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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 3602 ideog—with—different prr\r‘nccing r‘apa]‘\i]iﬁnc To—avoid Fvagmnnfnﬁr\n of omnidirectional edia

content and dpvices, a standardized format for omnidirectional media applications is specified in this docimpnt.

This document defines a media format that enables omnidirectional media applications, focusing on,360° video,
images, and ajidio, as well as associated timed text. What is specified in this document includes _(butis not ljimited
to):

— a coordinate system that consists of a unit sphere and three coordinate axes, namely the X (back-to4{front)
axis, the | (lateral, side-to-side) axis, and the Z (vertical, up) axis;

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

— storage pf omnidirectional media and the associated metadata,using the I1SO Base Media File Fprmat
(ISOBMHF) as specified in ISO/IEC 14496-12;

— storage df video or image overlays and the associated metadata using ISOBMFF;
— encapsulption, signalling, and streaming of omnidirectional media and overlays in a media streaming system,
e.g. dynamic adaptive streaming over HTTP (DASH) as specified in ISO/IEC 23009-1 or MPEG media
transport (MMT) as specified in ISO/IEC 23008-®;
— media prjofiles and presentation profiles that provide conformance points for media codecs as well as media
coding ahd encapsulation configurations:that may be used for compression, streaming, and playback |of the

omnidirdctional media content;

— toolset Hrands that provide €ohformance points for functionalities beyond plain 360° video, imaggs and
audio.

The Internatipnal Organization for Standardization (ISO) and International Electrotechnical Commission| (IEC)
draw attentioh to the fact¢hat it is claimed that compliance with this document may involve the use of a patent.

ISO and IEC tgke no position concerning the evidence, validity and scope of this patent right.

The holder of-this—patentTight tasassured1S6—=amdECthate/she—ts—wiltimgtoregotiate ticences—under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this respect,
the statement of the holder of this patent right is registered with ISO and IEC. Information may be obtained from
the patent database available at www.iso.org/patents.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights other than those in the patent database. ISO and IEC shall not be held responsible for identifying any or all
such patent rights.
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Information technology — Coded representation of
immersive media —

Part 2:
Omnidirectional media format

This

omnid

pcope

Hocument specifies the omnidirectional media format for coding, storage, delivery and

graphlics elements generated by computer graphics but encoded as imagé,or’ video. Multiple vie
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2
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requig
latest
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Part 1
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1S0/1

Rec. I}
Part 1
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ponding to an omnidirectional camera, are supported. The document-also specifies storage a

Normative references

llowing documents are referred to in the text in"such a way that some or all of their conte
ements of this document. For dated references, only the edition cited applies. For undated 1
edition of the referenced document (including any amendments) applies.

C 10918-1, Information technology —\Digital compression and coding of continuous-tone still in
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[U-T H.264 (08/21) 1 ISO/IEC 14496-10:2020, Information technology — Coding of audio-visua
0: Advanced video coding

C 14496-12:2022, Information technology — Coding of audio-visual objects — Part 12: ISO basé
t

1S0/1

lirectional media, including video, images, audio and timed text. Omnidirectional image or vids

y images or video intended to be rendered over the omnidirectipnal’background image or vids

rendering of

b0 can contain
wpoints, each
nd delivery of
0.

nt constitutes
eferences, the

nages —

hudio coding

objects —

media file

t

£C14496-1 A.' Infnr'mnf‘inn f'p/‘hnnlngy J— f'nffing nfnnﬂin-\n'cnnl nhjof‘fc — Part 14’ MDAfilpfnrm

ISO/IEC 14496-15:2022, 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
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ISO/IEC 23000-19:—1, Information technology — Multimedia application format (MPEG-A) — Part 19: Common

media applica

tion format (CMAF) for segmented media

ISO/IEC 23000-22:2019, Information technology — Multimedia application format —Part 22 Multi-image
application format (MIAF)

Rec. ITU-T H.274 | ISO/IEC 23002-7, Information technology — MPEG video technologies — Part 7: Versatile
supplemental enhancement information messages for coded video bitstreams

ISO/IEC 23003-3:2020, Information technology — MPEG audio technologies — Part 3: Unified speech and audio

coding

ISO/IEC 2300

ISO/IEC 2300
environments

Rec. ITU-T H.J
delivery in hef

ISO/IEC 2300
environments

ISO/IEC 2300
environments

ISO/IEC 2300
presentation d

Rec. ITU-T H.J
media — Part]

ISO/IEC 2309
ISO/IEC 2309
IETF BCP 47,
IETF Internet
IETF RFC 638
W3C Candida

W3C Recommi

B-4:2020, Information technology — MPEG audio technologies — Part 4: Dynamic range control

B-1:2017, Information technology — High efficiency coding and media delivery in heterogeneous
— Part 1: MPEG media transport (MMT)

65 (11/19) | ISO/IEC 23008-2:2020, Information technology — High efficiengy coding and med
progeneous environments — Part 2: High efficiency video coding

B-3:2022, Information technology — High efficiency coding and media delivery in heterogeneous
— Part 3: 3D audio

B-12, Information technology — High efficiency coding and media delivery in heterogeneous
— Part 12: Image file format

D-1:2022, Information technology — Dynamic adaptive streaming over HTTP (DASH) — Part 1: |
escription and segment formats

66 (08/20) | ISO/IEC 23090-3:2021, Informdtion technology — Coded representation of immetr,
3: Versatile video coding

1-2, Information technology — Coding-independent code points — Part 2: Video
1-3, Information technology —-Goding-independent code points — Part 3: Audio
l'ags for Identifying Languages

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

1, MIME Codegs\and Profiles

e Recommendation, WebVTT: The Web Video Text Tracks Format

entdation, TTML Profiles for Internet Media Subtitles and Captions 1.0.1 (IMSC1)

Viedia

sive

W3C Recommendation, XML schema part 1: Structures

W3C Recommendation, XML schema part 2: Datatypes

1 Under preparation. Stage at the time of publication: ISO/IEC DIS 23000-19:2022.
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W3C Recommendation, XML Path Language (XPath) 2.0 (Second Edition)

3 Terms, definitions, abbreviated terms and symbols

3.1 Terms 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.

ISO arld IEC maintain terminology databases for use in standardization at the following addresses:

— I$O Online browsing platform: available at https://www.iso.org/obp

p—t

EC Electropedia: available at https://www.electropedia.org/

3.1.1
azimuth

first of the two sphere coordinates describing the location of a point on-the sphere

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

3.1.2
azimuth circle

circlefon the sphere connecting all points with the same azimuth value

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

3.1.3
background visual media

piece pf visual media (3.1.66) on‘which an overlay (3.1.34) is superimposed

3.14
circular image

image captured witha fisheye lens (3.1.18)

3.1.5
closed scheme type

scheme type (3.1.49) that clearly specifies which transformations are allowed and does not allow future extensions

3.1.6
common reference coordinate system

3D Cartesian coordinate system with the centre being (X, Y, Z) equal to (0, 0, 0), used as the reference coordinate
system for all viewpoints (3.1.63) within a viewpoint group (3.1.64)
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aligned sample

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

track, the clos

3.1.8
composition

est preceding composition time relative to that of a particular sample in the another track

picture

picture 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 t

3.1.9
constituent p

such part of a
frame packing

3.1.10
content cove

one or more 4§
composition p

3.1.11
elevation

second of the

Note 1 to entry

3.1.12

elevation cir¢

circle on the s

Note 1 to entry|
Earth.

3.1.13
encoded tile

coded repres

he 2D spatial relationship track group

icture

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

age

phere regions (3.1.51) that are covered by the content represented by the track, an image iten
cture (3.1.8)

fwo sphere coordinates describing the locationéef a point on the sphere

Azimuth and elevation are specified in subclause 5.1.

le

phere connecting all points with the same elevation value

When the elevation,is.zero, an elevation circle is also a great circle (3.1.22). This coincides with the equ

sequence

bntatioh of a tile sequence (3.1.56) that has the capability to be merged with other encodse

when

n, Or a

tor on

d 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 or more
'scal’ track references

3.1.15
field of view

extent of the observable world in captured/recorded content or in a physical display device
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3.1.16
file decoder

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

3.1.17
file decoding process

-2:2023(E)

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

3.1.1!]}

in the reference system

fisheye lens

wide-
asac

3.1.14
fishey
fishey

omnid
pictui]

3.1.20

fishey

video

3.1.2]

hngle camera lens that usually captures an approximately hemispherical field of view |(3.1.15)
rcular image (3.1.4)

D
re omnidirectional video
re omnidirectional image

irectional media (3.1.32) where circular images (3.1.4) of fisheyedenses (3.1.18) are spatially

e(s)

re video

captured by fisheye lenses (3.1.18)

|

global coordinate axes

coord
inteng

Note 1

Note 2
omnid|
the au

Note 3
image
centy

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

to entry: The origin-efithe 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: Imthe absence of the initial viewing orientation metadata (see subclause 7.7.4 for tracks or sul
items), the initial viewing orientation should be inferred to be equal to (0, 0, 0) for (cen
e eleyation,centre_ tilt)relative to the global coordinate axes.

and projects it

irranged onto

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
rre azimuth,

3.1.22

great

inters
Note 1

Note 2

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.
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3.1.23
guard band

area that is not rendered but may be used to improve the rendering quality to avoid or mitigate visual artifacts
such as seams

Note 1 to entry: Guard bands in packed pictures (3.1.37) are associated with packed regions (3.1.38) as described in subclause
7.5.3.

3.1.24
header data

high-level synftax structures that do not contain arithmetic entropy-coded syntax elements

Note 1 to entry: In HEVC, parameter sets and slice segment headers can be regarded as header data. In VVC bitstrean]s with
one or more independent VVC subpictures, parameter sets can be regarded as header data.

3.1.25
independent|VVC subpicture

subpicture, ay defined in Rec. ITU-T H.266 | ISO/IEC 23090-3, that has sps_subpic_treated_as_pic_flag[i] edual to
1 and sps_loop_filter_across_subpic_enabled_pic_flag[i] equal to 0

Note 1 to entryf An independent VVC subpicture is treated like a picture in the VVC decoding process and loop filtering|across
the boundaries|of an independent VVC subpicture is disabled.

3.1.26
local coordinate axes

coordinate axgs obtained after applying rotation to the globalcoordinate axes (3.1.21)

3.1.27
mesh omnidirectional video

omnidirectionpl media (3.1.32) where rectangular regions of two-dimensional pictures are mapped to|mesh
elements of a fhree-dimensional mesh

3.1.28
OMAF base track

track whose spmples are resplved by merging samples of the referenced OMAF tile tracks (3.1.30)

Note 1 to entry}: An HEVC-tile base track as specified in ISO/IEC 14496-15, an extractor track (3.1.14), and a VVC merge base
track as specifi¢d in I[SO/IEC 14496-15 that reference OMAF tile tracks are examples of OMAF base tracks.

3.1.29
OMAF player

application responsible for receiving files or segments or accessing files locally, decapsulating these files and
segments, decoding the audio, video, image or timed text bitstreams, rendering the audio, video, image or timed
text and applying a strategy for receiving the files or segments based on the viewport (3.1.65) information

3.1.30
OMAF tile bitstream

coded video data that represents a rectangular subset of the original video content and has the capability to be
merged with other OMAF tile bitstreams in coded domain without decoding mismatch by rewriting only header
data (3.1.24), where a decoding mismatch refers to the value of any pixel having a different value when decoded
prior to merging or subsequently to merging
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3.1.31
OMAFF tile track

track that represents a rectangular subset of the original video content and has the capability to be merged with
other OMAF tile tracks in coded domain without decoding mismatch by rewriting only header data, where a
decoding mismatch refers to the value of any pixel having a different value when decoded prior to merging or

subse

quently to merging

Note 1 to entry: An HEVC tile track as specified in ISO/IEC 14496-15 and a VVC subpicture track as specified in ISO/IEC 14496-

15 are examples of an OMAF tile track.

3.1.32

omnidirectional media

medid such as image or video and its associated audio that enable rendering according to-the yiser's viewing
orientjation (3.1.60), if consumed with a head-mounted device, or according to user's desired viey

othery

3.1.3]
open

schem

3.1.34
overl

piece

3.1.35

ise, as if the user was in the spot where and when the media was captured

]
ended scheme type

e type (3.1.49) that allows future extensions
3
Ly

pf visual media (3.1.66) rendered over omnidirectionabvideo or image item or over a viewport

overlay source

piece

3.1.3¢

pf visual media (3.1.66) used as the content for an overlay (3.1.34)

D

overlay source region

overld

3.1.3]

|y source (3.1.35) specified.as a rectangular region within decoded pictures

y

packed picture

pictui]

Note 1

e that is reppesented as a coded picture in the coded video bitstream

to entry:-A packed picture may result from region-wise packing (3.1.46) of a projected picture (3.1.40).

3.1.38

bport (3.1.65),

3.1.65)

packed region

region in a packed picture (3.1.37) that is mapped to a projected region (3.1.41) as specified by the region-wise
packing signalling

3.1.39
projected omnidirectional video
projected omnidirectional image

omnidirectional media (3.1.32) where the relation of two-dimensional picture coordinates to sphere coordinates
(3.1.50) is specified using mathematical projection equation(s)
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3.1.40
projected picture

picture that has a representation format specified by an omnidirectional video projection format
Note 1 to entry: Omnidirectional projection formats are specified in subclause 5.2.

Note 2 to entry: A project picture i) covers the entire sphere. ii) has no re-sized, re-positioned, rotated, or mirrored regions
relative to a representation format specified by an omnidirectional video projection format, and iii) has no guard bands
(3.1.23).

3.1.41
projected region

region in a prnojected picture (3.1.40) that is mapped to a packed region (3.1.38) as specified by the ‘region-wise
packing signalling

3.1.42
projection

inverse of th¢ process by which the samples of a projected picture (3.1.40) are ;mapped to a set of poditions
identified by g set of azimuth (3.1.1) and elevation (3.1.11) coordinates on a unit sphere

3.1.43
quality ranking region

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

3.1.44
quality ranking 2D region

quality ranking region (3.1.43) that is specified relative to a decoded picture

3.1.45
quality ranking sphere region

quality ranking region (3.1.43) that is specified relative to a sphere

3.1.46
region-wise packing

inverse of the process of-transformation, resizing, and relocating of packed regions (3.1.38) of a packed gicture
(3.1.37) to rethap to projected regions (3.1.41) of a projected picture (3.1.40)

3.1.47
rendering

process of generating audio-visual content for playback from the decoded audio-visual data according to the
user's viewing orientation (3.1.60), if consumed with a head-mounted device, or according to user's desired
viewport (3.1.65), otherwise, as well as optionally the user's viewing position (3.1.61) when sphere-relative
overlays (3.1.34) are displayed with background visual media (3.1.3)

3.1.48
sample

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

3.1.49
scheme type

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

3.1.50
sphere coordinates

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

3.1.51
sphere region

region on a sphere, specified either by four great circles (3.1.22) or by tworazimuth circles (3|1.2) and two
elevation circles (3.1.12), or such a region on the rotated sphere after applying certain amount of ypw, pitch, and
roll rdtations

3.1.52
sub-plicture
picturle that represents a spatial subset of the original video content, which has been split into spatial subsets
befor¢ video encoding at the content production side

Note 1f to entry: One way to encode a sequence of independent VVC subpictures is to split the original video c¢ntent into sub-
pictur¢s before encoding and encode a sub-picture sequence into a VVC bitstream having pictures containing only a single VVC
subpidture with a specific subpicture identifier value.

3.1.53
sub-plicture bitstream

bitstream that represents a spatial subset of the original video content, which has been split into spatial subsets
befor¢ video encoding at the conternt production side

Note 1]to entry: It is possible.to-form a sub-picture bitstream from a sequence of independent VVC subpictures.

3.1.54
sub-plicture track

track that iswith spatial relationships to other track(s) and that represents a sub-picture bitstream (3.1.53)

Note 1to.entry: A VVC subpicture track, as specified in ISO/IEC 14496-15, is an example of a sub-picture track.

3.1.55
switch region

region that initiates viewpoint switching when selected by the user

Note 1 to entry: The following region types are specified for a switch region: a region on the viewport, a sphere region, and an
overlay.

3.1.56
tile sequence

rectangular subset of the original video content
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tilt angle
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angle indicating the amount of tilt of a sphere region (3.1.51), 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

3.1.58
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 availab

e, the

closest preced

3.1.59
track sample|

sample entry

3.1.60

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

entry type

['ype of a SampleEntry directly contained in SampleDescriptionBox

viewing orientation

triplet of azin
consuming th
(3.1.65)

3.1.61
viewing posi

position from

Note 1 to entry]
within the vie
visual media (3
viewing positio

3.1.62
viewing spac

three-dimens
enabled and V

3.1.63
viewpoint

omnidirection

nuth (3.1.1), elevation (3.1.11), and tilt angle (3.1.57) charactetizing the orientation that a
e audio-visual content; in case of image or video, characterizing the orientation of the vie

fion

which video and image content is viewed

. When there are no overlays (3.1.34), the viewing position is the centre of the unit sphere. A viewing p
ing space (3.1.62) is enabled to view overlays (3.1.34) from different perspectives relative to the back
.1.3). When the content is rendered with a head-mounted display, head tracking can be used to loc
.

e

onal space of viewing positions (3.1.61) within which rendering (3.1.47) of image and vi
R experience is valid

ser is
wport

bsition
yround
te the

leo is

nlinédia (3.1.32) corresponding to one omnidirectional camera

3.1.64

viewpoint group

group of viewpoints (3.1.63) that share the same common reference coordinate system (3.1.6)

3.1.65
viewport

region of omn

10

idirectional media (3.1.32) suitable for display and viewing by the user
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3.1.66
visual media

video, image item or timed text
3.1.67

VVC subpicture
subpicture as defined in Rec. ITU-T H.266 | ISO/IEC 23090-3

3.2 _Abbreviated terms

2D two-dimensional

3D three-dimensional

CICP coding-independent code points (specified in ISO/IEC 23091-1, 23091-2, and 23(91-3)
CMAHR common media application format (specified in ISO/IEC23000-19)

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

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

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

HOA higher-order ambisonics

MCTS motion-constrained tile set

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

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

SRD spatial relationship description

URN uniform resource name

VR virtual reality

VSEI versatile supplemental enhancement information (as specified in Rec. ITU-T H.274 |

ISO/IEC 23002-7)

VVC versatile video coding (as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3)
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WGS world geodetic system
3.3 Symbols
3.31 Arithmetic operators and mathematical functions
+ addition
- subtraction (as a two-argument operator) or negation (as a unary prefix operator)
* mulltiplication, including matrix multiplication
XY exppnentiation
Spetifies x to the power of y. In other contexts, such notation is used for superscriptingnot intended for
interpretation as exponentiation.
/ integer division with truncation of the result toward zero
Forlexample, 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 roundingis-intended
X~ divigion in mathematical equations where no truncation or rounding is intended
y
)/‘
Zf(l) summation of f{' i ) with i taking all integer values from x up to and including y
i=x
x%y modulus
Renpainder of x divided by y, defined onlyfor integers x and y withx >= 0 andy > 0.
X ; x>=0
Abs(x) = ’ (@8]
-x ; x<0
Asin(x) trigpnometric inverse(sine function, operating on an argument x that is in the range of -1.0 fo 1.0,
inclpsive, with an outpiit value in the range of —m+2 to m+2, inclusive, in units of radians
Atan(x) trigbnometric.inverse tangent function, operating on an argument x that is any real number, with an
output value'in’the range of —m+2 to m+2, inclusive, in units of radians
Atan(lw ifx >0
\x)
Atan[ljm D ifx<0&&y >=0
X
Atan2(y,x) = Atan(lj—n D ifx<0&&y<0 (2)
X
T .
+E ; ifx==0&&y>=0
T .
—— ;  otherwise
2
Cos(x) trigonometric cosine function operating on an argument x in units of radians
Floor( x ) largest integer less than or equal to x
12 © ISO/IEC 2023 - All rights reserved
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Round( x) = Sign(x) * Floor( Abs(x) +0.5) 3)
1 x>0
Sign(x)=10 ; x==0 (4)
-1 ; x<0
Sin(x) trigonometric sine function operating on an argument x in units of radians
Tan(x) trigonometric tangent function operating on an argument x in units of radians
3.3.2 Order of operation precedence

The fgllowing 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 fpllowing rules
apply

— ()perations of a higher precedence are evaluated before any operation of a lower precedence.
— (perations of the same precedence are evaluated sequentially from lefttoright.

Table|1 specifies the precedence of operations from highest to lowest; a’higher position in the table indicates a
higher precedence.

NOTE| For those operators that are also used in the C programminglanguage, the order of precedence used i this document
is the 4ame as used in the C programming language.
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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

e/ g gt K
,
y

"x Xy x 9% y"

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

"X<<y, X>>y"

"x<y","x <= y","x>y", "X >= ¥

X::y)x!:y

X=yL X HE YL X —=y

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

x=y.zZ| xtakeson integer values starting from y to z, inclusive, with %, y, and z being integer numbefs and
z being greater than y.

3.34 Vartables

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

invoking. All syntax elements and upper case variables that pertain to the current syntax structure and depending
syntax structures are available in the process specification and invoking. A process specification may also have a
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lower case variable explicitly specified as input. Each process specification has explicitly specified an output. The
output is a variable that can either be an upper case variable or a lower case variable.

When

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

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

— Otherwise (the variables at the invoking and the process specification have the same name), assignment is
implied.

3.3.6

Synta
descr

— U
e
d

NOTE
individ
which
the co
equivy

3.3.7
This s
51, T4

numb

The F

A

=

p—

In add

Syntax structures
kK structures in Clauses 6 and 7 are specified with and shall be interpreted according to
ption language (SDL) specified in ISO/IEC 14496-1:2010, Clause 8, with the following|echange:
kpressionl of a for loop for (expressionl; expression2; ekpression3). Su

bclaration may be used for a loop index variable with a data type.

As specified in ISO/IEC 14496-1:2010, subclause 8.3.6, this document allows declaring a syntax ele

htext of this document typespec name[ [index]] is used to kefer to the index in the semantics a
lent to typespec name.

Conventions for indicating the number of boxes in tables
ubclause specifies conventions used in boxfables (i.e. Table 31, Table 32, Table 33, Table 34, T|
ble 52, Table 53, Table 54, Table 55, Table\56, Table B.1, Table B.2, and Table B.3) where the n
er of boxes with given four-character cddes are specified.

brmat Req. column in the tables specifies the number of boxes that shall be present as follows:
" specifies that “zero or mgre”boxes may be present.

" specifies that “one erimore” boxes shall be present.

/1” specifies that-either zero or one boxes shall be present.

” specifiesithat one and only one box shall be present.

ition to boxes included in a box table, any other boxes may be present unless specifically disall

the syntactic

hlike specified in ISO/IEC 14496-1:2010, Clause 8, this document allows)a variable declaration in

th a variable

ment that is an

ual element in an array. Such a declaration follows ISO/IEC 14496-162010, Rule A.2: typespec nanle[ [index]];
declares the index-th element of the array name as an individual‘syntax element having the data typq typespec. In

hd is otherwise

Able 35, Table
esting and the

pwed.

4 Overview

4.1

Overall architecture

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

The following|interfaces are specified in this document:

— E'4, E'v, E}i: audio bitstream, video bitstream, coded image(s), respectively; see Clause 10.

— F/F': media file; see Clause 7. Moreover, media prefiles specified in Clause 10 include the specification [of the
track formats for F/F', which may contain cofstraints on the elementary streams contained within the
samples df the tracks.

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

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

The other intgrfaces in Figure 1.are not specified in this document.

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

A real-world fudig-visual scene (A) is captured by audio sensors as well as a set of cameras or a camera ¢levice

with multiple[lefises and sensors. The acquisition results in a set of digital image/video (Bi) and audio (Ba) signals.
The cameras /lenses tumicallyy cavny A1l dirnetiane avaaand tha coptrn ot Aftha capanra cnt A cayaars dagie thUS

IS Co—Ty prtarry CoOv e ot oo o oGt C-Ceer Cp o Ot Camtra St o tamtra atvrec,

the name of 360° video.

