned int (8) guard lenghthZz diff;

7.15.2.3 Semantics

Viewing space shape type specifies the shape of the viewing space. viewing space Shape type equal
tp 0 specifies that the viewing space is specified as a cuboid. viewing space shape type equal to 1specifies
that the viewing space is specified as a sphere. viewing space shape type equalyto 2 specifieq that the
viewing space is specified as a cylinder. viewing space shape type equalto 3 specifies that the viewjing space
i§ specified as an ellipsoid. The value of viewing space shape type shall be in the range of 0 to 3, inclusive.

distance scale isa positive integer value that indicates the units corresponding to 1 cm.

uard range flag equal to 0 specifies that guard range-iinformation is not present| in the
iewingSpaceStruct ().guard range flag equal to 1 specifiesthat guard range information is jresent in

< QO

—t

e ViewingSpaceStruct ().

uard range X, guard range Y and guard range) 7 specify the guard ranges per axis as perdentage of
he maximum viewing space ranges per axis, i.e. Abs(xMax - xMin), Abs(yMax — yMin) and Abs(zMax - zMin)
pspectively. Guard ranges apply symmetrically to both minimum and maximum values per axis as indjcated by
uboidStruct (). A value of 0 specifies that there is no guard range present for a particular axis. Values of
uard range X, guard range Y and guard range 7 shall belessthan 50.

Q O = b QO

® Min,y Min,and z Min are 16.16 fixed-point values in distance scale that specify the minimum valye of X, Y,
and Z coordinates, respectively, relativée.to' the centre point of the viewing space.

¥ Max,y Max, and z Max are 16.16 fixed-point values in distance scale that specify the maximum valye of X, Y,
Ind Z coordinates, respectively;relative to the centre point of the viewing space. x_Max shall be greater than x Min.
y|_Max shall be greater than yy " Min. z Max shall be greater than z_Min.

O

[0)]

phere radius specifies the radius of a sphere as a 16.16 fixed-point value in 3D space in distance scple. Value
is reserved.

)

tp radius\as a percentage of the radius.guard radius diff equalto O indicates that the guard range is not
present. guard radius_ diff shall be in the range of 0 to 99, inclusive. Values in the range of 10D to 127,
1Tclusive, are reserved.

quard radius diff specifies the thickness of the guard range spherical shell inside the sphere of radius equal

cylinder radius specifies the radius of a cylinder in 3D space in suitable units with the cylinder formed around
the line from Point (0) to Point (1). Value 0 is reserved.

cylinder guard radius_ diff specifies the thickness of the guard range cylindrical shell inside the cylinder
of radius equal to cylinder radius as a percentage of the cylinder radius.
cylinder guard radius diff equal to O indicates that the guard range is not present.
cylinder guard radius_diff shall be in the range of 0 to 99, inclusive. Values in the range of 100 to 255,
inclusive, are reserved.

x pt[i], y ptl[i] and z pt[i] are values in units of distance scale that specifies the X, Y, Z coordinates,
respectively, of a point in 3D space with respect to the centre point of the viewing space.
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length X,length Y,and length Z specify respectively the semi-axeslengths of X, Y and Z axis of an ellipsoid
that has the same centre as the viewing space, in units of 2-1¢ millimetres. length X, length Y, and
length Z shall be in the range of 1 to 65536 * 216 - 1 (i.e. 4 294 967 295), inclusive.

guard lengthX diff, guard lengthY diff and guard lengthZ diff specify the thickness of the
guard range space between the outer ellipsoid with axis lengths in X, Y and Z equal to 1length_X, length_ Y and
length Z, respectively, and the inner ellipsoid with axis lengths in X, Y and Z equal to
100 - guard lengthX diff,100 - guard lengthY diffand100-guard lengthZ diff percentage of
the specified length X, length Yand length Z values, respectively. The values shall be in the range of 0 to
99, inclugive. Values in the range of 100 t0 255, INCIUSIVE, are reserved.

7.15.3 | Viewing space box

7.15.3.1| Definition

Box Typa: 'vssn'

Containey: VisualSampleEntry (ofthe background visual media)
Mandatory: No

Quantity Zero or one

The field$ in this box specify 3D viewing space within which an immersive VR experience is provided.

7.15.3.2| Syntax
aligned(8) class ViewingSpaceBox extends FullBox(Yvssn', 0, flags) {

VieyingSpaceStruct () ;

}

7.15.4 | Viewing space item property

7.15.4.1| Definition

Box Typs: 'vssn'

Property|Type: Descriptive item property
Container: ItemPropertyContalnerBox
Mandatory: No

Quantity Zero or one

The field$ in this item property specify 3D viewing space within which an immersive VR experience is provided.
The item|property shall-be associated with an image item that contains the background visual media.

7.15.4.2| Syntax

aligned (8N class ViewingSpaceProperty extends ItemFullProperty ('vssn', 0, 0) {
VieyingSpaceStruct () ;

}

7.15.5 Time varying immersive viewing space signalling
7.15.5.1 Definition

The immersive viewing space timed metadata track indicates the viewing space boundaries where immersive
experience is supported. The space can be static or can change dynamically on sample basis.

A viewing space timed metadata track is associated with the background visual media and overlays specified by an
'ovbg' entity group by including it in the same 'ovbg"' entity group.

148 © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=670106e0de62d8367d80fbb25d204661

ISO/IEC 23090-2:2021(E)

7.15.5.2 Syntax and Semantics
The track sample entry type 'vrsp' shall be used. The sample entry is specified as follows:

aligned(8) class VRSpaceSampleEntry(type) extends MetadataSampleEntry ('vrsp') {
unsigned int (1) static_vr space flag;
if (static_vr space flag == 1)
ViewingSpaceStruct () ;

dtatic vr space flag equalto 1 specifies that the immersive VR experience viewing space does\npt change
for each sample referring to this sample entry. static _vr space flag equalto O specifies thatthe immersive
3D VR space may change for samples referring to this sample entry.

ViewingSpaceStruct () inthe sample entry specifies the static viewing space.

—3

he sample syntax is specified as follows:

Q

ligned(8) class VRSpaceSample () {
if (static_vr space flag == 0)
ViewingSpaceStruct () ;

WiewingSpaceStruct () inthe sample specifies the viewing spate that is valid for the duration of thg sample.

~1

.16 Mapping of rectangular regions to the 3D'mesh

7.16.1 General

Subclause 7.16 specifies a sample group thatmaps rectangular regions of decoded pictures to mesh elenents of a
3D mesh.

7.16.2 Tile mesh sample grouping

7.16.2.1 Definition

Qroup Type: 'tmsht

(Jontainer: Sampi+eGroupDescriptionBox ('sgpd')

Mandatory: No

Quantity: Z€éro or one

The TileMeshGroupEntry describes one or more rectangular regions within the track, and describes how they

edefined relative to the decoded pictures of the current track.

¥ap to\orle or more mesh elements described by the Me shBox associated with this track. The rectanguldr regions
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7.16.2.2

Syntax

aligned(8) class TileMeshGroupEntry() extends VisualSampleGroupEntry ('tmsh') {
unsigned int(8) num regions;
unsigned int (1) guard band flag;
unsigned int(l) eye present flag;

if

(eye present flag == 0)

unsigned int (1) common eye;
else
bit (1) reserved = 0;

bit
for

7.16.2.3

num_regions specifies the number of regions.

guard

eye pr¢sent flag equal to 1 specifies that syntax element eye [1] is present. eye present flagequ
to 0 spedifies that syntax element eye [i] is not present and is inferred. When the StereoVideoBox is ng

present

eye pr¢sent flag shall be equal to 0.

common | eye equal to 0, when present, specifiés that all regions of this TileMeshGroupEntry correspond to thi

left eye.
correspo

eye[i]
left eye; ¥
to commd

mesh el
is mappe
mesh el
HEVC tile
is associ

The pair

1f (eye present flag) {

RectRegionStruct () ;
1f (guard band flag)

5) reserved = 0;
(1 = 0; i < num regions; i++) {

unsigned int (1) eyel[i];
bit (7) reserved = 0;

nsigned int (16) mesh element id[i];

GuardBand (i) ;

Semantics

and_flag specifies the existence of the GuardBand structure for all regions.

o+ —

n the SchemeInformationBox that contains the MeshBox associated with this sample group

(¢

common_eye equal to 1, when present, specifies that all regions of this TileMeshGroupEntrly
hd to the right eye.

(¢

specifies the eye associated with the i-th rectangular region. When set to 0, the region corresponds to th
vhen set to 1, the region corresponds to the right eye. When not present, eye [i] is inferred to be equ
n_eye.

=

ement 1id{fdl specifies to which mesh element from the associated Me shBox the i-th rectangular regiop
d to. When the TileMeshGroupEntry is included in a track that also contains a MeshBox, thle
ement\id[1] is associated with that MeshBox. When the TileMeshGroupEntry is included in an
track which contains a 'tbas' track reference to an HEVC tile base track, the mesh element id[if
ted'with the MeshBox in that tile base track.

of mesh element id[i] and eye[i] of the same loop entry shall not be equal to any pair of

mesh element id[i] and eye[i] of any other loop entry among all the TileMeshGroupEntry sample
group description entries in the same SampleGroupDescriptionBox.

RectRegionStruct () specifies a rectangular region. The regions described by any two instances of
RectRegionStruct () inthe same TileMeshGroupEntry shall not overlap.

GuardBand (i) specifies the guard bands around the i-th rectangular region. The syntax and semantics of
GuardBand (1) are specified in subclauses 7.5.3.4 and 7.5.3.5, respectively.
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NOTE  Guard bands exclude the corners as illustrated in Figure 19.

7.16.3 Rectangular region structure

7.16.3.1 Definition

ARectRegionStruct () isusedin TileMeshGroupEntry to specify a rectangular region that is mapped onto

3D mesh.

7.16.3.2 Syntax

Q

ligned(8) class RectRegionStruct () {
unsigned int (16) region start x;
unsigned int (16) region start y;
int (16) region width;
int (16) region height;

7.16.3.3 Semantics

fdegion start xand region start y specify the horizontal offset and the vertical offset of the st
respectively, of a rectangular region in units of luma samples. region \start x equal to 0 specifies the
lima sample column of the content decoded from the track containinhg this structure. region start j
() specifies the top-most luma sample row of the content decoded’from the track containing this structure

=z

OTE  When a tile mesh sample group is present in an HEVG.tile track, region start x and region_ stg
blative to the top-left corner of the tile(s) carried in any sample of the HEVC tile track rather than the top-left coj
icture represented by any sample of the associated HEVC tile’base track.

o]

egion widthand region height specify'the width and height of a rectangular region. If regioj

positive, the region continues to the rightcside of the start point, otherwise it continues to the left si
egion height is positive, the region.gontinues below the start point, otherwise it continues above
oint. Figure 26 and Figure 27 illustrate examples of rectangular regions when region wi
egion height are positive and negative, respectively.

BT = = =

—

he sum of region start (xahd region width shall be greater than or equal to 0.
The sum of region staxt x and region width shall beless than the width of the VisualSampl
The sum of regionstart y and region height shall be greater than or equal to 0.

Thesumof r&gton start yandregion height shall belessthanthe height ofthe VisualSampl]

art point,
left-most
equal to

rt_y are
ner of the

h width
de. If the
the start
Hth and

eEntry.

eEntry.
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Positive width
—_—p
A

Positive
height region start y
P N

region sfart x

region_height

-

region_width

Figure 26 — Rectangular region when region_width and region_height are positive

Positive width
—p

Positive 4

height region width

o
-

region start y

gdgn_height

A

A 4

region start x

Figure 27 —Rectangular region when region_width and region_height are negative

7.16.4 | Projection of a sample location onto the 3D mesh

In order to for an OMAF player to be able to use the MeshBox and the Ti1eMeshGroupEntry, it needs to be able

to map sample locations from a decoded picture to positions on the 3D mesh. This subclause specifies mapping of a
sample location from a decoded picture to a position on the 3D mesh.
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When a sample at coordinate (u,v) is inside the i-th RectRegionStruct (), the sample is projected onto a position
P=(x,y,z) in the 3D mesh as follows:

— Ifmesh type is equal to 0, the following applies:
— The azimuth and elevation of point P are computed as follows:

pAzimuth = ((u - region start x+0.5)+ region width)*
(cAzimuth2 - cAzimuth1) + cAzimuth1 (19)

X

=l A LL . — — — imil Y . 1 . dodm).
PLITVALIUIT ="V LCTYLUII oLadl L Yy T U.J) LY LU TITIYIIT)

(cElevation2 - cElevation1) + cElevation1
where cAzimuth, cAzimuth2, cElevation1, and cElevation2 are specified in subclause 7.5.641.
— The 3D position P=(x,y,z) is derived as follows:
x = cos(pAzimuth) * cos(pElevation)
y = sin(pAzimuth) * cos(pElevation) (20)
z = sin(pElevation)

—+ Otherwise (mesh_type is equal to 1), the 3D position P=(x,y,z) is derived as follows:

P = origin_vertex + u_direction * ((u-region starti{x)+ (region width -1))+
v_direction * ((v- region start y)+ (regign height -1)) (21)

with + being the vector addition where components_of the first vector are added to the same coponents
of the second vector, * being the scalar multiplication of a vector where each component of the|vector is
multiplied by the scalar, and bold variable names being 3D vectors.
—+ Ifmesh typeisequalto 2, the 3D positionP=(x,y,z) is derived as follows:
Apply equation (21) above with.the'following 3D vectors:

— origin_vertex is a 3D viector with unit length pointing to the top left corner of the sphere region.

— u_direction is a,.3D.vector from the top left corner to the bottom left corner

— v_directiomis.a 3D vector from the top left corner to the top right corner

8 Omnidirectional media encapsulation and signalling in DASH

8.1 . Architecture of DASH delivery in OMAF

Figure 28 illustrates the content flow in the DASH delivery function of OMAF.
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Figure 28 — Illustration of the content flow in the DASH delivery function of OMAF

ving interfaces are specified in this clause:

's: initialization, index, and media segments; as defined.generally below and specified for media profiles i
ex B. The OMAF DASH XML schema is provided in Annex A.

=

ASH Media Presentation Description (MPD), including omnidirectional media-specific metadata, such 4
mation on projection and region-wise packifig, as specified in subclause 8.2.

v

G) is generated based on the segments (F¢) and other media files representing the same content. The DAS
erator includes omnidirectional media-specific descriptors as specified in subclause 8.2. The descriptoj
rojection type, region-wise paeking type, content coverage, spherical region-wise quality ranking, 2
se quality ranking, and fisheye-omnidirectional video information. These information may be generate
sis of the equivalent information in the segments.

2T wn

lient obtains a curreft,viewing orientation or viewport e.g. from the head-mounted display that detects
and possibly also@yge orientation. By parsing metadata, e.g. on projection and region-wise packing, frort:
the DASH client ¢oncludes which Adaptation Set and Representation contain the supported projectio
c. and which‘Adaptation Set and Representation cover the current viewing orientation at the highes
hd at a bitrate that may be afforded by the prevailing estimated network throughput. The DASH clier
1b)Segment requests accordingly.

+

ritypically provides segments (Fs) to the client. The server may also provide the MPD (considered as part

of interf:

ce H i this tase); or the MPDTmay bedetivered by other mearns to the client The segmentsanmd MPDare

delivered over a network, and the received segments and MPD from the server are marked with H' in Figure 28. The
output from the server (H) is considered to be identical to the input to the DASH MPD and segment reception block

(H'). The

received segments (F's) are output by the DASH MPD and segment reception block to the File/segment

decapsulation block (see subclauses 4.2 and 4.4). In some media profiles, the segment reception function may
include reconstruction of a conforming Segment sequence, which is regarded as the F's interface.
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8.2 Usage of DASH in OMAF

8.2.1 General
The following applies for the specifications in subclauses 8.2, 8.3, 8.4 and 8.5:
— The presence of an element at MPD level refers to that the element is a child element of the MPD element.

— The presence of an element at adaptation set level refers to that the element is a child element of an
AdaptationSet element.

— The presence of an element at representation level refers to that the element is a child element of a
Representation element.

oo

.2.2 Signalling of stereoscopic frame packing

DASH FramePacking element with a @schemeIdUni attribute equal to
rn:mpeqg:mpegB:cicp:VideoFramePackingType may be present at.adaptation set level and shall not be
resent at MPD or representation level. When used with projected omnidirectional video (i.e. when the PF
escriptor is present), this element indicates that the projected pictures censist of spatially or temporally packed
pnstituent pictures of the left and right views. The @value of the FramePacking element specifies the frame
acking type for the stereoscopic video. This value shall be equalte'3, 4, or 5 with the meaning of those [values as
pecified for VideoFramePackingType in ISO/IEC 23091-2The value of QuincunxSamplingFlag as
pecified in ISO/IEC 23091-2 is inferred to be equal to 0.

N7 N o T o T = Vi o B wilills -

g.2.3 Carriage of timed metadata

8.2.3.1 General

oS

timed metadata track, e.g. of track sample“entry type 'invo' as specified in subclause 7.7.4, 'r¢vp' as
pecified in subclause 7.7.5, or 'dyol.' cas specified in subclause 7.14.6, may be encapsulated in a Repregentation.

[%2)

8.2.3.2 Carriage of ERP region timed metadata in DASH

8.2.3.2.1 Constraints

les|

RP region timed metadata tracks specified in subclause 7.11 shall be carried in a DASH Adaptation Set with a single
epresentation with-the constraint that the @codecs attribute shall have the value 'stmd".

=

When an ERRrégion timed metadata track is carried as a DASH Representation, the (Sub)Segment duratiopns of ERP
region timéd ‘metadata shall be aligned with the respective (Sub)Segments durations of the Representations
cprryingsthe associated sub-picture tracks. However, ERP region timed metadata (Sub)Segments may have a
different number of samples than the sub-picture track (Sub)Segments.

NOTE A Representation carTying an ERP Tegion Umed metadata track can be Tetrieved faster than the actual media data
representations to enable look-ahead.

8.2.3.2.2 OMAEF player behaviour to process ERP region metadata
OMAF players are able to understand the presence of ERP region timed-metadata information in DASH MPD by
checking the Adaptation Sets with single Representations with @codecs attributes set to ' stmd'. OMAF players

can further check the presence of @associationId attribute in order to associate the ERP region timed metadata
with a viewpoint.
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OMATF players can pre-fetch ERP region timed metadata tracks ahead of presentation time in order to interpret the
heatmap and recommended quality and priority ranking information. They can then utilize this information in case
of bandwidth fluctuations for sub-picture quality adaptation in order to maximize the viewer’s visual experience
and utilize the available bandwidth efficiently.

8.2.4 Associating Adaptation Sets or Representations with each other

8.2.4.1 Individual association

[=

A timed fnetadata Representation may be associated with one or more media representations through individu
associatipn.

When individual association is in use, the following applies:

D

— The RassociationId attribute of a timed metadata representation shall contain one or niore values of th
@idlattribute of the representation(s) containing the omnidirectional media carried by the,media track(s) ths
are |associated with the timed metadata track through a 'cdsc' track refefence as specified i
ISO/IIEC 14496-12.

S e+

— The RassociationType attribute of this metadata representation shall be-equal to 'cdsc’'.
When present, a timed metadata Representation carrying a timed metadata trackincluded ina 'vipo' entity gro:lg

shall be gssociated with the Representations carrying media track(s) included in the same 'vipo' entity gro
through the @associationId attribute.

8.2.4.2 | Collective association

[¢)

Atimed metadata representation may also be associated withione or more media representations through collectiy
associatipn.

(¢

A timed netadata representation may be collectively associated with all media representations of a sub-pictur
composition as follows: An association descriptép specified in subclause 8.5.2 is present as a child element of th
DASH Representation element of the timed metadata representation, and the association descriptor shall:

(¢

— Inclyde the following string in the Association element of the typé:
"//AdaptationSet [omaf2( SubPicCompositionId="aa"]", where "aa" indicates the sub-picture
composition identifier valué.

— Inclyde 'cdtg' asthevalue ofthe Association@associationKindList attribute ofthe Associatiop
element.

%)

A timed netadatarepresentation may be collectively associated with all media representations of a viewpoint 3

follows: fAn association descriptor is present as a child element of the DASH Representation element of the

timed mqtadata'representation, and the association descriptor shall:

— Include the following string in the Association element:
"//AdaptationSet/Viewpoint [@schemeIdUri="urn:mpeg:mpegl:omaf:2018:vwpt" and

@value="bb"]/.."
where "bb" indicates the viewpoint ID value of the viewpoint as a string.

— Include 'cdtg' asthevalue ofthe Association@associationKindList attribute ofthe Association
element.
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8.2.4.3 Overlay DASH association

When an Adaptation Set containing an overlay is associated with one or more Adaptation Sets containing
background media, an association descriptor specified in subclause 8.5.2 shall be present as a child element of the
AdaptationSet element containing the overlay.

In this case the association descriptor shall include both of the following:

— An XPath string in the Association element which evaluates to one or more AdaptationSet element(s)

ontaininabackaronnd maadia
Cotrea s oot roanthea:

—+ Onlyone 'ovbg' value for the AssociationfassociationKindList attribute of the Asso¢iation
element. In this case:

— When Association@associationKindList includes one 'ovbg' valdeyand the nymber of
element(s) the XPath string in the Association element above evaluates-to is greater than 1, the
overlay applies collectively to the background media (e.g. if the background media is signalled vid multiple
Adaptation Sets with each Adaptation Set corresponding to a sub-picture).

— When Association@associationKindList includes one.‘ovbg' value and the nymber of
elements the XPath string in the Association element above-evaluates to is equal to 1, the overlay
applies individually to the background media.

—

here can be multiple such association descriptors present insidesan Adaptation Set containing an overlpy. When
lr Adaptation Set containing an overlay is associated with one or more Adaptation Set(s) containing bagkground
edia as described above, they are intended to be presented.together.

o]

o0

.3 DASH MPD descriptors for omnidirectional media in the namespace
'lurn:mpeg:mpegI:omaf:2017"

o]

3.1 XML namespace and schema

number of XML elements and attributes are defined in subclause 8.3 and its sublcuases. These XML elements are
efined in a separate namespage\"urn:mpeg:mpegl:omaf:2017". The namespace designator "omaff" is used
b refer to this name space in this document. These are specified in the schema documents in each subclayse where

new MPD descriptor, is’ specified. The namespace designator "xs:" shall correspond to ngmespace
ttp://www.w3.0rg)/2001/XMLSchema as defined in W3C Recommendation, XML Schema Part 1: Structures.
ems in the "Data typé&” column of tables in subclause 8.2 use datatypes defined in W3C Recommendation, XML
chema Part 2: Datatypes and shall have the meaning as defined in W3C Recommendation, XML Schema Part 2:
atatypes.

O h o= 50 o o >

o]

3.2 Signalling of projection type information

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

At most one PF descriptor may be present at MPD level. At most one PF descriptor may be present at adaptation set
level. At most one PF descriptor may be present at representation level.

The omaf:@projection type attribute of a PF descriptor present at a hierarchically lower level overrides
omaf:@projection type attribute ofa PF descriptor present ata hierarchically higher level. For example, when
both an AdaptationSet element and a Representation element in the AdaptationSet element have a PF
descriptor present, the PF descriptor present in the Representation element applies to the Representation.
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The @value attribute of the PF descriptor shall not be present. The PF descriptor shall include an
omaf:@projection type attribute whose value shall not be empty as specified in Table 19.

Table 19 — Semantics of omaf:@projection_type attribute

Attribute for PF Use | Data type Description

descriptor

omaf:@projection M omaf:listofUnsignedByte | Specifies a list of projection type values of the projected
_type picture as specified in Table 10, Each value in the list shall he

in the range of 0 to 31, inclusive. The values in the range of 32
to 255, inclusive, are reserved. Each value in the list shallbe
unique.

For ISO Base Media File Format °‘Segments,
projection type shall be equal to projeg&tion type
in ProjectionFormatBox in sampleCéntries of the
Initialization Segment.

The data
shall be

urn:mpeqg:mpegl:omaf:2017 and is specified as follows:

8.3.3

An EssentialProperty element with a @schemeIdUri attribute equal ]
"urn:mpeqg:mpegl:om@t+2017: rwpk" is referred to as a region-wise packing (RWPK) descriptor.

An RWPK descripter, indicates the applied region-wise packing types in the representation(s) associated with th
descriptdr.

At most

adaptatic nSetlevel Atmostone RWPRK descerintormav-bepresentatrepresentationlevel

type for the attribute shall be as defined in the XML schema. An XML schemarfor projection type signallin
as shown below. The schema shall be represented in an XML (schema that has namespad

?xml version="1.0" encoding="UTF-8"?>
xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchéma"
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:1list itemType="xs:unslgnedByte"/>
</xs:simpleType>
<xs:minLength value="1"/%
</xs:restriction>
</xs:simpleType>
/xs:schema>

Signalling of region-wise-packing type

bre. RWPK descriptor may be present at MPD level. At most one RWPK descriptor may be present g

@ 09

(s
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The omaf:@packing type attribute of a RWPK descriptor present at a hierarchically lower level overrides
omaf:@packing type attribute of a RWPK descriptor present at a hierarchically higher level. For example,
when both an AdaptationSet element and a Representation elementin the AdaptationSet element have
a RWPK descriptor present, the RWPK descriptor present in the Representation element applies to the
Representation.

The @value of the RWPK descriptor shall not be present. The RWPK descriptor may include an
omaf:@packing type attribute as specified in Table 20.
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Table 20 — Semantics of omaf:@packing_type attribute

Attribute for Use | Data type Description

RWPK descriptor

omaf:@packing 0 omaf:OptionallistofUnsignedByte | Specifies a list of the packing type value of the picture as
type specified in Table 11. Each value in the list shall be in the

range of 0 to 15, inclusive. The values in the range of 16
to 255, inclusive, are reserved. Each value in the list shall
be unique.

For—156—Base—Medta—Fite—Format—=Sggments,
packing type shall be equal to packing\ fype in
RegionWisePackingBox in sample @ntrieg of the
Initialization Segment. When this
omaf:@packing type attribute |is not present or
does not include any value in\a RWPK degcriptor,
omaf:@packing type vallie-is inferred to be equal
to 0.

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

—3

he data type for the attribute shall be as defined in the XML schema. AniXML schema for region-wise padking type
gnalling shall be as shown below. The schema shall be represented in an XML schema that has nagmespace
yrn:mpeg:mpegl:omaf:2017 and is specified as follows:

(%)

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf="urn:mpeg:mpegl:omaf:2Q17"
elementFormDefault="qualified"x
<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:restrictdon>
</xs:simpleType>
</xs:schema>

8.3.4 Signalling ef content coverage

=

SupplementalProperty element with a @schemeIdUri attribute equal to
urn:mpegimpegl:omaf:2017:cc" is referred to as a content coverage (CC) descriptor.

=

t mostone CC descriptor may be present at adaptation set level. A CC descriptor shall not be present gt MPD or
bpresentation level.

—

The CC descriptor indicates that each Representation covers the sphere region as specified in subclause 7.5.6 by
shape typeandsyntaxelementscentre azimuth,centre elevation,centre tilt,azimuth range,
and elevation rangein 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 specified in Table 21.
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Table 21 — Semantics of elements and attributes of CC descriptor

Elements and attributes Use Data type Description
for CC descriptor

cc 0.1 omaf:CCType Container element whose attributes and elements specify sphere
region coverage information.

cc@shape type (0] xs:unsignedByte | Specifies the shape type of the sphere region, as specified in
7.7.2.3. When not present, cc@shape type is inferred to be
equal to 0.

cc@vigw idc presen 0 xs:boolean Value 0 specifies that cc.coverageInfo@view idc isnot

ce_fl4g signalled. Value 1 specifies that

cc.coverageInfolview idc is signalled and indicates the
association of sphere regions with particular (left, right,/6r both)
views or monoscopic content. When (not present,
cc@vview idc presence flag isinferred tobe equalto 0.

cc@default view i CM omaf:ViewType | Value 0 indicates that all the sphere region’s are monoscopic.
dc Value 1 indicates that all the sphere regioris are on the left view
of a stereoscopic content. Value 2 _indicates that all the sphere
regions are on the right view of a stereoscopic content. Value 3
indicates that all the sphere regions are on both the left and right
views. cc@default view idc shall be present when
cc@view idc presence’flag is equal to 0.
cc@default view(idc shall be absent  when
cc@view idc pfesénce flag isequalto 1.

cc.covyerageInfo 1.255 | omaf:coveragel | Element whoser attribute cc.coverageInfolview idc,
nfoType when preseént, provides information about view(s) to which
coverage, ‘specified by sphere region defined by attributes
cc.coverageInfolcentre azimuth,
cc/coverageInfolcentre elevation,
cc.coverageInfolcentre tilt,
cc.coverageInfolazimuth range,
cc.coverageInfolelevation range applies.

cc.coverageInfolvi CM omaf:ViewType | Value 1 indicates that the sphere region is on the left view of a
ew_id 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.coverageInfo@view idc shall be absent
when cc@view idc presence flag is equal to O.
cc.coverageInfolview idc shall be present when
cc@view idc presence flag isequalto 1.

cc.covyerageInfo@ce (0] omaf:Rangel Specifies the azimuth of the centre point of the sphere region in
ntre_gzimuth units of 2-16 degrees relative to the global coordinate axes. When
not present, cc.coverageInfo@centre azimuth is
inferred to be equal to 0.

cc.coveragelInfolce (@) omaf:Range?2 Specifies the elevation of the centre point of the sphere region in
ntre_elevation units of 2-16 degrees relative to the global coordinate axes. When

not present, cc.coverageInfolcentre elevation is
inferred to be equal to 0.

cc.coveragelInfolce (0] omaf:Rangel Specifies the tilt angle of the sphere region, in units of 2-16

ntre tilt degrees, relative to the global coordinate axes. When not present,
cc.coverageInfolcentre tilt is inferred to be equal
to 0.
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Elements and attributes Use Data type Description
for CC descriptor

cc.coverageInfolaz (0] omaf:HRange Specifies the azimuth range of the sphere region thro

to be equal to 360 * 216,

imuth_range centre point of the sphere region in units of 2-16 degrees. When
not present cc.coverageInfolazimuth range isinferred

ugh the

cc.coveragelnfolel (0] omaf:VRange Specifies the elevation range of the sphere region through the
evation range centre point of the sphere region in units of 2-16 degrees. When

e 1S

not present cc _coverageInfolelevation ran
T =

inferred to be equal to 180 * 216,

NOTE  When this descriptor is used with projected omnidirectional video, this descriptor can be used.to indicate wj
ib-picture track carried in the Representation is monoscopic or stereoscopic by the attributes cc@default vig
dc.coverageInfolview idc.

%]

—

he absence of the cc element in the CC descriptor indicates that each Representation covers the enti
hen a PF descriptor that applies to the Representation is present.

