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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 capturing
360° video, and on the playback side there are many different devices that are able to playback 360° video with

different pro“nccing r‘apahi]iﬁac To _avoid Fragmnhfnﬁnn of omnidirectional media content and devi

es, a
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viii

Clause 1

Clause 2

Fformat for omnidirectional media applications is specified in this document.

t defines a media format that enables omnidirectional media applications, focusing on,360°
idio, as well as associated timed text. What is specified in this document includes _(butis not1
ate system that consists of a unit sphere and three coordinate axes, namely‘the’X (back-to-front

eral, side-to-side) axis, and the Z (vertical, up) axis;

n and rectangular region-wise packing methods that may be used foy'conversion of a spherical
or image into a two-dimensional rectangular video sequence or-ithage, respectively;

f omnidirectional media and the associated metadata using the ISO Base Media File Format (ISO
ed in ISO/IEC 14496-12;

fvideo or image overlays and the associated metadata using ISOBMFF;

ation, signalling, and streaming of omnidirectional media and overlays in a media streaming sy
5 specified in ISO/IEC 23008-1;

ofiles and presentation profiles that provide conformance points for media codecs as well as

nd encapsulation configurations:that may be used for compression, streaming, and playback

ctional media content;

Fands that provide conformance points for functionalities beyond plain 360° video, images and

t is organized as'follows:

specifies the scope of this document.

contains the normative references.

video,
mited

) axis,

video

BMFF)

rstem,

ic adaptive streaming over HTTP (DASH)\as specified in ISO/IEC 23009-1 or MPEG media trapsport

media
of the

qudio.

Clause 3 specifies theterms; definitions, abbreviated terms; arithmmeticoperatiorrs, mathrenmaticat furrctio
other conventions used in this document.

Clause 4

contains an overview of this document.

1s and

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

coordina

Clause 6

te axes, and the rectangular region-wise packing.

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.
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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.

-2:2021(E)

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

1) Clause 12 specifies OMAF toolset brands.

n) Annex B specifies the DASH integration of all the OMAF media profiles for timed media spegifieq
0) Annex C specifies the CMAF integration of some of the OMAF media profiles specified.in’Clause
p) Annex D describes some schemes for viewport-dependent omnidirectional video-processing.

q) AnnexE contains some DASH MPD examples.

r) Annex F contains some MMT signalling examples.

s) Annex G specifies the expected OMAF player behaviour for rendering overlays.
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holder of this patent right is registered with ISO and IEC. Information may be obtained fr
hse available at www.iso.org/pateénts.
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INTERNATIONAL STANDARD ISO/IEC 23090-2:2021(E)

Information technology — Coded representation of
immersive media —

Part 2:
Omnidirectional media format

1 Scope

This fHocument specifies the omnidirectional media format for coding, storage, delivery and|rendering of
omnidirectional media, including video, images, audio and timed text. Omnidiréctional image or vid¢o can contain
graphjics elements generated by computer graphics but encoded as image’or video. Multiple viewpoints, each
corregponding to an omnidirectional camera, are supported. The document also specifies storage apd delivery of
overldy images or video intended to be rendered over the omnidirectional'background image or video.

2 Normative references

The fopllowing documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references, the
latest|edition of the referenced document (including any amendments) applies.

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

ISO/IEC 14496-1, Information technology — Coding of audio-visual objects — Part 1: Systems
ISO/IEC 14496-3:2019, Infermation technology — Coding of audio-visual objects — Part 3: Advanced qudio coding

Rec. ITU-T H.264 (06/19) | ISO/IEC 14496-10:2014, Information technology — Coding of audio-visua| objects —
Part 1|0: Advanced video coding

ISO/IEC 14496%2:2020, Information technology — Coding of audio-visual objects — Part 12: ISO bas¢ media file
formatt

DA

I AP . ,. P P VR 44 aipg
ISO/IE€#496=1% Tnformutiomtechnotogy —Cuoding of uudio-visuut vbjects = Purt 14 MP+fite formut

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)

© ISO/IEC 2021 - All rights reserved 1
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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 2300 3.&019, l’llj[UI lllbltl'Ull thI’lllUl’Ug)’ 1'[11"(]11[ Cj‘)‘:bl’cllb_)’ LUdl'lly uud lllCdl'u dCl’l'VCI_y l'll l’lCtCl UHCIICUM.)
environments |— Part 3: 3D audio

ISO/IEC 2300B-12, Information technology — High efficiency coding and media delivery in heterogeneous
environments |— Part 12: Image file format

ISO/IEC 2300P-1:2019, Information technology — Dynamic adaptive streaming over HTTP (DASH) — Part 1: ]

presentation d
ISO/IEC 2309
ISO/IEC 2309
IETF BCP 47,

IETF Internet
IETF RFC 638
W3C Candidaf
W3C Recommny
W3C Recommny
W3C Recommny

W3C Recomm

3 Terms

escription and segment formats

1-2, Information technology — Coding-independent code points — Paxt.2:/Video
1-3, Information technology — Coding-independent code points <~Part 3: Audio
['ags for Identifying Languages

Standard 66, Uniform Resource Identifier (URI): Generi€ Syntax

1, MIME Codecs and Profiles

e Recommendation, WebVTT, The Web Video Text Tracks Format

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

endation, XML schema part2: Datatypes

endation, XML Path Language (XPath) 2.0 (Second Edition)

L definitions, abbreviated terms and conventions

3.1 Term

Vedia

5 and 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

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/

© ISO/IEC 2021 - All rights re
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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

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

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

3.1.3
background visual media

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

3.1.4
circular image

imagd captured with a fisheye lens (3.1.18)

3.1.5
closedl scheme type

schenle type (3.1.46) that clearly specifies which transforimations are allowed and does not allow futyre extensions

3.1.6
comnpon reference coordinate system

3D Caftesian coordinate system with the centre being (X, Y, Z) equal to (0, 0, 0), used as the refererjce coordinate
system for all viewpoints (3.1.59) within ayiewpoint group (3.1.60)

3.1.7
compjosition-aligned sample

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

3.1.8
compjosition picture

picturle that is suitable to be presented and is obtained from the decoding outputs of composition-aligned samples
(3.1.7) of all tracks of a 2D spatial relationship track group by arranging them spatially as specified by the semantics
of the 2D spatial relationship track group

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

© ISO/IEC 2021 - All rights reserved 3
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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 entry: Azimuth and elevation are specified in subclause 5.1.

3.1.12
elevation cir¢le

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

Note 1 to entryf When the elevation is zero, an elevation circle is also a great circle (3.1.22). This ceincides 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 encodgd tile
sequences in ¢oded domain without decoding mismatch by rewriting only header data

3.1.14
extractor track

track that has|untransformed sample entry type equal to*’hvc2', 'avc2', or 'avc4' and contains one orf more
'scal' tracH references

3.1.15
field of view

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

3.1.16
file decoder

collective terr for file/segment decapsulation and decoding of video, audio or image bitstreams

3.1.17
file decoding|process

process specified as a part of a media profile specification that takes as input a set of ISOBMFF tracks or items and
derives either a decoded pictures or audio samples, and rendering metadata for them; or a fully rendered audio
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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fisheye omnidirectional video
fisheye omnidirectional image
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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

video

captured by fisheye lenses (3.1.18)

3.1.2

coord
inteng

Note 1

Note 2
omnid
the au

Note 3
image
centy

3.1.22

great

inters
Note 1

Note 2

3.1.2]
guard

areat

as seams

Note 1
7.5.3.

globa{ coordinate axes

led to be rendered together
to entry: Coordinate axes are specified in subclause 5.1.

to entry: The origin of the global coordinate axes is usually the same as the’ centre point of a device
rectional audio/video acquisition as well as the position of the observer's.head in the three-dimensiona
Hio and video tracks are located.

to entry: In the absence of the initial viewing orientation metadata-see subclause 7.7.4 for tracks or sulj

items), the initial viewing orientation should be inferred,to be equal to (0, 0, 0) for (cen
e elevation,centre tilt)relative to the global coordinate axes.

circle

ection of the sphere and a plane that passes through the centre point of the sphere
to entry: A great circle is also known as an*orthodrome or Riemannian circle.

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

3
band

hat is not renderedbut may be used to improve the rendering quality to avoid or mitigate visua

to entry:'\Guard bands in packed pictures (3.1.34) are associated with packed regions (3.1.35) as describ

nate axes that are associated with audio, video, and images representing the same ‘acquisition position and

or rig used for
space in which

clause 7.9.9 for
Cre azimuth,

artifacts such

led in subclause

3.1.2

local coordinate axes

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 to mesh

eleme

nts of a three-dimensional mesh
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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.

3.1.27
OMAF player

application responsible for receiving files or segments or accessing files locally, decapsulating these files and

segments, ded
and applying

3.1.28
OMAF tile tra

track that rep|
other OMAF

decoding mis
subsequently

Note 1 to entry

3.1.29

omnidirectional media

media such a
orientation (3
otherwise, as

3.1.30
open-ended !

scheme type (1

3.1.31
overlay

piece of visual

3.1.32
overlay soury(

oding the audio, video, image or timed text bitstreams, rendering the audio, video, image or tims
h strategy for receiving the files or segments based on the viewport (3.1.61) information

ck

resents a rectangular subset of the original video content and has the capability to be merge
ile tracks in coded domain without decoding mismatch by rewriting enly header data, w
match refers to the value of any pixel having a different value when’decoded prior to merg
to merging

An HEVC tile track as specified in ISO/IEC 14496-15 is an example of an-OMAF tile track.

5 image or video and its associated audio that.enable rendering according to the user's vj
.1.56), if consumed with a head-mounted device, or according to user's desired viewport (3
f the user was in the spot where and when the media was captured

scheme type

.1.46) that allows future extensions

media (3.1.62)rendered over omnidirectional video or image item or over a viewport (3.1.61)

e

d text

with
ere a
ng or

ewing
1.61),

piece of visual

3.1.33

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

overlay source region

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

3.1.34
packed pictu

picture that is

Note 1 to entry:

re

represented as a coded picture in the coded video bitstream

A packed picture may result from region-wise packing (3.1.43) of a projected picture (3.1.37).
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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

omnidirectional media (3.1.29) where the relation of two-dimensional picture coordinates to sphere coordinates

7) is specified using mathematical projection equation(s)

(3.1.4

3.1.3]
proje

pictui]
Note 1

Note 2
relativ]

3.1.38

proje

y
cted picture

e that has a representation format specified by an omnidirectional video projection format
to entry: Omnidirectional projection formats are specified in subclause 5.2.

to entry: A project picture i) covers the entire sphere. ii) has no re-sized, ré-positioned, rotated, or m
e to a representation format specified by an omnidirectional video projection fermat, and iii) has no guard

cted region

regioI in a projected picture (3.1.37) that is mapped to apacked region (3.1.35) as specified by th

packi

3.1.34
proje

inverg
byas

3.1.40

quali

g signalling

D
ction

e of the process by which the samplesofa projected picture (3.1.37) are mapped to a set of posit
bt of azimuth (3.1.1) and elevation (3.1.11) coordinates on a unit sphere

y ranking region

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

3.1.41
quali

qualit,

|
y ranking 2D region

y ranking-region (3.1.40) that is specified relative to a decoded picture

irrored regions
bands (3.1.23).

e region-wise

ons identified

a sphere

3.1.41

quality ranking sphere region

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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rendering
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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

3.1.45
sample

with background visual media (3.1.3)

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

Note 1 to entry|
that track, whe
e.g. in the phrag

3.1.46
scheme type

When the term sample is used in the context of a track, it refers to all the data associated with a single
e a time is either a decoding time or a composition time. When the term sample is used in the contextof a g
e "luma sample”, it refers to a single element in one of the three sample arrays that representthe.picture,

type that pardmeterizes an encrypted, restricted, or incomplete media track

3.1.47
sphere coord

azimuth (3.1.1

3.1.48
sphere regio

region on a sp
circles (3.1.12

3.1.49
sub-picture

picture that re
video encodin

3.1.50
sub-picture k

bitstream tha
before video ¢

inates

) and elevation (3.1.11) that identify a location of a pointeh the unit sphere

1l

here, specified either by four great circles (3.1.22) or by two azimuth circles (3.1.2) and two ele
,or such aregion on the rotated sphere after applying certain amount of yaw, pitch, and roll rot

presents a spatial subset df the original video content, which has been split into spatial subsets |
g at the content production side

itstream

ncoding-at the content production side

3.1.51

ime of
icture,

vation
htions

before

[ representsta spatial subset of the original video content, which has been split into spatial syibsets

sub-picture 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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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

sample in a track that is associated with another track, and either has the same decoding time as a particular sample
in the other track, or, when a sample with the same decoding time in the other track is not available, the closest

precefling decoding time relative to that of a particular sample in the other track

3.1.5

track[sample entry type

sample entry type of a SampleEntry directly contained in SampleDescriptionBox

3.1.5

viewing orientation

triplet of azimuth (3.1.1), elevation (3.1.11), and tilt angle (3.1.53) characterizing the orientation
consuming the audio-visual content; in case of image or video, charaéterizing the orientation of the vie

3.1.5

viewing position

positipn from which video and image content is viewed

Note 1 to entry: In the first edition of this document, the viewing position is the centre of the unit sphere. In |
docunent, a viewing position within the viewing space (3.1.58) is enabled to view overlays (3.1.31) from differd
relativie to the background visual media (3.1.3). When the content is rendered with a head-mounted display, h¢
be usef to locate the viewing position.

3.1.5

viewitg space

three{dimensional space ofwviewing positions (3.1.57) within which rendering (3.1.44) of image and vi
and VR experience is valid

3.1.5

viewpoint

omnidirectionhal media (3.1.29) corresponding to one omnidirectional camera

3.1.6

*
P

(1

T

9

that a user is
Wwport (3.1.61)

tdition 2 of this
nt perspectives
ad tracking can

Heo is enabled

0

viewpoint group

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

3.1.6

1

viewport

regio

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

ISOBMFF 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 spatialrelationship 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

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

SR

Ry

division in mathematical equations where no truncation or rounding is intended

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

x%y modulus
Remainder of x divided by y, defined only for integers x and y with&,>= 0 andy > 0.
; x>=0
Abs()=1 % %
-x ; x<0

Asin([x) trigonometric inverse sine function, operating ©n“an argument x that is in the range

Atan(

Atan?2

Cos( A

inclusive, with an output value in the range of ~m+2 to m+2, inclusive, in units of radians

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

Atan(lj :ifx >0
X

Atan(lj—i-n ; dMfw<0&& y>=0

X

(y,x)= Atan(lj—n: y ifx<0&&y<0
X
T .
+5 ; fx==0&& y>=0
Py A ; otherwise
2

) ~ trigonometric cosine function operating on an argument x in units of radians

(1)

bf —1.0 to 1.0,

mber, with an

(2)

Floor( x) largest integer less than or equal to x

Round( x) = Sign( x) * Floor( Abs(x) + 0.5)

1 ; x>0
Sign(x)=10 ; x==0
-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
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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.

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

Table 1 speciffesthe precedence of operations {rom Nighest T0 TOWesT, a Nigher position I the tabie Inditates a

higher precedence.

NOTE  For thjose operators that are also used in the C programming language, the order of precedence used-in this doqument
is the same as ysed in the C programming language.

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

operations (with operands x, y, and z)

x++", "x-

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

XY

"X*y , X/y "X +}/n’ 11311' "X%y"

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

"X<<y,X>>y"

"x<y","Xx<=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

© ISO/IEC 2021 - All rights reserved


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

3.34

ISO/IEC 23090-2:2021(E)

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.

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. Variables starting
with a lower case letter are only used within the subclause in which they are derived.

3.3.5

Proce
All sy
struct]
case V
isavg

When|

el

f]

Y
4

[¢]

— 0

—
=

3.3.6
This {
Table
and tH

The F

A

—

_ u]

Processes

htax elements and upper case variables that pertain to the current syntax structure'and dep

ariable explicitly specified as input. Each process specification has explicitlyspecified an outp
riable that can either be an upper case variable or a lower case variable.

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

the variables at the invoking and the process specification de hot have the same name, the
kplicitly assigned to lower case input or output variables of thé\process specification.

therwise (the variables at the invoking and the progess/specification have the same name),
hplied.

Conventions for indicating the number.of boxes in tables
ubclause specifies conventions used, invbox tables (i.e. Table 30, Table 31, Table 32, Table
50, Table 51, Table 52, Table 53, Table'54, Table 55, Table B.1, Table B.2, and Table B.3) whe
e number of boxes with given fourtcharacter codes are specified.
brmat Req. column in the tables’specifies the number of boxes that shall be present as follows:
" specifies that “zero otumore” boxes may be present.
" specifies that “one or more” boxes shall be present.

/1” specifiesthat either zero or one boxes shall be present.

” spécifies that one and only one box shall be present.

1

5ses are used to describe the decoding of syntax elements. A process has a separate specification

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

and invoking.
ending syntax
have a lower
it. The output

variables are

assignment is

33, Table 34,
re the nesting

In add

T ol H Ladad s L +all £l L L rs 1 s ez ds
TOUIT TO D OACS TIIC IO U C U TIT - DUATCADTC, daITy OtICT U OACS TITd y OCPTCSTITCUITIC SS—Spttrntalry ursdalt

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.

A»{ Acquisitign | Ba >{ Audio encoding B
5 Image 5 Video encoding | £ File/segment | _F
pre-processing encapsulation 7
for encoding Image encoding E x
Metadata
) ¥
{ ! Delivery ‘_
OMAF player % 7y
(]
(2]
Loudspeakers/ | |Aa| 5 - B'a - - &
headphonbs | Audio rendering H Audio dfcodmg _
S F R R\ = N F
____________________ 0 A 4
: Video Ev! Bitstream File/segment
A decoding rewriting | decapsulation F
Display }47-—{ Image rendering D’ Y A °
5 A AN\ : Strategy
: Image decoding ; .
7777777777777777777777777777777777777777777777777777777 f Tracking of
Orientation/viewportmetadata | viewing orientation |Orientation/
viewport metadafa

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

The following|interfaceS are specified in this document:

— E'3, E', E'} audio’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 the
track formats for F/F', which may contain constraints on the elementary streams contained within the samples
of the tracks.

— Clause 8 specifies the delivery related interfaces for DASH delivery.

— Clause 9 specifies the delivery related interfaces for MMT delivery.

The other interfaces in Figure 1 are not specified 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.

are-omnidirectional.

This document specifies the following types of omnidirectional video and images, which diffet invthe architecture
in 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 instange are stitched, po
and projected onto a 2D picture coordinates using a mathematically specified projection form
the resulting projected pictures may be further mapped region-wise.0onto a packed picture. Ei
pictures or packed pictures are subject to video or image encoding.

Image rendering: Either regions of the decoded packed pigtures (if region-wise packing has
or the entire projected picture (otherwise) is mapped/ento a rendering mesh suitable for
format in use.

5sibly rotated,
at. Optionally,
ther projected

been applied)
the projection

sheye omnidirectional video/images:

—t Image pre-processing for encoding: Circularimages (Bi) captured by fisheye lenses are arrarnged onto a 2D
picture, which is then input to video ordmage encoding.

—t Image rendering: The decoded circular images are stitched using the signalled fisheye-specifjc parameters.

Mesh omnidirectional video:

Image pre-processing for encoding: A 3D mesh consisting of mesh elements is generated|
elements can be either parallelograms or regions of a sphere surface. The images (Bi) of 1
instance are stitched, possibly rotated, and projected onto the 3D mesh. Mesh elements are|
rectangularegions of one or more 2D pictures, which are input to video encoding,.

Image/rendering: Rectangular regions of the decoded 2D picture(s) are mapped to the 3D 1

where mesh
he same time
mapped onto

hesh, which is

used-directly as the rendering mesh.

Furtherdetails of the architecture for projected, fisheye, and mesh omnidirectional video/images a
subclauses 4.3,4.4, and 4.5, respectively.

‘e provided in

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
orientation may also be used by the video and audio decoders for decoding optimization. In viewport-dependent
delivery, the garrent-viewingorientationisalseo-passed-to-thestrategymeodulewhich-determines-the-videe{racks

to be received based on the viewing orientation.

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

4.3 Projerted omnidirectional video/images

4.3.1 Gernjeral
The architectyre specified in subclause 4.2 applies with the following further specifications.

The images (Bi) of the same time instance are stitched, possibly rotated;-projected, and mapped onto a packed
picture (D). A|description of this process is provided in subclause 4.32:

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

The metadata|in the file includes information for the following:

— the projegtion format of the projected picture;

— the area df the spherical surface covered by:.the packed picture;

— the rotatipn for converting betweenthe.global coordinate axes and the local coordinate axes;
— region-wise packing;

— region-wise quality ranking,

In the image fendering.block, the decoded packed pictures (D') are projected onto the screen of a head-maunted

display or any other-display device based on the current viewing orientation or viewport and the projgction,
spherical covdrage; 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 steps.

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

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

ofa

single-acquisition timeinstance———

In the
and p
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encod
the in
pictui]
left vi
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The b
conte
follow
image
right
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pictu]
wise |
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bam, which is indicated to comply with the temporal interleaving frathe packing arrangeme

case of stereoscopic 360-degree video, the source images of one time instance are stitched, po
ojected to generate a projected picture representing two views, one for each eye. Both views m|
he same packed picture, as described below in relation to Figure 3, and encoded by a traditi
er. Alternatively, each view of the projected picture may be mapped to its own-packed picture,
age stitching, projection, and region-wise packing is like described above with’fiigure 2. A sequg
es of either the left view or the right view may be independently coded. Alternatively, packed j
ew and the right view may be temporally interleaved in an alternating’manner and encod

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

reakdown of the image stitching, rotation, projection, and region-wise packing processes fo

5sibly rotated,
Ay be mapped
pnal 2D video
in which case
nce of packed
bictures of the
ed as a single
nt. In another
rediction.

" stereoscopic

ht where both views are mapped onto the same packed. picture is illustrated with Figure 3 and described as

s. Source images (Bi) are stitched, possibly rotated, and,projected onto two unit spheres, one for
data on each unit sphere is further arranged onto a.two-dimensional projected picture (Cw for
bye), which covers the entire sphere. Frame packinhg is applied to pack the left view picture 3
e onto the same projected picture. Optionallyy, region-wise packing is then applied to pack
e onto a packed picture, and the packed picture (D) is given as input to image/video encoding
acking is not applied, the packed picture isidentical to the projected picture, and this picture is
ge/video encoding. The packed pictute‘may cover only a part of the entire sphere.

Image stitchingy.rotation, projection, and region-wise packing

each eye. The
left eye, Cr for
nd right view
the projected
If the region-
given as input

mage/video
encoding

Co
— Projected - - D
_ B Stltchlng, left picture \ Frame _C Reglon_—W[se Packed
P Iimages rotation (optional), packing —> Projected —»| packing picture(s)
and pfojection Cr / picture (optional)
Projected
right picture

re 3 —Stereoscopic image stitching, rotation, projection, and region-wise packing of soyrce images

of a single acquisition time instance

The image stitching, rotation, projection, and region-wise packing processes may be carried out multiple times for
the same source images to create different versions of the same content, e.g. for different sphere rotations (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 than one

seque

4.4

nce of packed pictures to be encoded.

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 (Ev). 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 fermat—Fthefile-eneapsulator-alse-includesfisheye-specific-metadata—which-assistinrender g the
decoded pictures, into the file or the segments.

The fisheye-specific metadata in the file includes:

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

— Displayed field of view information, and

— Camera ektrinsic parameters (physical location).

In an OMAF player, the circular images in the decoded fisheye video areétitched using the signalled fisheye-specific

parameters td an omnidirectional image and rendered according to,theuser’s viewport.

4.5 Mesh|omnidirectional video

The architectyre 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) to
be encoded cqnsists of rectangular regions, each mapping to exactly one mesh element of the 3D mesh.

The metadatalin the file includes information for the following:
— the rotatipn for converting between the global coordinate axes and the local coordinate axes,
— the 3D m¢sh, consisting-of mesh elements,

— amapping of rectangular regions to mesh elements.

The decoded pictares (D') are mapped onto the 3D mesh used for rendering on a head-mounted display or anylother
display devicebasedomtheturrent viewing orientatiom 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 orientations.

E, dllllJlCD Uf t}lib \.CltCsUl_y al'T lJlUVidCd ill CIQUDCD D.Z ﬂlld D.’).
— Splitting the content into tile sequences. Each tile sequence can be encoded at multiple)resplutions or at
fferent quality levels. Viewport-dependent delivery can be achieved by receiving djfferent sefs of available
ehcoded tile sequences.

Q. W»n

The ti]e-based viewport-dependent streaming can be arranged in one of the following-ways:
a) Author-driven binding, which is further categorized into the following two_rhethods:
1) Viewport-specific author-driven binding: The content author prepares multiple OMAF bage tracks, each

targeted at a particular range of viewing orientations and providing bitstream rewriting ipstructions to
merge specific encoded tile sequences. The strategy module selects between available OMAF base tracks

as described in further detail in subclause 4.6.2. The hitstfeam rewriting module follows th
of the selected OMAF base track to create a videg.bitstream. Examples of this category aj
Clause D.6 (excluding subclause D.6.6) and Clause'D.8.

Free-viewport author-driven binding. The content author prepares one or more OMAF b
OMAF base track is not tailor-made for anj*viewing orientation but gives multiple options fj
OMAF player can choose the encoded.tile’sequences that are used for extraction. Furtherni
base track provides bitstream rewrifing instructions to merge any encoded tile sequences g
OMAF player. The strategy module'selects an OMAF base track and the encoded tile sequen
indicated options. For example, an OMAF base track can enable the player to choos¢

e instructions
e provided in

hse tracks. An
om which the
ore, an OMAF
elected by the
Ces among the
encoded tile

sequences from multiple resolutions and the player can e.g. receive a full set of low-resolutioh tiles to show
the full representation.ef.thie content at a lower quality while retrieving a subset of high-rgsolution tiles
that together make up the viewport. The operation of the strategy module is described in subclause 4.6.3.
The bitstream rewriting module follows the instructions of the selected OMAF base track tofcreate 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 bifistream. It will
ypically retrieve a full set of low-resolution tiles to show the full representation of the cont¢nt at a lower
uality while retrieving a subset of high-resolution tiles that together make up the viewport. The tile selection
[rategy can be tailored according to the current viewport, available bandwidth, the field of vieyv of the head-
ounted display or the hardware decodlng capabllltles among other thmgs The bltstream rewriting module
, ure contains a
combmatlon of hlgh and low resolutlon tlles Wthh are then mapped onto a sphere Where the low quality tiles
are used for those locations where no high-resolution tiles are being decoded. Further details on late binding
are provided in subclause 4.6.4.

ot

v .o

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 a Main
Adaptation Seft that provides a higher quality for the viewport as indicated by the SRQR descriptor. When there are
many Main Adaptation Sets suitable for the viewport, the following factors can be used for selecting between them:

— Codec andl the coding profile and level. These pieces of information are carried in the @codecs|MPD attfibute.
The decoding capacity of the client device can constrain which Main Adaptation Sets are decedable 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 @profile§ MPD
attribute.

— Relative [picture quality in the viewport area as indicated’ by the SRQR descriptor, [when
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|SRQR
descriptor. An OMAF player can select such Main Adaptatien Set, which provides a suitably high resolution in
relation tg the resolution of the viewport.

— Theregioh covered by the high-quality content, agindicated by the SRQR descriptor, in relation to the viewport
size and margins for potential viewing orientation changes.

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

— Relative picture quality among ‘the’ Representations as indicated by the SRQR descriptors. Alternatively, the
@bandwildth value or the @gualityRanking value can be used as an indication of the respective dquality
among the Representations in the same Partial Adaptation Set.

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

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

When an SRQR descriptor is absent in one or more Main Adaptation Sets, an OMAF player concludes that the content
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:

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
Initialization Segment of the Representation in the Main Adaptation Set.

The number of track references from the OMAF base track to OMAF tile tracksorto 'alte'’

indicates the number of OMAF tile tracks that an OMAF player needs to select.

-2:2021(E)

If the Segment formats specified in subclause 8.6 are in use, an OMAF player can use the following factors to

present in the

track groups

4.6.4

4.6.4

The ContentCoverageBox or the SphereRegionQualityRankingBox can be use
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
than the other selected OMAF tile tracks. The @bandwidth value or the @qual@tyRankin
used as an indication of the respective quality among the Representations in\the same Part
Set and hence to select between collocated OMAF tile tracks. Alternatively or additional
ranking metadata in the instances of SphereRegionQualityRankingBox, when presen

therwise, an OMAF player selects a Representation from each Partjal, Adaptation Set. An OMAF
lecting OMAF tile tracks covering the viewport so that they have-a higher quality than the
MAF tile tracks. When a Partial Adaptation Set contains multiple Representations of OMAF ffile tracks, the
llowing factors can be used for selecting between them:

Relative picture quality among the Representations as\indicated by the SRQR descriptors. Alt

l to conclude

higher quality
y value can be
al Adaptation
y, the quality
[, can be used.

player aims at
ther selected

brnatively, the

@bandwidth value or the @qualityRankingwalue can be used as an indication of the respective quality

among the Representations in the same Partial Adaptation Set.

The bitrates for the Representations, as,indicated with the @bandwidth MPD attribute, in
estimated throughput.

Tile-based streaming with late binding

1 Strategy

relation to the

The client determines which-tiles to retrieve. It will typically retrieve the full omnidirectional video i a low quality

and th

e high-resolution-tiles to provide high quality in the viewport. Although the strategy used by aj

to determine whichgtiles to select at which point in time is up to the implementation, the follow

exhau

— C

— C

stive list of elements that may be used in this process:

irrentwiewport orientation (yaw, pitch, roll)

OMAF player
hing is a non-

itrent zoom level (if any)

The decoding capacity of the client-device. On a device with limited decoding capability, the tile selection

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

tile sizes
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idual 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 Gg
A player can h
writing this d

only a single d

Depending o

tiles than are needed to satisfy the resolution the decoder has been initialized with, resulting in ‘empty’ tiles. |

a case, in ordd
method for dd
method is for
46422 H
The bitstreamn
how to achiev]
details on hovj
Generating a ¢
a) Rewritin

b) Rewritin

Additionally, i
header and in

4.7 Addit

In addition

functionalities:

eneral

ave many decoders at its disposal, a few, or only one. The most common case in devices at the t
bcument is that a player has only one decoder, or just a few. To enable operation af'devices thal
ecoder, the bitstreams for the individual tiles need to be merged into a single bitstream.
device, viewport and network circumstances, it can be possible for a cljent!deciding to select
I to still create a compliant bitstream, the client will have to fill those\enpty tiles with valid dat
A client to generate ‘dummy’ tile data.

EVC bitstream rewriting

rewriting process is not specified in this document, with the present subclause giving directi
e such a rewrite for HEVC. Implementers are referred to Rec. ITU-T H.265 | ISO/IEC 23008-2 for
/ to write a conformant bitstream.

onformant video bitstream typically consists of two types of rewriting that need to be carried
b parameter sets in the Initialization.Segment.

b the slice segment header.

t may be required to remoye start code emulation prevention bytes before rewriting the slice se
cert the start code emulation prevention bytes after rewriting the slice segment header.

ional functionalities

0 omnidirectional video, images and audio, this document specifies the following addji

me of
I have

fewer
h such
. One

ing so is to copy an already added tile as often as needed to make-sure all tile ‘slots’ are filled. Aother

ns on
more

ut:

bment

tional

— Multiple viewpoints. A viewpoint can be regarded as an omnidirectional camera. Viewpoints can be used e.g.

for the fol

lowing purposes:

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

captu

red 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

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

— Specification of a coordinate system for omnidirectional media (subclause 5.1), and equations fof a conversion
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\are’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 pnd Annex C,
rg¢spectively.

— Tpolset brands, as defined in subclause 4.8.4. Individwual toolset brands are specified in Clause 132.
— Repgion-wise packing formats (subclause 5.4):

— S¢heme types for post-decoder processing’/of omnidirectional video (subclause 7.6.1).
— Specific types of sphere region timed metadata tracks (subclause 7.7).

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

NOTE| Forimplementinga media profile, it is suggested to refer to the specification of that media profile in Clapse 10 and read
other parts of this document selectively by following the cross-references included in the specification of the mgdia profile.

This document-specifies code points that implementations and external specifications may use fdr referring to
respeftive OMAF features. The code points are summarized in subclause 4.8.5.

4.8.2 Media profiles

4.8.2.1 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 elementary stream constraints of a media profile may be indicated by a requirement to comply with a certain

profile and le
arequiremen

NOTE Theu
external specifi
the encapsulati

4.8.2.2 Fild
Each video or
that conform
invoking the
conforming td
respectively. 4
profile is recd
process consi
— alist of dg
for projed
the p
the fn
the r¢
the rq
for fishey

for mesh

a3D

!

etof themediatoding specification; possibty inctuding additiomat constraimts amdextensions; s
of the presence of certain information for rendering and presentation.

e of the elementary stream constraints specified for a media profile can be referenced by implementatio
cations independently of the ISOBMFF requirements and constraints specified for the media,profile. Ho
bn and use of a media profile for other encapsulation formats is outside of the scope of this;document.

decoding process and file decoder requirements for video and image media profile

image media profile specified in Clause 10 includes a file decoding precess such that all file dec
o the video or image media profile will produce numerically identi¢al)cropped decoded pictures
le decoding process associated with that video or image media’profile for a set of ISOBMFF

the video media profile or a set of ISOBMFF image items conforming to the image media p
A bitstream that conforms to the elementary stream constraints specified for the video or image

nstructed as an intermediate product of the file decoding process. The output of the file deg
ts of all of the following:

coded pictures;

ted omnidirectional video or image, all of.the following rendering metadata:
rojection format of the associated projected pictures,

ame packing format of the associated projected pictures (when applicable),
gion-wise packing information (when applicable),

tation information\(when applicable);

b omnidirectional video or image, fisheye-specific rendering metadata;

bmnidirectional video or image, all of the following metadata:

uch as

ns and
wever,

oders
when
tracks
rofile,
media
oding

nesh, consisting of mesh elements,

— amapping of rectangular regions in the decoded 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.

A player claiming conformance to a video or image media profile shall include a file decoder complying with the file
decodi ; i i i ift . ifreatt a profile may
include a subclause on expectations of a player operation, for example including recommendationsf¢r rendering.

Orientation /
viewport
metadata

OMATF conformance

File decoder
o .

v File V.|deo or icture(s) . Rendered Synchronjzed and
irhee image Mapplng ofidecoded € spatiallyfaligned
mag parser decoder picturé(s) onto sphere viewport presenfation
itpm 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

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

4.8.3 Presentation profiles

A pregentation*profile is defined as requirements and constraints for an ISOBMFF file containing trag¢ks or items of
any niimber.of media types. A specification of a presentation profile should refer to the specified medja profiles and
may itclude additional requirements or constraints. A file conforming to a presentation profile typigally provides
an omnidirectional 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

hevi 10.1.2 HEVC-based viewport-independent OMAF video\profile

hevd 10.1.3 HEVC-based viewport-dependent OMAF video profile

avde 10.1.4 AVC-based viewport-dependent OMAE video profile

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

adti 10.1.5 Advanced tiling OMAF Video profile

siti 10.1.6 Simple tiling OMAF video profile

ocabl 10.2.2 OMATF 3D audio baseline profile

ocazd 10.2.3 OMAE, 2D audio legacy profile

heoi 10.3.3 OMAF HEVC image profile

jpoi 10.3.4 OMAF legacy image profile

ttml 10.4.2 OMAF IMSC1 timed text profile

ttwv 10.4.3 OMAF WebVTT timed text profile

ompp 11.1 OMAF viewport-independent baseline presentation profile

ovdp 112 QMAF viewport-dependent haseline presentation profile

ovly 12.1 Overlay toolset brand

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

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

Table 3 — URNs specified in this document

URN

Subclause in
this document

Description

urp:mpeg:mpegl:omaf:2017 8.2.2 Namespace for the XML elementd and
attributes specified in Edition 1 of this
doCuiment
urp:mpeg:mpegl:omaf:2017:pf 8.3.2 Scheme identifier for the omnidinjectional
projection type DASH MPD descriptor
urp:mpeg:mpegl:omaf:2017:rwpk | 8.3.3 Scheme identifier for the region-yvise
packing type DASH MPD descriptor
urp:mpeg:mpegl:omaf:2017:cc 8.3:4 Scheme identifier for the content|coverage
DASH MPD descriptor
urp:mpeg:mpegl:omaf:2017:s#gr 8.3.5 Scheme identifier for the spherical region-
wise quality ranking DASH MPD descriptor
urp:mpeg:mpegl:omaf;2017:2dgr 8.3.6 Scheme identifier for the 2D regi¢n-wise
quality ranking DASH MPD descr]ptor
urp:mpeg:mpegl:omaf:2017: fomv 8.3.7 Scheme identifier for the fisheye
omnidirectional video DASH MPI
descriptor
urp:mpeg:mpegl:omaf:2020 8.5.1 Namespace for the XML elementq and
attributes specified in Edition 2 of this
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

© ISO/IEC 2021 - All rights reserved
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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 restricte

schemetunes-snecifiedinthis document are listedin Tahle 4
JE |

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 restricted scheme
type for omnidirectional video based on a projection

erpv 7.6.1.3 Equirectangular projected video; a closed Testricted scheme type for
omnidirectional video based on the‘equirectangular projection and
essentially no region-wise packing:

ercm 7.6.1.4 Packed equirectangular or €ubémap projected video; a closed
restricted scheme type for'omnidirectional video based on either the
equirectangular projection or the cubemap projection and any regior}-
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 7.671.8 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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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

rcvp 7.7.5 For use with a timed metadata track containing the recomrmended
viewport timed metadata without indicating a viewpoint

rvp2 7.7.5 For use with a timed metadata track containingjthe recommegnded
viewport timed metadata concerning one o more indicated
viewpoints

tgsl 7.7.7 For use with a timed metadata track ¢entaining the timed text sphere
location timed metadata

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

dyvp 7.12.3.1 For use with a timed.metadata track indicating the viewpoint
parameters that areddynamically changing over time

inpp 7.12.3.2 For use with.a timed metadata track indicating the initial vieypoint
that should.be used

ocfpc 7.12.3.3 For use with a timed metadata track indicating information dn object
centre points correspondence between viewpoints

dypl 7.14.6 For use with a timed metadata track indicating overlays thatfare active
only at particular times and dynamically changing overlay parameters

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

4.8.5{5 Box types
The bpx types-specified in this document are listed in Table 6.

© ISO/IEC 2021 - All rights reserved
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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 hox
2dss 7.1.4 Ispatial relationship 2D source box
Sprg 7.1.4 lsub-picture region box
coif 7.13.3 composition informatioh box
ttylp ISOBMFF |track type box
mdia ISOBMFF |container forthe media information in a tradk
minf ISOBMFF |media information container

[\

ISOBMFF [sample_table box, container for the time/spad
map

stbl

[ISOBMFF\{|sample descriptions (codec types, initializatign

stsd etc)

- ISOBMFF [sample entry or restricted sample entry

rinf ISOBMFF |restricted scheme info box
schi [SOBMFF |scheme information box
povd 7.6.2 lprojected 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
otcf 7.10.2 OMAF timed text configuration box
SO EC
wvtt 1”4 4’9 ‘64-\‘3 0 WebVTT sample entry
otcf 7.10.2 OMAF timed text configuration)box
meta [SOBMFF |Metadata
iprp [SOBMFF |item properties box
ipco ISOBMFF litem propertycontainer box
prir 7.9.3 projection\format item property
fovi 7.9.4 essential fisheye image item properfy
fvsi 7.9.5 stipplemental fisheye image item prpperty
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 StereoVlideoBox
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 Trackegrouping types
The trjack grouping types specified in this document are listed in Table 7.

Tabte 7— Track grouping types specified im this documment

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 gifouping types specified in this document are listed in Table 9.

Table 9 — Sample grouping types specified in this document

Sample grpuping Subclause in this Sample grouping name

type document

2dsr 7.1.4.3 Two dimensiofal spatial relationship sample
grouping

tmsh 7.16.2 Tile mesh sample grouping

5 Omnidirectional video projection.and region-wise packing

5.1 Coordinate system

The coordinatje system consists of a unit sphere and three coordinate axes, namely the X (back-to-front) axis| the Y

(lateral, side-to-side) axis, and theZ\(vertical, up) axis, where the three axes cross at the centre of the sphere

The location df a point on the'sphere is identified by a pair of sphere coordinates azimuth (¢) and elevation (|0).

Figure 5 specifies therelation of the sphere coordinates azimuth (¢) and elevation (8) to the X, Y, and Z coorflinate

axes.

32
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Figure 5 — Coordinate axes and their relation to-the sphere coordinates
to 90.

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

D, inclusive, degrees.

hlue ranges of azimuth is -180.0, inclusive, to 180.0, exclusive, degrees. The value range of eley

in wh

ation is -90.0
5.2 |Omnidirectional projection formats
5.2.1 General
Subclause 5.2 specifies the inverse\of the projection process for remapping of one sample location of]
proje
The o
Table

ted luma picture onto a position on the unit sphere identified by a pair of azimuth and elevatio

mnidirectional projection formats specified in this document are identified by a 5-bit unsigned
10 specifies the omnidirectional projection format identifier values and provides references to {
ch the respective inverse projection processes are specified.

a monoscopic
h coordinates.
integer value.
he subclauses
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

© ISO/IEC 2021 - All rights reserved
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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 cqordinates (¢, 8) for the sample location in degrees relative to the coordinate axes speciffjed in
subclausq 5.1.
The sphere cqordinates (¢, 6) for the luma sample location, in degrees, are given by the following equations:
¢ =(0.5 - hPos + pictureWidth ) * 360 (5)
0 = (0.5 7 vPos + pictureHeight ) * 180
Figure 6 illustrates the azimuth and elevation ranges of a monoscopic projected picture with the equirectangular
projection.
90°
180° f---------------- R ShbtbEh —180°
=90°

NOTE 1 Since
zero, the outpu

NOTE 2 The n

Figure 6 — Azimuth and elevationtanges of the monoscopic projected picture of the

equirectangular projection

hn input to this process is the €entre point of a sample location and the width and height of the sample at
¢ is never equal to —180%0r 180° and the output 6 is never equal to -90° or 90°.

onoscopic projected)picture represents the inside surface of the unit sphere observed from the origin|

€ non-

of the

coordinate system. Thus, the azimuth decreases from left to right.

5.2.3 Cuhemap.projection for one sample location

Inputs to this procéss 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 (¢, 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.

() @ | NY Right
P feft PX Fromed —
O O
&
Z
g “| =
= w N
= gl Z
= . ~| <

v

Figure.Z— Relation of the cube face arrangement of the projected picture to the sphere cor)rdinates

The values of pictureWidth and pictureHeight shall be such that pictureWidth is a multiple of 3, pictureHeight is a
multiple of 2, and pictureWidth / 3 is equal to pictureHeight / 2.

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 )
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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’
Yelseif(w == 2 && h == 1) {// positive z top face (6)
x = -hPos’
=P OS5
z.=1.0
telseif(w == 0 && h == 1){// negative z bottom face
k = hPos’
y = —vPos’
. =-1.0
telseif(w == 0 && h == 0) {// positive y left face
kK = ~hPos’
y = 1.0
;. = vPos’
Yelse{//(w == 2 && h == 0), negative y right face
kK = hPos’
y =-1.0
v = vPos’
}
¢ =QAtan2(y,x)*180 +m
0=Asin(z+ /X2 +y7+22)*180 +
5.3 Conversion from the local coordinate.axes to the global coordinate axes
Inputs to this process are:
— rotati¢n yaw (ad), rotation/pitch (Ba), rotation roll (ya), all in units of degrees, where
rotati¢n yaw (ad) and rotation roll (yd), are in the range of ~180.0, inclusive, to 180.0, exclusivie, and

rotatid

— sphere cd
Outputs of thi

— sphere cd

n_pitch (Ba) is in therange of -90.0 to 90.0, inclusive, and
ordinates (¢d,:0d)relative to the local coordinate axes.
S process are:

ordinates (¢, 8') in degrees relative to the global coordinate axes.

This process specifies rotations around the three axes of the coordinate system of subclause 5.1, where yaw (ad)
expresses a rotation around the Z axis, pitch (f4) 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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When|

XM

Figure 8 — Illustration of the directions of the yaw, pitch, and rollrotations

any of the yaw (au), pitch (4) and roll (yq) rotation angles is not equal to zero, an OMAF player needs to apply

the sphere rotation process specified in this subclause to convert the local coofdinate axes to the global coordinate

axes.

It is 4
produ

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)*x="Cos(B)*Sin(a)*y1+Sin(pf)*z1

y2=(Cos(y)*Sin(a)“Sin(y)*Sin(B)*Cos(a)) *x1 +
(Cos(y9XCos(a)-Sin(y)*Sin(B)*Sin(a)) *y1 -
Sin(y() HCos(B) * z1

z2 = (Sin( ) *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

b =Atan2(yz,x2)*180 + 1

9. Asin(z2) *180 + 1t

ssumed that the global coordinate systems for different media-types were made aligned during content
ction.

()

5.4 Region-wise packing formats

5.4.1

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
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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

5.4.2 Conversion of one sample location for rectangular region-wise packing

e specifies the inverse of the rectangular region-wise packing process for remapping of a luma shmple

acked region onto a luma sample location of the corresponding projected region.

This subclaus
location in a p

Inputs to this process are:

cation (%, y) within the packed region, where x and y are in relative packed pictdre-sample units,|while

e location is at an integer sample location within the packed picture,

sample ld
the samp
the width icture
sample u

and the height (projRegWidth, projRegHeight) of the projected regioty in relative projected p
hits,
the width icture
sample u

and the height (packedRegWidth, packedRegHeight) of the packed region, in relative packed p
hits,

transform type (transformType), and

offset val vontal

and verti

lies for the sampling position (offsetX, offsetY) in‘the range of 0, inclusive, to 1, exclusive, in hori
Cal relative packed picture sample units, respectively.

NOTE  offset bicture

sample units.

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

Outputs of thi

the centr
relative g

The outputs a

5 process are:

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

re derived as follows:

are in

if( trpnsformType == 0 || transformType == 1 || transformType == 2 || transformType == 3){
horRatio(= projRegWidth + packedRegWidth
verRatio= projRegHeight + packedRegHeight
} els¢ if(transformType == 4 || transformType == 5 || transformType == 6 ||
fransformType == 7)) {
horRatio = projRegWidth + packedRegHeight
verRatio = projRegHeight + packedRegWidth
}
if( transformType == 0){
hPos = horRatio * ( x + offsetX)
vPos = verRatio * (y + offsetY )
} else if ( transformType == 1) {
hPos = horRatio * ( packedRegWidth - x - 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 - y - offsetY )

vPos = verRatio * ( packedRegWidth - x - offsetX)

lalcaif(traoncfora g — — 7 [

-2:2021(E)

6.1

Withd

IR AR C ot oTOTTIT T TPt Loy B g

hPos = horRatio * ( packedRegHeight — y - offsetY )
vPos = verRatio * ( x+ offsetX )
isheye omnidirectional video

General

ut the projection and region-wise packing processes specified\in Clause 5, multiple circular im

by fisheye cameras may be directly projected onto a picture, which consists of fisheye omnidirectionl

OMAH
inteng

— R
— F
— L
— L
Essen
Fish

fishey
Fish

player, the decoded fisheye omnidirectional video miay be stitched and rendered according
led viewport using the signalled fisheye video parameters, including:

egion information of circular images in the coded picture,

eld of view and camera parameters of fisheye lens,

bns distortion correction (LDC) parameters with local variation of FOV, and

bns shading compensation (L.SC)*parameters with RGB gains.

tial fisheye video parameters for enabling stitching and rendering at the OMAF player ar
byeVideoEssenti®lInfoStruct () insubclause 6.2. For high quality rendering and effici

e video, supplemental fisheye video parameters are Sp§
cryeVideoSuppleémentalInfoStruct () in subclause 6.3.

ages captured
Al video. In an
to the user’s

e specified in
ent delivery of
cified in

6.2 |TheFisheyeVideoEssentialInfoStruct () syntax structure
6.2.1 Syntax
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

39


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

ISO/IEC 23090-2:2021(E)

6.2.2

40

uns
uns

signed int (32)
signed int (32)
signed int (32)

uns
uns
uns
uns
bit
uns
for

igned int (32)
igned int (32)

igned int (32)
igned int (32)
igned int (32)
igned int (32)
(16) reserved
igned int (16)

(§j=0; j< num

circular image radius;
scene_radius;

camera centre azimuth;
camera centre elevation;
camera centre tilt;

camera centre offset x;
camera centre offset y;
camera centre offset z;
field of view;

= 0;

num polynomial coeffs;

polynomial coeffs; j++)

view di
Fish
Tabld
Fish

Semantics

mension_ idc

signed int (32) polynomial coeff;

indicates that the syntax element values of

eyeVideoEssentialInfoStruct () syntax structure have been (constrained as specifi
12. The indicated constraints shall be obeyed in the syntax element values of
eyeVideoEssentialInfoStruct () syntax structure.

Table 12 — Constraints implied by view_dimension_idc

this
ed in
this

vieV

v_dimension_idc

Constraints

num_circular images iséqualto 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
aligned.optical axes and face opposite directions.

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

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 camerg

centre points.

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

2 num_circular images isequalto 2.

The values of
camera centre elevation,
camera_ centre offset x,
camera centre offset z

centre points.

camera centre azimuth,
camera_centre tilft,

camera centre offset vy,
are such that the circular images have
parallel optical axes that are orthogonal to the line intersecting the camera

and

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

3 to 6, inclusive Reserved.

No additional constraints are implied for the syntax-elément value
this FisheyeVideoEssentialInfoStruct/()-syntax structu

s within
re.

im circular images specifies the number of circular images in.the cropped output picture
picture this structure applies to. Typically, the value is equalite 2, but other non-zero v
possible.

ircular image centre x is afixed-point 16.16 valde that specifies the horizontal coord
samples, of the centre of the circular image in eachcoded picture this structure applies to,
top-left corner of the coded picture.

ircular image centre y is a fixed-poiftb 16.16 value that specifies the vertical coord
samples, of the centre of the circular image in each coded picture this structure applies to,
top-left corner of the coded picture.

bct region top, rect regiom left, rect region width, and rect region he]
the coordinates of the top-left corner and the width and height of the rectangular region th4
circular image, which may-0r’may not be cropped. These values are specified in units of lumg

ircular image radius is a fixed-point 16.16 value that specifies the radius, in luma s
circular image (that is defined as a length from the centre of the circular image
circular_image_centre_x and circular_image_centre_y to the outermost pixel boundary of the g
that corresponds to the maximum field of view of the fisheye lens, specified by field of j

rect region top, rect region left, rect region width, and rect region|
the-circular image specified by circular image centre x, circular image cs

of each coded
hlues are also

inate, in luma
relative to the

nate, in luma
relative to the

| ght specify
t contains the
samples.

amples, of the

specified by
ircular image,
riew.