Audio may be captured using many different microphone configurations and stored as several different content
formats, including channel-based signals, static or dynamic (i.e. moving through the 3D scene) object signals, and
scene-based signals (e.g. Higher Order Ambisonics). The channel-based signals typically conform to one of the
loudspeaker layouts defined in ISO/IEC 23091-3. In an omnidirectional media application, the loudspeaker layout
signals of the rendered immersive audio program are binauralized for presentation via headphones.

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

This document specifies the following types of omnidirectional video and images, which differ in the architecture
in the image pre-preprocessing for encoding and in the image rendering processing blocks:
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Projected omnidirectional video/images:

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

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

sheye omnidirectional video/1mages:

- Image pre-processing for encoding: Circular images (Bi) captured by fisheye lenses.are ar
2D picture, which is then input to video or image encoding.

ranged onto a

- Image rendering: The decoded circular images are stitched using the/)signalled fi
parameters.

sheye-specific

esh omnidirectional video:

where mesh
he same time
mapped onto

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 {
instance are stitched, possibly rotated, and projected ontothe 3D mesh. Mesh elements are
rectangular regions of one or more 2D pictures, whichate input to video encoding,.
Image rendering: Rectangular regions of the deceded 2D picture(s) are mapped to the 3D rhesh, which is
used directly as the rendering mesh.

Furth
subcla

b1 details of the architecture for projected, fisheye, and mesh omnidirectional video/images a
uses 4.2, 4.3, and 4.4, respectively.

e provided in

The p
audio
medig
accor
Base

or the

re-processed pictures (D) are encoded as coded images (Ei) or a coded video bitstream (Ev).|The captured
(Ba) is encoded as an audio bitstream (Ea). The coded images, video or audio are then cothposed into a
file for file playback (F) or.a Sequence of an initialization segment and media segments for sfreaming (Fs),
ling to a particular media(container file format. In this document, the media container file forpnat is the 1SO
Media File Format specified in ISO/IEC 14496-12. The file encapsulator also includes metadata into the file
segments.

The s¢gments Fs aredelivered using a delivery mechanism to a player.

The fi
decap

le that the\file encapsulator outputs (F) is identical to the file that the file decapsulator inp
sulator-processes the file (F') or the received segments (F's) and extracts the coded bitstrean

E')a

uts (F'). A file
S (E'a, E'v, or

d parses the metadata. Viewport-dependent video may be carried in multiple tracks, which nj

ay be merged

in the|bitstream rewriting into a single video bitstream E'v prior to decoding. The audio, video or inrages are then
decoded info 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 current viewing orientation is also passed to the strategy module, which determines the video tracks
to be received based on the viewing orientation.
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escribed above is applicable to both live and on-demand use cases.

4.2 Projected omnidirectional video/images

4.2.1

General

The architecture specified in subclause 4.1 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

descrintion-of this nraocessisnrovided-insubelause 4.2 2
| | |

The packed pi
The metadata
the projed
the area d
the rotati
region-wi
region-wi
In the image 1

display or an
spherical covd

4.2.2 Stit
For monoscoy
generate a pr
and region-w
Source image

The image dat
picture cover;

ctures (D) are encoded as coded images (Ei) or a coded video bitstream (Ev).

in the file includes information for the following:

tion format of the projected picture;

f the spherical surface covered by the packed picture;

bn for converting between the global coordinate axes and the local{coordinate axes;

se packing;

se quality ranking.

endering block, the decoded packed pictures (D')'are projected onto the screen of a head-mog

iy other display device based on the current yiewing orientation or viewport and the projg
rage, rotation, and region-wise packing metddata parsed from the file.

ching, rotation, projection, and region-wise packing

ic 360° video, the source images of one time instance are stitched, possibly rotated, and projed

pjected picture representing-one view. The breakdown of the image stitching, rotation, proje

se packing processes for monoscopic content is illustrated with Figure 2 and described as fo
(Bi) are stitched, possibly rotated, and projected onto a unit sphere.

a on the unit sphére-is further arranged onto a two-dimensional projected picture (C). The pro
the entire sphere. Optionally, region-wise packing is then applied to map the projected pictur

a packed pict

re. If the region-wise packing is not applied, the packed picture is identical to the projected p

and this pictiire is given ‘as input to image/video encoding. Otherwise, projected regions are mapped
packed picture (D)by-indicating the location, shape, and size of each packed region in the packed picture, a
packed picture (D)-is given as input to image/video encoding. The packed picture may cover only a part

entire spher

unted
ction,

ted to
ction,
llows.

ected
b onto
cture,
nto a
hd the
of the

Invpractice, the source images may be converted to a packed picture in one process w|

ithout

intermediate steps.

s ' B rotatf)itczlq?oynal Projected RegalgEir\:me Packed Image/video
ource images | (optional), picture packing " picture(s) encoding
and projection (optional)

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

Figure 2 — Monoscopic image stitching, rotation, projection, and region-wise packing of source images
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In the case of stereoscopic 360° video, the source images of one time instance are stitched, possibly rotated, and
projected to generate a projected picture representing two views, one for each eye. Both views may be mapped
onto the same packed picture, as described below in relation to Figure 3, and encoded by a traditional 2D video
encoder. Alternatively, each view of the projected picture may be mapped to its own packed picture, in which case
the image stitching, projection, and region-wise packing is like described above with Figure 2. A sequence of
packed pictures of either the left view or the right view may be independently coded. Alternatively, packed
pictures of the left view and the right view may be temporally interleaved in an alternating manner and encoded
as a single bitstream, which is indicated to comply with the temporal interleaving frame packing arrangement. In
another alternative, multiview coding is used to encode both views into the same bitstream with inter-view
prediction.

The b
conte

stereoscopic
described as

d onto the same packed picture is illustrated with Figure 3.and

follow
The i
Cr for
view

proje
the reg
given

Cy
B Stitching Projected \ C Region-wise D
Soufce images ' rotation (optional), left picture ';r;:?ne —>"Rrejected —  packing E}?S:(:(i) — lrgigggﬁfeo
and projection Cr / P 9 picture (optional) P 9
Projected
right picture

Figu

The ix
the sg
differ

s. Source images (Bi) are stitched, possibly rotated, and projected onto two unit spheres, ong
hage data on each unit sphere is further arranged onto a two-dimensional projected. picture (
right eye), which covers the entire sphere. Frame packing is applied to pack the leftiview pic
picture onto the same projected picture. Optionally, region-wise packing is)then applied
ted picture onto a packed picture, and the packed picture (D) is given as inputto image/vidg
gion-wise packing is not applied, the packed picture is identical to the prdjected picture, and
as input to image/video encoding. The packed picture may cover only a part of the entire sphei

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

of a single‘'acquisition time instance

hage stitching, rotation, projection,-and region-wise packing processes may be carried out mul
me source images to create different versions of the same content, e.g. for different sphere
bnt rotations of local coordinate axes with respect to the global coordinate axes). Similarly, th

packing process may be performed multiple times from the same projected picture to create n

seque

4.3

The a

A fish

nce of packed pictures'to be encoded.

Fisheye omnidirectional video/images

"chitecture specified in subclause 4.1 applies with the following further specifications.

for each eye.
L1 for left eye,
ture and right

to pack the
o encoding. If
this picture is
e.

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

tiple times for
rotations (i.e.
e region-wise
ore than one

byeléns is a lens that achieves extremely wide angles of view and produces a circular image. C

rcular 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 format. The file encapsulator also includes fisheye-specific metadata, which assist in rendering the
decoded pictures, into the file or the segments.
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The fisheye-specific metadata in the file includes:

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

— Displayed field of view information, and

— Camera extrinsic parameters (physical location).

In an OMAF player, the circular images in the decoded fisheye video are stitched using the signalled fisheye-
specific paranfieters to an ommnidirectional image and rendered according to the User s VIEWport.

4.4 Mesh|lomnidirectional video

The architectyre specified in subclause 4.1 applies with the following further specifications:

The images (Bi) of the same time instance are stitched, possibly rotated, projected ento a 3D mesh. A pictufre (D)
to be encoded| consists of rectangular regions, each mapping to exactly one mesh eletént of the 3D mesh.

The metadatalin the file includes information for the following:

— the rotatipn for converting between the global coordinate axes anddthe local coordinate axes,
— the 3D megsh, consisting of mesh elements,

— amapping of rectangular regions to mesh elements.

The decoded pictures (D') are mapped onto the 3D mesh used for rendering on a head-mounted display ¢r any
other display fevice based on the current viewing orientation or viewport.

4.5 Streaming methods for omnidirectional video

4.5.1 Ovdrview

In viewport-independent streaming, omnidirectional video is represented with the equirectangular projectjon or
another projgction 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 DMAF
player, fully decoded by-the decoder, and the area of the decoded picture corresponding to the current viewport is
rendered to the user.

A distinct feature-ef-emnidirectional-videois—that-enlya—viewpertis—displayedat-anypartenar-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.

Annex D describes some specific schemes for viewport-dependent omnidirectional video processing, while
subclause 4.5 includes an overview and categorization of viewport-dependent delivery.

Viewport-dependent delivery can be achieved by either of the following:
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— Multiple versions of the content, where different versions are optimized for different viewing orientations.
Examples of this category are provided in Clauses D.2 and D.9.

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

encoded tile sequences.

The tile-based viewport-dependent streaming can be arranged in one of the following ways:

a)

b)

An IS
one dr moresMediaDataBoxes. It is allowed to split an ISOBMFF Media Segment into Subse
contajning”ohe or more MovieFragmentBoxes and one or more MediaDataBoxes. A DASH
requepts<éntire Media Segments through their URLs indicated in the MPD or entire Subsegments

Author-driven binding, which is further categorized into the following two methods:

1y—Viewport=specificauthor-driven bimdingThe tontent author prepares muitipte OMAF bas
targeted at a particular range of viewing orientations and providing bitstream rewritingi
merge specific encoded tile sequences. The strategy module selects between availahle\OM4
as described in further detail in subclause 4.5.2. The bitstream rewriting module follews th
of the selected OMAF base track to create a video bitstream. Examples of this.category aj
subclauses D.6.2 to D.6.5, inclusive, and Clause D.8.

2) Free-viewport author-driven binding. The content author prepares one or more OMAF b
OMAF base track is not tailor-made for any viewing orientation but gives multiple optiof]
the OMAF player can choose the encoded tile sequences that are‘used for extraction. Fu
OMAF base track provides bitstream rewriting instructions to merge any encoded tile sequ
by the OMAF player. The strategy module selects an OMA¥F-base track and the encoded
among the indicated options. For example, an OMAF base‘track can enable the player to ch
tile sequences from multiple resolutions and the player can, for example, receive a fy
resolution tiles to show the full representation of the content at a lower quality while retri
of high-resolution tiles that together make up, the viewport. The operation of the stratg
described in subclause 4.5.3. The bitstream rewriting module follows the instructions o
OMAF base track to create a video bitstream:>Examples of this category are provided in (
subclauses D.6.6 to D.6.10, inclusive.

ate binding. The strategy module selects any encoded tile sequences that can be merged to
rill typically retrieve a full set of low-resolution tiles to show the full representation of the cont
uality while retrieving a subset ofchigh-resolution tiles that together make up the viewport. Th
frategy can be tailored accordjhg-to the current viewport, available bandwidth, the field of viej
ounted display or the hardware decoding capabilities, among other things. The bitstream rew
erges the selected encoded tile sequences into a bitstream. The decoded picture/textu

.o < -

e tracks, each
nstructions to
AF base tracks
e instructions
e provided in

hse tracks. An
s from which
rthermore, an
bnces selected
ile sequences
oose encoded
11 set of low-
bving a subset
boy module is
f the selected
lause D.4 and

h bitstream. It
ent at a lower
b tile selection
v of the head-
riting module
re contains a

cpmbination of high and, low resolution tiles which are then mapped onto a sphere, where tl('ﬁe low quality

tiles are used for those locations where no high-resolution tiles are being decoded. Further
binding are provided in subclause 4.5.4.

DBMFF Media-Segment as specified in ISO/IEC 23009-1 includes one or more MovieFragmg

etails on late

ntBoxes and
gments, each
client either

through their

b . R I 41 o T 1 = L 0
yte Iqusca IIIUICALCTU IIT UIT OTUIITIIL LITUT ADU LCDJ.

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
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.
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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 Set 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 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 restr
the PF de

OMAF vid
attribute.

Relative
sphRegi]

The proje
descripto

relation t

The regid
viewport

When a Parti:

between then):

— Relative j
@bandwi]
among th

— The bitra
estimated

4.5.3 Tild

When an SR(Q
content has b
Sets, the folloy

cted video scheme type carried in the @codecs MPD attribute or the projection format/cary
scriptor, or both.

eo profile. The OMAF video profile for the Main Adaptation Set is conveyed in the @profileq

picture quality in the viewport area as indicated by the ,~SRQR descriptor,

onQuality@quality ranking local flagisequaltoO.

cted picture resolution from which the content on the viewportoriginates, as indicated by the
. An OMAF player can select such Main Adaptation Set, which provides a suitably high resolut
the resolution of the viewport.

n covered by the high-quality content, as indicated by the SRQR descriptor, in relation
size and margins for potential viewing orientation changes.

1l Adaptation Set contains multiple Representations, the following factors can be used for sel
icture quality among the Representations as indicated by the SRQR descriptors. Alternative
dth value or the @qualityRanking value can be used as an indication of the respective ¢

e Representations in the same Partial Adaptation Set.

Les for the Representations,) as indicated with the @bandwidth MPD attribute, in relation
throughput.

-based streaming with free-viewport author-driven binding

R descriptor is absent in one or more Main Adaptation Sets, an OMAF player concludes th
ben made available for free-viewport author-driven binding. When there are many Main Adap
ving{factors can be used for selecting between them:

ied in

MPD

when

SRQR
ion in

o the

pcting

y, the
uality

to the

at the
tation

Codec and the coding profile and level. These pieces of information are carried in the Gcodecs MPD attribute.

The decoding capacity of the client device can constrain which Main Adaptation Sets are decodable in real-

time.

the PF descriptor, or both.

attribute.

An OMAF player can select the OMAF tile tracks to be received as follows:
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select a subset of the OMATF tile tracks to be received:

Initialization Segment of the Representation in the Main Adaptation Set.

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

The TrackBoxes of the OMAF tile tracks among which an OMAF player needs to select are present in the

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

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

which sphere region is covered by the OMAF tile track.

— Otherwise, an OMAF player selects a Representation from each Partial{Adaptation Set. An OMA

4.5.4
4.5.4
The c
qualit]
OMAH
anon

— C

— C

— An OMAF player aims at selecting OMAF tile tracks covering the viewport so that they

quality than the other selected OMAF tile tracks. The @bandwidth value or ther@gual
value can be used as an indication of the respective quality among the Representations in th|
Adaptation Set and hence to select between collocated OMAF tile tracks. Alternatively or ad
quality ranking metadata in the instances of SphereRegionQualityRamkingBox, whe
be used.

selecting OMAF tile tracks covering the viewport so that they haye,a higher quality than the
llowing factors can be used for selecting between them:

- Relative picture quality among the Representations-asiindicated by the SRQR descriptors.
the @bandwidth value or the @qualityRankidg value can be used as an indication of

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
ient determines which ‘tiles to retrieve. It will typically retrieve the full omnidirectional vj

y and the high-resolution tiles to provide high quality in the viewport. Although the strateg
exhaustive list of-elements that may be used in this process:
irrent viewport orientation (yaw, pitch, roll)

irpent zoom level (if any)

The ContentCoverageBox or the SphereRegionQualityRankingBox can be used to conclude

have a higher
ityRanking
e same Partial
ditionally, the
h present, can

F player aims
bther selected

MAF tile tracks. When a Partial Adaptation Set contains multiple;Representations of OMAF ffile tracks, the

Alternatively,
the respective

relation to the

ideo in a low
ry used by an

player to determinewhich tiles to select at which point in time is up to the implementation, the following is

— T

he 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

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

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

resolution tile

s for covering the rest of the of projected frame.

4.5.4.2 Bitstream rewriting

4.54.2.1 G¢

A player can have many decoders at its disposal, a few, or only one. The most common case in deyices at th

of writing thij
have only a si

Depending on
tiles than are
such a case, il
data. One met
filled. Anothei

ISO/IEC 1449
(referred to a
or VvcNALU(Q

an ‘empty’ tilg.

45422 H
The bitstream
how to achiey
more details d
Generating a (
a) Rewritin

b) Rewritin

Additionally,
segment head|

4.5.4.2.3 V)

eneral

document is that a player has only one decoder, or just a few. To enable operatios of device
hgle decoder, 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 clientldeciding to select
1 order to still create a compliant bitstream, the client will have to fillthose empty tiles with
hod for doing so is to copy an already added tile as often as needed to make sure all tile ‘slo
method is for a client to generate ‘dummy’ tile data.

6-15 specifies that a VVC subpicture track that does nét contain content intended for disp

5 a substitute subpicture track) can be indicated with.a'box header flag of VvcConfiguratig
onfigBox in the sample entry. A substitute subpigture track can be used to provide coded dz

EVC bitstream rewriting

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

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

b the slice segment’header.

t may bévequired to remove start code emulation prevention bytes before rewriting thg
er andsinisert the start code emulation prevention bytes after rewriting the slice segment headed

e time
s that

fewer

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

valid
s’ are

aying
nBox
ta for

ns on
-2 for

ut:

slice

=

VC.bitstream rewriting

The bitstream rewriting process is not specified in this document, with the present subclause giving directions on
how to achieve such a rewrite for VVC. Implementers can refer to Rec. ITU-T H.266 | ISO/IEC 23090-3 and
ISO/IEC 14496-15 for more details on how to write a conformant bitstream.

Generating a conformant video bitstream typically consists of rewriting the parameter sets in the Initialization
Segment.

The bitstream rewriting process could be similar to ISO/IEC 14496-15:2022, subclause 11.6, with the following
differences:

— Rather than using the sequence parameter sets of the VVC merge base track, the player generates the
sequence parameter sets that are suitable for the bitstream.
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— The player picks OMAF tile tracks according to its strategy rather than using the ' spor' sample group in the
VVC merge base track as specified in ISO/IEC 14496-15:2022, subclause 11.6.4.

— The player updates parameter sets based on the high-level syntax of the NAL units in the selected OMAF tile
tracks rather than using the VVC merge base track and its sample groups for parameter set rewriting as
specified in ISO/IEC 14496-15:2022, subclause 11.6.5.

It may be required to remove start code emulation prevention bytes before rewriting a parameter set and insert
the start code emulation prevention bytes after rewriting the parameter set.

4.6

In ad|
functi

— M
e}

Additional Tunctionalities

dition to omnidirectional video, images and audio, this document specifies the fellowing additional

pnalities:

ultiple viewpoints. A viewpoint can be regarded as an omnidirectional camera.Viewpoints can be used, for

kample, for the following purposes:

- Provide several user-switchable camera positions to view the content. For example, a sport
captured from different positions.

- Express a storyline where the user is given the choice te select which storyline path is f]
temporally contiguous portion in the storyline is represented by a viewpoint.

The storage of viewpoints is specified in subclause 7.12.

— 0
\%
0

The u

4.7

4.7.1

This d

C

verlays. Video, image, or timed text can be indieated to be overlays of the omnidirectional bacK
deo or image. Overlays can be indicated to.Have sphere-relative or viewport-relative position
overlays is specified in subclause 7.14.

se of the additional functionalities cairbe indicated using the toolset brands specified in Clause

Conformance and interoperability

General

5 event can be

bllowed. Each

ground visual
5. The storage

12.

ocument spegcifi€s several referenceable features that implementations and external specifications may use
to achiieve interoperability. These referenceable features include the following:

pecification of a coordinate system for omnidirectional media (subclause 5.1), and eq

hations for a

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

— Omnidirectional projection formats (subclause 5.2).

— Maedia profiles, as defined in subclause 4.7.2. Individual media profiles are specified in Clause 10.

— Presentation profiles, as defined in subclause 4.7.3. Individual presentation profiles are specified in Clause 11.

— Mapping of media and presentation profiles to DASH and CMAF are specified in Annex B and Annex C,
respectively. When conformance to the media or presentation profiles specified in this document is indicated
for content carried according to ISO/IEC 23009-1, the specifications of Annex B shall be obeyed. When
conformance to the media or presentation profiles specified in this document is indicated for content carried
according to ISO/IEC 23000-19, the specifications of Annex C shall be obeyed.
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Toolset brands, as defined in subclause 4.7.4. Individual toolset brands are specified in Clause 12.
Region-wise packing formats (subclause 5.4).
Scheme types for post-decoder processing of omnidirectional video (subclause 7.6.1).

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

However, the technologies and features specified in this document may be used independently. For example,

boxes specifie

d in this document may be used independently of other OMAF features.

NOTE For inj
read other par
profile.

This document specifies code points that implementations and external specifications may use, for referr

respective OM

4.7.2

4.7.2.1 Gery

A media profi
tracks of a si
specified as a

— Specificat
addition {

Constrain|
contained

A media profi
of a single me
combination ¢

— Specificat
to those i

Constrain|
contained

The elementa
profile and le

Medlia profiles

plementing a media profile, It 1S SUggested to Teler to the Specitication of that media profile n Clause
Es of this document selectively by following the cross-references included in the specification of-the

AF features. The code points are summarized in subclause 4.7.5.

eral

hgle media type. The conformance of a set of one or more ISOBMFF tracks to a media prd
combination of:

o those imposed by the sample entry type(s).

ts on the samples of the tracks, typicallyvexpressed as constraints on the elementary s
within the samples of the tracks.

e for static media is defined as requirements and constraints for a set of one or more ISOBMFF
Hia type. The conformance of a‘set of one or more ISOBMFF items to a media profile is specified
f:

ion of which item type(s) are allowed, and which constraints and extensions are required in ad
mposed by the itemtype(s).

ts on the centent of the items, typically expressed as constraints on the elementary s
within theitems.

'y stream constraints of a media profile may be indicated by a requirement to comply with a @
el of the media coding specification, possibly including additional constraints and extensions

0 and
media

ing to

le for timed media is defined as requirements and constraints:for a set of one or more ISOBMFF

file is

ion of which sample entry type(s) are allowed, and‘which constraints and extensions are required in

tream

items
asa

dition

tream

ertain
, such

as arequirem

entof the presence of certain information for rpnr]pring and prpcpnfnfinn

NOTE

The use of the elementary stream constraints specified for a media profile can be referenced by implementations and

external specifications independently of the ISOBMFF requirements and constraints specified for the media profile. However,
the encapsulation and use of a media profile for other encapsulation formats is outside of the scope of this document.

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

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

decod

— a

ing process consists of all of the following:

list of decoded pictures;

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

— the projection format of the associated projected pictures,

— the frame packing format of the associated projected pictures (when applicable),

Video

A file
the fo

— T
tq
I\
vi
— T

n

Figurg
OMAH

A play
file dd

specified for the video or image media profile in Clause 10 (with the correct association of

[ the region-wise packing information (when applicable],

- the rotation information (when applicable);

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

r mesh omnidirectional video or image, all of the following metadata:

- a 3D mesh, consisting of mesh elements,

- a mapping of rectangular regions in the decoded pictures to mesh’elements,

- the rotation information (when applicable).

media profiles may specify constraints on when rendering metadata is allowed to change.

decoder conforms to the file decoding process requirements of this document when it complie
lowing:

he file decoder includes a conforming decoder that produces numerically identical cropped ded
those produced by the file decoding ‘process specified for the video or image media profile

deo or image media profile, respectively).
he file decoder outputs rendering metadata that is equivalent to that produced by the file dec
etadata to particular.cropped decoded pictures, as specified in this document).