<

<

Vhen a PF descriptor is not present at MPD level or adaptation set level, thepe shall be no CC descriptor
ne AdaptationSet element.

ot

O —

C descriptor shall be as shown below. The schema shall be represented in an XML schema that has nd
rn:mpeg:mpegl:omaf:2017 and is specified as follows:

o

<?xml version="1.0" encoding="UTF-8"2>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegiomaf:2017"
xmlns:omaf="urn:mpeg:mpegl:emaf:2017"
elementFormDefault="qualified">
<xs:element name="cc" type="omaf:CCType"/>
<xs:complexType name=}CCType">
<xs:sequence>
<xs:element.name="coverageInfo" type="omaf:coverageInfoType"
minOccurs="1" maxOccurs="255"/>
<xs:any-namespace="##other" processContents="1lax" minOccurs="0"
max@ccurs="unbounded" />
</xs:seguence>
<xs:attribute name="shape type" type="xs:unsignedByte" use="optional
default="0M"/>
<xstattribute name="view idc presence flag" type="xs:boolean"
use="optlonal" default="0"/>
<xs:attribute name="default view idc" type="omaf:ViewType"
use=Voptional"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
<xs:complexType name="coverageInfoType">

hether the
w_idc or

'e sphere

resent in

he data types for various elements and attributes shall be as defined in the XML schema. An XML schema for the

mespace

<xs:attribute name="view idc" type="omaf:ViewType" use="optional"/>

<xs:attribute name="centre azimuth" type="omaf:Rangel” use="optional
default="0"/>

<xs:attribute name="centre elevation" type="omaf:Range2" use="optional"

default="0"/>

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

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

<xs:attribute name="elevation range" type="omaf:VRange" use="optional"

default="11796480"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
<xs:simpleType name="Rangel">
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<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>

8.3.5

A Su
"urn:my
descriptg

At most
adaptatid
may be p

The SR(
omnidire

The SRQI
— othe

— whe
sph

TmpeType Trame="HRarge
<xs:restriction base="xs:unsignedInt">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="23592960"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="VRange">
<xs:restriction base="xs:unsignedInt">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="11796480"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="ViewType">
<xs:restriction base="xs:unsignedByte">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="3"/>
</xs:restriction>
</xs:simpleType>
/xs:schema>

Signalling of spherical region-wise quality ranking

bplementalProperty element with a @schemeIdUri attribute equal i
eg:mpegl:omaf:2017:srgr" is referred“to as a spherical region-wise quality ranking (SRQR
r.

)

—

(i

bne SRQR descriptor for each sphRegionQuality@shape type value of 0 and 1 may be present g
n set level. At most one SRQR descriptor for each sphRegionQuality@shape type value of 0 and
Fesent at representation level.A-SRQR descriptor shall not be present at MPD level.

=

o

R descriptor should -be-present for Adaptation Sets or Representations containing projecte
ctional video to enable viewport-dependent content selection.

R descriptor indiCates a quality ranking value of a quality ranking sphere region relative to:
r quality ranking sphere regions in the same Adaptation Set, and

h sphRegionQuality@quality ranking local flag is equal to 0, SRQR descriptors with

RegionQuality@quality ranking local flagequalto0and @qualityRanking valuesin afl

Adaptation Sets that have the same @value in the DASH Viewpoint element as the Adaptation Set containing
this SRQR descriptor or containing the Representation that contains this SRQR descriptor.

NOTE1 I

SO/IEC 23009-1 specifies that the handling of the Viewpoint element is recommended to be applied equally for

recognized and unrecognized @schemeIdUri values. Itis suggested to use the same @schemeIdUri value forall Viewpoint
elements in all Adaptation Sets of the same omnidirectional audio-visual content within the same Period.
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The sphere region for the quality-ranking is specified by syntax elements shape type, centre azimuth,
centre elevation,centre tilt,azimuth range,elevation rangein SphereRegionStruct () as
specified in subclause 7.5.6. When the quality ranking value
sphRegionQuality.qualityInfo@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

Cxal E-y-ab) o VAT 1o+t Dl o D
JPOTT T Tt p=y

= ST Tt Ty L e 295

The @value attribute of the SRQR descriptor shall not be present. The SRQR descriptor_shall include a
sphRegionQuality element with its sub-elements and attributes as specified in Table 22.

Table 22 — Semantics of elements and attributes of SRQR descriptor

Elements and Use | Data type Description

attributes for

SRQR descriptor

sphRegionQuali 1 omaf:SphRegio | Container element which includes one or more quality infopmation

ty nQualityType elements (sphRegionQualXity.qualityInfo) and common set of
attributes (sphRegionQuality@shape| type,

sphRegionQuality@rémaining area flag,
sphRegionQuality@view idc presence flag,
sphRegionQuality@quality ranking local flag,
sphRegionQuality@quality Type,
sphRegionQuality@default view idc) that apply to all those
quality information elements.

sphRegionQuali 0 xs:unsignedByt | Values~0"specifies that the quality ranking sphere region is ipdicated
ty@shape type e throtigh four great circles as specified in subclause 7.7.2.3. Value 1 gpecifies
that the quality ranking sphere region is indicated through two hzimuth
and two elevation circles as specified in subclause 7.7.2.3. When not
present sphRegionQuality@shape type isinferred to be equalto 0.

sphRegionQuali 0 xs:boolean Value 0 specifies that all the quality ranking sphere regions are specified
ty@remaining_a by the signalled sphRegionQuality.qualityInfo elements|Value 1
rea_flag specifies that all except the last quality ranking sphere regipns are

specified by the signalled sphRegionQuality.qualityInfo
elements, and the last remaining quality ranking sphere regioh is the
sphere region within the content coverage, not covered by the unign of the
quality ranking sphere regions specified by the dignalled
sphRegionQuality.qualityInfo elements. When not |present
sphRegionQuality@remaining area flag is inferred to e equal
to 0. The last remaining quality ranking sphere region may be on both the
left and right views.

NOTE 2 When sphRegionQuality@remaining area fllag is
equal to 1, the qualityInfo element is present for the lastl quality

1z N oot Lo d L i J
Farhe: sphere Fegioh bttt EXErHeaes geerrtre—azimuth,

@centre elevation, @centre tilt, @azimuth range, and
@elevation range attributes.

sphRegionQuali 0 | xs:boolean Value 0 specifies that sphRegionQuality.qualityInfo@view idc
ty€view_idc_pr is not signalled in each sphRegionQuality.qualityInfo element.
esence_flag Value 1 specifies that sphRegionQuality.qualityInfo@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 present sphRegionQuality@view idc presence flag is
inferred to be equal to 0.
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Elements and Use | Data type Description

attributes for

SRQR descriptor

sphRegionQuali O | xs:boolean Value 0 specifies that the quality ranking information provided in this
ty€quality ran instance of this descriptor is relative to the quality ranking information
king local fla provided in all instances of this  descriptor  with
g sphRegionQuality@quality ranking local flag equal to 0

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 flag isinferred to
be equal to 0.

NOTE 3 sphRegionQuality@quality ranking,logal flag
equal to 1 can be used in the Main Adaptation Set of) a-Preselection and
sphRegionQuality@quality ranking lo¢al flag equal to 0
can be used in Adaptation Sets that are not the{Main Adaptation Sets of a
Preselection.

sphRegionQuali M omaf:QualityT | Indicates which factor causes the differences in the quality of packed
ty@quglity_ typ ype regions on the picture. Value 0 specifiesithat all packed regions correspond
e to the same projected picture resplution. 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.

sphRegionQuali | CM [ omaf:ViewTyp | Value 0 indicates that all the quality ranking sphere regions are
ty@default vie e monoscopic. Yalue 1 indicates that all the quality ranking sphere regions
w_idc are on the-left view of stereoscopic content. Value 2 indicates that all the
quality, fanking sphere regions are on the right view of stereoscopic
content. Value 3 indicates that all the quality ranking sphere regions are on
both the left and right views.
sphRegionQuality@default view idc shall be present when
sphRegionQuality@view idc presence flag is equal to 0.
sphRegionQuality@default view idc shall be absent when
sphRegionQuality@view idc presence flag isequalto 1.

sphRegionQuali | 1.2 | omafiQualityln | Element whose attribute
ty.quglityInfo | 55 [.foType sphRegionQuality.qualityInfo@quality ranking provides
quality ranking for one quality ranking sphere region described by its
attributes sphRegionQuality.qualityInfol@view idc,

sphRegionQuality.qualityInfolcentre azimuth,
sphRegionQuality.qualityInfolcentre elevation,
sphRegionQuality.qualityInfolcentre tilt,
sphRegionQuality.qualityInfolazimuth range,
sphRegionQuality.qualityInfolelevation range.
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ty.qualityInfo
@centre azimut
h

Elements and Use | Data type Description

attributes for

SRQR descriptor

sphRegionQuali M | xs:unsignedByt | Specifies a quality ranking value of the quality ranking sphere region.

ty.qualityInfo e sphRegionQuality.qualityInfo@quality ranking equal to0

Cquality ranki indicates that the quality ranking is not defined. When quality ranking

ng sphere region A has a non-zero
sphRegionQuality.qualityInfo@quality ranking value less
than the sphRegionQuality.qualityInfolquality ranking
value of quality ranking sphere region B, quality ranking sphere region A
has a higher quality than quality ranking sphere region B. Wher] quality
ranking sphere region A partly or entirely overlaps with quality [ranking
sphere region B,
sphRegionQuality.qualityInfo@quality rankihg of| quality
ranking sphere region A shall be equal to
sphRegionQuality.qualityInfolquality/wanking of| quality
ranking sphere region B.

sphRegionQuali | CM | omaf:ViewTyp | Value 0 indicates that the content is mongscopic, value 1 indicates|that the

ty.qualityInfo e quality ranking sphere region is on the/left view of stereoscopic pontent,

@view_idc value 2 indicates that the quality ranking sphere region is on the right view
of stereoscopic content, 3 indicates-that the quality ranking spherg region
is on both the left and right views.
sphRegionQuality.qualtityInfolview idc shall be [present
when sphRegionQuality@view idc presence flag ip equal
to 1. sphRegionQudlity.qualityInfo@view idc shall bg absent
when sphRegionQuality@view idc presence flag 1Is equal
to 0.

sphRegionQuali | CM | xs:unsignedSh | Indicates theZwidth of such a monoscopic projected picture for which

ty.qualityInfo ort horRatio,"as derived in subclause 5.4.2 for each of the packed regipns that

@Gorig_width coverthe quality ranking sphere region, is equal to 1. Shall not be|present
when“sphRegionQuality@quality type is notequal to 1./Shall be
présent when sphRegionQuality@quality type isequalt¢ 1.

sphRegionQuali | CM | xs:unsignedShi~| Indicates the height of such a monoscopic projected picture for which

ty.qualityInfo ort verRatio, as derived in subclause 5.4.2 for each of the packed regipns that

@orig height cover the quality ranking sphere region, is equal to 1. Shall not be[present
when sphRegionQuality@quality type is notequal to 1./Shall be
present when sphRegionQuality@quality type isequalt¢ 1.

sphRegionQuali | CM ‘-omaf:Rangel Specifies the azimuth of the centre point of the quality ranking sphere

region, in units of 2-16 degrees, relative to the global coordindte axes.
sphRegionQuality.qualityInfolcentre azimuth  shall be
presentwhen sphRegionQuality@remaining area flagl|isequal
to 0. sphRegionQuality.qualityInfo@centre azimuth |shall be
absent in only one sphRegionQuality.qualityInfo elenjent and
shall be present in all the other sphRegionQuality.qualifyInfo
elements when
equal to 1.

sphRegionQuality@remaining area flag is

sphRegionQuali
L - =

ormaf-Ranaga?)
OFf

ty.qualityInfo
@centre_elevat
ion

Hatrrah e

Speeifiesthepitch-ofthe-centrepointof-the-qualityrankingsphere region,
in units of 2-16 degrees, relative to the global coordinate axes.
sphRegionQuality.qualityInfo@centre elevation shall be
presentwhen sphRegionQuality@remaining area flag isequal
to 0. sphRegionQuality.qualityInfol@centre elevation shall
be absentin only one sphRegionQuality.qualityInfo elementand
shall be present in all the other sphRegionQuality.qualityInfo
elements when sphRegionQuality@remaining area flag s
equal to 1.
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Elements and Use | Data type Description
attributes for
SRQR descriptor

sphRegionQuali | CM | omaf:Rangel Specifies the tilt angle for the quality ranking sphere region in units of 2-16

ty.qualityInfo degrees. sphRegionQuality.qualityInfolcentre tilt shallbe
@centre_tilt

presentwhen sphRegionQuality@remaining area flag isequal
to 0. sphRegionQuality.qualityInfo@centre tilt shall be
absent one sphRegionQuality.qualityInfo element and shall be
present in all the other sphRegionQuality.qualityInfo elements

when sovhRegionQualitullromaining aroa floo isegualtol
g g = Y = s

sphRegionQuali | CM | omaf:HRange Specifies the azimuth range of the quality ranking sphere region thrgugh
ty.qualityInfo its centre point in units of 2-16 degrees.
@azimyth range sphRegionQuality.qualityInfolazimuth range shall be

presentwhen sphRegionQuality@remaining area f£i&q isequal
to 0. sphRegionQuality.qualityInfo@azimuth eange shall be
absent in only one sphRegionQuality.qualityInfo’ element and
shall be present in all the other sphRegionQuality.qualityInfo
elements when sphRegionQuality@remainihg area flag is

equal to 1.

sphRegionQuali | CM [ omaf:VRange Specifies the elevation range of the qualityyraking sphere region through

ty.qualityInfo its centre point in units of 2-16 degrees.

@Gelevgtion ran sphRegionQuality.qualityInfolelevation range shall be

ge present when sphRegionQuality@remaining area flag isequal
to 0. sphRegionQuality ,qualityInfolelevation range shall
be absent in only one sphRegionQuality.qualityInfo element
and shall be present in all the other
sphRegionQuality,. qualityInfo elements when
sphRegionQualitylremaining area flag isequaltol.

NOTE 4 A player is suggested to parse spherical region-wise-quality ranking (SRQR) descriptors and select the Adaptation Sets

and Repr¢
— The¢

—  Then
to 1,
reprd
has
the v

The data
is define
urn:mpq

sentations that matches the user's viewing orientation in a manner that:
juality ranking value on the region coveringthe viewport is greater than 0 and less than that for other regions.

psolution of the region covering the viewportis suitable for the display. If sphRegionQuality@quality typeisequal
sphRegionQuality.qualityInfo@orig width and sphRegionQuality.qualityInfoQorig heighft
sent the width and height of the-mionoscopic projected picture from which the packed region covering the viewpor
een extracted. Otherwise, width/and height of VisualSampleEntry can be used to conclude the resolution g
ewport.

5 e+

types for various elemients and attributes shall be as defined in the XML schema. An XML schema for SRQ|
d as shown below. The schema shall be represented in an XML schema that has namespad
bg :mpegl:ofuat: 2017 and is specified as follows:

o A

?xml yérgion="1.0" encoding="UTF-8"?>

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="1lax" minOccurs="0"

maxOccurs="unbounded" />

</xs:sequence>
<xs:attribute name="shape type" type="xs:unsignedByte" use="optional"

default="0"/>

166

<xs:attribute name="remaining area flag" type="xs:boolean"
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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>

<xs:complexType name="QualityInfoType">
<xs:attribute name="quality ranking" type="xs:unsignedByte|
use="required"/>
<xs:attribute name="view idc" type="omaf:ViewType"
use="optional"/>
<xs:attribute name="orig width" type="xs:unsignedShort"
use="optional"/>
<xs:attribute name="orig height" type="xs:unsignedShort"
use="optional"/>
<xs:attribute name="centre azimuth" type=!ofpaf:Rangel"
use="optional"/>
<xs:attribute name="centre elevation" type="omaf:Rangel2"
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:VRange"
use="optional"/>
<xs:anyAttribute namespagege="##other" processContents="lax"/>
</xs:complexType>
<xs:simpleType name="Rangel">
<xs:restriction base="xsyint">
<xs:minInclusive value="-11796480"/>
<xs:maxInclusive @alue="11796479"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType namg="Range2">
<xs:restriction~base="xs:int">
<xs:minInclusive value="-5898240"/>
<xs:paxinclusive value="5898240"/>
</xs:reStriction>
</xs:simpieType>
<xs:simpleType name="HRange">
<xsifestriction base="xs:unsignedInt">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="23592960"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="VRange">
<xs:restriction base="xs:unsignedInt">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="11796480"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="QualityType">
<xs:restriction base="xs:unsignedByte">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="15"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="ViewType">
<xs:restriction base="xs:unsignedByte">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="3"/>
</xs:restriction>
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</xs:simpleType>

</xs:schema>

8.3.6

Signalling of 2D region-wise quality ranking

A SupplementalProperty element with a @schemeIdUri attribute equal to
"urn:mpeg:mpegl:omaf:2017:2dqgr" is referred to as a 2D region-wise quality ranking (2DQR) descriptor.

At most one 2DQR descriptor may be present at adaptation set level. At most one 2DQR descriptor may be present

at represrtatiom tevet A 2D QR descriptorstratt ot be presentat MPDTtevet:
A 2DQR| descriptor should be present for an Adaptation Set or a Representation containing projected
omnidirectional video to enable viewport-dependent content selection, when no RWPK descriptor and né SRQR
descriptgr applies to the same Adaptation Set or Representation, respectively.
The 2DQR descriptor indicates a quality ranking value of a quality ranking 2D region relative to
— othef quality ranking 2D regions in the same Adaptation Set, and
— whep twoDRegionQuality@quality ranking local flag is equal-te-0, 2DQR descriptors with
twoPRegionQuality@quality ranking local flagequaltoOand@gtalityRankingvaluesinafl
Adaptation Sets that have the same @value in the DASH Viewpoint element as the Adaptation Set containinig
this PDQR descriptor or containing the Representation that contains this.2DQR descriptor.
NOTE 1 ISO/IEC 23009-1 specifies that the handling of the Viewpoint elément is recommended to be applied equally for
recognizedl and unrecognized @schemeIdUri values. Itis suggested to uséthe same @schemeIdUri value for all Viewpoinft
elements In all Adaptation Sets of the same omnidirectional audio-visualieontent within the same Period.
When th¢ quality ranking value twoDRegionQuality. twoDqualityInfo@quality ranking isnon-zerg,
the pictufe quality within the entire indicated quality ranking 2D region is approximately constant.
When the¢ 2DQR descriptor that applies to a Representation is present and a 2DRegionQualityRankingBox {s
present ih the track corresponding to the RepreSentation, the 2DQR descriptor shall carry equivalent informatiopn
as the 2DRegionQualityRankingBox.
The @vgllue attribute of the 2DQR~descriptor shall not be present. The 2DQR descriptor shall include [a
twoDRegionQuality element with'its sub-elements and attributes as specified in Table 23.
Table 23.— Semantics of elements and attributes of 2DQR descriptor
Elements and Use | Data type Description
attribuges for
2DQR descriptor.
twoDRegionQuali 1 omaf:itwoDR | Container element which includes one or more 2D region quality information||
ty egionQuality | elements (twoDRegionQuality.twoDqualityInfo) and common sef
Type of attributes {twoDRegionQualitylremaining—area—fiag;
twoDRegionQuality@view idc presence flag,
twoDRegionQuality@quality ranking local flag,
twoDRegionQuality@quality type,
twoDRegionQuality@default view idc) that apply to all those
quality information elements.
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Elements and
attributes for
2DQR descriptor

Use

Data type

Description

twoDRegionQuali
ty@remaining ar
ea flag

xs:boolean

Value 0 specifies that all the quality ranking 2D regions are specified by the
signalled twoDRegionQuality. twoDqualityInfo elements. Value 1
specifies that all except the last quality ranking 2D regions are specified by
the signalled twoDRegionQuality. twoDqualityInfo 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

bpct.iﬂcd ‘u_y thre aisuaﬂcd tquRegTUnQ'u'a-l-rtyTtwqu'u'a-l-jr:yInfo
elements. When not present
twoDRegionQuality@remaining area flag is inferredto e equal
to 0. The last remaining quality ranking 2D region may be on both the left
and right views.

NOTE2 When twoDRegionQuality@remaining area fllag is
equal to 1, the twoDqualityInfo element is present for the las§ quality
ranking 2D region but excludes @leftloffset, @top gffset,
@region width,and @region heighktattributes.

twoDRegionQuali
ty@view idc pre
sence flag

xs:boolean

Value 0 specifies that
twoDRegionQuality. twoDqualityInfolview idc is not
signalled. Value 1 specifies that
twoDRegionQuality. twoDqualityInfo@view idc is signajled and
indicates the association-0f quality ranking 2D regions with particylar (left
or right or both) yiews or monoscopic content. When not |present
twoDRegionQuality@view idc presence flag is inferred to be

equal to 0.

twoDRegionQuali
ty@gquality rank
ing local flag

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 in all instances of this descriptor with
twoDRegionQuality@quality ranking local flag equpl to O
and in all instances of @qualityRanking in all Adaptation Sets that have
the same @value in the DASH Viewpoint element as this Adaptafion Set.
Value 1 specifies that the quality ranking information provided in this
instance of this descriptor is relative to the quality ranking infopmation
provided in all instances of this descriptor in this Adaptation Set onlly. When
not present, the value of
twoDRegionQuality@quality ranking local flagisinferredto
be equal to 0.

NOTE 3 twoDRegionQuality@quality ranking local fflag

equal to 1 can be used in the Main Adaptation Set of a Preselection and
twoDRegionQuality@quality ranking local flag eqtal to 0
can be used in Adaptation Sets that are not the Main Adaptation $ets of a
Preselection.

twoDRegionQuali
ty@guality type

omaf:Quality
Type

Indicates which factor causes the differences in the quality of packed regions
on the picture. Value 0 specifies that all packed regions correspond to the
same projected picture resolution. Value 1 specifies that at lgast one

horRatio valuc, asderivedinsubelause 54‘2, may differfromotherforRatio
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.
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Elements and
attributes for
2DQR descriptor

Use

Data type

Description

_idc

twoDRegionQuali
ty@default_view

CM

omaf:ViewT
ype

Value 0 indicates that all the quality ranking 2D regions are monoscopic.
Value 1 indicates that all the quality ranking 2D regions are on the left view
of 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

twoBRegionQuatitytvien—tde—preserce—ftag—is—egtal—to—0
twoDRegionQuality@default view idc shall be absent when
twoDRegionQuality@view idc presence flag isequalto 1.

twoDR¢g
ty. twqg
nfo

gionQuali
DgqualitylI

omaf:twoDQ
ualityInfoTy

pe

Element whose attribute
twoDRegionQuality.twoDqualityInfoQquality ranking
provides quality ranking for one quality ranking 2D region-described by its
attributes twoDRegionQuality. twoDqualityInfo@view idc,
twoDRegionQuality.twoDqualityInfoQleft 'gffset,
twoDRegionQuality.twoDqualityInfoltop offset,
twoDRegionQuality. twoDqualityInfo@ir€gion width,
twoDRegionQuality. twoDqualityInfo@region height.

twoDR¢
ty. twd
nfolqy
king

gionQuali
DqualityI
ality ran

xs:unsigned
Byte

Specifies a quality ranking value of ‘the” quality ranking 2D region.
twoDRegionQuality. twoDqualityInfo@quality ranking equal
to 0 indicates that the quality ranking is not defined. When quality ranking
2D region A has El non-zero
twoDRegionQuality.twoDqualityInfolquality ranking value
less than the
twoDRegionQuality.twoDqualityInfolquality ranking value
of quality ranking 2D.fégion 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 B,
twoDRegionQuality.twoDqualityInfolquality ranking of
quality ranking 2D region A shall be equal to
twoDRegionQuality.twoDqualityInfolquality ranking of
quality-ranking 2D region B.

twoDR¢g
ty. twgq
nfo@v]

gionQuali
DqualityI
ew idc

CM

omaf:ViewT
ype

Value 0 indicates that the content is monoscopic, value 1 indicates that the
quality ranking 2D region is on the left view of stereoscopic content, value 2
indicates that the quality ranking 2D region is on the right view of
stereoscopic content, 3 indicates that the quality ranking 2D region is on
both the left and right views.
twoDRegionQuality.twoDqualityInfol@view idc shall  be
present when twoDRegionQuality@view idc presence flag is
equal to 1. twoDRegionQuality. twoDqualityInfo@view idc shall
be absent when twoDRegionQuality@view idc presence flag
is equal to 0.

twoDR¢g
ty. twgq
nfoloj

gionQuali
DquakityI
ig.width

CM

xs:unsigned
Short

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
1 _Clhall b

1o 4. DR 3 O T dennld 1o i H s S
Wit TwoDregIronfuarr Ty ooty tyre o ot tqguarto—T—oamrot

present when twoDRegionQuality@quality type isequalto 1.

twoDRegionQuali
ty.twoDqualityT
nfolorig height

CM

xs:unsigned
Short

Indicates the height of such a monoscopic projected picture for which
verRatio, as derived in subclause 5.4.2 for each of the packed regions that
cover the quality ranking sphere region, is equal to 1. Shall not be present
when twoDRegionQuality@quality type is notequalto 1. Shall be
present when twoDRegionQuality@quality type isequalto 1.
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Elements and Use | Data type Description
attributes for
2DQR descriptor
twoDRegionQuali | CM | xs:unsigned | Specifies the horizontal coordinate of the upper left corner of the quality
ty.twoDqualitylI Short ranking 2D region within the picture in units of luma samples.
nfolleft offset twoDRegionQuality.twoDqualityInfo@left offset shall be
present when twoDRegionQuality@remaining area flag is
equal to 0. twoDRegionQuality. twoDqualityInfo@left offset
shall be absent in only one twoDRegionQuality.twoDqualityInfo
TIeTemnt ama Shratt be PTESEnT il att Tie other
twoDRegionQuality. twoDqualityInfo elements when
twoDRegionQuality@remaining area flag isequaltovl.
twoDRegionQuali | CM | xs:unsigned | Specifies the vertical coordinate of the upper left cornet of the| quality
ty.twoDqualityI Short ranking 2D region within the picture in unifsyof luma damples.
nfo@top offset twoDRegionQuality.twoDqualityInfoQtopJoffset shall be
present when twoDRegionQuality@remaining area fllag is
equal to 0. twoDRegionQuality.twoDqudlityInfoltop ¢ffset
shall be absent in only one twoDRegidénQuality.twoDqualityInfo
element and shall be present in all the other
twoDRegionQuality. twoDqualityInfo elements when
twoDRegionQuality@remaining area flag isequalto 1.
twoDRegionQuali | CM | xs:unsigned Specifies the width of the-quality ranking 2D region within the pilcture in
ty.twoDqualityI Short units of luma damples.
nfolregion_widt twoDRegionQuality “twoDqualityInfo@region width phall be
h present when twoDRegionQuality@remaining area fllag is
equal to 0. twoDRegionQuality. twoDqualityInfo@region|width
shall be absent;in only one twoDRegionQuality.twoDqualityInfo
element and shall be present in all the other
twoDRegionQuality. twoDqualityInfo elements when
twobDRegionQuality@remaining area flag isequalto 1.
twoDRegionQuali | CM | xs:unsigned (xSpecifies the height of the quality ranking 2D region within the picture in
ty.twoDqualityI Short units of luma damples.
nfolregion_heig twoDRegionQuality. twoDqualityInfo@region height [shall be
ht present when twoDRegionQuality@remaining area fllag is
equal to 0.
twoDRegionQuality. twoDqualityInfo@region height [shall be
absent in only one twoDRegionQuality.twoDqualityInfo plement
and shall be present in all the other
twoDRegionQuality. twoDqualityInfo elements when
twoDRegionQuality@remaining area flag isequalto 1.
NOTE 4 A player is suggested to parse 2D region-wise quality ranking (2DQR) descriptors and select the Adaptatiopn 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 regigns.
— SQ alalfa alalfala aportis suitable for the displa oDRegionQualityldcuallty type
is equal to 1, twoDRegionQuality.twoDqualityInfolorig width and

twoDRegionQuality.twoDqualityInfo@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 an
of VisualSampleEntry can 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 2DQR
is defined as shown below. The schema shall be represented in an XML schema that has namespace
urn:mpeqg: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">

coleoment name="+twoDRegionOQualifts" £ pn:"mm:ﬂc-‘rnnﬁparﬁ onQualityT PD"
<xs:complexType name="twoDRegionQualityType">
<xs:sequence>
<xs:element name="twoDqualityInfo" type="omaf:twoDQualityInfoType"
MminOccurs="1" maxOccurs="255"/>
<xs:any namespace="##other" processContents="lax" minOccurs=Q"
axOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="remaining area flag" type="xs:boolean"
se="optional" default="0"/>
<xs:attribute name="view idc presence flag" type="xs:bogdledan"
se="optional" default="0"/>
<xs:attribute name="quality ranking local flag" type="xs:boolean"
use="optional" default="0"/>
<xs:attribute name="quality type" type="omaf:QualkityType"
se="required"/>
<xs:attribute name="default view idc" type=lomaf:ViewType"
se="optional"/>
<xs:anyAttribute namespace="##other" progessContents="lax"/>
</xs:complexType>

=

<xs:complexType name="twoDQualityInfoType">
<xs:attribute name="quality ranking" type="xs:unsignedByte"
se="required"/>
<xs:attribute name="view 1dc" type="omaf:ViewType"
se="optional"/>
<xs:attribute name="Orig width" type="xs:unsignedShort"
se="optional"/>
<xs:attribute mame="orig height" type="xs:unsignedShort"
se="optional"/>
<xs:attribute+name="left offset" type="xs:unsignedShort"
se="optional"/>
<xs:atfribute name="top offset" type="xs:unsignedShort"
se="optional"/>
<xsiattribute name="region width" type="xs:unsignedShort"
yse="optional"/>
<®s:attribute name="region height" type="xs:unsignedShort"
yse="optional™ />
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xspedmplexType>
<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:restriction base="xs:unsignedByte">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="3"/>
</xs:restriction>
</xs:simpleType>
</xs:schema>
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8.3.7 Signalling of fisheye omnidirectional video

A SupplementalProperty element with a @schemeIdUri attribute equal to
"urn:mpeg:mpegl:omaf:2017: fomv" is referred to as a fisheye omnidirectional video (FOMV) descriptor.

At most one FOMV descriptor may be present at adaptation set level. An FOMV descriptor shall not be present at
MPD or representation level.

The FOMV descriptor indicates that each Representation carries a fisheye omnidirectional video track containing a
Fish zaQmaaiZad B The Qxz51 11 attribute of tho FOMV _descrintor -shall not he nroacont T e FOMV
Z P |

descriptor shall include an omaf:@view dimension idc attribute whose value shall be as specified'in[Table 24.

Table 24 — Semantics of omaf:@view_dimension_idc attribute

Attribute for Use Data type Description
FOMV
descriptor
omaf:@view M omafiview | Has the same semantics as the view dimérision idc syntax element (as
dimension_i DIdcType specified in subclause 6.2.2) of the
dc

FisheyeVideoEssentialInfoS€eruct () syntax structure [in the
FisheyeOmniVideoBox in the &racks carried in the representationg of this
adaptation set.

For ISO Base Media File Eormat Segments, view dimension_ idc |[shall be
equal to view dimensien idcin FisheyeVideoEssentialInfpBox in
sample entries of the Initialization Segment.

—

he data type for the attribute shall be as defined idithe XML schema. An XML schema for fisheye omnid]rectional
ideo signalling shall be as shown below. The schéma shall be represented in an XML schema that has nagmespace
rn:mpeqg:mpegl:omaf:2017 and is specified as follows:

c <

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="hgtp:!//www.w3.0rg/2001/XMLSchema"
targetNamespace="urm:mpeg:mpegl:omaf:2017"
xmlns:omaf="urnmpeg:mpegl:omaf:2017"
elementFormDefault="qualified">
<xs:attribufe-hame="view dimension idc" type="omaf:viewDIdcType"/>
<xs:simplelype name="viewDIdcType">
<xsrrestriction base="xs:unsignedByte">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="7"/>
</xs:restriction>
</xs:simpleType>
</x§'tschema>

8.4 Carriage of images

8.4.1 General

An Adaptation Set with media content component type described by the attribute @contentType="image"
defines an Image Adaptation Set. An Image Adaptation Set contains alternate Representations, i.e. only one
Representation within an Adaptation Set is expected to be presented at a time. Each Representation contained in
one Image Adaptation Set contains one and only one image and is referred as an Image Representation. The
Representations in an Image Adaptation Set are considered to be perceptually interchangeable.
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The value of @mimeType attribute present or inferred for each Image Representation shall start with the type
"image".