The agtive area of a circular image is defined by the intersection of the rectangular region, specified by

|height, and
ntre y, and

circular imacge radius
py

The active area of each circular image shall contain at least one sample location. There sh
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 c
within the active area of the circular image, where the obstruction, such as the camera body, i
in the region specified by circular_region_centre_x, circular_region_centre_y, and scen
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 indicates the tilt angle of the sphere region that corresponds to the circular image.
camera_ centre tilt shall beinthe range of -180 * 216 to 180 * 216 - 1, inclusive.

camera centre offset x, camera centre offset y and camera centre offset z are
fixed-point 16.16 values that indicate the XYZ offset values, in millimetres, of the focal centre of the fisheye
camera lens corresponding to the circular image, from the focal centre origin of the overall fisheye camera
configuration as illustrated in Figure 9.

Oz

Cw Qy Y

- J X

Figure 9 - Illustration of camera_centre_offsét.-x (Ox), camera_centre_offset_y (Oy) and
camera_centre_offset_z (0) of the focal centre (C.or Cr) of the fisheye camera lens (L or R, respectively)
relative to the focal centre origin of the overall fisheye camera configuration (Cw)

field gf viewisa fixed-point 16.16-alue that specifies the field of view of the fisheye lens correspdnding
to thq circular image, in degrees. Atypical value for a hemispherical fisheye lens is 180.0 degrees.

num polfynomial coeffs and polynomial coeff arelensdistortion parameters that define thelcurve
functfon that maps the nofmalized distance (r) of a luma sample (xp) from the centre of the circular jmage
to the¢ angle (8) of a sphere coordinate from the normal vector of a nominal imaging plane that passes
through the centre of the'sphere coordinate system for the active area of the circular image, where thg angle
is in ynits of radians;*as shown in Figure 10.

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

42 © ISO/IEC 2021 - All rights reserved


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

ISO/IEC 23090-2:2021(E)

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:

0= pyxr (9)

where p; and N; are represented by polynomial coeff and num_polynomial_ coeffs, respectively.

6.3 | The FisheyeVideoSupplementalInfoStruct () syntax structure

6.3.1 Syntax

alighed(8) class FisheyeVideoSupplementalInfoStruct (contaiher box versipn) {
insigned int (8) num circular images;
it (19) reserved = 0;

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

for (i=0; i<num circular images; 1i++)3{
if (container box version > 0) {
unsigned int (4) lens projection type;
bit (4) reserved = 0;
}
if (entrance pupil flag &= ) |
unsigned int (16) num‘ep coeffs;
for (j=0; j<num epscoeffs; j++)
signed int (32) ep coeff;
}
if (flip info flag == 1) {
bit (30) reserved = 0;
unsignedyint (2) image flip;
}
if (camekra intrinsic flag == 1) {
ufisigned int (32) image scale axis_ angle;
unsigned int(32) image scale x;
unsigned int(32) image scale y;
bit (16) reserved = 0;
unsigned int (16) num polynomial coefs_lsc;
for (J=0; j<num polynomial coefs lsc; J++) {
signed int (32) polynomial coef k lsc r;
signed int (32) polynomial coef k lsc g;
signed int (32) polynomial coef k lsc b;

}
}
if (local fov flag == 1) {
unsigned int (16) num angle for displaying fov;
bit (16) reserved = 0;
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 43


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

ISO/IEC 23090-2:2021(E)

bit (16) reserved = 0;
unsigned int (16) num local fov region;
for (Jj=0; j<num local fov_region; J++) {
unsigned int (32) start radius;
unsigned int(32) end radius;
signed int (32) start angle;
signed int (32) end angle;
unsigned int(32) radius _delta;
signed int (32) angle delta;
for (rad=start radius; rad<=end radius; rad+=radius delta)
for (ang=start angle; ang<= end angle; angt+=angle delta)
unsigned int (32) local fov weight;

if (depdzone flag == 1) {
bit|(24) reserved = 0;
unsfigned int (8) num deadzones;
for[ (j=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;

6.3.2 Semantics

num cirycular images specifies the number of circular images in the cropped output picture of each coded
pictufe this structure applies to. Typically, the Walue is equal to 2, but other non-zero values arg also
possiple.

entrande pupil flag equal to 1 specifies the entrance pupil coefficients are present.
entrance pupil flag equal to0 specifies that the entrance pupil coefficients are not present.When
contfainer box versionisequalto0,entrance pupil flag shall be equalto 0.

flip info flag equal to ¢l ‘specifies that image flipping region information is present.
flig info flag equalte 0 specifies that image flipping information is not present.

camera [intrinsic.flag equal to 1 specifies that image scale and lens shading compensation camera
intrirfsic parameéters are present. camera_intrinsic_flag equal to 0 specifies that image scale and
lens ghading compensation camera intrinsic parameters are not present.

local flo¥/flag equal to 1 specifies that the local field of view parameters are present. Local fov |[flag

Lea) s ot + 1 lEald oFf (o3 'S s £
equa. OO SPCtIICStat e ToCar CTa OT vIC W par atrC e S arC o T prosStITt

deadzone flag equal to 1 specifies that deadone related parameters are present. deadzone flag equal
to 0 specifies that deadzone parameters are not present.

lens 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 polynomiial coefficient values q;. For the first given
ep_coeff thevalue ofjisequal to 3,and;jis incrementéd by 1 for each subsequent instance pfep coeff.
The values of q; specify the entrance pupil equatiofy:

M;—

EP(9) = X, g« v (10
where M; is represented by num ep cdeffs + 3.

When instances of ep _coeff are present, the angle (6) of a sphere coordinate from the nofmal vector of
anominal imaging plane that passes through the centre of the sphere coordinate system for the active area
of the circular image, where,the angle is in units of radians, is specified using the followipg polynomial
equation:

0= X iokpy* v/ + EP(B) (11)

where p; and N; are represented by polynomial coeffandnum polynomial_coeffg,respectively,
and r is thenormalized distance of a luma sample (xp) from the centre of the circular image.

image~-ETip specifies whether and how the image has been flipped and thus a reverse flipging operation
fieeds to be applied. The value 0 indicates that the image has not been flipped. The value 1|indicates that
the image has been vertically flipped. The value 2 indicates that the image has been horizantally 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). ¢, and ¢,

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

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
lense that reduces the color in the radial direction. The compensating weight (w) to be multiplied to the
original color is approximated as a curve function using the following polynomial equations where r is the
normplized radius as specified in subclause 6.2.2:

Ifentrance pupil flagisequal to 0, the compensating weight (w) is specified as follows:
w= ZiLipig xrt? (13)
Otherwise, the compensating weight (w) is specified as follows:

w= XL pig #r7  + EP(6) (14)

The weighing factors for red, green, and blue may be calculated separately whenp is representpd by

polynomial coef k 1lsc r, polynomial coef k lsc ggahd polynomial coef k 1ld9c b,
respectively, and r is the corresponding radius from the image centre after normalization hy the
full] radius.Nisrepresented by num polynomial coefs lsc.Figure 12 shows an exampl¢ of an
input{fisheye video picture and the output after applying lens'shading compensation.

Figure 12 — Example of a pair of output images (on the right) resulting from lens shading compensdtion

46

froma pair of circular input images (on the left)

num andle for displaying fov specifies the number of angles that define the displayed and

overlppped regions:According to the value of num angle for displaying fov, multiple values of
disglayed, fov and overlapped fov are defined with equal intervals, which start at 12 d'clock
and increaseclockwise.

displayled.¥fov specifies the field of view of the part of the circular image that is recommended to b¢ used

for displaying without blending that involves adjacent circular images.

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

The 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°

UV = 17U

-
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~.
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v
-

e
-
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oy

~.
=
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Figure 14 — Displayed FOV and overlapped FOV for multiple (N>2) fisheye image

2

npm local fov_ region specifies the number oflocal fitting regions that have different fields of view.

)]

tart radius (rs), end. raddius (re), start angle (as),and end angle (ae) specify the rpgion for local
fitting/warping te.\change the actual field of view for displaying locally. start yadius and
end radius, . are fixed-point 16.16 values that specify the minimum and maximum radius values.
start angle-and end angle specify the minimum and maximum angle values that start at 12 o’clock
and increaseclockwise, in units of 2-16 degrees. start _angle and end_angle shall be in the range of
-180 ¥2% to 180 * 216 - 1, inclusive. Figure 15 illustrates an example of local FOV paramete}

v

=

bditis) delta (rq)is afixed-point 16.16 value that specifies the delta radius value for representing a different
field of view for each radius.

angle delta (ad) 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

before local FOV is applied Ellipd Where FOV=90
ST - -7 afterMocal FOV is applied

Ellipse where FOV=60.~ -

before logal FOV is ap'plied’/' :

Il
'

R .| Ellipsewhere FOV=60
_______ . . T after local FOV is applied

Figure 16 — Example of local FOV with as, a., and as equal to 45°, 135°, and 45°, respectively, and
I's, I'e, and rq equal to 05, 1.0, and 0.5, respectively

num_deddzones is an integer that specifies the number of dead zones in each coded picture this striicture

applies to.

deadzope left horizontal -offset, deadzone top vertical offset, deadzone wildth,
and| deadzone height" are integer values that specify the position and size of the deadzone
rectangular area in which the pixels are not usable. deadzone left horizontal offsef and
deaflzone top.vertical offset specify the horizontal and vertical coordinates, respectivgly, in
lumg samples, ©f<the upper left corner of the deadzone in the coded picture. deadzone width and
deafzone sheight specify the width and height, respectively, in luma samples, of the deadzope. To
save|bitsforrepresenting the video, all pixels within a deadzone should be set to the same pixel valie, e.g.
all black:

7 Omnidirectional media storage and metadata signalling in the ISOBMFF

7.1 Generic extensions to the ISOBMFF

NOTE Contentfound 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.
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ISO/IEC 23090

Indication of a track not intended to be presented alone

-2:2021(E)

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

(ie. flags &

0x000010 is equal to 0) indicates that the track may or may not be intended to be presented alone

without other tracks.

The ufeof the tracK_not_lntended_ror_presentatlon_aj_one Ilag 1S aeprecatea.

7.1.2

7.1.2

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

NOTE
track g

When|
metad

7.1.3

This

specifications:

— W
al
b
b

Sy
p

7.1.4

7.1.4

Association of timed metadata tracks with media tracks or track groups

1 Association with media tracks by the 'cdtg’' track reference

A timed metadata track containing 'cdsc' track reference to a track_group id value describes ¢
roup individually.

a timed metadata track contains a 'cdtg' track reference to a track group of type '2ds
ata track describes the composition picture.

Clarifications on the stereo video box

document uses StereoVideoBox as specified in ISO/IEC 14496-12 with the followi

hen the value of stereo indication type indicates the temporal interleaving fi
rangement, each sync sample and each SAP sample with SAP type in the range of 1 to 3, inclu
i the stream access point sahiple group represent constituent picture 0 followed, in compositi
/ samples representing constituent pictures 1 and 0 in an alternating manner up to but excly
rmc sample or SAP samiple with SAP type in the range of 1 to 3, inclusive, indicated by the
hint sample group.

Genericsub-picture track grouping extensions

1 Updated semantics of track_group_type

cks and track

Ach track in the

', the timed

ng additional

ame packing
5ive, indicated
bn time order,
ding the next
stream access

The s¢

bmanticsof t rack group tvype ofthe TrackReferenceBox ischanged from
— — o]

track group type indicatesthe grouping type and shall be set to 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 8.3.4.4.1.

"ster' indicates that this track is either the left or right view of a stereo pair suitable for
stereoscopic display. Specified in 8.3.4.4.2.

playback on a

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

'msr

1

'ste

c' indicates that this track belongs to a multi-source presentation. Specified in ISO/IEC 1
2:2020, subclause 8.3.4.4.1.
r' indicates that this track is either the left or right view of a stereo pair suitable for playbac

stereoscopic display. Specified in ISO/IEC 14496-12:2020, subclause 8.3.4.4.2.

'2dd
(

The pair
that conf
track ¢

7.1.4.2 Tw
71421 D

A SpatialR
group of trac
SpatialRell
implicitly defi
and total h
the same valu

are mapped as
(0,0) and the ¢
tracks. Each s

Tracks in the
groups with ¢

possibly at different resolutions (i.e. withrdifferent values of total widthortotal height).

NOTE Asoul
resolutions). E4
originate from

The SubPict

b.g. corresponding to spatial parts of a video source). Specified in subclause 7.1.4.2 of this docu

f track group idand track group_ type identifies a track group within the\fil€. The
ain a particular TrackGroupTypeBox having the same value of track:\group ig
roup_type belong to the same track group.

b dimensional spatial relationship
pfinition

blationship2DDescriptionBox TrackGroupTypeBoxk indicates that this track belong
ks with 2D spatial relationships (e.g. corresponding to planar spatial parts of a video sour
ationship2DDescriptionBox TrackGroupTypeBox with a given track groy
hes a coordinate system with an arbitrary origin (0,0)'and a maximum size defined by total

e of source id withina SpatialRelationship2DDescriptionBox TrackGroupTyQ
being originated from the same source and their associated coordinate systems share the same
rientation of their axes. For example, a very high resolution video can have been split into sub-p

ib-picture track then conveys its positioh and sizes in the source video.

same track group shall declare the-Same source id, total width, and total height.

ifferent track group id values and the same source id represent the same source co

ce can be represented by different such track groups (for instance when the same source is available at di
ch of these track groups is identified by its own identifier track group id. Since all of these track
he same source, they)share the same source id.

ureRegidonBox is optional and either:

nt in the SpatialRelationship2DDescriptionBox and there shall be no asso
Re&lationship2DGroupEntry in the associated track (this track has a constant, static, siz

4496-

kona

T ' Indicates that this track Belongs to a group Of tracks with two dimensional spahal relafloiluships

ment.

tracks
i and

stoa
ce). A
p_id
idth

eight; the x-axis is oriented from left to right and the y-axis from top to bottom. The tracks thaft have

eBox
origin
icture

Track
ntent,

fferent

broups

ciated
e and

a) 1is prese
Spatial
position);

b)

; Or

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 associated 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.

The composition picture is reconstructed as follows, with values of object x, object y, object width, and

objeft height obtained from SubPictureRegionBox if present or otherwise from the

SpatfialRelationship2DGroupEntry applying to the sample:

a) Optofall tracks belonging to the same ' 2dsr ' track group, form them into subgroupssuch that ¢ach subgroup

Q

ntains tracks in the same alternate group; then select exactly one track from each'of those sub

b) For each composition-time aligned sample of each of the selected tracks, the/following applies, i
hck ordering (layer) indicated in the TrackHeaderBox of the picked tracKs:

o

For each value of i in the range of 0 to object width - 1, inclusiye,'and for each value of j in

the sample of this track at pixel position (j, j).
7.1.4.2.2 Syntax

alighed(8) class SpatialRelationship2DSeurceBox
extends FullBox('2dss', 0, 0) .4

unsigned int (32) total widthg

unsigned int (32) total height;

unsigned int (32) source idy

alighed(8) class SubPictukteRegionBox extends FullBox('sprg',0,0) {
unsigned int (16) (object x;

unsigned int (16) .object y;

unsigned int(6) object width;

unsigned ipt(l6) object height;

bit (14) xeserved = 0;

unsignediyint (1) track not alone flag;

unsigné&d int (1) track not mergeable flag;

alighed(8) class SpatialRelationship2DDescriptionBox extends

o object height -1, inclusive, the pixel value of thé-composition picture at
(i+object x)% total width, (j+object y) % total height) is set equal to the

broups.
h the front-to-
the range of 0

ixel position
pixel value of

TrackGSroupiypeBox{2dsTt
// track group id is inherited from TrackGroupTypeBox;
SpatialRelationship2DSourceBox () ; // 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 value of

track group_ id.
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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
coordinate system specified by this spatial relationship track group. The position value is the value prior to
applying the implicit resampling caused by the track width and height, if any, in the range of 0 to
totdl width-1, inclusive, where total width is included in this
SpatlialRelationship2DDescriptionBox.

object |y specifies the vertical position of the top-left corner of the samples in this track within the coorgdlinate
system specified by this spatial relationship track group. The position value is the value prior to applying
the implicit resampling caused by the track width and height, if any, in the range of 0 tosfotal height -1,
inclusive, where total height isincluded inthis SpatialRelationship2BDeéscriptionBgx.

object [width specifies the width of the samples in this track within the coordinate system specified by this
spatial relationship track group. The width value is the value prior to-applying the implicit resampling
causdd by the track width and height, if any, in the range of 1 to totad~width, inclusive.

object |height specifies the height of the samples in this track-within the coordinate system specifjed by
this spatial relationship track group. The height value is the valye prior to applying the implicit resampling
causdd by the track width and height, if any, in the range ofd to total height, inclusive.

track not alone flag equal to 1 indicates that the current sub-picture track is not intended [to be
presegnted alone without at least one other sub-pigcture track belonging to the same track group of grquping
type [ 2dsr'. The value 0 indicates that the current sub-picture track may or may not be intended to be
presegnted alone without at least one other sub;picture track belonging to the same track group of grquping
type [ 2dsx’'.

track not mergeable flag equalto 1 indicates that the video bitstream carried in the currenf sub-
pictufe track cannot be merged with the video bitstream carried in any other sub-picture tracks belgnging
to th¢ same track group of grouping type '2dsr"', to generate a single video bitstream without deqoding
mismfatch by rewriting only header data of the bitstreams, where a decoding mismatch refers to the|value
of any pixel when decoding the video bitstream in the current track is not identical to the value of thg same
pixel [when decoding the merged single video bitstream. An example of such bitstream merging |is the
reconstruction of an\HEVC bitstream as specified in subclause 10.1.3.4 when the untransformed spmple
entry| type of thedtrack with the given track IDisequal to 'hvc2'. track not mergeable |flag
equal to 0 indicates that the video bitstream carried in the current sub-picture track can be merged with
the video (bitstream carried in at least one other sub-picture track belonging to the same track group of
grouping type '2dsr' to generate such a single video bitstream in such a manner as described abqgve.

NOTE When HEVC (i.e. Rec. ITU-T H.265 | ISO/IEC 23008-2) is the video codec used for encoding of the bitstreams
carried in the sub-picture tracks, track not mergeable flagequalto 0 meansthatthe HEVC bitstream carried in the
current sub-picture track contains and only contains one or more MCTSs that can be indicated by a temporal MCTSs SEI
message as specified in HEVC version 5 published by the ITU-T in Feburary 2018, or a later version of HEVC.

7.1.4.3 Spatial relationship 2D sample group
7.1.4.3.1 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 equal to
track group_ id of the corresponding spatial relationship track group.

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') {
unsigned int (16) object x;
unsigned int(16) object y;

. R | ) doras - .l
TITSTYUITTU TITC (T o) OO0 JecCc T WICUCIT,

unsigned int (16) object height;

7.1.4.3.3 Semantics

opject x specifies the horizontal position of the top-left corner of the samples in this gropp within the
coordinate system specified by the corresponding spatial relationship track group. The pofition value is
the value prior to applying the implicit resampling caused by the trackwidth and height, if anly, in the range
of 0 to total width-1, inclusive, where total widti\4s included in the ¢orresponding
SpatialRelationship2DDescriptionBox.

opject vy specifies the vertical position of the top-left corner of the samples in this groyip within the
coordinate system specified by the corresponding spatial relationship track group. The pogition value is
the value prior to applying the implicit resampling caused by the track width and height, if anly, in the range
of 0 to total height -1, inclusive, where total height is included in the ¢orresponding
SpatialRelationship2DDescriptionBex.

opject width specifies the width of the samples in this group within the coordinate system siecified by the
corresponding spatial relationship track group. The width value is the value prior to applying the implicit
resampling caused by the track widtli-and height, if any, in the range of 1 to total width,finclusive.
opject height specifies the height of the samples in this group within the coordinate system specified by
the corresponding spatial.telationship track group. The height value is the value prior tq applying the

implicit resampling caused by the track width and height, if any, in the range of 1 to total height,
inclusive.

7.1.5 Track reference indicating a track providing shadow sync samples

In thig subclause & track containing an ' shsc' track reference is called a shadow sync sample track, pnd the tracks
pointed to by'the ' shsc' track reference are called main tracks.

The slradow sync sample track provides an optional set of sync samples that can be used when seekinig to a position
or for simitar operations performed to any of the associated main tracks.

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

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.

An 'shsc' track reference indicates that the decoded samples resulting from the concatenation specified above

have acceptable quality for playback.
NOTE 1 The sgmples in the main track that are aligned in decoding time with the samples in the shadow sync sample track are
"switchable" samples that are constrained so that no samples preceding a "switchable" sample in decoding order{ase’used as a
prediction refefence for any sample following the "switchable" sample in decoding order.
NOTE 2 Figurg 17 presents an example of a shadow sync sample track and the associated main track. The,concatenation| of any
selected sampl¢ of the shadow sync sample track and the samples of the main track following the "switchable" sample|that is
aligned in decdding time with the selected samples conforms to the sample entry of the maintrack. This implies that the
bitstream contdined in the concatenation of the samples conforms to the respective media coding spécification.
o . o concatenation of samplep
Prediction "ac[9§§j a §y\(|gqhgple sample is disabled conforming to the sampl¢
al "4 I ] , entry of the main track
Main frack ... | | | "switchable" | | /~|——|— Il “switchable [ g
Shadow(sync ‘
sync sync
sample ftrack ‘
—_—
decoding time
Higure 17 — Example of a shadow syn¢ sample track and the associated main track
7.1.6 Medlia offset box
7.1.6.1 Defiinition
Box Type: 'meof’
Container: File
Mandatory: No
Quantity: Zero orinore
MediaOffsetBox Jjprovides media offsets of the media segments that are referenced by the pre¢eding
SegmentIndexBo6x. Each media offset specifies the byte offset of the first media data box (either MediaDatf{aBox

or Identifi

edMediaDataBox) that contains media data for the media segment.

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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2 Syntax

class MediaOffsetBox () extends FullBox ('meof', 0, 0) {

unsigned int (16) media ref count;

for(i=1; i <= 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(1l) sap id flag[i];
if (sap id flag[il])

7.1.6

]

unsigned int(32) sap id[i];

3 Semantics

cdia ref count specifies the number of referenced media data boxes. The value of media
shall be equal to the number of entries with reference t&ype equal to 0 in f
SegmentIndexBox. The referenced media data box (i€.\‘the referenced Medial
IdentifiedMediaBox) for loop entry i in MediaOffsetBox corresponds to the i-
reference type equal to 0 in the preceding SegmentIndexBox. In other words, lo
MediaOffsetBox is a 1-based index to the list of entfies'that have reference type eq
preceding Segment IndexBox in the order the entries appear in the SegmentIndexBox.

cdia data offset[i] specifies the offsetto*the start of the referenced MediaDat
IdentifiedMediaDataBox of a subsegment. The value of media data offset[i]is
start of the segment containing the referenced MediaDataBox or the IdentifiedMedia

cdia data size[i] specifies byte count of the referenced MediaD

IdentifiedMediaDataBox of.a subsegment.
bp size flag[i] equalto Lspecifies thatthe sap size[i] and reserved syntax elemern
syntax elements are.not present for the same value of i. When starts with SAP fora

equalto0,sap size flag[i] shall beequalto O forthe same subsegment. When sap si
is equal to 1, the,SAP sample shall start from the beginning of the box payload of MediaDat]

the byte following imda_identifier in IdentifiedMediaDataBox.

bp size[i] specifies the byte count of the SAP sample that starts a subsegment.

2:2021(E)

| ref count
he preceding
DataBox or
th entry with
pp entry i in
ual to O in the

aBox or the
relative to the
DataBox.

htaBox or

ts are present

for the same value of i, sap size flag[i] equal to 0 specifies that sap size[i] apd reserved

ubsegment is
ze flag[i]
aBox or from

to 0 specifies

sap 1id[i] identifies a SAP sample. Samples with the same value of sap id[i] 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

7.2

NOTE

sample instead.

Generic extensions to ISO/IEC 14496-15

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
tracks
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Containing of SpatialRelationship2DDescriptionBox for HEVC tile base track and HEVC tile

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 Syne-samples-in-timed-metadatatracks
For timed metadata tracks specified in this document, any sample in a timed metadata track is allowed to be' marked
as a sync sanlple. For a particular sample in a timed metadata track, if at least one of the media.samples [in the
referenced m¢dia tracks having the same decoding time is a sync sample, the particular sample shall' be marked as
a sync sample, otherwise, the particular sample may or may not be marked as a sync sample.
7.4 OMAF-specific extensions to ISO/IEC 14496-15
7.4.1 Covierage information box in an HEVC tile base track
When CoverpgeInformationBox is included in ProjectedOmnivideoBox of a tile base track, it provides
information on the area on the sphere covered by the content that is represented by all the tile tracks assofciated
with the tile bpse track.
7.5 Structures and semantics that are common for video tracks and image items
7.5.1 Semantics of sample locations within a\decoded picture
7.5.1.1 Relption of decoded pictures to global coordinate axes
Figure 18 illystrates the conversions from a spherical picture to a packed picture that can be used in c¢ntent
authoring and the corresponding conversions from a packed picture to a spherical picture to be rendered thiat can
be used in arf OMAF player. The~example in this subclause is described for a packed picture that appeais in a
projected omnidirectional video track. Similar description can be derived for an image item.
Global coordinate axes, Local coordinate axes
______ i B T
1 | I
L 1 1
1 ' 2 ! 3 117 2 13
1 1 ! :
_______ e i i 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

axes are the same as the global coordinate axes.
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h image item.

fray of the packed picture, and colour space conversion can also be performed.

S illustrated In Figure 18c, the spherical picture on the rotated unit sphere IS then Conver
imensional projected picture, for example using the equirectangular projection specified dn sy
Vhen spatial packing of stereoscopic content is applied, two spherical pictures for the twe views

two constituent pictures, after which frame packing is applied to pack the two constitdent p
rojected picture.

ectangular region-wise packing can be applied to obtain a packed picture from the projecte
rojected regions on a projected picture, and the respective areas in Figure 18d indicate the ¢
acked regions. In this example, projected regions 1 and 3 are horizentally downsampled, w
pgion 2 is kept at its original resolution.

rageInformationBox can be used to indicate which part of'the sphere is covered by the pag

er to map sample locations of a packed picture (such as‘that in Figure 18d) to a unit sphere use
e 18a), the OMAF player can perform the followingordered steps:

packed picture, such as that in Figure 18d, is ebtained as a result of decoding a picture from a

needed, chroma sample arrays of the.packed picture are upsampled to the resolution of the

f the respective projected(picture, such as that in Figure 18c, as specified in subclause 5.4.2. (
rojected picture is identical to the packed picture.

spatial frame packing of the projected picture is indicated, the sample locations of the project
bnverted to sample locations of the respective constituent picture of the projected picture, ¢
ibclause 7.5, 1.3. Otherwise, the constituent picture of the projected picture is identical to
icture.

he/samiple locations of a constituent picture the projected picture are converted to sphere co

El

fesrélative to local coordinate axes, as specified for the omnidirectional projection format

ted to a two-
bclause 5.2.1.
are converted
ictures to one

l picture. One

kample of packing is depicted in Figure 18c and Figure 18d. The dashed rectangles in Figure 18c indicate the

orresponding
hile projected

ked picture.

d in rendering

video track or

luma sample

region-wise packing is indicated, the sample locations of the packed picture are converted to sainple locations

therwise, the

ed picture are
s specified in
the projected

brdinates that

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 RegionWis¢PackingFlag 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
PackingTlype[n] equal to O (i.e. with rectangular region-wise packing), the following applies;

The ¢orresponding sample location (xProjPicture, yProjPicture) of the projected picture is derived as
follows:

— X is set equal to xPackedPicture - PackedRegLeft[n].
— Yy issetequal to yPackedPicture - PackedRegTop[n].
— $ubclause 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 assigihed to
gample 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] is less than proj picture width /2 and xProjPicture is greater than or
equal to proj picture width/2, xProjPicture is set equal to
xProjPicture £ proj picture width /2.

—+ When ProjReglLeft[n] is greater than or equal to proj picture width /2 and xProjPicfure is
greater’ than or equal to proj picture width, xProjPicture is set equal to
xProjPicture - proj picture width/2.

D pats - 1 D ‘D m | D
— FTIOJTICTUIC IS STLCYULL LU TTUOJRESTUPTII] ¥ VIEUS.

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:

58

xProjPicture is set equal to x + offsetX.

yProjPicture is set equal to y + offsetY.

© ISO/IEC 2021 - All rights reserved


https://iecnorm.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

Outpyts of this process are:

The ofitputs are derived with the following ordeted steps:

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

piictureWidth and pictureHeight, which are the width and height, respectively, of a monoscepic grojected luma
icture, in relative projected picture sample units.

=

NOTE 1 The projected picture for which the sample location (xProjPicture, yProjRicture) is given ag input can be a
batially frame-packed picture.

wn

(%]

bhere coordinates (azimuthGlobal, elevationGlobal), in units of degrees relative to the global coprdinate axes,
nd

o)

<

rhen SpatiallyPackedStereoFlag is equal to 1, the index ofithe constituent picture (constituentPicture) equal
Oorl.

ot

NOTE 2 When the temporal interleaving packingarrangement is in use, the projected picture is assqciated with the
lgft view or right view as specified for StereovideoBox in ISO/IEC 14496-12.

I xProjPicture is greater than or equal to pictureWidth or yProjPicture is greater than or equal to pictureHeight,
the following applies:

—t constituentPicture is set’equal to 1.
—t IfxProjPicture is greater than or equal to pictureWidth, xProjPicture is set to xProjPicture - pictureWidth.
—t IfyProjPicture’is greater than or equal to pictureHeight, yProjPicture is set to yProjPicture — pictureHeight.
(Qtherwise; 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 pictureWidth,
pictureHeight, xProjPicture, and yProjPicture as inputs, and the output is assigned to azimuthLocal,
elevationLocal.

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

If RotationFlag is equal to 1, subclause 5.3 is invoked with azimuthLocal, elevantionLocal,
rotation yaw + 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 Pro
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jection format structure

7.5.2.1 Syntax

aligned(8)
bit (3)

unsigned int (5)

class ProjectionFormatStruct ()
reserved 0;
projection type;

{

7.5.2.2 Semantics

project
syste
in Ta

7.5.3

ion_type indicates the type of the mapping of the projected picture onto the spherical copr
n as specified in subclause 5.1. The values of projection type and their semantics are|spq
ble 10.

Regiion-wise packing structure

7.5.3.1 Defiinition

RegionWise

PackingStruct () specifies the mapping between packed regions-and the respective pro

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

NOTE Amon
the 2D Cartesial

A decoded pid
the container

For video

For anim

The content o
in this clause:

The widt
proj pi

The widt
packed |

— When the|
constit]

o other information the RegionWisePackingStruct () also pfovides the content coverage informa
h picture domain.

ture in the semantics of the region-wise packing structure is either one of the following depend
for this syntax structure:

the decoded picture is the decoding outputaesulting from a sample of the video track.
hge item, the decoded picture is a reconstructed image of the image item.
f RegionWisePackingStrugt ¢) is summarized below, while the semantics follow subseq
h and height of the projected picture are explicitly signalled with proj picture widt
cture height, respectively.

h and height_of the packed picture are explicitly signalled with packed picture widt
picture {Meight, respectively.

projected picture is stereoscopic and has the top-bottom or side-by-side frame packing arrangs
u€nt picture matching flag equalto 1 specifies that

linate
cified

ected

fion in

ngon

hently

h and

h and

ment,

— the projected region information, packed region information, and guard band region information in this

synta

x 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__
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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 region packing

structure RectRegionPacking (i),

— when guard bands are present, the guard band structure for the packed region GuardBand|(1i).

The cpntent of the rectangular region packing structure RectRegionPacking (i) is.summarized below, while

the seimantics follow subsequently in this clause:

pfoj reg width[i], proj reg height[i], proj reg top[i]fand proj reg leflt[i] specify
the width, height, top offset, and left offset, respectively, of the i-th projéeted region.

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

ppcked reg width[i], packed reg heigh%{i], packed reg topl[if, and
ppcked reg left[i] specify the width, height, theltop offset, and the left offset, respectively, of the i-th
packed region.

The dontent of the guard band structure GuapdBand (i)is summarized below, while the semantics follow

subsefjuently in this clause:

lpft gb width[i], right gb width[i], top_gb height[i], or bottom gb height[i] specify
the guard band size on the left side"af; the right side of, above, or below, respectively, the i-th padked region.

gp not used for pred flag[i] indicates if the encoding was constrained in a manngr that guards
bands are not used as a reference in the inter prediction process.

gb_ type[i] []]specifies the type of the guard bands for the i-th packed region.

Figure 19 illustratesian example of the position and size of a projected region within a projected pictyre (on the left
side) ps well asgthat of a packed region within a packed picture with guard bands (on the right side)] This example

appligs when-the value of constituent picture matching flagisequalto 0.
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proj_reg_topli] proj_picture_height

proj_reg_left[i] packed_reg_left[i]

packed_reg_height[i]

proj_reg_height]i]

packed_reg_topli]

top_gb_height[i] |

left_gb_width(i]

right_gb_widthl[i]
/’ '\

bottom_gb_height]i] ]

packed reg widthli]

proj_reg_width[i]

proj_picture_width

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

The remaining of subclause 7.5.3 is organized as follows:

7.5.3.3, respectively.

respectively.

respectively.

Subclausd

The syntdx and semantics of the rectangular region packing structure are specified in subclauses 7.5.3|2 and

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

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

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

region-wise packing structures. Subclause 7.5.3.8:also uses the variables to specify constraints for the g§yntax

element vfalues. The variables are also used in other clauses.

7.5.3.2 Syntax of the rectangular regionpacking structure

aligned(8)| class RectRegionPaeking (i) {
unsigngd int (32) proj  reg width[i];
unsigngd int (32) profg yweg height[i];
unsignegd int (32) pxoj reg topl[il;
unsigngd int (32).proj reg left[i];
unsigngd int (3) /~transform typel[i];
bit (5) |reserved = 0;
unsigngd in&(16) packed reg width[i];
unsigndgd Ant (16) packed reg height[i];
unsigngdi\¥nt (16) packed reg toplil;
unsigned 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
projected region. The following values are specified:

0: no transform

locations of a

1: mirroring horizontally
2: rotation by 180 degrees (counter-clockwise)
3: rotation by 180 degrees (counter-clockwise) before mirroring horizontally
4: rotation by 90 degrees (counter-clockwise) before mirroring horizontally
5: rotation by 90 degrees (counter-clockwise)
6: rotation by 270 degrees (counter-clockwise) before mirroritig’horizontally
7: rotation by 270 degrees (counter-clockwise)
NOTE 2 Subclause 5.4.2 specifies the semantics of t ransform type[1i] for converting a sajnple location of
a packed region in a packed picture to a sarple location of a projected region in a prqjected picture.
ppcked reg width([i], packed reg height[i], packed reg topl[if, and
packed reg left[i] specify the width, height, the offset, and the left offset, respectively, of the i-th
packed region, either within the packed picture (when constituent picture matching flag is
equal to 0) or within each *gonstituent picture of the packed pidture (when
constituent picture matching‘flag is equal to 1). packed re¢ width[il],
packed reg height[i], packed reg top[i], and packed reg left[i] are|indicated in
relative packed picture sample units. packed reg width([i], packed reg|height[i],
packed reg topl[i], andipacked reg left[i] shall represent integer horizonta] and vertical
coordinates of luma sampleunits within the decoded pictures.
NOTE 3 Two packed regions can partially or entirely overlap with each other.
7.5.3}4 Syntax of the guard band structure
alighed(8) class GuardBand (i) {
uhsigned int(8) left gb width[i];
uhsigiied int(8) right gb width[i];
uhsigned int(8) top gb height[i];
uhsdgned int (8) bottom gb height[il];
unsigned int(l) gb not used for pred flag[il];

for (3 = 0; J < 4; j++)

unsigned int(3) gb_typeli][]];

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 deco
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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
packed picture sample units. When the decoded picture has 4:2:0 chroma format, bottom gb height [1i]
shall correspond to an even number of luma samples within the decoded picture.

When GpardBand(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 not |used for pred flag[i] equalto O specifies that the guard bands may or may not be used|in the
inter prediction process. gb_not used for pred flag[i] equalto 1 specifies¢hatthe sample yalues
of the guard bands are not used in the inter prediction process.

NOTE[1 When gb_not used for pred flag[i] is equal to 1, the sample Values within guard bands in
decoded pictures can be rewritten even if the decoded pictures-were used as references fof inter
prediction of subsequent pictures to be decoded. For example,the/content of a packed region fan be
seamlessly expanded to its guard band with decoded and re-projeeted samples of another packed gegion.

gb_typg[i] [J] specifies the type of the guard bands for the i-thipacked region as follows, with j equ3l to 0,
1, 2, ¢r 3 indicating that the semantics below apply to theleft/ right, top, or bottom edge, respectively, of
the packed region:

—+ gb_typel[i] [j] equalto 0 specifies that the content of the guard bands in relation to the cgntent
of the packed regions is unspecified. When gb_not used for pred flag[i] isequdl to 0,
gb_type[i] [J] shall not be equal t6:0.

—+ gb_type[i] [J] equalto 1 spetifies that the content of the guard bands suffices for interpdlation
of sub-pixel values within the packed region and less than one pixel outside of the boundary|of the
packed region.

NOTE 2 gb_type[id [j] equal to 1 can be used when the boundary samples of a packed region have
been eopied horizontally or vertically to the guard band.

— ¢b_type[1i] [g ] equal to 2 specifies that the content of the guard bands represents actual picture
¢ontent that’is\spherically adjacent to the content in the packed region and is on the surface jof the
Ppacked région at quality that gradually changes from the picture quality of the packed region to that
f the.spherically adjacent packed region.

— ¢brntype[i]l [i] equal to 3 specifies that the content of the guard bands represents actual picture
content that is spherically adjacent to the content in the packed region and is on the surface of the
packed region at the picture quality of the packed region.

— gb_type[i] [j] values greater than 3 are reserved.
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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 (i = 0; 1 < num regions; i++) {
bit (3) reserved = 0;
unsigned int (1) guard band flag[i];
unsigned int (4) packing typel[i];
if (packing typel[i] == 0) {
RectRegionPacking (i) ;
if (guard band flag[i])
GuardBand (i) ;

3
1
1

7.5.3]7 Semantics of the region-wise packing structure

cpnstituent picture matching flag equal to L specifies that the projected region information,
packed region information, and guard band region infotmation 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. constitugent picture matching flag equal o 0 specifies
that the projected region information, packed.region information, and guard band region information in
this syntax structure apply to the projected picture. When SpatiallyPackedStereoFlag {s 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 pictures, setting
this flag equal to 1 allows more compact signalling of region-wise packing information.

npm_regions specifies the nuinber of packed regions when constituent picture matching flagis
equal to 0. Value O is reserved. When constituent picture matching flag isequato 1, the total
number of packed regionsis equalto 2 * num_regions andthe informationinRectRegiopPacking (1)
and GuardBand-+1)" applies to each constituent picture of the projected picture and the padked picture.

pfoj picturéiwidth and proj picture height specify the width and height, respeftively, of the
projected/~picture, in relative projected picture sample units. proj picture|width and
proj\picture height shall both be greater than 0.

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

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

guard band flag[i] equal to 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

When the i-th packed region as specified by this RegionWisePackingStruct () overlaps with the j-th packed

region specified by the same RegionWisePackingStruct (), the i-th and j-th projected regions shall regide in
different congtituent pictures for any values of i and j that are not equal to each other. The i-th packed regjon as
specified by this RegionWisePackingStruct () shall not overlap with any guard band specified by thel same
RegionWisgPackingStruct ().
The guard | bands associated with the i-th packed region, if any, as.\specified by| this
RegionWisgPackingStruct () shall not overlap with any packed region specified by the [same
RegionWisgPackingStruct () or any other guard bands specified by the [same
RegionWisegPackingStruct ().
NOTE  Projedted regions are allowed to overlap. When projected regions overlap and-a’quality difference is indicated b¢tween
the projected rggions, e.g. by a region-wise quality ranking indication, the packed region that is indicated to have the highest
quality among the packed regions corresponding to the projected regions that pverlap is expected to be used for renderjng the
overlapping arga.
The variables NumRegions, PackedRegLeft[n], PackedRegTop[n], PackedRegWidth[n], PackedRegHeight[n],
ProjRegLeft[n]], ProjRegTop[n], ProjRegWidth[n], ProjRegHeight[n], TrasnformType[n], PackingType[n] are
derived as follows:
— Fornintherange of 0 to num regions - 1, inclusive, the following applies:

— PackgdRegLeft[n] is set equal to packed)reg left[n].

— PackgdRegTop[n] is set equal to.packed reg top[n].

— Packg¢dRegWidth[n] is set equal to packed reg width[n].

— PackgdRegHeight[n] is.sét equal to packed reg height[n].

— ProjRegLeft[n}isset equal toproj reg left[n].

— ProjRegTép|n] is setequal toproj reg top[nl].

— ProjRegWidth[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 flagisequalto 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 height /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, the following applies:
— nldx is set equal to n - NumRegions / 2.

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

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

— ProjRegLeft[n] is set equalt0-proj 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].

— TransformType[n] is set equal to transform type [nldx].

—>_PackingType[n] is set equal to packing type [nldx].

For edcliwalue of n in the range of 0 to NumReglons - 1, inclusive, the values of ProjRegWidth[n], ProiRegHelght[ ],

PI‘O]'R.,g,l Uplll], dllu 1'1 UJI\CBL‘CILLIIJ areconstr dlllCu [-N) lUllUVVD

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.

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

— If PackqdRegLeft[n] is less than packed picture width /HorDivl, the sum of PackedRegLeft[1}] and
PackedR¢gWidth[n] shall be less than or equal to packed picture width /HorDivl. Otherwise, the sum
of  PadkedRegLeft[n] and  PackedRegWidth[n] shall be less than or ()equall to
packed |picture width /HorDivl * 2.

— If PackddRegTop[n] is less than packed picture height /VerDivl, the sum of PackedRegTop[n] and
PackedR¢gHeight[n] shall be less than or equal to packed picture height /VefDivl. Otherwise, the sum
of  PaqkedRegTop[n] and  PackedRegHeight[n] shall be less,( than or equall to
packed |picture height / VerDivl * 2.

—  When th¢ decoded picture has 4:2:0 or 4:2:2 chroma format, PackedRegLeft[n] shall correspond to an even
horizontal coordinate value of luma sample units, and PackedRegWidthfn] shall correspond to an even niimber
of luma shmples, both within the decoded picture.

—  When th¢ decoded picture has 4:2:0 chroma format, PackedRégTop[n] shall correspond to an even vertical
coordinate value of luma sample units, and ProjRegHeight{n] shall correspond to an even number of luma
samples, poth within the decoded picture.

7.5.4 Rotpation structure

7.5.4.1 Defiinition

The fields in this structure provides the-yaw, pitch, and roll angles, respectively, of the rotation to be applied to
convert the ldcal coordinate axes to the'global coordinate axes. In the case of stereoscopic omnidirectional video,
the fields apply to each view individaally.

7.5.4.2 Syntax

aligned(8)| class RotationStruct () {
signed |int (32)./rotation yaw;
signed |int(32) rotation pitch;
signed |idg (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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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

aligned(8) class ContentCoverageStruct () {
unsigned int (8) coverage shape type;

u
u
i

7.5.5

cov

num

vie

def

hsigned int(8) num regions;

hsigned int(l) view_idc presence flag;

f (view idc presence flag == 0) {

unsigned int(2) default view idc;

bit (5) reserved = 0;

else

bit (7) reserved 0;

br (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);

3 Semantics

brage shape type specifies the shapel'of the sphere regions expressing the cont
coverage shape type has the same.semantics as shape type specified in subclause 7.7
pf coverage shape type is used ds'the shape type value when applying subclause 7.5.6 to
bf ContentCoverageStruct (),

| regions specifies the number of sphere regions. Value 0 is reserved.

v idc_presence flag equal to 0 specifies that view idc[i] is 71
yiew idc presenge flag equal to 1 specifies that view idc[i] is present and
hssociation of sphiere’regions with particular (left, right, or both) views.

bult vieg)idc equal to 0 indicates that each sphere region is monoscopic, 1 indicates tha
region is (o1 the left view of a stereoscopic content, 2 indicates that each sphere region is on th
h stere@scopic content, 3 indicates that each sphere region is on both the left and right views.

bnt  coverage.
2.3. The value
the semantics

ot present.

indicates the

t each sphere
e right view of

vie

When SphereRegionStruct (1,

The

v Mdc[i] equal to 1 indicates that the i-th sphere region is on the left view of a stereosco

pic content, 2

indicates the i-th sphere region is on the right view of a stereoscopic content, and 3 indicate
sphere region is on both the left and right views. view idc[i] equalto 0 isreserved.

NOTE view idc presence flag equal to 1 enables indicating asymmetric stereoscopic coverag

s that the i-th

e. 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.

applies and interpolate shall be equal to 0.

1) is included in the ContentCoverageStruct (), subclause 7.5.6

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 Sphere region structure

7.5.6.1 Definition

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

When centre 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

is a point

on a spherical surface.

— Otherwis

The sphe
structure

— Wh

b the variables centreAzimuth and centreElevation are derived as follows:

centreAzimuth = centre azimuth + 65536
centreElevation = centre elevation + 65536

e region is defined as follows with reference to the shape type value specified injthe semantics
containing this instance of SphereRegionStruct:

en the shape type value is equal to 0, the sphere region is specified by fodrgreat circles defined b

points cAzimuth1, cAzimuth2, cElevation1, cElevation2 and the centyée point defined by centreA7

equ

Subs
centy

— Wh
elev

bl to 0 and centreElevation equal to 0 as shown in Figure 20a and-the variable derivation is as fo

cAzimuthl = (0-azimuth range+2)+ 65536
cAzimuth2 = (0 + azimuth range +2)+ 65536
cElevationl = (0 -elevation range +2)+ 65536
cElevation2 = (0 + elevation range +2)+65536

eElevation degrees in the elevation direction, while its shape remains the same.

bn the shape type value is equal to_1;the sphere region is specified by two azimuth circles an
ation circles defined by four poirnits‘cAzimuth1, cAzimuth2, cElevationl, cElevation2 and the

point defined by centreAzimuth and centreElevation and as shown in Figure 21 and the va

deri

When centr
along the axis

vation is as follows:

cAzimuthl = (centre azimuth-azimuth range +2)+ 65536
cAzimuthZ =(centre azimuth+azimuth range +2)+65536
cElevationl =\(centre elevation-elevation range +2)+ 65536
cElevation2=( centre elevation+elevation range +2)+65536

b t1il&isnotequal to 0, the sphere region is firstly derived as above and then a tilt rotation is a
originating from the sphere origin passing through the centre point of the sphere region, whe

angle value in

(15)

of the

y four
imuth
llows:

(16)

pquently, the sphere region is rotated by centreAzimuth degrees in the azimuth direction, and by

d two
rentre
riable

(17)

bplied
re the

creases clockwise when looking from the origin towards the positive end of the axis. The final s

phere

region is the one after applying the tilt rotation.

Shape type va

lue 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

70

and centreElevation to the tilted sphere region.
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Q

a) sphere region with centre point %?)ltlng by centre tflt
\

azimuth and elevation equal to 0

O

(centreAzimu;Qx\centreElevation)

§ ) rotating the sphere region by centreAzimuth and centreElevation

QOQ Figure 20 — Deriving a sphere region specified by four great circles
Shape f& value equal to 1 specifies that the sphere region is specified by two azimuth circles and[two elevation
circles as illustrated in Figure 21.
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(centreAzimuth, centreElevation)

e

evation

Figure 21 — A sphere region specified by two azimuth circles and two elevation circles

Shape type values greater than 1 are reserved.

7.5.6.2 Syntax

aligned(8)
signed
signed
signed

if (ran
unsi

unsi

(int
uns i
bit

7.5.6.3 Semantics

centre |
centr
to 18

s
3

SphereRegionStruct (range_included flag,dinterpolate included flag)
int (32) centre azimuth;

int (32) centre elevation;

int (32) centre tilt;

ge_included flag) {

gned int (32) azimuth range;

gned int(32) elevation range;

erpolate included flag) {
gned int (1) interpolate;
7) reserved = 0;

azimuth andrcentre elevation specify the azimuth and elevation values, respectively,
e of the sphere region in units of 2-1¢ degrees. centre azimuth shall be in the range of -18
D * 21614, inclusive. centre elevation shall be in the range of -90 * 26 to 90 * 216, inclusiy

of the
D * 216
Fe.

be in

centre

ti¥t specifies the tilt angle of the sphere region in units of 2-16 degrees. centre tilt shal

the range of -180 * 216 to 180 * 216 — 1, inclusive.

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
7.6.1]1 Open-ended and closed scheme types

An oppn-ended scheme type for a kind of transformation is a scheme type that allows,futture extension. For example,
the "ktvi' scheme type (stereoscopic video) may be used for a new frame packing arrangement type that is
defingd after the definition of the 'stvi' scheme type. A closed scheme type,jon the other hand, when defined,
clearly specifies which transformations are allowed and does not allow futurée€xtensions.

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

ComphtibleSchemeTypeBox allows inclusion of only.onie scheme type but there may be multiple instances of
CompptibleSchemeTypeBox included in RestrigtedSchemeInfoBox. A closed scheme typq shall only be
included in an instance of CompatibleSchemeTypgBox.

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

7.6.1{2 Projected omnidirectional video ('podv')

The uge of the projected omnidirectional video scheme for the restricted video sample entry type ' rgsv' indicates
that the decoded pictures are packed pictures containing either monoscopic or stereoscopic content.[The use of the
proje¢ted omnidirectional video scheme is indicated by scheme type equal to 'pody' (projected
omnidirectiohal video) within SchemeTypeBox in the RestrictedSchemeInfoBox.

The formmatoftheprojected monostopic pictures s imdicated withr the ProjectedomntvidecBox contained
within the SchemeInformationBox. One and only one ProjectedOmniVideoBox shall be present 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 constituent frames, respectively, is in use and the second byte of stereo indication type shall be
equal to 0 indicating that quincunx sampling is not in use.

NOTE The'
Optional reg
Projected(
applied, i.e. th

RegionWise
type may be u
its future ame
of RegionWi
editions.

In addition to
allowed by th

beyond their definition, syntax, and semantics.

7.6.1.3 Eqy

NOTE Thiss

q

The 'erpv’

When scher
Restricted

of the following additional constraints:

Project
projectio

When Re|

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

mniVideoBox. The absence of RegionWisePackingBox indicates that no region-wise pacl
nt the packed picture is identical to the projected picture.