4 illustrates an .example file decoder, its outputs as described above, and its relation to oth
player implementation.

s with both of

oded pictures
in Clause 10

vith the correct output order or output timing, as specified in the video or image coding specification of the

pding process
the rendering

er parts of an

rer claitming conformance to a video or image media profile shall include a file decoder comp

includ

ying with the

cading process of that video or image media profile as specified above. Specifications of a media profile may
easubclause on expectations of a player operation, for example including recommendations for rendering.
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4.7.5

hce of the output signal is defined by the file decoding process. The output of the file deq

sentation profiles

Todlset brands

Summary of referenceable code points

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

decoding process and file decoder requirements for audio medja profiles

ofile specified in Clause 10 includes a file decoding process such that\all file decoders that co
rofile will produce an output according to the specification of the-file decoding process. For

Hes a signal that may be represented in the reference system(

h profile is defined as requirements and constraints for an ISOBMFF file containing tracks or it
f media types. A specification of a presentation profile should refer to the specified media p

mnidirectional audio-visual experience:

nd facilitates a functionality) that is considered additional compared to the basic operation
A toolset brand should ‘be specified so that the toolset brand can be used with any media ¢
dia profile. A toolsefibrand is specified as requirements and constraints for a set of one or
ks and items. A file-is indicated to conform to a toolset brand with a FileTypeBox containi
- code of the toolset brand among compatible brands. The specification of a toolset bran
ements foyran\OMAF player complying with the toolset brand.

hform
hudio,
oding

ems of
rofiles

1de additional requirements or constraints: A file conforming to a presentation profile typically

of an
oding
more
hg the
d may

4.7.5.1 Br

3
nausS

ISO/IEC 14496-12 defines the concept of brands, which may be indicated in a file-specific manner in the
FileTypeBox and in a track-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.

28
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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 OMAF video profile

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

gdti 10.1.6 Advanced tiling OMAF video profile

giti 10.1.7 HEVC-based simple tiling OMAF video, profile

ditv 10.1.7 VVC-based simple tiling OMAF.video profile

Yvci 10.1.8 VVC-based viewport-independent OMAF video profile

dabl 10.2.2 OMATF 3D audio bageline profile

dazd 10.2.3 OMAF 2D audiodegacy profile

Heoi 10.3.3 OMAF HEV€image profile

Jeoi 10.3.4 OMAF legacy image profile

yvoi 10.3.5 OMAF VVC image profile

gtml 10.4.2 OMAF IMSC1 timed text profile

dtwv 10.4.3 OMAF WebVTT timed text profile

gmpp 111 OMAF viewport-independent baseline presentation profjle

dqvdp 11.2 OMAF viewport-dependent baseline presentation profile

qvly 12.1 Overlay toolset brand

YWRE 12.2 Viewpoint toolset brand

nlsl 12.3 Non-linear storyline toolset brand

cvid C.1.1 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

cuvd C.1.3 CMAF media profile for the unconstrained HEVC-based viewport-
independent OMAF video profile
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Subclause in
this document

Brand identifier

Name of the media profile or the presentation profile

cvve C.1.4 CMAF media profile for the VVC-based viewport-independent
OMAF video profile
cabl C.21 CMAF media profile for OMAF 3D audio baseline profile

4.7.5.2 Uniform resource names

The URNs spefcified in this document are listed in Table 3.

Table 3 — URNSs specified in this document

URN Subclause in Description
this document
urn:mpe¢:mpegl:omaf:2017 8.2.2 Namespace for.- XML elements and
attributes
urn:mpeg:mpegl:omaf:2017:pf 8.3.2 Schemeéddentifier for the omnidirectionall
projection type DASH MPD descriptor
urn:mpeg:mpegl:omaf:2017:rwpk | 8.3.3 Scheme identifier for the region-wise
packing type DASH MPD descriptor
urn:mpeg:mpegl:omaf:2017:cc 8.3.4 Scheme identifier for the content coverage
DASH MPD descriptor
urn:mpeg:mpegl:omaf:2017:srqgr 8.3:5 Scheme identifier for the spherical region-
wise quality ranking DASH MPD descripfor
urn:mpeg:mpegl:omaf:2017: 244k 8.3.6 Scheme identifier for the 2D region-wise
quality ranking DASH MPD descriptor
urn:mpeg:mpegl:omaf:2017:fomv | 8.3.7 Scheme identifier for the fisheye
omnidirectional video DASH MPD
descriptor
urn:mpeg :mpedi+omaf:2020 8.5.1 Namespace for XML elements and
attributes
urn:mpegTmpeglromatr2020Tassoc [ 8.5.2 Scheme identifier for the association
descriptor
urn:mpeg:mpegl:omaf:2020:vwpt 8.5.3 Scheme identifier for the viewpoint
information descriptor
urn:mpeg:mpegl:omaf:2020:0vly | 8.5.5 Scheme identifier for the overlay
information descriptor
urn:mpeg:mpegl:omaf:2020:etgb 8.5.6 Scheme identifier for the entity to group

descriptor
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URN

Subclause in Description
this document

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

B.1.4.1 DASH profile identifier indicating the use

of the segment formats specified in
subclause 8.5
4.7.5.3 Restricted scheme types
The restricted-sehemetypesspectiedinthisdeenmentaretistedintable4-
Table 4 — Restricted scheme types specified in this document

Ré¢stricted Subclause in Description

scheme type this document

pqdv 7.6.1.2 Projected omnidirectional video; an open-ended restricted sgheme
type for omnidirectional video based’on a projection

efpv 7.6.1.3 Equirectangular projected video; a closed restricted scheme|type for
omnidirectional video based on the equirectangular projectipn and
essentially no region-wise‘packing.

eycm 7.6.1.4 Packed equirectanguldr or cubemap projected video; a closefl
restricted scheme'type for omnidirectional video based on ejther the
equirectangularprojection or the cubemap projection and any region-
wise packing:

fqdv 7.6.1.5 Fisheye'omnidirectional video; an open-ended restricted schleme type
for.omnidirectional video based on video captured by one o1t more
fisheye camera lenses and not based on a projection

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

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

mgdv 7.6.1.8 Mesh omnidirectional video; an open-ended restricted schere type
for omnidirectional video based on a 3D mesh

meov 7.6.1.9 Closed scheme type for mesh omnidirectional video
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4.7.5.4 Sample entry types

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

Table 5 — Sample entry types specified in this document

Sample entry | Subclause in Description
type this document
invo 7.7.4 For use with a timed metadata track containing the initial viewing
orientation timed metadata
rcvp 7.7.5 For use with a timed metadata track containing the recommended
viewport timed metadata without indicating a viewpoint
rvp2 7.7.5 For use with a timed metadata track containing the recommended
viewport timed metadata concerning one or more indicated
viewpoints
ttsl 7.7.7 For use with a timed metadata track containing the timed text spherg
location timed metadata
stmd 7.11 For use with a timed metadata track.containing ERP region metadat
dyvp 7.12.3.1 For use with a timed metadata track indicating the viewpoint
parameters that are dynamically changing over time
invp 7.12.3.2 For use with a timed-metadata track indicating the initial viewpoint
that should be used
ocpc 7.12.3.3 For use with'@timed metadata track indicating information on objecf
centre points correspondence between viewpoints
dyol 7.14.6 Forq@se with a timed metadata track indicating overlays that are actiyve
only at particular times and dynamically changing overlay parametefs
vIsp 7.15.5 For use with a timed metadata track indicating viewing space
4.7.5.5 Boxtypes
The box typeq specified in this document are listed in Table 6.
Table 6 — Bé
Box types, structure and cross-reference.
moov| [SOBMFF [container for all the metadata
trak [SOBMFF (container for an individual track or stream
trgr [SOBMFF [track grouping indication
2dsr 7.1.3 Ispatial relationship 2D description box
2dss 7.1.3 Ispatial relationship 2D source box
sprg 7.1.3 lsub-picture region box
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Box types, structure and cross-reference.

coif 7.13.3 composition information box
ttyp [SOBMFF [track type box
mdia [SOBMFF [container for the media information in a track
minf [SOBMFF |media information container
<tbl [SOBMFF |sample table box, container for the time/space
map
. [SOBMFF [sample descriptions (codec types, initialization
etc.)
- [SOBMFF [sample entry or restricted sample egtry
rinf [SOBMFF [restricted scheme info box
schi [SOBMFF |scheme information-box
povd 7.6.2 projected omnidirectional video box
prr |7.6.2 projectionformat 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 746.3 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 mesh omnidirectional video box
mesh [7.6.8 imesh box
rotn (7.6.5 rotation box
- 7.7.2 sphere region sample entry
rosc 7.7.2 lsphere region configuration box
rcvp 7.7.5 recommended viewport sample ent
rvif 7.7.5 recommended viewport information box
- [SOBMFF |visual sample entry
srqr 7.8.2 lsphere region quality ranking box
2dqr 7.8.3 2D region quality ranking box
oselay 714-4 overlay-confighration-box
lvssn 7.15.3 viewing space box
stpp [SOBMFF |XML subtitle sample entry
otcf 7.10.2 OMAF timed text configuration box
wvtt 1184-(2}/915% 0 WebVTT sample entry
otcf 7.10.2 OMAF timed text configuration box
meta [SOBMFF |Metadata
iprp [SOBMFF |item properties box
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Box types, structure and cross-reference.

ipco [SOBMFF |item property container box
prir 7.9.3 lprojection format item property
fovi 7.9.4 essential fisheye image item property
fvsi 7.9.5 lsupplemental fisheye image item property
rwpk 7.9.6 region-wise packing item property
rotn 7.9.7 rotation item property
covt 7958 coveragetformuationitentproperty
frame packing item property
. NOTE FramePackingPropertyhdsthe same
stvi 7.9.2 box
type and syntax as Stére€ovVideoBox
specified in ISO/IE€34496-12.
iivo 7.9.9 initial viewing orientatfon-item property
ovly 7.14.5 overlay item property
vssn 7.15.4 viewing space-item property
meof 7.1.4 media offsetbox

4.7.5.6 Track grouping types

The track groyping types specified in this document are listed dn Table 7.

Table 7 — Track grouping types specified in this document

Track grouping type | Subclause in this Track grouping name
document
2dsr 7.1.3.2 Two dimensional spatial relationship track grouping
4.7.5.7 Entiity grouping types

The entity grg

uping types.specified in this document are listed in Table 8.

Table 8 — Entity grouping types specified in this document

Entity gr nping type Subclause in this Fntify grmlping 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
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4.7.5.8 Sample grouping types

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

Table 9 — Sample grouping types specified in this document

Sample grouping Subclause in this Sample grouping name
type document
2dsr 7.1.3.3 Two dimensional spatial relationship sample
tnpsh 7.16.2 Tile mesh sample grouping
5

Dmnidirectional video projection and region-wise packing
5.1 |Coordinate system

The cpordinate system consists of a unit sphere and three coordinaté\axes, namely the X (back-to-frgnt) axis, the Y
(lateral, side-to-side) axis, and the Z (vertical, up) axis, where the three axes cross at the centre of thg

sphere.
The 19

cation of a point on the sphere is identified by a pair pf sphere coordinates azimuth (¢) and elgvation (8).
Figure 5 specifies the relation of the sphere coordinates.azimuth (¢) and elevation (8) to the X, Y, angl Z coordinate
axes.

A

Z

v

(=

7

L] . . .

A increasing ¢
=

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

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

The value range of azimuth is -180.0°, inclusive, to 180.0°, exclusive. The value range of elevation is -90.0° to
90.0°, inclusive.
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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 a monoscopic
projected luma picture onto a position on the unit sphere identified by a pair of azimuth and elevation coordinates.

The omnidirectional projection formats specified in this document are identified by a 5-bit unsigned integer value.
Table 10 specifies the omnidirectional projection format identifier values and provides references to the
subclauses in which the respective inverse projection processes are specified.

5.2.2 Equ

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

Inputs to this process are:

— pictureW
picture, iq

— the centryq
hPos and

Outputs of thi

— sphere cq
subclausg

The sphere cq

$=(05
0=(0.5

5 process are:

5.1.

irectangular projection for one sample location

dth and pictureHeight, which are the width and’'height, respectively, of a monoscopic projected
relative projected picture sample units, and

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

ordinates (¢p#8)for the luma sample location, in degrees, are given by the following equations:

- hPos +pictureWidth ) * 360
- vP@S +pictureHeight ) * 180

luma

where

ordinates (¢, 0) for.the sample location in degrees relative to the coordinate axes specified in

(5)

3 3 £ 1 H +1 | 1 43 £ H H ol 1ok ikl Ll 5 S
Flgure 6 illustrates-theazimtth-and-elevation ranges-ora Mmonostopicprojectea pietatre-witi tneeqtirecta 1gular

projection.

36
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NOTE
zero, t

NOTE
coordji

5.2.3

Input

— the centre point of a sample location (hPos, vPos) along the horizontal and vertical axes, respe|

Figur¢

mapp
denot]

ISO/IEC 23090-2:2023(E)

180° f-m-mmrsmmnnees bomnennenneanee e -180°

Figure 6 — Azimuth and elevation ranges of the monoscopic projected picture of the

equirectangular projection

he output ¢ is never equal to —180° or 180° and the output 0 is never equal to -90° or 90°.

P The monoscopic projected picture represents the inside surface of the unit sphere gbserved from t
hate system. Thus, the azimuth decreases from left to right.

Cubemap projection for one sample location

to this process are:

cture, in relative projected picture sample units, and

Pos and vPos are in relative projected picture samplé units and may have non-integer real valu
ts of this process are:

here coordinates (¢, 6) for the samplé location in degrees relative to the coordinate axe
bclause 5.1.

7 illustrates the cube face anrangement in the projected picture of the cubemap projection f
ng of the cube faces onto(the coordinate axes specified in subclause 5.1, where PX, NX, PY, N
e positive X, negative X, positive Y, negative Y, positive Z, and negative Z, respectively.

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

he origin of the

ctureWidth and pictureHeight, which are the width and height; respectively, of a monoscopic projected luma

ctively, where
bS.

s specified in

brmat and the
Y, PZ, and NZ

© ISO/IEC 2023 - All rights reserved
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The values of
multiple of 2,

The sphere c

38

r

@ @ | NY Right
PY Left PX Front | @
[ ] @
N
z
g o S
2 |
] £ —
= @ ol =
A
@

Figure 7 1+ Relation of the cube face arrangement of the projected picture to the sphere coordinates

P H £ LA QN £
TUITTatcS

NZ Bottom -~

v

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

Iw = pictureWidth / 3
lh = pictureHeight / 2

ol
P, U ot Taiira Satirpy

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

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

h = Floor( vPos + 1h)

if(f(w ==1 && h == 0){// positive x front face

x=1.0
y = hPos’
z = vPos’

lal 43 | H az i £a11 H 43
TCTOCatroT, I GCETCCS; arcgrv CIr vy orrC oo Wit CqaatroOTts.
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5.3

Input

L KoK

(%]

Outpy

%)

This {f
expre
Rotat
from {

ISO/IEC 23090

telseif(w == 1 && h == 1){// negative x back face

-2:2023(E)

(6)

x=-1.0
y = -vPos’
z = -hPos’
}elseif(w == 2 && h == 1) {// positive z top face
x = -hPos’
y = -vPos’
z=1.0
}elseif(w == 0 && h == 1) {// negative z bottom face
x = hPos’
y = -vPos’
z=31-0
}elseif(w == 0 && h == 0) {// positive y left face
x = -hPos’
y=1.0
z = vPos’
Yelse{//(w == 2 && h == 0), negative y right face
x = hPos’
y=-1.0
z =vPos’

}
¢ =Atan2(y,x)*180+m

0 =Asin(z s x2+y+ zz) *180 + 1

Conversion from the local coordinate axes to the global coordinate axes

to this process are:

otation yaw (ad), rotation pitchy (Bd4), rotation roll (ya), all in units of de
otation yaw (ad) and rotation:¥@11 (ya), are in the range of -180.0, inclusive, to 18

hd rotation_ pitch (Bd) is in the.range of -90.0 to 90.0, inclusive, and

phere coordinates (¢4, 04) relative to the local coordinate axes.

ts of this process are:

pbhere coordinates (¢, 0) in degrees relative to the global coordinate axes.

rocess specifies rotations around the three axes of the coordinate system of subclause 5.1, w

ons are-extrinsic, i.e. around X, Y, and Z fixed reference axes. The angles increase clockwise
heorigin towards the positive end of an axis, as illustrated in Figure 8.

grees, where
0.0, exclusive,

here yaw (0d)

5ses a rotation around the Z axis, pitch (4) rotates around the Y axis, and roll (ya) rotates aroyind the X axis.

when looking

© ISO/IEC 2023 - All rights reserved
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XM

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

When any of the yaw (a4), pitch (B4) and roll (ya4) rotation angles is not equal to zero, an-OMAF player negds to
apply the sphere rotation process specified in this subclause to convert the local cgordinate axes to the global
coordinate axgs.

It is assumed| that the global coordinate systems for different media types(were made aligned during c¢ntent
production.

The outputs qre derived as follows:

¢ =¢a*m+180
0=¢a*m+180
a=dgd*m+180
B=Ra*m+180
Y=%Ya*m+ 180

x1 =|Cos(¢ ) *Cos(0)
y1 =[Sin( ¢ ) * Cos(6)
z1 =fin(0)

x2 =[Cos(B) *Cos () *x1 — Cos(\B) *Sin(a) *y1 +Sin( B) * z1 (7
y2 =|(Cos(y) *Sin( a) + Sin( yJ* Sin(B) *Cos(a) ) *x1 +
(Cos(y) *Cos(a)+Sin(y) *Sin(B)*Sin(a)) *y1 -
Sin(y) *Cos(B)*z1

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

¢’ =|Atan2(y2, x2 ) * 180 +

0 =RAsinfz2 ) * 180 +

5.4 Region-wise packing formats

54.1 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.
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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

Conversion of one sample location for rectangular region-wise packing

This {
sampl

Input:

|
< n

ot wn

ot

=0 O

NOTE
pictur

Outpy

-

The o

to this process are:
hmple location (x, y) within the packed region, where x and y are in relative_packed picture
rhile the sample location is at an integer sample location within the packed picture,

hmple units,

icture sample units,
Fansform type (transformType), and

ffset values for the sampling position (offsetX\offsetY) in the range of 0, inclusive, to 1
orizontal and vertical relative packed picture-saiple units, respectively.

e sample units.

ts of this process are:

blative projected picture sample units and may have non-integer real values.
itputs are derived as’follows:
if( transformType == 0 || transformType == 1 || transformType == 2 || transformT|
HorRatio = projRegWidth + packedRegWidth
verRatio = projRegHeight + packedRegHeight
}else if ( transformType == 4 || transformType == 5 || transformType == 6 | |
transformType == 7)) {
horRatio = projRegWidth + packedRegHeight
verRatio = projRegHeight + packedRegWidth
if( transformType == 0) {
hPos = horRatio * ( x + offsetX)
vPos = verRatio * (y + offsetY )
} else if ( transformType == 1){
hPos = horRatio * ( packedRegWidth - x - offsetX )
vPos = verRatio * (y + offsetY )
} else if ( transformType == 2){
hPos = horRatio * ( packedRegWidth - x - offsetX)
vPos = verRatio * ( packedRegHeight - y - offsetY )
} else if ( transformType == 3){

© ISO/IEC 2023 - All rights reserved

2:2023(E)

ubclause specifies the inverse of the rectangular region-wise packing process for remappjng of a luma
e location in a packed region onto a luma sample location of the corresponding projected-region.

sample units,

e width and the height (projRegWidth, projRegHeight) of the projected region, in relative prajected picture

e width and the height (packedRegWidth, packedRegHeight) of the packed region, in rdlative packed

exclusive, in

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

ne centre point of the samplé location (hPos, vPos) within the projected region, where hPos and vPos are in

ype == 3){

(8)
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} else if ( transformType

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)
==6 ) {

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

a3 f [t cfora T — — 71 [
P Htrahsrottr yPe Loy I ¥

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

6 Fisheye omnidirectional video

6.1 Gene

Without the p
by fisheye can
OMAF player,
intended view
Region in
Field of vi
Lens dist

Lens shad

Essential fish

ral

heras may be directly projected onto a picture, which conSists of fisheye omnidirectional video|
the decoded fisheye omnidirectional video may be stitched and rendered according to the
port using the signalled fisheye video parameters, including:

formation of circular images in the coded picture,

ew and camera parameters of fisheye lens,

rtion correction (LDC) parameters-with local variation of FOV, and

ing compensation (LSC) parameters with RGB gains.

pye video parameters, for enabling stitching and rendering at the OMAF player are specif

rojection and region-wise packing processes specified in Clause 5, multiple circular images captured

In an
user’s

led in

FisheyeVideoEssentialInfdStruct () in subclause 6.2. For high quality rendering and efficient dglivery
of fisheyd video, supplemental fisheye video parameters are specified in
FisheyeVideoSupplementalInfoStruct () in subclause 6.3.
6.2 The FlisheyeVideoEssentialInfoStruct () 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;
42 © ISO/IEC 2023 - All rights reserved
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unsigned int (32) circular image radius;

unsigned int (32) scene_ radius;

signed int (32) camera centre azimuth;

signed int (32) camera centre elevation;

signed int (32) camera centre tilt;

unsigned int (32) camera centre offset x;

unsigned int (32) camera centre offset y;

unsigned int (32) camera centre offset z;

unsigned int (32) field of view;

bit (16) reserved = 0;

unsigned int (16) num polynomial coeffs;

for (j=0; j< num polynomial coeffs; Jj++)
signed int (32) polynomial coeff;

6.2.2 Semantics

view dimension idc indicates that the syntax element values of this
FisheyeVideoEssentialInfoStruct () syntax structure have been constrained ak specified in
Table 12. The indicated constraints shall be obeyed in \the” syntax element v3lues of this
FisheyeVideoEssentialInfoStruct () syntax structure|

Table 12 — Constraints implied by view_dimension_idc

view_dimension_idc | Constraints

0 num_circular images isequalto 2.
The values of camera centre azimuth
camera cghtre elevation, camera centre [tilt,

camera_centre offset x,  camera centre offset y,| and
camer@”centre offset z are such that the circular imaged have
aligned optical axes and face opposite directions.

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

1 num_circular images isequalto 2.
The values of camera centre azimuth
camera_centre elevation, camera_ centre [tilt,

camera centre offset x, camera centre offset y,| and
camera_ centre offset z are such that the circular imageq have
parallel optical axes that are orthogonal to the line intersecting the
camera centre points.

The camera corresponding to i equal to 0 is the left view.
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view_dimension_idc | Constraints
2 num_circular images isequalto 2.
The values of camera centre azimuth,
camera centre elevation, camera centre tilt,
camera_ centre offset x,  camera centre offset y, and
camera_ centre offset z are such that the circular images have
parallel optical axes that are orthogonal to the line intersecting the
camera centre points.
The camera corresponding to i equal to 0 is the right view.
3 to 6inclusive Reserved.
7 No additional constraints are implied for the syntax element values
within  this FisheyeVideoEssentialInfoStruet () syntax
structure.
num circular images specifies the number of circular images in the-cropped output picture of each
coded picture this structure applies to. Typically, the value is equal’o 2, but other non-zero valugs are
also possible.
circulgr image centre x is a fixed-point 16.16 value thatspecifies the horizontal coordinate, irf luma
samples, of the centre of the circular image in each coded picture this structure applies to, relative [to the
top-léft corner of the coded picture.
circulgr image centre y is a fixed-point 16:16 value that specifies the vertical coordinate, inf luma
samplles, of the centre of the circular image inmeach coded picture this structure applies to, relative [to the
top-left corner of the coded picture.
rect rdgion top, rect region left, rect region width, and rect region height specify
the coordinates of the top-left corner and the width and height of the rectangular region that contaips the
circular image, which may or may/not be cropped. These values are specified in units of luma samplgs.
circulgr image radius~is'a fixed-point 16.16 value that specifies the radius, in luma samples, pf the
circular image that (is,defined as a length from the centre of the circular image specified by
circular_image_centre x and circular_image_centre_y to the outermost pixel boundary of the cifcular
image¢, that correésponds to the maximum field of view of the fisheye lens, specified by field of vfew.
The dctive-area of a circular image is defined by the intersection of the rectangular region, specifljed by
rect region top, rect region left, rect region width,and rect region heightf, and
the dircular imagp Qpp(‘iﬁpd hy circular image centre x circular image centre v, and

circular image radius.

The active area of each circular image shall contain at least one sample location. There shall not be any

samp

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

The e

nclosed 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 * 21¢ 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 bein the 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.

04 .