NOT The subtype part of the value of @mimeType can take any values specified in the link
http://www.iana.org/assignments/media-types/media-types.xhtml#image.

8.4.2 Format and constraints for Segments

An Image Representation shall consist of only one Self-Initializating Media Segment and shall not consist of any
other Segments. Thus, the Media Segment 1tsell conforms to the media type as speciiied In the dmimeType attribuge
for this Representation.

When |[the SegmentBase element is used for describing the Segment Information,
SegmentBase.Initialization element shall not be present.

When fthe SegmentList element is wused for describing the Segment ~'Information, the
SegmentList.Initialization element shall not be present.

When the SegmentTemplate element is used for describing the Segment Information, the
SegmentTemplate.Initialization element and the SegmentTemplate@Ririitialization attribute
shall not pe present.

8.5 SH MPD descriptors for omnidirectional media‘in the namespace
"urn:mpeg:mpegl:omaf:2020"

8.5.1 XML namespace and schema

[oW

A number of XML elements and attributes are defined in'subclauses 8.5.2 to 8.5.6. These XML elements are define
in a sepaffate namespace "urn:mpeqg:mpegl:omaf{2020". These are specified in the schema documents in eac
subclaus¢ where a new MPD descriptor(s), element(s) or attribute(s) are specified. The namespace designator "xs
shall corfespond to namespace http://wwwsw3. org/2001/XMLSchema as defined in W3C Recommendation,
XML Schdma Part 1: Structures. Items in the "Data type" column of tables in subclauses 8.5.2 to 8.5.6 use datatype
defined ip W3C Recommendation, XML Schema Part 2: Datatypes and shall have the meaning as defined in W3
Recommendation, XML Schema Part 2:PDatatypes.

=

) w

8.5.2 Signalling of association

A SupplementalPropérty element with a @schemeIdUri attribute equal tlo
"urn:mpeqg:mpegl:emaf:2020:assoc" isreferred to as an association descriptor.

One or mpre asseciation descriptors may be present at adaptation set level, representation level, preselection level.

An assocjation descriptor included inside an AdaptationSet, Representation or Preselection elemerjt

indicates-thatthe parent elementof-thisetenment’s descr tptor (i.c. adaytdtiuu act/ Trepr cacutatiuu/ Pt eselection
element) is associated with one or more elements in the MPD indicated by the XPath query in the
omaf2:Association element and the association type signalled by omaf2:@associationKindList. The
syntax of XPath strings used shall be as specified in W3C Recommendation, XML Path Language (XPath) 2.0 (Second
Edition).

The @value attribute of the association descriptor shall not be present. The association descriptor shall include one
or more Association elements with attribute as specified in Table 25.
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Table 25 — Semantics of elements and attributes of association descriptor

Elements and Use Data type Description
attributes for
association
descriptor
Association 0.N omaf2:Ass | Element which specifies a list of XPath query string(s) which are
ociationTy | evaluated to determine the elements (including certain values for their
pe attributes) that are associated with the parent element of this
Association element’s descriptor. The XPath guery shall evaluate to
one or more elements.
Rssociation@asso M omaf2: Values in this list specify the kind of association betweén tHe parent
ciationKindList listOfAssoc | element of this Association element’s descriptopand’the elpments it
iationKind | is associated with.
Values

If this list includes a single entry then the\parent elemen

t of this

Association element’s descriptor is associated collectively with all
the elements resulting from evaluatiom of all XPath queries signalled in
this Association element with the“kind of association indjcated by
this attribute.
If this list includes multiple e€ntries then the number of entries |n the list
shall be equal to the number of entries in the list signalled in this
attribute’s Association’ element. In this case the parent element of
this Association\‘element’s descriptor is associated ith the
element(s) specified’by corresponding collocated XPath quety in the
Associatiomnelement individually (if the XPath query regults in a
single elenient) or collectively if the XPath query results in|multiple
elements(with the type of association indicated by the collocated value
in thisattribute.
Tlhe data types for various elements and attributes shall be as defined in the XML schema. An XML schenta for this
shall be as shown below. The schema ‘shall be represented in an XML schema that has namespace
yrn:mpeg:mpegl:omaf:2020 and.isspecified as follows:
<?xml version="1.0"_,ehcoding="UTF-8"?>
<xs:schema xmlns:xg="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2020"
xmlns:omaf="Urn:mpeg:mpegl:omaf:2017"
xmlns:omaf2="urn:mpeg:mpegl:omaf:2020"
elementFormDefault="qualified">
<xs:€lement name="Association" type="omaf2:AssociationType"/>
<x3:3fmpleType name="listOfAssociationValues">
<xs:restriction>
<xs:simpleType>
<xs:list itemType="xs:string"/>
</xs:simpleType>
<xs:minLength value="1"/>
</xs:restriction>
Toretyre
<xs:simpleType name="FCCType">
<xs:restriction base="xs:string"/>
</xs:simpleType>
<xs:simpleType name="listOfAssociationKindValues">
<xs:restriction>
<xs:simpleType>
<xs:list itemType="omaf2:FCCType"/>
</xs:simpleType>
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
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<xs:complexType name="AssociationType">
<xs:simpleContent>
<xs:extension base="omaf2:1istOfAssociationValues">
<xs:attribute name="associationKindList"

type="omaf2:1istOfAssociationKindValues" use="required"/>

<xs:anyAttribute processContents="skip"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>

</xs:schema>

8.5.3 Signalling of viewpoints
In DAFJH MPD, a Viewpoint element with a (@schemeIdUri  attribute equal fto
"urn:mpeg:mpegl:omaf:2020:vwpt" is referred to as a viewpoint information (VWPT) descriptor:
At most ¢ne VWPT descriptor may be present at adaptation set level and no VWPT descriptorrshall be present gt
any othefr level. When no Adaptation Set in the Media Presentation contains a VWPT descriptor, the Media
Presentation is inferred to be contain only one viewpoint.
The VWHT descriptor indicates the viewpoint the Adaptation Set belongs to.
An Imagq Adaptation Set having a viewpoint information (VWPT) descriptor cartfies a viewpoint that is an image.
The VWP descriptor shall include an @value attribute and a ViewPointInfo element with its sub-elements and
attributef as specified in Table 26.
Table 26 — Semantics of elements and attributes of the VWPT descriptor
Elements and Use | Data type Description
attributps for
VWPT dlescriptor
@value M xs:string Specifies-the viewpoint ID of the viewpoint. The value is a string that contains
abase<10 integer representation of a viewpoint ID that shall be equal to the
wiewpoint id value of a viewpoint group entity grouping.
ViewPolintInfo 1 omaf2:ViewP-| Container element whose sub-elements and attributes provide information|
ointInfoType | about the viewpoint.
ViewPolintInfo 0 xsistring This attribute specifies a string that provides human readable label for the
@label viewpoint.
ViewPolintInfo 1 omaf2:Viewp | The attributes of this element specify the position information for the
.Positfion ointPositionT | viewpoint.
ype
ViewPofintInfo 0 xs:int Specifies the X position of the viewpoint, in units of 10-1 millimetres, in 3D
.Positjion@x space, relative to the common reference coordinate system.
If position of the viewpoint is dynamic, this attribute specifies the initial
viewpoint X position for this viewpoint. Otherwise, this attribute specifies the
static viewpoint X position.
When ViewPointInfo.Position is present but
ViewPointInfo.Position@x is not present,
ViewPointInfo.Position@x isinferred to be equal to zero.
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Elements and
attributes for
VWPT descriptor

Use

Data type

Description

ViewPointInfo
.Position@y

xs:int

Specifies the Y position of the viewpoint, in units of 10-1 millimetres, in 3D
space, relative to the common reference coordinate system.

If position of the viewpoint is dynamic, this attribute specifies the initial
viewpoint Y position for this viewpoint. Otherwise, this attribute specifies the
static viewpoint Y position.

When ViewPointInfo.Position is
ViewPointInfo.Position@y is not
ViewPointInfo.Position@y isinferred to be equal to-zero.

present but
present,

ViewPointInfo
.Position@z

Xs:int

Specifies the Z position of the viewpoint, in units of 10;imillimetrgs, in 3D
space, relative to the common reference coordinate system.

If position of the viewpoint is dynamic, this-attyibute specifies the initial
viewpoint Z position for this viewpoint. Otherwise, this attribute spefifies the
static viewpoint Z position.

When ViewPointInfo.Position is
ViewPointInfo.Position(@z is not
ViewPointInfo.Position@z “is inferred to be equal to zero.

present but
present,

ViewPointInfo
@initialViewp
oint

xs:boolean

If equal to true this attribute specifies that this viewpoint is the initial
viewpoint that should be.used out of all the viewpoints in the current Period.

If equal to false this.attribute specifies that this viewpoint is not the initial
viewpoint in the Gurrent Period.

In a Reriod at most one viewpoint shall have
ViewPointInfo@initialViewpoint equal to true. When no vjewpoint
in a Period has ViewPointInfo@initialViewpoint equal to frue or if
ViewPointInfo@initialViewpoint is not present then tHe initial
viewpoint is specified by the associated initial viewpoint metadata
representation.

It should be avoided that a viewpoint is indicated as the initial viewpoint but
not the main role.

ViewPointInfo
.GpsPosition

0.1

omaf2:Viewp
ointGpsPositi
onType

The attributes of this element specify the GPS position informatiof for the
viewpoint.

ViewPointInfo
.GpsPosition@
longitude

omaf2:Longit
udeRange

Indicates the longitude of the geolocation of the viewpoint in unifs of 2-23
degrees. The value shall be in range of =180 * 223 to 180 * 223 - 1, ihclusive.
Positive values represent eastern longitude and negative values rgpresent
western longitude.

If position of the viewpoint is dynamic, this attribute specifies the initial
viewpoint GPS position longitude of the geolocation for this viewpoint.
Otherwise, this attribute specifies the static viewpoint GPS position lpngitude

ol the geolocation.

ViewPointInfo
.GpsPositiond@
latitude

omaf2:Latitu
deRange

Indicates the latitude of the geolocation of the viewpoint in units of 2-23
degrees. The value shall be in range of -90 * 223 to 90 * 223 - 1, inclusive.
Positive value represents northern latitude and negative value represents
southern latitude.

If position of the viewpoint is dynamic, this attribute specifies the initial
viewpoint GPS position latitude of the geolocation for this viewpoint.
Otherwise, this attribute specifies the static viewpoint GPS position latitude
of the geolocation.c
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Elements and
attributes for
VWPT descriptor

Use

Data type

Description

ViewPointInfo
.GpsPositiond
altitude

xs:int

Indicates the altitude of the geolocation of the viewpoint in units of
millimetres above the WGS 84 reference ellipsoid.

NOTE The WGS 84 reference ellipsoid is specified in the EPSG:4326
database available at https://www.epsg.org/.

If position of the viewpoint is dynamic, this attribute specifies the initial

viewpoint GPS position altitude of the geolocation for this viewpoint.
Otherwise, this attribute specifies the static viewpoint GPS position altitude
of the geolocation.

ViewPolintInfo
.GeomagneticlI
nfo

0.1

omaf2:Viewp
ointGeomagn
eticInfoType

The attributes of this element specify the relation between this viewpoint’s
common reference coordinate system relative to geomagnetic North
direction.

ViewPointInfo.GeomagneticInfo shall be present for at most one
viewpoint in each viewpoint group.

ViewPolintInfo
.GeomagneticI
nfolyaf

omaf:Rangel

Specifies the yaw of the rotation angle of X, Y, Z-aXes of the common reference
coordinate system relative to the geomagnetie North direction, in units of 2-16
degrees. The value shall be in the range of -180 * 216 to 180 *216 - 1,
inclusive. When ViewPointInfo, GeomagneticInfo is present and
ViewPointInfo.GeomagnetieInfolyaw isnotpresentitisinferred to
be equal to 0.

If position of the viewpoint is\dynamic, this attribute specifies the initial yaw|
of the rotation angle of ‘the geolocation relative to geomagnetic North
direction for this viewpoint. Otherwise, this attribute specifies the static|
viewpoint yaw rotation angle relative to geomagnetic North direction.

ViewPolintInfo
.GeomagneticI
nfolpifcch

omaf:Range2

Specifies the pit€h of the rotation angle of X, Y, Z axes of the common reference
coordinatesystem relative to the geomagnetic North direction, in units of 2-16
degrees.Thé value shall be in the range of -90 * 216 to 90 * 216, inclusive.
When ViewPointInfo.GeomagneticInfo is present and
ViewPointInfo.GeomagneticInfolpitch isnotpresentitisinferred
tobe equal to 0.

If position of the viewpoint is dynamic, this attribute specifies the initial pitch
of the rotation angle of the geolocation relative to geomagnetic North|
direction for this viewpoint. Otherwise, this attribute specifies the static
viewpoint pitch rotation angle relative to geomagnetic North direction.

ViewPolintInfo
.GeomagneticI
nfolrofl1

omaf:Rangel

Specifies the roll of the rotation angle of X, Y, Z axes of the common reference
coordinate system relative to the geomagnetic North direction, in units of 2-16
degrees.The value shall be in the range of -180* 216 to 180 * 216 - 1,
inclusive. When ViewPointInfo.GeomagneticInfo is present and
ViewPointInfo.GeomagneticInfolroll is not present it is inferred
to be equal to 0.

If nocition of tha namupnanf ic A}mqm"n thic attrihuta cpnnaﬁ'nc tha initial yoll
+ HHoh-o+theHewpoHis«a —EHS—atHEBY Hes-theHiHai+oh

of the rotation angle of the geolocation relative to geomagnetic North
direction for this viewpoint. Otherwise, this attribute specifies the static
viewpoint roll rotation angle relative to geomagnetic North direction.

ViewpointInfo
.GroupInfo

omaf2:Viewp
ointGroupInf
oType

The attributes of this element specify the viewpoint group information for the
viewpoint. If viewpoint group information for a viewpoint is dynamic, this
element and its attributes specify the initial viewpoint group information for
this viewpoint. Otherwise, this element and its attributes specify the static
viewpoint group information for this viewpoint.
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Elements and Use | Data type Description

attributes for

VWPT descriptor

ViewPointInfo M xs:unsignedB | This attribute specifies the identifier of a viewpoint group that this viewpoint

.GroupInfolgr yte belongs to.

oupId

ViewpointlInfo 0 xs:string This attribute specifies a string that provides a description of the viewpoint

.GroupInfolgr group identified by ViewPointInfo.GroupInfolgroupId. Absence of
Sl = Ff{ thisattriboterdicatesthatthe vicvvpuilu Bgroup doesTottaveade cription

n but is identified by the ViewPointInfo.GroupInfolgrouplddttribute.

ViewpointlInfo 0.N | omaf2:Viewp | The elements and attributes of this element specify the viewpoint switching

.SwitchingInf ointSwitchInf | list information

° oType

ViewpointInfo 0.1 | omaf2:Viewp | The elements and attributes of this element specify the viewpoint switching

.SwitchingInf ointSwitchRe | region information

o.Swi tchRegio gionType

n

ViewpointlInfo M omaf2:restDa | This attribute specifies the regientype. Value equal to 0 specifies|that the

.SwitchingInf tType viewpoint switch region is positioned on the viewport. Value equal to 1

o.SwitchRegio specifies that the viewpoint switch region is positioned on the sphere as a

néregionType sphere region. Value equal to 2 specifies that the viewpoint switch fegion is

specified by an overlay Value equal to 3 is reserved.

ViewpointInfo 0.1 | omaf2:Viewp | This element and its.attributes specify information about viewpointswitch

.SwitchingInf ointRelativeT | region positioned on the viewport. ViewpointInfo.SwitchingInfo.VpHelative

o.SwitchRegio ype shall be presént'only when

n.VpRelative ViewpointInfo.SwitchingInfo.switchRegion@regionType is

equal to 0.

ViewpointInfo M xs:unsignedl | This attribute specifies the left corner of the viewpoint switch regioh, placed

.SwitchingInf Short on the viewport in percent relative to the width of the viewport ir] units of

o.SwitchRegio 100% + 216 in the range of 0 (indicating 0%), inclusive, up to but gxcluding

n.VpRelative( 65536 (that indicates 100%).

rectLeftPct

ViewpointInfo M xstunsignedl | This attribute specifies the top corner of the viewpoint switch regiop, placed

-SwitchingInf Short on the viewport in percent relative to the height of the viewport i units of

o.SwitchRegio 100% + 216 in the range of 0 (indicating 0%), inclusive, up to but gxcluding

n.VpRelative( 65536 (that indicates 100%).

rectTopPct

ViewpointInfo M xs:unsignedl | This attribute specifies the width of the viewpoint switch region, glaced on

.SwitchingInf Short the viewport in percent relative to the width of the viewport in|units of

o.SwitchRegio
n.VpRélatived

100% + 216 in the range of 1 (indicating 0%), inclusive, up to but ¢
65536 (that indicates 100%).

xcluding

regtWidthPct
ViewpoimtInfo ™ Xs:unsignedl | This attribute specilies the height of the viewpolnt switch region, placed on
.SwitchingInf Short the viewport in percent relative to the height of the viewport in units of

o.SwitchRegio
n.VpRelative@
rectHeightPct

100% + 216 in the range of 1 (indicating 0%), inclusive, up to but excluding

65536 (that indicates 100%).

© ISO/IEC 2021 - All rights reserved

179


https://standardsiso.com/api/?name=670106e0de62d8367d80fbb25d204661

ISO/IEC 23090-2:2021(E)

Elements and Use | Datatype Description

attributes for

VWPT descriptor

ViewpointInfo 0.1 | omaf2:Spher | This element and its attributes specify the specific viewport specified by

.SwitchingInf eRegionStruc | sphere regions structure that shall be used after transitioning to the new

o. tType viewpoint.

SwitchRegion.

SphereRegion ViewpointInfo.SwitchingInfo.SwitchRegion.SphereRegion
shall be present only when
ViewpointInfo.SwitchingInfo.switchRegion@regionType is
equal to 1.

ViewpofintInfo M omaf:Rangel | Center point azimuth orientation

.SwitchingInf

o.SwitkchRegio

n.SphefreRegio

n@centprAzimu

th

ViewpofintInfo M omaf:Range2 | Center point elevation orientation

.SwitchingInf

o.SwitkchRegio

n.SphefreRegio

n@centprEleva

tion

ViewpofintInfo 0 omaf:Rangel [ Tilt angle of the spatial playback/région on the unit sphere.

.SwitchingInf

o.SwitkchRegio When absent, the value is¢0"

n.SphefreRegio

n@centprTilt

ViewpolintInfo 0 omaf:HRange | The azimuth rafige of the spatial playback region on the unit sphere.

.SwitchingInf

o.SwitfchRegio When absért, the value is the maximum value of the corresponding data type.

n.SphefreRegio

n@azimpthRang

e

ViewpofintInfo 0 omaf:VRange-\[ The elevation range of the spatial playback region on the unit sphere.

.SwitchingInf

o.SwitfchRegio When absent, the value is the maximum value of the corresponding data type.

n.SphefreRegio

n@elevptionRa

nge

ViewpolintInfo M xs:unsignedB | The geometric objects that define the region boundary

.SwitchingInf yte

o.SwitfchRegio "0" specifies that the region is specified by four great circles as shown in

n.SphefreRegio Figure 20.

n@shapeType
"1" specifies that the region is specified by two yaw circles and two pitch
tirctes asitustratedim Figure 21
The specifics of calculating the circles are specified in subclause 7.5.6
ViewpointInfo.SwitchingInfo.SwitchRegion.SphereRegion(@
shapeType is used as the shape type value when applying subclause 7.5.6
to the semantics of the SphereRegionStruct (rangelncluded, 0)
specifying the viewpoint switch region where syntax element values of the
SphereRegionStruct (rangelncluded, 0) are populated by the respective
syntax element values of
ViewpointInfo.SwitchingInfo.SwitchRegion.SphereRegion
and rangelncluded is set equal to 0 if @azimuthRange and
@elevationRange are absent and set equal to 1 otherwise.
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Elements and Use | Data type Description

attributes for

VWPT descriptor

ViewpointInfo 0 xs:unsignedS | When present, this attribute specifies the overlay_id of the overlay that

.SwitchingInf hort specifies the viewpoint switch region.

o.SwitchRegio ViewpointInfo.SwitchingInfo@refOverlayId shall be present

n@refOverlayl only when

d ViewpointInfo.SwitchingInfo.switchRegion@regionType Iis

equal to 2.

ViewpointInfo M xs:string Identifier ~ of the  spatial playback  region  speé¢ified by

.SwitchingInf ViewpointInfo.SwitchingInfo.SwitchRegion

o.SwitchRegio

n@id

ViewpointInfo 0 xs:string ViewpointInfo.SwitchingInfo.SwitchRegion@id from which the

-SwitchingInf parent Adaptation Set in the Period~~whose identifier is

o.SwitchRegio ViewpointInfo.SwitchingInfo.SwitchRegion@period Ffhall be

n@region selected as to be played back after the cuprent Period.

ViewpointInfo M xs:string @id of the Period to be played backmext (may not be the next Peripd in the

.SwitchingInf MPD)

o.SwitchRegio

n@period

ViewpointInfo 0 xs:string A label associated ,with the spatial playback region spec|fied by

.SwitchingInf ViewpointInfo.SwitchingInfo.SwitchRegion

o.SwitchRegio

n@label
When ViewpointInfo.SwitchingInfo.switchRegionlregionType is equal to 1, the alue of
interpolate for the sphere region structure specified by
ViewpointInfo.SwitchingInfo.SwitchRegion.SphereRegion isinferred to be equal to 0.
If the viewpoint is associated with a timmed metadata Representation carrying a timed metadata track with sample
entry type 'dyvp', the position«wf the viewpoint is dynamic. Otherwise, the position of the viewpoint is|static. In
the former case, the dynamic position of the viewpoint is signalled in the associated timed metadata Reprepentation
cprrying a timed metadata track with sample entry type 'dyvp"'.
Thhe data types for various elements and attributes shall be as defined in the XML schema. An XML schena for this
shall be as showm)below. The schema shall be represented in an XML schema that has namespace
Yrn:mpeqg:mpegl:omaf: 2020 and is specified as follows:

<2xml version="1.0" encoding="UTF-8"?2>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2020"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
mlns:omaf2="urn:mpeg:mpegl:omaf:2020"

elementFormDefault="qualified">
import namespace="urn:mpeg:mpegl:omaf:2017"
schemaLocation="OMAFV1.xsd"/>

<xs:

<Xs

:element name="ViewpointInfo" type="omaf2:ViewpointInfoType"/>
<xs:

complexType name="ViewpointInfoType">

<Xs:sequence>

<xs:element name="Position" type="omaf2:ViewpointPositionType"
minOccurs="1" maxOccurs="1"/>

<xs:element name="GpsPosition"
type="omaf2:ViewpointGpsPositionType" minOccurs="0" maxOccurs="1"/>
<xs:element name="GeomagneticInfo"
type="omaf2:ViewpointGeomagneticInfoType" minOccurs="0" maxOccurs="1"/>
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<xs:element name="GroupInfo" type="omaf2:ViewpointGroupInfoType"
minOccurs="1" maxOccurs="1"/>
<xs:element name="SwitchingInfo"
type="omaf2:ViewpointSwitchInfoType" minOccurs="0" maxOccurs="unbounded"/>
<xs:any namespace="##other" processContents="lax" minOccurs="0"
maxOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="label" type="xs:string" use="optional"/>
<xs:attribute name="initialViewpoint" type="xs:boolean"
use="optional"/>
<xs:anyAttribute processContents="skip"/>
TCONMPLIEX1IypPe
<xs:complexType name="ViewpointPositionType">
<xs:attribute name="x" type="xs:int" use="optional" default="0"/>
<xs:attribute name="y" type="xs:int" use="optional" default="0"/>
<xs:attribute name="z" type="xs:int" use="optional" default="0"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
<xs:complexType name="ViewpointGpsPositionType">
<xs:attribute name="longitude" type="omaf2:LongitudeRange"
se="required"/>
<xs:attribute name="latitude" type="omaf2:LatitudeRange
se="required"/>
<xs:attribute name="altitude" type="xs:int" use="required"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
<xs:complexType name="ViewpointGeomagneticInfoTypé&! >
<xs:attribute name="yaw" type="omaf:Rangel"{Use="optional"
efault="0"/>
<xs:attribute name="pitch" type="omaf:Range2" use="optional"
efault="0"/>
<xs:attribute name="roll" type="omaf yRangel" use="optional"
efault="0"/>
<xs:anyAttribute namespace="##oth&r" processContents="lax"/>
</xs:complexType>
<xs:complexType name="ViewpointGroupInfoType">
<xs:attribute name="groupId!™ytype="xs:unsignedByte" use="required" />
<xs:attribute name="groupDescription" type="xs:string" use="optional"/>
<xs:anyAttribute namespgce="##other" processContents="lax"/>
</xs:complexType>
<xs:simpleType name="LatitldeRange">
<xs:restriction base="xs:int">
<xs:minInclasive value="-754974720"/>
<xs:maxInflusive value="754974719"/>
</xs:restrietion>
</xs:simpleTypes>
<xs:simpleType-name="LongitudeRange">
<xs:restriction base="xs:int">
gRg:minInclusive value="-1509949440"/>
<xs:maxInclusive value="1509949439"/>
£/ws:restriction>
</xssSimpleType>
<wxsicomplexType name="ViewpointSwitchInfoType">
<xs:sequence>
<xs:element name="SwitchRegion"
type="omaf2:ViewpointSwitchRegionType" minOccurs="0" maxOccurs="1"/>
<xs:any namespace="##other" processContents="1lax" minOccurs="0"
maxOccurs="unbounded" />
</xs:sequence>
<xs:anyAttribute processContents="skip"/>
</xs:complexType>
<xs:simpleType name="restDatType">
<xs:restriction base="xs:byte">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="3"/>
</xs:restriction>
</xs:simpleType>
<xs:complexType name="ViewpointSwitchRegionType">
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<xs:sequence>
<xs:element name="VpRelative" type="omaf2:ViewpointRelativeType"
minOccurs="0" maxOccurs="1"/>

<xs:element name="SphereRegion" type="omaf2:SphereRegionStructType"

minOccurs="0" maxOccurs="1"/>
<xs:any namespace="##other" processContents="lax" minOccurs="0"
maxOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="regionType" type="omaf2:restDatType"
use="required"/>
<xs:attribute name="refOverlayId" type="xs:unsignedShort"

.5.4

bvel.

n

USe=toptIonaT
<xs:attribute name="id" type="xs:string" use="required"/>
<xs:attribute name="region" type="xs:string" use="optional"/>
<xs:attribute name="period" type="xs:string" use="required"/>
<xs:attribute name="label" type="xs:string" use="optional"/>
<xs:anyAttribute processContents="skip"/>
</xs:complexType>
<xs:complexType name="ViewpointRelativeType">
<xs:attribute name="rectLeftPct" type="xs:unsignedShont"
use="required"/>
<xs:attribute name="rectTopPct" type="xs:unsignedShort"
use="required"/>
<xs:attribute name="rectWidthPct" type="xs:umsignedShort"
use="required"/>
<xs:attribute name="rectHeightPct" type="xswunsignedShort"
use="required"/>
<xs:anyAttribute namespace="##other" HrocessContents="1lax"/>
</xs:complexType>
<xs:complexType name="SphereRegionStructType">
<xs:attribute name="centreAzimuth') type="omaf:Rangel" use="required"
<xs:attribute name="centreElevagtion" type="omaf:Range2"
use="required"/>
<xs:attribute name="centreTilt" type="omaf:Rangel" use="required"/>
<xs:attribute name="azimuthRange" type="omaf:HRange" use="optional"/
<xs:attribute name="eleviationRange" type="omaf:VRange" use="optional
<xs:attribute name="sflapeType" type="xs:unsignedByte" use="required"
<xs:anyAttribute processContents="skip"/>
</xs:complexType>
</xs:schema>

Signalling of sub-picture composition identifier and its attributes

ub-picture representations carrying sub-picture tracks belonging to the same 2D spatial relationship tr3
may be indicated by asub-picture composition identifier element SubPicCompositionId signalled
lement of AdaptationSet element as specified in Table 27.

he SubPicCompositionId element may be present atadaptation setlevel and shall not be present at

optional attribute omaf2:@noSingleSelection may be present as an attri
ubPicCompositionId element.

/>

ck group
bs a child

hny other

bute  of
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Table 27 — Semantics of the SubPicCompositionld element and its attributes

Element Use | Data type Description

SubPicComposi 0.N | xs: Specifies the identifier of an Adaptation Set that includes sub-picture

tionld unsignedSho | representations carrying sub-picture tracks belonging to the same 2D spatial
rt relationship track group. All Adaptation Sets in a Period that have the same

value of SubPicCompositionId together form a sub-picture composition.

omaf2: 0 xs-hoolean When oma £2 - SuhPicCompositionTd@naSingleSelection ig

SPbPic:ompési "true", it specifies that this Adaptation Set consists of a sub-picture and

tionIdEnoSing forms a part of a sub-picture composition identified by the

leSeleption

SubPicCompositionId value of the parent element of this attribute‘and
which is not intended to be selected alone for a presentation without-at least
one other Adaptation Set belonging to the same sub-picture composition
identified by the SubPicCompositionId element that this-attribute
belongs to.

When omaf2:SubPicCompositionId@noSingleSelection is
"false", it specifies that this Adaptation Set may of\may not be intended to be
selected alone for a presentation without at least,one other Adaptation Set
belonging to the same sub-picture composition-identified by the
SubPicCompositionId element thatthis-attribute belongs to.

When omaf?2:SubPicCompositionId@noSingleSelection is not|
present, it is inferred to be "false”.

The data(type for the element shall be as defined in the XML schema. An XML schema for this element shall be 4

shown [below.

The schema shall

be represented win®* an XML schema that has namespad

urn:mpe¢qg:mpegl:omaf:2020 and is specified as follows:

?xml version="1.0" encoding="UTF-8"?2>
xs:schema xmlns:xs="http://www.w3%0¥g/2001/XMLSchema"

targetNamespace="urn:mpegrmpegl:omaf:2020"
xmlns:omaf2="urn:mpeg:mpegl:omaf:2020"
elementFormDefault="qualified">

<xs:complexType>

<xs:element name="SubPigCompositionId">

<xs:simpleContent>
<xs:extension base="xs:unsignedShort">
4xs:attribute name="noSingleSelection" type="xs:boolean"/>
xs:extension>
</xs+simpleContent>

</xs:complexType>

</xs:elemént>
/Xs:schem&™

8.5.5 Signalling of overlays

© wn

An EssentialProperty or SupplementalProperty

element with a @éschemeIdUri attribute equal to

"urn:mpeg:mpegl:omaf:2020:0vly" is referred to as an overlay information (OVLY) descriptor. An
EssentialProperty element shall be used, when the displaying of the overlay is required, i.e. when the player
is not allowed to turn the overlay off.

An OVLY descriptor indicates the overlays in the representation(s) associated with the descriptor.