PackingBox is not constrained beyond the specification in subclause~7,6/4. The 'podv' s
sed with all version values specified for RegionWisePackingBox{nthis document and in

ndments and editions. The 'podv' scheme type may be used with-any values of the syntax ele
sePackingBox specified and allowed in this document and inany of its future amendmen

the boxes constrained above, SchemeInformationBeximay directly or indirectly contain any
is document and in any of its future amendments and editions. Those boxes are not constt

irectangular projected video ('erpv')
Cheme type can be used for specifying media’profiles.
cheme type is defined as a closedsecheme type for projected omnidirectional video.

he type is equal to (erpv' in an instance of CompatibleSchemeTypeBox i
SchemeInfoBox, the track conforms to the constraints of scheme type equal to 'podv' W

.

gilonWiséPackingBox is present, the following constraints all apply:

jon-wise packing is indicated with the RegionWisePackingBox contained. within the

King is

heme
any of
ments
's and

boxes
ained

h the
ith all

ionFormatBox—within the ProjectedOmniVideoBox shall indicate the equirectamgular

The

yalué of NumRegions shall be equal to HorDiv1 * VerDiv1.

74

For each value of i in the range of 0 to NumRegions - 1, inclusive, the following applies:

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 specifving media profiles

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

When|
Rest
sche
all of {

scheme type is equal to 'ercm' in an instance of CompatibleSchemeTypg¢Box in the
rictedSchemeInfoBox, the track conforms to the constraints of schementype equal to 'podv',
me type equalto 'podv' shall be presentin SchemeTypeBox inthe RestxigtedSchemenfoBox, and
he following additional constraints apply:

rojectionFormatBox within the ProjectedOmnivVideoBox shdllindicate either the ed
rojection or the cubemap projection.

uirectangular

=

Vhen RegionWisePackingBox is present, the value of packing type [1] for each value of
b 0.

shall be equal

<

~

(¢)

.o Billav L0

7.6.1

The u
that t

indicqted by scheme(type equal to 'fodv' (fisheye omnidirectional video) within SchemeTy

Rest

The
Sche
Sche

ersion of ProjectionFormatBox, StereoVideoBox (when present), RegionWise
when present), RotationBox (when present),and CoverageInformationBox (when prg
qual to 0.

chemeInformationBox shall not.tidirectly or indirectly contain any boxes
rojectedOmnivVideoBox, Project@onFormatBox, StereoVideoBox, RegionWisel
otationBox,and CoverageInfoermationBox.

5 Fisheye omnidirectional video (' fodv')

se of the fisheye omnidirectional video scheme for the restricted video sample entry type 're
he decoded picturésyare fisheye video pictures. The use of the fisheye omnidirectional vid

rictedSchemeInfoBox.

format of’ fisheye video is
neIfnformationBox. One

nelmwformationBox when

indicated with the FisheyeOmnivideoBox contained
and only one FisheyeOmniVideoBox shall be pre
the scheme type is 'fodv' within SchemeTypel

PackingBox
sent) shall be

other than
PackingBox,

sv' indicates
eo scheme is
peBox in the

within the
sent in the
Box in the

Rest

1Ctedocheme InroboX.

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

The

'fodv' scheme  type be used with all version values

may

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 OverlayConfigBox. The value of version of OverlayConfigBox (when present) shall be equal to 0.

7.6.1.7 Padked equirectangular or cubemap projected video with derived region-wise packing
('erc2')

NOTE 1 This sfheme type can be used for specifying media profiles.
The 'erc2' gcheme type is defined as a closed scheme type for projected omnidirectionalvideo.

When schepe type is equal to 'erc2' in an instance of CompatibléSchemeTypeBox ip the
RestrictedSchemeInfoBox, the track conforms to the constraints of sckehé type equal to 'ppdv',
scheme typge equal to 'podv' shall be present in SchemeTypeBox in the RelsfrictedSchemeInfoBok, and
all of the following additional constraints apply:

— ProjectionFormatBox within the ProjectedOmnivVideoBax shall indicate either the equirectangular
projectioh or the cubemap projection.

— RegionWfisePackingBox shall be present in each media track referenced by the track containifg the
'erc2' pcheme type. The following constraints shall besgbeyed in each RegionWisePackingBox:

— The yalue of packing type[i] for each value of i shall be equal to 0.
— verpion shall be equal to 0.

— When the cubemap projection is in wuse, proj reg top[i], proj reg leff[i],
profj reg width([i], and proj reg height[i] shall be such that the projected region is yithin
one ¢ube face for all valuestef i'in the range of 0 to num regions - 1, inclusive.

— When the equirectangular projection is in use and the content is stereoscopic, proj reg top[i],
profj reg lef&[W¥], proj reg width[i], and proj reg height[i] shall be such that the
projected regionis within one constituent picture, i.e. not spanning to both left and right views, for all
valuges of i inthe range of 0 to num_regions - 1, inclusive.

— The |-th{projected region shall not overlap with the j-th projected region for any unequal values of | and j
in theTangeof 6tomum regtons=1; mctusive:

— 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.
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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 the mesh
omnidirectional video scheme is indicated by scheme type equal to 'modv' (mesh omnidirectional video)
within SchemeTypeBox inthe RestrictedSchemeInfoBox.

The '

At leaft one of the following shall be true:

When|
within the MeshOmniVideoBox. The MeshBox is not constrained beyond the specification in subcls
'mody ' scheme type may be used with all version values specified for MeshBox in this documen
its futhire amendments and editions. The "modv ' scheme type{may be used with any mesh type V
in thig

When|
the s4

In addition to the boxes constrained above, Scheme InformationBox may directly or indirectly con
allowed by this document;and in any of its future amendments and editions. Those boxes are nd
beyond their definition; syntax, and semantics.

NOTE
or partial cubemap ‘can be represented by both 'modv' and 'podv' scheme types. When a track complie
'mody
be prgsentiin’ the CompatibleSchemeTypeBox. An OMAF player can perform processing for either me
omnid|

modv ' scheme type is defined as an open-ended scheme type for mesh omnidirectional video,

(One and only one MeshOmniVideoBox is present in the SchemeInformatienBox. Th
ndicated with the MeshBox contained in the MeshOmniVideoBox within the S¢hemeInfory

—

The track contains a tile mesh sample group as specified in subclause 7.16,

a MeshOmnivVideoBox is present within the SchemeInformationBox, a MeshBox sh

document and in any of its future amendments and editions.

MeshOmniVideoBox is present in the SchemeIinformationBox, StereoVideoBox may

irectionally projected content of the track is stereoscopic. When StereovVideoBox is g
neInformationBox for the mesh omnidirectional video scheme, version shall be equal t

is specified with the tile mesh'sample group.

It is possible'to author tracks that comply with both the 'modv' and 'podv' scheme types. For exan]
' and.%poedv' scheme types, one of 'modv' and 'podv' can be present in the SchemeTypeBox, whi

rectional video to render the content.

b 3D mesh is
hationBox.

hll be present
use 7.6.8. The
and in any of
alue specified

be present in

me SchemeInformationBox. The absencerof StereovVideoBox indicates that the ommnidirectionally
proje¢ted content of the track is monoscopic. The presence of StereoVideoBox indic3
omnid
Sche
packing format indicated in the Stereo¥i deoBox should be ignored as it may or may not correspo
stereqscopic content is arranged in the decoded pictures. The mapping of rectangular regions for the
views

tes that the
resent in the
0. The frame
nd to how the
left and right

tain any boxes
t constrained

ple, a complete
5 with both the
e the other can
h or projected

7.6.1.9 Closed scheme type for mesh omnidirectional video ('meov"')

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 'modv',
scheme type equal to 'modv' shall be present in SchemeTypeBox or CompatibleSchemeTypeBox in the
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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StereoVideoBox.

7.6.2

MeshOmniVideoBox shall not directly contain any boxes other than MeshBox and RotationBox.

Projected omnidirectional video box

7.6.2.1 Definition

Box Type:

'povd’

SchemeInformationBox shall not directly contain any boxes other than MeshOmniVideoBox, and

Container:
Mandatory:
Quantity:

This box is a

the proje
and right

region-w
the rotati
optionall
The values of

If Stere
set equal

Otherwis

If sid

Othd

Othd

If Rotation
RotationFlag i

If StereoVi

SCheme INLormat1onBox
Yes, when scheme type is equal to 'podv'
Zero or one

ontainer box that contains boxes indicating information for the following:

view of stereoscopic video),

se packing, when applicable,

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

the variables HorDiv1 and VerDiv1 are set as follows:

HbVideoBox is not present in SchemeInforfationBox, HorDivl is set equal to 1 and Verll
to 1.

e (StereoVideoBox is present in S¢heme InformationBox), the following applies:

e-by-side frame packing is indidated, HorDiv1 is set equal to 2 and VerDiv1 is set equal to 1.
rwise if top-bottom frame ‘packing is indicated, HorDiv1 is set equal to 1 and VerDiv1 is set equ3
rwise (temporal intexleaving is indicated), HorDiv1 and VerDiv1 are both set equal to 1.

Box is not present in ProjectedOmnivVideoBox, RotationFlag is set equal to 0. Othe
s set equalto1.

ction format of the projected picture (C for monoscopic video contained in the’track, CL and Cr flor left

and

ivl is

1l to 2.

rwise,

HeoBOx is not present in SchemeInformationBox, SpatiallyPackedStereoFlag, TopBottomFlag,

and SideBySid

eFlagare set equal to 0. Otherwise, the following applies:

TopBotto

TopBotto

mFlag is set equal to 1, and SideBySideFlag is set equal to 0.

mFlag is set equal to 0, and SideBySideFlag is set equal to 1.

SideBySideFlag are all set equal to 0.
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The following applies:

— 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.

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

— If RegionWisePackingBox is not present in ProjectedOmniVideoBox, RegionWiséBackingFlag is set
gual to 0. Otherwise, RegionWisePackingFlag is set equal to 1.

@

— Tlhe semantics of the sample locations of each decoded picture resulting by decoding the samples referring to
this sample entry are specified in subclause 7.5.1.2.

7.6.2]2 Syntax

alighed(8) class ProjectedOmniVideoBox extends Box (/poevd') {
ProjectionFormatBox (); // mandatory
/V optional boxes but no fields

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

7.6.3 Fisheye omnidirectional video box

7.6.3|]1 Definition

Box Type: 'fovd'

Contajner: SchemeInforXmationBox

Mandhtory: Yes, when scheme typeisequalto ' fodv'
Quantity: Zero or pne

FishpyeOmnividéoBox provides essential fisheye video parameters for stitching and rendering of fisheye video
at thelOMAF player.'The fields in FisheyeOmnivideoBox provide region information of circular/images in the
coded picture and field of view and camera parameters of fisheye lens. FisheyeVideoSupplemenjtal InfoBox

providles the\local field of view information for high quality stitching and rendering of fisheye video, as well as
deadzoné information.

This document specifies FisheyeVideoSupplemental InfoBox with version equal to 0 or 1.

7.6.3.2 Syntax

aligned(8) class FisheyeOmniVideoBox extends Box ('fovd') {
FisheyeVideoEssentialInfoBox (); // mandatory
FisheyeVideoSupplementalInfoBox (); // optional

aligned(8) class FisheyeVideoEssentialInfoBox extends FullBox('fovi', 0, 0) {
FisheyeVideoEssentialInfoStruct () ;
}
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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 Type:
Container:

'rwpk'

ProdjectedOmniVideoBRo

Mandatory:
Quantity:

RegionWise

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

RegionWise
RegionWise
collection of t

NOTE Among
the 2D Cartesial

7.6.4.2 Synftax

he instances of RegionWisePackingBox of the tracks referenced bythis track.

bther information a non-empty RegionWisePackingBox also providés the content coverage informa
h picture domain.

No
Zero or one

PackingBox specifies the mapping between packed regions and the corresponding pro

PackingBox may be empty, i.e. contain only the box header andho’ payload. An
PackingBox indicates that the region-wise packing format of thjs( track is derived fro

ected

bmpty
m the

tion in

aligned(8)| class RegionWisePackingBox extends ‘FullBox ('rwpk', 0, 0) {

if ((sifze == && largesize > 16) || (sdze > 12))
RegilonWisePackingStruct () ;

}

7.6.4.3 Semantics

Subclause 7.5{3 applies with the following additional constraint:

— packed|picture width and packed picture height shall have such values | that
packed |picture width i§an integer multiple of width and packed picture height is an integer
multiple pf height, where-width and height are syntax elements of the VisualSampleEntry contpining
this box.

7.6.5 Rotation box

7.6.5.1 Deqinition

Box Type: '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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aligned(8) class RotationBox extends FullBox('rotn', 0, 0) {
RotationStruct () ;

}

7.6.6

Coverage information box

7.6.6.1 Definition

Box Tvpp- 'covil

Conta
Mand

-2:2021(E)

ner: ProjectedOmniVideoBox or SpatialRelationship2DDescriptionBox
htory: No

Quantity: Zero or one

This
Proj
Spat

NOTE
omnid

NOTE
carrie

box provides information on the content coverage of this track (whenthe box is
cctedOmnivVideoBox) or the content coverage of the composition pictures (when the box i
ialRelationship2DDescriptionBox).

1 It is totally up to the OMAF player to handle the area that is not covered by the content when
rectional video content.

P When this box is contained in ProjectedOmniVideoBox, thishox can be used to indicate whether
in the track is monoscopic or stereoscopic by the syntax elements'default view idcorview idc

Each gphere location within the sphere regions specifying the ¢ontent coverage shall have a corresp

in the

decoded pictures (when the box is contained in ProjectedOmnivideoBox) or in the compo

(when the box is contained in SpatialRelationship2DDescriptionBox). However, there

spher

7.6.6
alig

c
}

7.6.7

7.6.7

Box T
Contal
Mand

2 Syntax

hed (8) class CoverageInformationBox extends FullBox('covi', 0, 0) {
bntentCoverageStruct ()

Mesh omnidirectional video box

1 Definition

ype: 'movd'
ner; SchemeInformationBox
htory; Yes, when scheme typeis equal to 'modv’

contained in
5 contained in

rendering the

the sub-picture
il.

nding sample
sition pictures
may be some

e locations that do have corresponding samples-in the decoded pictures but are outside the content coverage.

Quantity ZEeFo-or-one

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

— 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
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Mesh box

7.6.8.1 Definition

Box Type:
Container:
Mandatory:
Quantity:

'mesh'’
MeshOmniVideoBox
Yes
One

MeshBox specifies a 3D mesh consisting of one or more mesh elements, each of which have a unique ID. The
different mesh elements are referenced by one or more tile mesh group entries (e.g. instances of

TileMeshGr
and the positi
the rendering

The 3D mesh
NOTE1 Rota
In line with h
for both eyes

eye meshes.

When a Mesh

rectangular rggion of a decoded picture within one or more referenced~OMAF tile tracks using the tile mesh s
grouping.
NOTE 2 Among other information, the MeshBox also provides implicit-Content coverage information.
7.6.8.2 Synftax
aligned(8)| class MeshBox () extends Ful'lBox ('mesh', 0, 0) {
unsigngd int (16) num mesh elemenbs;
unsigngd int (4) mesh type;
unsigngd int(l) explicit mesh’ id flag;
unsigngd int(l) explicit mekh shape flag;
unsigngd int (2) reserved;
if (exglicit mesh shape*flag)
unsijgned int (8)/mesh shape;
for (iH90; i < numgmesh elements; i++)
if (mesh type &= || mesh type == 2)
JpohereRegironStruct (1,0) ;
elsq if {mesh type == 1)
JDParallelogramStruct () ;
if (expPlicit mesh id flag == 1)

oupEntry), which define the relationship between a group of samples (or a complete OMAF tile
bn on the mesh. This information can be used for both selection of OMAF tile tracks as well as d
process.

specified by a MeshBox is indicated relative to the local coordinate axes.

- i onBox, when present, specifies the conversion from the local coordinate axes to the_global coordinate
bw typical rendering engines work with stereoscopic content, the sanmie mesh is assumed to be

n case of stereoscopic content. In other words, it is not possible to-define distinct left-eye and

Box is present in an OMAF base track, each mesh element in the MeshBox shall be mapped

track)
luring

nxes.
b used

right-

into a
hmple

nsigned 1Int(lob) mesnh _element 1d;

7.6.8.3 Semantics

num mes

h 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

82

type shall be in the range of to 0 to 2, inclusive. Other values of mesh_type are reserved.
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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
mesh element idis presentinthe MeshBox.

specifies that

explicit mesh shape flag equal to 1 specifies that mesh shape is present in the MeshBox.

explicit mesh shape flagequalto 0specifiesthatthemesh shapeisnotpresentin
in that case no global shape can be presupposed for the mesh described by the MeshBox.

the MeshBox,

mesh shape equal to 0 indicates the MeshBox describes a sphere or a portion of a sphere. mesh shape
equal to 1 indicates that the MeshBox describes a cube or a portion of a cube. mesh shape equal to 2
indicates the MeshBox describes a portion of a plane. Other values of mesh shape are reserved.

7.6.8

pbhereRegionStruct () specifies a spherical mesh as the spherical region specified-in| th
defined in subclause 7.5.6. The SphereRegionStruct () shall be inferred to have shape ty

to 0.

in this box shall not overlap.

explicit mesh id flag isequalto0,mesh elé&ment id for the i-th mesh elemen
be equal to 1.

4 3D parallelogram structure

b structure as
pe value equal

to 1 (specified by two azimuth circles and two elevation circles). When mesh ‘tiype is equal to 2, the
SphereRegionStruct () isinferred to have shape type value equal to 0 (spegified by four|great circles).
The value of the interpolate syntax element for the SphereRegionStruct () is inferred to be equal

DParallelogramStruct () specifies a parallelogram mesh in the 3D space. Two mesh elem¢nts described

esh element id specifies an identifier to uniquely identify,a mesh element within this mgsh box. When

is inferred to

A 3DHarallelogramStruct () is a parallelogram in the local reference frame (O, X, Y, Z), as depicted in Figure

22.TH
orig

The n
Cross
prese

e vertices A, B, C, and D of the parallelogram, as depicted in Figure 22, are specified using the sy
in,u direction,andv_directign‘contained by the 3DParallelogramStruct () as fq

A=0+origin vertex
B=A+u direction
C=B+v_direction
D=A+v_direction

prmal vector of 3 3DParallelogramStruct () is pointing toward the direction of uDir x vD

hted in Figre-22. The front face of the parallelogram is in the direction of the normal.

ntax elements
llows:

(18)

ir, x being the

product between‘two 3D vectors, uDir being the vector from A to B and vDir being the vector from A to D, as
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aligned(8)
3DVect9g
3DVect9
3DVect9S

origin ven
u_directig
v_directig
7.6.8.5 3D

This structurd

QN
N K
z
A
C
/ ra i
<
o
- X
D

Figure 22 — 3D parallelogram

class 3DParallelogramStruct ()
truct origin vertex;
truct u direction;
truct v _direction;

{

tex is a vector used to specify the vertex A of the parallelogram.
n is a vector used to specify the vertex B of thie.parallelogram.

n is a vector used to specify the vertices’C and D of the parallelogram.

vector structure

specifies a vector in a 3D(cartesian coordinate system. The vector coordinates are expressed

local coordingte system.

aligned(8)
signed
signed
signed

X comp,y C

class 3DVeckStiruct () {

int (32) x comp;
int (32) yNeomp;
int (32)~% comp;

brag,and z__comp represent, respectively, the x, y, and z cartesian coordinate of a 3D vector exp}

in the local coordinate system. The value 1s relative to the unit sphere and 1s In Units of 10"

7.7 Timed metadata for sphere regions

7.7.1

General

in the

essed

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 des

NOTE
the sa

cribes each media track individually.

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

mples to have only one sphere region.

7.7.2 Sample entry
7.7.2.1 Definition
Exactly_one SphereRegionConfigBox shall be present in the sample entry. SphereRegio

ConfigBox

speciffies the shape of the sphere region specified by the samples. When the azimuth and elevation
spher|

7.7.2

clas

—

o

7.7.2

]

]

e region in the samples do not change, they may be indicated in the sample entry.

2 Syntax

5 SphereRegionSampleEntry (type)
phereRegionConfigBox () ;

bx [] other boxes;

extends MetaDataSamplekntry (type)
// mandatory
// optional

{

5 SphereRegionConfigBox extends FullBox ('rosc'y
hsigned int(8) shape type;

it (7) reserved 0;

hsigned int(l) dynamic_range flag;

f (dynamic range flag == 0) ({

unsigned int (32) static_azimuth range;
unsigned int(32) static_ elevationl\range;

0, 0)

hsigned int(8) num regions;

3 Semantics

hape type equal to 0 specifies that the sphere region is specified by four great circles. shap
to 1 specifies that the\sphere region is specified by two azimuth circles and two ele
shape type valuesgreater than 1 arereserved. The value of shape type isusedasthesh
when applying stbclause 7.5.6 to the semantics of the samples of the sphere region metadat

ynamic range- flagequalto 0 specifies that the azimuth and elevation ranges of the sphere
unchanged-in all samples referring to this sample entry. dynamic_range flag equalto ]

the azimuth and elevation ranges of the sphere region are indicated in the sample format.

Lazic _azimuth range and static _elevation range specify the azimuth and eley

ranges of the

N

e type equal
ation circles.
hpe type value

h track.

region remain
specifies that

ration ranges,

43 1 £ 4] L H £ 1. 1 £ H fodlas 1 4 3 14
TCSPCLTIvVETy, O tTC S PIICT T T CETUIT TUT CTat I SATITpTC T CTCT I TS TO UL SAatiTpTC CUITL y T UlIItS™U

F 2-16 degrees.

static azimuth range and static elevation range specify the ranges through the 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 sph

erical 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 sem
samples of the sphere region metadata track.

antics of the

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

num_regions shall be equal to 1. Other values of num regions are reserved.
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7.7.3 Sample format

7.7.3.1 Definition

Each sample specifies a sphere region. The SphereRegionSample structure may be extended in derived track

formats.

7.7.3.2 Syntax

aligned(8)
for (i

SphereRegionSample () {
= 0; i < num regions; i++)

SphgqreRegionStruct (dynamic_range flag, 1);

7.7.3.3 Semantics

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

Let the tdrget media samples be the media samples in the referenced media trdcks with composition

great
samp

br than or equal to the composition time of this sample and less than th€ composition time of th
le.

interpdlate equal to 0 specifies that the values of cent¥e azimuth, centre eleva
cenflre tilt,azimuth range (if present), and elevatien range (if present) in this sample
to the¢ target media samples. interpolate equal to 1 spécifies that the values of centre azi
centlre_elevation, centre tilt, azimuth rang€ (if present), and elevation ran
presgnt) that apply to the target media samples are linearly interpolated based on composition timesg, from

thev

The valug
fragni

lues of the corresponding fields in this sample-and the previous sample.

of interpolate for a sync sample, thé first sample of the track, and the first sample of a
ent shall be equal to 0.

7.7.4 Initial viewing orientation

7.7.4.1 Defjinition

This metadatd

indicates initial viewing orientations that should be used when playing the associated media

or a single ompnidirectional image stored as an image item.

When the play
using

(centre az
an initial view

back of a media track that contains nothing but one or more overlay sources is intended to be s
another viewing orientation than that indicated
imuth,centre elevation,centre tilt)equalto (0,0,0)relative to the global coordinat]

of this type oftm

ing/orientation metadata track shall be present and associated with the media track. In the ah

patadata a1 chald S0 b 1000

times
e next

tion,
apply
muth,
e (if

track

tracks

tarted
by
e axes,
sence
ed to

be equal to 0.

+ s =1 + 1 + and +
metatata—CehTE Z Tty 7TE erevaT o anacternTE T STTotrt=aroCt1hTet

NOTE 1 When a media track consists of one or more overlay sources, it is consumed with background visual media, and the
initial viewing 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

86

media track.
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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

orientation sensor instead.

ignore the values of centre elevation and centre tilt and use the respective values from the

|
o

d
The tif

shap
equal
entry.

NOTE
Thus,
of the
centy
ranges

7.7.4
clas

u
b

7.7.4

NOTE
includ

i

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

ack sample entry type 'invo' shall be used.

e type shall be equal to 0, dynamic range flagshallbeequalto0,statig~azimuth x
to 0,and static elevation range shall be equal to 0 in the SphereRégfonConfigBox

P This metadata applies to any viewport regardless of which azimuth andelevation ranges are covered |
Hynamic range flag, static _azimuth range,and static elevation range do not affect
viewport that this metadata concerns and are hence required to.be equal to 0. When the OMAF p

for the sphere region of the viewport equal to those that are actdally used in displaying the viewport.

2 Sample syntax
5 InitialViewingOrientationSamplegl() extends SphereRegionSample () {

hsigned int (1) refresh flag;
it (7) reserved = 0;

3 Sample semantics

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

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

htetpolate shall be equal to 0.

vation, and

ange shall be
of the sample

y the viewport.
the dimensions
ayer obeys the

e tilt value as concluded above, the value of centre tilt cafi’be interpreted by setting the azimuth and elevation

onSample are

entre azimuth,centre elevation,and centre tilt specify the viewing orientation in units of 2-16

n indicate the

refresh_flag equal to U speciiies that the indicated viewing orientation should be used when starting the

playback from a time-parallel sample in an associated media track. refresh flag equal

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 the time-

parallel sample.

NOTE2 refresh flag equal to 1 enables the content author to indicate that a particular viewing orientation 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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ommended viewport

7.7.5.1 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 cut or based on measurements of viewing statistics.

If the timed metadata track concerns more than one viewpoint or the referenced media tracks contain media data

for more than
type 'rcvp'

Each video tr
shall cover th
The group of
metadata trad
the timed met

NOTE 2 When|
by the recomn]
overlays like in

When playing
switch, i
Viewpoint$
transition effd
more  than
Viewpoint$

The recomme
the recomme
spherical regi
video track. Fil
linked via the

OTIE ViEWpOITHt, the track sampieentry type - Tvp 2 Shatt be used-Otirerwise; the track sampt

or ' rvp2 ' shall be used.

hck referenced by a 'cdsc' track reference from a recommended viewport timed-metadata
b indicated recommended viewports completely for the entire duration of the timed'metadata
yideo tracks that are referenced by a 'cdtg' track reference from a recommended viewport
k shall collectively cover the indicated recommended viewports completely.forythe entire duraf
adata track.

arecommended viewport timed metadata track is used to derive the viewpgortand the video track(s) refe
ended viewport timed metadata track have associated overlays, an OMAF player is expected to rend
rendering with user-controlled viewing orientation.

the content by following a recommended viewport tinied metadata track indicating a viey
i the current viewpoint’s ViewpdintInformationStruct () co
witchingListStruct (), an OMAF player should obey the timeline switching offset
cts as specified in the current viewpoint’s ViewpointSwitchingListStruct (). When th

one entry corresponding to the, same destination viewpoint id
witchingListStruct (), the first entry’should be used.

nded viewport metadata track (' rcvp®or ' rvp2') may be linked to one or more tracks ca
hded-viewport rectangular 2D media content that it defines by means of an 'esri' (en
bn-of-interest) track reference fyom the recommended viewport metadata track to the rectangul
sure 23 illustrates the relationship between the recommended viewport and the rectangular 2D
'esri' track reference.

entry

track
track.
timed
ion of

renced
er the

ypoint
htains
s and
ere is

in

rrying
coded

lar 2D

video,
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Linked via ‘esri’
track reference

‘revp’
recommended
viewport
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2 Sample entry syntax

=)

RcvpSampleEntry ()

cvpInfoBox (); // mandatory

=]

Rvp2SampleEntry ()

cvpInfoBox (); // mandatory

5 RcvpInfoBox extends FullBox ('rvif',
hsigned int(8) viewport type;
Lring viewport description;
f (version > 0).Y
unsigned int (£) viewpoint idc;
bit (6) resenpved = 0;
if (viewpoint idc == 1)
unsigned int (32) rvif viewpoint id;

0) {

version,

Figure 23 — Illustration of 'esri' trackreference

extends SphereRegionSampleEntry('rcvp') {

extends SphereRegionSampleEntry('rvp2') {

"
.3—Sampleentrysemantics

version shall be equal to 0 when RcvpInfoBox is contained in a ' rcvp' sample entry. version shall be

equal to 1 when RevpInfoBox is contained in ' rvp2' sample entry.

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

viewpon
recor

viewpoll
repre
referg
ident]
view
to be

rvif vi
recorl

7.7.5.4 Sample syntax

class Recqg
if (vis
uns il

7.7.5.5 Sample semantics

shape typd

static azi

1 measurements of viewing statistics

Reserved (for use by future extensions of ISO/IEC 23090-
2..239 2)
240,255 Unspecified (for use by applications or external

specifications)

t description is null-terminated UTF-8 string that provides a textual description
hmended viewport.

nt idc equal to O specifies that all the media tracks refereficed by this timed metadata

enced by the sample entry containing this RcvpInfoBox represent the viewpoint with viey
fierequalto rvif viewpoint id.viewpoint id¢equalto 2 specifies that the samplesc
point id.viewpoint idcequalto3isreserved.Whennotpresent,viewpoint idcisin
equal to 0.

ewpoint id specifies the viewpoint idenfifier that identifies the viewpoint containin
hmended viewport for the samples referencing the sample entry containing this RcvpInfoBo

mmendedViewportSampled ) extends SphereRegionSample () {
wpoint idc == 2)
gned int(32) viewpoint id;

shall begqual to 0 in the SphereRegionConfigBox of the sample entry.

muth/range and static elevation range, when present, or azimuth rangs

f the

track

sent the same viewpoint. viewpoint idc equal to 1 specifies that the viewpoint identifiers

ypoint
bntain
ferred

g the

K.

and

elevation

range, when present, indicate the azimuth and elevation ranges, respectively, of the recomm

ended

viewport.

centre azimuth and centre elevation indicate the centre point of the recommended viewport relative to

the global coo

rdinate 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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Timed text sphere location metadata

1 General

-2:2021(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.

7.7.6.

2 Sample entry format

The tr

The s:
clas

u
b

7.7.6

The s

alig

-

ack sample entry type 'ttsl' shall be used.

mple entry of this sample entry type is specified as follows:

5 TTSpherelLocationSampleEntry () extends SphereRegionSampleEntry('tt
hsigned int(l) depth included flag;
it (7) reserved = 0;

cpth included flag equal to 1 specifies that the depth (z-value) of the regions on which
is to be rendered is present in the samples. The value 0 specifies-that the depth (z-value) of
which the timed text is to be rendered is not present in the¢aniples.

hen SphereRegionSampleEntry () isincludedin TESpherelLocationSampleEntry ()
applies:

The wvalues of shape type, dynamic range flag, static azimuth 1
static _elevation range shall allbe equal to 0.

The value of num_regions may be greater than 1.

3 Sample format

imple format of timed textsphere location timed metadata is specified as follows:

hed (8) TTSpherelgcationSample () extends SphereRegionSample () {
br (i=0; i<nump~r€gions; i++) {
string regdaon’ id;
if (depth,included flag)
unsigned int (16) region depth;

the timed text
he regions on

the following

ange, and

g26n  id provides the identifier of the region on which the timed text is to be rendered. regi

bn_id should

be equal to the identification of the corresponding region defined in the timed text streams in the IMSC1 or

WebVTT track.

region depth indicates the depth (z-value) of the region on which the timed text is to be rendered. The depth
value is the norm of the normal vector of the timed text region. This value is relative to a unit sphere and is

When SphereRegionStruct () isincluded in the TTSphereLocationSample ()

in units of 2-16,

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.

© ISO/IEC 2021 - All rights reserved
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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
2DRegionQualityRankingBox is presentin a visual sample entry, the quality ranking value for the visual track
is not defined. Quality ranking values indicate a relative quality order of quality ranking regions. When quality
ranking region A has a non-zero quahty ranklng Value less than that of quallty ranklng reglon B, quallty ranking
region A has ahighe : g W ] y 7 i

quality within
raMdngsphaeIegmnsspeaﬁedbytheSphereReglonQual1tyRank1ngBoxlnayCWInaynotnundlw"hthe
boundaries of| the quality ranking 2D regions specified by the 2DRegionQualityRankingBox. The/bounflaries
of the quality ranking sphere or 2D regions may or may not match with the boundaries of the pagked'regionsor the
boundaries of|the projected regions specified by RegionWisePackingBox

Either or both of SphereRegionQualityRankingBox and the 2DRegionQualityRankingBox shotld be
present for thp projected omnidirectional video tracks to enable viewport-dependent content selection.

7.8.2 SpHerical region-wise quality ranking

7.8.2.1 Defiinition

Box type: 'srqr'

Container: VisualSampleEntry

Mandatory (ppr an item): No

Quantity (perijan item): At most one for each region definition type value

7.8.2.2 Synftax
aligned(8)| class SphereRegionQualityRankingBox extends FullBox('srqgr', 0, 0) [{

SphereRegionQualityRankingStkuct () ;
}

aligned(8)| class SphereRégionQualityRankingStruct () {

unsigngd int (8) region definition type;
unsigngd int (8) num-regions;
unsigngd int (1)~ ¥emaining area flag;
unsigngd int (Fhview idc presence flag;
unsigngd int Iy quality ranking local flag;
unsigngd iht(4) quality type;
bit (1) |néserved = 0;
if (Vi W_J'_L_lk_,_tu_cocuk,c_flag —— O) {
unsigned int(2) default view idc;
bit (6) reserved = 0;
}
for (i = 0; 1 < num regions; i++) {
unsigned int (8) quality ranking;
if (view idc presence flag == 1) {
unsigned int(2) view_idc;
bit (6) reserved = 0;
}
if (quality type == 1) {

unsigned int (16) orig width;
unsigned int (16) orig height;
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if ((1 < ==

SphereRegionStruct (1,

))

(num regions - 1))

) (remaining area flag
1)

7.8.2.3 Semantics

-2:2021(E)

region definition type hasidentical semantics to shape type of SphereRegionConfigBox.

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

in more than one of these quality ranking sphere regions.

emaining area flag equal to O specifies that all the quality ranking sphere regions.are ¢
SphereRegionStruct (1, 1) structures. remaining area flag equal torl specifie
num_regions - 1 quality ranking sphere regions are defined by SpheréRégionsSty
structure and the last remaining quality ranking sphere region is the sphere’region with
coverage, not covered by the union of the quality ranking sphere' Tegions defined
num regions - 1 SphereRegionStruct(l, 1) structures~The’last remaining q
sphere region may be on both the left and right views.

iew idc presence flag equal to 0 specifies (that view idc is n
view idc presence flagequalto 1specifies that view\idc is presentand indicates t
of quality ranking sphere region with particular (left or,right or both) views or monoscopic

hality ranking local flag equal to 1 specifi€s that the quality ranking information pr
instance of this box is relative to the quality ranking information provided in all instances

this track only. quality ranking local“Yflag equal to O specifies that the qu
information provided in this instance of this®box is relative to the quality ranking informatid
all instances of SphereRegionQualityRankingBox and 2DRegionQualityRank
quality ranking local flageequal to O for this and other tracks.

NOTE1 quality ranking 1dcal flag equal to 1 can be used in a track that includes code
reference to a set of trfacks among which one is selected as the source of the coded video da
an 'alte' trackJ reference specified in ISO/IEC 14496-15 can be used for

SphereRegionQualityRankingBox or 2DQualityRankingBox
quality «anking local flag equalto 0 can be present in the referenced tracks witl

hality type indieates which factor causes the differences in the quality of packed regions
quality_fiype equal to O specifies that all packed regions correspond to the same pro
resolutien.quality type equal to 1 specifies that at least one horRatio value, as derive
5.4.2, may differ from other horRatio values among all pairs of packed and projected regions
or.atleast one verRatio value, as derived in subclause 5.4.2, may differ from other verRatio
all'pairs of packed and projected regions of the picture. quality type valuesgreater than ]

lefined by the
5 that the first
uct (1, 1)
n the content
by the first
hality ranking

ot present.
he association
ontent.

ovided in this
bf this box for
ality ranking
n provided in
i ngBox with

 video data by
a. For example,
this purpose.

with
hin the file.

n the picture.
ected picture
1 in subclause
of the picture
values among
are reserved.

default view idc equal to O indicates that the quality ranking sphere region is monoscop

ic, 1 indicates

that the quality ranking sphere region is on the left view of stereoscopic content, 2 indicates that the quality
ranking sphere region is on the right view of stereoscopic content, 3 indicates that the quality ranking

sphere region is on both the left and right views.

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
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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.

NOTE 3 A player is suggested to parse SphereRegionQualityRankingBox and select the track for playing that

tobac tl ; ; kot ; that
matenes-tne-user-s-vewHg-ortentattora-manner-tnat:

— 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 qualitly type i$ equal
to 1, orig width and orig height represent the width and height of the monoscopic pr¢jected
picture from which the packed region covering the viewport has been extracted."Otherwise, width and
height of VisualSampleEntry can be used to conclude the resolution omthe viewport.

SphereRegionStruct (1, 1) specifies the spherical location and size of the quality ranking sphere fegion
relatie to the global coordinate axes, while the shape type value of the-quality ranking sphere regions is

indicgted by region definition type. The value of interpolétg’in SphereRegionStrudt (1,
1) shall be equal to 0.

7.8.3 2D region-wise quality ranking

7.8.3.1 Defjinition

Box type: '2dgr’

Container: VisualSampleEntry
Mandatory (ppr an item): No

Quantity (perijan item): Zero or one

7.8.3.2 Synftax

aligned(8)| class 2DRegionQualityRankingBox extends FullBox ('2dgr', 0, 0) {
2DRegignQualityRankifgStruct () ;
}

aligned(8)| class 2PRegionQualityRankingStruct () {
unsigngd int<8) num regions;
unsigngd int\l) remaining area flag;
unsigngd et (1) view idc presence flag;
unsigned™~Int (1) guality ranking local flag:
unsigned int (4) quality type;
bit (1) reserved = 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)
unsigned int (16)

orig width;

orig height;

((i < (num regions - 1)) || (remaining area flag == 0)) {
unsigned int (16) left offset;

unsigned int top offset;

unsigned int region width;

(16)
(16)
unsigned int (16) region height;

-2:2021(E)

3 Semantics

hality ranking, view idc presence flag, default view idc, and view,idc
identically to the syntax elements with the same names in SphereRegionQualityRankif
further constrained as follows:

— When a 2DRegionQualityRankingBox is present in Q|,VisualSamplg
StereoVideoBox is present in the VisualSampleEntry,and indicates tempora
view idc presence flagshall be equal to 0and defaultvview idc shall be eg

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

emaining area flag equal to O specifies that.all the quality ranking 2D regions are d
left offset, top offset,region widghpand region height.remaining are
to 1 specifies that the first num regions ;1 quality ranking 2D regions are defined by 14
top offset, region width,and region height and the last remaining quality rank
is the area in the picture with widthiequal to width of VisualSampleEntry and h
height of VisualSampleEntry,not covered by the union of the first num regions
ranking 2D regions. The last remraining quality ranking 2D region may be on both the left an

hality ranking localisflag equal to 1 specifies that the quality ranking information py
instance of this box is reldtive to the quality ranking information provided in all instances
this track only. quality ranking local flag equal to 0 specifies that the qy
information proyided in this instance of this box is relative to the quality ranking informatid
all instances (0f,"SphereRegionQualityRankingBox and 2DRegionQualityRank
quality,.ranking local flag equalto O for this and other tracks.
NOTE1l Jquality ranking local flag equal to 1 can be used in a track that includes code

reference to a set of tracks among which one is selected as the source of the coded video da
an 'alte' track reference specified in ISO/IEC 14496-15 can be used for

are specified
1gBox butare

cEntry and
interleaving,
ual to 3.

nformation is
b contained in

efined by the
h flagequal
eft offset,
ing 2D region
pight equal to
- 1 quality
l right views.

ovided in this
bf this box for
ality ranking
n provided in
ingBox with

 video data by
a. For example,
this purpose

SphereRegionQualityRankingBox or 2DQualityRankingBox

with

quality ranking local flag equalto O 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 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
or at least one verRatio value, as derived in subclause 5.4.2, may differ from other verRatio

of the picture
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 p
that cover the quality ranking 2D region, are equal to 1.
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NOTE

NOTE
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2
region has been extracted without resampling.

3
matches the user's viewing orientation in a manner that:

orig width and orig _height represent the width and height of the picture from which the packed

A player is suggested to parse 2DRegionQualityRankingBox and select the track for playing 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 region covering the viewport has been extracted. Otherwise, wid
height of VisualSampleEntry can be used to conclude the resolution on the viewport.

th and

left of
posit
horiz
withi
heighf
lefd
reqil

region |

region |

7.9 Stora

7.9.1 Gern

Omnidirectiomal images are stored in a file as;image items, as specified in ISO/IEC 23008-12

Projection
stereoscopic
contains a
RegionWisg

7.9.2 Fra

7.9.2.1 Defjinition

fset, top offset, region width,and region height are integer values that indicz
on and size of the quality ranking 2D region. left offset and top offsetrndica
bntal and vertical coordinates, respectively, of the upper left corner of the quality ranking 2D 1
h the picture, in units of luma samples. region widthand region height indicdte the wid

| offset + region_ width shall be less than width of VisualSampleEDtry. top off
on_height shall be less than height of VisualSampleEntry.

width shall be greater than 0.

height shall be greater than 0.

ge of omnidirectional images

eral

FormatProperty shall be present foran omnidirectional image item. When an image item co
ontent, the FramePackingProgérty shall be present for the image item. When an imagg
packed picture generatedslby region-wise packing from the projected picture
PackingProperty shall be.present for the image item.

me packing item preperty

te the
e the
egion
th and

t, respectively, of the quality ranking 2D region within the picture, in units’of luma samples.

et +

The
htains
2 item

the

Box type: 'stvi'

Property type Descriptive item property
Container: ItemPropertyContainerBox
Mandatory (ppran’‘item): No

Quantity (per an 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

FramePacki

96

ngProperty has the same syntax as StereovVideoBox 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

Box type: 'pric’

Property type: Descriptive item property
Contaliner: ItemPropertyContainerBox
Mandhptory (per an item): No

Quantity (per an item): Zero or one

ProjpctionFormatProperty indicates the omnidirectional projection format of the.image.

When|'prfr' ispresent, the reconstructed image represents a packed picture that has been generatgd as indicated
in Figure 2 and Figure 3 for a monoscopic and stereoscopic image, respectively. The semantics pf the sample

locatipns of the reconstructed image are specified in subclause 7.5.1.2.

The format of the projected monoscopic pictures is indicated with the®ProjectionFormatProperty.

For stereoscopic video, the frame packing arrangement of the projected left and right pictures is indifated with the
FramgPackingProperty. The absence of FramePackingBroperty indicates that the content of the image

item i monoscopic.

When| both ProjectionFormatProperty and EramePackingProperty are present for an image item,
sterpo scheme shall be equal to 4, and the firstbyte of stereo indication_ type shall be equal to 3 or 4,
and the second byte of stereo indicationgdtype shall be equal to 0 indicating that quincunx sampling is not

in use

Optiohal region-wise packing is indicated with the RegionWisePackingProperty. Thg absence of

RegipnWisePackingProperty indicates that no region-wise packing is applied.
essehtial shallbeequalto 1 fora 'prfr' item property.

The vilues of the variables’HorDiv1 and VerDiv1 are set as follows for an image item:

If FramePagkingProperty is not present for the image item, HorDiv1 is set equal to 1 and VerDiv1 is set
qual to 1

(¢)

(therwise (FramePackingProperty is present for the image item), the following applies:

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

— Otherwise (top-bottom frame packing is indicated), HorDiv1 is set equal to 1 and 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:

equal to 1, TopBottomFlag is set equal to 1, and SideBySideFlag is set equal to 0.

When the FramePackingProperty indicates top-bottom frame packing, SpatiallyPackedStereoFlag is set

When thg
equal to 1

If RegionWi
Otherwise, Re

7.9.3.2 Synftax

aligned(8)
extends IY
Project

7.9.4 Ess
7.9.4.1 Ger

When an imag
Essential

7.9.4.2 Defjinition

Box type:
Property type
Container:
Mandatory (p
Quantity (per

EssentialH
images at the
circular imaggd

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

sePackingProperty is not present for the image item, RegionWisePackingFlag)is set equa
sionWisePackingFlag is set equal to 1.

class ProjectionFormatProperty
emFullProperty('prfr', 0, 0) {
ionFormatStruct(); /* specified in subclausé& 7.5.2 */

bntial fisheye image item property
eral

e item contains a picture which consists.ofimultiple circular images captured by fisheye camer
isheyeImageProperty shall be present for the image item.

'fovil

Desgriptive item property
TtemPropertyContainerBox
br an item): No
an item): Zero or one
isheyelmageProperty provides essential fisheye parameters for stitching and rendering fi

OMAEF player. The fields in EssentialFisheyeImageProperty provide region informaf
sJjn’the image item and the field of view and camera parameters of the fisheye lens(es).

is set

1 to 0.

hs, the

sheye
ion of

When the 'fovi' item property is present, the 'prfr' item property shall not be present.

essential shallbeequalto1fora 'fovi' item property.

7.9.4.3 Syntax

aligned(8)
extends It

Fisheye
}

98

class EssentialFisheyeImageProperty
emFullProperty('fovi', 0, 0) {
VideoEssentialInfoStruct(); /*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
Contajner: ItemPropertvContainerBo
Mandhptory (per an item): No

Quantjity (per an item): Zero or one

SuppflementalFisheyeImageProperty provides supplemental fisheye parameters, such as the local field of
view 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 priesent.

7.9.5]2 Syntax

alighed(8) class SupplementalFisheyeImageProperty
extehds ItemFullProperty('fvsi', version, 0) {
FlisheyeVideoSupplementalInfoStruct (version); /*specified in Clause 6}/

7.9.5]3 Semantics

The s¢mantics are as specified in subclause 6.3.2.

7.9.6 Region-wise packing item property

7.9.6]1 Definition

Box type: Yrwpk!'

Property type: Descriptive item property
Contajner: ItemPropertyContainerBox
Mandhtory (per an itemy): No

Quantjity (per an item): Zero or one

RegipnWiseRackingProperty specifies the mapping between packed regions and the correspongling projected
regioTs and specifies the location and size of the guard bands, if any.

essential shall be equalto 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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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
RotationPr = v-i—y shall koprnconff‘nvfho imqgn Htem.

7.9.7.2 Defiinition

Box type:
Property type
Container:
Mandatory (p
Quantity (per

RotationPy
to convert the|
the fields app
rotation g

essential {

'rotn’
Descriptive item property
ItemPropertyContainerBox
br an item): No
an item): Zero or one

operty is used to indicate the yaw, pitch, and roll angles, respectively, of the rotation to be a

bplied

local coordinate axes to the global coordinate axes. In the case of stereoscopic omnidirectional jmage,

ly to each view individually. The absence of RotationProperty indicates that rotation
itch,and rotation roll are all inferred to be equal te 0.

hall be equal to 1 fora 'rotn' item property.

7.9.7.3 Synftax

aligned(8)
extends I
Rotatig

7.9.8 Cov

7.9.8.1 Ger

class RotationProperty
emFullProperty('rotn',
nStruct () ;

0, ONT{
/* specified_im subclause 7.5.4 */

erage information item property

eral

7.9.8.2 Defjinition

| yaw,

Box type: 'covi'

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

Quantity (per an item): Zero or one

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

NOTE
omnidirectiona

|l image content.

It is totally up to the OMAF player to handle the area that is not covered by the content when rendering the

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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extends ItemFullProperty('covi',

ISO/IEC 23090

3 Syntax

class CoverageInformationProperty
0, 0) {

ContentCoverageStruct ()

}

-2:2021(E)

7.9.9 Initial viewing orientation item property

7.9.9.1 Definition

Box type: 'iivo'

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

Quantjity (per an item): Zero or one

Init
image

When|
by (c{
axes, 4
of this
to 0.

When|
parse

An O
cent

I
i

1

o

g

For th

ialViewingOrientationProperty indicates the initial viewing orientation according
should be initially rendered to the user.

the viewing of the image item is intended to be started using another\viewing orientation than
bntre azimuth, centre elevation,centre tilt) equalto-{0, 0, 0) relative to the glol
n initial viewing orientation item property shall be present and asSociated with the image item.
property centre azimuth, centre elevation,and dentre tilt should all be inferr

an image item is associated with the initial viewinglerientation item property, OMAF players a
the initial viewing orientation item property and<obey it when viewing the item.

MAF player should use the indicated “or inferred centre azimuth, centre ele
re tilt values as follows:

the orientation/viewport metadata of the OMAF player is obtained on the basis of an orier

mcluded in or attached to a viewing device, the OMAF player should

obey only the centre“azimuth value, and

- ignore the valugesyof centre elevation and centre tilt and use the respective v
orientation sensor instead.

therwise,tlie' OMAF player should obey all three of centre azimuth, centre ele
entre\&¥1t.

e.syntax and semantics of InitialViewingOrientationProperty, num regions is

to which the

that indicated
bal coordinate
n the absence
ed to be equal

re expected to

ration, and

tation sensor

lues from the

vation, and

nferred to be

equal

T0 1, shape_type 15 inferred to be equal to 0, dynamic_range _rlag s inferred to

e equal to 0,

static_azimuth range is inferred to be equal to 0,and static elevation range is inferred 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 dimensions
of the viewport that this metadata concerns and are hence required to be equal to 0. When the OMAF player obeys the
centre tilt value as concluded above, the 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) {

Initial

}

ViewingOrientationSample vr initial orientation;

7.9.9.3 Semantics

The semantics of the TnitialViewingOrientationSample structure are specified in subclause 7.7.4.3 and
apply to the image item by replacing the phrase "sample" with the phrase "image item" except that the semantics of

refresh f]

7.10 Stora

7.10.1 Gen

Timed text is
rendered on 3
it may be reng
which case th

For the timed
and Captions

be used.

The IMSC1 or
XMLSubtitll

specified in sy

7.10.2 OM

ag are undelined and the 1lag shall be equal to U.

e of timed text for omnidirectional video

eral

certain region relative to the sphere (i.e. only visible when the userlooeks in a specific directiq
lered in a region on the current viewport (i.e. always visible irrespective of the viewing directi
b text/cue region positions are relative to the current viewport:

text of the omnidirectional video, W3C Recommendation,, TTML Profiles for Internet Media Su
[.0.1 (IMSC1) or W3C Candidate Recommendation, WebVTT, The Web Video Text Tracks Forma
WebVTT streams shall be carried in tracks conforming to ISO/IEC 14496-30.

eSampleEntry or WVTTSampleEntxy shall include the OmafTimedTextConfigB
bclause 7.10.2.

AF timed text configuration box

7.10.2.1 Defjinition

Box Type:
Container:
Mandatory:
Quantity:

This box prov|

'otct!