Cwr Oy

-~/

a) Example of a fisheye camera configutation b) Relation of Oy, Oy, Oy, Cr, and Cw

Figure 9 - Illustration of caméra_centre_offset_x (Oy), camera_centre_offset_y (Oy) dnd
camgpra_centre_offset_z (0) of the foeal centre (Ci. or Cr) of the fisheye camera lens (L or R, respectively)
relative to the focal centre origin of the overall fisheye camera configuration (Cw

h

ield of viewis afixed-point 16.16 value that specifies the field of view of the fisheye lens ¢orresponding
to the circular imageg; in degrees. A typical value for a hemispherical fisheye lens is 180°.

npm_polynomial~coeffs and polynomial coeff are lens distortion parameters thpat define the
curve fupetion that maps the normalized distance (r) of a luma sample (x,) from the centre pf the circular
image 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 circularjimage, where
the angle is in units of radians, as shown in Figure 10.
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a) Narmalized distance (r) of aluma sample (x,) on  b) 2D illustration of the definition of the-angl

a circular image

Figure 10 — [llustration of the relation between the normalized distance (r) and the angular value

of distortion function

e (6)

(6)

num_pollynomial coeffs isan integer that specifies the number of polynorhial coefficients for the cifcular
imag¢. This is the maximum order of the polynomial plus 1. The value-of num polynomial cdg

shall
reser

be in the range of 0 to 8, inclusive. Values of num polynomial coeffs greater than
ved.

The instapces of polynomial polynomial coeff are fixed-peint 8.24 polynomial coefficient value

describes

where p;

the curve function using the following polynomial €quation:
N_l .
DHORUTRE

and N; are represented by polynomia®2, coeff and num polynomial coeffs,respectivg

6.3 The FlisheyeVideoSupplementalInfoStruct () syntax structure

6.3.1 Syntax

aligned(8)
unsign
bit (19
unsign
unsign
unsign
unsign
unsign

for (i
if

}
if

}
if

46

class FisheyeVideoSupplementalInfoStruct (container box version) {
ed int (8)saum circular images;

) reserved = 0;

ed int(d) entrance pupil flag;

ed fns (1) flip info flag;

ed/int (1) camera intrinsic flag;

effs
8 are

s that

)

bly.

d 'in1‘(1\ local fovr 'F.l:xrj;

ed int (1) deadzgne_flag;

=0; i<num circular images; i++) {
(container box version > 0) {
unsigned int (4) lens projection type;
bit (4) reserved = 0;

(entrance pupil flag == )y |

unsigned int (16) num ep coeffs;

for (Jj=0; j<num ep coeffs; j++)
signed int (32) ep_ coeff;

(flip info flag == 1) {
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bit (30) reserved = 0;
unsigned int (2) image flip;
}
if (camera intrinsic flag == 1) {
unsigned 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;
}
bit (16) reserved = 0;
unsigned int (16) num local fov_regions
for (J=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 1nt(32) local fov weight;

}

1f (deadzone flag ==,1) {
bit (24) reserved = 0;
unsigned 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_circular images specifies the number of circular images in the cropped output picture of each
coded picture this structure applies to. Typically, the value is equal to 2, but other non-zero values are
also possible.

entrance pupil flag equal to 1 specifies the entrance pupil coefficients are present.
entrance pupil flag equal to O specifies that the entrance pupil coefficients are not present. When
container box versionisequalto0,entrance pupil flag shall be equalto 0.
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flip info flag equal to 1 specifies that image flipping region information is present.
flip info_ flagequal to 0 specifies that image flipping information is not present.

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

local fov flag equal to 1 specifies that the local field of view parameters are present.
local fov_ flagequal to 0 specifies that the local field of view parameters are not present.

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 pyojection_ type indicates the type of lens projection model corresponding to the cincular image.
lend projection type equal to 0 indicates the equidistant projection odel.
lend projection type equal to 1 indicates the perspective pfojection odel.
leng projection type equal to 2 indicates the stereographic (“projection odel.
lensg projection type equal to 3  indicates the sine-law) - projection  model.
leng 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:

num_ep |coeffs specifies the number of entrance pupil coefficients.fer) the circular image. The value of

num |

ep coeffs shall be equalto 3,5,7, or9, and other values offhum ep coeffs are reserved.

The instances of ep coeff are entrance pupil distortion parameters that define the curve functiop that

corrects {
entrance
centre (C

he incidence ray of any object which points to the optical centre Cw as shown in Figure 11. [These
pupil distortion parameters are used to correct the camera_centre_offset_z (0;) to its real gptical
) in the external camera coordinates.

Oy

L A

. '.CR

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

The instances of ep_coeff are fixed-point 8.24 polynomial coefficient values q;. For the first given
ep _coeff the value of j is equal to 3, and j is incremented by 1 for each subsequent instance of
ep_coeff. The values of q; specify the entrance pupil equation:

EP(9) = ¥ii g+ 1) (10)

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

When instances of ep _coeff are present, the angle (6) 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 the angle is in units of radians, is specified using the following
polynomial equation:
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9= 3"t pix i+ EP(O)

where p; and N; are

-2:2023(E)

(1D

represented by polynomial coeff and num polynomial coeffs,

respectively, and r is the normalized distance of a luma sample (x,) from the centre of the circular image.

image flip specifies whether and how the image has been flipped and thus a reverse flipping operation

needs to be applied. The value 0 indicates that the image has not been flipped. The value 1
the image has been vertically flipped. The value 2 indicates that the image has been horizo
The value 3 indicates that the image has been both vertically and horizontally flipped.

indicates that
ntally 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. Thg
take into account the natural error in the camera-mirror setting. The axis is defined byla’g
indicated by the value of image scale axis angle, in degrees. An angle of)0-deg
horizontal vector is perfectly horizontal and a vertical vector is perfectly ‘vertical. 1

by are used to
ingle angle as
rees means a
'he values of

parameters that satisfy the following equation:
ul _[c d][un Cx
8 it | e R Pl
he equation relates the actual pixel coordinates (u,v) to thesideal image coordinates (uy,

represent image centre x, image centre y respectively. ¢, d, and e represent ima
image scale axis angle,and image scale_ y respectively.

H

him polynomial coefs lsc specifies the number” of polynomial coefficients of the
compensation (LSC) parameters for the circular.image.

polynomial coef k 1lsc r, polynom¥al coef k lsc g, and polynomial co
are 8.24 fixed-point values that specify the LSC parameters to compensate the shading
fisheye lense that reduces the color in;the radial direction. The compensating weight (w) to
to the original color is approximated as a curve function using the following polynomial eq
r is the normalized radius as spécified in subclause 6.2.2:

Ifentrance pupil £)ag'is equal to 0, the compensating weight (w) is specified as follow
w= Y py xrtT?
Otherwise, thé compensating weight (w) is specified as follows:

w= %P *x77 + EP(6)

he weighing factors for red, green, and blue may be calculated separately whenp is re
polynomial coef k 1lsc r, polynomial coef k lsc g, and polynomial coe

image scale x and image scale y indicate the scaling. They may\also be called as affine

(12)

Uy). €y and ¢,
e scale x,

lens shading

ef k 1sc b
hrtifact of the
be multiplied
hations where

yS:

(13)

(14)

presented by
f k 1sc Db,

43 1 i 3 £l nH nH £; £l 3 4 £ 1
1CDPCLL1VC1y, dalid 1 15 U1IT LUllCD}JUllullls Iduius 11Ul uIc uuasc CCIILIC A1t 1IurliiaIll

zation by the

full radius. N is represented by num polynomial coefs 1lsc. Figure 12 shows an example of

an input fisheye video picture and the output after applying lens shading compensation.
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a) Example of a pair of circular input images prior

to lens shading compensation from lens sharing compensation

num_andg

overlapped regions. According to the value of num_angle for displaying fov,{ nmultiple va

disg

and increase clockwise.

display

for displaying without blending that involves adjacent circular images.

overlagped fov specifies the field of view of the part of the circular image that may be overlappe

spher
blend

The valups of displayed fov and overlapped fowushall be less than or equal to the va

fiel

NOTE]
value
For ey

valuefof displayed fov and overlapped fov can be set as 180 and 190 respectively, by default. Howey
value [can be changed depending on the.configuration of the lens and the characteristics of the contents. For ex

if the

overllapped fov values (left camera = 185 and right camera = 190) is better than the quality with the

value

and overlapped fov values,can be taken. In addition, when it comes to multiple (N>2) fisheye images, 4
displlayed fov valuecannot specify the exact area of each fisheye image. As shown in Figure 13 and Fig
displlayed fov (red-eoloured) varies according to the direction. In order to manipulate multiple (N>2)

imagd

fisheyle image is,divided into 12 sectors where each sector angle is 30°.

Figure 12 — Example of lens shading compensation

le for displaying fov specifies the number of angles that define the displaye:liU and

layed fov and overlapped fov are defined with equal intervals, which-Start at 12 d

ed_fov specifies the field of view of the part of the circular image that is recommended to bq

e by adjacent circular images and that is recommended to-be-ised for displaying either as such
ing with adjacent circular images.
d of view.

The value of field of view is determined by the physical property of each fisheye lens, wh

of displayed fov and overlapped_ £dw are determined by the configuration of multiple fisheye
ample, when the value of num circulak“images is equal to 2 and two lenses are symmetrically locat]

stitching quality with the disglayed fov values (left camera = 170 and right camera = 190) a

(180 and 190) or if the physical configuration of cameras is asymmetric, then the unequal displaye

s, num_anglé~for displaying fov is introduced. For example, if this value is equal to 12, th)

b) Example of a pair of output images resulting

es of
'clock

b used

l on a
or by

ue of

ile the
enses.
ed, the
er, the
ample,
hd the
lefault
i fov
single
ire 14,
isheye
en the

FOV = 190°
FOV = 170° }5

Figure 13 — Displayed FOV for two fisheye images (=170° or 190°)
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Figure 14 — Displayed FOV and overlapped FOV for multiple (N>2) fisheye images

num_local fov region specifies the number oflocal fitting regions that have different fields of view.

9]

tart radius (rs), end radius (re), start angle (as), and end angle (a.) specify the region for
local fitting/warping to change the actual field of view for displaying locally. .start |radius 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 starft at 12 o’clock
and increase clockwise, in units of 2-1¢degrees. start angle and end (angle shall be in the range of
-180 * 216 t0 180 * 216 - 1, inclusive. Figure 15 illustrates an example of local FOV parametefs.

rpdius_delta (rq) is a fixed-point 16.16 value that specifies the’delta radius value for rgpresenting a
different field of view for each radius.

O

hgle delta (ad) specifies the delta angle value, in units of 2516 degrees, for representing a different field of
view for each angle.

1pcal fov weight (W) is a 8.24 fixed point value which specifies the weighting value for thg field of view
of the position specified by start radius, end radius, start angle,end angle, the angle index
i and the radius index j. The positive valuesof local fov weight specifies the expansion of field of
view, while the negative value specifies the.contraction of field of view.

Filgure 16 shows an example result of applying local FOV parameters with a set of weighting valies.

ae

Figure 15 — Illustration of parameters regarding local FOV
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FOV=90° e W=10 e
e B 3 FOV=90°
FOV=60° /| 1
L : i S
‘ " FOV=60°
a) Ellipses where FOV=60° or 90° before b) Ellipses where FOV = 60° or 90° after
local FOV is applied local FOV is applied

[ =7

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

num_deddzones is an integer that specifies the number of dead zones in eaclr coded picture this striicture
applies to.

deadzope left horizontal offset, deadzone top vertdcal offset, deadzone wildth,
and |deadzone height are integer values that specify jthe) position and size of the deadzone
rectangular area in which the pixels are not usable. deadzone left horizontal offsef and
deafzone top vertical offset specify the horizohtal and vertical coordinates, respectively, in
luma samples, of the upper left corner of the deadzone in the coded picture. deadzone widthh and
deaflzone height specify the width and height, respectively, in luma samples, of the deadzope. To
save] bits for representing the video, all pixels within a deadzone should be set to the same pixel|value
(e.g-|all black).

7 Omnidirectional media storage and metadata signalling in the ISOBMFF

7.1 Generic extensions to the ISOBMFF

7.1.1 Indjcation of a track not intended to be presented alone

Bit 4 of the f1ags (with bit 0 being the least significant bit) of the TrackHeaderBox is used to indicate whether
a track is not |ntended to be presented alone, for example, due to that the track represents only a small porfion of
a videos sceng. The-semantics of the flag is specified as follows:

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

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

7.1.2 Clarifications on the stereo video box

This document uses StereoVideoBox as specified in ISO/IEC 14496-12 with the following additional
specifications:
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— When the value of stereo indication type indicates the temporal interleaving frame packing
arrangement, each sync sample and each SAP sample with SAP type in the range of 1 to 3, inclusive,
indicated by the stream access point sample group represent constituent picture 0 followed, in composition
time order, by samples representing constituent pictures 1 and 0 in an alternating manner up to but excluding
the next sync sample or SAP sample with SAP type in the range of 1 to 3, inclusive, indicated by the stream
access point sample group.

7.1.3 Generic sub-picture track grouping extensions

7.1.3.1 Updated semantics of track_group_type

The s¢mantics of track group type ofthe TrackReferenceBox is changed from

track group_ type indicates the grouping type and shall be set to one of the followinyg 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 fqr playback on
a stereoscopic display. Specified in 8.3.4.4.2.

The pair of track group idand track group type identifies a track group within the fjle. 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.

to

tack group type indicates the groupindgZtype and shall be set to one of the followinjg 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 I1S0/IEC 14496-
12:2022, subclause 8.3.4.4.1.

'ster' indicates thatthis track is either the left or right view of a stereo pair suitable fqr playback on
a stereoscopic display. Specified in ISO/IEC 14496-12:2022, subclause 8.3.4.4.2.

'2dsr' indicates\that this track belongs to a group of tracks with two dimensional spatial relationships
(e.g. corresponding to spatial parts of a video source). Specified in subclause 7.1.3.2 of this document.

The pair of €rack group idand track group type identifies a track group within the fjle. The tracks
that contain’ a particular TrackGroupTypeBox having the same value of track group id and
tack group type belong to the same track group.

7.1.3.2— Two dimensional spatial relationship
7.1.3.2.1 Definition

A SpatialRelationship2DDescriptionBox TrackGroupTypeBox indicates that this track belongs to a
group of tracks with 2D spatial relationships (e.g. corresponding to planar spatial parts of a video source). A
SpatialRelationship2DDescriptionBox TrackGroupTypeBox with a given track group id
implicitly defines a coordinate system with an arbitrary origin (0,0) and a maximum size defined by
total width and total height; the x-axis is oriented from left to right and the y-axis from top to bottom.
The tracks that have the same value of source id within a SpatialRelationship2DDescriptionBox
TrackGroupTypeBox are mapped as being originated from the same source and their associated coordinate
systems share the same origin (0,0) and the orientation of their axes. For example, a very high resolution video
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can have been split into sub-picture tracks. Each sub-picture track then conveys its position and sizes in the

source video.

Tracks in the same track group shall declare the same source id, total width, and total height. Track
groups with different track group id values and the same source id represent the same source content,
possibly at different resolutions (i.e. with different values of total widthortotal height).

NOTE

A source can be represented by different such track groups (for instance when the same source is available at

different resolutions). Each of these track groups is identified by its own identifier track group_id. Since all of these track

groups originat

e from the same source, they share the same source_id.

The SubPict

a) is prese
Spatial
position)

b) is not p

associate]
dynamic

When constrycting the composition picture as specified below, gaps between sub-pictures carried in dif

sub-picture t1
different valu
carried in dif]
allowed.

The spatial r
total wid{
all select an in
— when the
— when the
— when the
The composit
object hei

SpatialRell

Out of al
subgroup

a)

R . = H 4 1 < 2=l
ULTNACTYLUIIDU 15 Uyuuuou dallu CTIUITT .

ht in the SpatialRelationship2DDescriptionBox and there shall be no\ ‘asso
Relationship2DGroupEntry in the associated track (this track has a constant,static, sij
or

'esent in the SpatialRelationship2DDescriptionBox and there)shall be one or
d SpatialRelationship2DGroupEntry(s) in the associated track (this track possibly
Kize or position).

acks are allowed, and overlaps between sub-pictures carried in different sub-picture track
es of the layer field in TrackHeaderBox are allowed.,/However, overlaps between sub-pi
ferent sub-picture tracks with the same value of the\layer field in TrackHeaderBox a

elationship is restricted according to the chpoma sub-sampling format of the associated
h and total height, and object x, okject y, object width and object height]
teger number of samples for all planes. Inteffect this means that:

format is 4:4:4, there is no restrictien;

formatis 4:2:2 the total wildth, object xand object width shall be even numbers;
format is 4:2:0 all of these fields shall be even numbers.

on picture is regonstructed as follows, with values of object x, object y, object widt
ght obtainéd . from SubPictureRegionBox if present or otherwise from

ationship2DGroupEntry applying to the sample:

tracks. belonging to the same '2dsr' track group, form them into subgroups such thaf
contains tracks in the same alternate group; then select exactly one track from each of

ciated
e and

more
has a

ferent
b with
ctures
‘e not

track;
shall

h, and
the

each
those

subgroup

S

b)

back ordering (1ayer) indicated in the TrackHeaderBox of the picked tracks:

For each composition-time aligned sample of each of the selected tracks, the following applies, in the front-to-

For each value of i in the range of 0 to object width - 1, inclusive, and for each value of j in the range of 0
to object height -1, inclusive, the pixel value of the composition picture at pixel position
((i+object x)%total width, (j+object y)% total height) is set equal to the pixel value of
the sample of this track at pixel position (j, j).

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

metadata trac

54

k describes the composition picture.
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7.1.3.2.2 Syntax
aligned(8) class SpatialRelationship2DSourceBox
extends FullBox('2dss', 0, 0) {
unsigned int (32) total width;
unsigned int (32) total height;
unsigned int (32) source_ id;
}
aligned(8) class SubPictureRegionBox extends FullBox('sprg',0,0) {
unsigned int (16) object x;
unsigned int (16) object y:
unsigned int (16) object width;
unsigned int (16) object height;
bit (14) reserved = 0;
unsigned int (1) track not alone flag;
unsigned int (1) track not mergeable flag;
}
alighed(8) class SpatialRelationship2DDescriptionBox extends
TrackGroupTypeBox ('2dsr') {
// track group id is inherited from TrackGroupTypéBox;
SpatialRelationship2DSourceBox () box 2dss; //\mandatory, shall be|first

7.1.3.

9]

SubPictureRegionBox () box sprg; // optional

2.3 Semantics

btal width specifies, in pixel units, the, hiaximum width in the coordinate sy
SpatialRelationship2DDescriptiopBox track group. The value of total widt
same in all instances of SpatialReélationship2DDescriptionBox with the s3
track group id.

btal height specifies, in pixel units, the maximum height in the coordinate sy
SpatialRelationship2DDescriptionBox track group. The value of total heigh
same in all instances of\.SpatialRelationship2DDescriptionBox with the s3
track group id.

burce id parameter.provides a unique identifier for the source. It implicitly defines a coor
associated to thisSource.

bject x specifies the horizontal position of the top-left corner of the samples in this tra
coordinate system specified by this spatial relationship track group. The position value is t
torapplying the implicit resampling caused by the track width and height, if any, in the
fotal width-1, inclusive, where total width is included

stem of the
h shall be the
me value of

stem of the
t shall be the
me value of

dinate system

ck within the
he value prior
range of 0 to

in this

QP:H-i alRelationshi F?ﬁﬁacnri Fi—i onBo

object vy specifies the vertical 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
total height -1, inclusive, where total height is included
SpatialRelationship2DDescriptionBox.

range of 0 to
in this

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

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

track not alone flag equal to 1 indicates that the current sub-picture track is not intended to be
presented alone without at least one other sub-picture track belonging to the same track group of
grouping type '2dsr'. The value 0 indicates that the current sub-picture track may or may not be
intended to be presented alone without at least one other sub-picture track belonging to the same track
group of grouping type '2dsr"'.

track not mergeable flag equal to 1 indicates that the video bitstream carried in the current sub-

pictu
belon
decoq
the v.
of th
merg

untransformed sample entry type of the track with the given track ID'is"equal to 'h

trad
pictu
belon
such

NOTE

carried in
the curren
constraing

7.1.3.3 Sp4
71331 D

The '2dsr'
picture track
grouping 4
track groy

There are res
7.1.3.2.1.

7.1.3.3.2 Sy

class Spaf
unsi

e track cannot be merged with the video bitstream carried in any other sub-picture
ging to the same track group of grouping type '2dsr"', to generate a single video bitstream w|
ling mismatch by rewriting only header data of the bitstreams, where a decoding mismateh re
hlue of any pixel when decoding the video bitstream in the current track is not identicalto the
b same pixel when decoding the merged single video bitstream. An example (of such bits
ng is the reconstruction of an HEVC bitstream as specified in subclause;10.1.3.4 whe

k _not mergeable flag equalto 0 indicates that the video bitstream carried in the curren
e track can be merged with the video bitstream carried in at least-one other sub-picture|
ging to the same track group of grouping type '2dsr' to generate such a single video bitstrg
h manner as described above.

When HEVC (i.e. Rec. ITU-T H.265 | ISO/IEC 23008-2) is the video codec used for encoding of the bits
the sub-picture tracks, track_not mergeable flag equalto 0 means that the HEVC bitstream carj

t sub-picture track contains and only contains one or more-MCTSs that can be indicated by a temporal n
d tile sets SEI message as specified in Rec. ITU-T H.265 | ISOYIEC 23008-2.

tial relationship 2D sample group
pfinition

yrouping type for sample grouping declares the positions and sizes of the samples from
in a spatial relationship track group. Version 1 of the SampleToGroupBox shall be used
ype is equal to '2dsri:\The value of grouping type parameter shall be eqy
p_id of the corresponding spatial relationship track group.

rictions both on thepresence of this sample grouping, and on the values of the fields; see sub

ntax

ialRelationship2DGroupEntry extends VisualSampleGroupEntry ('2dsr')
gped-int (16) object x;

uns i

tracks
ithout
ers to
value
tream
n the
vc2'.
t sub-
track
am in

reams
ried in
hotion-

q sub-
when
al to

rlause

ghed int object v;

unsi
unsi

(16)
gned int (16) object width;
gned int (16) object height;

7.1.3.3.3 Semantics

object x specifies the horizontal position of the top-left corner of the samples in this group within the
coordinate system specified by the corresponding 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 total width -1, inclusive, where total width is included in the corresponding

Spat
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ialRelationship2DDescriptionBox.
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object vy specifies the vertical position of the top-left corner of the samples in this group within the
coordinate system specified by the corresponding 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 total height -1, inclusive, where total height is included in the corresponding

SpatialRelationship2DDescriptionBox.

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

inclusive.

the corresponding spatial relationship track group. The height value is the value prior g
implicit resampling caused by the track width and height, if any, in the range of hto to
inclusive.

bject height specilies the height of the samples in this group within the coordinate systein specified by

applying the
ral height,

7.1.4 Media offset box

7.1.4{1 Definition

Box Type: 'meof’

Contaljiner: File

Mandptory: No

Quantity: Zero or more

MedipOffsetBox provides media offsets of the media segments that are referenced by the preceding

Segm
Medi

There
the nd
follow

7.1.4

alig
u
f

entIndexBox. Each media offset specifies¢the byte offset of the first media data
hDataBox or IdentifiedMediaDataBox)hat contains media data for the media segment

shall be 0 or 1 MediaOffsetBoxes pereach Segment IndexBox. A MediaOf fsetBox, if
xt box after the associated SegmentintdexBox and the SubsegmentIndexBox, if any, th
s the SegmentIndexBox.AMediaOffsetBox is associated with the preceding SegmentI

2 Syntax

hed (8) class MedbaOffsetBox () extends FullBox ('meof', 0, 0) {
hsigned int (16)\media ref count;
br (i=1; 1 <H mé&dia ref count; i++) {
unsigned\dnt (32) media data offset
[
]

’

(01117
i]]

’

unsigneédrint (31) media data size[][
unsigned int (1) sap size flag[[i]
ifL.N(sap size flag[i]) {

unsigned int (31) sap_size[[i]

box (either

ainy, should be
immediately
dexBox.