At most one OVLY descriptor may be present at adaptation set level and no OVLY descriptor shall be present at any

other level.
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When a recommended viewport is used as an overlay, an OVLY descriptor shall be present with the Adaptation Set
containing the referred recommended viewport timed metadata track.

An Image Adaptation Set having an overlay (OVLY) descriptor carries one or more overlay images.

The @value attribute of the OVLY descriptor shall not be present. The OVLY descriptor shall include attributes as

specified in Table 28.
Table 28 — Semantics of the attributes of the OVLY descriptor

Elements and Use | Data type Description

Attributes for OVLY

descriptor

@overlayIds omaf:listof | Specifies a whitespace-separated list of overlay IDs of overlpys as

M UnsignedSh | indicated by overlay id as specified)in’subclause 7.14.2| Each
ort specified overlay ID shall be unique.

@priority 0 omaf:listof | Indicates a whitespace-separated list of overlay priorities of overlays
UnsignedB | as indicated by overlaypriority as specified in subclause
yte 7.14.3.11. The number of-overlay priorities shall be the same [as the

number of overlay IDssspecified by the @overlayIds attribyte, for
the list of overlays.n the same order as the list of overlay IDs spgcified
by the Qoverlayids attribute. A value of @priority equal fo 255
indicates unspecified priority.
Thhe data type for the element shall be as defined iit“the XML schema. An XML schema for this element shall be as
shown below. The schema shall be -kepresented in an XML schema that has ndmespace

o

rn:mpeqg:mpegl:omaf:2020 and is specified as follows:

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="h{tp://www.w3.0rg/2001/XMLSchema"

targetNamespacez="urn:mpeg:mpegl:omaf:2020"
xmlns:omaf="urndmpeg:mpegl:omaf:2017"
xmlns:omaf2="urn:mpeg:mpegl:omaf:2020"
elementFormDefault="qualified">
<xs:impoft)namespace="urn:mpeg:mpegl:omaf:2017"
sciemalocation="OMAFV1.xsd"/>
<xs:gimpleType name="1istOfUnsignedShort">
{¥Xs:restriction>
<xs:simpleType>
<xs:list itemType="xs:unsignedShort"/>
</xs:simpleType>
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>

Jl_llLtJlCT_ytJC llcllll‘:—"lJ.. thUll J..LJIICKJLB tL_;
<xs:restriction>
<xs:simpleType>
<xs:list itemType="xs:unsignedByte"/>
</xs:simpleType>
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
<xs:attribute name="overlayIds" type="omaf2:1istOfUnsignedShort"

use="required"/>

<xs:attribute name="priority" type="omaf:listOfUnsignedByte" use="optional"/>

</xs:schema>
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8.5.6

An EssentialProperty or SupplementalProperty

Entity to group descriptor

"urn:mpeg:mpegl:omaf:2020:etgb" isreferred to as an EntityToGroup descriptor.

One or more EntityToGroup descriptors may be present at period level or at MPD level.

element with a @schemeIdUri attribute equal to

The @value attribute of the EntityToGroup descriptor shall not be present. The EntityToGroup descriptor shall
include one or more EntityGroup elements with attributes and elements specified in Table 29. An EntityGroup

element Ullcopuudo to—anmr—FrrtTt TuGJ.uthBu contatred—inra GJ_\JutJDLJ’.DtBU ofa—fite-tevel M=taRox.
EntityGroup@group type carries a four-character code applicable as a grouping type value “of
EntityToGroupBox.
EntityGroup@group type equalto 'oval' specifies a set of Representations of overlays. Eachcoyerlay in the
set is intgnded to be presented as a user-switchable alternative for another overlay in the same entity group.
Table 29 — Semantics of the elements and attributes of the EntityToGroup descriptor
Elempnts and Use Data type Description
Attributes for
EntityToGroup
descriptor
EntijtyGroup 1.. omaf2: Container element which specifies an entity group. Its sub-
N EntityGroupT | element and attributes provide information about the entity
ype Type group
EntijtyGrouplgro | M dash:FourCCT | This attribute is a four-character code that identifies the type (i.e.
up_tlype ype criterfort used to form the entity groups) of the entity grouping.
EntityGrouplgroup type shall be equal to
grouping type of a single entity group contained in the
Initialization Segment.
EntityGrouplgro | M xs:unsignedI | This attribute is a non-negative 32-bit integer assigned to the
up_id nt entity group that shall not be equal to any
EntityGroup@group_ id value of any other EntityGroup
element.
EntityGroup@group_ id shall be equal to group id of the
entity group with grouping type equal to
EntityGroup@group type contained in the Initialization
Segment.
EntiftyGroup.Ent | 1 .. omaf2:Entity | The attributes of this element list all the Adaptation Sets and
ityIdList N IdType Representations which belong to this entity group
EntityGroup.Ent | M xs:unsignedI | Specifies the Adaptation Set ID that belong to the entity group
ityIdListR@asid nt
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©_ -

'oval',EntityGroup@ref overlay_ idshall notbe
present.

When present, the list EntityGroupl@ref overlay id
include at least one entry.

The first entry in the list is the\initial overlay that shall be
rendered before any user@ntetaction or switchable alternat
selection.

The whitespace-separated list of overlay IDs shall be identi
that specified/bythe list of ref overlay id[i] valuesi
'oval' entity group with the group_id value equal to
EntityGrouplgroup id in the Initialization Segment.

Elements and Use Data type Description

Attributes for

EntityToGroup

descriptor

EntityGroup.Ent | M dash:StringN | Specifies the Representation ID present in the Adaptation Set

ityIdList@rsid oWhitespaceT | specified by the EntityGroup.EntityIdList@asid which
ype belongs to the entity group

EntityGroup 0 omaf2:1listof | This attribute is a whitespace-separated list of overlay IDs\which

@ref overlay id UnsignedShor | are user-switchable alternative for another overlay ifi th€ sme
t list. When EntityGroup@group_ type is not equalto

shall

ive

al to
h the

<Xs

he data types for various elements and attribute§’shall be as defined in the XML schema. An XML schem
hall be as shown below. The schema shall be represented in an XML schema that has na
rn:mpeqg:mpegl:omaf:2020 and is specified as follows:

<?xml version="1.0" enceding="UTF-8"?2>
<xs:

<xs:

:import) namespace=" urn:mpeg:mpegl:omaf:2017"

schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"

targetNamespace®! urn:mpeg:mpegl:omaf:2020"

xmlns:dash="uxrnrmpeg:dash:schema:mpd:2011"

xmlns:omaf2="wurn:mpeg:mpegl:omaf:2020"

elementFormbefault="qualified">

import namespace="urn:mpeg:dash:schema:mpd:2011"
schémal.ocation="DASH-MPD.xsd" />

schemalocation="OMAFV1.xsd"/>
<XsisimpleType name="1istOfUnsignedShort">
<xs:restriction>
<xs:simpleType>
<xs:1list itemType="xs:unsignedShort"/>
</xs:simpleType>

<xs:minLength value="1"/>

</xs:restriction>
</xs:simpleType>
<xs:element name="EntityGroup" type="omaf2:EntityGroupType"/>
<xs:complexType name="EntityGroupType">
<xs:sequence>
<xs:element name="EntityIdList" type="omaf2:EntityIdType"

minOccurs="1"
maxOccurs="unbounded" />

</xs:sequence>
<xs:attribute name=" group type" type="dash:FourCCType"
use="required"/>
<xs:attribute name=" group id" type="xs:unsignedInt"

use="required"/>
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<xs:attribute name="ref overlay id"

type="omaf2:1ist0fUnsignedShort"

use="optional"/>
<xs:anyAttribute processContents="skip"/>
</xs:complexType>
<xs:complexType name="EntityIdType">
<xs:attribute name="asid" type="xs:unsignedInt" use="required"/>
<xs:attribute name="rsid" type="dash:StringNoWhitespaceType "

use="required"/>

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

8.6 Segment formats

8.6.1

8.6.1.1

The Initiglization Segment for an OMAF base track shall conform to the Initialization Segment format for the IS

base meqd
contain:

— Assin

—  Asirn

— Asin

8.6.1.2

An Initialjzation Segment shall contain exactly one stream header, with ISOBMFF boxes and nesting, optionality and
ordinality as specified in Table 30.

CIICIlla

Initialization Segment for OMAF base track

General

= O

ia file format, as specified in ISO/IEC 23009-1. The Initialization Segmentfor an OMAF base track shal

gle stream header, containing a FileTypeBox and a MovieBg% according to subclause 8.6.1.2.
gle TrackBox for the OMAF base track according to subclause 8.6.1.3.

gle TrackBox for each OMAF tile track referenced by thhe OMAF base track according to subclause 8.6.1.4.

Stream header

188
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Table 30 — Stream header

12:2020, subclause
8.8:3

NLO | NL1|NL2|NL3|NL4|NL5|NL6|NL7|NL8 | Format Specification Constraints Description
Req.
ftyp 1 ISO/IEC 14496-
12:2020, subclause
4.3
Either 1 ISO/IEC 14496-
moov 12:2020,
'rggv subctauses 8271
[ and 8.19.6
mvhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause |19:2020, subclause
8.2.2 7.5.1
mvex 1 ISO/IEC 14496-
12:2020, subclause
8.8.1
mehd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subelatise[19:2020, subclause
8.8.2 7.5.1
trex 1 ISO/IEE“14496- ISO/IEC 23000-

19:2020, subclause
7.5.14

= >

8.6.1.3 Track box format for OMAF base track

Table31 — Track box for OMAF base track

n Initialization Segment shall contain exactly oneTrackBox for the OMAF base track, with ISOBMFF Qoxes and
esting, optionality and ordinality as specified in‘Table 31.

12:2020, subclause
8.3.2

NLO ( NL1 | NL2 [ NL3 | NL4 [ NL5,| NL6 | NL7 | NL8 | Format Specification Constraints Degcription
Req.
trak 1 ISO/IEC 14496-
12:2020, subclause
8.3.1
tkha 1 ISO/IEC 14496- ISO/IEC 23000-

19:2020, subclause
7.5.4 except that
there are no
constraints beyond
those in ISO/IEC
14496-12 on the

width and
height fields and
with the additional
constraint that the
field matrix shall
always be set to
the default values
as defined in
ISO/IEC 14496-12.
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NLO [ NL1 | NL2 [ NL3 | NL4 [ NL5| NL6 | NL7 | NL8 | Format Specification Constraints Description
Req.
tref 1 ISO/IEC 14496- Track
12:2020, subclause references to
8.3.3 OMAF tile
tracks.
mdia 1 ISO/IEC 14496-
12:2020, subclause
8.4
mdhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause |19:2020, subclause
8.4.2 7.5.5
hldr 1 ISO/IEC 14496-
12:2020, subclause
8.4.3
minf 1 ISO/IEC 14496-
12:2020, subclause
8.4.4
vmhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause[19:2020, subclause
12.1.2 7.5.6
dinf 1 ISO/TEC 14496-
12:2020, subclause
8.7.1
dref 1 ISO/IEC 14496-
12:2020, subclause
8.7.2
snim 1 ISO/IEC 14496-
12:2020, subclause
8.7.2.2
stbl 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause|19:2020, subclause
8.5 7.5.12
stsd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause |19:2020, subclause
8.5.2 7.5.10
stts 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause |19:2020, subclause
8612 7512
stsc 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause |19:2020, subclause
8.7.4 7.5.12
stco 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause |19:2020, subclause
8.7.5 7.5.12
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12:2020, subclause
8.7.3

NLO [ NL1 | NL2 [ NL3 | NL4 [ NL5 | NL6 | NL7 | NL8 | Format Specification Constraints Description
Req.
stsz 1 ISO/IEC 14496- ISO/IEC 23000-

19:2020, subclause
7.5.12

8.6.1.4 Track box format for OMAF tile track

o >

Table 32 — Track box for OMAF tile track

n Initialization Segment shall contain exactly one TrackBox for each OMAF tile track referenced by the OMAF
ase track, with ISOBMFF boxes and nesting, optionality and ordinality as specified in Table 32.

12:2020, subclause
8.7.1

NLO ( NL1 | NL2 [ NL3 | NL4 [ NL5 | NL6 | NL7 | NL8 | Format Specification Censtraints Degcription
Req.
trak + ISO/IEC 14496-
12:2020, subclause
8.3.1
tkhd 1 ISO/IEC*14496- ISO/IEC 23000-
12:2020, subclause |[19:2020, subclause
8:3.2 7.5.4 except that
there are no
constraints beyond
those in ISO/IEC
14496-12 on the
width and
height fields and
with the additional
constraint that the
field matrix shall
always be set to
the default values
as defined in
ISO/IEC 14496-12.
mdia 1 ISO/IEC 14496-
12:2020, subclause
8.4
mdhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause[19:2020, subclause
8.4.2 7.5.5
hldr 1 ISO/IEC 14496-
12:2020, subclause
8.4.3
minf 1 ISO/IEC 14496-
12:2020, subclause
8.4.4
vmhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause|19:2020, subclause
12.1.2 7.5.6
dinf 1 ISO/IEC 14496-
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NLO [ NL1 | NL2 [ NL3 | NL4 [ NL5| NL6 | NL7 | NL8 | Format Specification Constraints Description
Req.
dref 1 ISO/IEC 14496-
12:2020, subclause
8.7.2
snim 1 ISO/IEC 14496-
12:2020, subclause
8.7.2.2
== 1 DU/IEL 144706~ DU/IEC Z5U00-
12:2020, subclause [19:2020, subclause
8.5 7.5.12
stsd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause|19:2020, subclausé
8.5.2 7.5.10
stts 1 ISO/IEC 14496- ISO/IEC 23000~
12:2020, subclause [19:2020; subclause
8.6.1.2 7.5.12
stsc 1 ISO/IEC 14496- ISO/EC 23000-
12:2020, subclause{19:2020, subclause
8.7.4 7.5.12
stss 0/1 ISO/IEC 14496- ISO/IEC 23000-
12:2020,/subclause|19:2020, subclause
8.6.2 7.5.12
stco 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause |[19:2020, subclause
8.7.5 7.5.12
stsz 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause [19:2020, subclause
8.7.3 7.5.12
8.6.2 Tile Index Segment
This subglause specifies an Index Ségmeént format for all the OMAF tile tracks associated with the same OMAF bage
track. Index Segments complying with this subclause are referred to as Tile Index Segments.
In the MED, Tile Index Segments are indicated in the Representation carrying the OMAF base track. Each Tile Index
Segment/consists of a SegmentTypeBox and a MovieFragmentBox per each of the OMAF tile tracks. Tile Index
Segments function asamindex to Tile Data Segments and can be selectively retrieved by an OMAF player, dependinfg
on the current temporal and spatial position during playback.
The Tile Index Segment shall contain the ISOBMFF boxes with the nesting, optionality and ordinality as specified i
Table 33. r
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Table 33 — Tile Index Segment

NLO [ NL1 | NL2 [ NL3 | NL4 [ NL5 | NL6 | NL7 | NL8 | Format Specification Constraints Description
Req.
styp 1 ISO/IEC 14496- Shall contain the
12:2020, subclause [brand 'sibm'.
8.16.2
sidx * ISO/IEC 14496- All 'sidx"' boxes,
12:2020, subclause |when present,
87163 Shatprecede ait
'moof' and
' 'mof ' boxes.
eof * Subclause 7.1.6
Either + ISO/IEC 14496-
oof 12:2020,
'ng subclauses 8.8.4
[ and 8.19.7
mfhd 1 ISO/IEC 14496~
12:2020, subclause
8.8.5
traf + ISO/IEC14496- sample descript
1232020, subclause|ion_index shall
8.8.6 referencea 'snim’
box
tfhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause [19:2020, subclause
8.8.7 7.5.16 except that
the base-data-
offset-present flag
may have any
value and the
default-base-is-
moof flag shall be
equal to 0.
tfdt 1 ISO/IEC 14496-
12:2020, subclause
8.8.12
trun 1 ISO/IEC 14496-
12:2020, subclause
8.8.8
NOTE, \>An OMAF player can resolve the composition timing information from the OMAF base track and does nof need the
cpmposition timing from the OMAF tile tracks.

8.6.3

Tile Data Segment

This subclause specifies a Media Segment format for an OMAF tile track. Media Segments complying with this
subclause are referred to as Tile Data Segments. Tile Data Segments may be used as the segment format of

Representations carrying OMAF tile tracks.

The Tile Data Segment shall contain the ISOBMFF boxes with the nesting, optionality and ordinality as specified in
Table 34.
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Table 34 — Tile Data Segment

NLO [ NL1 | NL2 | NL3 [ NL4 | NL5| NL6 [ NL7 | NL8 Format Specification Constraints Description
Req.
styp 1 ISO/IEC 14496- Shall contain the
12:2020, subclause [brand 'imds"'.
8.16.2
imda + ISO/IEC 14496-
12:2020, subclause
8.1.4

9 Omnidirectional media encapsulation and signalling in MMT

9.1 Architecture of MMT delivery in OMAF

Figure 29 depicts the reference architecture for OMAF content delivery over MMT:

o

F
#{ MMT Sending Entity ]4-----r ----- :
4 3\ E
ADC Generator ;
. J i
Timed/Non-Timed i
( ) VR media in :
MPEG Cl/PI MMTP Flow i
Generator ! !
\ J 1 I
» ! H
i Viewport
E Feedback
v '+ Application
MMTP/UDP i Signalling
MMTP/WebSockets i
Presentation Information/ E
Signalling i
1
) 3 b
P ( MMT Receiving ____E_____E
w 5 1
Fi L Entity i
A ]

HMD

Current Viewport/HMD Information

Figure 29 — Reference Architecture for OMAF over MMT

The OMAF content may be described in ADC (as defined in ISO/IEC 23008-1:2017, subclause 6.5) to assist the MMT
sending entity during the streaming process. The Presentation Information should contain information to describe
MPUs that are 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
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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-corrgct subset
of Assets that provide video content to cover the current viewport. The receiving entity uses thie| VR application-
specific signalling as described in subclause 9.3 to send information about the current viewpeort to the sending
entity.

(o)

.2 OMAF signalling in MPEG composition information

=

[MT supports MPEG CI as the Presentation Information that describes the'media presentation. In MPEG [CI, OMAF
ssets shall be mapped to a to an HTML5 Canvas element instead of an ' HTML5 video element as shoyn in the
bllowing example:

- >

<MediaSync begin="T10M5S" dur="T32M" refld="canvasl">
<sourcelList componentId="VRvideag>
<mediaSrc
mimeType='video/mp4;codecs="encv.clgs.resv.podv+erpv.hvcl"'>
medial.mp4</mediaSrc>
</sourcelList>
</MediaSync>

The codecs MIME type parameter shall be set according to ISO/IEC 14496-12.

—3

he user agent should decode the OMAF Asset in the background, e.g. using a hidden HTML5 video element and
render the omnidirectional media to,the referenced HTML5 Canvas element.

oyl

or view-dependent media-streaming and playback, the media data should be retrieved using a protocol that
Lpports view-dependent streaming of VR content, such as using MMT with VR specific signalling (see gubclause
.3). In such case, an MMT/session entry point should be used as the mediaSrc element.

O ©n

(o)

.3 VR application-specific MMT signalling

9.3.1 General

MM, specified in ISO/IEC 23008-1, defines an application-specific signalling message that allows for the delivery
of application-specific information. For the purpose of streaming VR content that is formatted according to the
OMATF specification, a VR specific Asset descriptor, a stereo video Asset descriptor, and a VR application-specific
signalling message are defined. The VR application-specific signalling message shall have an application identifier
with a URN of value of "urn :mpeg:mmt :app:vr:2017" thatis specified in ISO/IEC 23008-1.

A new Asset descriptor for OMAF VR formatted content is defined under the name VR Information Asset descriptor.
The VR Information descriptor shall be present in all Assets that carry OMAF formatted content. A stereo video
Asset descriptor is also defined, and shall be present in all Assets that carry OMAF VR formatted stereoscopic
content.
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In the specified VR signalling message, the following set of application message types are defined:

— VRViewDependentSupportQuery: the client uses this command to discover if the server supports view-
dependent streaming

— VRViewDependentSupportResponse: the server replies with an indication of its support capability for view-
dependent streaming.

— VRViewportChangeFeedback: the receiving entity sends an indication of the current viewport to the sending

entity

— VRV
view
stred

The VRV]
server-di
client-dri

To supp
recomme

The list o

[oW

ewDependentAssetsinformation: upon determining the set of OMAF Assets that match the requeste
port, the sending entity sends this message to inform the client about the new OMAF Assets thatwill b
imed to the receiving entity.

¢

[

ewportChangeFeedback and VRViewDependentAssetsInformation message are used tegether to suppor
iven view-dependent streaming of OMAF Assets. The content selection message is useéd-to support the
ven view-dependent streaming scenario, respectively.

rt guided rendering, where the renderer follows an indicated Region (©f)Interest, or to follow thle
nded viewport timed metadata track of OMAF, the VRROIGuide applicatiommessage type is defined.

f defined application message types is provided in Table 35.

Table 35 — VR application message types

Application Message Type Application Message Name
x01 VRViewDependentSupportQuery
x02 VRViewDependentSupportResponse
x03 VRViewportChangeFeedback
x04 VRViewDépendentAssetinformation
x05 VRROIGuide
x06 VR3DAudioAssetInformation
x07-0xFF Reserved for future use

9.3.2 MMT signalling
9.3.2.1 | VRInfermation asset descriptor
9.3.2.1.1| CGeneral

This Asset descriptor is used to inform the receiving entity and the VR application about the content of the 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.

9.3.2.1.2

Syntax

The syntax of the VR Information Asset descriptor is shown in Table 36.
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Table 36 — VR Information Asset descriptor syntax

Syntax Value No. of bits | Mnemonic
VR_information_descriptor() {
descriptor_tag 16 uimsbf
descriptor length 16 uimsbf
rwfp flag 1 bslbf
srqr_flag 1 bslbf
2dgr flag 1 bslbf
viewingspace info flag 1 bslpf
viewpoint flag 1 bslpf
reserved 111 3 bslpf
ProjectionFormatStruct ()
InitialViewingOrientationSample ()
ContentCoverageStruct ()
if (rwfp_flag == 1) {
RegionWisePackingStruct ()
}
if (srgr flag == 1) {
SphereRegionQualityRankingStruct ()
}
if (2dgr flag == 1) {
2DRegionQualityRankingStruct ()
}
if (viewingspace info flag == 1) {
ViewingSpaceStruct ()
}
if (viewpoint flag == 0) {
viewpoint id 32 uimpbf
ViewpointInformationStruct (0,0)
viewpoint label length 8 uimkbf
for (i=p,\i < viewpoint label length; i++)
viewpoint label byte[i] 8 uimpbf
viewpoint groupdescr length 8 uimpbf
for (i=0; i < viewpoint groupdescr_length,; i++)
viewpoint group description byte[i] 8 uimpbf
if (switching info present flag) {
for(j=0; j < num_viewpoint switching; j++){
if{transition effect flag &&
transition_effect type == 6) {
transitioneffect scheme uri_length[j] 8 uimsbf
for (i=0;i<transitioneffect_ scheme uri length[j]; i++)
8 uimsbf
transition effect scheme uri byte[j][i]
transitioneffect scheme value length[j] 8 uimsbf
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Syntax Value No. of bits | Mnemonic

for (i=0;i<transitioneffect_ scheme_value length[j];
i++)

8 uimsbf
transition _effect scheme value byte[j][i]

9.3.2.1.3| Semantics
des¢riptor tag indicates the type of a descriptor.

des¢riptor length specifies the length in bytes counting from the next byte'after this field to the last byte
df the descriptor.

ot

rwfp flag equal to 1 indicates that region-wise frame packing has bé€n applied to the content of this Assg
gnd that the RegionWisePackingStruct () that describesitis.present.

srgr flagequal to 1 indicates that sphere region quality information is present.
2dgyr flag equal to 1 indicates that 2D region quality infermation is present.

vieyingspace info flag equal to 1 indicdtes that viewing space information as specified by
ViewingSpaceStruct () is present in this VR information descriptor (}.

Viewingspace info flag equal to\0 indicates that viewing space information as specified by
ViewingSpaceStruct () is not presentinthis VR information descriptor().

=]

viewpoint flagequalto 0indicates thatcontentinthe corresponding asset contains viewpointinformatio
gorresponding to the viewpoinbidentifiable by viewpoint id.When viewpoint flag isequalto],
the asset contains only one.wiewpoint.

ProjectionFormatStruct() provides information on the projection format that is used.
ProjectionFormatStruct() is identical to the definition in subclause 7.5.2.

InitialViewingOrientationSample() provides information about the current initial viewing
grientationvInitialViewingOrientationSample() is identical to the definition in subclause 7.7.4.

Content€overageStruct() indicates the sphere region(s) covered by the track

C PAE oS WAt T]
et

Fk1 1
TS T CrrerCarto—trtt-aCrrerot+

etV icidantical +n tho dafiniting 1
S ) €

RegionWisePackingStruct() indicates that the projected pictures are packed region-wise and require
unpacking prior to rendering, according to the region-wise packing process information as indicated.
RegionWisePackingStruct () isidentical to the definition in subclause 7.5.3.

SphereRegionQualityRankingStruct() indicates a relative quality order of quality ranking sphere
regions. SphereRegionQualityRankingStruct () isidentical to the definition in subclause 7.8.2.
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2DRegionQualityRankingStruct() indicates a relative quality order of quality ranking 2D regions.

2DRegionQualityRankingStruct () isidentical to the definition in subclause 7.8.3.

ViewingSpaceStruct() indicates viewing space information. ViewingSpaceStruct () isidentical to the

definition in subclause 7.14.1.
viewpoint id specifies the identifier of a viewpoint.

ViewpointInformationStruct (

0) provides information about the viewpoint represented by this

0,
- CW e I h . | 740 930
dS5TL 45 SPTLHITU IIT SUDLIAUST 7. 1 4. 4. 4.

viewpoint label length specifies the length in bytes of the human readable text label for the
with identifier specified by viewpoint id.

viewpoint label byte[i] specifies the i-th UTF-8 character of the viewpoint label)string.

viewpoint groupdescr length specifies the length in bytes of the humanireadable text lab
description of a viewpoint group for the viewpoint specified by viewpoint” id.

viewpoint group description byte[i] specifies the i-th UFF-8 character of the descrip
viewpoint group.

transitioneffect scheme uri length[j] specifiesthé length of j-th transition effect scl
element in bytes. transitioneffect scheme ufiVvlength([j] shall not be equal to
transition_effect_type is equal to 6.

transition effect uri byte[j][i] specifieS the i-th UTF-8 character of the j-th transit
scheme URI. For each j, overall transitien effect scheme URI assembled from conc
transition effect scheme uri byte([j] [1i] foreachi, shall be formatted as an absoly
specified in IETF Internet Standard 66.

transitioneffect scheme value length[j] specifies the length of j-th transition effec
value element in bytes.

transition effect scheme value byte[j][i] specifies the i-th UTF-8 character of
transition effect schemewalue.

9.3.2.2 VRViewDepéendentSupportQuery
9.3.2.2.1 Syntax

The syntax ofithe VRViewDependentSupportQuery is shown in Table 37.

iewpoint

b] for the

tion of a

eme URI
0 when

on effect
htenating
te URI as

[ scheme

the j-th
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Table 37 — VRViewDependentSupportQuery

Syntax Value | No. of bits Mnemonic
Application() {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload{
application identifier()
if (application identifier ==
"urn:mpeg:mmt:app:vr:2017")
{
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
}
}
}
}
9.3.2.2.2 Semantics
mesgage id indicates the identifier of the VRViewDependentSupportQuery message.
versgion indicates the version of VRViewDependentSupportQuery message.
length indicates the length of VRViewDependentSupportQuery message in bytes, counting from the beginninig
of the next field to the last byte of the VRViewDependentSupportQuery message. The value of this field shall

=

app]

QO

app |

hmd
q

hmd

pt be equal to 0.

lication identifier ifidicates the application identifier as a urn that uniquely identifies thle
pplication to consume the ‘contents of this message.

message type defines an application-specific message type provided in Table 35.

[hor resolgtion and hmd ver resolution provides the horizontal and vertical resolution of thie
lisplay of the HMD in units of square pixels.

(=)}

|hor (fovand hmd ver fov provide the horizontal and vertical field of view of the HMD, in units of 2~
legrees. hmd hor fov shall be in the range of 0 to 360 * 216, inclusive. hmd ver fov shall be in th

[¢)

9.3.2.3

9.3.2.3.1

ange of0to 180 * ')16’ inclusive

VRViewDependentSupportResponse

Syntax

The syntax of the ViewDependentSupportResponse is shown in Table 38.

200
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Table 38 — VRViewDependentSupportResponse syntax

Syntax Value No. of bits Mnemonic
Application() {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf

message payload{

application identifier()

if (application identifier ==
"urn:mpeg:mmt:app:vr:2017")
{

app message_type 8 uimsbf
if (app message type == 0x02) {
view_dependent support 1 bslbf
reserved 11111171 7 uimsbf

9.3.2.3.2 Semantics

message id indicates the identifier of the VRViewDependentSupportResponse message.

version indicates the version of VRViewDependentSupportResponse message.

length indicates the length of VRViewDépendentSupportResponse message in bytes, counting [from the
beginning of the next field to the lastbyte of the VRViewDependentSupportResponse message. The value

of this field shall not be equal to 0.

application identifier \indicates the application identifier as a urn that uniquely idenfifies the
application to consume the contents of this message.

app_message type(defines an application-specific message type provided in Table 35.

view dependent) support equal to 1 indicates that view-dependent streaming is supported by tﬂle server.
view depé€ndent support equal to 0 indicates that view dependent streaming is not supported by the
servery

9.3.2.4 _‘VRViewportChangeFeedback

9.3:2.4.1 General

The MMT VR receiving entity feedbacks the virtual camera direction information periodically or in case of FOV
changing event to the MMT sending entity to inform about the current VR virtual camera direction.

9.3.2.4.2 Syntax

The syntax of the VRViewportChangeFeedback is shown in Table 39.
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Table 39 — VRViewportChangeFeedback

Syntax Value | No. of bits Mnemonic
Application() {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf

message payload{

application identifier()

if (application identifier ==
"urn:mpeg:mmt:app:vr:2017")
{

app message_type 8 uimsbf
if (app_message type == 0x03) {
dirx 16 uimsbf
diry 16 uimsbf
dirz 16 uimsbf
last processed media_timestamp 64 uimsbf

9.3.2.4.3| Semantics
mesgage id indicates the identifier of the VRViewportChangeFeedback message.
versgion indicates the version of VRViewportChangeFeedback message.
length indicates the length of VRViewportChangeFeedback message in bytes, counting from the beginning ¢f

ﬂhe next field to the last byte of the VRViewportChangeFeedback message. The value of this field shall ng
e equal to 0.

—+

application identifier (indicates the application identifier as a urn that uniquely identifies the
dpplication to consume the.contents of this message.

app |message_type defines an application-specific message type provided in Table 35.

t, diry, and@irz define the x, y, and z component, respectively, of the three-dimensional viewing
lirection unit’vector in a Cartesian coordinate system with (%, y, z) equal to (1, 0, 0) corresponding to th
phere location with (¢, 8) equal to (0, 0). The value of dirx, diry, or dirz shall be in the range of 1
55355 inclusive, where 1 corresponds to -1, 32768 corresponds to 0, and 65535 corresponds to +1.

dir

[¢)

oo o N
o

The fields di rx di ry and dirz mav be calculated m‘r‘m‘ding to the azimuth dT\ and elevation 8 _which mav
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.
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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 transmitting the old asset (representing the old viewport) to transmitting the new asset

(representing the new viewport) starting from the following media timestamp, in order to reduce

the delay

of receiving the new viewport. 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. I[f more than one OMAF Asset is being

delivered, the minimum value shall be used.