XMLSubtitle$ampleEntry or WTITSampleEntry

Yes (for timed-text tracks associated with an omnidirectional video track)
One (for timed text tracks associated with an omnidirectional video track)

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

used for providing subtitles and closed captions for omnidirectional yideo. Timed text cues njay be

n), or
bn), in

btitles

t shall

X as
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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;
for (i=0;i<region count;i++) {
string region_ id;
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;

7.10.2.3 Semantics

relative to viewport flag specifies how the timedd{ext cues are to be rendered. The value 1 indicates
that the timed text is expected to be always preSent on the display screen, i.e. the text|cue is visible
independently of the viewing direction of the usér, The value 0 indicates that the timed textlis expected to
be rendered at a certain position on the sphefé;i.e. the text cue is only visible when the uselr is looking in
the direction where the text cue is rendered(

NOTE1 Whenrelative to viewport flagisequalto 1,the active area where the timed text dan be displayed
is provided by the timed text'tfack as a rectangular region.

relative disparity flag indicates whether the disparity is provided as a percentage valye of the width
of the display window for-ohe'view (when the value is equal to 1) or as a number of pixels (when the value
is equal to 0).

depth included £3ag equal to 1 indicates that the depth (z-value) of regions on which the tjmed text is to
be rendered is'present. The value 0 indicates that the depth (z-value) of regions on which the timed text is
to be rendered’is not present.

region ¢ount specifies the number of text regions for which a placement inside the sphere is grovided. Each
regioniis identified by an identifier. (both WebVTT and TTML identify regions using a uniqye ID). When a
timed metadata track containing the timed text sphere metadata track is present and linked to this timed
text track by the track reference of type' cdsc', the value of region count shall be 0.

NOTE 2 Both WebVTT and TTML identify a region using a unique identifier.

region_id provides the identifier of the text region. This identifier shall be equal to the identifier of the
corresponding region defined in timed text streams in the IMSC1 or WebVTT track.

disparity in percent indicates the disparity, in units of 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.
Figure 24 — An example of a region onwhich the timed text is rendered.
When SphereRegionStruct () isincluded in theOmafTimedTextConfigBox, the following applies:

For the syjntax and semantics of SphereRegionStruct () included inthe OmafTimedTextConfigBax, the
valuejs of shape type, dynamic_range flag, static azimuth range, and
statflic _elevation range areall inferred to be equal to 0.

For the [SphereRegionStruct (0, 1) included in the OmafTimedTextConfigBox, interpdlate
shall pe equal to 0.

centre [azimuth andicentre elevation specify the sphere location that is used, together with|other

inforation, to-detérmine where the timed text is placed and displayed in 3D space. centre azimuth
be in thexrange of ~180 * 216 to 180 * 216 - 1, inclusive. centre elevation shall be in the rapge of

shall
-90 ¥

216£0 90 * 216, inclusive.

centre tilt shallbeequalto 0.

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
in units of 2-16,

7.10.3 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 S ehem locationfieldofthe XMI St 4+ 1 C-\mpT E‘n#vl shall cantain one r\FFn"nuring cfring instances:

— "http://www.w3.0org/ns/ttml/profile/imscl/text"
— "http://www.w3.0rg/ns/ttml/profile/imscl/image"

The XMLSubtitleSampleEntry shall contain a MIMEBox and its content type-field shall be ¢onstrained as
follows:

— The type shall be "application™".

— The subtype shall be "ttml+xml™".

|
—

he codecs parameter shall contain either "imlt" op-"4mli" that indicates that an IMSC1 [Text or Image
pirocessor is required, respectively.

All samples of the IMSC1 track shall conform to the Text Rrofile or Image Profile specified in W3C Recommendation,
TTML|Profiles for Internet Media Subtitles and Captions 1.0.1 (IMSC1).

All IM[SC1 sample format shall conform to ISO/AEC 14496-30.

The njedia type of the IMSC1 samples is "application/mp4".

7.10.4 WebVTT tracks
When|WebVTT is used, OmafiTimedTextConfigBox shall be present in WWTTSampleEntry.

clasp WVTTSampleEntry () extends PlainTextSampleEntry ('wvtt') {
WebVITConfigurationBox config;

WebVTTSouxcelabelBox label; // recommended
OpafTimedTextConfigBox () ; // optional

All W G &4 nlanl 1 laall £ il 1o £ 4 ] d i ICA /I 144
Uvi1I Ddlll}JlCD S1Idll CUIITUTTIT LU UIIT ballllJlC 1IUT1IIat a5 UTIIIITU 111 lJU/ JIM\ VRS B & ¢

L. 20.20010 1
O=0UZzU0TOo, stbciause 6.6.

The 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 regio

n timed metadata indicates one of the following information:

Heat map
region.

Priority 1
players f

Recomm

content author's choice which ERP regions are more important to be received withra High quality rank v,

NOTE 3 Methg
information is 3

Subclause 8.2
behaviour de{

7.11.2

The track sam

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

class ERPH
unsigns

7.11.3

metadata f
ERPRegionT

(metadd
ERP regi

Sample entry format

Semantics

ank information of the ERP regions relative to each other, which is intended as a guidance to
r selecting tracks to download in case of bandwidth degradation.

endations on selecting ERP regions based on their quality ranks. This type ©of metadata indicat

ds about how different implementations generate and utilize the signalled ERP region timed mg
n implementation detail and outside the scope of this document.

3.2 contains specifications for carriage of ERP region timed(metadata in DASH and an OMAF
cription for accessing and using ERP region timed metadata.

ple entry type 'stmd' shall be used.

egionTimedMetadataSampléeEdtry () extends MetaDataSampleEntry ('stmd'

d int (8) metadata typevindicator;

ype indicator’ indicates the types of timed metadata information which is present
imedMetadataSample samples that utilize this sample entry.

ns.

information of the ERP regions relative to each other, which indicates the viewing statistics of an ERP

DMAF
es the
hlue.

tadata

blayer

n the

ta type indicator & 0x01) equal to 1 indicates a relative quality rank recommendation for the

regions.

describes viewing statistics.

NOTE

which Representations are requested for streaming.

documen

106

Value 0 is not allowed.

t, and the semantics of (metadata type indicator &0x08) equal
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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) equal to
128 indicate for user-defined metadata types.

7.11.4 Sample format

7.11.4.1 Definition

ERP regian timed metadata Qnmp]p shall he 2 FRPRegionTimedMetadataSample which shall be an array of

MetaflataInformationBoxes.

The |types of information which may be present in the sample shall be |indicated in the
ERPRegionTimedMetadataSampleEntry.

The iIformation of a MetadataInformationBox of a particular metadata (type value is v4lid up to but
excludling the next sample having MetadataInformationBox with the samemetfadata type value.

7.11.4.2 Syntax

alighed(8) class MetadataInformationBox extends ,FulMBox ('mibx', 0, 0) {
uphsigned int (8) metadata_ type;
upsigned int (8) num_ rows;
uhsigned int (8) num cols;
fpr (i = 0; 1 < num cols; i++)
for (jJ = 0; J < num_rows; J++)
unsigned int(8) valueli][]j];

alighed(8) class ERPRegionTimedMétadataSample {
MetadataInformationBox () [];

7.11.4.3 Semantics
metaflata type specifiesithe type of the ERP region metadata information. The following values gre specified:

— 1llindicates a relative quality rank recommendation for the ERP regions. Higher values indicate that such ERP
regions are recommended to be displayed with higher quality rank value compared to the othgr ERP regions
with lowervalues. A value of 0 indicates that the corresponding ERP region is the least infportant to be
displayed:at a high quality rank value.

— 2| indicates a relative priority information for the ERP regions. This value provides a relative priority
information of an ERP region compared to the other ERP regions. Higher values indicate that such ERP 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 regions 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 the 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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Values 64 and 128 indicate user-defined metadata types.

All values not equal 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, wh

[num cols

ere index [0][0] corresponds to the top left corner of the coded picture and
- 1] [num rows - 1] corresponds to the bottom right corner of the coded picture.

index

7.11.5 Gern

It is possible
examples:

a)
regions
generate

Viewer aialytics: By analysing the content watching pattern of the viewers (e.g. statistics about whic

erating ERP region metadata

fo generate ERP region timed metadata in various ways. The following approaches,cdn be giy

e in the field-of-view or gaze attention of the viewer at a given time), (content creators are g
heatmaps, priority ranking or relative quality information.

b) Content

classifyi

visual quality of certain ERP regions (e.g. ERP regions containing, people over other ERP regions). §

prioritiz

Content creat
sample correq

7.12 Stora

7.12.1 Vie

7.12.1.1 Defiinition

The viewpoin
and viewpoin

When an edit
timelines.

NOTE The"

alysis: By pre-processing the content with tools such as semanti¢ scene parsing (e.g. detectiy
the objects in the scene) or similar computer vision algorithims, content creators can prioriti

tion strategy is dependent on the content creators’ choice.

prs generate and signal ERP region metadata at_time intervals of their preference. Each me
ponds to the information at that given presentation time.

pe and signalling of viewpointsfor omnidirectional video and images

wpoint information structures

I information structures provide information of a viewpoint, viewpoint groups, viewpoint swit
looping.

list is pre§ent, it is resolved to prior to considering viewpoint information structures rela

epéat-flag" (flags & 1) of the EditListBox equal to 1 enables repeating a video track in its entire

yen as

h ERP
ble to

g and
ze the
uch a

fadata

ching,

ted to

[y. The

ViewpointLog

opihgStruct () includes controlling the looping, e.g. with the maximum number of loops and the time

period

that is looped.

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.
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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;

-2:2021(E)

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:

— IfviewpointPosStruct () is contained in ViewpointEntityGroupBox, the viewpoint is static and

7.12.
The V|

alig

n 0

7.12.

Y ks 3 afiod Lozl Lo . =l O RN

IS PUDILIUII 195 DPC\,IIICU U)’ CIIIO LT WLJ\.)J_llK_E oo LLUCTUL /).

- Otherwise, if ViewpointPosStruct () is contained in DynamicViewpointSanipl
of the viewpoint.

- Otherwise (when ViewpointPosStruct () is contained in DynaficViewpointS

1.3 Viewpoint GPS position structure

i ewpointGpsPositionStruct () provides the GPS position of the viewpoint.
hed (8) class ViewpointGpsPositionStruct ns{
igned int (32) viewpoint gpspos longitudey

igned int (32) viewpoint gpspos_latitude;
igned int (32) viewpoint gpspos_altiktudde;

iewpoint gpspos longitude indicates the longitude of the geolocation of the viewpoint
degrees. viewpoint gpspos_l@ngitude shall be in range of -180 * 223 to 180 * 223

degrees. viewpoint gpspos latitude shall be inrange of =90 * 223 to 90 * 223 - 1, incl
value represents notthern latitude and negative value represents southern latitude.

millimetres above the WGS 84 reference ellipsoid.

NOTE The WGS 84 reference ellipsoid is specified in the EPSG:4326 database available at http://www

1.4/Viewpoint geomagnetic information structure

Positive values represent easterfijongitude and negative values represent western longitud¢.

eEntry, the

viewpoint position may be time-varying and this ViewpointPosStruct () speeifies the initial position

ample), this

ViewpointPosStruct () specifies the position of the viewpoint for-the-duration of the sample.

n units of 2-23
- 1, inclusive.

h

iewpoint gpspos_ latitwde indicates the latitude of the geolocation of the viewpoint if units of 2-23

isive. Positive

iewpoint gpsposS altitude indicates the altitude of the geolocation of the viewpoint in units of

epsg.org/.

The ViewpointGeomagneticInfoStruct () indicates the orientation of the common reference coordinate
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;
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nt 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 ViewpointGlobalCoordinateSysRotationStruct () provides the yaw, pitch, and roll rotation angles

of X,Y,and Z

xes, respectively, of the global coordinate system of the viewpoint relative to the common refi

rence

coordinate sy

aligned(8)
signed
signed
signed

viewpoi
roll
view
view
view

shall

7.12.1.6 Vie
The Viewpol
aligned(8)

unsigns

if (grdg
utfg

vwpt gy

common reference coordinate system.

NOTE

vwpt gy
grouj

stem.

{

class ViewpointGlobalCoordinateSysRotationStruct ()
int (32) viewpoint gcs yaw;

int (32) viewpoint gcs pitch;

int (32) viewpoint gcs roll;

nt gcs_yaw, viewpoint gcs pitch,and viewpoint gcs roll-specify the yaw, pitc
ngles, respectively, of the rotation angles of X, Y, Z axes of the-global coordinate system
oint relative to the common reference coordinate systemy, in units of 2-16 de
point gcs yaw shall be in the range of -180%2% to 180*2%%-1, inc
point gcs pitch shall be in the range of -90 * 216 to 90 * 216, inclusive. viewpoint gcs |
be in the range of -180 * 216 to 180 * 216 - 1, inclusive.

Wwpoint group structure
ntGroupStruct () provides viewpoint group’information.

{

class ViewpointGroupStruct (groupDescrIncludedFlag)
d int (8) vwpt group id;
upDescrIncludedFlaqg)

string vwpt group desctiption;

oup 1id indicates thetidentifier of a viewpoint group. All viewpoints in a viewpoint group s

comparable,because the viewpoints belong to different coordinate systems.

oup,description isanull-terminated UTF-8 string which indicates the description of a viey
. A'null string is allowed.

h, and
of the
orees.
usive.
roll

lare a

1 When two_viewpoints have different values of vwpt group id, their position coordinates afre not

ypoint

NOTE 2 An OMAF player is expected to start with the initial viewpoint timed metadata as defined in subclause 7.12.3.2.
Subsequently, if the user wishes to switch to a viewpoint group and the initial viewpoint information is not
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.
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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 && urlIncludedFlag) {

utf8string transition scheme URI;
utf8string transition_ scheme valug;

if (viewpoint switch region flag) «
unsigned int(4) num viewpoint 'switch regions;
bit (4) reserved = 0;
for (i = 0; 1 < num viewpolnt switch regions; i++)
ViewpointSwitchRegionmStruct () ;

7.12.1.7.3 Semantics

npim_viewpoint swifching indicates the number of switching transitions possible from the viewpoint to
which the VigwpointSwitchingListStruct () is associated.

destinatiOn-viewpoint id indicates the viewpoint id of the destination viewpoint ¢f a viewpoint
switching.

viewirng orientation in destination viewport mode specifies the selection of|the viewport

% . . it Th ti f th
be | er ‘nn‘/\lprnn SYALLLC 1“2 fay coemanrics 0O ya) A lues 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

0 Default OMAF viewpoint switching process shall be used (initial viewing orientation if present, or
default viewport otherwise).

1 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

2 Viewpoint in the common reference coordinate system. This operation is expected to be supporfed
dnly while switching between viewpoints belonging to the same viewpoint group. This mode js hot
dpplicable while switching between viewpoints belonging to different viewpoint groups:

3 Reserved (for use by future extensions of ISO/IEC 23090-2).

transition effect flag equalto 1 specifies that a transition effect description’is present.
timelirfe switching offset flag equalto 1 specifies thata time offsetis present.

viewpoint switch region flag equal to 1 specifies that a ViewpointSwitchRegionStry
structure is present.

transition effect type indicates the type of transition effects, as listed in Table 15, when switch
this viewpoint. For transition effect type valuesin the range of 0 to 3, inclusive, no seman
playelr behaviour is specified, but rather the transitions are described in Table 15.

NOTE| When the viewpoint switch region is indicated, depending on the client configuration or guided by

interface, if the user selects the viewpoint switch region, the viewpoint can be switched to the dest
viewpoint.

Table 15 —\VViewpoint transition effect types

ct()

a user
nation

ing to
fics or

Value Description

0 Zoom-in effect: the yvideo 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 thougheeffect: the video of the destination content replaces the source content by appearing

1 dn one side.of it (usually in same direction as the movement of the source content) and
progressively recovers it entirely by expanding its coverage.
Had s L1 ] ££€ VRS N 4 i 3 | s 343 N | Je [+ 3 Har b | 3
aUCTT U UTdCKN CITC T TITC SUUT CTCCUTTTCTTIC lJl Usl CDDIVCI)’ LI AdIISIUIVUILIS U UIdUN LL_ypu,au_y U_y 1 CuublllE,

2 luminosity 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
TrackReferenceTypeBox ('vitr'). The index identifies the video track to be played f
the end of the track when rendering the transition. The first

2 : 1 1 CO | 1 I | : : T
I TACRRTITITIICTS LI YPTDU LTI ) IIdS HIUTX VAIuT TUUdI tU 1. T L dITS T T 1TUIT 1 UT

-
shall not be equal to 0. The track containing the viewpoint shall include one
TrackReferenceTypeBox ('vitr').

ransition audio track idx equal to O specifies that no audio is played-with the trq
transition audio track idx greater than O specifies an index of the)track ID co
TrackReferenceTypeBox ('autr').The index identifies the audio traekto be played w
the transition. The first entry in TrackReferenceTypeBox ('autr!) has index value eq
transition audio track idx isgreaterthan 0, the track containing the viewpoint sh
and only one TrackReferenceTypeBox ('autr').

ransition video URL
transition video_ URL shall be formatted as an absélute URI as specified in IETF Inte
66. There are no restrictions on the type of the videareferred to by the URL.

ransition scheme URI isa null terminated string which indicates the URI which specifi
interpret the value signalled in transitionscheme value. transition scheme U
valid URI as specified in IETF Internet Standatd 66. transition scheme URI shall not

ransition scheme value isanullterminated string which indicates a value which is inte]
on the scheme signalled in transition scheme URI. transition scheme value

string.
npm viewpoint switch-xegions specifies the number of switchi
ViewpointSwitchingRegionStruct () structures for the i-th viewpoint

num_viewpointeSwitch regions shall notbe equalto 0.

7.12.1.7.4 Viewpointtimeline switch structure

The ViewpointTimelineSwitchStruct () provides information on how timelines are h

switclping viewpoints.

contained

in the
rom time 0 to
entry in
track idx

a]r:d only one

nsition video.
htained in the
hen rendering
hal to 1. When
hll include one

indicates the URL of the video¢tovbe played when rendering the transition.

rnet Standard

bs a scheme to
RL shallbe a
be null.

rpreted based

can be a null

region
switching.

ng

andled when
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aligned(8)

class ViewpointTimelineSwitchStruct () {

unsigned int (1) relative t offset flag;
unsigned int (l) min time flag;
unsigned int(l) max time flag;
unsigned int(l) long time flag;
bit (4) reserved=0;
time bits = (1 + long time flag) * 32;
if (min_time flag)

unsigned int (time bits) t min;
if (max time flag)

unsigned int (time bits) t max;
if (relative t offset flag == 0)

unsijgned int (time bits) absolute t offset;

else
int (

relativle t offset flagequalto0indicates thatthe time offsetis absolute with respect to the begi

of thd

with respect to the current playout time.

min tine flagequalto 1 specifies thata minimum time with regards to the.gurrent viewport media tif
is present. If present, the transition can only be activated after this minimum playout time.

max_ tine flag equal to 1 specifies that a maximum time with tégards to the current viewport
ne is present. If present, the transition can only be activatéd before this maximum playout timg.

timel

long time flag equal to O specifies that t min, t maxj;and absolute t offset are 32-bit uns

64) relative t offset;

stream. When relative t offset flagisequalto 1 itindicates thatthetime offset is r

nning
lative

neline

media

igned

integers. long time flag equal to 1 specifies thattmin, t max, and absolute t offset are 64-

bit un

t min sy

can bp activated.

t maxsp

can b activated.

absolut
dest

relativ
dest

current playouttime. relative t offset isindicated in the destination viewpoint timescale.

7.12.1.7.5 Vi

signed integers.

ecifies the minimum playout time of the eurrent viewport media timeline after which the swi
ecifies the maximum playout time of the current viewport media timeline before which the swi
e t offset specifies’ the absolute time offset to be wused when switchin
ination viewpoint id.
e t offseg&l\“specifies the relative time offset to be wused when switchin

ination ¥tewpoint id. The value of relative t offset is relative with respect

ewpoint switch region structure

rching

tching

g to
o the

The ViewpointSwitchRegionStruct () indicates a switch region that initiates viewpoint switching when
selected by the user. The following region types are specified for a switch region: a region on the viewport, a sphere

region, an ove

114

rlay.
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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 ) |

unsigned int (8) shape type;
SphereRegionStruct (1,0);
else if (region type == 2)

-2:2021(E)

unsigned int (16) ref overlay id;

cgion type equal to O specifies that the viewpoint switch region is positioned on
region_type equalto 1 specifies that the viewpoint switch region is position€d'on the sphe
region. region_type equal to 2 specifies that the viewpoint switch region isspecified by an
values of region type are reserved.

ect left percent specifies the coordinates of the left corner of the viewpoint switch reg
the viewport in percent relative to the width of the viewport. The,values are indicated in uy
216 in the range of 0 (indicating 0%), inclusive, up to but excludijig 65536 (that indicates 10

bct top percent specifies the coordinates of the top corner of the viewpoint switch region
viewport in percent relative to the height of the viewport. The values are indicated in units

cct width percent specifies the width of the.viewpoint switch region, placed on the viewp
relative to the width of the viewport. The~Values are indicated in units of 100% + 216 in t|

to 0.

cct height percent specifiés)the height of the viewpoint switch region, placed on th
percent relative to the heightief the viewport. The values are indicated in units of 100% + 2
of 1, inclusive, up to but-excluding 65536 (that indicates 100%). rect height percent
equal to 0.

rect left perdent+ rect width percent) shall belessthan orequalto 65535.

rect top_percent + rect height percent) shall belessthan orequal to 65535.

hape . type is used as the shape type value when applying subclause 7.5.6 to the sen
SphereRegionStruct () specifying the viewpoint switch region.

in the range of 0 (indicating 0%), inclusive, up to but excluding 65536 (that indicates 100%)|

the viewport.
re as a sphere
pverlay. Other

ion, placed on
its of 100% =+
0%).

placed on the

of 100% + 216

ortin percent
he range of 1,

inclusive, up to but excluding 65536 (that'indicates 100%). rect width percent shall not be equal

e viewport in
6 in the range
shall not be

antics of the

SphereRegionstruct () indicates the sphere region on which the viewpoint switch region 1s placed. When
the SphereRegionStruct () is present, the value of the interpolate syntax element 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 ViewpointLoopingStruct () provides viewpoint looping information.
aligned(8) class ViewpointLoopingStruct (urlIncludedFlag) ({
unsigned int (1) max loops flag;
unsigned int (1) loog activation flag;
unsigned int (1) loop_start flag?
unsigned int (1) loopiexit info flag;
bit (4) reserved = 0; a a
if (max loops_flag)
unsigned int (8) max loops num;
if (lodp activation flgg) B
unsigHed int(32)_loop activation time;
if (lodp start flag) B B
unsigﬁed inE(32) loop start time;
if (lodp exit info flag)_ B
ViewpgintsaitchzngListstruct(urlIncludedFlag) loop exit struet;
}
max_lodps_ flag equal to 1 specifies that information on the maximum number of loops is present.
loop adtivation flag equalto 1 specifies that information on a loop-activation time is present.
loop stlart flagequal to 1 specifies that information on a loop,start time is present.
loop exit info flag equal to 1 indicates the presencé/of ViewpointSwitchingListStry
specifying the viewpoint switching information once’the maximum number of loops as defiq
max_|loops num is completed. The included ViewpointSwitchingListStruct() shj
constrained to num viewpoint switching.eq@al to 1 and viewpoint switch region |
equallto 0.
max_lodps num greater than 0 indicates the-maximum number of loops that the OMAF player shall pe
on the current viewpoint. When max_%6éps num is equal to 0, the maximum number of loops is in
Wher ViewpointLoopingStrugt() is present, the OMAF player shall keep looping the c

viewpoint until the maximum number of loops is reached or until user interactions with the player

VR ca
is pre
bitstn
shall

loop ag

ntent puts an end to it. When ViewpointLoopingStruct () is presentand nomax loops
sent, the OMAF player'shall infer the value of max loops num to be equal to 0. It is a constr
eam conformance (that when max loops num is equal to 0, destination viewpoint |
be equal to 0.

tivatien{time indicates the time in the media timeline in units of timescale of the c

ct ()
ed in
11 be
flag

rform
finite.
irrent
or the
7DUI’[‘[
hint of
flag

irrent

viewpoint at-which the looping shall be initiated. When no loop activation time is present, the

loopi

hg shall occur at the end of the media timeline of the current viewpoint.

NOTE

When an OMAF player reaches the inferred or indicated [oop activation time the Iirst time, the loop co

unter

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.

loop 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 contains
ViewpointSwitchingListStruct (), an OMAF player shall display the paused visual content at
the end of the loop period until user interactions with the player or the VR content cause switching to

the next viewpoint as specified in the ViewpointSwitchingListStruct ().

7.12.2 Viewpoint entity grouping
7.12.2.1 Definition

Trackk and image items that are present in the same entity group with grouping, type equal to '

to the
When|
When|

be preg
contaj

"dyvp' timed metadata track is present for a viewpoint;the 'vipo' entity group for the viewpoin

the '

referried to as the viewpoint timescale.

When|
that v

'vipp' entity group is present, an ERPregion timed metadata track, if any, applies to the only vie|
present in the file.

7.12.2.2 Syntax

alighed(8) class ViewpointEntityGroupBox extends EntityToGroupBox ('vipo
uphsigned int (32) viewpoint id;

uff8string _Wiewpoint label;

ViewpointdnformationStruct (1,1);

alig
urlI

— Otherwise, the presentation of the OMAF content ends.

same viewpoint.
no 'vipo' entity group is present in a file, the file contains content)for one viewpoint only.

tracks or image items belonging to more than one viewpointate presentinafile,a 'vipo' ent
sent for each viewpoint. A 'vipo' entity group for a partieular viewpoint shall list all tracks an

ripo' belong

ty group shall
d image items

ning background visual media of the viewpoint and-all)hon-video media tracks of the viewpoint. When a

k shall include

yvp' timed metadata track. All video tracks included ina 'vipo' entity group shall have the sgme timescale,

both a 'vipo!' entity group for a particular viewpoint and an ERP region timed metadata tragk applying to

ewpoint are present, the 'vipo' entity’group shall include the ERP region timed metadata tj

hed (8) ViewpointInformationStruct (groupDescrIncludedFlag,

ack. When no

wpoint that is

holMdedFlaqg)

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 (gpsp
View

if (geom
View

if (swit
View

if (loop
View

090-2:2021(E)

os_present flag)
pointGpsPositionStruct () ;

agnetic info present flag)
pointGeomagneticInfoStruct () ;

ching info present flag)
pointSwitchingListStruct (urlIncludedFlag) ;

ing present flag)
pointLoopingStruct () ;

7.12.2.3 Semantics

viewpoi
from

viewpoi]

viewpoint.

gpspos |
gpsy
prese

geomagr)
is
View
shoul

global |
View
glop
View

switchi
prese
View

When Vi
behay

viewpoint and.any other viewpoint as desired.

looping

nt id specifies the viewpoint identifier of the viewpoint. The value of viewpoint id shall
the values of viewpoint idinall otherthe 'vipo' entity groups.

nt label is a null-terminated UTF-8 string that provides a human réadable text label f

present flag equal to 1 indicates that ViewpointGpsBositionStruct () is pj
os_present flag equal to 0 indicates that that ViewpointGpsPositionStruct ()
nt.

etic_info present flagequaltolindicatesthatViewpointGeomagneticInfoStry
present. geomagnetic info present fla§ equal to 0 indicates

pointGeomagneticInfoStruct () is not¢present. geomagnetic info present |
d be equal to 1 for at most one viewpoint in viewpoint group to enable location aware VR contg

coord rotation present flag equal to 1 indicates
pointGlobalCoordinateSysRotafionStruct () is P
al coord rotation presentyflag equal to 0 indicates that
pointGlobalCoordinateSysRotationStruct () is notpresent.

ng info present flagjequal to 1 indicates that ViewpointSwitchingListStruct
nt. switchingsinfo present flag equal to 0 indicates
pointSwitchinghistStruct () isnotpresent.

ewpointSwitchingListStruct () is not present it means that there is no recomm

riour when( switching between viewpoints and an OMAF player can freely switch betwee

| @resent flag equal to 1 indicates that ViewpointLoopingStruct() is pq

differ

br the

esent.
is not

ct ()

that
flag
nt.

that
esent.
that

that

ended
n this

esent.

loorx

ing present flag P(}ll;\] to 0 indicates that Vi ewpointloopingStruct () is not pu

sent.

VVhenaHéﬁﬁﬁeshlaTVipo‘enﬁquDuparehnagenenm,loopingipresentiflagshaHbeequdto0.

When ViewpointLoopingStruct ()

throu

gh the ViewpointEntityGroup structure

is not present, no looping behaviour for the viewpoint is specified

NOTE  When a track contains an edit list and the "repeat flag" (f1ags & 1) of the EditListBox is equal to 1, the edit
list repeated until the track duration is reached. When ViewpointLoopingStruct () is not present, an OMAF
player is expected to play the viewpoint, as modified by the edit list (if any), once till end of the movie timeline.
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Timed metadata for viewpoints

7.12.3.1 Dynamic viewpoint information

7.12.3.1.1 General

-2:2021(E)

The dynamic viewpoint timed metadata track indicates the viewpoint parameters that are dynamically changing

overt

ime.

7.12.3.1.2 Sample entry

The tn

clas

H O o c oo o g

-

vwpt
v

dyna
re
Sy
to
Sy

dyna
Vil

(v

5 DynamicViewpointSampleEntry extends MetaDataSampleEntry ('dyvp\l)
int (1) vwpt pos flag;
dynamic_gcs_rotation flag;
dynamic_vwpt group flag;
dynamic vwpt gps flag;

hsigned dynamic vwpt geomagnetic info flag;
hsigned int (1) dynamic vwpt switch flag;

it (2) reserved = 0;

t (vwpt pos flag)

ViewpointPosStruct () ;

(!dynamic_gcs rotation flag)
ViewpointGlobalCoordinateSysRotationStructk() ;
(!dynamic_vwpt gps_ flag)
ViewpointGpsPositionStruct () ;

(!dynamic_vwpt geomagnetic info flag)
ViewpointGeomagneticInfoStruct () ;
(!dynamic_vwpt switch flag)
ViewpointSwitchingListStruct (1) ;

{
hsigned
hsigned
hsigned
hsigned

| pos_flag equal to 0 specifies~that ViewpointPosStruct ()is not present in the
pt pos_flagequalto 1 specifies that ViewpointPosStruct () is presentin the sample e

mic gcs rotated flagequalto 0 specifies that the yaw, pitch, and roll rotation angles of X
pectively, of the global coordinate system of the viewpoint relative to the common referen
btem remain unchanged in all samples referring to this sample entry. dynamic gcs rotate
1 specifies that the yaw, pitch, and roll rotation angles of X, Y, and Z axes, respectively, of the glo
stem of the vieWpoint relative to the common reference coordinate system are indicated in the

hic vwpt) group flag equal to 0  specifies that the vwpt group|
ewpeltGroupStruct () are not present in the samples and the viewpoint group
vpt 'group id and vwpt group description) signalled in ViewpointGroupStry

Vi

ACK SAMpPIe eNMIy type T ayvp - Sitait be USed: T 1Te Sampie entry of tnis sampie entry type s specified as follows:

bample entry.
ntry.

Y, and Z axes,
ce coordinate
i flagequal
bal coordinate
samples.

|flag and
information
ct () in the

ewpointEntityGroupRa npplipc to each cnmp]p rpfprring to this sa

ple entry.

dynamic_vwpt group flag equal to 1 specifies that the ViewpointGroupStruct ()
may

for

change compared to that signalled in the

ViewpointGroupStruct ()

the viewpoint
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

Vi

0
the

to
present

specifie
samp

equal
ewpointGeomagneticInfoStruct () is in
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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.
ViewpointGlobalCoordinateSysRotationStruct () isdefinedinsubclause 7.12.1.5 butindicates the yaw,

pitch, and roll rotation angles of X, Y, and Z axes, respectively, of the global coordinate system of the viewpoint
relative tojthe common reference coordinate system for each sample referring to this sample entry.

ViewpointdpsPositionStruct () 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.

ViewpointdeomagneticInfoStruct () is defined in subclause 7.12.1.4 but indicates’ the geomagnetic
position information of the viewpoint for each sample referring to this sample entry.

Viewpoint3JwitchingListStruct () is defined in subclause 7.12.1.7 but indicates the viewpoint swifching
information 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 asfellows:

aligned(8)| DynamicViewpointSample () {
ViewpointPosStruct () ;
if (dynamic vwpt gps flag)
ViewpointGpsPositionStruct () ;
if (dynamic vwpt geomagnetic info flag)
ViewpointGeomagneticInfoStruct (W3
if (dynamic gcs rotation flag)
ViewpointGlobalCoordinateSysRotationStruct () ;
if (dynamic vwpt switch flagq)
ViewpointSwitchingList§truct (1) ;
if (dynamic vwpt group flag) {
unsilgned int (1) vwptlgroup flag;
bit (|7) reserved =(0;
if (vwpt group, filaqg)
ViewpointGmwoupStruct (1) ;

The semantics of ViewpointPosStruct (), ViewpointGpsPositionStrukt (),

ViewpointGeomagmeticinfoStroctt; TewpoInmtttiobattoordimateSysRotatTorStruct (),
ViewpointSwitchingListStruct (), and ViewpointGroupStruct () are specified in subclause 7.12.1
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.

3 2 Initial vi int
7.12. nitialviewpoin

7.12.3.2.1 General

This timed metadata track, named the initial viewpoint timed metadata track, indicates_the’initial yiewpoint that
should be used.

When|viewpoints are not indicated by the viewpoint entity grouping in a file, the initial viewpoint timed metadata
track hall not be present in the file.

In thd absence of this information when viewpoints are indicated by (the viewpoint entity grouping, the initial
viewploint should be inferred to be the viewpoint that has the least value of viewpoint identiffer among all
viewpoints in the file.
The irjitial viewpoint timed metadata track, when present, is @ssociated with all viewpoints in the filg.
7.12.3.2.2 Sample entry
The trfack sample entry type ' invp ' shall be used;The sample entry of this sample entry type is specified as follows:
clasp InitialViewpointSampleEntrgy,extends MetaDataSampleEntry('invp') {
uhsigned int(32) id of initial viewpoint;

id of initial viewpoint.indicates the value of the viewpoint identifier of the initial viewpoipt for the first
sample to which this sample entry applies.

7.12.3.2.3 Sample format

The sample syntax«efithis sample entry type (' invp') is specified as follows:
alighed (8n\nitialViewpointSample () {

uhsigned int(32) id of initial viewpoint;

}

id of initial viewpoint indicates the value of the viewpoint identifier of the initial viewpoint 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.
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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 Ocpc
unsigne
unsigne

unsigned int (8)

for (m
unsi

utf8

SampleEntry () extends SphereRegionSampleEntry('ocpc') {
d int (31) num viewpoint sets;
d int (1) last byte sent;
num_obgéct_ias;

= 0; m < num_object ids; m++)
gned int(8) object id[m];
string object label[m];

{

num_viewpqg

is signalled in

last byte |
interpolaf
equal to 0 spd
reserved bits,

num_object
are signalled.

object id]
in the ra
num_viewpg
num_corresg
object id]]

i

object lap
object id]]

7.12.3.3.3 S3
The sample sy

class Ocpd
for (i
uns i

for

u

uns i

for

int sets indicates the number of viewpoint sets for which object centre points correspond
the samples to which this sample entry applies.

sent equal to 1 specifies that the last byte of the sphere region structure,’ which includ
e bitand 7 reserved bits, is signalled in OcpcSample () ’s sphere region structure. last byte |
cifies that the last byte of the sphere region structure, which includes the interpolate bit
is not signalled in OcpcSample ()’s sphere region structure

| ids specifies the number of object identifiers for which objeet’ id and object label |

m] specifies the object identifier for the m-th object. Fhevalue of object id[i] [k] [J] fo
hge of 0 to num viewpoint sets - 1, inclusive, for each j in the range of
ints_in this set[i] - 1, inclusive, dndr for each k in the range of

p object centre points in this se@[i] 1, inclusive, shall match one val
m] for m intherangeof 0to num objedt ids - 1,inclusive.

el [m] is a null-terminated UTF-8_string that specifies the description of an object identif;
m]. A null string is allowed.

mple format
ntax of this sample entxy type (' ocpc ') is specified as follows:

Sample () {

= 0; 1 < num viewpoint sets; i++) {

gned in®(8) num viewpoints in this set[i];
(3 = 0¢ )J < num viewpoints in this set[i];
nsigfied int (32) viewpoint id[i]([]];
gned./int (16) num corresp object centre points in this set[i];

§4+)

Pnce

bs the

sent
and 7

ralues

I each
0 to
to
ue of

ed by

(Kv= 0; k < num corresp object centre points in this set[i]; k++)

f

num_viewpo

viewpoint

num_corres

or (J = 0; j < num viewpoints in this set[i]; j++) {
SphereRegionStruct (0, last byte sent) [i][k][]];

unsigned int (8) object id[i][k][Jj];

ints _in this set[i] indicates the number of viewpoints in the i-th viewpoint set.

id[1][Jj] indicates the viewpoint ID of the j-th viewpoint in the i-th viewpoint set.

p_object centre points in this set[i] indicates the number of corresponding

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

estimating the information about object centres in between those two OcpcSample () s.

When|

For

numﬁ
Sphe
num_
other

7.12.]

Conte
frame
corres
be as{

The 4
viewp
to vie
or ob

switcling occurs, the client checks whether-the user's field of view in the switch-from viewp

correq

yes, just after the switching, the client should render to the user the viewport in the switching-to

which
When|
to the

If bot

track
to the

7.13

last byte sent isequalto0,interpolate isinferred to be equalto 0.

any particular value of k in the range of
corresp object centre points in this set[i] -1, inclusive, the sphére-points
reRegionStruct (0, last byte sent) [1] [k] []] for j rdnging fro
yiewpoints in this set[i] -1, inclusive, are object centre points thatare correspo
for the viewpoints in the i-th viewpoint set.

$.3.4 Information derivation and OMAF player behaviour

nt providers can perform scene or object matching among videg-streams representing differe
by frame, and choose a representative point of the scene or@bject, e.g. the centre point of an|
ponding object centre point to be indicated by the OCPC timed metadata track. The object cen
igned an object label to indicate what the object represents.

vailable object labels (i.e. object label[m])s\or object identifiers (i.e. object id[
oint may be shown to the user via a user interface-The user should be allowed to select an obj
v by selecting shown object label or object identifier. The viewport corresponding to the select
ect identifier’s object centre should be shown to the user for the selected viewpoint. Whe

ponding object centre point that is indicated by the time-aligned sample of the OCPC timed me
the corresponding centre point is’indicated by the time-aligned sample of the OCPC timed m
the user's field of view covers.more than one indicated object centre point, one of those that §
centre of the user's field of view should be chosen.

h recommended viewport metadata information for the switch-to viewpoint and the OCPC t

hre available, since both types of information do not impose mandatory OMAF player behavio
OMAF player te choose to follow either one or no one.

Storage of omnidirectional video in sub-picture tracks

0 to
indicated by
m 0 to
nding to each

nt viewpoints
object, as the
tre point may

m]) for each
ect of interest
bd object label
h a viewpoint
oint covers a
adata track. If
viewpoint for
etadata track.
ire the closest

ed metadata

i
LT;, then it is up

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 region-wise packing format is indicated by the collection of the instances of RegionWisePackingBox within
the sample entries of the sub-picture tracks mapped to the same 2D spatial relationship track group, and the region-
wise packing information for the composition picture is inferred for each region i in the range of 0 to the number
of sub-picture tracks in the ' 2dsr' track group, exclusive, in any order as follows:

packed|picture width and packed picture height for the composition picture are inférred to be
equalto fotal widthand total height of SpatialRelationship2DSourceBox, respectively.

packed|reg top[i] and packed reg left[i] are inferred to be respectively equalto object |y and
object |xof SubPictureRegionBox of SpatialRelationship2DDescriptiofiBox of the respective
sub-pictyre track.

The othef syntax elements of each region of the composition picture are inferréd to be equal to the respgctive
syntax elements of the RegionWisePackingBox of the respective sub-picture track.

When applicpble, the frame packing arrangement of each composition picture is indicated by any

StereoVidegoBox within the sample entry of any track of the same 2D spatial relationship track group.

The

valuef of object width and object heifght of SubPictureRegionBox in

SpatialRellationship2DDescriptionBox shall be equal tothe width and height, respectively, of the pittures

output by thedecoder in luma sample units.

The following|constraints apply for the sub-picture tracks mapped to the same 2D spatial relationship track group:

Each tradk mapped to this grouping shall have'a sample entry type equal to ' resv'. The scheme typg¢ shall
be equal fo 'podv' in the SchemeTypeBoéxincluded in the sample entry.

The content of all instances of the"PrxojectionFormatBox included in the sample entries of the fracks
mapped fo the same 2D spatial relationship track group shall be identical.

RegionifisePackingBox\shall be present in the sample entries of the tracks mapped to a ' 2dsr '|track
group. The values of ~proj picture width shall be identical in all these instancgs of
RegionffisePackingBox. The values of proj picture height shall be identical in all these insfances
of RegidnWisePadkingBox.

The cont¢nt’of-all instances of the RotationBox included in the sample entries of the tracks mapped fto the
same 2D fpatial relationship track group shall be identical.

The content of all instances of the StereoVideoBox included in the sample entries of the tracks mapped to
the same 2D spatial relationship track group shall be identical.

The content of all instances of the CoverageInformationBox included in all instances of the
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

content coverage when the composition picture does not cover the entire sphere.

NOTE
Regid
Regid
The sy

alig
}

7.13.4

This s
type d

The fd

joxlles|

—

A
S
8

nm

S
H

Q -

i the sample entry.

P composttiorintormatonto
nWisePackingBoxes of the associated sub-picture tracks. Otherwise, OMAF players
nWisePackingBoxes of the associated sub-picture tracks to reconstruct projected pictures.

h

mtax of CompositionInformationBox is as follows:

hed (8) class CompositionInformationBox extends FullBox (feoif', 0, O

}  Fisheye omnidirectional video

ubclause applies when any of the tracks mapped to the 2D spatial felationship track group has 3
qual to 'resv' and scheme type equalto ' fodv' in the(SchemeTypeBox included in the

llowing constraints apply for the tracks mapped to this grouping:

ach track mapped to this grouping shall have a sample entry type equal to ' resv'. The schen
e equal to ' fodv' in the SchemeTypeBox.n€luded in the sample entry.

11 tracks mapped to the 2D spatial relationship track group shall have a FisheyeOmnivided

FisheyeOmniVideoBox thatspecifies the fisheye format of the composition picture may b
patialRelationship2bBescriptionBox. When one track mapped to a 2D spatial rela
roup has a FisheyeOmniVideoBox included in SpatialRelationship2DDescription
apped to the same 2D'spatial relationship track group shall have a FisheyeOmniVideoBd
patialRelatiohship2DDescriptionBox and the content of all these

isheyeOmniVideoBox shall be identical.

OTE AFisheyeOmnivVideoBox included in the sample entry describes the fisheye format of the tr3

he, (SpatialRelationship2DDescriptionBox shall not include RegionWisel

instances

out parsing the
hve to parse

sample entry
sample entry.

e type shall

Box included

b contained in
tionship track
Box, all tracks
x included in
of the

ck.

PackingBox,

ovetageInformationBox,or CompositionInformationBox.

7.14

7.14.1

Storage and signalling of overlays for omnidirectional video and images

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 interaction properties for the overlay

The overlay s
— entire de
— anentire

— anindica
an image

Trce 15 ONe of the rfollowing:
Coded pictures of a video track
output image of an image item

ted rectangular overlay source region within decoded pictures of a video trackjyor an output im
item

— arecommended viewport of omnidirectional video, as indicated by a recommehded viewport timed me

track
— an extern

When a sourc
overlay sourc

The rendering

— viewport]
relative t

— sphere-r¢
at an indi

— sphere-r¢
the unit g

— 3D mesh
The following

— layering

ally specified overlay source, referenced by a URI

e region is used as overlay source, the picture that contains the source region may also contain
e regions or background visual media.

type of the overlay is one of the following:

Lrelative overlay, specifying that the overlay is displayed on a rectangular area at a specified pd
b the viewport

lative projected omnidirectional overlay, specifying that the overlay is displayed on a sphere s
cated position within or on the unit sphere

lative 2D overlay, specifying that the overlay is displayed on a plane at an indicated position ¥
phere

overlay, specifyiing that the overlay is displayed on indicated mesh elements of the 3D mesh
rendering properties may be indicated for an overlay:

order;”specifying the layering order among the overlays that are relative to the viewpor

age of

adata

other

sition

irface

vithin

t, and

separatell

v among each set of overlays that have the same distance from the centre of the unit sphere

— opacity of the overlay that is applied for all pixels of the overlay source when rendering the overlay

— 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:

— controls which user interactions are allowed in a user interface

126
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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
rendering is preferred but not mandated. SingleOverlayStruct () additionally contains an overlay identifier
(overlay_id). Since the same video track or image item may contain multiple overlays, the OverlayStruct ()
syntaX structure specilies the number of overlays and Includes a SingleOverlaysStruct () for ea'lch of them.

Overlay controls can be static or time-varying. Static overlay controls are contained in a sample entry in a track
contajning the overlay source or as an item property for an image item containing the overlay source|Time-varying
overldy controls are included in a timed metadata track.

The tracks and image items containing associated overlays and the background yisital media are ipdicated in an
'ovbfy' entity group specified in subclause 7.14.7.2.

An ovprlay can be either active or inactive, which is determined as follows:
— Ifboth of the following conditions are true, an overlay is activeford particular background visual media:

—+ The overlay is included among the overlays associated with the background visual media |n its 'ovbg"
entity group.

— There is no overlay timed metadata track for<the overlay or the overlay is activated by an pverlay timed
metadata track.

NOTE As an alternative of using a timed-metadata track to indicate the time period when an overlay image item is
active, the active time period associatedwith the overlay image item can be indicated through a video frack containing
a sample that encloses the coded data of the image item.

— (therwise, the overlay is inactivefor the background visual media.

An ingactive overlay shall not be displayed. An OMAF player shall display an active overlay when either of the
following conditions is true:at'any particular time:

|
Q

verlay prigrity isequal to O for the overlay and the overlay is not turned off by the user through a user
nterface.

—-

|
Q

verlay»priority is greater than 0, an OMAF player has enough capacity for decoding and|rendering the
verlay/and the overlay is not turned off by the user through a user interface.

o

In addition to the active/inactive status for overlays, an overlay has a state on or off, which indicates whether an
overlay has been turned on or off by a user interaction. An overlay is turned on by default. The overlay controls 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 ()
unsigned int(16) overlay id;
for (4 0; 1 < num flag bytes * 8; i++)
unsifgned Int () overlay control flagli];
for (i 0; 1 < num_flag bytes * 8; i++){
if (overlay control flagf[i]) {
nsigned int (1) overlay control essential flag[i];
nsigned int (15) byte count[i];
nsigned int (8) overlay control struct[i] [byte count[i]];

{

(
Y
Y
U

aligned(8)
unsigng
unsigng
for (i
Sing

class OverlayStruct () {

d int (16) num overlays;

d int (8) num flag bytes;

= 0; 1 < num overlays; i++)

leOverlayStruct () ;

7.14.2.3 Semantics

num overlg b 0 is

reserved.

vs specifies the number of overlays described by this structure. num overlays equal t

num_flag b
syntax eleme
num_flag b

NOTE 1 Infile
which overlay d

overlay id

vtes specifies the number of bytes allocated collectively by the overlay control fl4
nts. OMAF players shall parse-the syntax of OverlayStruct () regardless of the va
ytes.

b conforming to this version of this document, num flag bytes is expected to be equal to 1 or 2, depeng
ontrol structures are present.

provides a unique identifier for the overlay. No two overlays shall have the same overlay id

gli]
ue of

ing on

value.

overlay cdntrolNf¥ag[i] when set to 1 defines that the structure as defined by thq i-th
overlay cdntroli*struct[i] is present. This version of this document specifies the semantics of oyerlay
controls in thesrange of 0 to OVLY_LAST_ED2_IDX, inclusive, where OVLY_LAST_ED2_IDX is equal to 14. In files
conforming to this version of this document, overlay control rlagli] shall not be equal to I when i is
greater than OVLY_LAST_ED2_IDX. OMAF players shall allow both values of overlay control flag[i] to

appear in the syntax for all values of 1.

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 value of 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.

i

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 i-th overlay control struct[i].

Whenjoverlay control flag[i] with i inthe range of 0 to 6, inclusive, or equal to 11 is equal fto 1, the value
of ov¢rlay control essential flag[i] shall be equal to 1.

OMAH players shall be able to parse and process the structure correspondingto overlay dentrol| struct[11]
(i.e.the OverlayPriority control structure).

Whenjoverlay control essential flag[i] isequalto 1 and an OMAF player is not capabl¢ of parsing or
procepsing the structure as defined by overlay control struct[i],thefollowing applies:

— If the OverlayPriority control structure is present for thie Joverlay and overlay priority in
QverlayPriority is equal to 0, the OMAF player shall displdy neither the overlays spdcified by this
verlayStruct () nor the background visual media.

(@)

— (therwise, the OMAF player shall not display the overlay.specified by this SingleOverlayStruct ().

byte| count [i] givesthe byte count of the structurerepresented by thei-th overlay control|struct[i].
byte| count [4], when present, shall be equal 0.

overflay control struct[i] [byte count[i]] defines the i-th structure with a byte countas defined by
byte[ count[i].

7.14.3  Overlay control structures
7.14.8.1 Definition

Table| 16 specifies the semantics of bit index i, for each value of i in the range of 0 to 14, influsive. When
overflay control flag[i] is equal to 1, the overlay control as specified in Table 16 applies.|Furthermore,
Table|16 specifies-the subclause that applies for the syntax and semantics of the overlay control strujcture for each
bit index.
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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 7.14.3.4 Parameters for sphere-relative 2D overlay
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-ised 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 interdction
10 7.14.3.10 Overlay label
11 7.14.3.11 Overlay prioerity
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 consteaiiits apply for each SingleOverlayStruct () controlling a static overlay and for each
SingleOverlayStruct () inasample of an overlay timed metadata track with the content that is present|in the
sample or inhprited from the sample entry of the overlay timed metadata track as specified in subclause 7.14.6.2:

— Controls with bit indices 0 to 3, inclusive, specify the rendering type of the overlay. In this version of 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 (5) media alignment;
unsigned int(1l) relative disparity flag;
bit (2) reserved = 0;
if (relative disparity flag)

signed int (16) disparity in percent;

-2:2021(E)

e

rect
the co
to be1
in uni

NOTE

resolu
the ov

medi

| se

signed int (16) disparity in pixels;

| left percent, rect top percent, rect width percent and rect_h&ight peq
ordinates of the top-left corner and the width and height of the rectangular region;respectively,
endered on the viewport in per cents relative to the width and height of the viewport. The value
's of 100% + 2-16 in the range of 0 (indicating 0%), inclusive, up to but excluding 65536 (that ind

The size and aspect ratio of the rectangular region on which the overlay.is rendered changes according
fion and aspect ratio. However, when the value of media_ alignment isinthe range 1 to 9, inclusive, th

brlaid media is not intended to be changed.

b alignment specifies the intended scaling of the overlay source depending on the dimg

specified rectangular region and the intended placement.of\the scaled overlay source relative to

rectaij

medi
overla
medi
the oy

medi
fit" m|
rectaif
the sp
When|
of the

medi
to fill

gular region.

b alignment equal to O specifies that an OMAF player should apply the "stretch to fill" mo
y source is horizontally and vertically scaled as needed to fill the specified rectangular region g
b alignment is equal to 0, the aspect ratio of the scaled overlay source may differ from the
erlay source.

b alignment values in the range-of 1 to 9, inclusive, specify that an OMAF player should appl
ode specified as follows: theé. overlay source is horizontally and vertically scaled to cover
gular region exactly along one dimension (i.e. either horizontally or vertically) and to cover of
ecified rectangular region.along the other dimension while the aspect ratio of the overlay source
the aspect ratio of the-overlay source differs from the aspect ratio of the specified rectangular
rectangular regienis'not filled.

b alignment values in the range of 10 to 18, inclusive, specify that an OMAF player should a
mode specified as follows: the overlay source is horizontally and vertically scaled to cover

rectai

gular-region exactly along one dimension (i.e. either horizontally or vertically) and to cover

specified’rectangular region along the other dimension while the aspect ratio of the overlay source
An ONAFplayer should not display the parts of the scaled overlay source that exceed the specifie

cent specify
of the overlay
b are indicated
icates 100%).

to the viewport
b aspect ratio of

nsions of the
the specified

de, where the
ntirely. When
hspect ratio of

y the "scale to
the specified
reside within
is maintained.
region, a part

pply the "crop
the specified
or exceed the
s maintained.

d rectangular

region.