17
unsigned int (1) sap id flag[[i]];

if (sap_id flag[i])
unsigned int (32) sap_ id[[i]];

7.1.4.3 Semantics

media ref count specifies the number of referenced media data boxes. The value of media ref count
shall be equal to the number of entries with reference type equal to 0 in the preceding

SegmentIndexBox. The referenced media data box (i.e. the referenced Media

DataBox or

IdentifiedMediaBox) for loop entry i in MediaOffsetBox corresponds to the i-th entry with
reference type equal to 0 in the preceding SegmentIndexBox. In other words, loop entry i in
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7.2 Generic extensions to ISO/IEC 14496-15

MediaOffsetBox is a 1-based index to the list of entries that have reference type equal to 0 in the
preceding Segment IndexBox in the order the entries appear in the Segment IndexBox.

media data offset[i] specifies the offset to the start of the referenced MediaDataBox or the
IdentifiedMediaDataBox of a subsegment. The value of media data offset[i] is relative to
the start of the segment containing the referenced MediaDataBox or the IdentifiedMediaDataBox.

media data size[i] specifies  byte count of the referenced MediaDataBox  or
IdentifiedMediaDataBox of a subsegment.

sap_size flag[i] equal to 1 specifies that the sap size[i] and reserved syntax elements are
presdnt for the same value of i. sap size flag[i] equal to O specifies that sap sizedif and
resdrved syntax elements are not present for the same value of i. When starts withJ{3AH for a
subsggment is equal to 0, sap size flag[i] shall be equal to O for the same subsegment. [When
sap_|size flag[i] is equal to 1, the SAP sample shall start from the beginning of the box paylpad of
MedilaDataBox or from the byte following imda identifierin IdentifiedMediaDataBox.

sap_side[1i] specifies the byte count of the SAP sample that starts a subsegment.

sap_id |flag[i] equal to 1 specifies that sap id[i] is present. sap id\fYag[i] equal to 0 specifies
that gap id[i] is not present.

sap id[i] identifies a SAP sample. Samples with the same value-6f sap id[i] are identical. When a
subsggment contains an initial SAP sample with a sap id[i{ value that is already available in a glayer,
the player may avoid downloading the SAP sample and use-the already available identical copy of the SAP
sample instead.

7.2.1 Containing of SpatialRelationship2DDescriptionBox for HEVC tile base track and HEV( tile

tracks

When an HEVC video bitstream is carried in a set of tile tracks and the associated tile base track, as specified in
ISO/IEC 1449p6-15, and the bitstream represents a sub-picture indicated by a 2D spatial relationship track group,

only the tile bpse track contains the'SpatialRelationship2DDescriptionBox.

7.3 OMAF-specifi¢extensions to the ISOBMFF

7.3.1 Synic samples in timed metadata tracks

For timed metadata tracks specified in this document, any sample in a timed metadata track is allowed to be
marked as a sync sample. For a particular sample in a timed metadata track, if at least one of the media samples in
the referenced media 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.
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7.4 OMAF-specific extensions to ISO/IEC 14496-15

7.4.1 Coverage information box in an HEVC tile base track
When CoverageInformationBox 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 associated
with the tile base 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 Relation of decoded pictures to global coordinate axes

Figur¢ 17 illustrates the conversions from a spherical picture to a packed picture that can be uged in content
authofing and the corresponding conversions from a packed picture to a spherical picture to be renglered that can
be usgd in an OMAF player. The example in this subclause is described for(a,packed picture that appears in a
proje¢ted omnidirectional video track. Similar description can be derived foran image item.

"""" = B T 1
1 1 ! 1
1 1 ! 1
*or 2 3 10 |2 13
1 1 ! :
_______ ) 1
3) Unit sphere b) Unit sphere aligned with ) Projected picture on which d) PacKed picture
aligned with global local coordinate axes regions for region-wise packing are
cpordinate axes specified

Figure 17 — Example of processing stages to derive a packed picture from a spherical image pr vice versa

The cpntent authoring(can include the following ordered steps:

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

— Theéunit sphere is then rotated relative to the global coordinate axes, as indicated in Figure 17h. The amount
frotationto-convertfromthelocal coordinateaxesto-the global-coordinateaxesisspeeifiedHy 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.

— s illustrated in Figure 17c, the spherical picture on the rotated unit sphere is then converted to a two-
dimensional projected picture, for example using the equirectangular projection specified in subclause 5.2.1.
When spatial packing of stereoscopic content is applied, two spherical pictures for the two views are
converted to two constituent pictures, after which frame packing is applied to pack the two constituent
pictures to one projected picture.

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

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

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

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

an image

item.

— If needed
array of

— If region
locations
Otherwis

— If spatial
converte
subclausg
picture.

, chroma sample arrays of the packed picture are upsampled to the resolution of the luma.s
he packed picture, and colour space conversion can also be performed.

wise packing is indicated, the sample locations of the packed picture are converted to s
of the respective projected picture, such as that in Figure 17c, as specified-in subclause
e, the projected picture is identical to the packed picture.

hmple

hmple
5.4.2.

frame packing of the projected picture is indicated, the sample locatigns-of the projected pictufre are
l to sample locations of the respective constituent picture of the prejécted picture, as specified in
e 7.5.1.3. Otherwise, the constituent picture of the projected picture is identical to the projected

— The sample locations of a constituent picture the projected picture’are converted to sphere coordinatgs that

are relat
subclausg

— If rotatio
coordina

coordina

The overall p1
to the global g

7.5.1.2 Ma
to the global

This subclaus
relative to the

— For video

— Foranim

ve to local coordinate axes, as specified for the ommidirectional projection format being u
e 5.2. The resulting sample locations correspond to.a sphere picture depicted in Figure 17b.

es relative to the global coordinate axes’as specified in subclause 5.3. Otherwise, the
e axes are identical to the local coordinate\axes.

oordinate axes is specified in subclause 7.5.1.2.

coordinate axes

e specifies the semantics of luma sample locations within a decoded picture to sphere coord
global coordinateaxes. The decoded picture may be of any of the following:

the decaded picture is the decoding output resulting from a sample of the video track.

nge item, the decoded picture is a reconstructed image of the image item.

ted in

h is indicated, the sphere coordinates relativeto the local coordinate axes are converted to §phere

global

ocess for mapping of luma sample locations within a decoded picture to sphere coordinates rglative

bping of luma sample locations within a decoded picture to sphere coordinates relative

inates

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

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

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

PackingT

ype[n] equal to O (i.e. with rectangular region-wise packing), the following applies:

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

— xis set equal to xPackedPicture - PackedRegLeft[n].
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y is set equal to yPackedPicture - PackedRegTop|[n].

Subclause 5.4.2 is invoked with x, y, PackedRegWidth[n], PackedRegHeight[n], ProjRegWidth|[n],

ProjRegHeight[n], TransformType[n], offsetX, and offsetY as inputs, and the output is assigned to

sample location (hPos, vPos).
xProjPicture is set equal to ProjRegLeft[n] + hPos.

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

or equal to

proj picture width, xProjPicture is set equal to xProjPicture - proj picture width.

When SideBySideklag is equal to 1, the following applies:
— When ProjRegLeft[n] is less than proj picture width /2 and xProjPictureis g
equal to proj picture width/2, xProjPicture is set

xProjPicture - proj picture width /2.

When ProjRegLeft[n] is greater than or equal to proj picture width /2 and 3

greater than or equal to proj picture width, ("xProjPicture is s¢
xProjPicture - proj picture width/2.
— yProjPicture is set equal to ProjRegTop[n] + vPos.
—t Subclause 7.5.1.3 is invoked with xProjPicture;” yProjPicture, ConstituentPi

frame index (for frame-packed stereoscopic video) for the luma sample location (xH
yPackedPicture) belonging to the n-th packed region in the decoded picture.

Otherise (RegionWisePackingFlag is equal to 0),th€ following applies for each sample location (x
decoded picture:

7.5.1
theg

Input

X

ProjPicture is set equal to x + offsetX:

yProjPicture is set equal to y + offsetY.

W

ubclause 7.5.1.3 is invoked-with xProjPicture, yProjPicture, ConstituentPicWidth, and Constit
5 inputs, and the outputs indicating the sphere coordinates and the constituent frame indg
placked stereoscopic'video) for the sample location (x, y) within the decoded picture.

o)

3 Conversion from a sample location in a projected picture to sphere coordinates 1
obal coerdinate axes

to,this process are

reater than or
equal to

ProjPicture is

bt equal to

r'Width, and

ConstituentPicHeight as inputs, and the outputs indicating the sphere coordinates and tlie constituent

ackedPicture,

y) within the

lentPicHeight
x (for frame-

relative to

the centre point of a sample location (xProjPicture, yProjPicture] within a projected p

cture, where

xProjPicture and yProjPicture are in relative projected picture sample units and may have non-integer real

values, and

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

luma picture, in relative projected picture sample units.

NOTE 1
spatially frame-packed picture.

Outputs of this process are:

© ISO/IEC 2023 - All rights reserved
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— sphere coordinates (azimuthGlobal, elevationGlobal), in units of degrees relative to the global coordinate axes,
and

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

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

The outputs are derived with the following ordered steps:

If P 3 Diaeads: H 4= 4=l ) . LN AL el D i n Y H 4= 41 l
— X ro]l ICLUTT 15 gI'tdltl Uidlil Ul Tyudl LU pPIttUIcvviulil Ul yI TUJIICLUL T IS gI'taltl Uldil Ul Ty 1a tO

pictureHeight, the following applies:
— constituentPicture is set equal to 1.
— If xPrpjPicture is greater than or equal to pictureWidth, xProjPicture is set to xProjPicture - pictureyidth.

— If yProjPicture is greater than or equal to pictureHeight, yProjPicture is sdt to
yProjPicture - pictureHeight.

— Otherwisg, constituentPicture is set equal to 0.
— Depending on the projection format, the following applies:

— When the projection format is the equirectangular proejection, subclause 5.2.2 is invoked| with
pictureWidth, pictureHeight, xProjPicture, and yProjPicture as inputs, and the output is assigrned to
azimfithLocal, elevationLocal.

— When the projection format is the cubemap projection, subclause 5.2.3 is invoked with pictureWidth,
pictufeHeight, xProjPicture, and yProjPicturevas inputs, and the output is assigned to azimuthLocal,
elevaptionLocal.

— If RotatjonFlag is equal to 1, subclause 5.3 is invoked with azimuthLocal, elevantiorjLocal,
rotatign yaw + 216, rotation pi€ch + 2%, and rotation roll +21¢ as inputs, and the output is

assigned to azimuthGlobal and elevationGlobal.

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

7.5.2 Projection format structure

7.5.2.1 Syntax

aligned(8)|[«class ProjectionFormatStruct () {
bit (3) TESEeTrVvVEG = O3
unsigned int (5) projection type;

7.5.2.2 Semantics
projection_ type indicates the type of the mapping of the projected picture onto the spherical coordinate

system as specified in subclause 5.1. The values of projection type and their semantics are specified
in Table 10.
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Region-wise packing structure

1 Definition

-2:2023(E)

RegionWisePackingStruct () specifies the mapping between packed regions and the respective projected
regions and specifies the location and size of the guard bands, if any.

NOTE
the 2D

Among other information the RegionWisePackingStruct () also provides the content coverage information in

Cartesian picture domain.

A decoded picture in the semantics of the region-wise packing structure is either one of the following depending

on the

The c
in this

—

W
aj

- = Qo9 9

container for this syntax structure:
br video, the decoded picture is the decoding output resulting from a sample of the video track.
br an image item, the decoded picture is a reconstructed image of the image item.

bntent of RegionWisePackingStruct () is summarized below, while thé semantics follow
clause:

he width and height of the projected picture are explicitly signalled with proj picturs
roj picture height, respectively.

he width and height of the packed picture are explicitly signalled with packed picturd
bcked picture height, respectively.

(hen the projected picture is stereoscopic and\thas the top-bottom or side-by-side fi
rangement, constituent picture matching flag equal to 1 specifies that

the projected region information, packed tegion information, and guard band region infor
syntax structure apply individually.tgreach constituent picture,

the number of projected.'regions and packed regions is double of that indicated by
num_regions in the.syntax structure.

rojected regions and packed regions in both constituent pictu
onstituentpicture matching flag equalto 1) or to a projected region and the resy
pgion (whelh.constituent picture matching flag equal to 0), and the loop entry th
llowing:

subsequently

e width and

b

~width and

ame packing

mation in this

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

the value of

egionWisePackingStruct () contains a loop, in which a loop entry corresponds to the respective

res (when
ective packed
e contains the

aflag indicating the presence of guard bands for the packed region,

the packing type (however, only rectangular region-wise packing is specified in this docume

the mapping between a projected region and the respective packed region in the recta
packing structure RectRegionPacking,

when guard bands are present, the guard band structure for the packed region GuardBand.

nt),

ngular region

The content of the rectangular region packing structure RectRegionPacking is summarized below, while the
semantics follow subsequently in this clause:

— proj_reg width, proj reg height, proj reg top, and proj reg left specify the width, height,
top offset, and left offset, respectively, of the projected region.

© ISO/IEC 2023 - All rights reserved
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transform type specifies the rotation and mirroring, if any, that are applied to the packed region to remap
it to the respective projected region.

packed reg width, packed reg height, packed reg top, and packed reg left specify the
width, height, the top offset, and the left offset, respectively, of the packed region.

The content of the guard band structure GuardBand is summarized below, while the semantics follow
subsequently in this clause:

— left gb width, right gb width, top gb height, or bottom gb height specify the guard band
size on the left side of, the right side of, above, or below, respectively, the packed region.

— gb_not |used for pred flag indicates if the encoding was constrained in a manner that guands pands
are not uged as a reference in the inter prediction process.

— gb_typg[4] specifies the type of the guard bands for the packed region.

Figure 18 illuptrates an example of the position and size of a projected region within a projected picture (¢n the
left side) as well as that of a packed region within a packed picture with guard bands (on the right side]. This
example applies when the value of constituent picture matching flag istequal to 0.

proj_reg_top proj_picture_height
packed_reg_top
proj_reg_lpft packes!_re?_left e
<
2
EI paeked_reg_height
E’ left_gb_width right_gb_width
=l 4 -,
g ' .
a L -
[ bottom_gb_height |
packed_reg_width
proj_reg_width

proj_picture_width

a) Projected region b) Corresponding packed region with guard
bands

Figure 18 —Anéxample of a projected region and the corresponding packed region with guard bands
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7.5.3.2 Syntax of the rectangular region packing structure

aligned(8)

class RectRegionPacking {

-2:2023(E)

unsigned int (32) proj reg width;
unsigned int (32) proj reg height;
unsigned int (32) proj reg top;
unsigned int (32) proj reg left;
unsigned int (3) transform type;
bit (5) reserved = 0;
unsigned int (16) packed reg width;
unsigned int (16) packed reg height;
unsigned int (16) packed reg top;
uphsigned int (16) packed reg left;

}

7.5.3{3 Semantics of the rectangular region packing structure

The R

p

KA N

ectRegionPacking structure specifies a projected region and a respective)packed regio
transformation from the packed region to the projected region.

roj reg width, proj reg height, proj reg top, and proj reg left specify the
top offset, and left offset, respectively, of the projected region, either within the projected
constituent picture matching flag is equal to 0) or within the constituent picture of the
projected
proj reg width, proj reg height, proj reg top and proj reg left are
relative projected picture sample units.

NOTE 1

ransform type specifies the rotation and mirroring that is applied to the packed region to 1
projected region. When trangform type specifies both rotation and mirroring, rotat
before mirroring for converting sample locations of a packed region to sample locations
region. The following valués-are specified:

0:
: mirroring-horizontally

: rotation by 180° (counter-clockwise)

‘‘rotation by 180° (counter-clockwise) before mirroring horizontally

: rotation by 90° (counter-clockwise) before mirroring horizontally

picture (when constituent picture matching flag is

equ

Two projected regions can partially or.entirely overlap with each other. When there is
quality difference (e.g. by a region-wise quality ranking indication) then for the overlapy
two overlapping projected regions,“the packed region corresponding to the projected
indicated to have higher quality,is'suggested to be used for rendering.

no transform

h as well as a

width, height,
bicture (when

al to 1)
indicated in

hn indication of
ing area of any
region that is

emap it to the
on is applied
bf a projected

on

6:
7

NOTE 2

rTotatiom by 96 {coumnter-ctockwise)

rotation by 270° (counter-clockwise) before mirroring horizontally

: rotation by 270° (counter-clockwise)

Subclause 5.4.2 specifies the semantics of transform type for converting a sample location of a

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

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

aligned(8)

class GuardBand {

unsigned int (8) left gb width;
unsigned int (8) right gb width;

unsigngd IMC(8) top _gp _nNetgnt;

unsignegd int (8) bottom gb height;

unsigngd int (1) gb not used for pred flag;
unsigngd int (3) gb_type[4];

bit (3)

7.5.3.5 Semantics of the guard band structure

left gp
packs

lefy gb width shall correspond to an even number of luma samples'within the decoded picture.

right db_ width specifies the width of the guard band on thelright side of the packed region in r¢

packs
righ

top gb [height specifies the height of the guard band,above the packed region in relative packed p
samplfe units. When the decoded picture has 4:2:0chroma format, top_gb height shall corresp
an even number of luma samples within the decoded picture.

bottom |

pictufe sample units. When the decoded picture has 4:2:0 chroma format, bottom gb height
correspond to an even number ofluma samples within the decoded picture.

At least gne of left gb width,right gb width, top gb height, or bottom gb height p

in the

gb_not |

reserved = 0;

width specifies the width of the guard band on the left side of‘\the packed region in re

d picture sample units. When the decoded picture has~4:2:0 or 4:2:2 chroma fi

d picture sample units. When the decoded picture has 4:2:0 or 4:2:2 chroma fi

gb_height specifies the height©f the guard band below the packed region in relative p

same GuardBand structure shall be greater than 0.

used for pred flag equal to 0 specifies that the guard bands may or may not be used

t _gb_width shall correspond to an even numberef luma samples within the decoded picturg.

lative
rmat,

lative
rmat,

icture
nd to

acked
shall

resent

in the

inter predictionprocess. gb_not used for pred flag equal to 1 specifies that the sample values of

the ghiard bands-are not used in the inter prediction process.

NOTE

1 When gb_not used for pred flagisequal to 1, the sample values within guard bands in d

bcoded

pif‘hlrnc can be rewritten even if the decaded pir‘fnrnc were used as references for inter prnﬁir

ion of

subsequent pictures to be decoded. For example, the content of a packed region can be seamlessly

expanded to its guard band with decoded and re-projected samples of another packed region.

gb_type[4] specifies the type of the guard bands for the packed region as follows, with array index equal to
0,1, 2, or 3 indicating that the semantics below apply to the left, right, top, or bottom edge, respectively, of
the packed region:

— gb_type equal to 0 specifies that the content of the guard bands in relation to the content of the
packed regions is unspecified. When gb_not used for pred flagisequal to 0, gb_type

66

shall not be equal to 0.
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— gb_type equal to 1 specifies that the content of the guard bands suffices for in
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terpolation 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 equal to 1 can be used when the boundary samples of a packed re
copied horizontally or vertically to the guard band.

gion have been

— gb_type equal to 2 specifies that the content of the guard bands represents actual picture content

that is spherically adjacent to the content in the packed region and is on the surface
region at quality that gradually changes from the picture quality of the packed region
spherically adjacent packed region.

of the packed
to that of the

— gb_type equal to 3 specifies that the content of the guard bands represents actual p
that is spherically adjacent to the content in the packed region and is on the suirface
region at the picture quality of the packed region.

— gb_type values greater than 3 are reserved.

7.5.3]6 Syntax the region-wise packing structure

alighed(8) class RegionWisePackingStruct () {
upsigned int (1) constituent picture matching flagy
bit (7) reserved = 0;
uphsigned int(8) num regions;
uhsigned int (32) proj picture width;
uhsigned int (32) proj picture height;
uphsigned int (16) packed picture widthy
upsigned int (16) packed picture heigh%;
fpr (1 = 0; 1 < num_regions; i++) ({

bit (3) reserved = 0;
unsigned int (1) guard band flag[[i]];
unsigned int (4) packing typel[i]];
if (packing type[i] == 0 {
RectRegionPacking »edt region[[i]];
if (guard band flagli])
GuardBand guaxd band[[i]];

7.5.3{7 Semanties of the region-wise packing structure

cpnstituent picture matching flag equal to 1 specifies that the projected region
pdcked region information, and guard band region information in this syntax structure app
t0,each constituent picture and that the packed picture and the projected picture h

cture content
of the packed

information,
y individually
ive the same

btﬁl CUDLUpiL fl dllltT pdb‘l\illg fUl llldt. COIlS l_L LUl l__le_ CLurL e_lll.d. l_L,}.lJ'_IJ.g_J_ ldg E\.iudl
that the projected region information, packed region information, and guard band region i

to 0 specifies
nformation in

this syntax structure apply to the projected picture. When SpatiallyPackedStereoFlag is equal to O,

constituent picture matching flag shall be equal to 0.

NOTE 1 For the stereoscopic content that uses equivalent region-wise packing for the constituent pictures,

setting this flag equal to 1 allows more compact signalling of region-wise packing informa

num_ regions specifies the number of packed regions when constituent picture mat

tion.

ching flag

is equal to 0. Value 0 is reserved. When constituent picture matching flag isequal to 1, the

total number of packed regions is equal to 2 * num regions and the information in the r

ect region

and guard band arrays applies to each constituent picture of the projected picture and the packed

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

NOTE 2 The same sampling grid, width, and height are used for the luma sample array and the chroma sample

arrays of the projected picture.

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

guard Han agri] equal to Specities tha € I-th packed region has 1no guar ands.

guay

packing
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rect rs
regio
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guard b
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7.5.3.8 Del
the region-w

When the i-th
region specifi
different cong
specified by t
RegionWiss
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RegionWiss
RegionWisg
RegionWisg

NOTE  Projeq
between the pr]
highest quality|
rendering the of

The variable

| type[i] specifies the type of region-wise packing. The values of packing type [1] and
htics are specified in Table 11.

gion[1] specifies the region-wise packing between the i-th packed regiohand the i-th pro
h. The syntax and semantics of rect region[i] are specified in supcladses 7.5.3.2 and 7
ctively.

and[i] specifies the guard bands for the i-th packed regioh~ The syntax and semant
d band[1i] are specified in subclauses 7.5.3.4 and 7.5.3.5, respectively.

ivation of region-wise packing variables and conStraints for the syntax elements of
ise packing structure

packed region as specified by this RegionWisePackingStruct () overlaps with the j-th p
bd by the same RegionWisePackingStxruet (), the i-th and j-th projected regions shall res
tituent pictures for any values of i and j that are not equal to each other. The i-th packed reg
his RegionWisePackingStruct (), 6hall not overlap with any guard band specified by the
PackingStruct ().

with, ~the i-th packed region, if any, as specified by
shall \not overlap with any packed region specified by the
or any other guard bands specified by the

bands associated
PackingStruct ()
PackingStruct ()
PackingStruct ()%

ted regions are allewed to overlap. When projected regions overlap and a quality difference is in
pjected regionS:(e.g. by a region-wise quality ranking indication) the packed region that is indicated to h3
among the packed regions corresponding to the projected regions that overlap is expected to be ug
verlapping.area.

D

NumRegions, PackedRegLeft[n], PackedRegTop[n], PackedRegWidth[n], PackedRegHeig

ProjRegLeft[

d_bgnd_flag [1] equal to 1 specifies that the i-th packed region has at least one guardband.

their

ected
.5.3.3,

ics of

acked
ide in
ion as
same

this
same
same

icated
ve the
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ht[n],
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| are

derived as follows:

— Forninthe range of 0 to num_regions - 1, inclusive, the following applies:
PackedRegLeft[n] is set equal to rect region[n].packed reg left.
PackedRegTop[n] is set equal to rect region[n].packed reg top.
PackedRegWidth[n] is set equal to rect region[n].packed reg width.

PackedRegHeight[n] is set equal to rect region[n].packed reg height.
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— ProjRegLeft[n] is setequal to rect region[n].proj reg left.

— ProjRegTop[n] is set equal to rect region[n].proj reg top.

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

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

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

-2:2023(E)

— I

|
o

— PackingType[n] is setequalto rect regionl[nl.packing type

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

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

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

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

— projTopOffset and packedTopOffset are both set equal to 0.