9.3.2.5 VRViewDependentAssetinformation
9.3.2.5.1 General
Thhis signalling is used to indicate to the receiving entity that MMT packets belonging to themew asset as|specified
by the packet_id will be sent to the receiving entity from the sending entity. Upon receiving this signalf the next
fragment received by the client belongs to the new Asset as indicated by the packet_id. Based on the Asset ID, the
renderer is able to correctly associate the received media with the coverage information and to correctly render the
omnidirectional video using the video texture from the new asset.
9.3.2.5.2 Syntax
Tlhe syntax of the VRViewDependentAssetInformation is shown in Table'40.
Table 40 — VRViewDependentAssetinformation syntax
Syntax Value No. of bits | Mnemopnic
Application() {
message_id 16 uimshf
version 8 uimshf
length 16 uimshf
message payload{
application_identifier()
if (application_identifier ==
"urn:mpegimmt:app:vr:2017")
{
app message_ type 8 uimshf
if-(app message type == 0x04) {
reserverd 1111 8 bslbf
11171
packet_id 16 uimshf
ContentCoverageStruct ()
}
}
}
}
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9.3.2.5.3 Semantics

mes

ver

len

app

app |

pac

ContentCoverageStruct () indicates the sphere region(s) A “Covered by the content.

9.3.2.6

9.3.2.6.1] General

MMT sending entity 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, only the region specified by the VRROIGuid|

message

9.3.2.6.2| Syntax

The syntgx of VRROIGuide message is defined in Table 41.

31(3‘ indicate the Asset ID of the asset that is currently being received and played in high resolution. Based on

gorresponds to the current Asset.

sage_1id indicates the identifier of the VRViewDependentAssetInformation message.
sion indicates the version of VRViewDependentAssetInformation message.

gth 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.

lication identifier indicates the application identifier as a urn that uniquely identifies the
dpplication to consume the contents of this message.

|message type defines an application-specific message type provided in Table 35.

ket id indicates the packet_id thatis associated with the OMAF Asset. This field is passed’to the renderg

(=]

e Asset ID, the renderer is able to determine the coverage information of ‘the video texture th3

ot

ontentCoverageStruct() is identical to the definition in subclause7.5.5.

VRROIGuide

[¢)

shall be presented.

Table 41 — VRROIGuide syntax

Syntax Value Nl;)i.t:f Mnemonic
Application() {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
messade payload{
application_identifier()
R A N N taon o+ o £ v ——
i {opplication—identifiox
"urn:mpeg:mmt:app:vr:2017")
{
app message_type 8 uimsbf
if (app_message type == 0x05) {
guide type 1 uimsbf
reserved "1 111 7 bslbf
region_type 8 uimsbf
guide region () {
if ((region_ type == 0x01) ||
(region_ type == 0x03)) {
204
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guide shape type 8 uimsbf

SphereRegionStruct (1, 1)
}

021(E)

else if ((region type == 0x02) ||
(region type == 0x04)) {
centre x 16 uimsbf
centre vy 16 uimsbf
width 16 uimsbf
height 16 uimsbf
}
}
guide start 32 uimpbf
guide duration 32 uimpbf

.3.2.6.3 Semantics

message idindicates the identifier of the VRROIGuide message.

version indicates the version of VRROIGuide message.

length indicates the length of VRROIGuide message inbytes, counting from the beginning of the nekt field to
the last byte of the VRROIGuide message. The valug of this field shall not be equal to 0.
application identifier indicates theapplication 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 35.
guide type indicates whether presenting only the guide region specified by guide region is mandatory.
If this flag is set to 1, only the guide region should be displayed. If this flag is set to 0, both the guifle region
and the rest of region-may be displayed.
region type definesthe type of guide region. The values for this field are specified in Table 42.
Table 42 — Value of region_type
Type Description
0x00 reserved
0x01 centre point of a viewport on sphere
0x02 centre point of a viewport on frame
0x03 viewport on sphere
0x04 viewport on frame
0x05~0xFF [ reserved
guide region specifies the guide region to be displayed. If the value of region type is 0x01 or 0x03, the
guide region is specified as the defintion of SphereRegionStruct () in subclause 7.5.6.
205
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For the SphereRegionStruct(l, 1) whenincluded inthe guide region(), interpolate shall

be equal to 0.

guide shape type specifies the shape of the guide region. guide shape type has the same semantics

as shape type specified in clasue 7.7.2.3.

centre_ x specifies the horizontal centre positon of the guide region in pixels.

centre_y specifies the vertical centre positon of the guide region in pixels.

width specifies the width of the guide region in pixels.

height specifies the height of the guide region in pixels.

guidle start indicates the presentation time of media data where the region guide starts. This field is a UT]

fime in NTP format and 32 bits long.

guidle duration indicates the duration the region guide from the time indicated by’guide start.Th

field is expressed in milliseconds.

9.3.2.7 | Stereo video asset descriptor
9.3.2.7.1] Syntax

The syntgx of the Stereo Video Asset descriptor is shown in Table 43.

Table 43 — Stereo video asset descriptor

StereoVideoBox ()

Syntax Value | No.ofbits | Mnemonic
Stefeo_video_descriptor(){
descriptor tag 16 uimsbf
descriptor length 8 uimsbf

9.3.2.7.2 Semantics

des¢riptor tag indicates the type of a descriptor.

des¢riptor length specifies the length in bytes counting from the next byte after this field to the last byte

f the des¢riptor.

StereoVideoBox () provides a copy of the StereovideoBox as defined in ISO/IEC 14496-12.

9.3.2.8 VR3DAudioAssetInformation

9.3.2.8.1 General

The VR3DAudioAssetInformation message shall be conveyed for all Assets that carry OMAF formatted content

compliant to the OMAF 3D audio baseline profile.
9.3.2.8.2 Syntax

The syntax of VR3DAudioAssetInformation message is defined in Table 44.
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Table 44 — VR3DAudioAssetInformation syntax

No.
Syntax Value of | Mnemonic
bits
VR3DAudioAssetInformation () {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload {
application_identifier()
if (application identifier=="urn:mpeg:mmt:app:vr:2017")
{ app_message_type 8 uitnsbf
if (app_message type == 0x06) {
number of assets 8 uithsbf
for (i=0; i<number of assets; i++) {
asset_id length 32 uirpsbf
for (j=0; j<asset id length; j++) {
asset_id byte 8 uirpsbf
}
codec_code 4*8 uitnsbf
profile level indication 8 uirpsbf
num_preselections 8 uitnsbf
channel configuration 6 uimpbsf
multi_ stream info_ present 1 bslbf
reserved '"1' 1 bslbf
for (j=0; j<num preselections; j++) {
preselection_id 8 uitmbsf
interactivity.enabled 1 bsglbf
language_present 1 bslbf
accessibility role present 1 bslbf
label present 1 bslbf
reserved '"1111' 4 bsglbf
if" (language present) {
num_languages_minusl 8 uimpbsf
for (k=0; k<num languages minusl+1l;k++) {
language_length 8 uimpbsf
for (1=0;1< language length;l++) {
language_byte 8 uitmbsf
}
}
}
if (accessibility role present) ({
for (k=0; k<num languages minusl+1l;k++) {
accessibility 8 uimbsf
}
role 8 uimbsf
}
if (label present) {
label length 8 uimbsf
for (k=0; k< label length; k++) {
label data byte 8 uimbsf
© ISO/IEC 2021 - All rights reserved 207


https://standardsiso.com/api/?name=670106e0de62d8367d80fbb25d204661

ISO/IEC 23090-2:2021(E)

No.
Syntax Value | of | Mnemonic
bits
}
}
if (multi stream info present) {
preselection_aux_stream info() Table 46
}
} /* end of for num preselections loop */
1f (multi stream info present) {
multi_ stream info() Table 47

}
} /* end of for number of assets loop*/

} /* end of if (app message type == 0x06)*/

9.3.2.8.3

mesq

very

len

appl

d

Semantics

age 1id indicates the identifier of the VR3DAudioAssetInformation message.

ion indicates the version of VR3DAudioAssetInformation message.

th indicates the length of VR3DAudioAssetInformation, message in bytes, counting from the beginnin|
f the next field to the last byte of the VR3DAudioAssetInformation message. The value of this field sha]
mot be equal to 0.

ication identifier indicates the application identifier as an urn that uniquely identifies th

pplication to consume the contents of this message.

app |message_type defines an application-specific message type provided in Table 35.

numy

asse¢t id length specifies the length in bytes of the audio asset ID.

er of assets specifies thetimber of audio assets described by this descriptor.

ass¢t id byte contains a byte of the audio asset ID.

codg¢c code specifies the 4-character code for MPEG-H 3D Audio. The value of these four characters shall b
ne of 'mAml" or 'mhm2 ' with a semantic meaning for these codes as specified in ISO/IEC 23008-3.

q

profile level indication indicates the audio profile and level of the associated preselection and sha
ontain an mpegh3daProfilelevelIndication field as specified in ISO/IEC 23008-3:201

q

— 09

11

)P

S

ubclause 5.3.2.

num_preselections indicates the number of Preselections that are available within the main stream and all
auxiliary streams. The minimum number of num preselections shall be '1' for the main stream. For
auxiliary streams num preselections shall have the value '0' so that for auxiliary streams no
preselection information is present in the descriptor. This field contains amae numGroupPresets field
as specified in ISO/IEC 23008-3:2019, subclause 15.3.

channel configuration specifies the Channel Configuration and shall have the same value as the
ChannelConfiguration field specified in ISO/IEC 23091-3. Valid values are 1-7,9-12, 14-17 or 19.
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multi stream info present equal to 1 indicates that the elements 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 themae GroupPresetID
field as specified in ISO/IEC 23008-3:2019, 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 informatior| for this
Preselection is present.

label present equal to 1 indicates that a text label for this Preselection is present:

num_languages_ minusl plus 1 specifies the number of languages that are.available within this Pregelection.
When not present the value of num_languages_minus1 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) availalle in the
Preselection.

language byte contains a UTF-8 character of the k«th'language of the Preselection. The langudge of the
Preselection shall be given by a language tag as defined by IETF BCP 47, Tags for Identifying Languages. The
language indicated by this field should correspond to the information conveyed in
mae contentLanguage of the default dialog element: the maeGroup which is marked as dlefault in
mae switchGroupDefaultGroupIband istagged inmae contentKind as dialog. This information
is carried in the AudioSceneInfoxmation () of the MPEG-H Audio stream as specified in ISO/IEC
23008-3.

accessibility identifies the agcessibility support for each language in this Preselection. Table 45 specifies
the bitused to indicate if the.Preselection contains support for a particular audio accessibility service. When
one bit specified in Table 45 is set to '1' it indicates the Preselection contains the correspondlng audio
accessibility service:

Table 45 — Accessibility bits

Bit Audio Accessibility Service
0\(MSB) For Visually Impaired (Video Description Service)
1 Dialog Enhancement enabled
2 Emergency information
3-7 Reserved zero bits
Reserved bits shall be set to zero.

The setting of the bits in the accessibility field should correspond to themae groupPresetKind value inthe
mae GroupPresetDefinition() structure and the mae contentKind values in the
mae ContentData () structures in the AudioSceneInformation () ofthe MPEG-H 3D Audio stream as
specified in ISO/IEC 23008-3. The mapping from the MPEG-H Audio metadata fields should be done as follows:
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— Bit 0 should be setto '1', ifthe mae contentKind value of atleast one Audio Element is set to '9' ("audio

description/visually impaired").

— Bit 1 should be set to '1', if at least the dialog Audio Elements with a mae contentKind value of '2'
("dialogue") have mae allowGainInteractivitysetto'l'andmae interactivityMaxGain set
to a non-zero value in 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'

("emergency").

role¢ indicates the role or service type of the Preselection. The role values shall correspond to the role schem
schemeIdUri equal to "urn:mpeg:dash:role:2011" defined in ISO/IEC 23009-1;\For
description of the role values, see ISO/IEC 23009-1:2019, subclause 5.8.5.5.

lab¢l length specifies the length in bytes of this Preselection text label.

lab¢l data byte containsa UTF-8 character of the Preselection text label.

Table 46 — Syntax for preselection_aux_stream_info()

Syntax Valué No. of bits Mnemonic
preselection aux stream info() {
num preselection_aux streams 8 uimbsf
for (m=0; m<num preselection aux streams; m++)
aux_stream id 8 uimbsf
}
}

num[preselection aux streams indicates_the number of auxiliary streams that are required for th

dpecific Preselection.

aux|stream idientifies the ID of the auxiliary stream that is required for this specific Preselection.

Table 47 — Syntax for multi-stream_info()

[SSNe)

Syntax Value | No.ofbits | Mnemonic
multi stream info () ¥
this is main{stream 1 bslbf
this stream/id 7 uimbsf
reserved 1’ 1 bslbf
bundle._id 7 uimbsf
if (this is main stream) f{
reserved 1 1 bslbf
—nm:au%aq:s-t;eame 7 uilubbf
for (m=0; m<num auxiliary streams; m++) {
reserved 1 1 bslbf
auxiliary stream id 7 uimbsf
}
}
}

this is main streamequal 1 indicates that this stream contains a main stream that may be presented on
its own, or that may be combined with additional audio components from an auxiliary stream. The main

210
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stream shall be delivered as an MMTP/MPU stream. Auxiliary streams are delivered as MMTP/MPU
streams using different asset_IDs and they are signaled within the VR3DAudioAssetInformation message.

this stream id indicates 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 1id identifies a unique ID for one bundle of audio streams. A bundle consists of exactly one main
stream and one or more additional auxiliary streams that shall have the same bundle id. The auxiliary

streams contain additional audio components that may be combined with the main stream.

the main stream.

9.3.2.9.1 General

RV

9.3.2.9.2 Syntax

—

9.3.2.9 VR fisheye information asset descriptor

he syntax of the VR fisheye information asset descriptoris shown in Table 48.

Table 48 — VR fisheye information asset descriptor syntax

num_auxiliary streams indicates the number of auxiliary streams that are available to be combjned with

auxiliary stream id identifies the ID of the auxiliary stream. The ID of all auxiliary’streamg shall be
unique within one bundle.

his asset descriptor is used to inform the receiving entity and the VR application about the content of thie current
sset that carries VR fisheye content. The information describes the gssential fisheye video parameters for enabling
Fitching and rendering at the receiving entity.

FisheyeVideoEssentialInfoStruct ()

Syntax Value No. of bits | Mnemonic
VR fisheye information descrdptor () {
descriptor_tag 16 uimsbf
descriptor length 16 uimpbf

9.3.2.9.3 Semantics

of the descriptor.

descriptor tag indicates the type of a descriptor.

descriptor length specifies the length in bytes counting from the next byte after this field to thq last byte

FisheyeVideoEssentialInfoStruct () provides information about the fisheye video content of the
current asset. FisheyeVideoEssentialInfoStruct () isidentical to the definition in subclause 6.2.

© ISO/IEC 2021 - All rights reserved
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10 Media profiles

10.1 Video profiles

10.1.1 Overview

Subclause 10.1 defines media profiles for video. Table 49 provides an overview of the supported features. The
detailed, specification for each video profile is subsequently provided in the referenced subclause.

Table 49 — Overview of OMAF media profiles for video

Medip Profile Codec | Profile Level | Scheme Types Brand | Subclause
HEV({-based viewport- HEVC | Main 10 5.1 podv and erpv hev{ 10.1.2
independent OMAF video

profile

Unconstrained HEVC-based | HEVC | Main 10 any podv and erpv uhvi 10.1.5

viewport-independent
OMAF video profile

HEV(-based viewport- HEVC | Main 10 5.1 podv and.dt least one | hevd 10.1.3
dependent OMAF video of edpvtand ercm

profilllle

AVC-iased viewport- AVC Progressive| 5.1 podv and at leastone | avde 10.1.4
depemdent OMAF video High of erpvand ercm

profile

Advanced tiling OMAF video | HEVC | Main 10 any modv and meov adti 10.1.6
profile

Simple tiling OMAF video HEVC | Main 10 any | podvandatleastone | siti 10.1.7
profile of erpvand ercm

NOTE Hor the HEVC Main 10 ptefile, the bit depth of decoded pictures can be either 8 bits or 10 bits.

10.1.2 | HEVC-basedyviewport-independent OMAF video profile
10.1.2.1| General

This OMAE~video profile can be described as follows:

— Both monoscopic and stereoscopic spherical video up to 360 degrees are supported.
— The profile requires neither viewport-dependent delivery nor viewport-dependent decoding.
— Regular HEVC encoders, DASH packagers, DASH clients, file format parsers, and HEVC decoder engines that do

not need special features for handling of viewport-dependent delivery and decoding can be used for encoding,
distribution and decoding.
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10.1.2.2 Elementary stream constraints

The elementary stream constraints apply to the HEVC bitstream that is reconstructed from a file as specified in
subclause 10.1.2.5.

The bitstream shall comply with HEVC Main 10 profile, Main tier, Level 5.1.

All pictures shall be encoded as coded frames, and shall not be encoded as coded fields.

11 the active SPSs of the bitstream shall be constrained as follows:

Qo <

[milles| o Z

<

<

o <

— 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.

Vhen VUI is present, aspect_ratio_idc should not be present or aspect_ratio_idc should be equal to 0 (uns
r 1 (square).

OTE  When aspect_ratio_idc is not present, Rec. ITU-T H.265 | ISO/IEC 23008-2-specifies that aspect_ratio_idc is
e equal to 0.

or each picture, there shall be an equirectangular projection SELiméssage present in the bitstream that §
e picture.

Vhen present, a frame packing arrangement SEI message shall be constrained in either of the following w
— 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 shallbe equal to 0.

— content_interpretation type shall be equal to 1.

Vhen the video does nof cover the entire sphere, for each picture, there shall be a region-wise packing SEI
resent in the bitstreamthat applies to the picture.

Vhen present))the region-wise packing SEI messages shall indicate constraints that comply
quirectangular'projected video scheme type 'erpv' specified in subclause 7.6.1.3.

0.1,2.3-SEI message related ISO Base Media File Format constraints

T

pecified)

nferred to

pplies to

ays:

message

with the

his“subclause cpnniﬁnc ISOBMEE constraints r]npnnrﬁnn on-the presence of omnidirectionalvideo SELm
o

ssages of

HEVC. This subclause is applicable to the HEVC-based viewport-independent OMAF video profile, the unconstrained
HEVC-based viewport-independent OMAF video profile, and the HEVC-based 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 SEI message applying to the

ProjectionFormatBox with projection type equal to 0 shall be present in the sample entry
to the sample containing the picture.

© ISO/IEC 2021 - All rights reserved
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214

When the bitstream contains a cubemap projection SEI message applying to the picture,
ProjectionFormatBox with projection type equalto 1 shall be present in the sample entry applying
to the sample containing the picture.

When the bitstream contains an equirectangular projection SEI message with erp_guard_band_flag equal to 1
applying to the picture, RegionWisePackingBox shall be presentin the sample entry applying to the sample
containing the picture and shall signal the same information as indicated with the values of
erp_guard_band_type, erp_left guard_band_width, and erp_right guard_band_width syntax elements of the
equirectangular projection SEI message, i.e. the following applies:

Let horFact be equal to packed picture width /width, where width is the syntax element of th
VisualSampleEntry containing the RegionWisePackingBox, and let gbWidth be equal t
erp_left_guard_band_width + erp_right_guard_band_width.

o o

If SpatiallyPackedStereoFlag is equal to 1, constituent picture matching flagShall be equal to
1. Otherwise, the value of constituent picture matching flag shall be equalto-0.

The value of proj picture height shall be equal to packed picture hétght.
If SideBySideFlag is equal to 1, proj picture width~ shall be equal ¢fo
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 to 0.

proj reg width[0] shall be equal to projipicture width /HorDivl.
proj reg height[0] shall be equaltoproj picture height /VerDivl.
proj reg top[0] shall be equal to 0.

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] shallbeequaltoproj picture height /VerDivl.

packéd reg top[0] shall be equal to 0.

packed reg left[0] shall be equal to erp_left guard_band_width * horFact.
left gb width[0] shall be equal to erp_left_guard_band_width * horFact.
right gb width[0] shall be equal to erp_right_guard_band_width * horFact.
top _gb height[0] shall be equal to 0.

bottom gb height [0] shall be equal to 0.
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NOTE When a file writer has no information whether sample values of the guard bands are used in the inter
process, gb_not used for pred flag[0] issuggested to be setequal to 0.

— gb_type[0] [J] shall be equal to erp_guard_band_type for each value of j in the range of 0 to 3,

— When the bitstream contains a frame packing arrangement SEI message applying to the

prediction

inclusive.

picture,

StereoVideoBox shall be present in the sample entry applying to the sample containing the picture. When
StereoVideoBox is present, it shall signal the frame packing format that is included in the frame packing

arrangement SEI message(s) in the elementary stream.

—+ When the bitstream contains a region-wise packing SEI message applying to the

RegionWisePackingBox shall be presentin the sample entry applying to the sample containing’th
When present, RegionWisePackingBox shall signal the same information as in the region-wise pa
message(s).

[y

0.1.2.4 ISO Base Media File Format constraints

When a track is the only track in a file, compatible brands containing,a“brand equal to 'H
FileTypeBox indicates that the track conforms to this media profile. Whena file contains multip
dompatible brands containing a brand equal to 'hevi' in FileTypeBeox indicates that at least g
tracks conforms to this media profile.

dompatible brands containing a brand equal to 'hevi' in Trac€kTypeBox indicates that the track
tp this media profile.

A track of this media profile shall be indicated to conform to this media profile through one oy
FlileTypeBox and TrackTypeBox.

At least one sample entry type of each sample entry-of the track shall be equal to 'resv'.

=z

OTE1 'resv' does not have to be the track sample entry type when the track has undergone several transf
onsequently, this media profile can also be used when the track is protected.

o

—

he scheme type values of SchéméTypeBox in the RestrictedSchemeInfoBox and of all ins
ompatibleSchemeTypeBoxin the same RestrictedSchemeInfoBox shall include 'podv' and

@)

NOTE 2 Consequently, pasameter sets are not present inband within samples.

IJHEVCConfiguxationBox shall not be presentin VisualSampleEntry.

)

EVCConfigurationBox in VisualSampleEntry shall indicate conformance to the elementar
pnstraifits'specified in subclause 10.1.2.2.

Q

Tlhe~tonstraints specified in subclause 10.1.2.3 apply to the track conforming to this media profile, W

Tlhe untransformed sample@ntry type, derived as specified in ISO/IEC 14496-12, shall be equal to 'hvcl|'.

picture,
e picture.
cking SEI

evi' in
e tracks,
ne of the

ronforms

both of

rmations.

tances of
erpv'.

y stream

here the

bitstream based on which the constraints are derived is reconstructed from the track as specified in subclause

10.1.2.5.

10.1.2.5 File decoding process
The inputs to the file decoding process are
— the track_ IDvalue of the track conforming to this media profile, and

— afile containing at least the track.

© ISO/IEC 2021 - All rights reserved
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An HEVC bitstream is reconstructed from the track with the given track ID value as specified in
ISO/IEC 14496-15:2019, Clause 8.

The HEVC bitstream shall conform to the elementary stream constraints specified in subclause 10.1.2.2.

The HEVC bitstream is decoded as specified in Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020, subclause 8.1.1.
The outputs of this process are the same as the outputs of Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020,
subclause 8.1.1. Additionally, for each decoded picture, this process outputs ProjectionFormatBox,
StereoVideoBox (when applicable), RegionWisePackingBox (when applicable), and RotationBox (when
applicable}-thatprovide-the-inputforthe-semantics-ofsamplelocations-within-the-decodedpicture-as-specified

subclause 7.5.1.

10.1.2.6| Expected OMAF player operation

OMAF plpyers conforming to this media profile are expected to process either all referenced SEI messages i
subclause 10.1.2.2 or all allowed boxes within the SchemeInformationBox for the equirectangular projecte
video scHeme type.

[ov=]

=]

When refeiving and playing a DASH presentation and a Representation containing\initial viewing orientatio
metadatd, as specified in subclause 7.7.4, is present and associated with a media Representation selected for playing,
as specififed in subclause 8.2.3, OMAF players are expected to receive and parse_the initial viewing orientatio
metadatd Representation and obey it when rendering the media Representation:

o

=

10.1.3 | HEVC-based viewport-dependent OMAF video profile
10.1.3.1| General

This profjle allows unconstrained use of rectangular region-wisepacking. With the presence of region-wise packing,
the resolpition or quality of the omnidirectional video can-be emphasized in certain regions, e.g. according to th
user's vigwing orientation. In addition, the untransformed'sample entry type 'hvc2 ' is allowed, making it possib]
to use extractors and get a conforming HEVC bitstreafnywhen tile-based streaming is used.

o O

10.1.3.2| Elementary stream constraints

=]

The elenjentary stream constraints applyto the HEVC bitstream that is reconstructed from a file as specified i
subclaus¢ 10.1.3.4.

The HEVC bitstream shall comply with the same constraints as the HEVC-based viewport-independent OMAF video
profile, with the following exe€ptions:

It

— For ¢ach picture, there shall be either an equirectangular projection SEI message or a cubemap projection SH
message presentiinthe bitstream that applies to the picture.

[¢’)

— When present, the region-wise packing SEI messages shall indicate constraints that comply with th
equifrectangular projected video scheme type 'erpv' specified in subclause 7.6.1.3 or the packe
equi pr‘f:mgnlnr ar r‘nhpmgp prnjpr‘fpd video scheme type 'evrcm' cppr‘iﬁpd in subclause 76.1.4

o

10.1.3.3 ISO Base Media File Format constraints

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.
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A track of this media profile shall be indicated to conform to this media profile through one or
FileTypeBox and TrackTypeBox.

At least one sample entry type of each sample entry of the track shall be equal to 'resv'.

both of

NOTE1 'resv' does not have to be the track sample entry type, when the track has undergone several transformations.

Consequently, this media profile can also be used when the track is protected.

The scheme type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of

(“r\mp;ﬁ‘i%ﬂ thhomQ"l"ypaRn inthesameRestrictedSchemeInfoRoxshallinclude 'pm(‘h ' andat

of 'erpv'and 'ercm’'.

—3

he untransformed sample entry type, derived as specified in ISO/IEC 14496-12, shall be equal/to '}
'lhve2!.

<

Vhen the untransformed sample entry type is 'hvc2', the track shall include omeror more 'sca
eferences. The referred tracks shall conform to the HEVC-based viewport-independent:OMAF video pro
HEVC-based viewport-dependent OMAF video profile.

—

—

dlentical to the value of the corresponding sample in the decoded reconstructed picture.

=z

bove constraint to be satisfied, but in some cases, they are more than ne€essary:

QO

a) Itisrequired that there are no sample values outside the picture'that are referenced for inter prediction.

sample of the corresponding luma prediction block relative to the top-left sample of the current picture:
1) With the number of spatial merging candidateés numSpatialMergeCand derived as follows:
numSpatialMergeCand = availableFlagAo + availableFlagA1 +

availableFlagBo + availableFlagB1 + availableFlagB2

output of the derivation process for spatial merging candidates specified in Rec. ITU-T H.265
ISO/IEC 23608-2:2020, subclause 8.5.3.2.3, the following applies:

i)  If numSpatialMergeCand is equal to 0, merge_flag[ xPb ][ yPb ] is required to be equal to 0.

numSpatialMergeCand - 1, inclusive.
2) With the'mumber of spatial motion vector predictor candidates numSpatialMvpCand derived as follows:

if (availableFlagLXA )
numSpatialMvpCand = availableFlagLXA +
( (mvLXA != mvLXB ) ? availableFlagLXB: 0)

else

numsSpatialMvpCand = availableFlagLXBb

least one

vcl' or

1' track
ile or the

Hor each sub-picture bitstream carried in a referred track, the value of each sample in each decoded sub-picture is

OTE 2 The following two constraints for each sub-picture bitstream carfied in a referred track are sufficient to ¢nsure the

b) For prediction units located on the right-side picture boundary except the last one at the bottom-right corner of the picture,
the following applies when CuPredMode[ xPb ][ yPb ] ds_equal to MODE_INTER, where ( xPb, yPb ) specifies the top-left

where availableFlagAo, availableFlagAi, availableFlagBo, availableFlagB1, and availableFlagB: are the

(11/19) |

ii) Otherwise{numSpatialMergeCand is greater than 0), merge_idx[ xPb ][ yPb ] is required to be in the range of 0 to

where availableFlagLXA, availableFlagLXB, mvLXA, and mvLXB are the output of the derivation process

for motion vector predictor candidates from neighbouring prediction unit partitions specified i
ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020, subclause 8.5.3.2.7, the following applies:

n Rec.

iif) If numSpatialMvpCand is equal to 0, mvp_l0_flag[ xPb ][ yPb ] and mvp_l1_flag[ xPb ][ yPb ] are both required to

be equal to 1.

iv) Otherwise (numSpatialMvpCand is greater than 0), mvp_lO_flag[ xPb ][ yPb ] and mvp_l1_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 p
to fractional-sample locations that require only full-sample locations inside the picture for interpolation. N
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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:

a) When multiple tiles are present in the bitstream resolved from an extractor track, the value of
entropy_coding_sync_enabled_flag in the active PPS is required be equal to 0 for each sub-picture bitstream carried in a
referred track.

b) The referred tracks are required to contain the same number of media samples.
c¢) The spmples with the same sample number across the referred tracks are required to have the same presentation time.

d) The gictures carried in the samples with the same sample number across the referred tracks are required shall have the
same|value of picture order count, i.e. PicOrderCntVal.

LHEVCC¢nfigurationBox shall not be presentin VisualSampleEntry.

HEVCComnfigurationBox in VisualSampleEntry shall indicate conformance-to- the elementary streain
constraints specified in subclause 10.1.3.2.

[=]

The trafk not intended for presentation alone flag of the TrGckHeaderBox may be used t
indicate that a track is not intended to be presented alone.

The congtraints specified in subclause 10.1.2.3 apply to the track conforming to this media profile, where thie

bitstream based on which the constraints are derived is reconstrusted from the track as specified in subclausge
10.1.3.4.

10.1.3.4| File decoding process
The inpufs to the file decoding process are
— the track ID value of the track conformingto this media profile, and

— afilq containing at least the track with that track ID value and all tracks that the track directly or indirectly
depgnds on.

An HEVC|bitstream is reconstructed as follows:

— If the untransformed-sample entry type of the track with the given track IDisequalto "hvcl', an HEVC
bitsream is generated from the track with the given track ID value as specified in ISO/IEC 14496-15:2019,
Claufe 8.

— Othgrwise\(the untransformed sample entry type of the track with the given track IDisequal to 'hvc2'

an HEVC bitstream is generated from the track with the given track ID value as specified iln

ISO 1Ef 144046 10.2001Q 1 Q o A A
LG T 70 0. ZU0 T 7y CrauastC a7 xiriirC A 7Y,

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 Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020, subclause 8.1.1.
The outputs of this process are the same as the outputs of Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020,
subclause 8.1.1. Additionally, for each decoded picture, this process outputs ProjectionFormatBox,
StereoVideoBox (when applicable), RegionWisePackingBox (when applicable), and RotationBox (when
applicable) that provide the input for the semantics of sample locations within the decoded picture as specified in
subclause 7.5.1.
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10.1.3.5 Expected OMAF player operation

OMATF 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 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
etadata Rpprncpnfqﬁnn and ohev it when rt:ndpring the media Rpprncpnfqﬁnn

oS

player conforming to the HEVC-based viewport-dependent OMAF video profile is expected to:
—+ Parse both SphereRegionQualityRankingBox and 2DRegionQualityRankingBoxywhen present, of
tracks present in a file and select the track that matches user's viewing orientationThe player should use
2DRegionQualityRankingBox together with RegionWisePackingBox, when present, to [conclude

which sphere regions the indicated quality ranking 2D regions correspond to.