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 Table 17.
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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 bottom of the rectangular region

4,13 Hprizontally aligned with the left boundary of the rectangular region, vertically centered
5,14 Hprizontally aligned with the right boundary of the rectangular region, vertically centered
6,15 Hprizontally aligned with the left boundary of the rectangular region,

végrtically aligned at the top of the rectangular region

7,16 Hprizontally aligned with the right boundary of the rectangular region,
vértically aligned at the top of the rectangular region

8,17 Hprizontally aligned with the left boundary of the rectangular region,
vértically aligned at the bottom of the rectangular region

9,18 Hprizontally aligned with the right boundary of the rectangular region,
vértically aligned at the bottom of the rectangular region

relative disparity flag indicates whether the disparity is provided as a percentage value of the width of
the display window for one view (when the value is equal to 1) or as a number of pixels (when the value is equal to
0). This appligs for the case when there is a monoscopic overlay.

disparity |in percent indicates the dispatity, 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 rggion to the left on the lefteye view and to the right on the right eye view. This applies for the case
when there is|a monoscopic overlay and stereoscopic background visual media.

disparity [in pixels indicates the disparity in pixels. The value may be negative, in which cage the
displacement|direction is reyersed. This value is used to displace the region to the left on the left eye view @nd to
the right on the right eye wsiew. This applies for the case when there is a monoscopic overlay and stereofcopic
background vjsual media;
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7.14.3.3 Sphere-relative projected omnidirectional overlay

aligned(8)
unsigned int (1)
unsigned int (1)

class SphereRelativeOmniOverlay () {
region indication_ type;

timeline change flag;

-2:2021(E)

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 int (32) proj reg height;
unsigned int (32) proj reg top:;
unsigned int(32) proj reg left;

}

ellse

Sphe

regi
indic

struct
backg

When|

regiojt

SphereRegionStruct (1, 1);
hsigned int (16) region depth minusl;
reRelativeOmniOverlay shall not be present when the background yisudl media uses the
bn_indication type equal to 0 specifies that the sphere regionon which the overlay
on which the overlay is rendered is indicated by the SpheréRegionStruct () included
ure. region indication type shall be equal to 0 whén the projection format of the oy

round visual media is identical.

the SphereRegionStruct () is present (i.e. héegion indication type is equal to

region represented by SphereRegionStruct () shall be specified by two azimuth circles and

circle

When|

and the associated projection format shall be ERP.

the SphereRegionStruct () is present(i.e. region indication typeisequalto1), i

shall e equal to 0.

When|
overla
proce
of Re

The P
entry
the 1
Fram
the Of

region indication typghlis equal to 0, the syntax structure indicates that the project
ys are packed region-wise-ahd require unpacking prior to rendering, according to the region
ks information as indicated:The semantics of the syntax elements are identical to those for the sy
ionWisePackingStruct() with the same name as specified in subclause 7.5.3.

rojectionFormatBox, StereoVideoBox, and RotationBox indirectly contained in the
that directly+r indirectly contains the OverlayConfigBox containing this OverlayStru
rojected ~omnidirectional overlay(s) contained in the track. The ProjectionForm
cPackingProperty,and RotationProperty associated with the image item that is also a
rerlayProperty containing this OverlayStruct () apply to the projected omnidirectiona

BD mesh.

s rendered is

ed as a rectangle in a projected picture. region indicatiomi type equal to 1 specifies that the sphere

in this syntax
erlay and the

), the sphere
two elevation

nterpolate

bd pictures of
-wise packing
ntax elements

same sample
tt () apply to
htProperty,
sociated with

| overlay(s).

NOTE

In order to render a sphere-relative omnidirectional overiay without deformations, the azimuth and e

levation ranges

of the overlay source need to be equally large as the azimuth and elevation ranges of the region on which the overlay is 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(8) class SphereRelative2DOverlay () {
SphereRegionStruct (1, 1);
unsigngd int (1) timeline change flag;
bit (7) |reserved = 0;
signed |int (32) overlay rot yaw;
signed |int (32) overlay rot pitch;
signed |int (32) overlay rot roll;
unsigngd int (16) region depth minusl;

The syntak elements of the SphereRegionStruct (1, 1) contained within the
SphereReldtive2DOverlay () syntax structure have the following semantics:

— centre|azimuth and centre elevation specify the azimuth and‘elévation angles, respectively, of the
centre of[the overlay region on the unit sphere relative to the global cordinate axes.

— centre [tilt shall be equal to 0.

— azimutlh range and elevation range specify the dimensions of the 2D plane on which the oveflay is
rendered The sphere region represented by SphereRegionStruct () is specified by four great circle

2

NOTE 1 Prior fo rendering the 2D plane, it can be rotated;as specified by overlay rot yaw, overlay rot pit¢h and
overlay rot| yaw and placed on a certain distance as specified by region depth minusl.

— interpd¢late shall be equal to 0.

timeline dhange flag is specified identically to the syntax element with the same name in
SphereRelgtiveOmniOverlay.

overlay rdt yaw,overlafy yrot pitch,andoverlay rot roll specify therotation of the plane on which
the overlay is[rendered. The rotations are relative to the coordinate system as specified in subclause 5.1 in which
the origin of the coordindte-system is in the centre of the overlay region, the X axis is towards the origin of the global
coordinate axgs, the Y.axis is towards the point on the plane that corresponds to cAzimuth1 in Figure 20, and the Z
axis is towardk thepoint on the plane that corresponds to cElevation2 in Figure 20. overlay rot yaw expfesses

a rotation aroundthe Z axis, overlay rot pitch rotates around the Y axis, and overlay rot roll rptates

aro nd theX SZic otaticonc ara frincl 1aoarannnd ¥V V o d7 60 d waforanmen avanc Thao anglac i cenac 1 1. iSe
u xis—Retations-are-extrinsiee—areundXYand Zfixed reference-axes—The-anglesinereaseelockw

when looking from the origin towards the positive end of an axis. The rotations are applied starting from
overlay rot yaw,followed by overlay rot pitch,andendingwith overlay 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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D plane based on the indicated sphere region
btating 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

8.5 3D mesh overlay

ned (8) class MeshOverlay () {
hsigned int (l) timeline change flag;
hsigned int(l) eye present flag;
it (6) reserved = 0;
hsigned int(8) num regions;
br (1 = 0; 1 < num regions; i++) {
if (eye present flag) {
unsigned int (1) eyel[i];
bit (7) reserved = 0;
}
unsigned int (16) mesh elément id[i];
RectRegionStruct () ;

reRelativeOmniOyverlay.

bmantics of thelother syntax elements are identical to those for the syntax elements with the
MeshGroupEntry specified in subclause 7.16.2.

B.6 Source region for the overlay

-2:2021(E)

b) c)

line change flag\\is specified identically to the syntax element with the same name in

sKame name in

aligned(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 top, and packed reg left specify the
width, height, top offset, left offset of the overlay source, respectively, in luma samples within the decoded
picture. When the overlay is included in the same track or image item with background visual media, the

transfdrm type specifies the rotation and mirroring that are applied to the overlay source to remay it for
displaying. The following values are specified:

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 mirroringihorizontally

: rotation by 90 degrees (counter-clockwise)

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

N Oy o oS W N

: rotation by 270 degrees (counter-clockwise)

NOTE 1 When|the track or image item containing the overlay\is not a projected omnidirectional video track or image it¢m, the
OMAF player chn treat each decoded picture as a texture atlas including sub-images indicated by the overlay source [region
information. The OMAF player does not need to perform an unpacking process, similar to what is specifipd for
RegionWisePackingStruct (), for processing of such a texture atlas.

NOTE 2 When|the track or image item containitigthe overlay is a projected omnidirectional video track or image item that also
contains the background visual media, the averlay and the background visual media have the same projection format gnd the
same the yaw, pitch, and roll angles of the'rotation to be applied to convert the local coordinate axes to the global coordinate
axes.

7.14.3.7 Overlay layering.order

aligned(8)| classgOverlaylLayeringOrder () {
int (16)| layerdng order;

}

layering order indicates the [ayering order among the overlays that are relative to the viewport, and separately
among each set of overlays that have the same depth. Viewport-relative overlays are overlaid on top of the viewport
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;

}

opacity is an integer value that specifies the opacity that is to be applied for the overlay. Value 0 is fully
transparent and value 100 is fully opaque. Values greater than 100 are reserved.

7.14.8.9 Controls for user interaction

alighed(8) class OverlayInteraction() {

uhsigned int (1) change position flag;
uhsigned int (1) change depth flag;
uhsigned int(l) switch on off flag;
uhsigned int (1) change opacity flag;
uhsigned int(1l) resize flag;

uhsigned int (1) rotation flag;
uhsigned int(l) source switching flag;
uhsigned int(l) crop_ flag;

chanpge position flag, when set to 1, specifies that users are allowed to move the overlay window to any
locatipn on the viewing sphere or the viewport.

chanpe depth flag, whensetto 1, specifies that the depth of overlay can be chosen by user intgraction.
When| both change position flag and chanige depth flag are set to 1 then the XY,Z position of the
overldy can be freely choosen by user interaction.

switfph on off flag, whensetto 1, specifies that the user is allowed to switch ON/OFF the oveglay. When the
AssoflatedSphereRegion structureis present for the overlay, the value of the switch on offf flagshall
be eqtial to 1. All active overlays areconsidered to be ON by default. When an overlay is switched ON, the playback
positipn for the overlay is the current time on the global presentation timeline.

chanpe opacity flagzwhen setto 1, specifies that the user is allowed to change the opacity of the overlay.

resipe flag, whemnsetto 1, specifies that the user is allowed to resize the overlay window. The field-of-view of
the refsized overlay'window shall be same as that of original overlay window.

rotafion «£35g, when set to 1, specifies that the user is allowed to rotate the overlay window to different
directionsiThe field-of-view of the rotated overlay window shall be same as that of original overlay window.

source switching flag,when setto I, specifies that the user is allowed to switch to a new overlay source
from 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)
string

}

overlay la

class OverlayLabel () {

overlay label;

bel provides a null-terminated UTF-8 label for the overlay.

7.14.3.11 Overlay priority

aligned(8)

{

class OverlayPriority ()

unsignd

}

O 1INt (8) Overlay Priority;

overlay priority indicates which overlay should be prioritized in the case that an OMAF player does not have
enough decoding capacity to decode all overlays. A lower overlay priority indicates higher/pfiority. 4 value
of overlay priority equalto 255 indicates unspecified priority.
The value of qverlay priority, when present, shall be equal to 0 for overlays thatarelessential for displaying.
7.14.3.12 Associated sphere region
aligned(8)| class AssociatedSphereRegion () {

unsigngd int (8) shape type;

SphereRegionStruct (1, 1);
}
shape typq is used as the shape type value when applying subclause 7.5.6 to the semantics ¢f the
SphereRegijonStruct () specifying the associated spheréregion.
SphereRegijonStruct (1, 1) specifies the sphere region associated with the overlay. The sphere fegion
associated with an overlay is intended to be used to‘turn on or turn off the overlay.
When more than one overlay is associated with the same sphere region, the overlays should all be displayed{when

the user selec

NOTE Wh¢
associated sph¢
sphere regions.

For the Sph
equal to 0.

7.14.3.13

s the sphere region.
n multiple associated sphere regions fully or partially overlap and the user selects the overlapping ared

re regions, the OMAF player is expected to turn on/off all the overlays controlled by all the overlapping ass

breRegionStruct (1, 1) included in AssociatedSphereRegion, interpolate sk

Dvérlay alpha composition

of the
ciated

all be

aligned(8)
unsigne

}

class OverlayAlphaCompositing() {

d int(8) alpha blending 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

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.

In thelformula in Table 18, vu is a pixel value in the updated visual context, m is a pixel value in the asso¢iated overlay,
a is anp alpha plane value, scaled into the range of 0 (fully transparent) to 1 (fully opaque), inclisiy€, and vi is a pixel
value [in the background visual context given as input to the process. The visual context is defined as visual rendering
surfade or mesh, such as a viewport, which initially contains the background visual medja and has bepn updated by
all overlays that are further away from the viewer in distance or layering order than theéjassociated oyverlay.

7.14.8.14 Externally specified overlay information

alighed(8) class ExternallySpecifiedOverlayInfo () {
uff8string externally specified overlay scheme URT;
uphsigned int (8) num scheme bytes;

fpr (i = 0; 1 < num scheme bytes; i++)

unsigned int (8) scheme byte vall[i];

extefnally specified overlay scheme URL. ‘S a null terminated UTF-8 string that indjcates the URI
specifying a scheme to interpret the value ighalled in scheme byte val[i] synfax elements.
extefnally specified overlay schemexURI shall be avalid URI as specified in IETF Internet Standard
66. When an ExternallySpecifiedOverlayInfo structure is present,
extefnally specified overlay schéme URI shall notbe null

NOTE| Examples of how externally specified overlay information can be used include the following:

xternally specified owex¥ay scheme URI can indicate that a webcam data source to be used as an overlay
burce.

©_0

— eiternally specified overlay scheme URI canbea URL toanimage used as an overlay sourcg.

xternally specified overlay scheme URI and the array of scheme byte val[i] can tdgether indicate
pth an externallyrspecified overlay source that is a logo image or video and a 3D spinning effect applied tp the logo.

|
o)

o

num_fgcheme (bytes specifies the number of bytes (scheme byte val[i] bytes) that follow In this overlay
contrgl structure. num_scheme bytes may be equal to 0.

schemerbyte val[i] s i-th byte of data which is interpreted based on the schemel signalled in
externally specified overlay scheme URI. scheme byte vall[i] is absent when
num_scheme bytes isequalto 0.

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 ProjectedOmnivVideoBox or VisualSampleEntry of a media
track or in MetaDataSampleEntry of the recommended viewport timed metadata track, it shall contain all the
overlay id values of the overlays carried at any time in the media track or the recommended viewport timed

metadata trad

When an over
in Projecte
recommended
syntax eleme
overlay.

NOTE When
samples of the

aligned(8)
Overlay

}

7.14.5 Ovd

Box type:

Property type
Container:

Mandatory:
Quantity:

OverlayCon
image item.

aligned(8)
Overlay

}

7.14.6 Ove

k, respectively.

lay is controlled through an overlay timed metadata track, the OverlayConfigBox thatis p
HOmniVideoBox or VisualSampleEntry of a media track or in MetaDataSampleEntry
| viewport timed metadata track, if any, should either contain no overlay egontrol fls
its for that overlay or have overlay control flag[i] equal to 0 for dll\values of i fqg

an overlay timed metadata track is in use, all the overlay controls are provided through the sample e
verlay timed metadata track

class OverlayConfigBox extends FullBox ('oviy'\,
Struct () ;

0, 0) |

rlay item property

'ovly'

Descriptive item property
ItemPropertyContainerBox
No

Zero or one

figProperty is definedto.store the static metadata of the overlays contained in the asso

class OverlayConfigProperty extends ItemFullProperty 0

Struct () ;

(‘ovly', 0,

rlay timed metadata track

7.14.6.1 Defiinition

resent
of the

gli]
r that

ntry or

ciated

The dynamic overlay timed metadata track indicates:

over time.

Overlay parameters that may be dynamically changing over time.

Which overlays are active at particular times. Depending upon the application the active overlay(s) may change

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 overlay idispresentinasample.

— VLnenbyteicountlljlspnmentanaequmtoUIoraparncumroveriayildlntneOveriayStruct()of

an overlay timed metadata sample and byte count[i] is present and greater than) 0‘[for the same
gverlay id in the OverlayStruct () of the sample entry,
gverlay control struct[i] [byte count[i]] of the sample entry and forthe same pverlay id
vplue applies.

7.14.6.3 Sample

alighed(8) class OverlaySample {

uphsigned int (15) num _active overlays by id;
uhsigned int(l) addl active overlays flag;

fpr (i = 0; 1 < num active overlays by id; i+#)
unsigned int (16) active overlay id;

iff (addl_active overlays flag)

OverlayStruct () ;

num pctive overlays by id specifies the number of overlays from the OverlayStruct () structure
signalled in the sample entry OverlaySampleEnatry that are active. A value of 0 indicates that no joverlays from
the sample entry are active.

addl| active overlays flag equalto 1 specifies that additional active overlays are signalled|in the sample

directly in the overlay structure (OverlayStruct ()). addl active overlays flag equalto O specifies
that [no additional active overlays are signalled in the sample directly in the overlay structure
(OverlaysStruct () ).Eachoverlay idvaluecontainedinthe OverlayStruct () ofanOverlpySample ()

shall pe equal to an overlay: id value contained in the OverlaySampleEntry of the same pverlay timed
metadata track and to aneverlay id value in the OverlayConfigBox contained in one of thq media tracks
referdnced by this oveflay timed metadata track.

actiye overlad~ 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
Overf[lay$ampleEntry shall include an overlay with a matching overlay id value.active pverlay id
shall pelgéqual to an overlay id value in the OverlayConfigBox contained in one of the|media tracks

f 5 T TS I ] 43 1 PR P 1
rererencead oy NS overay tHet metaaata track:

num_overlays of a sample is not required to be equal to num_ overlays 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)[CTIass OVErIaySWILCNAILEINIaIVESBOX(VELSLOM, L1ags)
extends EntityToGroupBox ('oval', version, flags) {
// conditionally mandatory
for (i=0; i<num entities in group; i++)
unsilgned int (16) ref overlay id[i];

7.14.7.1.3 Seémantics

ref ovegrlay id[i] specifiesthe overlay id from the track orimage item‘identified byi-thentigy id
that is a switchable overlay in this group. The overlay identified by réf)overlay id[0] is thel|initial
overlpy source, before any user interaction. The i-th referenced”track or image item shall| have
overllay idequaltoref overlay id[i] present. Ifeach of the tracks and image items identiffed by
the entity id values of this entity group contains exactly ene overlay, ref overlay id[i] gyntax
elem¢nts may or may not be present. Otherwise, ref overday id[i] syntax elements shall be prjesent.

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

7.14.7.2.1 Definition
EntityToGrloupBox with grouping type equalto 'ovbg' specifies

— tracks and image items containing overlays and background visual media that are intended to be predented
together,

— recommended viewport tracks'that serve as overlay sources for the background visual media specified |n this
entity grqup,

— at most dne overlay<tinted metadata track that applies when playing the overlays and the background visual
media in¢luded in'this entity group, and

— at most gne_ viewing space ('vrsp') timed metadata track that applies when playing the overlays allld the
backgrouq‘\ﬂ visual mediaincluded-in-this nhh'fy aroup

If the i-th entity in the ' ovbg' entity group includes overlays, overlay flag[i] shall 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.

The background visnal media tracks and the hackground image items in the same 'ovhg' entity group shall be

constrained in either of the following ways:

Il the background visual media tracks and background image items are alternatives to each other, indicated
y their presence in the same 'altr' entity group.

o xllle =

— There are no background image items in the ' ovbg"' entity group and the baeckground visual njedia tracks in
the 'ovbg' entity group belong to the same 2D spatial relationship track group.

When|both one or more overlays and background visual media are region-wise packed into the same(video track or
imagd item included in an 'ovbg"' entity group, the same 'ovbg' entity group shall contain no pther track or
imagd item containing background visual media.

When|a user-switchable overlay included in an 'oval' entity group is associated with background visual media in
an 'opbg' entity group, all the overlays of the 'oval"' entjty.group shall be associated with the background visual
medid in the 'ovbg"' entity group.

7.14.7.2.2 Syntax

alighed(8) class OverlayAndBackgroundGroupingBox (version, flags)
extehds EntityToGroupBox ('ovbg'yp'lersion, flags) {
uhsigned int (32) unit sphere“distance in mm;
fpr (i=0; i<num entities i@ group; i++)
bit (5) reserved = 0;
unsigned int (1) overlay flag[i];
unsigned int (1) .overlay subset flag[i];
unsigned int (1)\ background flag[i];
if (overlay(subset flag[i]) {

unsigned )int (16) ovbg num overlays;

for (J=0; j<ovbg num overlays; Jj++)

unhsigned int (16) ovbg overlay id[i][j];

7.14.7.2.3 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.

Oneorbothofoverlay flag[i] andbackground flag[i] shallbeequalto 1 foreachvalueof1i intherange
of 0tonum entities in group -1, inclusive, such thatthe i-th entity idvalueisatrack IDvalueofa
media track ofam Ttem ID value of an image Iten.

The pair of overlay flag[i] equal to 1 and overlay subset flag[i] equal to O specifies\that all the
overlays specified 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\ih the i-thentity
are associated with the background visual media specified in this entity group. When overlay”flag[i] islequal
to 0, overlay subset flag[i] shall be equal to 0. The semantics of the pair of ovexslay flag[i] edual to
O0and overlgy subset flag[i] equalto O arereserved.

ovbg num dverlays specifies the number of overlays in the i-th entity that are.associated with the background
visual media dpecified in this entity group. ovbg num_ overlays shall not b€eqgual to 0.

ovbg overllay id[i] []] specifies the overlay ID of the j-th overlay in'the i-th entity that is associateql with
the background visual media specified in this entity group. When ovérilay subset flag[i] is equal tq 1, all

overlays in the i-th entity with an overlay ID not among any ovbg ‘@vérlay 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 Ovdrlay alpha auxiliary image
7.14.8.1 General
An alpha plane is an image of the same width and height as the master image, specifying the transpgrency

information of the master image as defined inISO/IEC 23008-12. An alpha plane is an auxiliary image stored as an
image item or|a sample of a video track.

7.14.8.2 Alpha auxiliary image constraints

The constrainlts provided in ‘this subclause are applicable to auxiliary images stored as image items, as defined in
ISO/IEC 2300p-22:2019,subclause 7.3.5.2.

The following|constraints apply to alpha planes:

—  The width.and hpighr of nlphn pl;mp shall he the same as the width and hpighf of the master overlayima ge.

— The minimum sample value 0 means that the co-located pixel in the master overlay image is transparent (i.e.
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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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

The constraints provided in this subclause are applicable to auxiliary images stored as samples of a video track, as

defineg
7.4.6 4

As de€

urn

The apixiliary and the master overlay video tracks are linked using the track reference’of 'aux1' frox

video
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When|
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1

dinISO/IEC 23000-22:2019, subclause 7.4.6. The constraints specified in ISO/IEC 23000-22;2
pply.

fined in ISO/IEC 23000-22, the value of aux track type for tracks of the Kuxiliar

mpeg:mpegB:cicp:systems:auxiliary:alpha” for alpha planes.

track to the master video track as documented in ISO/IEC 23000-22.

B.4 Alpha auxiliary image/image sequence encoding
planes may be encoded in monochrome or colour. When an alpha plane is encoded in a colour

blane and chroma planes, e.g. as 4:2:0 YCbCr, only the lunia plane is relevant, and the chroma g
d by the OMAF player.

Signalling of viewing space information

General
gnalling of viewing spaces specifiedin subclause 7.15 only applies for overlays.

hg space is 3D space of viewing positions within which rendering of image and video is en
ence is valid.

d range indicates the 3D space within the viewing space and adjacent to the boundaries of the
the viewing experience will not be optimal when the viewing position is taken into account in
player may use.visual cues to indicate when a viewing position is within the guard range. Fq
player can‘fade the viewport towards black within the guard range.

viewpoint position information is present, the centre position of the viewing space is equal to
bwpojnt. When viewpoint position information is not present, the centre position of the viewing

19, subclause

vTypeBox is

n the auxiliary

format with a
lanes shall be

abled and VR

viewing space
rendering. An
r example, an

he position of
space is equal

to (0,
the re

7.15.2

0) inthe common reference coordinate system In both cases the X Y and Z coordinate axes an

ference global coordinate axes.

Viewing space structure

7.15.2.1 Definition

ViewingSpaceStruct ()

specifies the viewing space metadata information.
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7.15.2.2 Syntax

aligned(8)
unsigne
unsigne
bit (1)
bit (7)

class ViewingSpaceStruct () {
d int(8) viewing space shape type;
d int(1l6) distance scale;
guard range flag;
reserved;

if (viewing space shape type==0)

Cubo

idStruct (guard range flag);

else if (viewing space shape type==1)

Sphe
else 1

reStruct (guard range flag);

ricwing swnace shanoe tyuno—=72)
) T T JT

Cyli

else 1if
E11if

}

aligned(8)
signed
signed
signed
signed
signed
signed
if (gud
unsi
uns i
uns i

}

aligned(8)
unsigng

if (gud
bit (

unsi

}

aligned(8)
unsigng
Point (0
Point (1

if (gud
uns i

}

nderStruEt(guaEd_ranEe_flag);
(viewing space shape type==3)
psoidStruct (guard range flag);

class CuboidStruct (guard range flag) {

int (32) x Min;
int (32) x Max;
int (32) y Min;
int (32) y Max;
int(32) z Min;

int (32) z Max;

rd range flag) {

gned int(8) guard range X;
gned int (8) guard range Y;
gned int (8) guard range Z;

class SphereStruct (guard rangevflag) |
d int (32) sphere radius;
rd range flag) {
1) reserved;
gned int(7) guard radius“diff;

class CylinderStruct (guard range flag)
d int (32) cylinder radius;
);
);
rd rangé/flag)
gned int/(8) cylinder guard radius diff;

e¥ass Point

aligned(8)

{

signed
signed
signed

146

’

i)
int (32) x ptli]
il;
i]

int (32) y pt
int (32) z pt

’

(
[
[
[

© ISO/IEC 2021 - All rights reserved


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

ISO/IEC 23090

aligned(8) class EllipsoidStruct (guard range flag) {
unsigned int (32) length X;
unsigned int (32) length Y;
unsigned int (32) length Zz;

if

7.15.

{

guard lenghthX diff;
guard lenghthY diff;
guard lenghthZ diff;

(guard range flag)
unsigned int (8)
unsigned int (8)

(8
(8
unsigned int (8)

2_Samantics

-2:2021(E)
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ing space shape type specifies the shape of the viewing space. viewing space_@hep
becifies that the viewing space is specified as a cuboid. viewing space shape typerequa
he viewing space is specified as a sphere. viewing space shape type equal to 2 spe
g space is specified as a cylinder. viewing space shape type equalto 3 specifies that the
Cified as an ellipsoid. The value of viewing space shape type shall be in-the range of 0 tg

bnce scale is a positive integer value that indicates the units corresponding to 1 cm.

i range flag equal to 0 specifies that guard range \.information is not pre
ingSpaceStruct ().guard range flag equal to 1 specifiesthat guard range informatio

|l ewingSpaceStruct ().

i range X, guard range Y and guard range VZ specify the guard ranges per axis as
ximum viewing space ranges per axis, i.e. Abs(xMax — xMin), Abs(yMax - yMin) and Abs(
Ctively. Guard ranges apply symmetrically to both“minimum and maximum values per axis a
idStruct (). A value of 0 specifies that there is no guard range present for a particular g
i range X, guard range Y and guard range_Z shall beless than 50.

h, v Min, and z_ Min are 16.16 fixed:point values in distance scale that specify the minimumn
coordinates, respectively, relative to the centre point of the viewing space.

k, v Max, and z_Max are 16.16 fixed-point values in distance scale that specify the maximumn
coordinates, respectively, relative to the centre point of the viewing space. x_Max shall be great
 shall be greater than'y. Min. z Max shall be greater than z_Min.

re radius specifies the radius of a sphere as a 16.16 fixed-point value in 3D space in distan
served.

H radius’ diff specifies the thickness of the guard range spherical shell inside the sphere g
iud as'a percentage of the radius.guard radius diff equalto O indicates that the guar

N

e type equal
to 1 specifies
rifies that the
viewing space
3, inclusive.

sent in the
N is present in

percentage of
rMax — zMin)
5 indicated by
xis. Values of

value of X, Y,

value of X, Y,
br than x_ Min.

te scale. Value

fradius equal
d range is not
£ 100 to 127,

ht.Quard radius_ diff shall be in the range of 0 to 99, inclusive. Values in the range d

inclusive, are reserved.

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, inclusive. Values in the range of 100 to 255, inclusive, are reserved.

7.15.3 Viewing space box

7.15.3.1 Definition

Box Type: 'vssn'

Container: VisualSampleEntry (ofthe background visual media)
Mandatory: No

Quantity: Zero or one

The fields 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{('wssn', 0, flags) ({

ViewingSpaceStruct () ;

}

7.15.4 Viewing space item property

7.15.4.1 Definition

Box Type: 'vssn'

Property Typ¢: Descriptive item property.
Container: ItemPropertyConta¥nerBox
Mandatory: No

Quantity: Zero or one

The fields in this item property specify 3D viewing space within which an immersive VR experience is provided.
The item property shallbe associated with an image item that contains the background visual media.

7.15.4.2 Synftax

aligned(8) CTIass VIEWINgSPacePTOPErty €XTends ITemrullPTOperty (' vssn', 0, o) {
ViewingSpaceStruct () ;

}

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.
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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 () ;

static vr space flag equalto 1 specifies that the immersive VR experience viewing space does not change

1 1 £, H faotlas 1 4 I Walal lLia O i£3 oot 1 1
fOI' eafm SATITPTC T CTCT T TS CO U S SATpIe eI y - S Ta T I T I oSpPactT rrag cquartO o SptlnrtsSTtrat he immersive

3D VR space may change for samples referring to this sample entry.
ViewlingSpaceStruct () inthe sample entry specifies the static viewing space.

The sgmple syntax is specified as follows:

alighed(8) class VRSpaceSample () {
iff (static_vr space flag == 0)
ViewingSpaceStruct () ;

ViewfingSpaceStruct () inthe sample specifies the viewing space that is valid for the duration df the sample.

7.16| Mapping of rectangular regions to the 3D‘mesh

7.16.1 General

Subclause 7.16 specifies a sample group thatimaps rectangular regions of decoded pictures to mesh|elements of a
3D mgsh.

7.16.2  Tile mesh sample grouping

7.16.2.1 Definition

Group Type: "tmsh'

Contajner: SampléGroupDescriptionBox ('sgpd')
Mandptory: No

Quantity: Zero or one

The Tl LeMeshGroupEntry describes one or more rectangular regions within the track, and descrjibes how they
map tp one or more mesh elements described by the Me shBox associated with this track. The rectapgular regions
are defined relative to the decoded pictures of the current track.
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7.16.2.2 Syntax

aligned(8)
unsigne
unsigne
unsigne
if (eye
unsi
else
bit(
bit (5)
for (i

class TileMeshGroupEntry () ("tmsh"')
d int (8) num regions;

d int (1) guard band flag;

d int(l) eye present flag;

_present flag == 0)

gned int (1) common eye;

extends VisualSampleGroupEntry

1) reserved = 0;
reserved 0;

= 0; 1 < num regions;

i++) {

{

if (4

o C

uns i
Rect
if |

ye present flag) |
nsigned int (1) eyelil];
it (7) reserved 0;

gned int (16) mesh element id[i];
RegionStruct () ;

guard band flag)

uardBand (1) ;

7.16.2.3 Semantics

num_ regiorn
guard band

eye presen
to 0 specifies
present in tH
eye presen

common_eye
left eye. com|
correspond tq

eye[1] spec
left eye; when
to common_e

mesh elemqg
is mapped to

s specifies the number of regions.
| flag specifies the existence of the GuardBand structure for all regions.

t flag equal to 1 specifies that syntax elemént eye [i] is present. eye present flag
that syntax element eye [1] is not present and is inferred. When the StereovVideoBox
e SchemeInformationBox that comtains the MeshBox associated with this sample
t flag shall be equal to 0.

equal to 0, when present, specifies that all regions of this Ti1eMeshGroupEntry correspond
mon_eye equal to 1, whenpresent, specifies that all regions of this TileMeshGroupE
the right eye.

fies the eye associdted with the i-th rectangular region. When set to 0, the region corresponds
set to 1, the region corresponds to the right eye. When not present, eye [1] is inferred to be

ye.

nt id[\dY specifies to which mesh element from the associated Me shBox the i-th rectangular
. When"the TileMeshGroupEntry is included in a track that also contains a MeshBo

mesh elemg

equal
is not
Froup,

to the
ntry

to the
equal

egion
<, the
in an

nt{id[1] is associated with that MeshBox. When the TileMeshGroupEntry is included

HEVC tile track which contains a "tbas " track reference to an HEVC tile base track, themesh element 1d[1i]
is associated with the MeshBox in that tile base track.

The pair 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 ()

RectRegionStruct () inthe same TileMeshGroupEntry shall not overlap.

specifies a rectangular region. The regions described by any two instances of

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

GuardBand (

150

i) 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

alighed(8) class RectRegionStruct () {
uhsigned int (16) region start x;
uhsigned int (16) region start y;
ipt (16) region width;

ipt (16) region height;

7.16.8.3 Semantics

regipn start xand region start y specify the horizontal offseét'and the vertical offset of the start point,
respegtively, of a rectangular region in units of luma samples. regiog<start x equalto 0 specifie§ the left-most
luma ample column of the content decoded from the track containing this structure. region staft y equal to
0 spegifies the top-most luma sample row of the content decoded from the track containing this strugture.

NOTE| When a tile mesh sample group is present in an HEVE(tile track, region start x and region start y are
relativie to the top-left corner of the tile(s) carried in any sample of the HEVC tile track rather than the top-l¢ft corner of the
pictur¢ represented by any sample of the associated HEVC tile base track.
regipn widthand region height specify the width and height of a rectangular region. If region width
is podjitive, the region continues to the rightcside of the start point, otherwise it continues to the left side. If the
regipn height is positive, the region continues below the start point, otherwise it continues apove the start

point{ Figure 26 and Figure 27 illustrate examples of rectangular regions when regionf width and
regipn height are positive and negative, respectively.

The sfim of region start x and region width shall be greater than or equal to 0.
The sfim of region start x and region width shall beless than the width of the VisualSdmpleEntry.
The sfim of regigh\start y and region height shall be greater than or equal to 0.

The sim of rtegfon start yandregion height shallbelessthantheheight ofthe VisualSampleEntry.
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Figuyre 26 — Rectangular region when region_width and region_height are positive
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Figyre 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.

152 © ISO/IEC 2021 - All rights reserved


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

ISO/IEC 23090-2:2021(E)

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)

pElevation = ((v - region start y+0.5)+ region height)*
(cElevation2 - cElevation1) + cElevation1

where cAzimuth, cAzimuth2, cElevation1, and cElevation2 are specified in subclause 7/5)6.1l.
—+ 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)

— (therwise (mesh_type is equal to 1), the 3D position P=(x,y,z) is derived as follows:

P = origin_vertex + u_direction * ((u-region starty xJ+ (region width -1))4
v_direction * ((v- region start y)+ (region height -1)) (21)

with + being the vector addition where components of the first vector are added to the samfe components
of the second vector, * being the scalar multiplication of a vector where each component gdf the vector is
multiplied by the scalar, and bold variable namies being 3D vectors.
— Ifmesh typeisequal to 2, the 3D position P=(x,y,z) is derived as follows:
Apply equation (21) above with thefollowing 3D vectors:

— origin_vertex is a 3D vector with unit length pointing to the top left corner of the sphefe region.

— u_direction is a 3D-vector from the top left corner to the bottom left corner

— v_direction is'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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igure 28 — Illustration of the content flow in the DASH delivery function of OMAF

interfaces are specified in this clause:

The OMAF DASH XML schema is provided in Annex A.

Media Presentation Description (MPD), including omnidirectional media-specific metadata, s
on on projection and region-wise packifig, as specified in subclause 8.2.

generated based on the segments({) and other media files representing the same content. The
r includes omnidirectional media-specific descriptors as specified in subclause 8.2. The descr

uality ranking, and fisheye-emnidirectional video information. These information may be geng
f the equivalent inforniation in the segments.

obtains a current yiewing orientation or viewport e.g. from the head-mounted display that d|
possibly also«eye orientation. By parsing metadata, e.g. on projection and region-wise packing
DASH client‘eoncludes which Adaptation Set and Representation contain the supported proj
d which\Adaptation Set and Representation cover the current viewing orientation at the h
a bitrate that may be afforded by the prevailing estimated network throughput. The DASH
poent requests accordingly.

tialization, index, and media segments; as defined generally below and specified for media profjiles in

ich as

DASH
iptors

Ction type, region-wise paeking type, content coverage, spherical region-wise quality ranking, 2D

brated

etects

from
ection
ighest
client

The server typically provides segments (Fs) to the client. The server may also provide the MPD (considered as part
of interface H in this case), or the MPD may be delivered by other means to the client. The segments and MPD are
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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8.2.1

ISO/IEC 23090

Usage of DASH in OMAF

General

The following applies for the specifications in subclauses 8.2, 8.3, 8.4 and 8.5:

AdaptationSet element.

-2:2021(E)

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

T

8.2.2

A
urn:
prese

Representation element.

he presence of an element at representation level refers to that the element is a child

Signalling of stereoscopic frame packing
DASH FramePacking element with a @schemeIdUni attribute
npeg:mpegB:cicp:VideoFramePackingType may be present at ddaptation set level an

nt at MPD or representation level. When used with projected omnidirectional video (i.e.

descr

constituent pictures of the left and right views. The @value of the FramePacking element speci
packing type for the stereoscopic video. This value shall be equal t6.3, 4, or 5 with the meaning of tl
specified for VideoFramePackingType in ISO/IEC 23092-2:-The value of QuincunxSamp]
specified in ISO/IEC 23091-2 is inferred to be equal to 0.

8.2.3
8.2.3

A tim
speci

8.2.3

8.2.3.

ERPr
Repre

When|

ptor is present), this element indicates that the projected pictureg consist of spatially or temp

Carriage of timed metadata
1 General

bd metadata track, e.g. of track samplé-“entry type 'invo' as specified in subclause 7.7.4
ied in subclause 7.7.5, or 'dyol'cas specified in subclause 7.14.6, may be encapsulated ina R

2 Carriage of ERP region-timed metadata in DASH
2.1 Constraints

pojon timed metddata tracks specified in subclause 7.11 shall be carried in a DASH Adaptation Se
sentation with the constraint that the @codecs attribute shall have the value 'stmd'.

regio

carrying.the associated sub-picture tracks. However, ERP region timed metadata (Sub)Segment

timéd-metadata shall be aligned with the respective (Sub)Segments durations of the R
differhmﬁmmmm%&@wﬁ&—

NOTE
repres

an ERPwegion timed metadata track is carried as a DASH Representation, the (Sub)Segment du

element of a

equal to
d shall not be
when the PF
orally packed

fies the frame

nose values as
lingFlag as

'rcvp' as
bpresentation.

t with a single

rations of ERP
presentations
5 may have a

A Representation carrying an ERP region timed metadata track can be retrieved faster than the actual media data

entations 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 metadata Representation may be associated with one or more media representations through individual

association.

When individ

—— The Qas
@id attri
are asso
ISO/IEC 1

The @as
When present]

shall be assod
through the @

8.2.4.2 Col

A timed metad
association.

A timed meta
composition 4

DASH Representation element of the timeld metadata representation, and the association descriptor shalll:

Include
"//Adap
composit]

Include '
element.

A timed meta

hal association is in use, the following applies:

bociationId attribute of a timed metadata representation shall contain one or more values
bute of the representation(s) containing the omnidirectional media carried by theimeédia track(
ciated with the timed metadata track through a 'cdsc' track refegence as specifi
4496-12.

ociationType attribute of this metadata representation shall be gqual to 'cdsc'.
atimed metadata Representation carrying a timed metadata track’included ina 'vipo' entity

iated with the Representations carrying media track(s) included in the same 'vipo' entity
bssociationId attribute.

ective association

ata representation may also be associated with‘@ne or more media representations through coll

data representation may be collectively associated with all media representations of a sub-p
s follows: An association descriptép specified in subclause 8.5.2 is present as a child element

the following string in the Association element of the
tationSet[omaf2:SubPicCompositionId="aa"]", where "aa" indicates the sub-p
jon identifier value,

Hatarepresentation may be collectively associated with all media representations of a viewpd

of the
5) that
ed in

sroup
group

ective

icture
of the

type:
icture

cdtg' asthévalue ofthe Association@RassociationKindList attribute ofthe Associgtion

int as

follows: An agsog€idation descriptor is present as a child element of the DASH Representation element jof the

timed metadata 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.

element.

156

© ISO/IEC 2021 - All rights re

Include 'cdtg' asthe value ofthe Association@associationKindList attribute ofthe Association

served


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

8.2.4.

ISO/IEC 23090-

3 Overlay DASH association
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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:

containing background media.

There
an Ad
medid

8.3

"urn :mpeg:mpegIl:omaf:2017"

8.3.1

A nunpber of XML elements and attributes are defined in subclause 8.3 and its sublcuases. These XMIl

defind
to ref¢

nly one "ovbg'
ement. In this case:

When Association@associationKindList includes one 'ovbg' valde and th
element(s) the XPath string in the Association element above evaluates\fo is great
overlay applies collectively to the background media (e.g. if the background@media is signallg
Adaptation Sets with each Adaptation Set corresponding to a sub-picture).

When Association@associationKindList includes one<{*¢¥bg' value and th
elements the XPath string in the Association element abpve evaluates to is equal to
applies individually to the background media.

can be multiple such association descriptors present insjde\an Adaptation Set containing an

Aptation Set containing an overlay is associated with one‘or more Adaptation Set(s) containin
as described above, they are intended to be presented together.

DASH MPD descriptors for omnidirectional media in the namespace

XML namespace and schema

d in a separate namespace_ Y urn:mpeg:mpegl:omaf:2017". The namespace designator "
br to this name space inthis document. These are specified in the schema documents in each su

An XPath string in the Association element which evaluates to one or more AdaptationSet element(s)

value for the AssociationlassociationKindList aftribufe of the,K Alssociation

e number of
br than 1, the
d via multiple

e number of
1, the overlay

verlay. When
g background

elements are
bmaf:" is used
bclause where

a neyw MPD descriptor~is specified. The namespace designator "xs:" shall correspond tp namespace
httpl| //www.w3.0rg/42001/XMLSchema as defined in W3C Recommendation, XML Schema Parg 1: Structures.
Items|in the "Data_type" column of tables in subclause 8.2 use datatypes defined in W3C Recommé¢ndation, XML
Schema Part 2: Datatypes and shall have the meaning as defined in W3C Recommendation, XML Sghema Part 2:
Datatppes.

8.3.2 Signalling of projection type information

An EssentialProperty element with a @schemeIdUri attribute equal 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 be

in the range of 0 to 31, inclusive. The values in the range of 32

ta. 2585 inrlncivn' are reserved. Each value in the list shall be

unique.

For ISO Base Media File Format (Segments,
projection type shall be equal to projection tlype
in ProjectionFormatBox in sample ‘ebtries of| the
Initialization Segment.

The data typelfor the attribute shall be as defined in the XML schema. An XML schema fov projection type signalling
shall be as |shown below. The schema shall be represented in an XML.'s¢hema that has namgspace
urn:mpeq:npegl:omaf:2017 and is specified as follows:

<?xm] version="1.0" encoding="UTF-8"?>
<xs:pchema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
FargetNamespace="urn:mpeg:mpegl:omaf:2017"
kmlns:omaf="urn:mpeg:mpegl:omaf:2017"
ElementFormDefault="qualified">
xs:attribute name="projection type" typé="omaf:listOfUnsignedByte"/>
xs:simpleType name="1istOfUnsignedByte">
<xs:restriction>

<xs:simpleType>

<xs:1list itemType="xs:uhsignedByte"/>

</xs:simpleType>

<xs:minLength value="1""/>
</xs:restriction>
/xs:simpleType>
</xsfschema>

8.3.3 Signalling of region-wisepacking type

An EssentialProperty element with a @schemeIdUri attribute equal to
"urn:mpegq:mpegl:om@fc2017: rwpk" is referred to as a region-wise packing (RWPK) descriptor.

An RWPK descriptotiindicates the applied region-wise packing types in the representation(s) associated with the
descriptor.

At most one RWPK descriptor may be present at MPD level. At most one RWPK descriptor may be present at
adaptation set level. At most one RWPK descriptor may be present at representation level.

The omaf:@packing type attribute of a RWPK descriptor present at a hierarchically lower level overrides
omaf:@packing 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 1SO Base Media File Format Segments,
packing type shall be equal to packing type in

REeglonNWisePackKingBox Inm sampie ehtries of the
Initialization Segment. When this

omaf:@packing type attributé \is npt present or
does not include any value in. a#RWPK descriptor,
omaf:@packing type valuelis inferrgd to be equal
to 0.

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

The data type for the attribute shall be as defined in the XML schema. An XML schema for region-wis¢ packing type
signallling shall be as shown below. The schema shall be representéd in an XML schema that has namespace
urn:mpeg:mpegl:omaf:2017 and is specified as follows:

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegIl:omaf:2017"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
elementFormDefault="qualified"X
<xs:attribute name="packing tygde" type="omaf:OptionallistOfUnsignedByte"/>
<xs:simpleType name="OptionallistOfUnsignedByte">
<xs:restriction>
<xs:simpleType>
<xs:list itemType="xs:unsignedByte"/>
</xs:simpleType>
<xs:minLengtH wvalue="0"/>
</xs:restriction>
</xs:simpleType>
</xs:schema>

8.3.4 Signalling of content coverage

A SupplementalProperty element with a @schemeIdUri attribute equal to
"urnfmpedimpegI:omaf:2017:cc" isreferred to as a content coverage (CC) descriptor.

At maost'ehe CC descriptor may be present at adaptation set level. A CC descriptor shall not be present at MPD or
representation level.

The CC descriptor indicates that each Representation covers the sphere region as specified in subclause 7.5.6 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
for CC descriptor

Use

Data type

Description

cc

0.1

omaf:CCType

Container element whose attributes and elements specify sphere
region coverage information.

ccl@shape type

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.

ce flag

cc@view_idc_presen

xs:boolean

Value 0 specifies that cc.coverageInfolview idc is not

signalled. Value 1 specifies that
cc.coverageInfolview idc is signalled and indicateg the
association of sphere regions with particular (left, right) or both)
views or monoscopic content. When riot” pregent,
cc@vview idc presence flag isinferredto’be equalfto 0.

cc@defaul
dc

L view 1

CM

omaf:ViewType

Value 0 indicates that all the sphere regions are monoscppic.
Value 1 indicates that all the sphere regions are on the left yiew
of a stereoscopic content. Value 2/ndic€ates that all the sphere
regions are on the right view ofd@,stereoscopic content. Value 3
indicates that all the sphere regions are on both the left and fight
views. cc@default view_idc shall be present when
cc@view idc presence’/ flag is equal to 0.
cc@default view Adc shall be absent  when
cc@view idc pfesence flag isequalto 1.

CC.covera

geInfo

1..255

omaf:coveragel
nfoType

Element whese " attribute cc.coverageInfolview [dc,
when present, provides information about view(s) to which
coveraged specified by sphere region defined by attributes
cc.coverageInfolcentre azimuth,
ccicoverageInfolcentre elevation,
ce.coverageInfolcentre tilt,
cc.coverageInfolazimuth range,
cc.coverageInfolelevation range applies.

cc.covera
ew idc

jeInfolvi

CM

omaf:ViewType

Value 1 indicates that the sphere region is on the left view|of a
stereoscopic content, value 2 indicates the sphere region is on
the right view of a stereoscopic content, and value 3 indiqates
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 t¢ O.
cc.coverageInfolview idc shall be present when
cc@view idc presence flag isequalto 1.

cc.covera
ntre azim

jeInfolce
th

omaf:Rangel

Specifies the azimuth of the centre point of the sphere regign in
units of 2-16 degrees relative to the global coordinate axes. When
not present, cc.coverageInfo@centre azimuth is

inferred ta be pn‘lml ta 0

cc.coverageInfolce
ntre elevation

omaf:Range2

Specifies the elevation of the centre point of the sphere region in
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.coverageInfolce

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

imuth range

cc.coverageInfolaz (0] omaf:HRange Specifies the azimuth range of the sphere region
centre point of the sphere region in units of 2-16 degrees. When
not present cc.coverageInfolazimuth range isinferred

to be equal to 360 * 216,

through the

evation range

cc.coveragelnfo@el o omaf:VRange Specifies the elevation range of the sphere region through the
centre point of the sphere region in units of 2-16 degrees. When
not present cc.coverageInfo@elevation range is

inferred to be equal to 180 * 216,

NOTE
sub-pi
cc.cdq

The a
when

When|
the Aq

The d
CC de

urn:

When this descriptor is used with projected omnidirectional video, this descriptor can be used-te.indic
Cture track carried in the Representation is monoscopic or stereoscopic by the attributes cc@default]
verageInfolview idc.

bsence of the cc element in the CC descriptor indicates that each Representation covers the
a PF descriptor that applies to the Representation is present.

a PF descriptor is not present at MPD level or adaptation set level, there shall be no CC descrip
laptationSet element.

hta types for various elements and attributes shall be as defined in the XML schema. An XML s
scriptor shall be as shown below. The schema shall be represented in an XML schema that h
npeg:mpegl:omaf:2017 and is specified as follows:

<?xml version="1.0" encoding="UTF-8"&>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpeglromaf:2017"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
elementFormDefault="qualified">
<xs:element name="cc" type="omaf:CCType"/>
<xs:complexType name=}CCType'">
<xs:sequence>
<xs:elementiname="coverageInfo" type="omaf:coverageInfoType"
minOccuxs="1" maxOccurs="255"/>
<xs:any.namespace="##other" processContents="1lax" minOccurs=
maxQ@ccurs="unbounded" />
</xs:segquence>
<xsgdttribute name="shape type" type="xs:unsignedByte" use="opti
default="Q" />
<xgwattribute name="view idc presence flag" type="xs:boolean"
use="op&tTonal" default="0"/>
<xs:attribute name="default view idc" type="omaf:ViewType"
use="optional"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>

hte whether the
| view idcor

entire sphere

tor present in

chema for the
ASs namespace

on

nal"

<Xs:complexlype name="coveragelniolype >

<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>
<xs:simpleType name="HRange">
<xs:restriction base="xs:unsignedInt">
T InCIUsSIve vatruoe—"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>
</xstschema>

8.3.5 Signalling of spherical region-wise quality ranking
A SupplementalProperty element with a @schemeIdUri attribute equal to
"urn:mpegqg:mpegl:omaf:2017:srqgr" is referred*to as a spherical region-wise quality ranking ($RQR)

descriptor.