- For n in the range of NumRegions / 2 to NumRegions - 1, inclusive, the following applies:
— nldx is setjequal to n - NumRegions / 2.
— PackedRegLeft[n] is set equal to rect region[nldx].packed reg left +pa

——_PackedRegTop[n] is set equal to rect region[nldx].packed reg top + pack

s set equal to

5 set equal to

kedLeftOffset.

edTopOffset.

— PackedRegWidth[n] is set equal to rect region[nldx] .packed reg width.

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

— ProjRegLeft[n] is set equal to rect region[nldx].proj reg left + projLeftOffset.

— ProjRegTop[n] is setequal to rect region[nldx] .proj reg top + projTopOffset.

— ProjRegWidth[n] is set equal to rect region[nldx].proj reg width.
— ProjRegHeight[n] is set equal to rect region[nldx] .proj reg height.

— TransformType[n] is set equal to rect region[nldx].transform type.
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— PackingType[n] is setequal to rect region[nldx] .packing type.

For each value of n in the range of 0 to NumRegions -1, inclusive, the values of ProjRegWidth[n],
ProjRegHeight[n], ProjRegTop[n], and ProjRegLeft[n] are constrained as follows:

— 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.

— ProjRegL

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

— ProjRegT

— If ProjR
ProjRegH
ProjRegT]|

For each val
PackedRegHe

— PackedRq
— PackedR¢{
— PackedR¢{
— PackedRd

— If Packe
PackedRq¢
of Pag
packed |

— If Packe
PackedRg¢
sum o
packed |

—  When th
horizont4
number (

—  When th

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

pgTop[n] is less than proj picture height /VerDivl, the sum of ProjReégTop[n
eight[n] shall be less than or equal to proj picture height /VerDivl. Otherwise, the s
op[n] and ProjRegHeight[n] shall be less than or equal to proj picture height / VerDivl

ue of n in the range of 0 to NumRegions -1, inclusive, the values’)of PackedRegWig
ght[n], PackedRegTop|[n], and PackedRegLeft[n] are constrained as follaws:

baWidth[n] shall be in the range of 1 to packed picture width;inclusive.
pgHeight[n] shall be in the range of 1 to packed picture height, inclusive.
bgLeft[n] shall be in the range of 0 to packed pictuxe width - 1, inclusive.
bgTop[n] shall be in the range of 0 to packed pdicture height - 1, inclusive.
IRegLeft[n] is less than packed picture.width /HorDivl, the sum of PackedRegLeft[n
pgWidth[n] shall be less than or equal to-packed picture width /HorDivl. Otherwise, th|
kedRegLeft[n] and  PackedRegWidth[n] shall be less than or equal
[picture width /HorDivl * 2,

pgHeight[n] shall be less than or equal to packed picture height /VerDivl. Otherwis
[picture height/AVerDivl * 2.
e decoded picture has 4:2:0 or 4:2:2 chroma format, PackedRegLeft[n] shall correspond to a
1 coordinate-value of luma sample units, and PackedRegWidth[n] shall correspond to an

fluma samples, both within the decoded picture.

e decoded picture has 4:2:0 chroma format, PackedRegTop[n] shall correspond to an even v

and
um of
*2.

th[n],

] and
e sum
to

HIRegTop[n] is less than pa¢ked picture height /VerDivl, the sum of PackedRegTop[n] and

e, the

PackedRegTop[n] + and PackedRegHeight[n] shall be less than or equal to

even
even

brtical

coordina

luma

samples,

te value of luma c;\mplp units_and Pranngpighf[n] shall r‘nrrr-\cprmd to an even numhber o

both within the decoded picture.

7.5.4 Rotation structure

7.5.4.1 Definition

The fields in this structure 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.
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7.5.4.2 Syntax

aligned(8) class RotationStruct () {
signed int (32) rotation_ yaw;
signed int (32) rotation pitch;
signed int (32) rotation roll;

7.5.4.3 Semantics

rotation yaw, rotation pitch, and rotation roll specify the yaw, pitch, and roll angles,
FEspectively, of the rotation that 15 applied to the unit sphnere to convert the tocal coordinage axes to the
blobal coordinate axes, in units of 2-1¢ degrees, relative to the global coordinate axes. rotatifon yaw shall
be in the range of -180 * 216 to 180 *216 - 1, inclusive. rotation pitch shall be in therange of -90 * 216
090 * 216, inclusive. rotation roll shall be in the range of -180 * 216 to 180 * 216y~ 1] inclukive.

7.5.5 Content coverage structure

7.5.5|/1 Definition

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

7.5.5]2 Syntax

alighed(8) class ContentCoverageStruct ()

uhsigned int (8) coverage shape typet

upsigned int (8) num regions;

uhsigned int (1) view idc presence\flag;

iff (view idc presence flag == 0\ {

unsigned int(2) default view idc;

bit (5) reserved = 0;

} else

bit (7) reserved = 0;

fpr (i = 0; i1 < num xegions; i++) {

if (view idc presefnce flag == 1) {
unsigned int(2) view idc[[i]];
bit (6) re&served = 0;

}

SphereRegioenStruct (1, 1) sphere region[[i]];

7.5.5]3</Semantics

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

num_regions specifies the number of sphere regions. Value 0 is reserved.
view idc presence flag equal to 0 specifies that view idc[i] is not present.

view idc presence flag equal to 1 specifies that view idc[i] is present and indicates the
association of sphere regions with particular (left, right, or both) views.
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default view_ idc equal to 0 indicates that each sphere region is monoscopic, 1 indicates that each sphere
region is on the left view of a stereoscopic content, 2 indicates that each sphere region is on the right view of
a stereoscopic content, 3 indicates that each sphere region is on both the left and right views.

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

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

sphere region is on both the left and right views. view idc[1i] equal to 0 is reserved.

NOTE view idc presence flag equal to 1 enables indicating asymmetric stereoscopic coverage. For example,
one example of an asymmetric stereoscopic coverage can be described by setting num regions equal to 2,
indicating one sphere region to be on the left view covering the azimuth range of -90° to 90°, inclusive, and
Hreieatine-the-othersphereregionto-be-ontheig ie overHe-the-azHntth se-of—60-te-60+nehusive.

When sphgre region[i] is included in the ContentCoverageStruct (), subclause 7.5.6 @pplids and
interpgolate shall be equal to 0.

The content|coverage is specified by the union of sphere region[i] structure(s) for allyvalues of i fin the
rnage of 0, inclusive, to num_ regions, exclusive. When num regions is greater-than 1, the cgntent
coverage may be non-contiguous.

7.5.6 Sphere region structure
7.5.6.1 Defiinition
The sphere region structure (SphereRegionStruct) specifies a sphere region.
When centrg tiltisequal to 0, the sphere region specified by this structure is derived as follows:
— If both gzimuth range and elevation rangefare equal to 0, the sphere region specified by this
structurelis a point on a spherical surface.
— Otherwisg, the variables centreAzimuth and centreElevation are derived as follows:
centreAzimuth = centre_@zimuth + 65536 (15)
centreElevation = centre elevation + 65536
The sphejre region is defined.as\follows with reference to the shape type value specified in the semantics of
the strucfure containing this\instance of SphereRegionStruct:

— When the shape)type value is equal to 0, the sphere region is specified by four great circles defirled by
foug points(cAzimuthl, cAzimuth2, cElevationl, cElevation2 and the centre point defingd by
centreAzimuth equal to 0 and centreElevation equal to 0 as shown in Figure 19a and the variable
derjvation’is as follows:

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

(16)

Subsequently, the sphere region is rotated by centreAzimuth degrees in the azimuth direction, and by
centreElevation degrees in the elevation direction, while its shape remains the same.

— When the shape type value is equal to 1, the sphere region is specified by two azimuth circles and two
elevation circles defined by four points cAzimuth1, cAzimuth2, cElevation1, cElevation2 and the centre
point defined by centreAzimuth and centreElevation and as shown in Figure 20 and the variable

deri

72

vation is as follows:
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cAzimuthl = (centre azimuth-azimuth range +2)+ 65536 17
cAzimuth2 =(centre azimuth+azimuth range +2)+ 65536

cElevationl = (centre elevation-elevation range +2)+ 65536

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

When centre tilt is not equal to 0, the sphere region is firstly derived as above and then a tilt rotation is
applied along the axis originating from the sphere origin passing through the centre point of the sphere region,
where the angle value increases clockwise when looking from the origin towards the positive end of the axis. The
final sphere region is the one after applying the tilt rotation.

Shape type value equal to 0 specifies that the sphere region is specified by four great circles.

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 19 jllustratds a process for
deriving of a sphere region with shape type equal to 0 by first tilting the sphere region by centre,t¥1t and then applying
centreAzimuth and centreElevation to the tilted sphere region.
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Shape type value'€qual to 1 specifies that the sphere region is specified by two azimuth circles and two ele

)
>
azimuth and elevation equal to 0

o

(centreAzimuth, cenm{mevation)
®)

K

c) rotating the sphere region by centreAzimuth and centreElevation

Faﬁz 19 — Deriving a sphere region specified by four great circles

O

a)[sphere region with centre point b) Tiltin @centre_tilt

yation

circles as illustrated in Figure 20.
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(centreAzimuth, centreElevation)

~_ CAzimuthl cAzimuth2

7.5.6

alig
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7.5.

H-W W

—

6

type values greater than 1 are reserved.

2 Syntax

hed (8) SphereRegionStruct (int range incladed flag, int
rpolate included flag) {

igned int(32) centre azimuth;

igned int (32) centre elevation;

igned int (32) centre tilt;

f (range_ included flag) {

unsigned int(32) azimuth range;

unsigned int (32) elevatiomn<range;

f (interpolate included *t¥ag) {
unsigned int(l) interpolate;
bit (7) reserved =~0;

3 Semantics

entre azimuth and centre elevation specify the azimuth and elevation values, respe
centre.of the sphere region in units of 2-1¢ degrees. centre azimuth shall be in the rang
£0.180 * 216 — 1, inclusive. centre elevation shall be in the range of -90 * 216 to 90 * 216

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

ctively, of the
b of =180 * 216
inclusive.

centre tilt specifies the tilt angle of the sphere region in units of 2-16 degrees. centre tilt shall bein

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 2-1¢ degrees. azimuth range

and elevation_ range specify the range through the centre point of the sphere region, as

illustrated by

Figure 19 or Figure 20. When azimuth range and elevation range are not present in this instance
of SphereRegionStruct (), they are inferred as specified in the semantics of the structure containing

this instance of SphereRegionStruct (). When the shape type value is equal to 0, azi
shall be in the range of 0 to 180 * 216, inclusive. When the shape type value i

muth range
s equal tol,

azimuth range shall be in the range of 0 to 360 * 26, inclusive. elevation range shall be in the

range of 0 to 180 * 216, inclusive.
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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

Sphe

reRegionStruct (). When interpolate is not present in this instanc

e of

SphereRegionStruct (), it is 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

Schieme types

7.6.1.1 Ope¢n-ended and closed scheme types

An open-endsg
example, the

that is define
defined, clear

SchemeTyp9q
SchemeTypq
shall be an op

Compatibls
Compatibldg
included in an

An OMAF play
An OMAF play
in the inst
SchemeInfg
OMAF player
syntax elemer

7.6.1.2 Pro

d scheme type for a kind of transformation is a scheme type that allows-future extension
' stvi' scheme type (stereoscopic video) may be used for a new frame packing arrangemen
] after the definition of the 'stvi' scheme type. A closed scheme type,on the other hand,
y specifies which transformations are allowed and does not allow future’extensions.

Box allows inclusion of only one scheme type and theré) may be only one instan
Box included in RestrictedSchemeInfoBox. The scheme type included in SchemeTyq
en-ended scheme type, i.e. 'podv' or ' fodv' or 'modwx

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

rer that does not recognize the open-endéd scheme type in SchemeTypeBox shall ignore the
rer that recognizes the open-ended schéme type in SchemeTypeBox but none of the scheme
inces of CompatibleSchemePypeBox, if any, should parse all boxes containg
rmationBox to determine whether it has the capability required to properly process the tra
Khould ignore the track unless.it supports all boxes contained in SchemeInformationBox 3
ts and syntax element values present in those boxes.

jected omnidirectional video ('podv')

The use of the projected<omhnidirectional video scheme for the restricted video sample entry type 'n

indicates that
use of the pr
omnidirection]

the decodéd pictures are packed pictures containing either monoscopic or stereoscopic contern]
jected emnidirectional video scheme is indicated by scheme type equal to 'podv' (pro
al videp) within SchemeTypeBox inthe RestrictedSchemeInfoBox.

s. For

t type
when

ce of
eBox

ces of
nly be

track.
types
d in
ck. An
nd all

esv'
t. The
jected

The format o

[the projected monoscopic pictures s imdicated with the ProectedomT IV ideoBoX Com

tained

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 any version value of ProjectionFormatBox. The 'podv’
scheme type may be used with any projection type value.

When the ProjectedOmnivideoBox is present in the SchemeInformationBox, StereoVideoBox may be
present in the same SchemeInformationBox.
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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
present in 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 equalto 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 'stvi' scheme type is not expected to be used when the 'podv' scheme type is used.

Optiofal region-wise packing 1is indicated with the RegionWisePackingBox contained within the
ProjpctedOmniVideoBox. The absence of RegionWisePackingBox indicates that no region-wise packing is
appligd, i.e. that the packed picture is identical to the projected picture.

RegipnWisePackingBox is not constrained beyond the specification in subclause 7:6’4. The 'podv' scheme
type rhay be used with any version value of RegionWisePackingBox. The 'podv® scheme type may be used
with gny values of the syntax elements of RegionWisePackingBox.

In addition to the boxes constrained above, SchemeInformationBox may,directly or indirectly|contain other
boxes| Those boxes are not constrained beyond their definition, syntax, and semantics.

7.6.1{3 Equirectangular projected video ('erpv')
NOTE| This scheme type can be used for specifying media profiles:
The 'erpv' scheme type is defined as a closed scheme type for projected omnidirectional video.

When| scheme type is equal to 'erpv' sin“an instance of CompatibleSchemeTypg¢Box in the
RestfictedSchemeInfoBox, the track conferms to the constraints of scheme type equal to|'podv' with
all of the following additional constraints:

— HrojectionFormatBox withiniithe ProjectedOmnivVideoBox shall indicate the equirectangular
projection.

|
=

Vhen RegionWisePackingBox is present, the following constraints all apply:
—t The value of NumRegions shall be equal to HorDiv1 * VerDiv1.
— For eachyalue 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].

— 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.
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7.6.1.4 Packed equirectangular or cubemap projected video ('ercm')
NOTE  This scheme type can be used for specifying media profiles.

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

When scheme type is equal to 'ercm' in an instance of CompatibleSchemeTypeBox in the
RestrictedSchemeInfoBox, the track conforms to the constraints of scheme type equal to 'podv',
scheme type equal to 'podv' shall be present in SchemeTypeBox in the RestrictedSchemeInfoBox,
and all of the following additional constraints apply:

— ProjecfionFormatBox within the ProjectedOmnivideoBox shall indicate either the equirectahgular
projectioh or the cubemap projection.

— When RqgionWisePackingBox is present, the value of packing type[i] for each valueof i sHall be
equal to

— version of ProjectionFormatBox, StereoVideoBox (when present), RegionWisePackirjgBox
(when prlesent), RotationBox (when present), and CoverageInformationBox (when present) shall be
equal to

— SchemelInformationBox shall not directly or indirectly contain any boxes other | than
ProjectedOmnivideoBox, ProjectionFormatBox, StereoVideoBox, RegionWisePackingBox,
Rotatig¢nBox, and CoverageInformationBox.

7.6.1.5 Fisheye omnidirectional video (' fodv"')

The use of the fisheye omnidirectional video scheme for therestricted video sample entry type 'resv' indicates
that the decolded pictures are fisheye video pictures. The*use of the fisheye omnidirectional video schgme is
indicated by fcheme type equal to 'fodv' (fisheyesomnidirectional video) within SchemeTypeBox fn the
RestrictedSchemeInfoBox.

The format |of fisheye video is indicated> with the FisheyeOmnivVideoBox contained within the
SchemeInfdrmationBox. One and._6nly one FisheyeOmniVideoBox shall be present in the
SchemeInfdrmationBox when the)" scheme type is 'fodv' within SchemeTypeBox in the
RestrictedSchemeInfoBox.

The ' fodv' 4cheme type is defined as an open-ended scheme type for fisheye omnidirectional video.
The ' fodv' kcheme type.may be used with any version value of FisheyeVideoEssentialInfoBoix and

FisheyeVideoSupplementalInfoBox. The 'fodv' scheme type may be used with any values of §yntax
elements of Ffi sheyeOmnivVideoBox.

When Fj_shel7o('\mh"|ﬁ7"| deoBox is prncnnf inthe SchemeInformationBo . StereoVideoBox shall mot be

present in the same SchemeInformationBox.

In addition to the boxes constrained above, SchemeInformationBox may directly or indirectly contain other
boxes. 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 equal to '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.
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7.6.1.7 Packed equirectangular or cubemap projected video with derived region-wise packing
('erc2')

NOTE 1 This scheme type can be used for specifying media profiles.

The 'erc2' scheme type is defined as a closed scheme type for projected omnidirectional video.

When

scheme type is equal to 'erc2'

in an instance of CompatibleSchemeTypeBox in the

RestrictedSchemeInfoBox, the track conforms to the constraints of scheme type equal to 'podv',
scheme type equal to 'podv' shall be present in SchemeTypeBox in the RestrictedSchemeInfoBox,
and all of the following additional constraints apply:

H
p

=

IR = N = A = VL]

Y

rojection or the cubemap projection.

rojectionFormatBox within the ProjectedOmnivideoBox shall indicate either thie eg

egionWisePackingBox shall be present in each media track referenced by the track g
erc?2' scheme type. The following constraints shall be obeyed in each RegioniW§¥sePacking

The value of packing type [1] for each value of i shall be equal to0.
version shall be equal to 0.

When the cubemap projection is in use, proj reg top, proj reg left, proj reg
proj reg height of the same projected region shall be such that the projected region|
cube face for all values of i in the range of 0 to num_&&gions - 1, inclusive.

When the equirectangular projection is in.use and the content is stereoscopic, pr
proj reg left, proj reg width, and proj reg height of the same projected r
such that the projected region is withinohe constituent picture, i.e. not spanning to both
views, for all values of i in the range of 0 to num_regions - 1, inclusive.

The i-th projected region shall not overlap with the j-th projected region for any unequal v:
in the range of 0 to num_regiens - 1, inclusive.

egionWisePackingBox shall be empty in the track containing the 'erc2' scheme type
erive the region-wise packing format of the track containing the 'erc2' scheme type from th
e instances of RegionWisePackingBox of the tracks referenced by the track containing
Cheme type. When n0 RegionWisePackingBox is present in a track referenced by the tra

uirectangular

ontaining the
Box:

~width, and
is within one

J_reg top,
egion shall be
left and right

hlues of i and j

Players shall
e collection of
r the 'erc2!
ck containing

e 'erc2' scheme type, players shall conclude that the respective region does not contain any packed

Pgions.

OTE 2 For example, an overlay can be carried in a referenced track with no RegionWisePacking

BOX.

erndionof ProjectionFormatBox, StereoVideoBox (when present), RotationBox (W

/hen present),

and CoverageInformationBox (when present) shall be equal to 0.

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 in the RestrictedSchemeInfoBox.
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The 'modv' scheme type is defined as an open-ended scheme type for mesh omnidirectional video.

At least one of the following shall be true:

One and only one MeshOmniVideoBox is present in the SchemeInformationBox. The 3D mesh is

indicated with the MeshBox contained in the MeshOmniVideoBox within the SchemeInformationBox.

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

When a MeshOmnivideoBox is present within the SchemeInformationBox, a MeshBox shall be present
within the MeshOmnivVideoBox. The MeshBox is not constrained beyond the specification in subclause 7.6.8.

The '"modv'
used with any

When MeshO
the same Sc}
projected co
omnidirectior
SchemeInfg
packing formsa
stereoscopic ¢
views is speci

In addition to
boxes. Those |

NOTE Itisp
or partial cube
'modv' and '{
be present in

omnidirectional

7.6.1.9 Clo

NOTE Thiss

The "'meov"' 3

When schej
Restricted
scheme tyq
Restricted

version

mesh_type value.

nnivideoBox is present in the SchemeInformationBox, StereoVideoBox may,be pres
lemeInformationBox. The absence of StereovVideoBox indicates that the.omnidirecti
htent of the track is monoscopic. The presence of StereoVideoBok“indicates thg
ally projected content of the track is stereoscopic. When StereoVidépBox is present
rmationBox for the mesh omnidirectional video scheme, version shall be equal to 0. The
tindicated in the StereovideoBox should be ignored as it may oranay not correspond to hg
ontent is arranged in the decoded pictures. The mapping of rectangular regions for the left anc
fied with the tile mesh sample group.

the boxes constrained above, SchemeInformationBgx may directly or indirectly contain
poxes are not constrained beyond their definition, syntdx,)Jand semantics.

ssible to author tracks that comply with both the 'modv\*and 'podv' scheme types. For example, a co

map can be represented by both 'modv' and 'podw" scheme types. When a track complies with bd
odv' scheme types, one of 'modv' and 'podw!/~cah be present in the SchemeTypeBox, while the ot}
he CompatibleSchemeTypeBox. An OMAF player can perform processing for either mesh or pr
video to render the content.

sed scheme type for mesh omnidirectional video (' meov')
rheme type can be used for specifying media profiles.
cheme type is defined‘as a closed scheme type for mesh omnidirectional video.

ne type is equal to 'meov' in an instance of CompatibleSchemeTypeBox i

SchemeInfoBox, the track conforms to the constraints of scheme type equal to 'm
e equal temodv ' shall be present in SchemeTypeBox or CompatibleSchemeTypeBox
SchemélrifoBox, and all of the following additional constraints apply:

) ofiMeshBox and RotationBox (when present) shall be equal to 0.

Echeme type may be used with any version value of MeshBox. The 'modv' scheme typg,may be

ent in
pnally
t the
n the
frame
w the
| right

other

mplete
th the
er can
jected

h the
odv',
in the

StereoVideoBox.

— MeshOmniVideoBox shall not directly contain any boxes other than MeshBox and RotationBox.
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7.6.2 Projected omnidirectional video box

7.6.2.1 Definition

Box Type: 'povd'

Container: SchemeInformationBox

Mandatory: Yes, when scheme type isequal to 'podv'
Quantity: Zero or one

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

ot

e projection format of the projected picture (C for monoscopic video contained in the traek,(CL and Cr for
¢ft and right view of stereoscopic video),

—

— rpgion-wise packing, when applicable,

ot

e rotation for conversion between the local coordinate axes and the global coérdinate axes, if applied, and

ptionally the content coverage of the track.

|
o

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

— If StereoVideoBox is not present in SchemeInformatiohBox, HorDivl is set equal to 1 gnd VerDiv1 is
bt equal to 1.

(%)

— (therwise (StereoVideoBox is present in Scheme TriformationBox), the following applies}

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

— Otherwise if top-bottom frame packing is indicated, HorDiv1 is set equal to 1 and VerDiy1 is set equal
to 2.

—  Otherwise (temporal interleaving is indicated), HorDiv1 and VerDiv1 are both set equal to 1.

If RofationBox is not presentiin ProjectedOmnivVideoBox, RotationFlag is set equal to |0. Otherwise,
RotationFlag is set equal to 1.

If StereovideoBox js\not present in SchemeInformationBox, SpatiallyPackedStereoFlag, TgpBottomFlag,
and S]deBySideFlag are-set equal to 0. Otherwise, the following applies:

|
=

Vhen the StlereovVideoBox indicates top-bottom frame packing, SpatiallyPackedStereoFlag |s set equal to
TopBettomFlag is set equal to 1, and SideBySideFlag is set equal to 0.

[y

— Wheén'the StereovVideoBox indicates side-by-side frame packing, SpatiallyPackedStereoFlag is set equal
to 1, TopBottomFlag is set equal to 0, and SideBySideFlag is set equal to 1.

— When the StereovVideoBox indicates temporal interleaving, SpatiallyPackedStereoFlag, TopBottomFlag,
and SideBySideFlag are all set equal to 0.