—+ Parse spherical region-wise quality ranking (SRQR) descriptors, when present; and select the Adaptation Sets
and Representations that match the user's viewing orientation:

—  When Preselections are applied in the MPD, the player is expected to select a Main Adaptation et 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.

10.1.4 AVC-based viewport-dependent OMAF video profile

10.1.4.1 General

—

his media profile allows unconstrained-use of rectangular region-wise packing with AVC. With the prgsence of
boion-wise packing, the resolution of the:emnidirectional video can be emphasized in certain regions, e.g. 3ccording
b the user's viewing orientation. In.addition, the untransformed sample entry types 'avc2' and 'ayc4' are
llowed, making it possible to use extractors and get a conforming AVC bitstream when slice-based str¢aming is
sed.

O o =

o

10.1.4.2 Elementary Sstream constraints

The elementary stréam constraints apply to the AVC bitstream that is reconstructed from a file as spgcified in
spibclause 10.14:.4-

Thhe bitstréam shall comply with AVC Progressive High profile, Level 5.1.

10<1.4.3 ISO Base Media File Format constraints

When a track is the only track in a file, compatible brands containing a brand equal to 'avde' in
FileTypeBox indicates that the track conforms to this media profile. When a file contains multiple tracks,
compatible brands 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.
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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 can also be used when the track is protected.

The scheme type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of
CompatibleSchemeTypeBoxinthe same RestrictedSchemeInfoBox shallinclude 'podv' and atleastone
of 'erpv'and 'ercm'.

The untransfoermed-sample-entrytype -derived-as-specifiedin ISO/IEC14496-12 shallbeegualto'azcl ' 'ouc2!
PARSE e 7 7 T T ’

'ave3',lor 'avcd'.

When th¢ untransformed sample entry type is 'avc2' or 'avc4', the track shall include one or more Lscal
track refgrences.

AVCConfigurationBox in VisualSampleEntry shall indicate conformance to the elemientary stream
constrairlts specified in subclause 10.1.4.2.

10.1.4.4| File decoding process
The inpufts to the file decoding process are
— the track ID value of the track conforming to this media profile, and

— afilq containing at least the track with that track ID value anduall tracks that the track directly or indirectly
depénds on.

An AVC biitstream is reconstructed as follows:
— If the untransformed sample entry type of the track with the given track IDisequalto 'avcl' or 'avc3|,

an AVC bitstream is generated from the track with the given track ID value as specified in ISO/IEC 14496
15:2/019, Clause 5.

—

— Othdrwise (the untransformed sample entry type of the track with the given track IDisequalto 'avc2' g
'avi4'),an AVC bitstream is generated from the track with the given track ID value as specified in ISO/IE
14496-15:2019, Clause 5 and Annex-A.

(@)

The AVC pitstream shall conform tp‘the elementary stream constraints specified in subclause 10.1.4.2.

The AVC |bitstream is decoded as specified in Rec. ITU-T H.264 (06/19) | ISO/IEC 14496-10:2014, Clause 8. Th
outputs df this process.are.the same as the outputs of Rec. ITU-T H.264 (06/19) | ISO/IEC 14496-10:2014, Clause
Additionally, for eachidecoded picture, this process outputs ProjectionFormatBox, StereoVideoBox (whe
applicable), RegiOnWisePackingBox (when applicable), and RotationBox (when applicable) that provide th
input for|the semantics of sample locations within the decoded picture as specified in subclause 7.5.1.

o =5 o

10.1.4.5LExpected OMAE player operation

OMAF players conforming to this media profile are expected to process all allowed boxes within the
SchemeInformationBox forthe 'erpv' and 'ercm' scheme types.

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.
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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
which sphere regions the indicated quality ranking 2D regions correspond to.

conclude

— 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
on the SRQR descriptors.

— When @dependencyId is applied in the MPD, the player is expected to seleet the d
Representation based on the SRQR descriptors.

10.1.5 Unconstrained HEVC-based viewport-independent OMAF video profile

[y

0.1.5.1 General

his profile provides the same set of features as the HEVC-based viewport-independent OMAF video pr
nly difference is that there is no constraint on the HEVC bitstream level Therefore, service providers ca
rofile with a variety of resolutions and not only with resolutions cenforming to HEVC level 5.1. This profil
r instance, content being prepared and decoded at a resolution ¢oriforming to HEVC level 6.1, such as 81

e llloN—|

he content author signals the level of the bitstream by setting the appropriate value in the general_level |
EVC bitstream. This value of general_level_idc is additionally available in the ISOBMFF encapsulati
itstream in the HEVCDecoderConfigurationRecord structure of HEVCConfigurationBox con
he HEVC sample entry definition specified in ISO/EC 14496-15. Lastly, the @codecs attribute in the D
ixposes in a single string the level indication among other information.

o T

@D

10.1.5.2 Elementary stream constraints

Tlhe elementary stream constraints apply to the HEVC bitstream that is reconstructed from a file as sp
libclause 10.1.5.4.

w0

—

he bitstream shall comply\with HEVC Main 10 profile, Main tier and any level.

—

he elementary stream shall further comply with the constraint defined in subclause 10.1.2.2 excef
itstream constrainton profile, tier and level which are defined in this section.

jon

10.1.5.3 ISO/Base Media File Format constraints

<

Vhen ‘a~track is the only track in a file, compatible brands containing a brand equal to 'y
HizeTypeBox indicates that the track conforms to this media profile. When a file contains multip

et based

bpendent

pfile. The
n use this
b enables,
D2x4096.

idc of the
bn of the

tained in
\SH MPD

pcified in

t for the

hvi' in
e tracks,

g I pu| doding o o d Ao o 1t 1] L] thot o+ 1aoct

1 .
| 3 e g

ne of the

F niEad a1l am n 1adi +
P CIToT oo S CoTTTaTTg o oranrtt Caar o T T T rCTrypPrToo THOTCatts—ttrratat 1€ast

tracks conforms to this media profile.

compatible brands containing a brand equal to 'uhvi' 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.
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At least one sample entry type of each sample entry of the track shall be equal to ' resv'.

NOTE1 'resv' does not have to be the track sample entry type when the track has undergone several transformations.
Consequently, this media profile can also be used when the track is protected.

The scheme type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of
CompatibleSchemeTypeBox in the same RestrictedSchemeInfoBox shallinclude 'podv' and 'erpv'.

The untransformed sample entry type, derived as specified in ISO/IEC 14496-12, shall be equal to "hvcl'.

NOTE 2 (onsequently, parameter sets are not present inband within samples.
LHEVCC¢nfigurationBox shall not be presentin VisualSampleEntry.

HEVCConfigurationBox in VisualSampleEntry shall indicate conformance to the elementary streain
constraints specified in subclause 10.1.5.2.

[¢)

The congtraints specified in subclause 10.1.2.3 apply to the track conforming to this media profile, where th
bitstrean} based on which the constraints are derived is reconstructed from the track'as specified in subclaus
10.1.5.4.

¢

10.1.5.4| File decoding process

The inpufts to the file decoding process are

— the track IDvalue of the track conforming to this media profile;and
— afild containing at least the track.

An HEVC|bitstream is reconstructed from the track with tli€ given t rack_ID value as specified in ISO/IEC 14494
15:2019,|Clause 8.

The HEVC bitstream shall conform to the elemenfary stream constraints specified in subclause 10.1.5.2.

The HEV( bitstream is decoded as specified in Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020, subclause 8.1.1.
The outputs of this process are the same as the outputs of Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020),
subclaus¢ 8.1.1. Additionally, for-'each decoded picture, this process outputs ProjectionFormatBox,
StereoVideoBox (when applicable), RegionWisePackingBox (when applicable), and RotationBox (whe
applicable) that provide the inputfor the semantics of sample locations within the decoded picture as specified i
subclause 7.5.1.

=I=]

10.1.5.5| Expected OMAF player operation

OMATF players conforming to this media profile are expected to operate as explained in subclause 10.1.2.6.

10.1.6 Advanced hllng OMAE video prnﬁln

10.1.6.1 General

This subclause captures the spirit of the profile in a human-friendly manner. The subsequent subclauses specify the
constraints to enable the interoperability point.
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The profile is based on the tile-base streaming with late binding as described in subclause 4.5 and on the use of
segment formats specified in subclause 8.6. In addition, the profile relies on a number of principles, which are

described below:

— The content is represented using a 3D mesh that is constructed either from parallelograms or from sphere

regions of shape type 1.

— Multiple resolutions of the content may be created to provide different quality levels, and to provide the

capability to simultaneously decode different areas of the sphere at different qualities and resolution

S.

—+ Each representation (resolution) of the content is divided into a number of tile sequences of equal’sij
— The tile sequences have a configurable guard band to allow rendering in the client witheutrseam

—+ The tile sequences are individually encoded using HEVC, with a number of restrictionsymostly moti
constraints and limiting the configuration to a single tile per slice.

10.1.6.2 Elementary stream constraints
10.1.6.2.1 Bitstream constraints at the decoder

The elementary stream constraints in this subclause apply to the bitstseam that is reconstructed as sp
libclause 10.1.5.4 after bitstream rewriting.

(%)

—

he bitstream shall comply with HEVC Main 10 profile, Main.tier~ The present Profile definition does not
evel constraint so as to allow the Profile to be used with HEVC Main 10 Profile at various Levels.

—

o~y

1l pictures shall be encoded as coded frames, and shall‘not be encoded as coded fields.
Tlhere shall be exactly one slice per tile and exactlyZone tile per slice.

10.1.6.2.2 Encoding constraints

—_—

— The tiling grid shall be constant for each entire coded video sequence.

— Each tile shall be motion<constrained as specified in the semantics of the temporal motion-constraine
SEI message of Rec.JPU-T H.265 | ISO/IEC 23008-2.

All the active SPSSofthe bitstream shall be constrained as follows:

— generalyprogressive_source_flag shall be equal to 1.

—+ general_frame_only_constraint_flag shall be equal to 1.

h order to the decoding operations to work, the following constraints need to be observed at the encoder:

bn vector

ecified in

specify a

d tile sets

—general_intertaced_source_flag shatt beequat to -

When encoding multiple quality levels, or when using individual encoders for each tile, the following constraints
need to be observed for all time-aligned tiles and all levels that need to be able to be merged into a single compliant

bitstream by the client:
— init_qp_minus26 in the PPS shall be set to the same value across tiles and levels.

— The reference picture set (RPS) shall be the same across tiles and levels.
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10.1.6.3 ISO base media file format constraints

10.1.6.3.1 Stream header

A Stream Header shall conform to subclause 8.6.1.2 and the following constraints:

— When a track is the only track in a file, compatible brands containing a brand equal to 'adti' in

FileTypeBox indicates that the track conforms to this media profile. When a file contains multiple tracks,
compatible brands containing a brand equal to 'adti' in FileTypeBox indicates that at least one of

the tl a\.l\o \'Ullf\.ll 1o t\l th;o lll\(d;ﬂ l.ll Uf;l\'-
— A track of this media profile shall be indicated to conform to this media profile through one or both ¢f
FilgTypeBox and TrackTypeBox.
NOTE  The ISOBMFF boxes and nesting, optionality and ordinality of the Stream Header are described in Table-50.
Table 50 — Stream Header for the advanced tiling OMAF video profile
NLO [ NL1 | NL2 [ NL3 | NL4 [ NL5 | NL6 | NL7 | NL8 | Format Specification Censtraints Description
Req.
ftyp 1 ISO/IEC 14496- This subclause
12:2020, subclause
4.3
Either 1 ISO/IEC 14496-
moov 12:2020,
‘Iggv subtlauses 8.2.1
) and 8.19.6
mvhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause [19:2020, subclause
8.2.2 7.5.1
mvex 1 ISO/IEC 14496-
12:2020, subclause
8.8.1
mehd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause [19:2020, subclause
8.8.2 7.5.1
trex 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause [19:2020, subclause
8.8.3 7.5.14
10.1.6.3.2 Track box format for OMAF base track and OMAF tile tracks

Each of the track boxes of the OMAF base track and the OMAF tile tracks is constrained as follows:
—  The TrackBox of the OMAF base track shall conform to subclause 8.6.1.3.
— The TrackBox of each OMAF tile track shall conform to subclause 8.6.1.4.

— Atleast one sample entry type of each sample entry of the track shall be equal to 'resv'.

NOTE 1 'resv' does not have to be the track sample entry type, when the track has undergone several transformations.
Consequently, this media profile can 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 'modv'and

'meov’'.

The untransformed sample entry type of the OMAF base track shall be equal to 'hvc2'. The OMAF base track

shall conform to all constraints of the 'hvc2' sample entry type, as specified in ISO/IEC 14496-15.

The untransformed sample entry type of each OMAF tile track shall be equal to 'hvt3'. Each OMAF tile track

shall conform to all constraints of the "hvt3' sample entry type, as specified in ISO/IEC 14496-15.

= Z

The OMAF base track shall contain a MeshBox.

The OMAF base track may contain a StereoVideoBox but the mapping between a rectangular regi
mapping on the left or right eye is signalled through the TileMeshGroupEntry.

The OMAF base track shall contain 'sabt ' track references to all OMAF tile tracks associated with t

n and its

his OMAF

base trackorto 'alte' track groups, each containing collocated OMAF tile tracks of the same width apd height

and associated with this OMAF base track.

Each OMAF tile track shall contain ' tbas' track reference to the assgeiated OMAF base track.

The PPS carried in the hvc2 structure shall have “tiles enabled set to trye, with
num tile columns minusl and num tile rows mixusl set to match the number of 'saht' track
references associated with this particular sub-picture.collection track. The SPS shall be set tq the full
dimensions of this layer (i.e. num tile columns *tile' widthandnum tile rows*tile Height).

Each OMAF tile track shall contain a tile mesh sample group as specified in subclause 7.16.2.

Each OMAF tile track shall contain a ' tri £\sample group as specified in [SO/IEC 14496-15.

OTE 2 The ISOBMFF boxes and nesting, optionality and ordinality of the TrackBox for the OMAF base track are dgscribed in
able 51.
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Table 51 — Track box for OMAF base track for the advanced tiling OMAF video profile

NLO | NL1|NL2 | NL3 | NL4 [ NL5 |NL6 [ NL7 [ NL8|NL9 F(l;rmat Specification Constraints Description
eq.
trak 1 ISO/IEC 14496-
12:2020,
subclause 8.3.1
tkhd 1 ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.3.2 subclause 7.5.4
except that there
are no constraints
beyond those in
ISO/IEC 14496-12
on the width and
height fields
and with the
additignal
constraint that
the field matrix
shall always be
set to the default
values as defined
in ISO/IEC 14496-
12.
tref 1 [ISO/IEC 14496- |This subclause Track
12:2020, references
subclause 8.3.3 to OMAF tilg¢
tracks.
mdia 1 ISO/IEC 14496-
12:2020,
subclause 8.4
mdhd 1 ISO/IEC 14496- [ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.4.2 subclause 7.5.5
hldr 1 ISO/IEC 14496-
12:2020,
subclause 8.4.3
minf 1 ISO/IEC 14496-
12:2020,
subclause 8.4.4
vmhd 1 ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 12.1.2 |subclause 7.5.6
dinf 1 ISO/IEC 14496-
12:2020,
subclause 8.7.1
dref 1 ISO/IEC 14496-
12:2020,
subclause 8.7.2
snim 1 ISO/IEC 14496-
12:2020,
subclause 8.7.2.2
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NLO [ NL1|NL2 | NL3 | NL4 [ NL5|NL6 | NL7 | NL8 | NL9 |Format|  gpecification Constraints Description
Req.
stbl 1 |[ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.5 subclause 7.5.12
stsd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.5.2 subclause 7.5.10
resv 1
rinf 1 |ISO/IEC 14496- |[This subclause
12:2020,
subclause 8.15.3
hve2 1 |ISO/IEC 14496- |This:subclause
15:2019,
subclause 8.4
schm 1 ISO/IEC 14496~
12:2020;
subclause’8.12.5
schi 1 [SO/IEC 14496-
12:2020,
subclause 8.12.6
movd 1 |Subclause 7.6.7 |[Subclause 7.6.7
qesh 1 |Subclause 7.6.8 [Subclause 7.6.8
rotn| (/1 [Subclause 7.6.5 |Subclause 7.6.5
stts 1 ISO/IEC 14496- |(ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.6.1.2 |subclause 7.5.12
stisc 1 |[ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.7.4 subclause 7.5.12
stco 1 ISO/IEC 14496- |(ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.7.5 subclause 7.5.12
stsz 1 ISO/IEC 14496- |(ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.7.3 subclause 7.5.12

NOTE 3 The ISOBMFF boxes and nesting, optionality and ordinality of the TrackBox for each OMAF tile track referenced by the
OMAF base track are described in Table 52.
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Table 52 — Track box for OMAF tile track for the advanced tiling OMAF video profile

NLO | NL1 [ NL2 | NL3 | NL4 [ NL5 | NL6 | NL7 [ NL8 | NL9 |Format| Specification Constraints Description
Req.
trak + |ISO/IEC 14496-
12:2020,
subclause 8.3.1
tkhd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.3.2 subclause 7.5.4
except that there
are no constraints
beyond those in
ISO/IEC 14496-12
on the width and
height fields
and with the
additignal
constraint that
the field matrix
shall always be
set to the default
values as defined
in ISO/IEC 14496-
12.
mdia 1 ISQ/IEC 14496-
12:2020,
subclause 8.4
mdhd 1 ISO/IEC 14496- |(ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.4.2 subclause 7.5.5
hldr 1 [ISO/IEC 14496-
12:2020,
subclause 8.4.3
minf 1 [ISO/IEC 14496-
12:2020,
subclause 8.4.4
vmha 1 ISO/IEC 14496- |(ISO/IEC 23000-
12:2020, 19:2020,
subclause 12.1.2 |subclause 7.5.6
dinf 1 [ISO/IEC 14496-
12:2020,
subclause 8.7.1
dref 1 ISQ/IEC 14496
12:2020,
subclause 8.7.2
snim 1 ISO/IEC 14496-
12:2020,
subclause 8.7.2.2
stbl 1 |[ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.5 subclause 7.5.12
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NLO [ NL1 | NL2 [ NL3 | NL4 | NL5 | NL6 | NL7 | NL8 | NL9 |Format| Specification Constraints Description
Req.
stsd 1 |[ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.5.2 subclause 7.5.10
resv 1
rinf 1 |ISO/IEC 14496- |[This subclause
12:2020
subclause 8.15.3
hvt3 1 |ISO/IEC 14496- |[This subclause
15:2019,
subclause 10.5
schm 1 ISO/IEC 14496-
12:2020,
subclause 8.12.5
schi 1 ISO/IEC 14496~
12:2020;
subclause’8.12.6
sgpd 1 [SO/IEC 14496-
12:2020,
subclause 8.9.3
tmsh 1 This document Subclause 7.16.2
stts 1 ISO/IEC 14496- |(ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.6.1.2 |subclause 7.5.12
stsc 1 ISO/IEC 14496- |(ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.7.4 subclause 7.5.12
stgs 0/1 |ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.6.2 subclause 7.5.12
stco 1 |[ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.7.5 subclause 7.5.12
stsz 1 ISO/IEC 14496- |(ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.7.3 subclause 7.5.12

10.1.6.4 Bitstream rewriting

10.1.6.4.1 General

Figure 30 illustrates the organisation of video data into slices and their respective preceding slice segment header
stored in a sequence of Network Abstraction Layer (NAL) units constituting an HEVC bitstream.

© ISO/IEC 2021 - All rights reserved

229



https://standardsiso.com/api/?name=670106e0de62d8367d80fbb25d204661

ISO/IEC 23090-2:2021(E)

T

One elen
emulatio
removal

added or
any emul

the rewriting of the NAL unit is complete.

[t is up td
to place
HEVC sli
picture d
uses the
In other ¥

certain slice_segment_address value to it, the slices that are collocated in the original encoded bitstream with thg

particula
slice at f1

The follo
contains
multiple
is theref
assumes

10.1.6.4.
The Vide
Initializa
(PPS) th4

parametd

— cont

i HEVC bitstream
g NAL unit
i f : ! E
i slice slice
segment  segment i
| header data

NAL unit payload

Figure 30 — Video data in HEVC bitstream

h prevention bytes (see Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020, subclause)7.4.2). Insertio
br changing of any fields in the HEVC bitstream can impact whether emulation preyention bytes need to b
removed as well. One method for making sure the resulting bitstream is complianitis‘to completely remov
ption prevention bytes from the NAL unit before starting the rewriting procedure, and to re-add them aftg

an OMAF player to determine, at runtime, not just which slices to doWwnload and decode, but also wher
hem in the decoded picture. This can be controlled by rewriting.the slice_segment_address field in th
e segment header. However, in order to produce a compliant’HEVC bitstream, and not break any inte
ependencies, it is important that a sequence of slices that was'collocated in the original encoded bitstrea
came slice_segment_address in the rewritten bitstream untilit no longer needs to be decoded/displaye
vords, if a particular slice becomes covered by the viewport at frame N, and the player decides to assign

I slice should keep that slice_segment_address valute until the viewport no longer covers that particuld
ame M, regardless of the slice perhaps residing in‘different parts of the viewport over time.

ving subclauses assume that during encoding each tile is packaged into exactly one slice, and each slig
exactly one tile. While there is nothing,preventing this media profile to be used in combination wit
Liles per slice (or multiples slices per tile), this makes the rewriting procedure slightly more complex an
re not included in this subclause,10.1.6.4. For the same reason, the text in the following subclause
that there are no dependent slices present in the bitstream.
2 Rewriting parameter sets

0 Parameter Set (VPS), Sequence Parameter Set (SPS) and Picture Parameter Set (PPS) carried in th
ion Segment neéd to be updated to signal the correct resolution (SPS) and number of tile rows/column

rs at runtime. Elements that the client can take into account when determining these values include:

put-characteristics,

ent that needs to be taken into account while rewriting any part of the HEVC bitstream is start COdJ,

i

it will be deceded. Note that in contrast to traditional video delivery and the HEVC-based viewporf
dependent OMAF yide€o profile, with late binding it is up to the client to determine the optimal values for theg

¢

wn O

— device characteristics,

— display field-of-view,

— display resolution, and

— current zoom-level.

Depending on the implementation, the client can decide to set these values once (i.e. by dimensioning for the highest
expected number of simultaneous tiles during the session) or dynamically, adjusting them as the number of tiles
that need to be decoded changes over time.
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a) In the VPS, the content of profile_tier_level( ) are set to a value that matches the profile that is being targeted
(i.e. based on the amount of tiles being decoded and the resulting resolution).

Video_parameter_set_rbsp() { Descriptor
profile_tier_level( 1, vps_max_sub_layers_minus1 )
}
profile_tier_level( profilePresentFlag, maxNumSubLayersMinus1 ) { Descriptor
general_level_idc u(8)
for( I =0; i< maxNumSubLayersMinus1; i++ ) {
if( sub_layer_level_present_flag[i])
sub_layer_level idc[ i | u(8)
}
}

b)) In the SPS, pic_width_in_luma_samples and pic_height_inJluma_samples are recalculated and set accprding to
the number of tile rows and columns being decoded alongwith the tile size.

seq_parameter_set_rbsp( ) { Descriptor
pic_width_in_luma_samples ue(v)
pic_height_in_luma_samples ue(v)
}

c) InthePPS, tiles_enabled:flagis setto 1, and num_tile_columns_minus1 and num_tile_rows_minus1 areset based
on the maximum number of tile rows and columns that the client wishes to decode. In cases where 3 uniform
tile size is used, uniform_spacing_flag is set to 1. Finally, in most cases loop_filter_across_tiles_enabled_flag and
pps_loop_filterdacross_slices_enabled_flag are set to 0.
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pic_parameter_set_rbsp( ) { Descriptor
tiles_enabled._flag u(1)
if( tiles_enabled_flag ) {
num_tile_columns_minus1 ue(v)
num_tile_rows_minus1 ue(v)
_u.n_#'o#nl snacina-flaa ul1)
i o Jd=J 4 =J
if( luniform_spacing flag) {
for(i=0;i<num_tile_columns_minus1; i++)
column_width_minus1[i] ue(v)
for(i=0;i<num_tile_rows_minus1; i++)
row_height_ minus1[i] ue(vy
}
loop_filter_across_tiles_enabled_flag u(1)
}
pps_loop_filter_across_slices_enabled._flag u(1)
)
10.1.6.4.3 Rewriting slice segment header and possibly NAL unitheader for each VCL NAL unit
While the exact fields that need to be rewritten depend on the encoding parameters used, at the absolute minimuin
the first_glice_segment_in_pic_flag and slice_segment_address, which indicate the spatial position of a tile within

decoded

process t

at the endl of the slice segment header needs to-be‘rewritten.

a
frame, are rewritten. Given that the slice_segment_address is variable-length encoded, with the length
depending on the configured decoder dimensions (as(Signalled in the SPS), it can happen that during the rewriting
he length of the slice_segment_address changes. If that is the case, it is likely the byte_alignment structure

slice_segment_header( ) { Descriptor
first_slice_segment_in_pic)flag u(1)
if( 'first_slice_segment_in_pic_flag ) {
slice_segment_address u(v)

byte_alignment( )

-

To assist in the process of rewriting the slice segment header, the Slice Segment Header Information NAL-unit-like
structure as specified by the 'hvt3' samples provide relevant information. Figure 31 represents the organisation
of a Tile Data Segment containing Slice Segment Header Information NAL-unit-like preceding HEVC VCL NAL units.

232
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Slice Segment Header Information NAL! HEVCVCL NAL unit i HEVCVCL NAL unit
i ! ]
slice slice slice sl

slice segme slice_ segme
nt_header 1 .. nt_header 1
ength ength

header data

segment  segment
header data

021(E)

ice

Y ' Y

T

QO

0.1.6.5 Expected OMAF player operation

Vhen determining which OMAF tile tracks are received, TileMeshGroupEntry can be used to identify
f individuallOMAF tile tracks, and whether they are collocated.

segment segment ;-
i

NALUNIt payload NALCUNIt payld

Figure 31 — Slice Segment Header Information NAL-unit-like structure in 'hvt3' tracks

he client may execute the following steps to locate the first_slice_segment_in_pic_flag, theslice_segment_
Ind the byte_alignment( ) fields in each VCL NAL unit in order to rewrite the slice segment header:

address

Based on the information in the TrackRunBox (' trun '), the client can determine the location of a particular

sample (VCL NAL unit) in the IdentifiedMediaDataBox ('imda')/Given that the NAL unit hea
fixed length in HEVC, this directly leads a client to the position of the first_slice_segment_in_pic_flag fi

Once the location of the first_slice_segment_in_pic_flag field in the bitstream is known, the locati
slice_segment_address field can be calculated by simply parSing the slice segment header field in
Given that the number of fields that need to be parsed is limited; this is not likely to result in a significa
on performance.

As specified in Rec. ITU-T H.265 (11/19) | ISO/AEC 23008-2:2020, subclause 7.4.7.1, the value
slice_segment_address determines the location of the slice in the decoded picture and is expressed
tree block raster scan of a picture. If the picture resolution does not change in the rewriting process,
of this field remains the same. In addition, if the tiling grid does not change in the rewriting,
slice_segment_address values for a pictufe does not change.

If, based on the desired decdder dimensions and the rewritten pic_width_in_luma_samj]

der has a
eld.

bn of the
between.
ntimpact

of new
in coding
he length

the list of

bles and

pic_height_in_luma_samples, the'length in bits of the slice_segment_address has changed, the client can need to

rewrite the byte_alignment(‘\structure at the end of the slice segment header accordingly. To find th
of this structure, a client ¢an‘use the information embedded in the Slice Segment Header Information ]

like structure (see Figlre 31), to find the length of the slice segment header, and through it directly

position of the byte(alignment( ) structure.

b Jocation
NAL-unit-
find the

 location

is‘assumed that OMAF tile tracks representmg an entire low-quality ommdlrectlonal picture are fetch

10.1.7 Simple tiling OMAF video profile

10.1.7.1 General

quallty HEVC tlles are superlmposed on top of the low quallty omnldlrectlonal plcture on the rendermg mesh.

This subclause captures the spirit of the profile in a human-friendly manner. The subsequent subclauses specify the
constraints to enable the interoperability point.
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The profi
is based

le enables tile-base streaming with free-viewport author-driven binding as described in subclause 4.5 and
on the use of segment formats specified in subclause 8.6. In addition, the profile relies on a number of

principles, which are described below:

— The content is represented by using the equirectangular or cubemap projection.

— The profile supports providing multiple resolutions of the content at different quality levels.

— The
and

content is encoded as encoded tile sequences, which represent areas of the sphere at different qualities

resolutions

—  Encd

— One
strea

— AngC

— The
tracl
the f
that

— The
tile

— Itis

way$:

ded tile sequences are made available as OMAF tile tracks.

or more OMAF base tracks are authored, e.g. for different decoding capabilities, and made available fq
ming.

—

IAn OMAF base track specifies instructions to rewrite the content of the OMAF tile tracksTeferenced by the
OMATF base track into a conforming HEVC bitstream.

Groups of OMAF tile tracks that are alternatives to be referenced by the OMAE base track are indicated in
the Stream Header (i.e. in the Initialization Segment used in DASH).

MAF player determines which OMAF base track is consumed e.g. based on available decoding resources

OMAF player determines which OMAF tile track among each referenced group of alternative OMAF til
s is retrieved. The OMAF player can retrieve a full set of low-resolution encoded tile sequences to shoy
ull representation of the content at a lower quality and a-subset of high-resolution encoded tile sequence
together cover the viewport.

wn < O

PDMAF player follows the instructions of the OMAF/base track to rewrite the content of the selected OMA[F
racks into an HEVC bitstream.

possible to use the simple tiling OMAFvideo profile and overlay video jointly in either of the followinig

P

One or more overlay video tracks are present separately from any OMAF base track representing th
background video. This optien/requires multiple decoder instances; one for the selected OMAF base trad
and one per each overlay video track.

A~

[An OMAF base traekreferences OMAF tile tracks, each containing either a portion of background video g
overlay video. This-option requires only a single video decoder instance in the OMAF player. Regardless

whether OMAEF-tile tracks contain background video or overlay video, they are treated similarly in al
OMAF player’operations except content selection and rendering.

==

NOTE{When none of the OMAF tile tracks contains overlays that are essential for displaying, content authors af
advised to create a second OMAF base track that does not reference any OMAF tile tracks containing overlays. Thu

J o

those OMAF players that do not support overlays can select the second OMAF base track for their use.

10.1.7.2

Elementary stream constraints

The elementary stream constraints apply to the HEVC bitstream that is reconstructed from a file as specified in
subclause 10.1.7.3.3.

The bitstream shall comply with HEVC Main 10 profile, Main tier. No constraint on a level is specified so as to allow

this OMA

234

F video profile to be used with HEVC Main 10 Profile at various levels.
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All pictures in the bitstream shall be coded frames.

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.