At most one JRQR descriptor for each sphRegionQuality@shape type value of 0 and 1 may be present at
adaptation sef level. At most one SRQR des¢riptor for each sphRegionQuality@shape type value of Oland 1
may be present at representation level. A SRQR descriptor shall not be present at MPD level.

The SRQR descriptor should /be*present for Adaptation Sets or Representations containing projected
omnidirectiorfal video to enabl€ viewport-dependent content selection.

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

— other qudlity ranking sphere regions in the same Adaptation Set, and

— when sphRegionQuatityfquatity ramking tocar frag s equatto— 0, SRQR—descriptors’ with
sphRegionQuality@quality ranking local flag equalto0and @qualityRanking values in all
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.

NOTE 1 ISO/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
SphereRegionQualityRankingBox.

The (Lvalue attribute of the SRQR descriptor shall not be present. The SRQUR 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 descripter

Elements and Use | Data type Description

attrjbutes for

SR({R descriptor

sphRegionQuali 1 omaf:SphRegio | Container element which includes one or more quality| information

ty nQualityType elements (sphRegionQuality.qualityInfo) and coimmon set of
attributes (sphRegionQuality@siape type,

sphRegionQuality@kemaining area flag,
sphRegionQuality@view idc presence flag,
sphRegionQuality@quality ranking local flag
sphRegionQualitylquality Type,
sphRegionQuality@default view idc) that apply [to all those
quality infermation elements.

sphRegionQuali 0 xs:unsignedByt | Value~0-specifies that the quality ranking sphere region| is indicated
ty@shape type e through four great circles as specified in subclause 7.7.2.3. Value 1 specifies
that the quality ranking sphere region is indicated through|two azimuth
and two elevation circles as specified in subclause 7.7.23. When not
present sphRegionQuality@shape type isinferred tolbe 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 elenments. Value 1
real flag specifies that all except the last quality ranking sphere| regions are

specified by the signalled sphRegionQuality.qualityInfo
elements, and the last remaining quality ranking sphere fegion is the
sphere region within the content coverage, not covered by the union of the
quality ranking sphere regions specified by the signalled
sphRegionQuality.qualityInfo elements. When |not present
sphRegionQuality@remaining area flag is inferref to be equal
to 0. The last remaining quality ranking sphere region may be on both the
left and right views.

NOTE 2 When sphRegionQuality@remaini ng are _f]_ag is
equal to 1, the qualityInfo element is present for the last quality
ranking sphere region but excludes Q@centre 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
prnvidﬂd in-all instances of this dncr‘ripfnr in-this Ar‘]npfnﬁnn Set n]y
When not present, the value of
sphRegionQuality@quality ranking local flagisinferrgd to
be equal to 0.

NOTE 3 sphRegionQuality@quality ranking decal flag
equal to 1 can be used in the Main Adaptation Set df’a-Preselection|and
sphRegionQuality@quality ranking loegl) flag equal o 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 differénces in the quality of patked
ty@quality typ ype regions on the picture. Value 0 specifies.that all packed regions corresgond
e to the same projected picture resolutien. Value 1 specifies that at leasf one
horRatio value, as derived in subclause 5.4.2, may differ from dther
horRatio values among all pairs of packed and projected regions of the
picture or at least one vefRatio value, as derived in subclause 5.4.2, [may
differ from other verRatio values among all pairs of packed and projected
regions of the picturé.Values greater 1 are reserved.

sphRegionQuali | CM [ omaf:ViewTyp | Value 0 indicates that all the quality ranking sphere regions| are
ty@defaulf vie e monoscopic.sValue 1 indicates that all the quality ranking sphere regions
w_idc are on theleft view of stereoscopic content. Value 2 indicates that al| the
quality_fanking sphere regions are on the right view of stereosdopic
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 tp O.
sphRegionQuality@default view idc shall be absent when
sphRegionQuality@view idc presence flag isequalto 1.

sphRegionQuali | 1.2 | omaf:Qualityln | Element whose attripute
ty.qualityInfo | 55 [ foType sphRegionQuality.qualityInfo@quality ranking proyides
quality ranking for one quality ranking sphere region described by its
attributes sphRegionQuality.qualityInfo@view ildc,

sphRegionQuality.qualityInfolcentre azimuth,
sphRegionQuality.qualityInfolcentre elevation,
sphRegionQuality.qualityInfolcentre tilt,
sphRegionQuality.qualityInfolazimuth range,
sphRegionQuality.qualityInfolelevation range.
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Elements and Use
attributes for

SRQR descriptor

Data type Description

sphRegionQuali M | xs:unsignedByt
ty.qualityInfo e
@guality ranki

Specifies a quality ranking value of the quality ranking sphere region.
sphRegionQuality.qualityInfo@quality ranking equal to0
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. When quality

ranking sphere region A nartly or entirely overlapns with a1
5T ) g g T

ality ranking

sphere region
sphRegionQuality.qualityInfolquality rankin
ranking sphere region A shall be
sphRegionQuality.qualityInfo@quality) rankin
ranking sphere region B.

B,
b of quality
equal to
b of quality

sphRegionQuali
ty.gualityInfo
@view idc

CM

omaf:ViewTyp
e

Value 0 indicates that the content is mongscopic, value 1 indi
quality ranking sphere region is on the left view of stereosd
value 2 indicates that the quality ranking sphere region is on {
of stereoscopic content, 3 indicates that the quality ranking g
is on both the left and righ
sphRegionQuality.qualityInfolview idc shall
when sphRegionQuality@view idc presence flg
to 1. sphRegionQuality.qualityInfo@view idc sh
when sphRegionQuality@view idc presence fl
to 0.

cates that the
opic content,
he right view
phere region
t views.
be present
g is equal
hll be absent
hg is equal

sphRegionQuali
ty.gualityInfo
@orfig_width

CM

xs:unsignedSh
ort

Indicates, theswidth of such a monoscopic projected pictul
horRatio, as"derived in subclause 5.4.2 for each of the packed
coverthe quality ranking sphere region, is equal to 1. Shall n|
when’sphRegionQuality@quality type is notequal
present when sphRegionQuality@quality type ised

re for which
regions that
ot be present
to 1. Shall be
ual to 1.

sphRegionQuali
ty.gualityInfo
@orfig height

CM

xs:unsignedSh
ort

Indicates the height of such a monoscopic projected picty
verRatio, as derived in subclause 5.4.2 for each of the packeq
cover the quality ranking sphere region, is equal to 1. Shall n
when sphRegionQuality@quality type is notequal
present when sphRegionQuality@quality type ised

re for which

regions that
ot be present
to 1. Shall be

ual to 1.

sphRegionQuali
ty.gualityInfo
@ceptre azimut
h

CM

omaf:Rangel

Specifies the azimuth of the centre point of the quality ra
region, in units of 2-16 degrees, relative to the global coo
sphRegionQuality.qualityInfo@centre azimuth
presentwhen sphRegionQuality@remaining area f
to 0. sphRegionQuality.qualityInfo@centre azin
absent in only one sphRegionQuality.qualityInfo

hking sphere
rdinate axes.

shall be
lag isequal
uth shall be
element and

shall be present in all the other sphRegionQuality.qualityInfo
elements when sphRegionQuality@remaining arda flag is

lia 1
cqtarto— -

sphRegionQuali
ty.qualityInfo
@centre_elevat
ion

CM

omaf:Range2

Specifies the pitch of the centre point of the quality ranking sphere 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 sphRegionQuality@remaining area flag isequalto 1.

SPhRegiOn uali CM nmnF-HDnnga Qpnriﬁ'ac the azimuth range of the r{u:n]ify r:nn]n'ng cphnrn vaginn H'\rnugh
ty.qualitylInfo its centre point in units of 2-16 degrees.
@azimuth frange sphRegionQuality.qualityInfolazimuth range shall | be

presentwhen sphRegionQuality@remaining area filldy isequal
to 0. sphRegionQuality.qualityInfolazimuth fdnge shall be
absent in only one sphRegionQuality.qualityInfo element |and
shall be present in all the other sphRegionQuality.qualityInfo
elements when sphRegionQuality@remadining area flag| is

equal to 1.
sphRegionQuali | CM [ omaf:VRange Specifies the elevation range of the qualityiraking sphere region thrgugh
ty.qualityInfo its centre point in {anits of 2-16 degfees.
@Gelevatiop ran sphRegionQuality.qualityIfifo@elevation range shall be
ge present when sphRegionQuality@remaining area flag isequal

to 0. sphRegionQuality,qualityInfo@elevation range $hall
be absent in only one sphRegionQuality.qualityInfo elempent
and shall be present in all the dther
sphRegionQuality. qualityInfo elements When
sphRegionQualitylremaining area flag isequaltol.

NOTE 4 A playjer is suggested to parse spherical region-wisequality ranking (SRQR) descriptors and select the Adaptatipn Sets
and Representdtions that matches the user's viewing orientdtion in a manner that:

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

— Theresolufion of the region covering the viewportis suitable for the display. If sphRegionQuality@quality typeipequal
to 1, sphRRegionQuality.qualityInfolorig width and sphRegionQuality.qualityInfoQorig height
represent|the width and height of the moenoscopic projected picture from which the packed region covering the vigwport
has been g¢xtracted. Otherwise, width*and height of VisualSampleEntry can be used to conclude the resolution on
the viewport.

The data types for various elements and attributes shall be as defined in the XML schema. An XML schema for|SRQR
is defined ag shown bhelow. The schema shall be represented in an XML schema that has namgspace
urn:mpegq:npegl:omaf: 2017 and is specified as follows:

<?xm] wyersion="1.0" encoding="UTF-8"?>

<xs:pollema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:20L17/"
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"/>
<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">
TICCTripUte Mame= gualiity ranking—type= TUITS TONEd By tg

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:unsdghedShort"
use="optional"/>
<xs:attribute name="centre azimuth" type="omaf:Rangel"
use="optional"/>
<xs:attribute name="centre elevation" %ype="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="elevatdomn* range" type="omaf:VRange"
use="optional"/>
<xs:anyAttribute namespace="##other" processContents="1lax"/>
</xs:complexType>
<xs:simpleType name="Rangel">
<xs:restriction base="xsyint">
<xs:minInclusive value="-11796480"/>
<xs:maxInclusive @alue="11796479"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType namer"Range2">
<xs:restrictign‘base="xs:int">
<xs:mipTnclusive value="-5898240"/>
<xs:maxThclusive value="5898240"/>
</xs:resgriction>
</xs:simpTeType>
<xs:simpleType name="HRange">
<xs:festriction 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

8.3.6

A

SupplementalProperty

:schema>

Signalling of 2D region-wise quality ranking

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 representation level. A 2DQR descriptor shall not be present at MPD level.

A 2DQR des
omnidirection]
descriptor apj

The 2DQR des

— other qus

when tW«
twoDReg
Adaptati

this 2DQ]

NOTE1 ISO/I}
recognized and
elements in all

criptor should be present for an Adaptation Set or a Representation containing pro
al video to enable viewport-dependent content selection, when no RWPK descriptor and)no
blies to the same Adaptation Set or Representation, respectively.

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

lity ranking 2D regions in the same Adaptation Set, and

oDRegionQuality@quality ranking local flag is equal 6,0, 2DQR descriptory
JionQuality@quality ranking local flagequaltoOand@gualityRankingvalue
n Sets that have the same @value in the DASH Viewpoint element as the Adaptation Set cont
R descriptor or containing the Representation that contains this 2DQR descriptor.

C 23009-1 specifies that the handling of the Viewpoint eleémtent is recommended to be applied equ
unrecognized @schemeIdUri values. It is suggested to us€ thé same @schemeIdUr1i value for all View]
\daptation Sets of the same omnidirectional audio-visuahcontent within the same Period.

When the quality ranking value twoDRegionQuality. twoDqualityInfol@quality ranking isnon

the picture qui

When the 2D(
present in the
as the 2DReg

ality within the entire indicated quality ranking 2D region is approximately constant.
DR descriptor that applies to a Representation is present and a 2DRegionQualityRanking

i onQualityRankingBox.

ected
SRQR

with
5 in all
pining

lly for
boint

-Z€ero,

Box is

track corresponding to the Repre§éntation, the 2DQR descriptor shall carry equivalent information

The @value]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 anld Use" | Data type Description
attributes fpr
2DQR descriptor,
twoDRegionQuali 1 omaf:twoDR Containerelementwhichincludes one ormore 2D region qnq]ify informhbtion
ty egionQuality | elements (twoDRegionQuality.twoDqualityInfo) and common set
Type of attributes (twoDRegionQuality@remaining area flag,
twoDRegionQuality@view idc presence flag,
twoDRegionQuality@quality ranking local flag,
twoDRegionQuality@quality type,
twoDRegionQuality@default view idc) that apply to all those
quality information elements.
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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
specified by the signalled twoDRegionQuality.twoDqualityInfo

elements. When not

TwoDRegionQualitylremalining area rlag IS INlerre
to 0. The last remaining quality ranking 2D region may be on
and right views.

NOTE2 When twoDRegionQuality@remaining are
equal to 1, the twoDqualityInfo element js\present for th
ranking 2D region but excludes Q@leftoffset, @t
@region width,and @region height attributes.

present
d to be equal
both the left

b flag is
e last quality
op offset,

two
ty@
sen

PRegionQuali
view idc pre
ce flag

xs:boolean

Value 0 specifies
twoDRegionQuality. twoDqualityInfoQview idc
signalled. Value 1 specifies
twoDRegionQuality. tweDqualityInfo@view idcis
indicates the association ‘ef quality ranking 2D regions with p
or right or both) views or monoscopic content. When
twoDRegionQuality@view idc presence flag is in
equal to 0.

that

is not
that
signalled and
articular (left
not present
ferred to be

twol
ty@
ing

PRegionQuali
quality rank
| local flag

xs:boolean

Value 0 specifies that the quality ranking information pro
instanceof ‘this descriptor is relative to the quality ranking
provided in all instances of this descri
twoDRegionQuality@quality ranking local flag
and'in all instances of @qualityRanking in all Adaptation §
the same @value in the DASH Viewpoint element as this A
Value 1 specifies that the quality ranking information pro
instance of this descriptor is relative to the quality ranking
provided in all instances of this descriptor in this Adaptation S
not present, the value
twoDRegionQuality@quality ranking local flag
be equal to 0.

NOTE 3 twoDRegionQuality@quality ranking loc
equal to 1 can be used in the Main Adaptation Set of a Pre
twoDRegionQuality@quality ranking local flag
can be used in Adaptation Sets that are not the Main Adaptal
Preselection.

vided in this
information

ptor with
equal to 0

ets that have
laptation Set.
vided in this
information

bt only. When
of

is inferred to

hl flag

belection and
equal to 0

tion Sets of a

two

PDRegionQuali

tya

uality tyupe
T —=>T

omaf:Quality

Indicates which factor causes the differences in the quality of p

cked regions

1ol O ot o1 ool

Tz
Ty Pt

n-tha nicti s
Oh—e-pPieedre:

Value-0-speeifies—that-all-packedregions—eerréspond to the

same projected picture resolution. Value 1 specifies that at least one
horRatio value, as derived in subclause 5.4.2, may differ from other horRatio
values among all pairs of packed and projected regions of the picture or at
least one verRatio value, as derived in subclause 5.4.2, may differ from other
verRatio values among all pairs of packed and projected regions of the
picture. Values greater 1 are reserved.
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Elements and Use | Data type Description

attributes for

2DQR descriptor

twoDRegionQuali | CM | omaf:ViewT | Value 0 indicates that all the quality ranking 2D regions are monoscopic.
ty@default view ype Value 1 indicates that all the quality ranking 2D regions are on the left view
_idc of stereoscopic content. Value 2 indicates that all the quality ranking 2D

regions are on the right view of stereoscopic content. Value 3 indicates that
all the quality ranking 2D regions are on both the left and right views.
twoDRegionQuality@default view idc shall be present when
twoDRegionQuality@view idc presence flag is equal to O.
twoDRegionQuality@default view idc shall be absent when

TwoDRegionQualitylview 1dC_presence rlag Isequalto 1]

twoDRegiopQuali | 1.2 | omafitwoDQ | Element whose attripute
ty.twoDqualityTI 55 ualityInfoTy | twoDRegionQuality.twoDqualityInfolquality rahking
nfo pe provides quality ranking for one quality ranking 2D region described By its

attributes twoDRegionQuality. twoDqualityInfo@view ildc,
twoDRegionQuality.twoDqualityInfoQleftdffset,
twoDRegionQuality.twoDqualityInfo@topoffset,
twoDRegionQuality. twoDqualityInfo@region width,
twoDRegionQuality. twoDqualityInfo@lregion height.

twoDRegionQuali | M | xs:unsigned | Specifies a quality ranking value of-~the quality ranking 2D region.

ty.twoDqualitylI Byte twoDRegionQuality. twoDqualityInfolquality ranking equal
nfolquality ran to 0 indicates that the quality ranking'is not defined. When quality ranking
king 2D region A has a non-zero
twoDRegionQuality.twoDqualityInfolquality ranking value
less than the

twoDRegionQuality.twoDqualityInfolquality ranking value
of quality ranking 2D\region B, quality ranking 2D region A has a higher
quality than quality ranking 2D region B. When quality ranking 2D regipn 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.

twoDRegiopQuali | CM | omaf:ViewT _ | Value 0 indicates that the content is monoscopic, value 1 indicates thaf the

ty.twoDqualityl ype quality ranking 2D region is on the left view of stereoscopic content, vajue 2
nfolview fdc indicates that the quality ranking 2D region is on the right vielv 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 $hall
be absent when twoDRegionQuality@view idc presence fllag
is equal to 0.

twoDRegiopQuali | CM | xs:unsigned | Indicates the width of such a monoscopic projected picture for which
ty. twoDqu bl 3t T Short horRatic-as-derived-in-subelause-5-4-2-for-each-of-the-packedregionsithat
¥ horRatioasderivedin 42 toreachofthep dregion

nfolorig width cover the quality ranking sphere region, is equal to 1. Shall not be present
when twoDRegionQuality@quality type is notequal to 1. Shall be
present when twoDRegionQuality@quality type isequalto 1.

twoDRegionQuali | CM | xs:unsigned | Indicates the height of such a monoscopic projected picture for which
ty.twoDqualitylI Short verRatio, as derived in subclause 5.4.2 for each of the packed regions that
nfolorig height 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
element and shall be present in all the other
twoDRegionQuality. twoDqualityInfo elements when
twoDRegionQuality@remaining area flag isequalfo 1.
twopRegionQuali | CM | xs:unsigned | Specifies the vertical coordinate of the upper left carner df the quality
ty.[twoDqualityI Short ranking 2D region within the picture in units ,of luma samples.
nfol@top offset twoDRegionQuality. twoDqualityInfoQtop 6ffset| shall be
present when twoDRegionQuality@remaining arep flag is
equal to 0. twoDRegionQuality.twoDqualityInfo@tfop offset
shall be absent in only one twoDRegionQuality.twoDqyalityInfo
element and shall be present in all the other
twoDRegionQuality. twoDqualityInfo element: when
twoDRegionQuality@remaining area flag isequalfo 1.
twopRegionQuali | CM | xs:unsigned | Specifies the width of the quality ranking 2D region within the picture in
ty.[twoDqualityI Short units of luma samples.
nfofdregion_widt twoDRegionQuality:twoDqualityInfo@region widfth shall be
h present when <(twoDRegionQuality@remaining arep flag is
equal to 0. twoDRegionQuality. twoDqualityInfolregion width
shall be absent.in only one twoDRegionQuality.twoDqyalityInfo
element and shall be present in all the other
twoDRegionQuality. twoDqualityInfo element$ when
twoDRegionQuality@remaining area flag isequalfo 1.
twopRegionQuali | CM | xs:unsigned [.Specifies the height of the quality ranking 2D region within the picture in
ty.twoDqualityI Short units of luma samples.
nfof@region_heig twoDRegionQuality. twoDqualityInfo@region heifght shall be
ht present when twoDRegionQuality@remaining arep flag is
equal to 0.
twoDRegionQuality.twoDqualityInfo@region height shall be
absent in only one twoDRegionQuality.twoDqualityInfo element
and shall be present in all the other
twoDRegionQuality. twoDqualityInfo element$ when
twoDRegionQuality@remaining area flag isequalfo 1.
NOTE # A player is suggested to parse 2D region-wise quality ranking (2DQR) descriptors and select the Adaptation Sets and
Repregentations that matches the user's viewing orientation in a manner that:

Te quatity Tanking vatue o the Tegion covering the viewport is greater tiram 0-amd tess tham that forother

regions.

— The resolution of the region covering the viewport is suitable for the display. If twoDRegionQuality@quality type
is equal
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 and height
of VisualSampleEntry can be used to conclude the resolution on the viewport.

to

1,
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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">

<xs:element name="twoDRegionQuality" type="omaf:twoDRegionQualityType"/>
<xs:complexType name="twoDRegionQualityType">

<xs:element name="twoDqualityInfo" type="omaf:twoDQualityInfoType"
minOgcurs="1" maxOccurs="255"/>
<xs:any namespace="##other" processContents="lax" minOccurs="1O"
maxOfcurs="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:bo¢lean"
use=[optional” default="0"/>

<xs:attribute name="quality ranking local flag" type5''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" proeessContents="lax"/>

/xs:complexType>

xs:complexType name="twoDQualityInfoType">
<xs:attribute name="quality ranking" type="xs:unsignedByte"
use=|required"/>
<xs:attribute name="view“idc" type="omaf:ViewType"
use=[optional"/>
<xs:attribute name={"0rig width" type="xs:unsignedShort"
use=|'optional"/>
<xs:attribute name="orig height" type="xs:unsignedShort"
use=|'optional"/>
<xs:attribmte name="left offset" type="xs:unsignedShort"
use=|'optional"/>
<xs:attxibute name="top offset" type="xs:unsignedShort"
use=|'optional"/>
<xstattribute name="region width" type="xs:unsignedShort"
use=|'optional"/>
<Xs:attribute name="region height" type="xs:unsignedShort"
use=['optional/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
/xsmC0mMplexType>
<ksysimpleType 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
"urn:mpeg:mpegl:omaf:2017: fomv" is referred to as a fisheye omnidirectional video (FOMV) descriptor.

to

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
FisheyeOmnivVideoBox. The @value attribute of the FOMV descriptor shall not be present. The FOMV
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
omalf : @view M omafiview | Has the same semantics as the view dimemsion idc syntay element (as
dimension_i DIdcType specified in subclausg 6.2.2) of the
dc FisheyeVideoEssentialInfoStrwtt () syntax structyre in the

FisheyeOmniVideoBox in the tracks carried in the representptions of this

adaptation set.

For ISO Base Media File Fotmat Segments, view dimension |
equal to view dimension idcinFisheyeVideoEssentia

dc shall be
| InfoBox in

sample entries of the)lnitialization Segment.

The dpta type for the attribute shall be as defined.inthe XML schema. An XML schema for fisheye omnidirectional
video|signalling shall be as shown below. The schema shall be represented in an XML schema that hlas namespace
urn:mpeg:mpegl:omaf:2017 and is specified as follows:

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="httpy//www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf="urnTmpeg:mpegl:omaf:2017"
elementFormDefatlt="qualified">
<xs:attribute, name="view dimension_ idc" type="omaf:viewDIdcType"/>
<xs:simplE€Type name="viewDIdcType">
<xsfrestriction base="xs:unsignedByte">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="7"/>
</xs:restriction>
<fxs:simpleType>
< /%S schema>

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
htt i

assignments/media-

the value of @mimeType can take any values specified in the link
es/media-t

es.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 itself conforms to the media type as specified in the @mimeType attribute

for this Representation.

When the| SegmentBase element is used for describing the Segment Infornjation,
SegmentBasle.Initialization element shall not be present.

When the | SegmentList element is wused for describing the Segment ~lnformation,| the
SegmentLisgt.Initialization element shall not be present.

When the |SegmentTemplate element is used for describing the Segment Information| the
SegmentTenplate.Initialization element and the SegmentTemplateRinitialization attribute
shall not be pfesent.

8.5 DASH MPD descriptors for omnidirectional media'in the namespace
"urn:mpeg:mpegl:omaf:2020"

8.5.1 XML namespace and schema

A number of YML elements and attributes are defined in\subclauses 8.5.2 to 8.5.6. These XML elements are defined
in a separate namespace "urn:mpegqg:mpegl: omaf@2020". These are specified in the schema documents ih each
subclause where a new MPD descriptor(s), element(s) or attribute(s) are specified. The namespace designatojr "xs:"
shall correspgnd to namespace http://www.w3.org/2001/XMLSchema as defined in W3C Recommendation,
XML Schema Rart 1: Structures. Items in the “Data type" column of tables in subclauses 8.5.2 to 8.5.6 use datatypes
defined in W3C Recommendation, XML /Schema Part 2: Datatypes and shall have the meaning as defined in W3C
Recommendation, XML Schema Part 2:.Datatypes.

8.5.2 Signalling of associatien

A SupplementalProperty element with a @schemeIdUri attribute equal to
"urn:mpeg:mpegl:omaf:2020:assoc" isreferred to as an association descriptor.

One or more assdciation descriptors may be present at adaptation set level, representation level, preselection level.

An association descriptor included inside an AdaptationSet, Representation or Preselection element
indicates that the parent element of this element’s descriptor (i.e. adaptation set/ representation/ preselection
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

-2:2021(E)

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 query shall evaluate to
one or more elements.
Assqciation@asso M omaf2: Values in this list specify the kind of association betwien the parent
ciafjionKindList listOfAssoc | element of this Association element’s descriptorf@hd fhe elements it
iationKind | is associated with.
Values

If this list includes a single entry then the iparent el
Association element’s descriptor is asseciated colled
the elements resulting from evaluation‘of all XPath queri
this Association element with the Kind of associatio
this attribute.

If this list includes multiple entries then the number of en
shall be equal to the number of entries in the list sig
attribute’s Association element. In this case the parg
this Association® element’s descriptor is associa
element(s) specified’by corresponding collocated XPath
Association\element individually (if the XPath quer
single element) or collectively if the XPath query resu
element$\with the type of association indicated by the cd
in this:attribute.

ement of this
tively with all
es signalled in
h indicated by

tries in the list
nalled in this
nt element of
ed with the
query in the
y results in a
ts in multiple
llocated value

The dpta types for various elements and attribuites shall be as defined in the XML schema. An XML s
shall |be as shown below. The schema\'shall be represented in an XML schema that ha
urn:mpeg:mpegl:omaf:2020 and is(specified as follows:

<?xml version="1.0"_‘encoding="UTF-8"?>

<xs:schema xmlns:xs=Thttp://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2020"
xmlns:omafsturn:mpeg:mpegl:omaf:2017"
xmlns:onaf2="urn:mpeg:mpegl:omaf:2020"
elementEormDefault="qualified">
<xs:element name="Association" type="omaf2:AssociationType"/>
<xgysimpleType name="listOfAssociationValues">

<xs:restriction>

<xs:simpleType>
<xs:list itemType="xs:string"/>
</xs:simpleType>

TR 1]

thema for this
S namespace

.llLJl_llLCllytll thu':— L
</xs:restriction>
</xs:simpleType>
<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 DASH

MPD, a

Viewpoint
"urn:mpeg:mpegl:omaf:2020:vwpt" isreferred to as a viewpoint information (VWPT) descripter

element with a @schemeIdUri attribute equa to

At most one YWPT descriptor may be present at adaptation set level and no VWPT descriptorhall be predent at
any other leyel. When no Adaptation Set in the Media Presentation contains a VWPT descriptor, the Media

Presentation is inferred to be contain only one viewpoint.

The VWPT depcriptor indicates the viewpoint the Adaptation Set belongs to.

An Image Adaptation Set having a viewpoint information (VWPT) descriptor carries a viewpoint that is an image.

The VWPT descriptor shall include an @value attribute and a ViewPointInfo element with its sub-elemenits and
attributes as dpecified in Table 26.

Table 26 — Semantics of elements and attributes of the VWPT descriptor

Elements an Use | Datatype Description

attributes fo

VWPT descriptor

@value M xs:string Specifiesthe viewpoint ID of the viewpoint. The value is a string that conftains
a bdse<10 integer representation of a viewpoint ID that shall be equal to the
viewpoint id value of a viewpoint group entity grouping.

ViewPointInfo 1 omaf2:ViewR_| Container element whose sub-elements and attributes provide informpation

ointInfolype | about the viewpoint.

ViewPointInfo 0 X§78tring This attribute specifies a string that provides human readable label for the

@label viewpoint.

ViewPointInfo T omaf2:Viewp | The attributes of this element specify the position information fof the

.Position ointPositionT | viewpoint.

ype

ViewPointInfo O XSTITT Spetifiesthe X position of the viewpoint, i umnits of 10—t mittimetres; in 3D

.Position@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

present

but
present,

ViewPointInfo.Position@y isinferred to be equal toze

0.

ViewPointInfo
.Pogition(@z

Xs:int

Specifies the Z position of the viewpoint, in units of 10 millj
space, relative to the common reference coordinate,systém.

If position of the viewpoint is dynamic, this attribute specif
viewpoint Z position for this viewpoint. Othefwise, this attribut
static viewpoint Z position.

When ViewPointInfo.Position is pre
ViewPointInfo.Position@z is not
ViewPointInfo.Position(z)'is inferred to be equal to ze

metres, in 3D

ies the initial
e specifies the

but
present,

sent

0.

ViewPointInfo
@injtialViewp
oinf

xs:boolean

If equal to true this attgibute specifies that this viewpoint
viewpoint that should,belused out of all the viewpoints in the c

If equal to false this attribute specifies that this viewpoint is
viewpoint in the eurrent Period.

In El Petriod at most one viewpoint
ViewPointInfo@initialViewpoint equal to true. When|
in a Périod has ViewPointInfo@initialViewpoint equ
ViewPointInfo@initialViewpoint is not present th
viepoint is specified by the associated initial viewpo
representation.

It should be avoided that a viewpoint is indicated as the initial
not the main role.

is the initial
lrrent Period.

not the initial

shall have
no viewpoint
al to true or if
bn the initial
nt metadata

viewpoint but

ViewPointInfo
.GpsPosition

0.1

omaf2:Viewp
ointGpsPositi
onType

The attributes of this element specify the GPS position inforr
viewpoint.

hation for the

ViewPointInfo
.GpsPosition@
longitude

omaf2:Longit
udeRange

Indicates the longitude of the geolocation of the viewpoint i
degrees. The value shall be in range of =180 * 223 to 180 * 223
Positive values represent eastern longitude and negative val
western longitude.

units of 2-23
-1, inclusive.
lles represent

If position of the viewpoint is dynamic, this attribute speciflies the initial

Viewpoint GPS position tongitude of the geotocatton for this viewpoint.
Otherwise, this attribute specifies the static viewpoint GPS position longitude
of 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 Use | Datatype Description

attributes for

VWPT descriptor

ViewPointInfo M xs:int Indicates the altitude of the geolocation of the viewpoint in units of
.GpsPositiong millimetres above the WGS 84 reference ellipsoid.

altitude

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.

ViewPointInfo 0.1 | omaf2:Viewp | The attributes of this element specify the relation between this‘viewpgint’s
.GeomagnetflicI ointGeomagn | common reference coordinate system relative to geomagnetic North
nfo eticInfoType | direction.

ViewPointInfo.GeomagneticInfo shall be present for at mos{ one
viewpoint in each viewpoint group.

ViewPointInfo 0 omaf:Rangel | Specifies the yaw of the rotation angle of X, Y, Z'axes of the common refefence
-GeomagneticI coordinate system relative to the geomagneti¢ North direction, in units of 2-16
nfolyaw degrees. The value shall be in the rdnge of -180 * 216 to 180 *21 - 1,

inclusive. When ViewPointInfo.GeéomagneticInfo is present and
ViewPointInfo.GeomagneticInfolyaw isnotpresentitisinferred to
be equal to 0.

If position of the viewpointyis,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 $tatic
viewpoint yaw rotation angle relative to geomagnetic North direction.

ViewPointInfo 0 omaf:Range2 | Specifies the piteh of the rotation angle of X, Y, Z axes of the common refefence
-GeomagneticI coordinate-system relative to the geomagnetic North direction, in units of 2-16
nfo€pitch degrees.The value shall be in the range of -90 * 216 to 90 * 216, inclysive.

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 $tatic
viewpoint pitch rotation angle relative to geomagnetic North direction.

ViewPointInfo 0] omaf:Rangel | Specifies the roll of the rotation angle of X, Y, Z axes of the common refefence
-GeomagneticI coordinate system relative to the geomagnetic North direction, in units of 2-16
nfo€roll degrees.The value shall be in the range of -180* 216 to 180 * 21 -1,

inclusive. When ViewPointInfo.GeomagneticInfo is present and
ViewPointInfo.GeomagneticInfolroll is not present it is inferred

P | A IPIaY
LU DT TYudl tU U.

If position of the viewpoint is dynamic, this attribute specifies the initial roll
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.

ViewpointlInfo 1 omaf2:Viewp | The attributes of this element specify the viewpoint group information for the
-GroupInfo ointGroupInf | viewpoint. If viewpoint group information for a viewpoint is dynamic, this
oType 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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o.SwitchRegio
n.VpRelative@
rectHeightPct

100% + 216 in the range of 1 (indicating 0%), inclusive, up to
65536 (that indicates 100%).

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

oupDescriptio this attribute indicates that the viewpoint group does not have a description

n but is identified by the ViewPointInfo.GroupInfol@groupId attribute.

ViewpointInfo 0.N | omaf2:Viewp | The elements and attributes of this element specify the viewppint switching

.SwitchingInf ointSwitchInf | list information

° oType

ViewpointInfo 0.1 | omaf2:Viewp | The elements and attributes of this element spegify the viewppint switching

.SwitchingInf ointSwitchRe | region information

o. SwitchRegio gionType

n

ViewypointlInfo M omaf2:restDa | This attribute specifies the region“type. Value equal to 0 spefifies that the

.SwitchingInf tType viewpoint switch region is positioned on the viewport. Valye equal to 1

o.SwitchRegio specifies that the viewpoint switch region is positioned on the sphere as a

neéregionType sphere region. Value equal\to 2 specifies that the viewpoint switch region is
specified by an overlay, Value equal to 3 is reserved.

ViewypointInfo 0.1 | omaf2:Viewp | This element and’its\attributes specify information about viewpoint switch

.SwitchingInf ointRelativeT | region positioned on the viewport. ViewpointInfo.SwitchingInfp.VpRelative

o.SyitchRegio ype shall be present only when

n.VpRelative ViewpointInfo.SwitchingInfo.switchRegion@regionType is
equal£6 0.

ViewypointInfo M xs:unsignedl | Thistattribute specifies the left corner of the viewpoint switch fegion, placed

.SwitchingInf Short on the viewport in percent relative to the width of the viewpprt in units of

o.SyitchRegio 100% + 216 in the range of 0 (indicating 0%), inclusive, up to [but excluding

n.VpRelative( 65536 (that indicates 100%).

rectLeftPct

VieypointInfo M xs:unsignedl | This attribute specifies the top corner of the viewpoint switch fegion, placed

.SwitchingInf Short on the viewport in percent relative to the height of the viewpprt in units of

o.SyitchRegio 100% =+ 216 in the range of 0 (indicating 0%), inclusive, up to [but excluding

n.VpRelative( 65536 (that indicates 100%).

recfTopPct

ViewpointInfo M xs:unsignedl | This attribute specifies the width of the viewpoint switch reglon, placed on

.SwitchinglInf Short the viewport in percent relative to the width of the viewpdrt in units of

o.SyitchRegio 100% + 216 in the range of 1 (indicating 0%), inclusive, up to |but excluding

n.VpRelative( 65536 (that indicates 100%).

rectiWidthPcet

ViewpointlInfo M xs:unsignedl | This attribute specifies the height of the viewpoint switch region, placed on

.SwitchingInf Short the viewport in percent relative to the height of the viewport in units of

but excluding
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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 Iis
equal to 1.

ViewpointInfo M omaf:Rangel | Center point azimuth orientation

.SwitchingInf

o.SwitchRdgio

n.SphereR€ggio

n@centerAzgimu

th

ViewpointInfo M omaf:Range2 | Center point elevation orientation

.SwitchingInf

o.SwitchRdgio

n.SphereR€ggio

n@lcenterEleva

tion

ViewpointInfo 0 omaf:Rangel [ Tilt angle of the spatial playback région on the unit sphere.

.SwitchingInf

o.SwitchRegio When absent, the value is¢0".

n.SphereR€ggio

n@centerTilt

ViewpointInfo 0 omaf:HRange | The azimuth range of the spatial playback region on the unit sphere.

.SwitchingInf

o.SwitchRdgio When absént, the value is the maximum value of the corresponding dataltype.

n.SphereRggio

n@azimuthHang

e

ViewpointInfo 0 omaf:VRange_J| The elevation range of the spatial playback region on the unit sphere.

.SwitchingInf

o.SwitchRdgio When absent, the value is the maximum value of the corresponding dataltype.

n.SphereRggio

n@elevatidnRa

nge

ViewpointInfo M xs:unsignedB | The geometric objects that define the region boundary

.SwitchingInf yte

o.SwitchRdgio "0" specifies that the region is specified by four great circles as shoyn in

n. SphereRjgio Figure 20.

n@shapeType
"1" specifies that the region is specified by two yaw circles and two pitch
circles as illustrated in 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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.SwitchingInf
o.SwitchRegio
n@label

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  specified by

. SwitchingInf ViewpointInfoSwitchinglnfo--SwitchRegion

o.SyitchRegio

n@i

ViewypointInfo 0 xs:string ViewpointInfo.SwitchingInfo.SwitchRegion@id fijom which the

-SwitchingInf parent Adaptation Set in the Period\ whose [dentifier is

o.SyitchRegio ViewpointInfo.SwitchingInfo.SwitchRegion@perjod shall be

n@region selected as to be played back after the current Period.

ViewypointInfo M xs:string @id of the Period to be played back-next (may not be the nex{ Period in the

.SwitchingInf MPD)

o.SyitchRegio

n@pg¢riod

ViewpointInfo 0 xs:string A label associated , with the spatial playback region |specified by

ViewpointInfo. SwitchingInfo.SwitchRegion

When|
intefpolate

ViewpointInfo.SwitchingInfo.switchRegionlregionType
for
ViewpointInfo.SwitchingInfo.SwitchRegion.SphereRegion isinferred to be equal to .

the

is equal to 1, the value of

Sphere region structure specified by

If the viewpoint is associated with a-timed metadata Representation carrying a timed metadata track with sample
entry type 'dyvp', the position-ofithe viewpoint is dynamic. Otherwise, the position of the viewpojnt is static. In
the fofmer case, the dynamic position of the viewpoint is signalled in the associated timed metadata Representation

carrying a timed metadatagtrack with sample entry type 'dyvp"'.

The dpta types for various elements and attributes shall be as defined in the XML schema. An XML s¢hema for this

shall

urn:

<?xml version="1.0" encoding="UTF-8"?2>
<x5:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2020"

be as shown\‘below. The schema shall be represented in an XML schema that hds namespace
npeg:mpegl:omaf:2020 and is specified as follows:

xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf2="urn:mpeg:mpegl:omaf:2020"
elementFormDefault="qualified">

<xs:

<xs:
<xs:

import namespace="urn:mpeg:mpegl:omaf:2017"
schemaLocation="OMAFV1.xsd"/>

element name="ViewpointInfo" type="omaf2:ViewpointInfoType"/>
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"/>
</xs:complexType>
<xs:complexType name="ViewpointPositionType">
.dLLLiUuLB ITalfie= Lype= .illL, usc— UL)LJ‘.UUG{J_ decldult="U
<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"
use=|required"/>
<xs:attribute name="latitude" type="omaf2:LatitudeRange"
use=|required"/>
<xs:attribute name="altitude" type="xs:int" use="re§dired"/>
<xs:anyAttribute namespace="##other" processContenps="lax"/>
/xs:complexType>
xs:complexType name="ViewpointGeomagneticInfoTypet >
<xs:attribute name="yaw" type="omaf:Rangel" mse="optional"
defaplt="0"/>
<xs:attribute name="pitch" type="omaf:Range2" use="optional"
defaplt="0"/>
<xs:attribute name="roll" type="omafsRangel" use="optional"
defaplt="0"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
/xs:complexType>
xs:complexType name="ViewpointGrgupInfoType">
<xs:attribute name="groupld{y,type="xs:unsignedByte" use="required" />
<xs:attribute name="groupDescription" type="xs:string" use="optional"/
<xs:anyAttribute namespace="##other" processContents="lax"/>
/xs:complexType>
xs:simpleType name="LatdtudeRange">
<xs:restriction base="xs:int">
<xs:minInclusive value="-754974720"/>
<xs:maxInchusive value="754974719"/>
</xs:restrictihon>
/xs:simpleType>
xs:simpleType name="LongitudeRange">
<xs:restriction base="xs:int">
<Xs:minInclusive value="-1509949440"/>
<xs:maxInclusive value="1509949439"/>
</xs:restriction>
/&svSimpleType>
XsicomplexType 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"
use="optional"/>
<xs:attribute name="id" type="xs:string" use="required"/>
gttt Tare=*reg ot type= TStriTotUSe= Y opCIonat
<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:unsignedSheoxt"
use="required"/>
<xs:attribute name="rectTopPct" type="xs:unsignedShort"
use="required"/>
<xs:attribute name="rectWidthPct" type="xs:unsignedShort"
use="required"/>
<xs:attribute name="rectHeightPct" type="xs+sunsignedShort"
use="required"/>
<xs:anyAttribute namespace="##other" pxroecessContents="lax"/>
</xs:complexType>
<xs:complexType name="SphereRegionStrdctType">
<xs:attribute name="centreAzimuth" Ytype="omaf:Rangel" use="requized"/>
<xs:attribute name="centreElevation" type="omaf:Range2"
use="required"/>
<xs:attribute name="centreT#lt" type="omaf:Rangel" use="required'|/>
<xs:attribute name="azimuthRange" type="omaf:HRange" use="optiongl"/>
<xs:attribute name="eleyationRange" type="omaf:VRange" use="optig¢nal"/>
<xs:attribute name="'sprapeType" type="xs:unsignedByte" use="requiged"/>
<xs:anyAttribute processContents="skip"/>
</xs:complexType>
</xs:schema>

8.5.4 Signalling of sub-picture composition identifier and its attributes

Sub-pjcture representations carrying sub-picture tracks belonging to the same 2D spatial relationsh]p track group
may He indicated by a‘sub-picture composition identifier element SubPicCompositionId signalled as a child
elemdnt of AdaptationSet element as specified in Table 27.

The SpbPicCompositionId element may be present at adaptation setlevel and shall not be present at any other
level.

An optionmal attribute  omaiZ:@nosingleselection May be present as an _ attribute of
SubPicCompositionId element.
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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:boolean When omaf?2 : SubPicCompositionId@noSingleSelection is

SubPicComposi "true", it specifies that this Adaptation Set consists of a sub-picture and

tionId@nosSing for ; ition-i i

leSelectign

SubPicCompositionId value of the parent element of this attribute
which is not intended to be selected alone for a presentation withoutat
one other Adaptation Set belonging to the same sub-picture compositio
identified by the SubPicCompositionId element that this attribute

belongs to.

When omaf2:SubPicCompositionId@noSingdeSelection is

hnd
least
h

"false", it specifies that this Adaptation Set may or'may not be intended fo be
selected alone for a presentation without at ledst pne other Adaptation $et
belonging to the same sub-picture compositienidentified by the
SubPicCompositionId element thatthis attribute belongs to.
When omaf?2:SubPicCompositienid@noSingleSelection i§ 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 as

shown Dbelow.

The schema shall
urn:mpeq:npegl:omaf:2020 and is specified as followst

be represented “n’ an XML schema that has name

<?xm]l version="1.0" encoding="UTF-8"2>

<xs:pchema xmlns:xs="http://www.w3s82g/2001/XMLSchema"

targetNamespace="urn:mpeg:mpegl:omaf:2020"

xmlns:omaf2="urn:mpeg:mpegl:omaf:2020"

elementFormDefault="gualified">

<xf:element name="SubPicCempositionId">

<xs:complexType>
<xs:simpleContent>

</ks:elemént>

<xs:éxtension base="xs:unsignedShort">

<ks:attribute name="noSingleSelection" type="xs:boolean"/>

</x%&:extension>

</xs\eimpleContent>
</xs:complexType>

</xstschema>

space

8.5.5 Signalling-ef-everlays

An EssentialProperty or SupplementalProperty

element with a @schemeIdUri 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

Ajsributes for OVLY

déescriptor

@qverlayIds omaf:listof | Specifies a whitespace-separated list of overlay IDs of pverlays as

M UnsignedSh | indicated by overlay id as specified)if’subclause 7.14.2. Each

ort specified overlay ID shall be unique.

@griority 0 omaf:listof | Indicates a whitespace-separated-list of overlay priorities|of overlays
UnsignedB | as indicated by overlay\priority as specified in subclause
yte 7.14.3.11. The number of overlay priorities shall be the §ame as the

number of overlay IDs ‘specified by the GoverlayIds a
the list of overlays ifi the same order as the list of overlay I
by the @overlayIds attribute. A value of @priority 4
indicates urspecified priority.

rtribute, for
Ds specified
qual to 255

The dpta type for the element shall be as defined’itisthe XML schema. An XML schema for this elem
below. The schema shall be . represented in an XML schema that hag
urn:mpeg:mpegl:omaf:2020 and is specified as follows:

shown

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="htkp://www.w3.0rg/2001/XMLSchema"

targetNamespace="urn:mpeg:mpegl:omaf:2020"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf2="4rn:mpeg:mpegl:omaf:2020"
elementFormPefault="qualified">
<xs:impoxt Jnamespace="urn:mpeg:mpegl:omaf:2017"
schemaLocation="OMAFV1.xsd"/>
<xs:glmpleType name="1istOfUnsignedShort">
<xs:restriction>
<xs:simpleType>
<xs:list itemType="xs:unsignedShort"/>
</xs:simpleType>
<xs:minLength value="1"/>

ent shall be as
namespace

</xs:simpleType>
<xs:simpleType name="1listOfUnsignedByte">
<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 corresponds to an EntityToGroupBox contained in a GroupsListBox of a file-level MetaBox.
EntityGroup@group type carries a four-character code applicable as a grouping type value of

EntityToGr

EntityGro
set is intende

oupBox.

@group type equal to 'oval' specifies a set of Representations of overlays. Each ©vetlay
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

in the

Elements and Use Data type Description

Attributeg for

EntityToGroup

descriptoy

EntityGroup 1.. omaf2: Container element which specifies an entity group. Its sub-

N EntityGroupT | element and attributes provide information about the entity
ype Type group

EntityGrouplgro | M dash:FourCCT | This attribute is a four-character code that identifies the type (ile.

up_type ype critexion used to form the entity groups) of the entity grouping
EntityGrouplgroup type shall be equal ito
grouping type of a single entity group contained in the
Initialization Segment.

EntityGgouplgro | M xs:unsihgiredI | 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 ito
EntityGroup@group type contained in the Initializatipn
Segment.

EntityGoup Ent | 1 .. omaf2:Entity | The attributes of this element list all the Adaptation Sets and

ityIdList N IaTYpe 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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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

@rer_overlay 1d UNSTgNedsnor | are user-switchable alternative for another overlay in the same
t list. When EntityGroup@group_ type is not equal fo

'oval',EntityGroup@ref overlay idshallno
present.

When present, the list EntityGroup@hef overlay
include at least one entry.

The first entry in the list is the initial overlay that shall
rendered before any userintetaction or switchable alt
selection.

The whitespace-separated list of overlay IDs shall be i
that specified:by-the list of ref overlay id[i] va
'oval' eftity group with the group_ id value equd
EntityGrouplgroup id in the Initialization Segnj

it be

_idshall

be
ernative

lentical to
ues in the
1 to
ent.

The d
shall

urn:

hta types for various elements and attributes'shall be as defined in the XML schema. An XML s

be as shown below. The schema shall be represented in an XML schema that h4g

<Xs

<xs:

npeg:mpegl:omaf:2020 and is specified as follows:

<?xml version="1.0" encodihg="UTF-8"?>
<xXSs:

schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"

targetNamespace="urn:mpeg:mpegl:omaf:2020"

xmlns:dash="urnwmpeg:dash:schema:mpd:2011"

xmlns:omaf2='urn:mpeg:mpegl:omaf:2020"

elementFormDefault="qualified">

import mamespace="urn:mpeg:dash:schema:mpd:2011"
sghemalLocation="DASH-MPD.xsd"/>

:impo¥E\ namespace=" urn:mpeg:mpegl:omaf:2017"

schemalocation="OMAFV1.xsd"/>
<xg':simpleType name="1istOfUnsignedShort">
<xs:restriction>
<xs:simpleType>

rhema for this
S namespace

<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"

<xs:anyAttribute processContents="skip"/>

use="optional"/>

</xs:complexType>

<xs:complexType name="EntityIdType">

use=

</xs

8.6 Segm

8.6.1 Initialization Segment for OMAF base track

<xs:attribute name="asid" type="xs:unsignedInt" use="required"/>
<xs:attribute name="rsid" type="dash:StringNoWhitespaceType "

"required"/>

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

:schema>

ent formats

8.6.1.1 General

The Initializat
base media fi
contain:

— Asingle s
— Asingle 1]
— Asingle T
8.6.1.2 Str¢

An Initializati
ordinality as

pam header

pecified in Tab

tream header, containing a FileTypeBox and a MovieBoxaccording to subclause 8.6.1.2.

rackBox for the OMAF base track according to subclause 8.6.1.3.

le 30.

ion Segment for an OMAF base track shall conform to the Initialization‘Segment format for the ISO
e format, as specified in ISO/IEC 23009-1. The Initialization Segment for an OMAF base track shall

rackBox for each OMAF tile track referenced byxthe OMAF base track according to subclause §.6.1.4.

bn Segment shall contain exactly one stream header, with ISOBMFF boxes and nesting, optionality and
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Table 30 — Stream header

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,
'Iggv subclauses 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, subelatise[19:2020, subclause|
8.8.2 7.5.1
trex 1 ISO/IEC/14496- ISO/IEC 23000-
12:2020, subclause|19:2020, subclause
8.83 7.5.14
8.6.1]3 Track box format for OMAF base track
An Inijtialization Segment shall contain exactly oné.\TrackBox for the OMAF base track, with ISOBMFF boxes and
nestinlg, optionality and ordinality as specified.in\Table 31.
Table(31 — Track box for OMAF base track
NLOJ NL1 | NL2 [ NL3 | NL4 |NL5(NL6|NL7|NL8 | 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, subclause|19:2020, subclause
8.3.2 7.5.4 except that
there are no
constraints beyond
those T iISO/EC
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
e + ISOHEE 4496 1SOHAEEC 23606
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-
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
8.6.1.2 7.5.12
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

An Initialization Segment shall contain exactly one TrackBox for each OMAF tile track referenced by the OMAF

DA

=

base t

Table 32 — Track box for OMAF tile track

NLOJ NL1 | NL2 [ NL3 | NL4 |NL5|NL6|NL7|NL8| Format Specification Gonstraints Description
Req.
trak + ISO/IEC 14496-
12:2020, subclause
8.3.1
tkhd 1 ISO/IEC\14496- ISO/IEC 23000-
12:2Q20, subclause[19:2020, subclause|
8.32 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
343
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-
12:2020, subclause
8.7.1
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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
stbl 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause [19:2020, subclause
85 75.12
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; sitbclause
8.6.1.2 7.5.12
stsc 1 ISO/IEC 14496- ISO/TEC 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 [SO/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 Til¢ Index Segment
This subclausg specifies an Index Segment format for all the OMAF tile tracks associated with the same OMAF base
track. Index Segments complying with this subclause are referred to as Tile Index Segments.
In the MPD, T{le Index Segments are indicated in the Representation carrying the OMAF base track. Each Tile|Index
Segment consjsts of a Segiment TypeBox and a MovieFragmentBox per each of the OMAF tile tracks. Tile|/Index
Segments fungtion as an-index to Tile Data Segments and can be selectively retrieved by an OMAF player, depgnding
on the currenf temparal and spatial position during playback.
The Tile Index Scsuxcut shattecontainthe1SOBMFFboxeswith-the ucotiug, uptiuua}it_'y atrd-ot diua“t:y as bpr;\_i fied in
Table 33.
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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,
8.16.3 shall precede all
'moof ' and
"'mof ' boxes.
meof * Subclause 7.1.6
Either + ISO/IEC 14496-
moof 12:2020,
'ng subclauses 8.8.4
’ and 8.19.7
mfhd 1 ISO/IEC 14496-
12:2020, subclause
8.8.5
traf + ISQ/1EE€14496- sample descript
1212020, 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 dogs not need the

composition 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 depijicts the reference architecture for OMAF content delivery over MMT:

o

i o

rL MMT Sending Entity ]4----'r """ )

4 3\ E
ADC Generator ;
. J i
Timed/Non-Timed i
( ) VR media in :
MPEG CI/PI MMTP Flow E
Generator ! !
\ J 1 '
L ] 1

i Viewport
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v '+ Application

MMTP/UDP i Signalling
MMTP/WebSockets i
Prgsentation Information/ E
Signalling i
- i
! i
) 3 b
< ( MMT ReFeiving ____i_____i
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] x :
HMD CurrentViewber + /HMD Information
r 7

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.