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.
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rwise, ConstituentPicWidth and ConstituentPicHeight are set equal

proj picture width /HorDivl andproj picture height /VerDivl, respectively.

equal to 0. Otherwise, RegionWisePackingFlag is set equal to 1.

this sample entry are specified in subclause 7.5.1.2.

to

If RegionWisePackingBox is not present in ProjectedOmniVideoBox, RegionWisePackingFlag is set

The semantics of the sample locations of each decoded picture resulting by decoding the samples referring to

7.6.2.2 Syntax
aligned(8)| class ProjectedOmniVideoBox extends Box('povd') {
ProjectlionFormatBox () projection format box; // mandatory

// opti

aligned(8)
Project

}

7.6.3

7.6.3.1 Deffinition

Box Type:
Container:
Mandatory:
Quantity:

FisheyeOmn
video at the 0
in the cd
FisheyeVid
and rendering

This documen

7.6.3.2 Syn

aligned(8)
Fisheyd
Fisheyd

Fisheye omnidirectional video box

onal boxes but no fields

0, QD {

class ProjectionFormatBox () extends FullBox('prfr',
ionFormatStruct () projection format struct;

'fovd'

SchemeInformationBox

Yes, when scheme typeisequalto ' fodv!
Zero or one

ivideoBox provides essential fisheyewideo parameters for stitching and rendering of fi
MAF player. The fields in FisheyeOmiiVideoBox provide region information of circular i
ded picture and field of\ view and camera parameters of fisheye
eoSupplementalInfoBox provides the local field of view information for high quality sti
of fisheye video, as well as deadzone information.

t specifies FisheyeVideoSupplemental InfoBox with version equal to 0 or 1.

tax
class ElsheyeOmniVideoBox extends Box('fovd') {
VideoEgSsgentialInfoBox () essential info box; // mandatory

VidedSupplementalInfoBox () supplemental info box; // optional

sheye
mages

lens.
tching

aligned(8)
Fisheye

}

aligned(8)

Fisheye

82

0, 0) |

class FisheyeVideoEssentialInfoBox extends FullBox ('fovi',
VideoEssentialInfoStruct () essential info_ struct;

class FisheyeVideoSupplementalInfoBox
extends FullBox ('fvsi', version,
VideoSupplementalInfoStruct (version)

0) A

supplemental info struct;
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7.6.4 Region-wise packing box

7.6.4.1 Definition

Box Type: 'rwpk'

Container: ProjectedOmnivVideoBox
Mandatory: No

Quantity: Zero or one

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

RegipnWisePackingBox may be empty, i.e. contain only the box header and no payload. An empty
RegipnWisePackingBox indicates that the region-wise packing format of this track(is-derived from the
collection of the instances of RegionWisePackingBox of the tracks referenced by this track.

NOTE | Among other information a non-empty RegionWisePackingBox also provides the content coveragg information in
the 2D Cartesian picture domain.

7.6.4{2 Syntax

alighed(8) class RegionWisePackingBox extends FullBex ('rwpk', 0, 0) {
if ((size == && largesize > 16) || (size * 12))
RegionWisePackingStruct () region wise packing struct;

7.6.4)3 Semantics

Subclause 7.5.3 applies with the following additional'constraint:
— gacked picture width and pétked picture height shall have such |values that
dacked picture width is an intéger multiple of width and packed picture height is an integer

nultiple of height, where width and height are syntax elements of the VisualSgpmpleEntry
bntaining this box.

(@

7.6.5 Rotation box

7.6.5|1 Definition

Box Type: Yrotn'

Contajner: ProjectedOmnivVideoBox or MeshOmniVideoBox
Mandgtory: No

Quantjitys 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 areall inferred to be equal to 0.

7.6.5.2 Syntax
aligned(8) class RotationBox extends FullBox('rotn', 0, 0) {

RotationStruct () rotation struct;

}
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Coverage information box

7.6.6.1 Definition

Box Type:
Container:
Mandatory:
Quantity:

'covi'

ProjectedOmniVideoBox or SpatialRelationship2DDescriptionBox
No

Zero or one

This box provides information on the content coverage of this track (when the box is contained in
ProjectedOmniVideoBox) or the content coverage of the composition pictures (when the box is contained in

SpatialRell

NOTE 1 It is totally up to the OMAF player to handle the area that is not covered by the content when renderi

omnidirectional

NOTE 2 When|
carried in the ty

Each sphere 1
in the decod
pictures (whe
some sphere
coverage.

7.6.6.2 Syn

aligned(8)
Content

}

7.6.7 Mej

7.6.7.1 Deffinition

Box Type:
Container:
Mandatory:
Quantity:

This box is a d

the 3D m

ationship2DDescriptionBox).

video content.

this box is contained in ProjectedOmniVideoBox, this box can be used to indicate whether the sub-}
ack is monoscopic or stereoscopic by the syntax elements default view idcorview idc[i].

cation within the sphere regions specifying the content coverage shallhave a corresponding s
bd pictures (when the box is contained in ProjectedOmnivVideeoBox) or in the compd

ocations that do have corresponding samples in the decoded ‘pictures but are outside the c

tax

class CoverageInformationBox extends FullBox('covi',
CoverageStruct () content coverage€dlstruct;

0, 0) {

h omnidirectional video box

'movd’

SchemeInformdationBox

Yes, when scheme type is equal to 'modv'
Zero or one

ontainer(box that contains boxes indicating information for the following:

eshy, consisting of mesh elements, and

hg the

icture

hmple
sition

n the box is contained in SpatialRelationship2DDescriptionBox). However, there niay be

ntent

— the rotati

on for conversion between the local coordinate axes and the global coordinate axes, if applied.

7.6.7.2 Syntax

aligned(8)
// boxe
}

84

class MeshOmniVideoBox extends Box ('movd')
s but no fields

{
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7.6.8 Mesh box

7.6.8.1 Definition

Box Type: 'mesh'

Container: MeshOmnivVideoBox
Mandatory: Yes

Quantity: 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
TileMeshGroupEntry), which define the relationship between a group of samples (or a complete OMAF tile
track) and the position on the mesh. This information can be used for both selection of OMAF tile tracks as well as
during the rendering process.

The 3D mesh specified by a MeshBox is indicated relative to the local coordinate axes,
NOTE[l RotationBox, when present, specifies the conversion from the local coordinate-axes to the global cogrdinate axes.

In ling with how typical rendering engines work with stereoscopic content{the’same mesh is assunjed to be used
for bath eyes in case of stereoscopic content. In other words, it is not possible to define distinct left-eye and right-
eye mieshes.

When| a MeshBox is present in an OMAF base track, each mesh €lement in the MeshBox shall be mapped into a
rectangular region of a decoded picture within one or more referenced OMAF tile tracks using [the tile mesh
sample grouping,.

NOTE P Among other information, the MeshBox also provides'implicit content coverage information.

7.6.8{2 Syntax

alighed(8) class MeshBox () extends FullBox ('mesh', 0, 0) {
upsigned int (16) num mesh (elements;
uhsigned int (4) mesh type;
uhsigned int (1) explic¢if mesh id flag;
uphsigned int (1) expli¢it mesh shape flag;
uhsigned int (2) reserved;
if (explicit mesKhshape flag)
unsigned int-/(8) mesh shape;
fpr (i=0; i< num mesh elements; i++) |
if (meshitype == || mesh type == 2)
SphereRegionStruct (1,0) sphere region;
elsentf (mesh type == 1)
BDParallelogramStruct () parallelogram struct;
if (explicit mesh id flag == 1)
UnsSigned Int(16) MesSn_element _id;

7.6.8.3 Semantics
num mesh elements specifies the number of mesh elements described in this box.

mesh type specifies the type of the mesh description used all mesh elements described in this box.
mesh_type shall be in the range of to 0 to 2, inclusive. Other values of mesh type are reserved.
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explicit mesh id flag equal to O specifies that mesh element id is not present in the MeshBox
and the values of mesh _element idareinferred. explicit mesh id flag equalto 1 specifies that

mesh

_element idis presentin the MeshBox.

explicit mesh shape flag equal to 1 specifies that mesh shape is present in the MeshBox.
explicit mesh shape flag equal to 0 specifies that the mesh shape is not present in the

Mesh

Box, in that case no global shape can be presupposed for the mesh described by the MeshBox.

mesh shape equal to 0 indicates the MeshBox describes a sphere or a portion of a sphere. mesh shape
equal to 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.

sphere |
subcl
two 4
infert
ints

parallg
this by

mesh el
expll
be eq

7.6.8.4 3D

A 3DParallgq
21. The verti
elements or]
follows:

The normal ¥
the cross prod
D, as presentsd

region specifies a spherical mesh as the spherical region specified in the structure as!defi
huse 7.5.6. The sphere region shall be inferred to have shape type value equal to T (specif]
zimuth circles and two elevation circles). When mesh_type is equal to 2, the sphejpé reg
ed to have shape type value equal to 0 (specified by four great circles)-The value
rpolate syntax element for the sphere region structure is inferred to be‘egqual to 0.

logram_struct specifies a parallelogram mesh in the 3D space. Two(mesh elements descri
ox shall not overlap.

ement_id specifies an identifier to uniquely identify a mesh.élement within this mesh box.
icit mesh id flag isequalto 0,mesh element id for'the i-th mesh element is infer
ual to 1.

parallelogram structure

blogramStruct () is a parallelogram in the local reference frame (0O, X, Y, Z), as depicted in
ces A, B, C, and D of the parallelogram, as depicted in Figure 21, are specified using the 3
lgin, u _direction, and v_directifon contained by the 3DParallelogramStruct

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

ector of a 3DPakallelogramStruct () is pointing toward the direction of uDir x vDir, x

d in Figuret24- The front face of the parallelogram is in the direction of the normal.

hed in
ed by
|l on is

bf the

bed in

'When
red to

Figure
yntax
() as

(18)

being

luct between«two 3D vectors, uDir being the vector from A to B and vDir being the vector from A to

86

© ISO/IEC 2023 - All rights re

served


https://iecnorm.com/api/?name=1462ebadfb45de0ddd6bc455d8c08a8b

ISO/IEC 23090-2:2023(E)

alig

w W W

orig

u di

v di

7.6.8

This s
local ¢

alig
s
s
s

X Co

QS
N
z
A
C
/ fal Y,
<
=4
= X
D

Figure 21 — 3D parallelogram

hed (8) class 3DParallelogramStruct () {
DVectStruct origin vertex;

DVectStruct u direction;

DVectStruct v_direction;

in vertex isavector used to specify the vertex A'of the parallelogram.
rection is a vector used to specify the vertex.B of the parallelogram.

rection is a vector used to specify thewertices C and D of the parallelogram.

5 3D vector structure

tructure specifies a vector in‘a 3D cartesian coordinate system. The vector coordinates are ex
oordinate system.

ned (8) class,~3DVectStruct () {
igned int (32)~'x_comp;
igned int(32) y comp;
igned nf(32) z comp;

©<{y comp, and z_ comp represent, respectively, the x, y, and z cartesian coordinate o

7

expressed 1n the local coordinate system. 1he value 1s relative to the unit sphere and 1s 1n units ot 10",

7.7

7.7.1

Timed metadata for sphere regions

General

bressed in the

a 3D vector

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 sa

mple entry of the metadata track. Each sample specifies a sphere region.
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When a sphere region timed metadata track is linked to one or more media tracks with a 'cdsc"' track reference,
it describes each media track individually.

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

limits the samp

les 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. SphereRegionConfigBox

specifies the ghape of the sphere region specified by the samples. When the azimuth and elevation ranges,|of the
sphere region|in the samples do not change, they may be indicated in the sample entry.
7.7.2.2 Syntax
class SphgreRegionSampleEntry (type) extends MetaDataSampleEntry (gype) {
SphereRegionConfigBox (); // mandatory
Box[] dther boxes; // optional
}
class SphgreRegionConfigBox extends FullBox('rosc', 0, .09 {
unsigngd int (8) shape type;
bit (7) |reserved = 0;
unsigngd int (1) dynamic range flag;
if (dynamic range flag == 0) {
unsilgned int (32) static_azimuth range;
unsijgned int (32) static_elevation rangej;
}
unsigngd int (8) num regions;
}
7.7.2.3 Semantics
shape tlype equal to 0 specifies thatithe sphere region is specified by four great circles. shape type|equal
to 1 |specifies that the sphereregion is specified by two azimuth circles and two elevation dircles.
shage type values greatér than 1 are reserved. The value of shape type is used as the shapg type
valuelwhen applying subtlause 7.5.6 to the semantics of the samples of the sphere region metadata frack.
dynamid range flag\equal to 0 specifies that the azimuth and elevation ranges of the sphere region
remajn unchanged-in all samples referring to this sample entry. dynamic range flag equ‘z:r to 1
specifies thatthe azimuth and elevation ranges of the sphere region are indicated in the sample format.
static |aZémuth range and static elevation range specify the azimuth and elevation ranges,
resp utivc}_y, of-the oyhcnc 1csiuu foreach oaluylc leCll;lls to-this oauly}c Cutl_y Hrunttsof2=16d grees.

static_azimuth range and static elevation range specify the ranges through the centre
point of the sphere region, as illustrated by Figure 19 or Figure 20. 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 present and are both
equal to 0, the sphere region for each sample referring to this sample entry is a point on a spherical
surface. When static_azimuth range and static_elevation range are present, the values of
azimuth range and elevation range are inferred to be equal to static azimuth range and
static elevation range, respectively, when applying subclause 7.5.6 to the semantics of the
samples of the sphere region metadata track.

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

num

88

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) SphereRegionSample () {
for (i = 0; i < num regions; i++)
SphereRegionStruct (dynamic range flag, 1) sphere region;

7.7.3]3 Semantics
Stibclause 7.5.6 applies to the sample that contains the sphere region structure.
Let the target media samples be the media samples in the referenced media tracks with composition times

greater than or equal to the composition time of this sample and léss than the compositign time of the
next sample.

-

hterpolate equal to O specifies that the values of¢ centre azimuth, centre|elevation,
centre tilt,azimuth range (if present), and elevation range (if present) in thig sample apply
to the target media samples. interpolate equal4o)l specifies that the values of centfe azimuth,
centre elevation, centre tilt, azimutk range (if present), and elevatiqn range (if
present) that apply to the target media samples are linearly interpolated based on composition times,
from the values of the corresponding fields in this sample and the previous sample.

The value of interpolate for a sync sample, the first sample of the track, and the first saniple of a track
fragment shall be equal to 0.

7.7.4 Initial viewing orientation

7.7.4]1 Definition

This metadata indicates initial viewing orientations that should be used when playing the associated media tracks
or a single omnidirectional image stored as an image item.

When| the playback of a media track that contains nothing but one or more overlay sources is intended to be
started using another viewing orientation than that indigated by
(centre @zimuth, centre elevation,centre tilt) equal to (0, 0, 0) relative to the glohal coordinate
axes, pn‘ihitial viewing orientation metadata track shall be present and associated with the media track. In the

absenee—ef-thistypeof-metadatacentre—arimuthcents Fevattonandeentre—+i+t+! should all be

inferred to be equal to 0.

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 media track.
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An OMAF player should use the indicated or inferred centre azimuth, centre elevation, and

centre til

included

t values as follows:

in or attached to a viewing device, the OMAF player should

— obeyonly the centre azimuth value, and

If the orientation/viewport metadata of the OMAF player is obtained on the basis of an orientation sensor

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

— Otherwise, the OMAF player should obey all three of centre azimuth, centre elevatier], and
centre |tilt.
The track sample entry type ' invo' shall be used.
shape_ typd shall be equal to 0, dynamic_range flag shall be equal to 0, static_aZimuth range shall
be equal to 0] and static _elevation range shall be equal to 0 in the SphereRegiénConfigBox pf the
sample entry.
NOTE 2 This npetadata applies to any viewport regardless of which azimuth and elevationranges are covered by the viewport.
Thus, dynami¢ range flag, static_azimuth range, and static elevatién,fange do not affect the dimgnsions
of the viewport that this metadata concerns and are hence required to be equal te 0. When the OMAF player obqys the
centre_tilt|value as concluded above, the value of centre tilt can be intefpreted by setting the azimuth and elgvation
ranges for the sphere region of the viewport equal to those that are actually used in displaying the viewport.
7.7.4.2 Sample syntax
class InifjialViewingOrientationSample () extiends SphereRegionSample () {
unsigngd int (1) refresh flag;
bit (7) |[reserved = 0;
}
7.7.4.3 Sample semantics
NOTE 1 As thg sample structure extends from SphereRegionSample, the syntax elements of SphereRegionSampfle are
included in the sample.
centre |azimuth, centtée”’elevation, and centre tilt specify the viewing orientation in| units
of 271 degrees relative to the global coordinate axes. centre azimuth and centre elevdtion
indicate the centre of the viewport, and centre tilt indicates the tilt angle of the viewport.
interpdlatée shall be equal to 0.

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.

NOTE 2 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.

20
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Recommended viewport

1 Definition

-2:2023(E)

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 m
entry

Each
shall
The g
metad
of the

NOTE
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rendet

When|

switclh,

View
transi
more
View

The r
the rg
spher

2D video track. Figure 22 illustrates.the relationship between the recommended viewport and the

video

Te UTaIT OTe VIEWPOIIT, tIe track Sampie entry type Strattbeused—Othrerwise; tie

type 'rcvp' or 'rvp2' shall be used.

TVD

track sample

yideo track referenced by a 'cdsc' track reference from a recommended viewport'timed metadata track

over the indicated recommended viewports completely for the entire duration of the timed m
Foup of video tracks that are referenced by a 'cdtg' track reference from a reeommended v
ata track shall collectively cover the indicated recommended viewports cofpletely for the e
timed metadata track.

P When a recommended viewport timed metadata track is used to derivé the viewport and the
iced by the recommended viewport timed metadata track have associated overlays, an OMAF player
the overlays like in rendering with user-controlled viewing orientation.

playing the content by following a recommended viewport timed metadata track indicatin
if the current viewpoint’s ViewpointInformationStruct ()
pbointSwitchingListStruct (), an OMAF player should obey the timeline switchin
tion effects as specified in the current viewpoint's ViewpointSwitchingListStruct ().
than one entry corresponding @o the same destination viewpo
bointSwitchingListStruct (), the firstentry should be used.

bcommended viewport metadata tracky{! rcvp' or 'rvp2') may be linked to one or more ti
commended-viewport rectangulary2D media content that it defines by means of an 'es3
cal region-of-interest) track reference from the recommended viewport metadata track to t

linked via the "esri' track reference.

etadata track.
ewport timed
htire duration

video track(s)
is expected to

g a viewpoint

contains
o offsets and
When there is
int id in

acks carrying
ri' (encoded
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Rectangular
2D video

Linked via ‘esri’
track reference

‘revp’
recommended
viewport

Figure 22 — Illustration of 'esri' track reference

7.7.5.2 Sample entry syntax

class RcvgSampleEntry () extends SphereRegionSampleEntry('rcvp') {
RcvpInfloBox () rcvp info; // mandatory

}

class RvpZSampleEntry () extends SphereRegionSampleEntry ('rvp2')
RcvpInfloBox () rcvp info; // mandatddy

}

class RcvgInfoBox extends FullBex('rvif', version, 0) {
unsigngd int (8) viewport type;
string |[viewport descriptiorn;
if (version > 0) {
unsijgned int (2) vdewpoint idc;
bit (6) reserved(=)0;
if (Viewpoint dde == 1)
Unsigned {int (32) rvif viewpoint id;

7.7.5.3 Sampleentrysemantics

version shall be equal to 0 when rcvp info is contained in a 'rcvp' sample entry. version shall be
equal to 1 when rcvp _info 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

-2:2023(E)

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)

iewport description is null-terminated UTF-8 string that proyides a textual descr
recommended viewport.

iewpoint idc equal to O specifies that all the media trackSteferenced by this timed
represent the same viewpoint. viewpoint idc equaléto“1 specifies that the viewpo
referenced by the sample entry containing this RcvpZInfoBox represent the viewpoint w
identifier equal to rvif viewpoint id. viewgount idc equal to 2 specifies tha
contain viewpoint id.viewpoint idc equalMo 3 is reserved. When not present, vie
is inferred to be equal to 0.

vif viewpoint id specifies the viewpoint identifier that identifies the viewpoint ¢
recommended viewport for the samples referencing the sample entry containing this Rcvp]]

4 Sample syntax
5 RecommendedViewport@ample () extends SphereRegionSample () {
f (viewpoint idc =52
unsigned int (32) viewpoint id;
5 Sample semantics

e type shall be equal to 0 in the SphereRegionConfigBox of the sample entry.

ic/azimuth range and static elevation range, when present, or azimuth

iption of the

etadata track
nt identifiers
ith viewpoint
the samples
wpolnt idc

bntaining the
nfoBox.

| range and

ht3'0n range, when present, indicate the azimuth and elevation ranges, respectively, of the 1

ecommended

viewport.

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

viewpoint id specifies the viewpoint identifier of the viewpoint that contains the recommended viewport.
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7.7.6 Timed text sphere location metadata

7.7.6.1 General

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 track sam

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

class TTSQ
unsigng
bit (7)

depth i

isto :Ee rendered is present in the samples. The value 0 specifies that the-depth (z-value) of the regi

whic

When S
folloy

The
3

The v

7.7.6.3 Sample format

The sample fo

aligned(8)
for (i
stril

if

U

ple entry type 'ttsl' shall be used.

herelLocationSampleEntry () extends SphereRegionSampleEntry('ttsl') {
d int (1) depth included flag;

reserved = 0;

ncluded flag equal to 1 specifies that the depth (z-value) of the.regions on which the timg

the timed text is to be rendered is not present in the samples,

pbhereRegionSampleEntry () is included in TESpherelocationSampleEntry ()
ving applies:

values of shape type, dynamic range flag, static_azimuth range,
tatic _elevation range shall all be equakto 0.

alue of num regions may be greater than 1.

rmat of timed text sphere location timed metadata is specified as follows:

TTSphereLocationSample () extends SphereRegionSample () {
0; i<num_regipns; i++) {
ng region id7
depth included flag)
nsigned Ant (16) region depth;

region

id\provides the identifier of the region on which the timed text is to be rendered. regig

d text
ns on

, the

and

n id

should be equal to the identification of the corresponding region defined in the timed text streams in the
IMSC1 or WebVTT track.

region depth indicates the depth (z-value) of the region on which the timed text is to be rendered. The
depth value is the norm of the normal vector of the timed text region. This value is relative to a unit
sphere and is in units of 2-16,

sphere regioninthe TTSphereLocationSample () structure 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

94

space.
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7.8 Signalling of region-wise quality ranking

7.8.1 General

Quality ranking values of quality ranking regions relative to other quality ranking regions of the same track or
quality ranking regions of other tracks may be indicated by using the SphereRegionQualityRankingBox or
the 2DRegionQualityRankingBox. When neither SphereRegionQualityRankingBox  nor
2DRegionQualityRankingBox is present in a visual sample entry, the quality ranking value for the visual
track is not defined. Quality ranking values indicate a relative quality order of quality ranking regions. When
quality rankmg reglon A has a non-zero quahty ranklng Value less than that of quahty rankmg reglon B, quality
rankipg-reg i : —tha : —W ; vattje is non-zero,
the pifture quality w1th1n the entire mdlcated quallty ranklng reglon is approx1mately constant The boundaries of
the gpality ranking sphere regions specified by the SphereRegionQualityRankingBdx may or may not
matcl with the boundaries of the quality ranking 2D regions specified by the 2DRegion@Qua? ityRankingBox
The boundaries of the quality ranking sphere or 2D regions may or may not match with“the boupdaries of the
packed regions or the boundaries of the projected regions specified by RegionWisePackingBox

Eithetf or both of SphereRegionQualityRankingBox and the 2DRegionQualityRankingHox should be
presept for the projected omnidirectional video tracks to enable viewport-dependent content selectipn.