<

Vhen VUI is present, aspect_ratio_idc should not be present or aspect_ratio_idc should be equal to 0 (Ungpecified)
r 1 (square).

Q

OTE 1 When aspect_ratio_idc is not present, Rec. ITU-T H.265 | ISO/IEC 23008-2 specifies that aspect_ratio_idc is ipferred to
e equal to 0.

o Z

NOTE 2 In order to merge tiles from different original bitstreams, init_qp_minus26 in all the PPSs of the original bitstfeams is
bt to the same value in encoding.

%)

10.1.7.3 ISO Base Media File Format constraints
10.1.7.3.1 Stream header

A Stream Header shall conform to subclause 8.6.1.2 and the following constraints:

- When a track is the only track in a file, compatiblelbrands containing a brand equal to 'giti' in
FileTypeBox indicates that the track conforms to this' media profile. When a file contains multiplle tracks,
compatible brands containing a brand equal\to™” siti' in FileTypeBox indicates that at legst one of
the tracks conforms to this media profile.

—+ Abrandequal to 'siti' in FileTypeBox indicates that the file contains one or more OMAF base|tracks as
specified in subclause 8.6 and as constrained by this subclause and that the OMAF base tracks refererjce OMAF

tile tracks specified in subclause 8.6,and as constrained by this subclause.

—+ A track of this media profile.shall be indicated to conform to this media profile through one of both of
FileTypeBox and TrackTypeBox.

NOTE The ISOBMFF boxes and nesting, optionality and ordinality of the Stream Header are described in Table 53.
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Table 53 — Stream Header for the simple tiling OMAF video profile

NLO [ NL1 | NL2 [ NL3 | NL4 [ NL5 | NL6 | NL7 | NL8 | Format Specification Constraints Description
Req.
ftyp 1 ISO/IEC 14496- This subclause
12:2020, subclause
4.3
Either 1 ISO/IEC 14496-
moov 12:2020,
'Iggv subclauses 8.2.1
’ and 8.19.6
mvid 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause|19:2020, subclause
8.2.2 7.5.1
mvex 1 ISO/IEC 14496-
12:2020, subclause
8.8.1
mehd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause{19:2020, subclause
8.8.2 7.5.1
trex 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020,/subclause|19:2020, subclause
8.8.3 7.5.14

10.1.7.3.2 Track box format for OMAF base track and OMAF tile tracks

Each of the track boxes of the OMAF base track(s) and the OMAF tile tracks is constrained as follows:

NOTE 1 [resv' does not havesto-be the track sample entry type, when the track has undergone several transformations.
Consequently, this media profjle ean also be used when the track is protected.

The ['rackBox of each OMAF base track shall‘conform to subclause 8.6.1.3.
The [frackBox of each OMAF tile track shall conform to subclause 8.6.1.4.

At least one sample entry type of'each sample entry of the track shall be equal to 'resv'.

The untransforméd-sample entry type of each OMAF base track shall be equal to 'hvc2'. Each OMAF bade
track shall conferim to all constraints of the 'hvc2 ' sample entry type, as specified in ISO/IEC 14496-15.

The pntransformed sample entry type of each OMAF tile track shall be equal to "hvt1', "hvt2', "hvt3'd
'hvE 1 Each OMAF tile track shall conform to all constraints of the "hvt1l', 'hvt2', '"hvt3"' or 'hvcl|
sample entry type, as speciiied in 150/IEC 14496-15.

—

For each OMAF base track, the scheme type values of SchemeTypeBox in the
RestrictedSchemeInfoBox and of all instances of CompatibleSchemeTypeBox in the same
RestrictedSchemeInfoBox shall include 'podv' and atleastone of 'ercm' and 'erc2'.

For each OMAF tile track, either of the following shall be true:
— The scheme type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all

instances of CompatibleSchemeTypeBox in the same RestrictedSchemeInfoBox include
'podv' and atleast one of 'erpv' and 'ercm’'.
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— NoRestrictedSchemeInfoBox ispresentinthe sample entryand anOverlayConfigBox ispresent

in the sample entry.

Each OMAF base track shall contain either 'sabt' or 'scal' track references to OMAF tile tra
'alte' track groups containing OMAF tile tracks.

cks or to

NOTE 2 When an OMAF base track contains 'scal' track references to 'alte' track groups, the tracks included in a
referenced 'alte' track group can represent different projected regions. The region-wise packing format of the OMAF base
track is derived from the RegionWisePackingBoxes of the OMAF tile tracks that an OMAF player selects from the referenced

'alte' track orouns There can he several constructors within a sample of an extractor track that reference the
) T +

ame track

r

L Q.

< -

= Z

bference index that points to the same 'alte' track group. An OMAF player is expected to select OMAF tile tracks
ifferent projected regions for resolving the references from a sample of an extractor track to the same track referen
h 'alte' track group.

When an OMAF base track references an OMAF tile track without RegionWisePackingBox

rontaining
fe index of

and with

OverlayConfigBox (either directly or indirectly through a reference to an 'alte\!"track group), the OMAF

base track shall be indicated to comply with the 'ov1y' toolset brand.
When an OMAF base track contains 'sabt' track references, the PPS(s) carfied in the OMAF base t
have tiles_enabled set to true, with num_tile_columns_minus1 and num_tile_rows_minus1 set to n

number of ' sabt ' track references associated with this OMAF base track.

When an OMAF base track contains ' sabt ' track references, thé projected regions of any two OMAF {
referenced by the OMAF base track shall not overlap when both of the following conditions are true:

— The OMAF tile tracks originate from the same projected picture without resampling.
— The OMAF tile tracks are not in the same 'akte' track group.
LHEVCConfigurationBox shall not be preséntin VisualSampleEntry.

HEVCConfigurationBox inVisualSampleEntry of each OMAF base track shall indicate confor
the elementary stream constraints specified in subclause 10.1.6.2.

A SyncSampleBox may begpresent for an OMAF base track.

he constraints specified in"subclause 10.1.6.2 apply to each OMAF base track conforming to this med
here the bitstream based.on which the constraints are derived is reconstructed from the OMAF base
pecified in subclause@0:1.7.3.3.

OTE 3 The ISOBMFF boxes and nesting, optionality and ordinality of the TrackBox for the OMAF base track are dg
able 54.

rack shall
hatch the

ile tracks

mance to

a profile,
track as

scribed in
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Table 54 — Track box for OMAF base track for the simple tiling OMAF video profile

NLO [ NL1 | NL2 [ NL3 | NL4 | NL5| NL6 | NL7 | NL8 | NL9 |Format| Specification Constraints Description
Req.

trak 1 ISO/IEC 14496-
12:2020,
subclause 8.3.1

tkhd 1 ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subctause 832 subctause 7-5%
except that there

are no constraints
beyond those in
ISO/IEC 14496-12
on the width and
height fields
and with the
additional
constraint that
thefield matrix
shall always be
set to the default
values as defined
in ISO/IEC 14496-
12.

tref 1 |[ISQ/IEC 14496- |This subclause Track
12:2020, references
subclause 8.3.3 to OMAF til
tracks.

%

mdia 1 ISO/IEC 14496-
12:2020,
subclause 8.4

mdhd 1 |[ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.4.2 subclause 7.5.5

hldr 1 [ISO/IEC 14496-
12:2020,
subclause 8.4.3

minf 1 ISO/IEC 14496-
12:2020,
subclause 8.4.4

vmhd 1 |[ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 12.1.2 |subclause 7.5.6

dinf 1 [ISO/IEC 14496-
12720296;
subclause 8.7.1

dref 1 [ISO/IEC 14496-
12:2020,

subclause 8.7.2

snim 1 [ISO/IEC 14496-
12:2020,

subclause 8.7.2.2
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NLO [ NL1 | NL2 [ NL3 | NL4 | NL5 | NL6 | NL7 | NL8 | NL9 |Format| Specification Constraints Description
Req.
stbl 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.5 subclause 7.5.12
stsd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.5.2 subclause 7.5.10
LTS l
rinf 1 |ISO/IEC 14496- |[This subclause
12:2020,
subclause 8.15.3
hvec2 1 |ISO/IEC 14496- |[This,subclause
15:2019,
subclause 8.4
schm 1 ISO/IEC 14496-
12:2020,
subclause'8.12.5
schi 1 [ISOAEC 14496-
12:2020,
subclause 8.12.6
povd 1 Subclause 7.6.2
prfr 1 |Subclause 7.6.2
©wpk |0/1 for|Subclause 7.6.4 Subclause 7.6.1.4
ercm. for 'ercm' and
1 for subclause 7.6.1.7
erc?2. for 'erc2'
rotn| (/1 ([Subclause 7.6.5
covif (/1 |Subclause 7.6.6
stvi 0/1 |ISO/IEC 14496- |Subclause 7.6.1.2
12:2020,
subclause 8.15.4.2
stts 1 ISO/IEC 14496- |(ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.6.1.2 |subclause 7.5.12
stss 0/1 |ISO/IEC 14496-
12:2020,
subclause 8.6.2
stsc 1 |[ISO/IEC 14496- |ISO/IEC 23000-
12-2026; 19-2026;
subclause 8.7.4 subclause 7.5.12
stco 1 ISO/IEC 14496- |(ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.7.5 subclause 7.5.12
stsz 1 |[ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.7.3 subclause 7.5.12
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NOTE 3 The ISOBMFF boxes and nesting, optionality and ordinality of the TrackBox for each OMAF tile track referenced by the
OMAF base track are described in Table 55.

Table 55 — Track box for OMAF tile track for the simple tiling OMAF video profile

NLO ([ NL1 | NL2 [ NL3 | NL4 [ NL5 | NL6 | NL7 | NL8 | NL9 |Format| Specification Constraints Description
Req.
trak + |ISO/IEC 14496-
12:2020,

1ol Q.4
SUDULIAUST O.0. 1

tkhd 1 ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.3.2 subclause 7.5.4
except that there

are no constraints
beyond those.in
ISO/IEC 14496-12
on thelwidth and
hed'dht fields
and with the
additional
constraint that
the field matrix
shall always be
set to the default
values as defined
in ISO/IEC 14496-
12.

mdia I [ISO/IEC 14496-
12:2020,
subclause 8.4

mdhd 1 ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.4.2 subclause 7.5.5

hldr 1 [ISO/IEC 14496-
12:2020,
subclause 8.4.3

minf 1 [ISO/IEC 14496-
12:2020,
subclause 8.4.4

vrhd 1 ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 12.1.2 |subclause 7.5.6

dinf 1 [ISO/IEC 14496-
12:2020,

1ol Q
SUULIAUST O.

7.4
/L

dref 1 [ISO/IEC 14496-
12:2020,
subclause 8.7.2

snim 1 ISO/IEC 14496-
12:2020,
subclause 8.7.2.2

stbl 1 |[ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.5 subclause 7.5.12
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NLO [ NL1 | NL2 [ NL3 | NL4 | NL5 | NL6 | NL7 | NL8 | NL9 |Format| Specification Constraints Description
Req.
stsd 1 ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.5.2 subclause 7.5.10
resv 1
rinf 1 |ISO/IEC 14496- |[This subclause
12:2020,
Subcause 8.15.3
hvel 1 [ISO/IEC 14496- |This subclause
Evté 15:2019,
vt subclauses 8.4,
hvt3
10.5, and 10.6
schm 1 ISO/IEC 14496-
12:2020,
subclause 8.12.5
schi 1 |ISO/IEC 14496-
12:2020;
subclatise’8.12.6
povd 1 Subclause 7.6.2
prfr ) \Subclause 7.6.2
rwpk | \0/1 [Subclause 7.6.4 |Subclause 7.6.1.3
for 'erpv' and
subclause 7.6.1.4
for 'ercm'
rotn| 0/1 (Subclause 7.6.5
covif 0/1 |Subclause 7.6.6
stvi 0/1 |ISO/IEC 14496- ([Subclause 7.6.1.2
12:2020,
subclause 8.15.4.2
stts 1 ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.6.1.2 |subclause 7.5.12
stsc 1 |ISO/IEC 14496- |[ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.7.4 subclause 7.5.12
stss 0/1 |ISO/IEC 14496- |[ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.6.2 subclause 7.5.12
t t—1SO/AEC tH496=—TISO/EC 236000=
12:2020, 19:2020,
subclause 8.7.5 subclause 7.5.12
stsz 1 |ISO/IEC 14496- |[ISO/IEC 23000-
12:2020, 19:2020,
subclause 8.7.3 subclause 7.5.12
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10.1.7.3.3 Other constraints

The following constraints apply when an OMAF base track is an extractor track and has an empty
RegionWisePackingBox:

—  When there is a sample in an OMAF base track whose extractors do not include the content of the referenced
OMAF tile tracks in raster-scan order, the OMAF base track shall include a SampleGroupDescriptionBox
of type 'trif' and a SampleToGroupBox of type "nalm' with grouping type parameter equal to
"trif'.

— When an OMAF base track includes a SampleGroupDescriptionBox of type 'trif' and
SampleToGroupBox of type 'nalm' with grouping type parameter equalto 'trif’', the followin

appl

— |At most one extractor shall be mapped to the same groupIDina 'nalm' sample group description entr

NOTE An OMAF player ought to map the NAL units and NAL-unit-like structures to groupID values using a 'nalm

samy

10.1.7.4
The inpu
— the {

— a filg
tracl

An HEVC
The HEV
The HEV

The outp
subclaus

es:

le group description entry mapped to a sample before resolving the extractors of the sample.

The following constraints apply inall ' trif' sample group description entries of the OMAF base track
— tile region flagshall beequalto 1.

— independent idc shall be equal to 1 or 2.

— full picture shall be equal to 0.

— has_dependency_ list shall be equal to 0.

File decoding process
s to the file decoding process are
rack_ID value of an OMAF base track conforming to this media profile, and

containing at least the OMAF base track with that track ID value and all tracks that the OMAF basg
x directly or indirectly depends on.

bitstream is generated from the track with the given track ID value as specified in ISO/IEC 14496-15
[ bitstream shall-conform to the elementary stream constraints specified in subclause 10.1.6.2.

C bitstreanyis decoded as specified in Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020, subclause 8.1.
uts of this process are the same as the outputs of Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:202

e 8. 1n1. Additionally, for each decoded picture, this process outputs ProjectionFormatBox
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referenced by the OMAF base track and their spatial mapping to the decoded picture, and RotationBox (when
applicable) that provide the input for the semantics of sample locations within the decoded picture as specified in
subclause 7.5.1.

10.1.7.5

Expected OMAF player operation

OMAF players conforming to this media profile are expected to process all allowed boxes within the
SchemeInformationBox forthe 'erpv', 'ercm' and 'erc2' scheme types.
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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 this OMAF video profile is expected to:

Select an OMAF base track e.g. based on one or more of the following:

— the lr_\ir‘fnwn size and pirhlrn rate of the OMAF base track;

— the HEVC level indicated for the OMAF base track so that the decoding capacity is sufficient for
the bitstream resolved from the OMAF base track;

— the absence/presence of the overlay toolsetbrand 'ovly"' inthe TrackTypeBoxofthe OMAF b
or in the profiles parameter of the @mimeType attribute for the Adaptatign)Set carrying t
base track, and the support of overlays in the OMAF player. OMAF players that do not support
should select an OMAF base track without the 'ov1y' toolset brand, when such an OMAF bas
available.

When playing an OMAF file, conclude that an OMAF tile track contains-background video when it ¢
RegionWisePackingBox. For OMAF tile tracks centaining background video,
SphereRegionQualityRankingBox of the OMAF tile tracKs referenced by the selected OMAF b
and select the OMAF tile tracks that cover the viewport at thie highest available quality as indicated
instances of SphereRegionQualityRankingBox. The‘player is expected not to select such (
tracks that originate from the same projected picture without resampling and contain projected reg
overlap.

When streaming OMAF content, conclude thatva partial Adaptation Set contains background vide
contains a RegionWisePackingBox (in th&nitialization Segment) or an RWPK, CC or SRQR descr
Representations of a partial Adaptation Set containing background video, parse spherical region-wi
ranking (SRQR) or content coverage (GC) descriptors, when present, and select the Adaptation
Representations that cover the viewport at the highest available quality. For Representations of
Adaptation Set not containing background video, select a Representation from the partial Adaptation
aregular bitrate adaptation logic.

Identify an OMAF tile track without RegionWisePackingBox and handle such an OMAF tile track
of the following ways:

— If an OMAF player supports the 'ovly' toolset brand) and the OMAF tile track cor
OverlayConfigBox, the OMAF player is expected to handle the overlays carried in the OMAF
as specified by the overlay toolset brand.

decoding

ase track
he OMAF
overlays
e track is

pntains a

parse
ase track
by in the
MAF tile
ions that

when it
ptor. For
e quality
Sets and
a partial
Set using

in either

tains an
tile track

— <Otherwise, the OMAF player is expected to ignore the decoded regions resulting from the decodfng of the

OMAF tile track.

10.2 Audio profiles

10.2.1 Overview

Subclause 10.2 defines media profiles for audio in OMAF. Table 56 provides an overview of the supported features.

The detailed, specification for each audio profile is subsequently provided in the referenced subclause.
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Table 56 — Overview of OMAF media profiles for audio

Media Profile

Max
Sampling
Rate

3D

Metadata Brand

Codec Profile Level Subclause

OMAF 3D audio
baseline profile

included
in codec

MPEG-H
Audio

Low
Complexity

1,2
or3

oabl

48 kHz 10.2.2

OMATF 2D audio legacy

no 3D

profile

NS
H
P
N
@

L1 A L)
1L ALV o

metadata

NOTE ]
mpegh3d
mpegh3d

10.2.2
10.2.2.1

This med
(HOA) arf
Audio).

MPEG-H
ISOBMFH
this infor
lip-synch
will be sd
desired s
represen

MPEG-H
headpho
user’s vi
orientati

10.2.2.2
The audi
in ISO/IE

Levels 1,

Audio da

Clause 14.

'he audio streams complying with the MPEG-H 3D Audio Low Complexity (LC) Profile, Levels,1“or 2 (i.
hProfilelLevelIndicationissetto "0x0B" or "0x0C", comply also with MPEG-H 3D Audio LC Profile, Level 3 (i.
bProfileLevelIndication issetto "0x0D"), as specified in ISO/IEC 23008-3:2019, subclause.5.3.2.

AR

OMAF 3D audio baseline profile

General

v

ia profile fulfills the requirements to support 3D audio. Channels, objects and Higher-Order Ambisonic
e supported, as well as combinations of those. The profile is based{on ISO/IEC 23008-3 (i.e. MPEG-H 3

BD Audio specifies coding of immersive audio material arid\the storage of the coded representation in an
track. The MPEG-H 3D Audio decoder has a constant latency, see ISO/IEC 23008-3:2019, Table 1. Wit
mation, content authors can synchronize audio and video portions of a media presentation, e.g. ensurin
When orientation sensor inputs (i.e. azimuth, elevation) of an MPEG-H 3D Audio decoder change, ther
me algorithmic and implementation latency (perhaps tens of ms) between user head movement and th
pund field orientation. This latency will not impact audio/visual synchronization (i.e. lip synch), but onl
s the lag of the rendered sound field with respect to the user head orientation.

[s)

3D Audio specifies methods for binauralizing the presentation of immersive content for playback vi
1es, as is needed for omnidirectiprial media presentations. MPEG-H 3D Audio specifies an interface for th
bwing orientation and permits:low-complexity, low-latency rendering of the audio scene to any use
n.

= ®

Elementary stream-constraints

o

stream shall eomply with the MPEG-H 3D Audio Low Complexity (LC) Profile, Levels 1, 2 or 3 as define
C 23008-3:2019, subclause 4.8. The values of the mpegh3daProfileLevelIndication for LC Profil
P and 3 are "0x0B", "0x0C" and "0x0D", respectively, as specified in ISO/IEC 23008-3:2019, subclause 5.3.2.

[}

Fa shall be encapsulated into MPEG-H Audio Stream (MHAS) packets according to ISO/IEC 23008-3:2019,

All MHAS packet types defined in ISO/IEC 23008-3:2019, Clause 14 may be present in the stream, except of the
following packet types that shall not be present in the stream:

244

PACTYP CRC16
PACTYP_CRC32
PACTYP_GLOBAL CRC16

PACTYP_ GLOBAL CRC32
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If Audio Scene Information per ISO/IEC 23008-3:2019, Clause 15 is present, it always shall be encapsulated in an
MHAS PACTYP_AUDIOSCENEINFO packet. Audio Scene Information shall not be included in the
mpegh3daConfig () structure in the MHAS PACTYP_MPEGH3DACFG packet.

10.2.2.3 ISO Base Media File Format constraints
10.2.2.3.1 General constraints

When a track is the only track in a file, compatible brands containing a brand equal to 'oabl' in
T IETypeBoX INMaicates trat the track CONMforms to this medta profite. Whem a fite conmtains muttipje tracks,
dompatible brands containing a brand equal to 'oabl' in FileTypeBox indicates that at least dne of the
tracks conforms to this media profile.

0O

ompatible brands containing a brand equal to 'oabl"' in TrackTypeBox indicates thatthe track fonforms
b this media profile.

—

o~y

track of this media profile shall be indicated to conform to this media profile’ through one o1 both of
ileTypeBox and TrackTypeBox.

i

—3

he sample entry 'mhml' shall be used for encapsulation of MHAS-packets into ISOBMFF files, per
50/1EC 23008-3:2019, subclause 20.6.

—

—3

he sample entry "mhm2 ' shall be used in cases of multi-stream delivery, i.e. the MPEG-H Audio Scene is|split into
vo or more streams for delivery as described in ISO/IEC 23008-3:2019, subclause 14.6.

—t

I the MHAConfigurationBox () is present, “¥\the MPEG-H profile and level [indicator
pegh3daProfilelLevelIndication in the MHADecoderConfigurationRecord() shall be set to
"0x0B", "0x0C", or "0x0D" for MPEG-H Audio LC Profile Level 1, Level 2, or Level 3, respectively, as splecified in
50/IEC 23008-3:2019, subclause 5.3.2.

=

[—

he first sample of the movie and the first sample of every fragment (when applicable) shall be a Strean Access
oint (SAP) of type 1 (i.e. sync sample). For MPEG-H Audio a sync sample shall be properly signalled acdording to
b0/1EC 14496-12. All rules defined in ISO/IEC 23008-3:2019, subclause 20.6.1 regarding sync samples shall apply.
1, addition, a sync sample shall consistl of MHAS packets in the following order:

= g

- PACTYP MPEGH3DACFG
—+ PACTYP AUDIOSGENEINFO (if Audio Scene Information is present)
-+ PACTYP BUEFERINFO

- PACTYP\MPEGH3DAFRAME

oS

dditional MHAS packets may be present between the MHAS packets listed above or after the MHAS packet
ACTYP MPEGH3DAFRAME, with one exception: if present, the PACTYP AUDIOSCENEINFO packet shall directly
llow the PACTYP MPRGHIDACFG packet, as defined in ISO/TEC 23008-3:2019, subclause 14.4

nw]

-

MPEG-H Audio sync samples contain Immediate Playout Frames (IPFs), as specified in ISO/IEC 23008-3:2019,
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 23008-3:2019, subclause 5.5.6, and shall follow the
requirements for stream access points as defined in ISO/IEC 23008-3:2019, subclause 5.7. The audio configuration
is delivered as part of the MHAS packet PACTYP MPEGH3DACFG and, therefore, the AudioPreRoll () structure
carried in the MHAS packet PACTYP MPEGH3DAFRAME shall not contain the Config () structure, i.e. the
configLen field of the AudioPreRoll () 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 MPEGH3DACFG and PACTYP AUDIOSCENEINFO packets are required upon such occurrences. A
configuration change usually happens at program boundaries, but it may also occur within a program.

The following constraints apply:

— At epch

MHA
the i
that

— Asy
a tru
230

beu

ISOBMFH
ISOBMFH
values fq
MHASPa

10.2.2.3.

The mult

in several different elementary streams (e.g. the main MHAS stream containing one complete audio main, and on

or more
Metadatd

The follo

— One
havd
to 0.

— In
mae
first

— AlM
aligr

— Ined
be al

contains a configuration change shall be encoded as a sync sample (RAP) as defined above.

hc sample that contains a configuration change and the last sample before such a sync sample-may contai
ncation message (i.e.a PACTYP AUDIOTRUNCATION packet in the MHAS stream) ascdefined in ISO/IE
8-3:2019, subclause 14.4. If MHAS packets of type PACTYP AUDIOTRUNCATION arepresent, they sha
sed as described in ISO/IEC 23008-3:2019, subclause 14.4.

tracks that belong to one Audio Programme use different configurations and a switch between twjp
tracks represents also a configuration change. Thus, the MHASPacketLabel needs to have different
r all ISOBMFF tracks that belong to one Audio Programme. Also~after a configuration change the
ketLabel needs to have different values for all ISOBMFF tracks €omprising an Audio Programme.

3 Multi-stream constraints

o

-stream-enabled MPEG-H Audio System is capable of handling Audio Programme Components delivere

[¢)

auxiliary MHAS streams, containing different languages and audio description). The MPEG-H Audipo
information (MAE) allows the MPEG-H Audio Décoder to correctly decode several MHAS streams.

ving constraints apply for file formats using.the sample entry 'mhm?2 ':

MHAS stream shall be the main stream;i.e. in exactly one MHAS stream the Audio Scene Information shall
themae isMainStream fieldsetto 1.Inall other MHAS streams themae isMainStream shall be s¢

[md

[}

pach  auxiliary MHAS- stream (i.e. streams with mae isMainStream field set to 0) th
| bsMetaDataElementIDoffset field in the Audio Scene Information shall be set to the index of thi
metadata elementin'the auxiliary MHAS stream minus one.

[¢’)

HAS elementaty streams that carry Audio Programme Components of one Audio Programme shall be timle
led.

ch auxiliary MHAS elementary stream (i.e. streams with mae isMainStream field set to 0), RAPs sha]l
igned to the RAPs present in the main stream (i.e. the stream with mae isMainStream field setto 1).

—  Pres
may

entation Description Manifests need to make sure thatall streams that contribute to one Audio Programme
be identified as such.

— For the main and the auxiliary MHAS stream(s), the MHASPacketLabel shall be set according to ISO/IEC
23008-3:2019, 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
23008-3:2019, subclause 14.6. For example, all [ISOBMFF tracks in the Switching Set for the main stream use

diffe

rent values between 1 and 16, all ISOBMFF tracks in the Switching Set for the first auxiliary stream use

values between 17 and 32, and so on.
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10.2.2.3.4 Loudness and dynamic range control

Loudness metadata shall be embedded within the mpegh3daloudnessInfoSet () structure as defined in
ISO/IEC 23008-3:2019, 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 23008-3:2019,
subclause 5.3.2). More precisely, the mpegh3daloudnessInfoSet () structure shall include at least one
loudnessInfo () structure with loudnessInfoType setto 0, whose drcSetIdand downmixId fieldsare set
to 0 and which includes at least one methodvalue field with methodDefinition setto 1 or 2 (see ISO/IEC
23008-3:2019, subclause 6.3.1, and ISO/IEC 23003-4:2020, subclause 7.3). The indicated loudness value shall be

mreasured—1tispresupposedthatthisisconsistentwithapplicabltetegatrequirements—————————————

DRC metadata shall be embedded in the mpegh3daUniDrcConfig () and uniDrcGain () strucfuxes ds defined
n ISO/IEC 23008-3:2019, subclause 6.3. For each included DRC set the drcSetTargetLoudnessPresfent field
s defined in ISO/IEC 23003-4:2020, Clause 7 shall be set to 1.

Q=

The bsDrcSetTargetLoudnessValueUpper and bsDrcSetTargetLoudnessValdeLower fields shall be
cpnfigured 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 LoudnessCompensationDatal)), as defined in ISO/IEC 23008-
3:2019, subclause 15.5 shall be present in the Audio Scene Information jfthe mae allowGainIntera¢tivity
eld (according to ISO/IEC 23008-3:2019, subclause 15.3) is set to 1 for-at least one group of audio elemgnts.

-

10.2.3 OMAF 2D audio legacy profile

10.2.3.1 General

—

his media profile fulfills requirements to support 2D channel-based audio. The delivery of up to 5.1 cHannels is
ppported. The profile is based on MPEG-4 AAC specified in [ISO/IEC 14496-3, which defines coding of gengral audio
pntent. The delivery of up to 5.1 audio channelsiallows 2D rendering according to the user’s viewing origntation.

o n

HE-AAC is used worldwide in the most suecessful streaming services and supported by all major streaming and
:Iedia platforms. Due to the wide reach,;MPEG-4 AAC may be used for VR services and platforms, which yse either

ono, stereo, 4.0, or 5.1 surround channel configurations. The 2D Audio Legacy profile does not require any new
gnalling for the audio codec andiits configuration. Therefore, it is compatible with all decoder implementations in
the market.

%]

10.2.3.2 Elementary stream constraints

10.2.3.2.1 General-encoding constraints

-

he audio stream shall comply with MPEG-4 AAC-LC, HE-AAC or HE-AACv2 profiles, Level 4, as defined in ISO/IEC
4496-3.

=

Hor-HE-AAC encoded tracks, the first sample of the ISOBMFF movie and the first sample of every ISOBMFF movie
fragment (when applicable) shall be a SAP of type 1, notably, the SBR configuration information shall be present in
the audio access unit.

ISOBMFF tracks containing AAC audio as defined in ISO/IEC 14496-3 shall conform to the following AAC audio
encoding constraints:

— The elementary stream shall be a raw data stream, i.e. ADTS and ADIF headers shall not be present.

— Each AAC elementary stream shall be encoded using MPEG-4 AAC LC, HE-AAC, HE-AACv2, Level 4. Use of the
MPEG-4 HE-AACv2 for stereo configuration is recommended for 32 kbps or lower.
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—  When using HE-AAC and HE-AACv2, explicit backwards compatible signalling shall be used to indicate the use
of the SBR and PS coding tools.

— AAC elementary streams shall not exceed 48kHz sampling rate.

— The number of channels, including the LFE channel, of an AAC ISOBMFF track shall not exceed six audio
channels.

— AAC ISOBMFF fragments containing HE-AAC shall start with a type 1 SAP, notably, the SBR configuration

infovmno—inn shall hain tha firct naclat
IFRaeeR-Sharrse-HhtRe- st packes

— The transform length of the IMDCT for AAC shall be 1024 audio PCM samples for long blocks, and 128audi
PCM|samples for short blocks.

[«]

— The following parameters shall not change within the elementary stream
— |Audio Object Type
— [Sampling Frequency

— |Channel Configuration

(¢

The charjnelConfiguration parameter carried in the AudioSpecificCon€ig shall be set according to one of th
following specified values:

— chahnelConfiguration is setequal to 1 for mono audio.

— chahnelConfiguration is set equal to 2 for stereo audio.

— chahnelConfiguration is setequal to 4 for four'channel audio.

— chahnelConfiguration is set equal to 5for five channel audio.

— chahnelConfiguration is set equal'to’6 for six channel audio, i.e. 5.1 audio.

Producinjg audio content capable of seaniless bitrate adaptation with OMAF 2D Audio Legacy media profile (AAC-LC,
HE-AAC, |HE-AACv2) requires constrained encoding at fragment boundaries. For such scenarios, each AA|
elementary stream shall be encoded-following the constraints provided in ISO/IEC 23000-19:2020, subclause 10.5.2
to subclapise 10.5.6.