T orrect subset
f Assets that provide video content to cover the current viewport. The receiving entity uses the'VRR application-
pecific signalling as described in subclause 9.3 to send information about the current viewport to the sending

ntity.

o O Wn

9.2 | OMAF signalling in MPEG composition information

MMT pupports MPEG CI as the Presentation Information that describes the.nmedia presentation. In MPEG CI, OMAF
Asset$ shall be mapped to a to an HTML5 Canvas element instead of an\HTML5 video element as|shown in the
following example:

<MediaSync begin="T10M5S" dur="T32M" refld="canvasl">
<sourcelList componentId="VRvideg">
<mediaSrc
mimeType='video/mp4;codecs="encv.ckes.resv.podv+erpv.hvcl"'>
medial.mp4</mediaSrc>
</sourcelList>
</MediaSync>

The cpdecs MIME type parameter shall be:set according to ISO/IEC 14496-12.

The ufker agent should decode the OMAF Asset in the background, e.g. using a hidden HTML5 vide¢ element and
rendefr the omnidirectional mediato-the referenced HTML5 Canvas element.

For vlew-dependent mediasstreaming and playback, the media data should be retrieved using a|protocol that

suppdrts view-dependent-streaming of VR content, such as using MMT with VR specific signalling ([see subclause
9.3). Ih such case, an MMTF-session entry point should be used as the mediaSrc element.

9.3 | VR application-specific MMT signalling

9.3.1 General

MMT, 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.

— VRViewD
viewport|

streamed to the receiving entity.

The VRViewpprtChangeFeedback and VRViewDependentAssetsinformation message are used together to su

server-driven

client-driven yiew-dependent streaming scenario, respectively.

To support guided rendering, where the renderer follows an indicated Region of Interest, or to follo

recommendeq

The list of deflned application message types is provided in Table 35.

9.3.2

Table 35 — VR application message types

Application Message Type Application Message Name
0x01 VRViewDependentSupportQuery
0x02 VRViewDependentSupportResponse
0x03 VRViewportChangeFeedback
0x04 VRViewDependentAssetinformation
0x05 VRROIGuide
0x06 VR3DAudioAssetInformation
0x07}0xFF Reserved for future use
MMT signalling

9.3.2.1 VRInformation asset descriptor

| viewport timed metadata track of OMAF, the VRROIGuide application message type is defined,

ependentAssetsiniormation: upon determining the set ol UMAF Assets that match the reqgested
the sending entity sends this message to inform the client about the new OMAF Assets that'will be

pport

view-dependent streaming of OMAF Assets. The content selection message is used to support the

w the

9.3.2.1.1 General

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
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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
2dqr _flag 1 bslbf
viewingspace info flag 1 bslbf
viewpoint fizg T bslbf
reserved 111 3 bslbf
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 uimsbf
ViewpointInformationStruct (0,0)
viewpoint_label length 8 uimsbf
for (i=07 i’ < viewpoint label length; i++)
viewpoint label byte[i] 8 uimsbf
viewpoint groupdescr length 8 uimsbf
for (i=0; i < viewpoint groupdescr_length,; i++)
viewpoint group description byte[i] 8 uimsbf
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 S¢mantics
descrigtor tag indicates the type of a descriptor.

descrigtor length specifies the length in bytes counting from the next bytéafter this field to the lagt byte
of thg descriptor.

rwfp fllag equal to 1 indicates that region-wise frame packing has been applied to the content of this|Asset
and that the RegionWisePackingStruct () thatdescribes, it is-present.

srgr_fllagequal to 1 indicates that sphere region quality infermation is present.
2dgr_fllag equal to 1 indicates that 2D region quality information is present.

viewingspace info flag equal to 1 indicates that viewing space information as specifi¢d by
ViewingSpaceStruct () is present in this VR information descriptfor ().
Viewingspace info flag equal to 0" indicates that viewing space information as specifipd by
ViewingSpaceStruct () is not presentinthis VR information descriptor ().

viewpoint flagequalto 0indicatesthatcontentinthe corresponding asset contains viewpointinformation
corresponding to the viewppint identifiable by viewpoint id.When viewpoint flag isequdltol,
the agset contains only onéviewpoint.

ProjectionFormatSgruct() provides information on the projection format that is |used.
ProjlectionFommatStruct() is identical to the definition in subclause 7.5.2.

InitiallViewingOrientationSample() provides information about the current initial viewing
orienfation.TnitialvViewingOrientationSample() is identical to the definition in subclause 7.7.4.

ContentCoverageStruct() indicates the sphere region(s) covered by the track
ContentCoverageStruct() isidentical to the definition in subclause 7.5.5.

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.

198 © ISO/IEC 2021 - All rights reserved


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

ISO/IEC 23090

-2:2021(E)

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

v

4

9.3.2
9.3.2,

The sy

definition in subclause 7.14.1.
iewpoint_id specifies the identifier of a viewpoint.

iewpointInformationStruct (0, 0) providesinformation about the viewpoint repre
asset as specified in subclause 7.12.2.2.

sented by this

iewpoint label length specifies the length in bytes of the human readable text label for
with identifier specified by viewpoint id.

iewpoint label byte[1i] specifies the i-th UTF-8 character of the viewpoint labeél string.

iewpoint groupdescr length specifies the length in bytes of the human-readable tex
description of a viewpoint group for the viewpoint specified by viewpoint) id.

iewpoint group description byte[i] specifies the i-th UTE<8 character of the de
viewpoint group.

ransitioneffect scheme uri length[Jj] specifies the‘length of j-th transition effeg
element in bytes. transitioneffect scheme urivlength[j] shall not be equs
transition_effect_type is equal to 6.

ransition effect uri byte[j] [1i] specifies the i-th UTF-8 character of the j-th trd
scheme URI. For each j, overall transition effect scheme URI assembled from
transition effect scheme uri bgte[j][1] foreachi, shall be formatted asana

specified in IETF Internet Standard 66.

ransitioneffect scheme value length[j] specifies the length of j-th transition
value element in bytes.

ransition effect scheme value byte([j][i] specifies the i-th UTF-8 charactg
transition effect scheme value.

2 VRViewDependentSupportQuery
2.1 Syntax

mtax of-the VRViewDependentSupportQuery is shown in Table 37.

the viewpoint

t label for the

scription of a

t scheme URI
1l to 0 when

nsition effect
roncatenating
bsolute URI as

pffect scheme

r of 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 ==

"prn-mpeg-mmitcappneyvr-20717")
1 1+

{

app message_type 8 uimsbf
if (app_message type == 0x01) {
hmd_hor_resolution 16 wimsbf
hmd ver resolution 16 uimsbf
hmd_hor_fov 32 uimsbf
hmd ver fov 32 uimsbf

9.3.2.2.2 Se¢mantics
messagqg id indicates the identifier of the VRViewDependentSupportQuery message.
version indicates the version of VRViewDependentSupportQuery message.

length ipdicates the length of VRViewDependentSupportQuery message in bytes, counting from the beginning
of the pext field to the last byte of the VRViewDependentSupportQuery message. The value of this field shall
not be equal to 0.

applicgtion identifier indicates the application identifier as a urn that uniquely identifigs the
applicption to consume theteontents of this message.

app _meslsage_type defines an application-specific message type provided in Table 35.

hmd hor resolgtton and hmd ver resolution provides the horizontal and vertical resolution of the
display of the-HMD in units of square pixels.

hmd hor o and hmd ver fov provide the horizontal and vertical field of view of the HMD, in units pf 2-16
degrees. hmd hor fov shall be in the range of 0 to 360 * 216, inclusive. hmd ver fov shall be in the
range of 0 to 180 * 216, inclusive.

9.3.2.3 VRViewDependentSupportResponse
9.3.2.3.1 Syntax

The syntax of the ViewDependentSupportResponse is shown in Table 38.

200 © ISO/IEC 2021 - All rights reserved


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

9.3.2,

9.3.2

9.3.2.

ISO/IEC 23090-2:2021(E)

Table 38 — VRViewDependentSupportResponse syntax

message payload{
application_identifier()

if (application identifier ==

"pNrn-mpeg-mmEtcapneyvr-2017")
+ f

Syntax Value No. of bits Mnemonic
Application() {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf

{

app message_type 8 uimgbf
if (app message type == 0x02) {
view_dependent support 1 bslbf
reserved 11111171 7 uimgbf

3.2 Semantics

Essage id indicates the identifier of the VRViewDependentSupportResponse message.
brsion indicates the version of VRViewDependentSupportResponse message.

beginning of the next field to the last’byte of the VRViewDependentSupportResponse mess
of this field shall not be equal to 0.

bplication identifier ~indicates the application identifier as a urn that uniquely
application to consume the'contents of this message.

bp message_type.defines an application-specific message type provided in Table 35.
iew dependent/support equal to 1 indicates that view-dependent streaming is supported

Serverx

4 » VRViewportChangeFeedback

ength indicates the length of VRViewDepéndentSupportResponse message in bytes, counting from the

hge. The value

identifies the

by the server.

view dependent support equal to 0 indicates that view dependent streaming is not supported by the

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

message payload{

Syntax Value | No. of bits Mnemonic
Application() {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf

application_identifier()

if (application identifier ==

"prne-mpeg-mmitcappneyvr-2017")
1 1+

{

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 Sgmantics
messagg id indicates the identifier of the VRViewport€ChangeFeedback message.

version indicates the version of VRViewportChangeFeedback message.

lengthi
then
be eq|

applicdtion identifier _indicates the application identifier as a urn that uniquely identifig

appli

app_megsage type defines an application-specific message type provided in Table 35.

dirx, dilry, and@irz define the %, y, and z component, respectively, of the three-dimensional vi

direc
sphef
6553

hdicates the length of VRViewportChangeFeedback message in bytes, counting from the beginr
ext field to the last byte of the VRViewportChangeFeedback message. The value of this field sh
ual to 0.

Fation to consume thecontents of this message.

ion unitwvector in a Cartesian coordinate system with (x, y, z) equal to (1, 0, 0) corresponding
e lecation with (¢, 8) equal to (0, 0). The value of dirx, diry, or dirz shall be in the range

ing of
hll not

bs the

ewing

to the
f1to

b, 'inclusive, where 1 corresponds to -1, 32768 corresponds to 0, and 65535 corresponds to +1

The fields dirx, diry, and dirz may be calculated according to the azimuth ¢ and elevation 6, which may be
obtained from HMD sensor. Herein, the viewing direction denotes a three-dimensional vector from the
centre of the sphere pointing to a location on the surface of the sphere. An example of specifying dirx,
diry,and dirz is given in Clause F.2.
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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
This sfignalling is used to indicate to the receiving entity that MMT packets belonging to the néw assgt as specified
by th¢ packet_id will be sent to the receiving entity from the sending entity. Upon receiving this signal, the next
fragmient received by the client belongs to the new Asset as indicated by the packet-id.)Based on th¢ Asset ID, the
rendefrer is able to correctly associate the received media with the coverage information and to corregtly render the
omnidirectional video using the video texture from the new asset.

9.3.2.5.2 Syntax

The syntax of the VRViewDependentAssetInformation is shown in Table'40.

Table 40 — VRViewDependentAssetInformation syntax

Syntax Value No. of bits | Miemonic
Ppplication () {
message_id 16 imsbf
version 8 imsbf
length 16 imsbf

message payload{
application_identifier()

if (applicatiomidentifier ==
"urn:mpegtmmt:app:vr:2017")
{

app.message_ type 8 uimsbf
ifi{app message type == 0x04) {
reserverd 1111 8 bslbf
1111’
packet_id 16 uimsbf

ContentCoverageStruct ()

© ISO/IEC 2021 - All rights reserved 203


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

ISO/IEC 23090-2:2021(E)

9.3.2.5.3 Semantics

message id indicates the identifier of the VRViewDependentAssetInformation message.

version indicates the version of VRViewDependentAssetInformation message.

length indicates the length of VRViewDependentAssetinformation message in bytes, counting from the
beginning of the next field to the last byte of the VRViewDependentAssetInformation message. The value

of this field shall not be equal to 0.

application identifier indicates the application identifier as a urn that uniquely identifies the

applifation to consume the contents of this message.

app_message type defines an application-specific message type provided in Table 35.

packet |id indicates the packet_id thatis associated with the OMAF Asset. This field is pasSed to the rerjderer
to indicate the Asset ID of the asset that is currently being received and played in high.resolution. Baged on
the Asset ID, the renderer is able to determine the coverage information of thé video texturg that

corregponds to the current Asset.

ContentlCoverageStruct () indicates the sphere

ContlentCoverageStruct() is identical to the definition in subclayse-7.5.5.

9.3.2.6 VRROIGuide

9.3.2.6.1 General

region(s) ,.covered by the content.

MMT sending|entity sends VRROIGuide message to guide what\to display from the delivered entire video cantent.
If the MMT regeiving entity receives the media data of the entire video, only the region specified by the VRROIGuide

message shalllbe presented.
9.3.2.6.2 Syntax

The syntax ofVRROIGuide message is definedtin Table 41.

Table 41 — VRROIGuide syntax

204

Syntax Value Nl;)i.t:f Mnemonic
Applicafion() {
mesgage id 16 uimsbf
VerEion 8 uimsbf
length 16 uimsbf
mespage” payload{
application_identifier()
if (application identifier ==
"urn:mpeg:mmt:app:vr:2017")
{
app message_type 8 uimsbf
if (app_message type == 0x05) {
guide type uimsbf
reserved "1 111 7 bslbf
region_type uimsbf
guide region () {
if ((region_ type == 0x01) ||
(region_ type == 0x03)) {
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guide shape type 8
SphereRegionStruct (1, 1)
}

else if ((region type == 0x02) ||
(region type == 0x04)) {
centre x 16
centre y 16
width 16
height 16
}
)
guide start 32
guide duration 32

uimsbf

uimsbf
uimsbf
uimsbf
uimsbf

uimsbf
uimsbf

9.3.2,

m

6.3 Semantics
Essage idindicates the identifier of the VRROIGuide message;
crsion indicates the version of VRROIGuide message.

cngth indicates the length of VRROIGuide message ifubytes, counting from the beginning of th
the last byte of the VRROIGuide message. The value of this field shall not be equal to 0.

pbplication identifier indicates the-dpplication identifier as a urn that uniquely
application to consume the contents of this' message.

bp message_type defines an appli¢ation-specific message type provided in Table 35.
1ide type indicates whetherlpresenting only the guide region specified by guide region

If this flag is set to 1, only'the guide region should be displayed. If this flag is set to 0, both th
and the rest of region may be displayed.

Table 42 — Value of region_type

cgion type defifiesthe type of guide region. The values for this field are specified in Table 42.

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

e next field to

identifies the

is mandatory.
b guide region

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.
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For the SphereRegionStruct (1,

be equal to 0.

1) when included in the guide region(), interpolate shall

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.

guide dtart indicates the presentation time of media data where the region guide starts. Thisfield is
time In NTP format and 32 bits long.

guide duration indicates the duration the region guide from the time indicatedyby guide starf

field 1s expressed in milliseconds.

9.3.2.7 Stereo video asset descriptor

9.3.2.7.1 Syntax

The syntax ofthe Stereo Video Asset descriptor is shown in Table 43:

Table 43 — Stereo video asset descriptor

a UTC

. This

StlereoVideoBox ()

Syntax Value | No.ofbits | Mnemonic
Stereo_viideo_descriptor(){
descriptor tag 16 uimsbf
d%criptor_length 8 uimsbf

9.3.2.7.2 Semantics

descrigdtor tag indicates the type of a descriptor.

descridtor lénegth specifies the length in bytes counting from the next byte after this field to the las

of thg descriptor.

t byte

StereoVideoBOX () Provides a copy Of the StTeTeovVIdeoBoX as detimed i ISO/TEC 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()
1T (application 10entiIlier=="urn:mpeg :mmt:app:vL:2Z0L7™)
{ app_message_type 8 uimsbf
if (app_message type == 0x06) {
number of assets 8 uimsbf
for (i=0; i<number of assets; i++) {
asset_id length 32 uimsbf
for (j=0; j<asset id length; j++) {
asset_id byte 8 uimsbf
}
codec_code 4*8 uimsbf
profile level indication 8 uimsbf
num_preselections 8 uimsbf
channel configuration 6 uimbsf
multi_ stream info_ present 1 bslbf
reserved '"1' 1 bslbf
for (j=0; j<num preselections; j++) {
preselection_id 8 uimbsf
interactivitylenabled 1 bslbf
language present 1 bslbf
accessibility role present 1 bslbf
label. present 1 bslbf
reserved '"1111' 4 bslbf
if (language present) {
num_languages_minusl 8 uimbsf
for (k=0; k<num languages minusl+1l;k++) {
language_length 8 uimbsf
for (1=0;1< language length;l++) {
language_byte 8 uimbsf
}
)
}
if (accessibility role present) ({
for (k=0; k<num languages minusl+1l;k++) {
accessibility 8 uimbsf
}
role 8 uimbsf
}
if (label present) {
label length 8 uimbsf
for (k=0; k< label length; k++) {
label data byte 8 uimbsf
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No.
Syntax Value of | Mnemonic
bits
}
}
if (multi stream info present) {
preselection_aux_stream info() Table 46
}
} /* end of for num preselections loop */
if (multi stream info present) {
multi stream info() Tahle 47

}
} /* end of for number of assets loop*/

} /* end of if (app message type == 0x06)*/

9.3.2.8.3 S¢mantics
message id indicates the identifier of the VR3DAudioAssetInformationmessage.

version indicates the version of VR3DAudioAssetInformation méssage.

length |indicates the length of VR3DAudioAssetInformatioh.message in bytes, counting from the beginning
of theg next field to the last byte of the VR3DAudioAssetinformation message. The value of this field shall

not be equal to 0.

applicgtion identifier indicates the application identifier as an urn that uniquely identifigs the

appligation to consume the contents of this’message.
app_message type defines an application-specific message type provided in Table 35.
number |of assets specifies the number of audio assets described by this descriptor.
asset_ild length specifiésithe length in bytes of the audio asset ID.

asset_ild byte contains a byte of the audio asset ID.

codec_dode specifies the 4-character code for MPEG-H 3D Audio. The value of these four characters shall be

one of 'mhmd' or 'mhm2 ' with a semantic meaning for these codes as specified in ISO/IEC 23008-3.

profile Tevel Indication malcates the audio profite and tevet of the associated presetectiomand shall
contain an mpegh3daProfilelLevelIndication field as specified in ISO/IEC 23008-3:2019,

subclause 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 Gro
field as specified in ISO/IEC 23008-3:2019, subclause 15.3.

upPresetID

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.

a

Ccessibility role present equal to 1 indicates that accessibility and role inform
Preselection is present.

bbel present equal to 1 indicates that a text label for this Preselection is preseft:

im languages_minusl plus 1 specifies the number of languages that areavailable within thi
When not present the value of num_languages_minus1 shall be inferred to’be equal to 0.

bnguage length specifies the length in bytes of each language-supported in the Preselec
language in the loop (k is equal to 0) shall be the primary lanhguage for the Preselection. 1
language(s) in the loop (k is not equal to 0) shall indicate‘the additional language(s) ay
Preselection.

Preselection shall be given by a language tag as defined by IETF BCP 47, Tags for Identifying L
language indicated by this field should correspond to the information
mae contentLanguage of the default dialog element: the maeGroup which is marked
mae_switchGroupDefaultGrouplD ahd istagged inmae contentKind as dialog. Th
is carried in the AudioSceneInformation () of the MPEG-H Audio stream as specifi
23008-3.

~cessibility identifies thesaccessibility support for each language in this Preselection. Tab
the bit used to indicate ifthe'Preselection contains support for a particular audio accessibility

accessibility servicel

Table 45 — Accessibility bits

htion for this

b Preselection.

tion. The first
he remaining
ailable in the

bnguage byte contains a UTF-8 character of the K:th’language of the Preselection. The lapguage of the

nnguages. The
ronveyed in
as default in
s information
bd in [SO/IEC

le 45 specifies
service. When

one bit specified in Table 45 is set to '1' it indicates the Preselection contains the corresponding audio

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 scheme
@schemeIdUri equal to "urn:mpeg:dash:role:2011" defined in ISO/IEC 23009-1: For a
descrjiption of the role values, see ISO/IEC 23009-1:2019, subclause 5.8.5.5.

label llength specifies the length in bytes of this Preselection text label.

label data byte containsa UTF-8 character of the Preselection text label.

Table 46 — Syntax for preselection_aux_stream_info()

Syntax Value No. of bits Mnemonig

preseleqtion 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 fqr this
specific Preselection.

aux_stream id ientifies the ID of theauxiliary stream that is required for this specific Preselection.

Table 47 — Syntax for multi-stream_info()

Syntax Value | No.ofbits | Mnemonik
multi sfream info ()\\
thig is main{stream 1 bslbf
thig stream id 7 uimbsf
reserved "1 1 bslbf
bundle’ id 7 uimbsf
if (thls is main stream) {
reserved "1 1 bslbf
num_auxiliary streams 7 uimbsf
for (m=0; m<num auxiliary streams; m++) {
reserved 1 1 bslbf
auxiliary stream id 7 uimbsf

this 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
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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.

num_auxiliary streams indicates the number of auxiliary streams that are available to be combined with

the main stream.

9.3.2]9 VR fisheye information asset descriptor

9.3.2.9.1 General

apixiliary stream id identifies the ID of the auxiliary stream. The ID of all auxiliary strpams shall be
unique within one bundle.

This dsset descriptor is used to inform the receiving entity and the VR application about the content|of the current
asset that carries VR fisheye content. The information describes the essential fisheye video parameters for enabling
stitch]ng and rendering at the receiving entity.

9.3.2.9.2 Syntax

The syntax of the VR fisheye information asset descriptet;is shown in Table 48.

Table 48 — VR fisheye information asset descriptor syntax

FisheyeVideoEssentialInfoStruct ()

Syntax Value No. of bits | NInemonic
VR fisheye information descxipitor () {
descriptor_tag 16 uimsbf
descriptor length 16 uimsbf

9.3.2.9.3 Semantics

descriptor tag indicates the type of a descriptor.

desériptor length specifies the length in bytes counting from the next byte after this field to the last byte

of the descriptor.

FisheyeVideoEssentialInfoStruct () provides information about the fisheye video content of the
current asset. FisheyeVideoEssentialInfoStruct () isidentical to the definition in subclause 6.2.
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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 protfiles for video

Media Profile Codec | Profile Level | Scheme Types Brand | Subclause
HEVC-bas¢d viewport- HEVC | Main 10 5.1 podv and erpv hev il 10.1.2
independgnt OMAF video

profile

Unconstrained HEVC-based | HEVC | Main 10 any podv and erpv uhvi 10.1.5
viewport-independent

OMAF vidgo profile

HEVC-bas¢d viewport- HEVC | Main 10 5.1 podv and.at least one | hevd 10.1.3
dependent OMAF video of erpv and ercm

profile

AVC-based viewport- AVC Progressive| 5.1 podv and at leastone | avde 10.1.4
dependent 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 For the HEVC Main 10 profile, the bit depth of decoded pictures can be either 8 bits or 10 bits.

10.1.2 HEVC-basedviewport-independent OMAF video profile

10.1.2.1 General

This OMAF 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.

All the active SPSs of the bitstream shall be constrained as follows:

— gFTEeTal_progressive_source_ttag sttt beequattot:
— general_frame_only_constraint_flag shall be equal to 1.
— general_interlaced_source_flag shall be equal to 0.

When|VUI is present, aspect_ratio_idc should not be present or aspect_ratio_idc should be equal to 0 (unspecified)
or 1 ($quare).

NOTE| When aspect_ratio_idc is not present, Rec. ITU-T H.265 | ISO/IEC 23008-2'spécifies that aspect_ratio_iflc is inferred to
be equal to 0.

For edch picture, there shall be an equirectangular projection SEI nfessage present in the bitstream that applies to
the pifture.

When|present, a frame packing arrangement SEI message shall be constrained in either of the follow|ng ways:
— frame_packing_arrangement_cancel_flag shall be.equal to 1.

— Al of the following constraints apply:

- frame_packing_arrangement_typeshall be equal to 3, 4, or 5.

— quincunx_sampling flag shall'be equal to 0.
— content_interpretation_type shall be equal to 1.

When|the video does not'cover the entire sphere, for each picture, there shall be a region-wise packing SEI message
present in the bitstream-that applies to the picture.

When| present~the region-wise packing SEI messages shall indicate constraints that comply with the
equir¢ctangularprojected video scheme type 'erpv' specified in subclause 7.6.1.3.

10.1.2.3'SEI message related ISO Base Media File Format constraints

This subclause specifies ISOBMFF constraints depending on the presence of omnidirectional video SEI messages 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 picture,

ProjectionFormatBox with projection type equal to 0 shall be present in the sample entry applying
to the sample containing the picture.

© ISO/IEC 2021 - All rights reserved 213


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

ISO/IEC 23

090-2:2021(E)

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 the

Vis
erp_

— IfSp
1. 0t

— The
— If
pac
top
— num
— gua
— pac
— pro
— pro
— pro
— pro
— tra
— pac

— pac

eft guard_band_width + erp_right_guard_band_width.

htiallyPackedStereoFlagis equal to 1, constituent picture matching flag@hall be ed
herwise, the value of constituent picture matching flag shall be equalte 0.

value of proj picture height shall be equal to packed picture height.
SideBySideFlag is equal to 1, proj picture width/, shall be equa
ked picture width -horFact* 2 * gbWidth. Otherwise, projpicture width shall be
hcked picture width - horFact* gbWidth.

| regions shall be equal to 1.

rd band flag[0] shall be equal to 1.

king type[0] shall be equal to 0.

j reg width[O0] shall be equalto projipicture width /HorDivl.

j reg height [0] shall be equalto proj picture height /VerDivl.

j reg top[0] shall be equalto 0.

j reg left[0] shallbe equalto 0.

hsform type [0]yshall be equal to 0.

ked reg_SWwidth[0] shall be equalto proj picture width /HorDivl.

ked(teg height [0] shall be equal to proj picture height /VerDivl.

— pac

3 PPN RS L I 1 1 P
cd Ireg LOPTUT SIdailoe cqudl tU U.

— packed reg left[0] shall be equal to erp_left_guard_band_width * horFact.

— left gb width[O0] 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.

214

[aTSampleEntry containing the ReglonWisePackingBox, and let gbWidth be eqgal to

ual to

to
equal
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NOTE When a file writer has no information whether sample values of the guard bands are used in the inter prediction
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, inclusive.

When the bitstream contains a frame packing arrangement SEI message applying to the picture,
StereoVideoBox shall be present in the sample entry applying to the sample containing the picture. When
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.

10.1.

When
File
comp
tracks

comp
to thig

A tra
File

Atlea

NOTE
Conse

The
Comp

g

The u

NOTE

LHEV

HEVC
consti

When the

bitstream contains a region-wise packing SEI message applying to

hen present, RegionWisePackingBox shall signal the same information as in the regiomn;wi
essage(s).

2.4 ISO Base Media File Format constraints
a track is the only track in a file, compatible brands containingya)brand equal t
I'vpeBox indicates that the track conforms to this media profile. When ‘a file contains m

btible brands containing a brand equal to "hevi' in FileTypéBoex indicates that at l¢
conforms to this media profile.

btible brands containing a brand equal to 'hevi' in Tr&ckTypeBox indicates that the t
media profile.

"k of this media profile shall be indicated to conform to this media profile through o
[vpeBox and TrackTypeBox.

5t one sample entry type of each sample entry 0f the track shall be equal to ' resv'.

1 'resv' does not have to be the track sample entry type when the track has undergone several t
juently, this media profile can also be used,when the track is protected.
htibleSchemeTypeBox.inthe same RestrictedSchemeInfoBox shall include 'podv'’
htransformed sample entry type, derived as specified in ISO/IEC 14496-12, shall be equal to '}
P Consequently, parameter sets are not present inband within samples.
CConfiguwationBox shall notbe presentin VisualSampleEntry.

ConfigurationBox in VisualSampleEntry shall indicate conformance to the eleme
aints specified in subclause 10.1.2.2.

the picture,
hg the picture.
5e packing SEI

b 'hevi' in

ultiple tracks,
st one of the

fack conforms

e or both of

ransformations.

cheme type values of SchémeTypeBox in the RestrictedSchemeInfoBox and of all instances of

nd 'erpv'.

vcl'.

ntary stream

The constraints specified in subclause 10.1.2.3 apply to the track conforming to this media profile, where the
bitstream based on which the constraints are derived is reconstructed from the track as specified in subclause
10.1.2.5.

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

a

file containing at least the track.
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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) that provide the input for the semantics of sample locations within the decoded picture as specified in
subclause 7.5.1.

10.1.2.6 Exp

OMAF player
subclause 10.
video scheme

When receivi
metadata, as s
as specified il
metadata Rep

10.1.3  HEY

10.1.3.1 Gen

This profile al
the resolution]
user's viewing
to use extract

ected OMAF player operation

conforming to this media profile are expected to process either all referenced SEI-messa
[.2.2 or all allowed boxes within the SchemeInformationBox for the equiredtangular pro|

type.

pecified in subclause 7.7.4, is present and associated with a media Représentation selected for pl
W subclause 8.2.3, OMAF players are expected to receive and parse\the initial viewing orien
resentation and obey it when rendering the media Representation.

/C-based viewport-dependent OMAF video profile
eral

ows unconstrained use of rectangular region-wise packing. With the presence of region-wise pa
or quality of the omnidirectional video cane emphasized in certain regions, e.g. according
orientation. In addition, the untransformed sample entry type 'hvc?2 ' is allowed, making it pg
brs and get a conforming HEVC bitstreafiv when tile-based streaming is used.

ges in
ected

hg and playing a DASH presentation and a Representation containing-initial viewing orientation

aying,
tation

cking,
to the
ssible

10.1.3.2 Elementary stream constraints

The elementaly stream constraints apply;to the HEVC bitstream that is reconstructed from a file as specified in
subclause 10.1.3.4.

The HEVC bit{ video

profile, with t

tream shall comply.with the same constraints as the HEVC-based viewport-independent OMAF
he following exceptions:

For each bn SEI

message

picture, there shall be either an equirectangular projection SEI message or a cubemap projecti
presentin the bitstream that applies to the picture.

When present, the region-wise packing SEI messages shall indicate constraints that comply with the
equirectangular projected video scheme type 'erpv' specified in subclause 7.6.1.3 or the packed
equirectangular or cubemap projected video scheme type 'ercm' specified in subclause 7.6.1.4.

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 both of
FileTypeBox and TrackTypeBox.

At least one sample entry type of each sample entry of the track shall be equal to 'resv'.

NOTE 1

Consequently, this media profile can also be used when the track is protected.

'resv' does not have to be the track sample entry type, when the track has undergone several transformations.

The scheme type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of
CompatibleSchemeTypeBox inthe same RestrictedSchemeInfoBox shallinclude 'podv' and atleastone
of 'erpv'and 'ercm’'.

The uIntransformed sample entry type, derived as specified in ISO/IEC 14496-12, shall be equal

'hvc

When|
referd
HEVC

For ed
identi

NOTE

above
a) It
b) F

th
53

1)

2)

D'

the untransformed sample entry type is 'hvc2', the track shall include one\or more
nces. The referred tracks shall conform to the HEVC-based viewport-independent OMAF vided
based viewport-dependent OMAF video profile.

ch sub-picture bitstream carried in a referred track, the value of eachs$ample in each decoded
cal to the value of the corresponding sample in the decoded reconstructed picture.

P The following two constraints for each sub-picture bitstream carried“in a referred track are sufficier
constraint to be satisfied, but in some cases, they are more than necessary:

is required that there are no sample values outside the picturé that are referenced for inter prediction.

r prediction units located on the right-side picture boundary except the last one at the bottom-right cornd
e following applies when CuPredMode[ xPb ][ yPb ] issequal to MODE_INTER, where ( xPb, yPb) speci
mple of the corresponding luma prediction block relative to the top-left sample of the current picture:

With the number of spatial merging candidates numSpatialMergeCand derived as follows:

numSpatialMergeCand = availableFlagAo + availableFlagA1 +
availableFlagBo + availableFlagB1 + availableFlagB2

where availableFlagAo, availableFlagA1, availableFlagBo, availableFlagB1, and availablg

ISO/IEC 23008-2:2020, 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.

if (availableFlagLXA )
numSpatialMvpCand = availableFlagLXA +

With the number of spatial motion vector predictor candidates numSpatialMvpCand derived as follows:

((mvLXA = mvLXB )7 avaitableFlagLXB 707
else
numSpatialMvpCand = availableFlagLXB

0 '"hvcl' or

scal' track
profile or the

sub-picture is

t to ensure the

r of the picture,

fies the top-left

FlagB2 are the

output of the derivation process for spatial merging candidates specified in Rec. ITU-T H.265 (11/19) |

ii) Otherwise\mumSpatialMergeCand is greater than 0), merge_idx[ xPb ][ yPb ] is required to be in fhe 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 in Rec.

ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020, subclause 8.5.3.2.7, the following applies:

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 picture and

to fractional-sample locations that require only full-sample locations inside the picture for interpolation. Note that in
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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:

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

The referred tracks are required to contain the same number of media samples.

bs with the same sample number across the referred tracks are required to have the same presentation ti

bs carried in the samples with the same sample number across the referred tracks are required shall ha
of picture order count, i.e. PicOrderCntVal.

gurationBox shall not be presentin VisualSampleEntry.

a) When multiple
referred track.

b)

c¢) The sampl

d) The pictur
same valug

LHEVCConf i
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constraints sp

The track 7
indicate that g

The constrain

bitstream bas
10.1.3.4.

10.1.3.4 File
The inputs to
the trad

a file con
depends

urationBox in VisualSampleEntry shall indicate conformance(te the elementary s
ecified in subclause 10.1.3.2.

ot intended for presentation alone flag of the TrackHeaderBox may be uj
track is not intended to be presented alone.

ts specified in subclause 10.1.2.3 apply to the track €onforming to this media profile, whe
ed on which the constraints are derived is reconstfucted from the track as specified in sub

decoding process
the file decoding process are

k_ID value of the track conformingto this media profile, and

faining at least the track with'that track ID value and all tracks that the track directly or ind
b1,

An HEVC bitstfream is reconstructed as follows:

— If the unfransformed-sample entry type of the track with the given track IDisequalto 'hvcl', an

bitstreamn
Clause 8.

is genenated from the track with the given track ID value as specified in ISO/IEC 14496-15

Otherwis

ne.

ve the

tream

ed to

re the
Clause

rectly

HEVC
2019,

e (the untransformed sample entry type of the track with the given track IDisequalto 'hy

c2'"),

an HEVC bitstream is generated from the track with the given track ID value as specified in
ISO/IEC 14496-15:2019, Clause 9 and Annex A.

The HEVC bitstream shall conform to the elementary stream constraints specified in subclause 10.1.3.2.

The HEVC bitstream is decoded as specified in 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.
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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
metadata Representation and obey it when rendering the media Representation.

£ : 1 iy I 3 3 AR AT ] ol 1
A play CI' COIMUTTIIIIIE LU UIC TIE VL=Dd5CU VICWDUOT'T=UCPCIIUCIIU UNATD VIUCU PIOIIC 15 TXPTCLEU L0,

Plarse both SphereRegionQualityRankingBox and 2DRegionQualityRankingBex, wHen present, of
tracks present in a file and select the track that matches user's viewing orientation~Thé player should use
2DRegionQualityRankingBox together with RegionWisePackingBox, when' present, to conclude
which sphere regions the indicated quality ranking 2D regions correspond to.

|
v

arse spherical region-wise quality ranking (SRQR) descriptors, when present; and select the Aflaptation Sets
hd Representations that match the user's viewing orientation:

3]

—+ When Preselections are applied in the MPD, the player is expected to select a Main Adaptation Set based
on the SRQR descriptors.

—+ When @dependencyId is applied in the MPD, the player is expected to select tlhhe dependent
Representation based on the SRQR descriptors.

10.1.4 AVC-based viewport-dependent OMAF video profile
10.1.4.1 General

This media profile allows unconstrained use of rectangular region-wise packing with AVC. With tHe presence of
region-wise packing, the resolution of the.emnidirectional video can be emphasized in certain regions)e.g. according
to the user's viewing orientation. Invaddition, the untransformed sample entry types 'avc2' an]di 'avcd' are

allowed, making it possible to use\extractors and get a conforming AVC bitstream when slice-basegl streaming is
used.

10.1.4.2 Elementary-stream constraints

The elementary stream constraints apply to the AVC bitstream that is reconstructed from a file s specified in
subcljuse 10.144.

The bjtstream 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 untransformed sample entry type, derived as specified in ISO/IEC 14496-12, shall be equalto 'avcl', 'avc2',
'ave3',or 'avcd'.

When the untransformed sample entry type is 'avc2' or 'avc4', the track shall include one or more, "cal’
track referendes.

AVCConfigyrationBox in VisualSampleEntry shall indicate conformance to the elementary stream
constraints specified in subclause 10.1.4.2.

10.1.4.4 Filg decoding process
The inputs to the file decoding process are
— the tragk ID value of the track conforming to this media profile, and

— afile confaining at least the track with that track ID value andalltracks that the track directly or indjrectly
depends pn.

An AVC bitstre¢am is reconstructed as follows:

— Ifthe untfansformed sample entry type of the trackwith the given track IDisequalto 'avcl' or 'afgc3",
an AVC bjtstream is generated from the track with the given track ID value as specified in ISO/IEC 14496-
15:2019,|Clause 5.

— Otherwisp (the untransformed sample entry type of the track with the given track IDisequalto 'avg2' or
"avc4 '), an AVC bitstream is generated from the track with the given t rack ID value as specified in ISD/IEC
14496-1%:2019, Clause 5 and Annex A.

The AVC bitstfeam shall conform.to 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. The
outputs of thig process,arg.the same as the outputs of Rec. ITU-T H.264 (06/19) | ISO/IEC 14496-10:2014, Clquse 8.
Additionally, for each'decoded picture, this process outputs ProjectionFormatBox, StereoVideoBox (when
applicable), RegiéniWisePackingBox (when applicable), and RotationBox (when applicable) that provide the
input for the §emyantics of sample locations within the decoded picture as specified in subclause 7.5.1.

10.1.4.5 Expected OMAF 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:
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— Parse both SphereRegionQualityRankingBox and 2DRegionQualityRankingBox, when present, of
tracks present in a file and select the track that matches user's viewing orientation. The player should use
2DRegionQualityRankingBox together with RegionWisePackingBox, when present, to conclude
which sphere regions the indicated quality ranking 2D regions correspond to.

— Parse spherical region-wise quality ranking (SRQR) descriptors, when present, and select the Adaptation Sets
and Representations that match the user's viewing orientation:

When Preselections are applied in the MPD, the player is expected to select a Main Adaptation Set based

10.1.]
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The c
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The e
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The b

The e
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10.1.

on the SRQR descriptors.

Representation based on the SRQR descriptors.

b Unconstrained HEVC-based viewport-independent OMAF video profile
b.1 General

rofile provides the same set of features as the HEVC-based viewpont-independent OMAF vidg
ifference is that there is no constraint on the HEVC bitstream level. Therefore, service provide
e with a variety of resolutions and not only with resolutions conforming to HEVC level 5.1. This p
tance, content being prepared and decoded at a resolution conforming to HEVC level 6.1, such 4

ntent author signals the level of the bitstream by setting the appropriate value in the general_l
bitstream. This value of general_level_idc is additionally available in the ISOBMFF encaps
pam in the HEVCDecoderConfigurationRecerd structure of HEVCConfigurationBos

EVC sample entry definition specified in ISO/IEC 14496-15. Lastly, the @codecs attribute in t
es in a single string the level indication among other information.

5.2 Elementary stream constraints

ementary stream constraintscapply to the HEVC bitstream that is reconstructed from a file §
use 10.1.5.4.

tstream shall complyswith HEVC Main 10 profile, Main tier and any level.

lementary stream”shall further comply with the constraint defined in subclause 10.1.2.2 ¢
pam constrainton profile, tier and level which are defined in this section.

5.3 ISO-Base Media File Format constraints

When|

- When @dependencyId is applied in the MPD, the player is expected to select the dependent

o profile. The
s can use this
rofile enables,
$8192x4096.

evel_idc of the
ulation of the
¢ contained in
he DASH MPD

1s specified in

xcept for the

avtrack is the only track in a file, compatible brands containing a brand equal t

b 'uhvi' in

FileTypeBox indicates that the track conforms to this media profile. When a file contains multiple tracks,
compatible brands containing a brand equal to 'uhvi' in FileTypeBox indicates that at least one of the
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'.

NOTE 1
Consequently, t

his media profile can also be used when the track is protected.

'resv' does not have to be the track sample entry type when the track has undergone several transformations.

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 Conse

quently, parameter sets are not present inband within samples.
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corforming to this media profile are expected to operate as explained in subclause 10.1.2.6.

10.1.6

Advanced tiling OMAF video profile

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
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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 resolutions.

— Each representation (resolution) of the content is divided into a number of tile sequences of equal size.

- The tile sequences have a configurable guard band to allow rendering in the client withoutseams.

|
—

he tile sequences are individually encoded using HEVC, with a number of restrictions, mostly motion vector
bnstraints 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 bitstream that is reconstructed 3s specified in
subclguse 10.1.5.4 after bitstream rewriting.

The bjtstream shall comply with HEVC Main 10 profile, Maintiet. The present Profile definition doeg not specify a
Levelconstraint so as to allow the Profile to be used with HEV€ Main 10 Profile at various Levels.

All pigtures shall be encoded as coded frames, and shall'not be encoded as coded fields.
Therelshall be exactly one slice per tile and exactljzone tile per slice.
10.1.6.2.2 Encoding constraints

In order to the decoding operations to work, the following constraints need to be observed at the enqoder:

|
—

he tiling grid shall be constant for each entire coded video sequence.

— Hach tile shall be motien=constrained as specified in the semantics of the temporal motion-constrained tile sets
1 message of ReC. ITU-T H.265 | ISO/IEC 23008-2.

w

All th¢ active SPSS)of the bitstream shall be constrained as follows:

— general progressive_source_flag shall be equal to 1.

|
(01¢]

neral_frame_only constraint _flag shall he equal to 1

— general_interlaced_source_flag shall be equal to 0.

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 tracks conforms to this media profile.

— A track ¢f this media profile shall be indicated to conform to this media proiile through one or, bpth of
FileTypeBox and TrackTypeBox.
NOTE The IYOBMFF 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 | WL2 [ NL3 | NL4 [ NL5 | NL6 | NL7 | NL8 | Format Specification Constraints Description
Req.
ftyp 1 ISO/IEC 14496- This subclause
12:2020, subclatse
43
Either 1 ISO/JEC\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
Hrex 1 ISO/IEC 14496- ISO/IEC 23000-
12:2020, subclause [19:2020, subclause
8.8.3 7.5.14

10.1.6.3.2 TrackboxfornmatforOMAF basetrackand OMAF titetracks

Each of the track boxes of the OMAF base track and the OMAF tile tracks is constrained as follows:

NOTE 1

224

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.

At least one sample entry type of each sample entry of the track shall be equal to 'resv'.

'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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NOTE P The ISOBMFF boxes and nesting, optionality and ordinality of the TrackBox for the OMAF base track
Table p1.

ISO/IEC 23090

-2:2021(E)

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 O

MAF tile track

shall conform to all constraints of the "hvt3' sample entry type, as specified in ISO/IEC 14496-15.

The OMAF base track shall contain a MeshBo

The OMAF base track may contain a StereoVideoBox but the mapping between a rectangularj
npapping on the left or right eye is signalled through the TileMeshGroupEntry.

—

he OMAF base track shall contain 'sabt ' track references to all OMAF tile tracks\associated w
ase trackorto 'alte' track groups, each containing collocated OMAF tile tracks.of the same wi
Ihd associated with this OMAF base track.

L o

Each OMAF tile track shall contain 'tbas' track reference to the associated OMAF base track.

The PPS carried in the hvc2 structure shall hayé\-tiles enabled set to
num tile columns minusl and num tile rows minugl set to match the number of
references associated with this particular sub-picture_geollection track. The SPS shall be g
dimensions of this layer (i.e. num tile columns* tihyhe widthandnum tile rows*ti

Each OMAF tile track shall contain a tile mesh sanmple 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.

region and its

ith this OMAF
dth and height

true, with
sabt' track
et to the full
le height).

re described in
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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
additienal
constraint that
the field matrix
shall always be
set to the default
values as defined
in ISO/IEC 14496-
12.

Href 1 |ISO/IEC 14496- |This subclause Track
12:2020, refer¢nces
subclause 8.3.3 to OMAF tile

tragks.

nfdia 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 subclausé
12:2020,
subclause 8.15.3
hve2 1 |[ISO/IEC 14496- |Thissubclause
15:2019,
subclause 8.4
schm 1 ISO/IEC 14496-
12:2020,
subclause 8.12.5
schi 1 {ISO/IEC 14496-
12:2020,
subclause 8.12.6
movd 1 |Subclause 7.6.7 |[Subclause 7.6.7
mEsh 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
skee 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.

© ISO/IEC 2021 - All rights reserved

227



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

ISO/IEC 23090-2:2021(E)

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
additienal
constraint that
the field matrix
shall always be
set to the default
values as defined
in ISO/IEC 14496-
12.
ndia 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
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 {ISO/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
skes 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.
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Figure 30 — Video data in HEVC bitstream

that needs to be taken into account while rewriting any part of the HEVC bitstream is star
vention bytes (see Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020, subclause)7.4.2). Insg
hnging of any fields in the HEVC bitstream can impact whether emulation preyention bytes neeg
ved as well. One method for making sure the resulting bitstream is compliantis’to completely rq
prevention bytes from the NAL unit before starting the rewriting procedure, and to re-add then
pf the NAL unit is complete.

MAF player to determine, at runtime, not just which slices to download and decode, but also

in the decoded picture. This can be controlled by rewriting‘the slice_segment_address field
bment header. However, in order to produce a complianty HEVC bitstream, and not break any
dencies, it is important that a sequence of slices that was eollocated in the original encoded bits
slice_segment_address in the rewritten bitstream until it no longer needs to be decoded/disp
s, if a particular slice becomes covered by the viewport at frame N, and the player decides to as

e should keep that slice_segment_address valie until the viewport no longer covers that part
M, regardless of the slice perhaps residing,in-different parts of the viewport over time.

subclauses assume that during encoding each tile is packaged into exactly one slice, and eac

per slice (or multiples slices pert tile), this makes the rewriting procedure slightly more complg
ot included in this subclause-10.1.6.4. For the same reason, the text in the following subc
there are no dependent slice$ present in the bitstream.

ewriting parametersets

rameter Set (VRS), Sequence Parameter Set (SPS) and Picture Parameter Set (PPS) carried
begment need-to be updated to signal the correct resolution (SPS) and number of tile rows/co
[l be decoded. Note that in contrast to traditional video delivery and the HEVC-based viey
1AF yideo profile, with late binding it is up to the client to determine the optimal values for

ruhtime. Elements that the client can take into account when determining these values includs:

code
rtion,
| to be
move
h after

Wwhere
in the
inter-
tream
layed.
sign a

egment_address value to it, the slices that are collocated in the original encoded bitstream with that

icular

h slice

tly one tile. While there is nothing)preventing this media profile to be used in combination with

x and
auses

in the
umns
vport-
these

device ch

content characteristics,

aracteristics,

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) Ir the SPS, pic_width_in_luma_samples and pic_height_in-iima_samples are recalculated and seft according to
the number of tile rows and columns being decoded aldngWwith the tile size.

seq_parameter_set_rbsp( ) { Descriptor
pic_width_in_luma_samples ue(v)
pic_height_in_luma_samples ue(v)
}

1 the PPS, tiles_enabledflagis set to 1, and num_tile_columns_minus1 and num_tile_rows_minus] are set based
on the maximum number of tile rows and columns that the client wishes to decode. In cases where a uniform
tile size is used, uniform_spacing_flag is set to 1. Finally, in most cases loop_filter_across_tiles_engabled_flag and
bs_loop_filter.across_slices_enabled_flag are set to 0.

et

©)

=
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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)
uniform_spacing_flag u(1)

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(v)
}
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 unit header for each VCL NAL unit

While the exa¢t fields that need to be rewritten depend on the encoding parameters used, at the absolute minimum
the first_slice [segment_in_pic_flag and slice_segment_addt€ss, which indicate the spatial position of a tile within a
decoded frame, are rewritten. Given that the slice_segment_address is variable-length encoded, with the length
depending on|the configured decoder dimensions (asi8ignalled in the SPS), it can happen that during the rewriting
process the length of the slice_segment_address changes. If that is the case, it is likely the byte_alignment strjicture
at the end of the slice segment header needs to‘be‘rewritten.

slice_segment_header( ) { Descriptor

first_slice_segment_in_pic_ flag u(1)

( Mfirst_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.
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HEVCVCL NAL unit

HEVCVCL NAL unit

¥
e e . slice slice slice slice
_segme slice_ segme
nt_header 1 .. nt_header 1 segment  segment segment  segment
ength ength
I J header data header data

T T

NAL unit payload

NAL unit payload

Figure 31 — Slice Segment Header Information NAL-unit-like structure in 'hvt3") tracks

ient may execute the following steps to locate the first_slice_segment_in_pic_flag, theislice_segment_address
e byte_alignment( ) fields in each VCL NAL unit in order to rewrite the slice segment header:

ased on the information in the TrackRunBox (' trun'), the client can determiine the location
hmple (VCL NAL unit) in the IdentifiedMediaDataBox ('imda'). Given that the NAL uni

nce the location of the first_slice_segment_in_pic_flag field in\theé bitstream is known, the 1
ice_segment_address field can be calculated by simply parsing the slice segment header fiel
iven that the number of fields that need to be parsed is limited, this is not likely to result in a sigr
n performance.

s specified in Rec. ITU-T H.265 (11/19) | ISQ/IEC 23008-2:2020, subclause 7.4.7.1, the ¥
ice_segment_address determines the location ef the slice in the decoded picture and is expre
'ee block raster scan of a picture. If the picture resolution does not change in the rewriting proc
f this field remains the same. In additieh, if the tiling grid does not change in the rewriti
ice_segment_address values for a pictuté does not change.

, based on the desired decoder dimensions and the rewritten pic_width_in_luma|
ic_height_in_luma_samples, the length in bits of the slice_segment_address has changed, the clie
write the byte_alignment() structure at the end of the slice segment header accordingly. To fir
f this structure, a client can tuse the information embedded in the Slice Segment Header Informa
like structure (see Figure 31), to find the length of the slice segment header, and through it di

p
r
0

of a particular
[ header has a

xed length in HEVC, this directly leads a client to the position of the first/slice_segment_in_pic_flag field.

bcation of the
d in between.
ificant impact

alue of new
bsed in coding
bss, the length
ng, the list of

samples and
nt can need to
d the location
ion NAL-unit-
rectly find the

p

10.1.

When|
of ind

osition of the byte (alignment( ) structure.

6.5 Expected:OMAF player operation

determining which OMAF tile tracks are received, TileMeshGroupEntry can be used to identify location

viduallOMAF tile tracks, and whether they are collocated.

It is assumed that OMAF tile tracks representing an entire low-quality omnidirectional picture are fetched. Once

decod

ed, the low-quality omnidirectional picture is rendered onto a rendering mesh and subsequently the high-

quality HEVC tiles are superimposed on top of the low quality omnidirectional picture on the rendering mesh.

10.1.7

Simple tiling OMAF video profile

10.1.7.1 General

This s

ubclause 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 enables tile-base streaming with free-viewport author-driven binding as described in subclause 4.5 and
is based 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 content is encoded as encoded tile sequences, which represent areas of the sphere at different qualities
and resolutions.

—  Encoded

— One or nj
streamin

— An OMAH

— The OMA
tracks is
the full rd
that toge

— The OMA
tile track

— It is poss
ways:

An O
OMA

Groy
the

One
back
and

AnQ
over
whe
OMA

NOTE

1le sequences are made avallable as UMAF tile tracks.

D

.

MAF base track specifies instructions to rewrite the content of the OMAF tile tracks referenced
F base track into a conforming HEVC bitstream.

ps of OMAF tile tracks that are alternatives to be referenced by the OMAF-base track are indic
tream Header (i.e. in the Initialization Segment used in DASH).

player determines which OMAF base track is consumed e.g. based on available decoding resou

F player determines which OMAF tile track among each feferenced group of alternative OM4
retrieved. The OMAF player can retrieve a full set of fJow-resolution encoded tile sequences to
presentation of the content at a lower quality and a'subset of high-resolution encoded tile seqy
her cover the viewport.

F player follows the instructions of the OMAF-base track to rewrite the content of the selected
5 into an HEVC bitstream.

ible to use the simple tiling OMAF video profile and overlay video jointly in either of the foll

ground video. This option.requires multiple decoder instances; one for the selected OMAF baseg
bne per each overlay.video track.

MAF base track references OMAF tile tracks, each containing either a portion of background vi
lay video. This\option requires only a single video decoder instance in the OMAF player. Regard
her OMAF)tile tracks contain background video or overlay video, they are treated similarlyj
F player‘eperations except content selection and rendering.

When none of the OMAF tile tracks contains overlays that are essential for displaying, content auth

ore OMAF base tracks are authored, e.g. for different decoding capabilities, and made-available for

by the
ted in
rces.

\F tile

show
ences

OMAF

bwing

or more overlay video tracks are present separately from any OMAF base track representing the

track

leo or
ess of
in all

I's are

advised to create a second OMAF base track that does not reference any OMAF tile tracks containing overlays. Thus,
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 OMAF video profile to be used with HEVC Main 10 Profile at various levels.

234

© ISO/IEC 2021 - All rights re

served


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

ISO/IEC 23090-2:2021(E)

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.

When VUI is present, aspect_ratio_idc should not be present or aspect_ratio_idc should be equal to 0 (unspecified)
or 1 (§quare:

NOTE[L When aspect_ratio_idc is not present, Rec. ITU-T H.265 | ISO/IEC 23008-2 specifies that aspect.ratio_idc is inferred to
be equal to 0.

NOTE P In order to merge tiles from different original bitstreams, init_qp_minus26 in all the PP§si0f'the original|bitstreams is
set to the same value in encoding.

10.1.7.3 ISO Base Media File Format constraints
10.1.7.3.1 Stream header
A Strgam 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 fo 'siti' in
FlileTypeBox indicates that the track conforms to.this media profile. When a file contains mlultiple tracks,
ompatible brands containing a brand equalto,"siti' in FileTypeBox indicates that at least one of
the tracks conforms to this media profile.

Q

— Abrand equal to 'siti' in FileTypeBox indicates that the file contains one or more OMAF pase tracks as
specified in subclause 8.6 and as constraified by this subclause and that the OMAF base tracks reference 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 ope or both of
FlileTypeBox and TrackIypeBox.

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
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
nfehd 1 ISO/IEC 14496- ISQ /TEC 23000-
12:2020, subclause 19:2020, subclause
8.8.2 7.5.1
Hrex 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:

The Tra¢kBox of each OMAF base track shall conform to subclause 8.6.1.3.
The Tra¢kBox 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'.

NOTE 1 'resj' does not have (fo,be the track sample entry type, when the track has undergone several transformjations.

Consequently, this media profilé:can also be used when the track is protected.

The untransformed sample entry type of each OMAF base track shall be equal to 'hvc2'. Each OMAF base
track shall conform to all constraints of the 'hvc2 ' sample entry type, as specified in ISO/IEC 14496-15%.

The untransformed camplp entry type of each OMAEF tile track shall be pnlnnl to'huwtl' 'hut2!' 'hui3' or
'hvecl'. Each OMAF tile track shall conform to all constraints of the "hvt1l', 'hvt2', '"hvt3' or '"hvcl'
sample entry type, as specified in ISO/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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NoRestrictedSchemeInfoBoxispresentinthe sample entryand an OverlayConfigBoxis present

— Each OMAF base track shall contain either 'sabt' or '"scal' track references to OMAF tile tracks or to

alte' track groups containing OMAF tile tracks.

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 groups. There can be several constructors within a sample of an extractor track that reference the same track
reference index that points to the same 'alte' track group. An OMAF player is expected to select OMAF tile tracks containing

differ

an 'a]

|
o O <

|
5 o=

|
o<

— H

— A

The ¢
wherg

specified in subclause 1011.7.3.3.

NOTE
Table

the elementary stream constraints.specified in subclause 10.1.6.2.
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te' track group.
Vhen an OMAF base track references an OMAF tile track without RegionWiseRacking]
verlayConfigBox (either directly or indirectly through a reference to an 'alte ', track gro
ase track shall be indicated to comply with the 'ov1y' toolset brand.

Vhen an OMAF base track contains ' sabt ' track references, the PPS(s) carried in the OMAF b
bve tiles_enabled set to true, with num_tile_columns_minus1 and num-tile_rows_minus1 set

umber of 'sabt ' track references associated with this OMAF base track.

Vhen an OMAF base track contains ' sabt ' track references, the'projected regions of any two ON

— The OMAF tile tracks originate from the same projected picture without resampling.
— The OMAF tile tracks are not in the same 'aX{e" track group.
HEVCConfigurationBox shall not be presentin VisualSampleEntry.

EVCConfigurationBox in VisualSampleEntry of each OMAF base track shall indicate c

SyncSampleBox may be-ptesent for an OMAF base track.

bnstraints specified in‘subclause 10.1.6.2 apply to each OMAF base track conforming to this
the bitstream based‘on which the constraints are derived is reconstructed from the OMAF

B The ISOBMEFE boxes and nesting, optionality and ordinality of the TrackBox for the OMAF base track
b4

ference index of

Box and with
1p), the OMAF

hse track shall
to match the

NAF tile tracks

pferenced by the OMAF base track shall not overlap when both of the following conditions are true:

nformance to

media profile,
base track as

re described 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,
subclause 8.3.2 subclause 7.5.4
except that there

ATE N0 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.

Href 1 |ISOMAEC 14496- |[This subclause Trdck
12:2020, refer¢nces
subclause 8.3.3 to OMAF tile
tragks.

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| 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
resv 1
eieE +—SOAECTHH4S6=—TThissubctause
12:2020,
subclause 8.15.3
hvec2 1 |ISO/IEC 14496- |[This subgclause
15:2019,
subclause 8.4
schm 1 ISO/IEC 14496-
12:2020,
subclause8.12.5
schi 1 [ISO/IEC 14496-
12:2020,
subclause 8.12.6
povd I Subclause 7.6.2
prfr 1 |Subclause 7.6.2
rwpk |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-
12:2020, 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
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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,
subclause 8.3.1
tkhd +—IS6AEC14496 1SOAEC23666
12:2020, 19:2020,
subclause 8.3.2 subclause 7.5.4
except that there
are no constraints
beyond tho§é\in
ISO/IECA14496-12
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.
nfdia 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
ymhd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2020, 19:2020,
subclause 12.1.2 |subclause 7.5.6
dinf + ISOHECH4496
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, 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
et +—SOAECTHH4S6=—TThissubctause
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;
subclause'8.12.6
povd 1 Subelause 7.6.2
prfr 1, “{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
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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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 a
SampleToGroupBox of type 'nalm' with grouping type parameter equalto 'trif’', the follpwing
applies:

— At mlost one extractor shall be mapped to the same groupIDina 'nalm' sample group descriptionjentry.

NOTE An| OMAF player ought to map the NAL units and NAL-unit-like structures to groupID values usinga 'halm’
sample 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 flag shall be equal to 1.
— [independent idc shall be equal to 1 or 2.
— |full picture shall be equal to 0.

— |has_dependency 1list shall be equal to 0.

10.1.7.4 File decoding process
The inputs to the file decoding process are
— the tradk IDvalue of an OMAF base track conforming to this media profile, and

— a file containing at least the OMAF. base track with that track ID value and all tracks that the OMAF base
track dir¢ctly or indirectly depends on.

An HEVC bitstream is generated from the track with the given track ID value as specified in ISO/IEC 1449p-15.
The HEVC bitgtream sHall conform to the elementary stream constraints specified in subclause 10.1.6.2.

The HEVC bitjtreamyis decoded as specified in Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020, subclause 8.1.1.
The outputs ¢f this process are the same as the outputs of Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-212020,
subclause 8.1.1. Additionally, for each decoded picture, this process outputs ProjectionFormatBox,
StereoVideoBox (when applicable), the collection of the instances of RegionWisePackingBox of the tracks
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:

S

D > g O < O o = pn <

o —

Irstances of SphereRegionQualityRankingBox. The{player is expected not to select sy

dlentify an OMAF tile track without RegionWisePackingBox and handle such an OMAF tile

elect an OMAF base track e.g. based on one or more of the following:

the picture size and picture rate of the OMAF base track;

the bitstream resolved from the OMAF base track;

the absence/presence of the overlay toolsetbrand 'ovly"' inthe TrackTypeBox\0fthe OM
or in the profiles parameter of the @mimeType attribute for the Adaptation Set carryj
base track, and the support of overlays in the OMAF player. OMAF players-that do not sug
should select an OMAF base track without the 'ov1y' toolset brand, when'such an OMA]

phereRegionQualityRankingBox of the OMAF tile tracks'referenced by the selected OM
d select the OMAF tile tracks that cover the viewport at thé highest available quality as indid

racks that originate from the same projected picturedvithout resampling and contain projecte
verlap.

Vhen streaming OMAF content, conclude that'@ partial Adaptation Set contains background
bntains a RegionWisePackingBox (in thednitialization Segment) or an RWPK, CC or SRQR d
epresentations of a partial Adaptation Set'containing background video, parse spherical regio
hnking (SRQR) or content coverage (€C) descriptors, when present, and select the Adapta
epresentations that cover the viewport at the highest available quality. For Representatioi
daptation Set not containing bagkground video, select a Representation from the partial Adaptz
regular bitrate adaptation logic.

f the following ways:
If an OMAE -player supports the 'ovly' toolset brand) and the OMAF tile tracK
OverlayconfigBox, the OMAF player is expected to handle the overlays carried in the O

as specified by the overlay toolset brand.

Otherwise, the OMAF player is expected to ignore the decoded regions resulting from the d

e Adrvuievel Indicated 10T tne UMAF DasSe tIr'dCK SO thdt tne decodlng capd4city Is SUIIcCien

for decoding

[AF base track
ing the OMAF
port overlays
K base track is

available.
Vhen playing an OMAF file, conclude that an OMAF tile track containssbackground video when it contains a
egionWisePackingBox. For OMAF tile tracks eontaining background vjdeo, parse

AF base track
ated by in the
ch OMAF tile
d regions that

video when it
escriptor. For
n-wise quality
tion Sets and
s of a partial
tion Set using

rack in either

contains an
MAF tile track

ecoding of the

10.2

10.2.1

OMAE tile track
TPt e-thaEks

Audio profiles

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

Max
Media Profile Codec Profile Level | Sampling 3D Brand | Subclause
Metadata

Rate

OMATF 3D audio MPEG-H | Low 1,2 included
! bl

baseline profile Audio Complexity | or3 48 kHz in codec od 10.2.2
OMAF 2D audio legacy | ¢ HE-AACV2 | 4 4gkHz | MO3D ca2d | 1023
profile metadata

NOTE The 4qudio streams complying with the MPEG-H 3D Audio Low Complexity (LC) Profile, Levels*l or |2 (i.e.
mpegh3daProffilelLevelIndication issetto "0x0B" or "0x0C", comply also with MPEG-H 3D Audio LC Profile, Leve]l 3 (i.e.
mpegh3daProfileLevelIndication issetto "0x0D"), as specified in ISO/IEC 23008-3:2019, subclause5:3.2.

10.2.2 OMAF 3D audio baseline profile
10.2.2.1 General

This media pyofile fulfills the requirements to support 3D audio. Channels, objects and Higher-Order Ambifonics
(HOA) are supported, as well as combinations of those. The profile is based on ISO/IEC 23008-3 (i.e. MPEG-H 3D
Audio).

MPEG-H 3D Audio specifies coding of immersive audio material arid the storage of the coded representatior} in an
ISOBMFF tradk. The MPEG-H 3D Audio decoder has a constant latency, see ISO/IEC 23008-3:2019, Table 1} With
this informatipn, content authors can synchronize audio and video portions of a media presentation, e.g. en$uring
lip-synch. When orientation sensor inputs (i.e. azimuth, elevation) of an MPEG-H 3D Audio decoder change,there
will be some algorithmic and implementation latency (perhaps tens of ms) between user head movement apd the
desired sound field orientation. This latency will not iinpact audio/visual synchronization (i.e. lip synch), but only
represents the lag of the rendered sound field with.tespect to the user head orientation.

MPEG-H 3D Audio specifies methods for bidauralizing the presentation of immersive content for playbafrk via
headphones, gs is needed for omnidirectionalmedia presentations. MPEG-H 3D Audio specifies an interface flor the
user’s viewing orientation and permits.low-complexity, low-latency rendering of the audio scene to any user
orientation.

10.2.2.2 Elementary stream ¢onstraints

The audio str¢am shall comply with the MPEG-H 3D Audio Low Complexity (LC) Profile, Levels 1, 2 or 3 as defined
in ISO/IEC 23p08-3:2019, subclause 4.8. The values of the mpegh3daProfileLevelIndication for LC Frofile
Levels 1,2 and 3 are ;0x0B", "0x0C" and "0x0D", respectively, as specified in ISO/IEC 23008-3:2019, subclausq 5.3.2.

A T alih & Y, WS LR o ¥ LAAIACY | R s P foYa WA b slalie Ko ¥aVa¥e lio) 2019
LU AUUIU oI Talll LlVllanJ PALRTLS dALLUIL uulg WiIoU/ILGU 240UVUO0™J. )

Audio data shattbe cut,apbu}atcd trto™
Clause 14.

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:

— 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
FileTypeBox indicates that the track conforms to this media profile. When a file contains multiple tracks,
compatible brands containing a brand equal to 'oabl' in FileTypeBox indicates that at least one of the
trackq conforms to this media profile.

compptible brands containing a brand equal to 'oabl' in TrackTypeBox indicates thatthe tfack conforms
to thi§ media profile.

A trafk of this media profile shall be indicated to conform to this media prafile’ through orle or both of
File[lypeBox and TrackTypeBox.

The g$ample entry 'mhml' shall be used for encapsulation of MHAS , packets into ISOBMFF files, per
ISO/IEC 23008-3:2019, subclause 20.6.

The sample entry 'mhm2 ' shall be used in cases of multi-stream délivery, i.e. the MPEG-H Audio Scepe is split into
two of more streams for delivery as described in ISO/IEC 23008-3:2019, subclause 14.6.

If the MHAConfigurationBox() is present,</the MPEG-H profile and level indicator
mpegh3daProfilelLevelIndication in the MHADécoderConfigurationRecord() sh3ll be set to
"0x0B", "0x0C", or "0x0D" for MPEG-H Audio LC Profile Level 1, Level 2, or Level 3, respectively, ps specified in
ISO/IEC 23008-3:2019, subclause 5.3.2.
The first sample of the movie and the first.sample of every fragment (when applicable) shall be a $tream Access
Point [(SAP) of type 1 (i.e. sync sample). ForrMPEG-H Audio a sync sample shall be properly signallefl according to
ISO/IEC 14496-12. All rules defined in ISO/IEC 23008-3:2019, subclause 20.6.1 regarding sync samples shall apply.
In, addition, a sync sample shall congist of MHAS packets in the following order:
— BHACTYP MPEGH3DACFG

— HACTYP AUDIOSCENEINFO (if Audio Scene Information is present)

— HACTYP BUEEERINFO

— BPACTYR-MPEGH3DAFRAME

Additjonal’MHAS packets may be present between the MHAS packets listed above or after the [MHAS packet
PACTYP MPEGH3DAFRAME, with one exception: if present, the PACTYP AUDIOSCENEINFO packet shall directly
follow the PACTYP MPEGH3DACFG packet, as defined in ISO/IEC 23008-3:2019, subclause 14.4.

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 each configuration change, the MHASPacketLabel shall be changed to a different value from the
MHASPacketLabel in use before the configuration change occurred. A configuration change may happen at
the beginning of a new ISOBMFF Tile or at any position within the Tile. In the Iatter case, the File Format shmple
that contains a configuration change shall be encoded as a sync sample (RAP) as defined above.

A sync sample that contains a configuration change and the last sample before such a sync sample'may cpntain
a truncatjon message (i.e.a PACTYP AUDIOTRUNCATION packet in the MHAS stream) as@efined in ISP/IEC
23008-3:2019, subclause 14.4. If MHAS packets of type PACTYP AUDIOTRUNCATION atepresent, they shall
be used as described in ISO/IEC 23008-3:2019, subclause 14.4.

ISOBMFF tragks that belong to one Audio Programme use different configuratiods ‘and a switch between two
ISOBMFF tradks represents also a configuration change. Thus, the MHASPacketTabel needs to have different
values for all ISOBMFF tracks that belong to one Audio Programme. Alsg; after a configuration change the

MHASPacket|Label needs to have different values for all ISOBMFF tracks comiprising an Audio Programme

10.2.2.3.3 Multi-stream constraints

The multi-str¢gam-enabled MPEG-H Audio System is capable of handling Audio Programme Components delivered
in several different elementary streams (e.g. the main MHAS stream containing one complete audio main, arnd one
or more auxiliary MHAS streams, containing different languages and audio description). The MPEG-H |Audio

Metadata information (MAE) allows the MPEG-H Audio Décoder to correctly decode several MHAS streams.

The following|constraints apply for file formats using.the sample entry 'mhm?2 ':
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One MHAS stream shall be the main stream, i.e. in exactly one MHAS stream the Audio Scene Information shall
have themae isMainStream fieldsetto 1.In all other MHAS streams themae isMainStreamshallfbe set
to 0.

In each| auxiliary MHAS/~stfeam (i.e. streams with mae isMainStream field set to 0) the
mae bsNetaDataEleméntIDoffset field in the Audio Scene Information shall be set to the index fof the
first metddata element.inthe auxiliary MHAS stream minus one.

All MHAS elementary streams that carry Audio Programme Components of one Audio Programme shall be time
aligned.

In each asdharyMHAS elementary stream-(le—streamswith-m St reanfield setto-0)RAPS shall

3 Moo
T Yo CICCHtary ot Cotir (-C ot Catity Tt ST DR

be aligned to the RAPs present in the main stream (i.e. the stream with mae isMainStreamfield setto 1).

Presentation Description Manifests need to make sure that all streams that contribute to one Audio Programme
may be identified as such.

For the main and the auxiliary MHAS stream(s), the MHASPacketLabel shall be set according to ISO/IEC
23008-3:2019, 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
different values between 1 and 16, all ISOBMFF tracks in the Switching Set for the first auxiliary stream use
values between 17 and 32, and so on.
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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

measured. It is presupposed that this is consistent with applicable legal requirements.
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The a
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IEC 23008-3:2019, subclause 6.3. For each included DRC set the drcSetTargetLoudnéssH
ined in ISO/IEC 23003-4:2020, Clause 7 shall be set to 1.

sDrcSetTargetLoudnessValueUpper and bsDrcSetTargetLoudnessValueLower
ured to continuously cover the range of target loudness levels between -31 dBcand 0 dB. The e

ata should allow for a decoder output loudness of at least -16 LKFS.

ess compensation information (mae LoudnessCompensationDatat)), as defined in IS
D, subclause 15.5 shall be present in the Audio Scene Information jfthe mae allowGainInt
nccording to ISO/IEC 23008-3:2019, subclause 15.3) is set to 1 for-at'least one group of audio &

8 OMAF 2D audio legacy profile
8.1 General

hedia profile fulfills requirements to support 2D channel-based audio. The delivery of up to 3
rted. The profile is based on MPEG-4 AAC spécified in ISO/IEC 14496-3, which defines coding of
ht. The delivery of up to 5.1 audio channelsi\allows 2D rendering according to the user’s viewing
\C is used worldwide in the most successful streaming services and supported by all major s

platforms. Due to the wide reach;;MPEG-4 AAC may be used for VR services and platforms, wh

hrket.

8.2 Elementary-stream constraints
$.2.1 Generallencoding constraints

dio stream shall comply with MPEG-4 AAC-LC, HE-AAC or HE-AACv2 profiles, Level 4, as defir
-3,

hetadata shall be embedded in the mpegh3daUniDrcConfig () and uniDrcGain () structures as defined

resent field

fields shall be
mbedded DRC

D/IEC 23008-
eractivity
lements.

.1 channels is
general audio
F orientation.

treaming and
ich use either

stereo, 4.0, or 5.1 surround channel configurations. The 2D Audio Legacy profile does not require any new
signalling for the audio codec and its configuration. Therefore, it is compatible with all decoder impld

mentations in

ed in ISO/IEC

For H

E-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:

MPEG-4 HE-AACv2 for stereo configuration is recommended for 32 kbps or lower.
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of the SBR and PS coding tools.

AAC elementary streams shall not exceed 48kHz sampling rate.

channels.

information shall be in the first packet.

When using HE-AAC and HE-AACv2, explicit backwards compatible signalling shall be used to indicate the use

The number of channels, including the LFE channel, of an AAC ISOBMFF track shall not exceed six audio

AAC ISOBMFF fragments containing HE-AAC shall start with a type 1 SAP, notably, the SBR configuration

The trangform Iength of the IMDCT for AACT shall be 1024 audio PCM samples for long blocks, and 128

PCM samples for short blocks.

The folloy
Audi

Sam

Chai

The channel
following spe

channel
channel
channel
channel
channel
Producing aud
HE-AAC, HE-J
elementary st
to subclause 1

Encoding recd

10.2.3.2.2 Sy

ving parameters shall not change within the elementary stream
0 Object Type

bling Frequency

Inel Configuration

onfiguration parameter carried in the AudioSpecificConfgshall be set according to one
ified values:

Configuration is setequal to 1 for mono audio.

Configuration is set equal to 2 for stereo audie.
Configuration is setequal to 4 for four channel audio.
Configuration is set equal to 5 fonfive channel audio.
Configuration is set equal'to-6 for six channel audio, i.e. 5.1 audio.

lio content capable of seaml€ss bitrate adaptation with OMAF 2D Audio Legacy media profile (A4
AACv2) requires comstrained encoding at fragment boundaries. For such scenarios, each
ream shall be encoded following the constraints provided in ISO/IEC 23000-19:2020, subclause
0.5.6.

mmendatiofis for AAC audio tracks are provided in ISO/IEC 23000-19:2020, Annex G.

ntax and values of syntactic elements

audio

of the

AC-LC,
AAC
10.5.2

The syntax and

1 . 1 elaall
TUOWIITE TICTITITIIUS TTATT

P

1 £ deorrndes 1 4 loall £ PPN dol
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present in an MPEG-4 HE-AAC or HE-AACv2 elementary stream:

coupling_

channel_element (CCE)

10t be

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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10.2

The A
audio
encod
using

A full
unit.

A mof

In prg
portid

Prese

N =S

If]

.3.2.3 AAC presentation timing

AC codec uses audio frames of a fixed length, and a transfoym which applies over two frames. To

ed frame need to be decoded to output the first frame>This is sometimes called "priming" and m{
the 'roll' sample group.

reconstruction of the first encoded audio_frame is sometimes not possible since there is no pt
'o still achieve a full reconstruction, a.common practice is to add silence to the beginning of th
e detailed explanation of this approach may be found in ISO/IEC 14496-24.

n of the audio signal is sometimes called "encoder delay” and varies depending on the implemsg

htation delay is compensated according to one of the following options:

he most common.approach to compensate for inserted extra audio is to add an offset edit list ta
pader. In the ease where padding has been added to the start of an audio stream, the media ti

112 is a‘common example for AAC.

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
4 4 <SCE>, <CPE>, <SCE>, <optional additional elements>, <TERM>
5 56 SEE>—<CRE><CRE><optionaladditienal-elements><TERM
6 5.1 <SCE>, <CPE>, <CPE>, <LFE>, <optional additional elements, sTERM>
NOTE |Angled brackets (<>) are used above to indicate separate syntactic elements, not stream syntax.
The syntax and values for individual channel stream shall conform toASO/IEC 14496-3. [The following
fields|shall be set as follows:
— 9lain control data present issetequalto 0.

pbtain correct

from a frame, both frames in the transform are needed, and hence the prior encoded frame apd the current

y be signalled

evious access
b audio signal.

ctice, an encoder can prepend-an arbitrary amount of (invalid) audio waveform samples to the signal. This

ntation.

the ISOBMFF
me in the edit

bt is the length (in audio samples, as measured by the timescale of the track) of the inserted audio samples;

tListBox is

the’ content has been generated according to ISO/IEC 23000-19:2020, Clause G.5, no Edi

p

CSCIIL

— Ifthe SBR and PS coding tools are present, they shall not be considered for the purpose of delay compensation.

10.2.3.2.4 Loudness and dynamic range control

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 including the

DRC Presentation Mode value of the drc_presentation mode fields.

10.2.3.2.5 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 ISO

Base Media File Format constraints

When a trac
FileTypeB(g
compatiblg

k is the only track in a file, compatible brands containing a brand equal to '@a2

| brands containing a brand equal to '0a2d' in FileTypeBox indicates that atJeast one

tracks conforms to this media profile.

d' in

x indicates that the track conforms to this media profile. When a file contains multiple fracks,

of the

compatibleg brands containing a brand equal to 'oa2d' in TrackTypeBox indicates’that the track confforms
to this media profile.
A track of tHis media profile shall be indicated to conform to this media proefile through one or b¢th of
FileTypeBdgx and TrackTypeBox.
The syntax and values of the AudioSampleEntry shall conform to MB4AudioSampleEntry ('mp44d') as
defined in ISO/IEC 14496-14. Table 58 lists the allowed AAC profiles.
Table 58 — AAC profiles
AAC profile codingname Sample entry

MPEG-4 AA(¢ (AAC-LC) mp4a MP4AudioSampleEntry

MPEG-4 High Efficiency AAC (HE-AAC) mp4a MP4AudioSampleEntry

MPEG-4 High Efficiency AAC v2 (HE-AACyv2) mp4a MP4AudioSampleEntry

The SampleH
10.2.3.3.1 St

The following

ntry format in the' SampleDescriptionBox is the same for each AAC audio profile.
orage of AACG-media samples

additional constraints apply:

All audio

media cnmp]nc shall consist of one AAC audio access unit

AllAACa

ccess units in an ISOBMFF track shall be encoded with one of AAC LC, HE-AAC or HE-AACv2.

shall match the corresponding values in the AAC audio bitstream.

10.2.3.3.2 AAC audio sample entry

The values given in AudioSampleEntry, DecoderConfigDescriptor, and DecoderSpecificInfo

The syntax 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.

— channelcount is setequal to 4 for four channel audio.

— dhannelcount issetequal to 5 for five channel audio.
— dhannelcount issetequalto 6 for six channel audio, i.e. 5.1 audio.

The vhalue of the channelcount parameter in the AudioSampleEntry box shall-ceprespond tg
chanhelConfiguration field of AudioSpecificConfig according to Table 59

Table 59 — Mapping of channelcount parameter in the AudioSampleEntry tp

channelConfiguration field of AudioSpecificConfig

the values of

channelcount channelConfiguration
1 1
2 2
4 4
5 5
6 6

Th

3:2019, Table 1.19. The geometric speaker positions for channelConfiguration = 4 (Qua
speaker layout) is 0, 90°, -90°, 180° deg (azimuth)

e channel to loudspeaker mapping for'e¢ach channelConfiguration indexis givenin ISO/I

EC 14496-
drophonic

10.2.8.3.2.1 ES_Descriptor

The {

ES Descriptor shall be setas follows:

yntax and values for ES Descriptor shall conform to ISO/IEC 14496-1, and the

S_IDissetequalto 0.

fields of the

tfi€amDependenceFlag is set equal to 0.

— U

— O

— S

— d

— S

RL Flagissetequal to 0.

CRstreamFlag is setequal to 0.

treamPriority issetequal to 0.

ecConfigDescr is set equal to DecoderConfigDescriptor.

1ConfigDescrissetequal 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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DecoderConfigDescriptor

The syntax and values for DecoderConfigDescriptor shall conform to ISO/IEC 14496-1, and the fields of this
descriptor shall be constrained to the following values.

be used.

upStred
decSpe(
10.2.3.3.2.3
The syntax an|
The following|
audioOy
channel]
extensi
GASpeci]
10.2.3.3.2.4

The syntax
GASpecifid

framelqd

depend{

extens]

objectTypeIndication isequal to 0x40 (Audio).

streamType is equal to 0x05 (Audio Stream).

decoderSpecificInfo shall be used, and ProfileLevelIndicationIndexDescriptor shall not

m is equal to 0.
ificInfoisequaltoAudioSpecificConfig.
AudioSpecificConfig
d values for AudioSpecificConfig shall conform to ISO/IEC 14496-3.
fields of AudioSpecificConfig shall besetaccording to ISO/IEC\14496-3 and subclause 10
JjectType
Configuration
onAudioObjectType
ficConfig
GASpecificConfig

hind values for GASpecificConfig shall conform to ISO/IEC 14496-3, and the fiel
Config shall be set to the following values:

ngthFlagis equal to,0 (1024 lines IMDCT).
OnCoreCoder (s ¢qual to 0.

onFlag isiequal to 0.

10.3 Imagg

2.3.2:

ds of

2 profiles

10.3.1

Overview

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 i

252

s provided in subclause 10.3.2.
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Table 60 — Overview of OMAF media profiles for image coding

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

10.3.2.1 General

Common specifications for image profiles

Subclause 10.3.2 specifies common constraints applicable to both OMAF image profiles. Both,md
steregscopic images up to 360 degrees are supported. These image profiles require the use ofithe’ed
projeqtion or the cubemap projection. When equirectangular projection and region-wise-packing ¢
numbkr of regions in region-wise packing is required to be equal to 1 or 2 for monoscopic,or stereos
respettively. When cubemap projection is in use, it is allowed to use up to one region(per’'cube face
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 OMA]

profile

An impge item is specified to conform to an OMAF image profile whenall of the following constraints

— Hither one of the following applies:

— The item properties for the coded image item comply with the requirements and constraint

ibclause 7.9.

%]

|
Kol |

— The item is associated\with a 'prfr' item property that indicates the equirectangular or cubem

|
- <

llows:

—+ The image item is a coded image item conforming to the OMAF image profile.

—  The image itemisa 'grid' derived imagelitem, and each source image item of the derived
a coded image item conforming to the OMAF image profile.

he item is not associated with-any other types of essential item properties than those requirg
pe of the image item, and\' dtvi', 'prfr', 'rwpk',and 'rotn"', which are specified in this

Vhen the item.s\associated with a ' rwpk' item property, the values of the item property are ¢

— When equirectangular projection is in use, the value of NumRegions, derived as|
subclause 7.5.1.2, shall be equal to HorDiv1 * VerDiv1, derived as specified in subclause 7.9

noscopic and
uirectangular
re in use, the
copic content,
n region-wise

F image

are true:

image item is

s specified in

d by the item
document.

ap projection.
onstrained as

specified in
3.1.

— When cubemap projection is in use, the number of projected regions containing samples of a particular

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:

brand as s

pecified in ISO/IEC 23008-12.

The file shall contain at least one image item that conforms to all of the following:

The image item is present in the file.

Whe

The |

item|

The

10.3.3 OM
10.3.3.1 Gern

Subclause 10.
follows the co

10.3.3.2 Ele

The bitstream
tier, Level 5.1

The bitstream
shall be a cod

The active SP§

general_f

general_f]

general_i

10.3.3.3 ISO

n the image item is a derived image item, each source image item is present in the file.

mage item conforms to the OMAF image profile.

AF HEVC image profile

B.3 specifies the OMAF HEVC image profile, which uses HEV.C as the codec for coding of the imag
mmon constraints for OMAF image profiles.

mentary stream constraints

bd frame.

Fame_only_constraint_flag shall be set to 1.

hterlaced_source_flag shall be set to 0.

mage item is either the primary item or any item from the alternate group containing'the pr

eral

of a coded image item conforming to this media profile shall conform to HEVC Main 10 profile

contained in a coded image item shall consist of one and only one coded picture. The coded p

of the bitstream shall be constrained as follows:

rogressive_source_flag\shall be set to 1.

Base-Media File Format constraints

The file shall include 'mif1' among the compatible brands and comply with the requirements of 'mif1'

imary

re and

Main

icture

A coded image item is specified to conform to the 'heoi' brand when all of the following constraints are true:

subclause 10.3.3.2.

in ISO/IEC 23008-12.

254

The coded image item conforms to the constraints specified in subclause 10.3.2.2.

The content of the coded image item conforms to the elementary stream constraints specified in

The item has type 'hvcl' and conforms to the requirements imposed by the 'hvcl' item type, as specified
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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.

If the jmage 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, subclause
81.1.
— The outputs of this process are the same as the outputs of Rec. [TY5T H.265 (11/19) | ISO/IEC 43008-2:2020,

ibclause 8.1.1.

%2}

Otherfvise (the image itemisa 'grid' derived image item)he*following applies:
— Hor each source image item of the derived image item, the following applies:

- An HEVC bitstream consists of the contenf of the source image item.

—+ The HEVC bitstream shall conform te’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 43008-2:2020,
subclause 8.1.1.

|
—

he output of this process is formed by tiling the reconstructed images resulting from the decoding of all the
burce image items, as:specified in the image grid derivation of ISO/IEC 23008-12.

[%2)

Additfonally, this .precess outputs ProjectionFormatProperty, FramePackingPropgrty (when
applidable), RegionWisePackingProperty (when applicable), and RotationProperty (whén applicable)
that provide theninput for the semantics of sample locations within the decoded picture as specifiedl in subclause
7.5.1.

10.3.8.5."Recommendations and requirements for OMAF player

The requirements on readers conforming to the 'mif1' brand, as specified in ISO/IEC 23008-12, 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

OMAF legacy image profile

10.3.4.1 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 elementary stream constraints are identical to those for the ' jpeg' brand specified in ISO/IEC 23008-12.

10.3.4.3 ISO
A coded imag

The con
subclausg

The item
in I1SO/IH
specifica
The code
Animage item

brand as spec
each source i

10.3.4.4 File
The inputs to
the iten

— afile con
If the image it
A JPEG bi
The JPEG

The JPEG

e item is specified to conform to the ' jpoi ' brand when all of the following constraintsjare try

 10.3.4.2.

Base Media File Format constraints

ent of the coded image item conforms to the elementary stream constraints specifi

has type ' jpeg' and conforms to the requirements imposed by the ' jpeg' item type, as spe
C 23008-12, or is coded with MIME type 'image/jpeg' andsconforms to that MIMH
ion.

H image item conforms to the constraints specified in subclause 10.3.2.2.
is specified to conform to the ' jpoi ' brand when itisa coded image item conforming to the ' j

fied above or a derived image item conforming to the{constraints specified in 10.3.2.2 and for
hage item is a coded image item conforming to the \\ypoi ' brand.

decoding process
the file decoding process are
| ID value of the image item conforming to this media profile, and

aining at least the image item.

em with the given jta8m id value is a coded image item, the following applies:
tstream consists of the content of the item with the given item ID value.
bitstream shall conform to the elementary stream constraints specified in subclause 10.3.4.2.

bitstream is decoded as specified in ISO/IEC 10918-1.

ed in

cified

type

poi'
which

Otherwise (th

For each

256

The output of this process is a decoded JPEG image.

e image itemisa 'grid' derived image item), the following applies:

source image item of the derived image item, the following applies:

A JPEG bitstream consists of the content of the source image item.

The JPEG bitstream is decoded as specified in ISO/IEC 10918-1.

The JPEG bitstream shall conform to the elementary stream constraints specified in subclause 10.3.4.2.
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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 'mif1' brand, as specified in ISO/IEC 23008-12, shall be
suppdrted.

Players conforming to the 'jpoi' brand shall support displaying an image item that conforms fo both of the
following:

— The image item is either the primary item or any item from the alternate group Containing the pfimary item.
— Tlhe image item conforms to the ' jpoi' brand as specified in subclause 10.3.4.3.
When| displaying an image item conforming to the ' jpoi' brand, players.are expected to obey semantics of the

sample locations of the decoded picture as specified in subclause 7.5.1.

10.4| Timed text profiles

10.4.1 Overview
Subclause 10.4 defines media profiles for timed text. Timed text is used for providing subtitles and closed captions

for omnidirectional video. Table 61 provides anioverview of the supported features. The detailed, specification for
each timed text profile is subsequently provided in the referenced subclause.

Table 61 — Overview of OMAF media profiles for timed text

Media Profile Codec Profile Brand | Subclause

OMAF IMSCLtimed 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

10.4.2.1 Elementary stream constraints

The elementary stream shall conform to the Text Profile or Image Profile specified in W3C Recommendation, TTML
Profiles for Internet Media Subtitles and Captions 1.0.1 (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

FileTypeBo

x 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 of an

IMSC1 track should be labelled by using the KindBox.

When timed t
subclause 7.7

104.3 OM
10.4.3.1 Ele

The elementa
Format.

10.4.3.2 ISO|

When a trac
FileTypeBdg
compatiblg

bxt cues are displayed on sphere regions, the timed text sphere region metadata track, as speci
7, shall be present.

AF WebVTT timed text profile

mentary stream constraints

Iry stream shall conform to W3C Candidate Recommendation, WebV.FT,,The Web Video Text

Base Media File Format constraints

 is the only track in a file, compatible brands containing a brand equal to 'ttw

| brands containing a brand equal to 'ttwv'¢n)FileTypeBox indicates that at least one

tracks conforms to this media profile.

compatiblg
to this media

A track of th
FileTypeBdg

A WebVTT ti
handler ty

The role of a

When timed t
subclause 7.7

profile.

is media profile shall be indicated to conform to this media profile through one or b
x and TrackTypeBox.

ack shall conform to,the WebVTT track format as specified in subclause 7.10.4, using a
pe of 'text' withd&codingname of 'wvtt'.

VebVTT track should be labelled by using the KindBox.

bxt cues dre displayed on sphere regions, the timed text sphere region metadata track, as speci
7, shall:be present.

fied in

racks

v' in

x indicates that the track conforms to this media profile. When a file contains multiple fracks,

of the

| brands containing a brand equal to ' ttwv' in TrackTypeBox indicates that the track conforms

th of

track

fied in

11 Presentation profiles

11.1 OMAF viewport-independent baseline presentation profile

11.1.1

General

The OMAF viewport-independent baseline presentation profile is intended to provide the highest interoperability
and quality on HMDs (including mobile-powered HMDs).

258

© ISO/IEC 2021 - All rights reserved


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

ISO/IEC 23090

-2:2021(E)

This profile fulfils the basic requirements to support 3D Audio and omnidirectional and 3D video. Both monoscopic
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
technologies for the OMAF viewport-independent baseline presentation profile may be offered using the ISOBMFF
file brand ' ompp'.

For afile with compatible brands containing a brand equal to 'ompp' in FileTypeBox,

cons

traints apply:
The file shall conform to the 'is09"' brand.

If containing video, the file shall contain at least one track conforming)to the HEVC-bas
ndependent OMAF video profile as specified in subclause 10.1.2.

—

—

f containing audio, the file shall contain at least one track conforming'to the OMAF 3D audio b
5 specified in subclause 10.2.2.

QO

11.2| OMAF viewport-dependent baseline preséntation profile

11.2.

1 General

The OMAF viewport-dependent baseline presentation profile is intended to provide interoperability
the HMDs that go beyond the viewport resplution achievable by the OMAF viewport-indepen
presentation profile.

This

profile fulfils requirements to stpport 3D audio and omnidirectional and 3D video. Both mq

stereqscopic video are supported."The profile requires viewport-dependent delivery and rendering.

11.2

.2 ISO Base Media‘File Format constraints

An ISPBMFF file containing a VR experience using the technologies for the OMAF viewport-depen
preseptation profilermay be offered using the ISOBMFF file brand 'ovdp"'.

For alfile with-compatible brands containing a brand equal to 'ovdp' in FileTypeBox,

cons

traints.apply:

the following

ed viewport-

hseline profile

hnd quality on
dent baseline

noscopic and

dent baseline

the following

The file shall conform to the 'iso9' brand.

If containing video, the file shall contain at least one track conforming to the HEVC-based viewport-dependent

OMAF video profile as specified in subclause 10.1.3.

If containing audio, the file shall contain at least one track conforming to the OMAF 3D audio baseline profile

as 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 _brands of
the FileTypgBox:

— The file shall contain one or more 'ovbg"' entity groups.
— When thp OverlayPriority control structure is present for an overlay and overlay priorifty in

OverlayPriorityisequalto0, overlay control essential flag[i](Shall be absent or equplto 0
for all values of i greater than 13 in the SingleOverlayStruct () of the ovéerlay.

12.1.3 OMAF player operation
When an OMAF player conforming to this toolset brand is given a‘file containing the brand 'ovly' gmong

compatiblg brands of the FileTypeBox as input, the OMAF-player is expected to render the background
visual media 3nd the overlays of an ' ovbg' entity group as spegcified for the expected behaviour in Annex G.

12.2 Viewpoint toolset brand

12.2.1 Ovdrview

This toolset brand specifies viewpoint-relatéd requirements 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 of
the FileTypgBox:

— The file shall contain two or more 'vipo' entity groups.

12.2.3 OMAFplayer operation

When an OMAF player conforming to this toolset brand is given a file containing the brand 'vwpt' among
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.
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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 least one
destination viewpoint id value is equal to the identifier of the first 'vipo' entity group.

—+ the ViewpointLoopingStruct () is present and the loop dest viewpoint | id vajue is equal to
the identifier of the first ' vipo' entity group.

|
oy

or each viewpoint switch signalled in the ViewpointSwitchingbistStruct{), the flag
iewpoint switch region flag shall be equalto 1.

<

12.3.3 OMAF player operation

When| an OMAF player conforming to this toolset brand is given afile containing the brand '1sl' among
compptible brands of the FileTypeBox as input, the OMAF player is expected to handle yiewpoints as
specified for the expected behaviour in Clause G.8.
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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"?>
<xs:schema 3 m]l’\Q'YQ—"hffp'I/I/(AHAHAI w3 nr'gl/')nfn I/YMI Schema"

targetNamespace="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
elementFogrmDefault="qualified">
<xs:element name="sphRegionQuality" type="omaf:SphRegionQualityType" />
<xs:complexType name="SphRegionQualityType">
<xs:seqyence>
<xs:elément name="qualitylnfo" type="omaf:QualitylnfoType" minOccurs="1"(maxOccurs="255"/>
<xs:any namespace="##other" processContents="lax" minOccurs="0" max@gccurs="unbounded" />
</xs:sequence>
<xs:attribute name="shape_type" type="xs:unsignedByte" use="optional’"-default="0"/>

ibute name="remaining_area_flag" type="xs:boolean" use="optional" default="0"/>
ipute name="view_idc_presence_flag" type="xs:boolean’ise="optional" default="0"/>
ibute name="quality_ranking_local_flag" type="xs:boolgan" use="optional" default="0"/>
ibute name="quality_type" type="omaf:QualityType‘use="required" />

ibute name="default_view_idc" type="omaf:ViewType" use="optional"/>

xType name="QualityInfoType">
ipute name="quality_ranking" type="xs:unsignedByte" use="required"/>
ibute name="view_idc" type="omaf:ViewType" use="optional"/>
ibute name="orig_width" type="xs:unsignedShort" use="optional"/>
ibute name="orig_height" type="xs:unsignedShort" use="optional"/>
ibute name="centré_azimuth" type="omaf:Range1" use="optional"/>
ibute name="centre_elevation" type="omaf:Range2" use="optional"/>
ibute name="centre_tilt" type="omaf:Rangel" use="optional"/>
ibute napiex"azimuth_range" type="omaf:HRange" use="optional"/>
ibute name="elevation_range" type="omaf:VRange" use="optional"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexpe

<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 name="orig_width" type="xs:unsignedShort" use="optional"/>
<xs:attribute name="orig_height" type="xs:unsignedShort" use="optional" />
cxs:attribute name="left_offset" type="xs:unsignedShort" use="optional"/>
cxs:attribute name="top_offset" type="xs:unsignedShort" use="optional"/>
cxs:attribute name="region_width" type="xs:unsignedShort" use="optional"/>
cxs:attribute name="region_height" type="xs:unsignedShort" use="optional"/>
cxs:anyAttribute namespace="##other" processContents="lax"/>
</ks:complexType>

<xK:element name="cc" type="omaf:CCType" />
<xs:complexType name="CCType">
Kxs:sequence>

<xs:element name="coveragelnfo" type="omaf:coveragelnfoType" minOccurs="1" maxOccurf="255"/>
<xs:any namespace="##other" processContents="lax" niinOccurs="0" maxOccurs="unboundpd"/>

£ /xs:sequence>

cxs:attribute name="shape_type" type="xs:unsignedByte" use="optional" default="0"/>
cxs:attribute name="view_idc_presence_flag" type='xs:boolean" use="optional" default="0"/>
cxs:attribute name="default_view_idc" type="omaf:ViewType" use="optional" />
cxs:anyAttribute namespace="##other" processContents="lax"/>

</Kks:complexType>

<xs:complexType name="coveragelnfoType">

cxs:attribute name="view_idc" type="omaf:ViewType" use="optional"/>

cxs:attribute name="centre_azimuth" type="omaf:Rangel" use="optional" default="0"/>
cxs:attribute name="centré_elevation" type="omaf:Range2" use="optional" default="0"/>
cxs:attribute name="centre_tilt" type="omaf:Rangel" use="optional" default="0"/>
cxs:attribute name="azimuth_range" type="omaf:HRange" use="optional" default="23592960"|/>
cxs:attribute nanmie="elevation_range" type="omaf:VRange" use="optional" default="11796480|' />
cxs:anyAttribute nhamespace="##other" processContents="lax"/>
</ks:complexType>

<xK:attribute name="projection_type" type="omaf:listOfUnsignedByte" />
<xs:simipleType name="listOfUnsignedByte">
<xs:restriction>
<xs:simpleType>
<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"/>
</xs:restriction>
</xs:simpleType>

<xs:attribute name="view_dimension_idc" type="omaf:viewDIdcType" />
<xs:simpleType name="viewDIdcType">
<xs:restriction base="xs:unsignedByte">

<xs:mjnlnclusive value="0"/>
<xs:maxInclusive value="7"/>
</xs:resfriction>
</xs:simpleType>

<xs:simplgType name="Range1">
<xs:restyiction base="xs:int">
<xs:mininclusive value="-11796480"/>
<xs:maxInclusive value="11796479" />
</xs:resfriction>
</xs:simpleType>
<xs:simplgType name="Range2">
<xs:restfiction base="xs:int">
<xs:mininclusive value="-5898240"/>
<xs:maxInclusive value="5898240"/>
</xs:resfriction>
</xs:simpleType>
<xs:simplgType name="HRange">
<xs:restfiction base="xs:unsignedInt">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="23592960%/>
</xs:resfriction>
</xs:simpleType>
<xs:simpldType name="VRange">
<xs:restyiction base="xs:(insignedInt">
<xs:mjnInclusive value="0"/>
<xs:maxInclusiye value="11796480"/>
</xs:resfriction>
</xs:simpleType>
<xs:simpldTyp€ name="QualityType">

<xs:restriction base="xs:unsignedByte">
<xs:minlnclusive value="0"/>
<xs:maxInclusive value="15"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="ViewType">
<xs:restriction base="xs:unsignedByte">
<xs:minlnclusive value="0"/>
<xs:maxInclusive value="3"/>
</xs:restriction>
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</xs:simpleType>
</xs:schema>
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