(@)

Encoding recommendations for AAC audio tracks are provided in ISO/IEC 23000-19:2020, Annex G.
10.2.3.2.2 Syntaxand values of syntactic elements

The syntgx and values for syntactic elements shall conform to ISO/IEC 14496-3. The following element shall not be
present in atwMPEG-4 HE-AAC or HE-AACv2 elementary stream:

— coupling_channel_element (CCE)
If the program_config_element (PCE) element is present then it shall only list a set of channels corresponding to one
of the fixed channel configurations specific in [SO/IEC 14496-3:2019, Table 1.19, and the element shall not change

for the duration of the track.

The arrangement of syntactic elements shall be according to ISO/IEC 14496-3:2019, Table 1.19. For convenience,
the arrangement of elements for the allowed channel configurations is reported in Table 57.
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Table 57 — Arrangement of Audio syntactic elements

Channel Number of Audio syntactic elements
Configuration Channels y

1 1 <SCE>, <optional additional elements>, <TERM>, for HE-AAC v2, and mono
HE-AAC or AAC-LC
<CPE>, <optional additional elements>, <TERM>, for stereo HE-AAC or

2 2
AAC-LC

% % =SCE=<CPE><SCE><optivmatadditiomat etemmrents><TERM=

5 5.0 <SCE>, <CPE>, <CPE>, <optional additional elements>, <TERM>

6 5.1 <SCE>, <CPE>, <CPE>, <LFE>, <optional additional elements>,'<TERM3

=z

OTE Angled brackets (<>) are used above to indicate separate syntactic elements, not stream syntax.

—

he syntax and values for individual channel stream shall conform to/ISO/IEC 14496-3. The
elds shall be set as follows:

je=r)

—+— gain control data present issetequalto 0.

10.2.3.2.3 AAC presentation timing

Tlhe AAC codec uses audio frames of a fixed length, and a transform which applies over two frames. To obta
audio from a frame, both frames in the transform are needed; and hence the prior encoded frame and th|
encoded frame need to be decoded to output the first framjes This is sometimes called "priming" and may be
sing the 'rol1' sample group.

full reconstruction of the first encoded audio.frame is sometimes not possible since there is no previo
nit. To still achieve a full reconstruction, a.commmon practice is to add silence to the beginning of the aud
A more detailed explanation of this approach may be found in ISO/IEC 14496-24.

]

h practice, an encoder can prepend‘an arbitrary amount of (invalid) audio waveform samples to the si
portion of the audio signal is sometimes called "encoder delay" and varies depending on the implementat

Bresentation delay is compéngsated according to one of the following options:

—+ The most commof-approach to compensate for inserted extra audio is to add an offset edit list to the
header. In the ¢ase where padding has been added to the start of an audio stream, themedia time i
list is the length (in audio samples, as measured by the timescale of the track) of the inserted audio
2112 is acommon example for AAC.

— If th€ content has been generated according to ISO/IEC 23000-19:2020, Clause G.5, no EditLi
present.

following

ncorrect
e current
signalled

LS access
io signal.

rnal. This
on.

[SOBMFF
n the edit
samples;

EtBox iS

— Ifthe SBR and PS coding tools are present, they shall not be considered for the purpose of delay comp

10.2.3.2.4 Loudness and dynamic range control

ensation.

The audio stream should contain DRC and loudness metadata according to ISO/IEC 14496-3. The audio encoder

should set the Program Reference Level to the loudness level of the audio stream.

The audio encoder should generate DRC metadata for light compression encoded in the dyn rng ctl and
dyn rng sgn fields of dynamic_range info () in the FIL element and DRC metadata for heavy compression

inthe compression value field of MPEG4 ancillary data () inthe data stream element (DSE).
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NOTE It

is expected that the audio decoder will use the Program Reference Level, if available, to achieve a desired target

loudness, if applicable. It is expected that the audio decoder will apply the DRC metadata, if present, according to ISO/IEC 14496-

3 includin

10.2.3.2.

g the DRC Presentation Mode value of the drc_presentation mode fields.

5 Maximum bitrate

The maximum bitrate of AAC elementary streams shall be calculated in accordance with the AAC buffer
requirements as defined in ISO/IEC 14496-3:2019, subclause 4.5.3. Only the raw data stream shall be considered in
determining the maximum bitrate (system-layer descriptors are excluded).

10.2.3.3

When a

FileTypeBox indicates that the track conforms to this media profile. When a file contains multiple track
compatlble brands containing a brand equal to '0ca2d' in FileTypeBox indicates that atdeast one of th

tracks co

compatible brands containing a brand equal to 'oa2d' in TrackTypeBox indicates(that the track conforms

to this m

A track

FileTypeBox and TrackTypeBox.

The syntpx and values of the AudioSampleEntry shall conform to MPAAudioSampleEntry ('mp4a') 4

defined i

ISO Base Media File Format constraints

track is the only track in a file, compatible brands containing a brand equal to 'ca2d’' i

5

[¢)

hforms to this media profile.

pdia profile.

pf this media profile shall be indicated to conform to this media profile through one or both ¢f

%)

n [SO/IEC 14496-14. Table 58 lists the allowed AAC profiles.

Table 58 — 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

The SampleEntry format inghe-SampleDescriptionBox is the same for each AAC audio profile.

10.2.3.3.

The follo

— Alla

1 Storage of AACmedia samples
ving additienal constraints apply:

udio media samples shall consist of one AAC audio access unit.

— All AACaccess units iman ISOBMFF track shall be encoded with one of AAC LC, HE-AAC or HE-AACVZ.

— The

values given in AudioSampleEntry, DecoderConfigDescriptor, and DecoderSpecificInfo

shall match the corresponding values in the AAC audio bitstream.

10.2.3.3.

The synt

2 AAC audio sample entry

ax and values of the AudioSampleEntry shall conform to MP4AudioSampleEntry ('mp4a') as

defined in ISO/IEC 14496-14.
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The sample entry and fields specified in this section shall not change within an ISOBMFF track.

The value of the channelcount parameter in the AudioSampleEntry box defined in ISO/IEC 14496-12 shall
be set to one of the following specified values:

— channelcount issetequal to 1 for mono audio.

— channelcount is setequal to 2 for stereo audio.

b ClIalllie LCOUITU ib SCL cqudi L0 “l‘ fUl fUl.ll L‘Ildllllc‘l dudiU.
—+ channelcount issetequal to 5 for five channel audio.

—+ channelcount issetequalto 6 for six channel audio, i.e. 5.1 audio.

—

he value of the channelcount parameter in the AudioSampleEntry box shall-correspond to the [values of
hannelConfiguration field of AudioSpecificConfig according to Table 59:

0]

Table 59 — Mapping of channelcount parameter in the AudioSampleEntry to
channelConfiguration field of AudioSpecificConfig

channelcount channelConfiguration

1 1

2 2

4 4

5 5

6 6
The channel to loudspeaker mapping for‘each channelConfiguration indexis given in ISO/IEC 1#496-
3:2019, Table 1.19. The geometric speaker positions for channelConfiguration = 4 (Quadrophonic
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 setas follows:

—+ ES_IDissétequalto 0.

—+ strfeamDependenceFlag is setequal to 0.

—+“DRL Flagissetequalto0.

— OCRstreamFlagis setequal to 0.

— streamPriorityissetequal to 0.

— decConfigDescr issetequal to DecoderConfigDescriptor.

— slConfigDescrissetequal 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.
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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

descripto

r shall be constrained to the following values.

— decoderSpecificInfo shall be used, and ProfileLevelIndicationIndexDescriptor shall not
be used.

— objectTypeIndication is equal to 0x40 (Audio).

— str
— upS
— dec
10.2.3.3
The synt:
The follo}
— aud{
— chay
— extyd
— GASHY
10.2.3.3

The syn
GASpec]

— fra
— dep

— ext

10.3 In

camType is equal to 0x05 (Audio Stream).

L ream is equal to 0.

bpecificInfoisequalto AudioSpecificConfig.

.2.3 AudioSpecificConfig

ix and values for AudioSpecificConfig shall conform to ISO/IEC 14496-3:
ving fields of AudioSpecificConfigshall be setaccording to ISO/IEC14496-3 and subclause 10.2.3.2:
| 00bjectType
inelConfiguration
tnsionAudioObjectType
ecificConfig

2.4 GASpecificConfig

fax and values for GASpecifieC€onfig shall conform to ISO/IEC 14496-3, and the fields ¢of
ficConfig shall be set to the following values:

nelLengthFlag is equal to.0.(1024 lines IMDCT).
bndsOnCoreCodergisiequal to 0.

ensionFlag jsiequal to 0.

hage profiles

10.3.1

O H
oOvVeTVICW

Subclause 10.3 defines OMAF media profiles for image coding. Table 60 provides an overview of the supported

features.

The detailed, specification for each image profile is provided in the referenced subclause. Common text for

both profiles is provided in subclause 10.3.2.

252
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Table 60 — Overview of OMAF media profiles for image coding

021(E)

Media Profile Codec Profile Level Brand | Subclause
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

10.3.2 Common specifications for image profiles

10.3.2.1 General

Subclause 10.3.2 specifies common constraints applicable to both OMAF image profiles. Both‘monosc

packing. The 'grid' derived image item can be used to support large image widths and heights.

10.3.2.2 ISO Base Media File Format constraints for an image item conforming to an OMAF im
profile

An image item is specified to conform to an OMAF image profile when all of the following constraints are
—+ Either one of the following applies:
— The image item is a coded image item conforming to the OMAF image profile.

— Theimageitemisa 'grid' derived imageitem, and each source image item of the derived ima
a coded image item conforming to the QMAF image profile.

—+ The item properties for the coded image item comply with the requirements and constraints sp
subclause 7.9.

—+ The item is not associated with, any other types of essential item properties than those required by

—+ Theitemis associated witha 'prfr' item property that indicates the equirectangular or cubemap p

—+ When the itemisassociated with a ' rwpk ' item property, the values of the item property are const
follows:

— When equirectangular projection is in use, the value of NumRegions, derived as spe
subclause 7.5.1.2, shall be equal to HorDiv1 * VerDiv1, derived as specified in subclause 7.9.3.1.

opic and

stereoscopic images up to 360 degrees are supported. These image profiles require the use of the‘equireftangular
projection or the cubemap projection. When equirectangular projection and region-wisepacking are i use, the
number of regions in region-wise packing is required to be equal to 1 or 2 for monoscopjc or stereoscopi¢ content,
respectively. When cubemap projection is in use, it is allowed to use up to one region/per cube face in region-wise

age

rue:

be item is

bcified in

the item

type of the image item, ands'stvi', 'prfr', 'rwpk',and 'rotn', which are specified in this docyment.

rojection.

rained as

cified in

53— When cubemap projection is in use, the number of projected regions containing samples of a Iparticular

cube face shall not be greater than 1.

NOTE When the image item covers less than 360 degrees, a cube face can be absent in a packed picture.

— The value of PackingType[i] for each value of i in the range of 0 to NumRegions - 1, inclusive, derived as

specified in subclause 7.5.1.2, shall be equal to 0.
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10.3.2.3

ISO Base Media File Format constraints for a file conforming to an OMAF image profile

Each file including a four-character code of an OMAF image profile as a compatible brand shall conform to all of the

following

bran

The file shall include 'mif1' among the compatible brands and comply with the requirements of 'mif1'

d as specified in ISO/IEC 23008-12.

The file shall contain at least one image item that conforms to all of the following:

10.3.3

10.3.3.1

Subclaus

follows the common constraints for OMAF image profiles.

10.3.3.2

The bitst
tier, Levd

The bitst
shall be &

The activj

— gendral_progressive_source_flag shall be set to 1.
— gendral_frame_only_consttaint_flag shall be set to 1.

— gendral_interlaced source_flag shall be set to 0.

10.3.3.3

The image item is present in the file.
When the image item is a derived image item, each source image item is present in the file.

The image item is either the primary item or any item from the alternate group containing-the primar
item.

<

The image item conforms to the OMAF image profile.

OMAF HEVC image profile
General

e 10.3.3 specifies the OMAF HEVC image profile, which uses HEYC ds the codec for coding of the image and

Elementary stream constraints

=]

Feam of a coded image item conforming to this media profile shall conform to HEVC Main 10 profile, Mai
15.1.

[¢)

Feam contained in a coded image item shall consist of one and only one coded picture. The coded pictur
coded frame.

e SPS of the bitstream shall be constrained as follows:

ISO Base'Media File Format constraints

A coded ilmage 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 10.3.3.2.

— The

item has type 'hvcl' and conforms to the requirements imposed by the 'hvcl' item type, as specified

in ISO/IEC 23008-12.

— The

254

coded image item conforms to the constraints specified in subclause 10.3.2.2.
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An image item is specified to conform to the 'heoi' brand whenitis a coded image item conforming to the 'heoi"'
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 '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.

et

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 Rec. ITU-T H.265 (11/19)\ISO/IEC 23008-2:2020, gubclause
8.1.1.

—+ The outputs of this process are the same as the outputs of Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020,
subclause 8.1.1.

Qo

therwise (the image itemisa 'grid' derived image item), the following applies:

— For each source image item of the derived image itemmythe following applies:
— An HEVC bitstream consists of the contenf of the source image item.
— The HEVC bitstream shall conform:to’the elementary stream constraints specified in subclause 10.3.3.2.

— The HEVC bitstream is decoded as specified in Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020,
subclause 8.1.1.

— The output of this process'is formed by tiling the reconstructed images resulting from the decoding|of all the
source image items, asispecified in the image grid derivation of ISO/IEC 23008-12.

Additionally, this process outputs ProjectionFormatProperty, FramePackingProperty (when
applicable), RegienWisePackingProperty (when applicable), and RotationProperty (when applicable)
that provide thé@.input for the semantics of sample locations within the decoded picture as specified in qubclause
7.5.1.

10.3,3'5~Recommendations and requirements for OMAF player

Thereguirements—on—readers—conformina to-the 'mi£1 ' hrand as spnecifiedin JSO/EGC 23008-1
He—FegHrements—en—Feaaers—conios £—to—+the—m++—= Baha—aS—SpeaHea——toY/ =% +

N

1 shall be

supported.

Players conforming to the 'heoi' brand shall support displaying an image item that conforms to both of the
following:

— 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 'heoi' brand as specified in subclause 10.3.3.3.
When displaying an image item conforming to the 'heoi' brand, players are expected to obey semantics of the

sample locations of the decoded picture as specified in subclause 7.5.1.
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10.3.4

10.3.4.1

OMAF legacy image profile

General

Subclause 10.3.4 specifies OMAF legacy image profile, which uses JPEG as the codec for coding of the image and
follows the common constraints for OMAF image profiles.

10.3.4.2

Elementary stream constraints

The elen

10.3.4.3

A coded image item is specified to conform to the ' jpoi' brand when all of the following constraintsdre true:

— The
subd

— The
in 19
sped

— The

Animage|

brand as
each sou

10.3.4.4
The inpu
— the §
— afild
If the im3
— A]JP]
— The
— The

— The

. =l . 1 1 £ 1 — 1 1 LWL IR FoPaNVL & nPalle Vo WaVaVa il ial
IItdaly SUCAIIl COIISUIAIIILS dI'€ TUCTILICAD LU UTI0SE 10T UIT — JPCSy UldlIUa SPeCHICU T IOV /TEU Z20UVUO0= 1 4.

ISO Base Media File Format constraints

content of the coded image item conforms to the elementary stream constraints specified i
lause 10.3.4.2.

=

tem has type ' jpeg' and conforms to the requirements imposed by the ' 7pey ' item type, as specified
O/IEC 23008-12, or is coded with MIME type 'image/jpeg' andCeonforms to that MIME typ
ification.

[¢’)

roded image item conforms to the constraints specified in subclause.10.3.2.2.

item is specified to conform to the ' jpoi ' brand when itis a8¢oded image item conforming to the ' jpoi
specified above or a derived image item conforming to the\constraints specified in 10.3.2.2 and for which
ce image item is a coded image item conforming to the~'dpoi' brand.

File decoding process

s to the file decoding process are

tem ID value of the image item conforming to this media profile, and

containing at least the image item.

ge item with the given item id valueis a coded image item, the following applies:

G bitstream consist$\0f the content of the item with the given item ID value.

PEG bitstream shall conform to the elementary stream constraints specified in subclause 10.3.4.2.
PEG bitstréam is decoded as specified in ISO/IEC 10918-1.

putput of this process is a decoded JPEG image.

Otherwis

e (the image item isa 'grid' derived image item), the following applies:

— For each source image item of the derived image item, the following applies:

256

A JPEG bitstream consists of the content of the source image item.
The JPEG bitstream shall conform to the elementary stream constraints specified in subclause 10.3.4.2.

The JPEG bitstream is decoded as specified in ISO/IEC 10918-1.
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— The output of this process is formed by tiling the reconstructed images resulting from the decoding of all the
source image items, as specified in the image grid derivation of ISO/IEC 23008-12.

Additionally, this process outputs ProjectionFormatProperty, FramePackingProperty (when
applicable), RegionWisePackingProperty (when applicable), and RotationProperty (when applicable)
that provide the input for the semantics of sample locations within the decoded picture as specified in subclause
7.5.1.

10.3.4.5 Recommendations and requirements for OMAF player

The requirements on readers conforming to the 'mif1l' brand, as specified in ISO/IEC 23008+12( shall be
Lipported.

(%)

av)

layers conforming to the 'jpoi' brand shall support displaying an image item that conferms to bdth of the
bllowing:

=

— 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 ' jpoi' brand as specified in subclause,10.34.3.

<

Vhen displaying an image item conforming to the ' jpoi' brand, players-are expected to obey semantics of the
hmple locations of the decoded picture as specified in subclause 7.5,1.

[%2)

10.4 Timed text profiles

10.4.1 Overview

W

ubclause 10.4 defines media profiles for timed text. Timed text is used for providing subtitles and closed captions
for omnidirectional video. Table 61 provides an overview of the supported features. The detailed, specifi¢ation for
ach timed text profile is subsequently provided in the referenced subclause.

D

Table 61 —-Overview of OMAF media profiles for timed text

Media Profile Codec Profile Brand | Subclause

OMAF IMSC1 timed text profile IMSC1 Text Profile or ttml | 10.4.2
Image Profile

OMAF WebVTT timed text profile | WebVTT | n\a ttwv | 10.4.3

10.4.2~OMAF IMSC1 timed text profile

1U.4.2.1 niementary strcamn 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 1.0.1 (IMSC1).

10.4.2.2 ISO 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 profile.
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compatible brands containing a brand equal to 'ttml' 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.

An IMSC1 track shall conforms to the IMSC1 track format as specified in subclause 7.10.3.

The media handler type is ' subt ', and the track uses a subtitle media header.

The role

When tinped text cues are displayed on sphere regions, the timed text sphere region metadata track, as specified i

subclaus

10.4.3
10.4.3.1

The elem
Format.

10.4.3.2

When a
FileTyy
compat]
tracks co

compat]
to this m

A track
FileTyy

A WebV7]

handlexr

The role

When tinped text cues dre-displayed on sphere regions, the timed text sphere region metadata track, as specified i

subclaus

bf an IMSC1 track should be labelled by using the KindBox.

=]

e 7.7.7, shall be present.

OMAF WebVTT timed text profile

Elementary stream constraints

entary stream shall conform to W3C Candidate Recommendation, WebVLT;“"The Web Video Text Tracks
ISO Base Media File Format constraints
track is the only track in a file, compatible brands\eontaining a brand equal to 'ttwv' in

eBox indicates that the track conforms to this media profile. When a file contains multiple track
[ble brands containing a brand equal to 'ttwv' in\FileTypeBox indicates that at least one of thle
hforms to this media profile.

T

[ble brands containing a brand equal to ' ttwv' in TrackTypeBox indicates that the track conforms
pdia profile.

pf this media profile shall be indicated to conform to this media profile through one or both ¢f
eBox and TrackTypeBox.

[T track shall conform to_the WebVTT track format as specified in subclause 7.10.4, using a tragk
_typeof 'text' witha'cédingname of 'wvtt'.

bf a WebVTT track-should be labelled by using the KindBox.

=]

e 7.7.7, shall be present.

11 Pre¢sentation profiles

11.1 OMAF viewport-independent baseline presentation profile

11.1.1

General

The OMAF viewport-independent baseline presentation profile is intended to provide the highest interoperability

and quali

258

ty on HMDs (including mobile-powered HMDs).
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This profile fulfils the basic requirements to support 3D Audio and omnidirectional and 3D video. Both mo

021(E)

noscopic

and stereoscopic video are supported. The profile requires neither viewport-dependent delivery nor viewport-

dependent decoding.

The profile also minimizes the options for basic interoperability.

11.1.2 ISO Base Media File Format constraints

An ISOBMFF file for which the content author considers that the VR experience is included in this file using the

trchnologles for the OMAF viewport-independent baseline presentation proiile may be olfered using the
file brand ' ompp'.

(@l

pnstraints apply:

—+ The file shall conform to the 'is09"' brand.

independent OMAF video profile as specified in subclause 10.1.2.

as specified in subclause 10.2.2.

11.2 OMAF viewport-dependent baseline presentation profile

11.2.1 General

—

he OMAF viewport-dependent baseline presentation profile is intended to provide interoperability and ¢
he HMDs that go beyond the viewport resolution achievable by the OMAF viewport-independent
presentation profile.

(=

—

his profile fulfils requirements to support 3D audio and omnidirectional and 3D video. Both monos
fereoscopic video are supported, The profile requires viewport-dependent delivery and rendering.

%]

11.2.2 ISO Base Media File Format constraints

>

n ISOBMFF file containing a VR experience using the technologies for the OMAF viewport-dependent
presentation profil€may be offered using the ISOBMFF file brand 'ovdp"'.

sl

or a file with~compatible brands containing a brand equal to 'ovdp' in FileTypeBox, the
pnstraintsapply:

(@]

— ~ The file shall conform to the 'is09"' brand.

SOBMFF

or a file with compatible brands containing a brand equal to 'ompp' in FileTypeBoX, the following

—+ If containing video, the file shall contain at least one track conforming to the HEVC-based yiewport-

—— If containing audio, the file shall contain at least one track conforming to the OMAF 3D audio baseline profile

uality on
baseline

opic and

baseline

following

— If containing video, the file shall contain at least one track conforming to the HEVC-based viewport-dependent

OMAF video profile as specified in subclause 10.1.3.

— If containing audio, the file shall contain at least one track conforming to the OMAF 3D audio baseline profile

as specified in subclause 10.2.2.
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12 OMAF toolset brands

12.1 Overlay toolset brand

12.1.1

Overview

This toolset brand specifies overlay-related requirements on files and OMAF players.

12.1.2 | ISO Base Media File Format constraints

The following constraints shall be obeyed in files containing the brand 'ovly' among compatible Jrands ¢f

the FildTypeBox:

— The file shall contain one or more 'ovbg"' entity groups.

— When the OverlayPriority control structure is present for an overlay and serlay priority in
OverlayPriorityisequalto0, overlay control essential flag[i].shall be absent orequalto[0
for alll values of i greater than 13 in the SingleOverlayStruct () of the oyerlay.

12.1.3 | OMAF player operation

When anf OMAF player conforming to this toolset brand is given a file containing the brand 'ovly' among

compatible brands of the FileTypeBox as input, the OMAF player is expected to render the background

visual mgdia and the overlays of an ' ovbg' entity group as specified for the expected behaviour in Annex G.

12.2 Viewpoint toolset brand

12.2.1 | Overview

This toolset brand specifies viewpoint-related Tequirements on files and OMAF players.

12.2.2 |ISO Base Media File Format'constraints

The following constraints shall’be’obeyed in files containing the brand 'vwpt' among compatible brands ¢f

the FildTypeBox:

— The file shall contain two or more 'vipo' entity groups.

12.2.3 | OMAFplayer operation

When an-OMAFplayer—conformingto—thistoolsetbrandisgivenafilecontainingthe brand wwpt'ameng

compatible brands of the FileTypeBox as input, the OMAF player is expected to handle viewpoints as

specified

for the expected behaviour in Annex G.

12.3 Non-linear storyline toolset brand

12.3.1

Overview

This toolset brand specifies requirements for authoring files suitable for non-linear storyline and the corresponding
requirements for OMAF players.

260

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=670106e0de62d8367d80fbb25d204661

ISO/IEC 23090-2:2021(E)

12.3.2 ISO Base Media File Format constraints

The following constraints shall be obeyed in files containing the brand 'nlsl' among compatible brands of
the FileTypeBox:

— The file shall contain two or more 'vipo' entity groups.

— Ifafirst 'vipo' entity group does not contain the ViewpointSwitchingListStruct (), there shall be a
second 'vipo' entity group for which at least one of the following constraints is met:

— the ViewpointSwitchingListStruct () is present and at leas one
destination viewpoint id valueis equal to the identifier of the first 'vipo' entjty.grou

N

— the ViewpointLoopingStruct () is present and the loop dest viewpoint\id value ig equal to
the identifier of the first ' vipo' entity group.

—+ For each viewpoint switch signalled in the ViewpointSwitchizmglistStruct(), [he flag
viewpoint switch region flag shall be equalto 1.

12.3.3 OMAF player operation

<

Vhen an OMAF player conforming to this toolset brand is giver.a file containing the brand 'nlsl|' among
ompatible brands of the FileTypeBox as input, the OMAF player is expected to handle viewpoints as
pecified for the expected behaviour in Clause G.8.

w0
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Annex A
(normative)

OMAF DASH schema

The OMAF DASH schema for descriptors defined in this document is provided below.

<?xml version="1.0" encoding="UTF-8"7>
<xs:sche¢ma xmlns:xs="http://www.w3.org/2001/XMLSchema"
targefNamespace="urn:mpeg:mpegl:omaf:2017"
xmlng:omaf="urn:mpeg:mpegl:omaf:2017"
elemgntFormDefault="qualified">
<xs:element name="sphRegionQuality" type="omaf:SphRegionQualityType" />
<xs:complexType name="SphRegionQualityType">
<xs|sequence>
<ks:element name="qualitylnfo" type="omaf:QualitylnfoType" minOccurs="1"max0ccurs="255"/>
<ks:any namespace="##other" processContents="lax" minOccurs="0" maxQeccurs="unbounded" />
</xk:sequence>
<xs|attribute name="shape_type" type="xs:unsignedByte" use="optional" default="0"/>
<xs|attribute name="remaining_area_flag" type="xs:boolean" use="gptional" 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:QualityTypel”use="required" />
<xsf|attribute name="default _view_idc" type="omaf:ViewType" use="optional" />
<xs|anyAttribute namespace="##other" processConténts="lax"/>
</xs:¢omplexType>

<xs:cgmplexType name="QualityInfoType">
<xs|attribute name="quality_ranking" type="xs:unsignedByte" use="required" />
<xs|attribute name="view_idc" type="omaf:ViewType" use="optional" />
<xslattribute name="orig_width’-type="xs:unsignedShort" use="optional"/>
<xs|attribute name="orig_height"type="xs:unsignedShort" use="optional"/>
<xs|attribute name="centré_azimuth" type="omaf:Range1l" use="optional"/>
<xs|attribute name="centtre_elevation" type="omaf:Range2" use="optional"/>
<xsf|attribute name="centre_tilt" type="omaf:Rangel" use="optional" />
<xsl|attribute name="azimuth_range" type="omaf:HRange" use="optional"/>
<xslattribute namhé="elevation_range" type="omaf:VRange" use="optional"/>
<xs|anyAttribute namespace="##other" processContents="lax"/>

</xs:¢omplexType>

<xs:element name="twoDRegionQuality" type="omaf:twoDRegionQualityType" />
<xs:complexType name="twoDRegionQualityType">
<xs:sequence>
<xs:element name="twoDqualityInfo" type="omaf:twoDQualityInfoType" 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"/>
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<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-Rame="oriewidth' tune="xs-unsianedShort  use="ounticnal L
g B Wi P g £heea H P cH—f

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

<xs:element name="cc" type="omaf:CCType" />
<xs:complexType name="CCType">
<xs:sequence>
<xs:element name="coveragelnfo" type="omaf:coveragelnfeType" minOccurs="1" maxOccurs="255"/>
<xs:any namespace="##other" processContents="lax" n{inOccurs="0" maxOccurs="unbounded"/
</xs:sequence>
<xs:attribute name="shape_type" type="xs:unsignedByte" use="optional" default="0"/>
<xs:attribute name="view_idc_presence_flag" type="xs:boolean" use="optional" default="0"/>
<xs:attribute name="default_view_idc" type="omaf:ViewType" use="optional"/>
<xs:anyAttribute namespace="##other" pro¢essContents="lax"/>
</xs:complexType>
<xs:complexType name="coveragelnfoType">

A

<xs:attribute name="view_idc" type="omaf:ViewType" use="optional"/>
<xs:attribute name="centre_azimuth" type="omaf:Range1" use="optional" default="0"/>
<xs:attribute name="centre\elevation" type="omaf:Range2" use="optional" default="0"/>
<xs:attribute name="centre_tilt" type="omaf:Rangel" use="optional" default="0"/>
<xs:attribute name="azimuth_range" type="omaf:HRange" use="optional" default="23592960"/>
<xs:attribute name="elevation_range" type="omaf:VRange" use="optional" default="11796480" />
<xs:anyAttribGte'namespace="##other" processContents="lax"/>

</xs:complexType>

<xs:attribute name="projection_type" type="omaf:listOfUnsignedByte" />
<xstsimpleType name="listOfUnsignedByte">
<xs:restriction>

xs:simpteType
<xs:list itemType="xs:unsignedByte" />
</xs:simpleType>
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>

<xs:attribute name="packing_type" type="omaf:OptionallistOfUnsignedByte" />
<xs:simpleType name="0OptionallistOfUnsignedByte">
<xs:restriction>
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<xs:simpleType>

<xs:list itemType="xs:unsignedByte" />

</xs:simpleType>
<xs:minLength value="0"/>

</x

s:restriction>

</xs:simpleType>

<xs:attribute name="view_dimension_idc" type="omaf:viewDIdcType" />

<XS:Si
<XS

</X

pln"l"ypa name— viax';\'rnldn"l"ypn
restriction base="xs:unsignedByte">
ks:minInclusive value="0"/>
ks:maxInclusive value="7"/>

K:restriction>

</xs:gimpleType>

<xs:si
<XS

</X

mpleType name="Range1">
restriction base="xs:int">
ks:minlnclusive value="-11796480"/>
ks:maxInclusive value="11796479" />
5:restriction>

</xs:§impleType>

<Xs:Si
<XS

<

<

</x

mpleType name="Range2">
restriction base="xs:int">
ks:minlnclusive value="-5898240"/>
ks:maxInclusive value="5898240"/>
5:restriction>

</xs:§impleType>

<Xs:si
<XS

</X

mpleType name="HRange">
restriction base="xs:unsignedInt">
ks:minInclusive value="0"/>
ks:maxInclusive value="23592960" />
5:restriction>

</xs:§impleType>

<Xxs:si
<XS

</X

mpleType name="VRange">
restriction base="xsunsignedInt">
ks:minlnclusive value="0"/>
ks:maxInclusiye value="11796480"/>
5:restrictions

</xs:gimpleType>

<XS:Si
<XS

<2

mpleType name="QualityType">
restriction base="xs:unsignedByte">

nan g/

I 1 H 1
O. IIIIITIICIUSIVE VAdIUuT= U /

<xs:maxInclusive value="15"/>

</x

s:restriction>

</xs:simpleType>

<XS:Si
<XS

mpleType name="ViewType">
:restriction base="xs:unsignedByte">

<xs:minlnclusive value="0"/>

<xs:maxInclusive value="3"/>

</x

s:restriction>
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</xs:simpleType>
</xs:schema>
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