7.8.2 Spherical region-wise quality ranking

7.8.2]1 Definition

Box type: 'srqr'

Contajner: VisualSampleEntry

Mandhptory (per an item): No

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

7.8.2{2 Syntax

alighed(8) class SphereRegdionQualityRankingBox extends FullBox('srqr', P, 0) {
SphereRegionQualityRankihgStruct () quality ranking struct;
}

V)

=

[
Q

hed (8) class SphereRegionQualityRankingStruct () {
hsigned int (8)\.region definition type;

hsigned int( num_regions;

Nsigned ity remaining area flag;

hsigned~fnt ( view idc presence flag;
hsigned—int ( quality ranking local flag;
hsigned int (4) quality type;

i £()) reserved = 0;

F-OC o Ccc oo

- - al Waniia | L L
I—(vVIew ITc prescerce rrag —— o) 1

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) {

unsigned int (16) orig width;
unsigned int (16) orig height;
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if ((i < (num_regions - 1)) || (remaining area flag == 0))
SphereRegionStruct (1, 1) sphere region;

7.8.2.3 Semantics
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
contdined In more than one of these quality ranking sphere regions.

remainifng area flag equal to 0 specifies that all the quality ranking sphere regions are defined by the
sphgre region structures. remaining area flag equal to 1 specifies hat” the| first
num [regions - 1 quality ranking sphere regions are defined by the sphere region structurg¢s and
the 1dst remaining quality ranking sphere region is the sphere region within the content coverage, not
covelled by the union of the quality ranking sphere regions defined by the firsbnum regiond - 1
sphegre region structures. The last remaining quality ranking sphere region‘may be on both the left
and rjght views.

view idc presence flag equal to 0 specifies that (siew idc is not  present
view idc presence flag equal to 1 specifies that view, Mdc is present and indicatgs the
assodiation of quality ranking sphere region with particular (left.or right or both) views or mono$copic
content.

quality ranking local flag equal to 1 specifies thatthe quality ranking information provided |n this
instance of this box is relative to the quality ranking information provided in all instances of this bjox for
this track only. quality ranking local £1&g equal to O specifies that the quality rgnking
inforation provided in this instance of this box is relative to the quality ranking information provifled in
all instances of SphereRegionQualityRankingBox and 2DRegionQualityRankingBox with
quallity ranking local flag equalto O for this and other tracks.

NOTE[1 quality ranking localNflag equal to 1 can be used in a track that includes coded video data by
reference to a set of tracks\among which one is selected as the source of the coded video data. For example,
an 'alte' track reference specified in ISO/IEC 14496-15 can be wused for this purpose.
SphereRegionQualityRankingBox or 2DQualityRankingBox with
quality rank#ng® local flag equalto O can be presentin the referenced tracks within the file.

quality type indicates.which factor causes the differences in the quality of packed regions on the pjcture.
quallity type equal to 0 specifies that all packed regions correspond to the same projected plicture
resolfition. quiality type equal to 1 specifies that at least one horRatio value, as derived in subglause
5.4.2 | may~differ from other horRatio values among all pairs of packed and projected regions pf the
picture Or at least one verRatio value, as derived in subclause 5.4.2, may differ from other verRatio yalues
amorlg all pairs of packed and projected regions of the picture. quality type values greater thad 1 are
reserved.

default view_ idc equal to 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 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 equal to O indicates that the quality ranking sphere region is monoscopic, 1 indicates that the
quality ranking sphere region is on the left view of stereoscopic content, 2 indicates that the quality
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ranking sphere region is on the right view of stereoscopic content, 3 indicates that the quality ranking

sphere region is on both the left and right views. When not present, the value of view idc
be equal to the value of default view idc.

is inferred to

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 sphere region, are equal to 1.

acked regions

NOTE2 orig width and orig height represent the width and height of the picture from which the packed
region has been extracted without resampling.
NOTES Ap}q_ycl is ausscatcd to parse St.)th_chu_,jJ._uugualj_t_yrau}\iugzu atrd-seteetthre-trackyfor playlng that

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

— The quality ranking value on the region covering the viewport is greater than¢'and le
other regions.

— The resolution of the region covering the viewport is suitable for the-~display. If qud
equal to 1, orig width and orig height represent the width and height of t
projected picture from which the packed region covering the viewport has been extrag
width and height of VisualSampleEntry can be used to conclude the resolution on

ks than that for

lity type is
he monoscopic
ted. Otherwise,
the viewport.

]

7.8.3 2D region-wise quality ranking

7.8.3]1 Definition

Box type: '2dqr'

Contajiner: VisualSampleEntry
Mandptory (per an item): No

Quantjity (per an item): Zero or one

7.8.3{2 Syntax
alighed(8) class 2DRegionQualityRankingBox extends FullBox ('2dgr',
2PRegionQualityRankingStruct () quality ranking struct;

un

b
i

}
f

hed (8)

hsigned
hsigned
hsdgred

class 2DRegionQualityRankingStruct ()
int (8) num regions;

int (1) remaining area flag;

int (1) view idc presence_ flag;
hsdgned int (1) quality ranking local flag;

{

bhere region specifies the spherical location and size of the quality ranking sphere region
global coordinate axes, while the shape type value of the quality ranking sphere regions i
region definition type.Thevalueof interpolate In'sphere

relative to the
5 indicated by

region shall be gqual to 0.

0, O

signed int (4) quality type;

it (1) reserved = 0;

f (view idc presence flag ) |
unsigned int (2) default view idc;
bit (6) reserved = 0;

or (1 = 0; i < num _regions; i++) {

unsigned int (8) quality ranking;

if (view idc presence flag )
unsigned int (2) view_ idc;

bit (6) reserved 0;

{

}
if

(quality type ) |
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nsigned int (16) orig width;
nsigned int (16) orig height;

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

nsigned int (16) top offset;

nsigned int (16) region width;

nsigned int (16) region height;

7.8.3.3 SeIJlantics

quality
ident
are fy

— V

n

num_reg
is giv
more

remaini
lefy
tols
top_
is the
heig
ranki

quality

instampce of this box is relative to_the quality ranking information provided in all instances of this b

this

inforgnation provided in/this‘instance of this box is relative to the quality ranking information provi

all in
quall

NOTE

| ranking, view idc presence flag, default view idc, and view_ idc.'are spq
cally to the syntax elements with the same names in SphereRegionQualityRankingBog
rther constrained as follows:

Vhen a 2DRegionQualityRankingBox 1is present in a VisualSampleEntry
tereoVideoBox is present in the VisualSampleEntry and indicates temporal interle
iew idc presence flagshall beequalto0and default view Mdc shall be equal to 3

ions specifies the number of quality ranking 2D regions for, which the quality ranking inforn
bn in this box. Value 0 is reserved. There shall be no pixel of the decoded picture that is contai
than one of these quality ranking 2D regions.

| offset,top offset,region width,and@wegion height.remaining area flag
pecifies that the first num regions - 1 quality ranking 2D regions are defined by 1eft of
offset, region width, and region height and the last remaining quality ranking 2D 1

area in the picture with width equalto*width of VisualSampleEntry and height eq
ht of VisualSampleEntry, not covered by the union of the first num regions - 1 d
hg 2D regions. The last remaining quality ranking 2D region may be on both the left and right v

| ranking local flag equal to 1 specifies that the quality ranking information provided
frack only. qualitywranking local flag equal to 0 specifies that the quality rg

stances of SphéreRegionQualityRankingBox and 2DRegionQualityRankingBox
ity rankingudocal flagequalto O for this and other tracks.

1 quallity ranking local flag equal to 1 can be used in a track that includes coded video d

an/ 'alte' track reference specified in ISO/IEC 14496-15 can be used for this py

cified
< but

and
aving,

hation
hed in

ng area flag equal to 0 specifies that all thesquality ranking 2D regions are defined by the

equal
fset,
egion
ual to
uality
lews.

n this
ox for
nking
Hed in

with

ata by

reference to a set of tracks among which one is selected as the source of the coded video data. For example,

rpose.

SphereRegionQualityRankingBox or 2DQualityRankingBox

with

quality ranking local flag equalto O can be presentin 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 of the
picture or at least one verRatio value, as derived in subclause 5.4.2, may differ from other verRatio values
among all pairs of packed and projected regions of the picture. quality type values greater than 1 are
reserved.

orig widthand orig height specify the width and height, respectively, of such a monoscopic projected
picture for which both horRatio and verRatio, as derived in subclause 5.4.2 for each of the packed regions
that cover the quality ranking 2D region, are equal to 1.
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NOTE2 orig width and orig height represent the width and height of the picture from which the packed
region has been extracted without resampling.

NOTE 3 A player is suggested to parse 2DRegionQualityRankingBox and select the track for playing that
matches the user's viewing orientation in a manner that:

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

— The resolution of the region covering the viewport is suitable for the display. If quality type is
equal 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,
width and height of VisualSampleEntry can be used to conclude the resolution on the viewport.

lpft offset, top offset, region width, and region height are integer vdlueq that indicate
the position and size of the quality ranking 2D region. left offset and top @ffset indicate the
horizontal and vertical coordinates, respectively, of the upper left corner of the qality ranking 2D region
within the picture, in units of luma samples. region width and region Hedight indidate the width
and height, respectively, of the quality ranking 2D region within the picturé&/in units of luma samples.
left offset + region width shall be less than width of VisualsampleEntry. t¢p offset +
region height shall beless than height of VisualSampleEntry,

region width shall be greater than 0.

region height shall be greater than 0.

7.9 |Storage of omnidirectional images

7.9.1 General

Omniglirectional images are stored in a,file as image items, as specified in ISO/IEC 23008-12. The
ProjpctionFormatProperty shall be\present for an omnidirectional image item. When ap image item
contalns stereoscopic content, the FraméPackingProperty shall be present for the image item. When an image
item |contains a packed pictures/generated by region-wise packing from the projected | picture, the
RegipnWisePackingPropertyshall be present for the image item.

7.9.2 Frame packing item property

7.9.2{1 Definition

Box type: 'stvi'

Propdrty type: Descriptive item property
Contajiner? TtemPropertyContainerBox
Manstory (per an 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 shallbeequalto1fora 'stvi' item property.

7.9.2.2 Syntax

FramePackingProperty has the same syntax as StereoVideoBox specified in ISO/IEC 14496-12.
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7.9.2.3 Semantics

The semantics of the syntax elements within the FramePackingProperty are the same as those specified for
the syntax elements of StereoVideoBox as defined in ISO/IEC 14496-12 and in subclause 7.1.2.

7.9.3

Projection format item property

7.9.3.1 Definition

Box type:

Property type.

'prfr!

Container:
Mandatory (p
Quantity (per

Projection

When 'prfny
indicated in H
sample locatiq

The format of]
For stereosco|
the FrameP4

image item is

When both H
stereo_sch
and the secon
in use.

Optional reg
RegionWiss

essential {
The values of

If Frame

equal to 1.

Otherwis

Descriptive jtem property
ItemPropertyContainerBox
br an item): No
an item): Zero or one

FormatProperty indicates the omnidirectional projection format of the image:
' is present, the reconstructed image represents a packed picture that)has been generaf
igure 2 and Figure 3 for a monoscopic and stereoscopic image, respectively. The semantics

ns of the reconstructed image are specified in subclause 7.5.1.2.

the projected monoscopic pictures is indicated with the ProjeétionFormatProperty.

ed as
of the

pic video, the frame packing arrangement of the projected left and right pictures is indicated with

ckingProperty. The absence of FramePackingRroperty indicates that the content
monoscopic.

rojectionFormatProperty and FramePackingProperty are present for an image

eme shall be equal to 4, and the first byte of(stereo indication type shall be equal to
d byte of stereo_indication type shall be equal to 0 indicating that quincunx sampling

on-wise packing is indicated “with the RegionWisePackingProperty. The absen
PackingProperty indicates that no region-wise packing is applied.

hall be equal to 1 fora 'prfr' item property.

the variables HorDiv1 and VerDiv1 are set as follows for an image item:

PackingProperty is not present for the image item, HorDiv1 is set equal to 1 and VerDiv]

e (FramePackingProperty is present for the image item), the following applies:

bf the

item,
or 4,
is not

ce of

is set

to 2.

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

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

ImageSpatialExtentsProperty associated with the image item.
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—  Otherwise, ConstituentPicWidth and ConstituentPicHeight are set equal to
proj picture width /HorDivlandproj picture height /VerDivl, respectively.

If RotationProperty 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:

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

|
=

Vhen the FramePackingProperty indicates side-by-side frame packing, SpatiallyPackédSt¢reoFlag is set
qual to 1, TopBottomFlag is set equal to 0, and SideBySideFlag is set equal to 1.

(¢)

If RegionWisePackingProperty is not present for the image item, RegionWisePackingFlag is $et equal to 0.
Otherjwvise, RegionWisePackingFlag is set equal to 1.

7.9.3]2 Syntax

alighed(8) class ProjectionFormatProperty
extehds ItemFullProperty('prfr', 0, 0) {
ProjectionFormatStruct () projection format; AF “specified in subclaus¢ 7.5.2 */

1%

7.9.4 Essential fisheye image item property
7.9.4]1 General

When| an image item contains a picture whichsconsists of multiple circular images captured by fisheye cameras,
the EgsentialFisheyeImagePropertyshall be present for the image item.

7.9.4]2 Definition

Box type: 'fovi'

Propqrty type: Descriptive item property
Contaliner: ItemPropertyContainerBox
Mandhptory (per an item); No

Quantity (per an item): Zero or one

EssehtialRilsheyeImageProperty provides essential fisheye parameters for stitching and renflering fisheye
imagds at the.OMAF player. The fields in EssentialFisheyeImageProperty provide region information of
circularimages in the image item and the field of view and camera parameters of the fisheye 1ens(esr

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) class EssentialFisheyeImageProperty
extends ItemFullProperty('fovi', 0, 0) {
FisheyeVideoEssentialInfoStruct () essential info; /*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:
Property type
Container:

'fvsi!

Mandatory (p
Quantity (per

Supplemeny
view informat

When the ' £4

7.9.5.2 Syntax

aligned(8)
extends IY
Fisheyd
/*speci

7.9.5.3 Semantics

The semantic

: Descriptive item property
ItemPropertyContainerBo
br an item): No
an item): Zero or one
alFisheyeImageProperty provides supplemental fisheye parameters, such as the local f

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

si' item property is present, the ' fovi' item property shall be present.

class SupplementalFisheyeImageProperty
emFullProperty('fvsi', version, 0) {
VideoSupplementalInfoStruct (version)
fied in Clause 6*/

supptemental info;

are as specified in subclause 6.3.2.

7.9.6

7.9.6.1 Defiinition

Box type:
Property type|
Container:
Mandatory (p
Quantity (per

RegionWissg
projected regi

Rejlion-wise packing item property.

'cwpk!

Descriptive item property
ITtemPropertyContainerBox
br an item); No
an item); Zero or one
PackimgProperty specifies the mapping between packed regions and the correspd

onsS.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)

extends ItemFullProperty('rwpk',
RegionWisePackingStruct ()

class RegionWisePackingProperty
0, 0) {
region wise packing;

/* specified in subclause 7.5.3 */
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7.9.6.3 Semantics

Subclause 7.5.3 applies with the following additional constraint:

— packed picture width and packed picture height shall have such values that
packed picture width is an integer multiple of image width and packed picture height is an

integer multiple of image height, where image width and image height are syntax elements of the
ImageSpatialExtentsProperty associated to the image item.

7.9.7 Rotation item property

7.9.7]1 General

When| an image item contains an omnidirectional image specified based on the local. coordirlate axes, the
RotafionProperty shall be present for the image item.

7.9.7|2 Definition

Box type: 'rotn'

Propdrty type: Descriptive item property
Contaliner: ItemPropertyContainerBox
Mandatory (per an item): No

Quantity (per an item): Zero or one

RotafionProperty is used to indicate 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 onidirectional
imagd, the fields apply to each view individually: The absence of RotationProperty indicates that
rotafion yaw,rotation pitch,and rotatign roll are all inferred to be equal to 0.

essehtial shall beequalto 1fora 'rotn' item property.

7.9.7{3 Syntax

alighed(8) class RotationRroperty
extehds ItemFullProperty('rotn', 0, 0) {
RptationStruct () gotation struct; /* specified in subclause 7.5.4 */

7.9.8 Coverage-information item property
7.9.8{1 General

7.9.8)2.{Pefinition

Box type: 'covi'

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

Quantity (per an item): Zero or one

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

NOTE It is totally up to the OMAF player to handle the area that is not covered by the content when rendering the
omnidirectional image content.
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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.

7.9.8.3 Syntax

aligned(8) class CoveragelInformationProperty
extends ItemFullProperty('covi', 0, 0) {
ContentCoverageStruct () content coverage;

}

7.9.9 Initial viewing orientation item property

7.9.9.1 Defiinition

Box type: 'iivo'

Property type| Descriptive item property
Container: TtemPropertyContainerBox
Mandatory (per an item): No

Quantity (perjan item): Zero or one

InitialVigwingOrientationProperty indicates the initial viewing @riehtation according to whig¢h the
image should pe initially rendered to the user.

When the vigwing of the image item is intended to be started usiilg another viewing orientation thap that
indicated by (centre azimuth,centre elevation, centre{t¥1t) equal to (0, 0, 0) relative to the global
coordinate axps, an initial viewing orientation item property shall\be present and associated with the imagg item.
In the absenge of this property centre azimuth, centre~elevation, and centre tilt should jall be
inferred to be|equal to 0.

When an image item is associated with the initial viewing orientation item property, OMAF players are expected
to parse the ifjitial viewing orientation item property'and obey it when viewing the item.

An OMAF player should use the indicated or inferred centre azimuth, centre elevation} and
centre tillt values as follows:

— If the orientation/viewport metadata of the OMAF player is obtained on the basis of an orientation §ensor
included fin or attached to a ¥iewing device, the OMAF player should

— obeyonly the centre azimuth value, and

— ignofe the values of centre elevation and centre tilt and use the respective values from the
orientation)sensor instead.

— Otherwise, the UMAF player should obey all three of centre azimuth, centre elevation, and
centre tilt.

For the syntax and semantics of InitialViewingOrientationProperty, num_regions is inferred to be
equal to 1, shape type is inferred to be equal to 0, dynamic range flag is inferred to be 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) {
InitialViewingOrientationSample vr initial orientation;

}

7.9.9.3 Semantics

The semantics of the ITnitialViewingOrientationSample 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 refresnh_rlag are undelined and the ilag shall be equal to U.

7.10| Storage of timed text for omnidirectional video

7.10.1 General
Timed text is used for providing subtitles and closed captions for omnidireetional video. Timed text cues may be
rendefred on a certain region relative to the sphere (i.e. only visible when the-tser looks in a specifid direction), or
it may be rendered in a region on the current viewport (i.e. always visible irrespective of the viewing direction), in
which case the text/cue region positions are relative to the current viewport.

For the timed text of the omnidirectional video, W3C IMSC1 or¥#W3C WebVTT shall be used.
The IMSC1 or WebVTT streams shall be carried in tracks conforming to ISO/IEC 14496-30.

XMLSpbtitleSampleEntry or WVTTSampleEntry shall include the OmafTimedTextCdnfigBox as
speciffied in subclause 7.10.2.

7.10.2 OMAF timed text configuration box

7.10.2.1 Definition

Box Type: 'otcf!

Contajner: XMLSubtitleSampleEntryor WITSampleEntry

Mandhtory: Yes (forrtimed text tracks associated with an omnidirectional video track)
Quantjity: One (for timed text tracks associated with an omnidirectional video track)

This Hox provides/cenfiguration information for presenting timed text together with omnidirectional video.
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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 flaqg)

[T 0)

signed int (16) disparity in percent;

1lse

signed int (16) disparity in pixels;
se {
phereRegionStruct (0, 1) sphere region;

f (depth included flag)
unsigned int (16) region depth;

7.10.2.3 Semantics

relativ
that 1
indep
be re
thed

NOTE

relativ
width
thev

depth i
to be
texti

region |
Each
Wher

he timed text is expected to be always present onthe’ display screen, i.e. the text cue is \
endently of the viewing direction of the user. The value 0 indicates that the timed text is expeg
hdered at a certain position on the sphere, i.e. the\text cue is only visible when the user is look
rection where the text cue is rendered.

1 When relative to viewport flag'is equal to 1, the active area where the timed text
displayed is provided by the timed text#rack as a rectangular region.

e disparity flag indicates whether the disparity is provided as a percentage value
of the display window for one view (when the value is equal to 1) or as a number of pixels
lue is equal to 0).

ncluded flag eqliabto 1 indicates that the depth (z-value) of regions on which the timed
rendered is pregent/ The value 0 indicates that the depth (z-value) of regions on which the
b to be rendered ishot present.

count specifies the number of text regions for which a placement inside the sphere is pro
regiontistidentified by an identifier. (both WebVTT and TTML identify regions using a uniqu
atimed metadata track containing the timed text sphere metadata track is present and linl

this t

e to viewport flag specifies how the timed text cues are to be rendered. The value 1 indicates

risible
ted to
ing in

tan be

bf the
when

text is
timed

vided.
e ID).
ked to

med 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 2-6, 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.
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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.

sphere region indicates a sphere location that is used, together with other information,
where the timed text is placed and displayed in 3D space. The vector between the centre

to determine
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 23 where the purple plane indicates the region and the line segment in black indicates

the depth.

Figure 23 — An example of a region on which the timed text is rendered.

When sphere regionisincluded in the OmafTimedTextConfigBox, the following applies:
For the syntax and semantics of sphere region included in the OmafTimedTextConfigB
of shape type, dynamic_ range flag, static_azimuth rang

static elewdtion range are all inferred to be equal to 0.

For the sphére region included in the OmafTimedTextConfigBox, interpolate §
to 0,

centre azimuth and centre elevation specify the sphere location that is used, togeth

bx, the values
e, and

hall be equal

er with other

Information, to determine where the timed text Is placed and displayed 1n 3D space. cent

re azimuth

shall be in the range of ~180 * 216 to 180 * 216 - 1, inclusive. centre elevation shall be in the range of

-90 * 216 t0 90 * 216, inclusive.

centre tilt shall be equalto 0.

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

sphere and is in units of 2-16,
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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.

class XMLS
string
string
string

OmafTim

The namesg
"http://wy

The schema |

"http:

"http:

The XMLSubt
follows:

The typd

The subf

The codd
processo

All samples of
All IMSC1 san{

The media tyy

7.10.4 We
When WebVT]

class WVTT]

ubtitleSampleEntry ()

namespace;
schema location; // optional
auxiliary mime types;
// optional,

extends SubtitleSampleEntry

('stpp') |

required if auxiliary resources are present

P Lanl el
o 1=

£ n L) £ £ 4 Bl
EEE==aCE=] \w ot —cC EEE===aC N7 ISAEaCrzIc ==

ace field of the XMLSubtitleSampleEntry shall contain one instance,  ofl/the
w.w3.org/ns/ttml".

location field of the XMLSubtitleSampleEntry shall contain one of following string inst
/www.w3.org/ns/ttml/profile/imscl/text"
/www.w3.0org/ns/ttml/profile/imscl/image"

itleSampleEntry shall contain a MIMEBox and its contéent type field shall be constrai

b shall be "application™.
L ype shall be "ttml+xml".

bcs parameter shall contain either "imdt"™ or "imli" that indicates that an IMSC1 Text or
- is required, respectively.

the IMSC1 track shall confornrto.the Text Profile or Image Profile specified in W3C IMSC1.
ple format shall conform tedSO/IEC 14496-30.

e of the IMSC1 samples is "application/mp4".

DVTT tracks
T is used;OmafTimedTextConfigBox shall be presentin WWTTSampleEntry.
SampleEntry () extends PlainTextSampleEntry

('wvtt') {

string

ances:

hed as

mage

WebVTTC
WebVTTS

OmafTimedTextConfigBox ()

onfigurationBox config;
ourcelLabelBox label; // recommended
omaf tt config; // optional

All WebVTT samples shall conform to the sample format as defined in ISO/IEC 14496-30:2018, subclause 6.6.

The media type of the WebVTT samplesis "text/vtt".
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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
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 he associated with any type of omnidirectional videa track(s)

The associated

video
rectan

NOTE
HEVC

The E

esiilan

av]

u

frack(s) need not use the ERP format. The term ERP region merely refers to a sphere region thatcd
ple in an ERP picture.

P The indicated grid need not be aligned with any boundaries of sub-picture tracks or anyfdoding strt
iles.

RP region timed metadata indicates one of the following information:

eat map information of the ERP regions relative to each other, whicl indicates the viewing
RP region.

riority rank information of the ERP regions relative to each other; which is intended as a guid|

hsigned int(8) metadata type indicator;

rresponds to a

ctures, such as

tatistics of an

ance to OMAF

players for selecting tracks to download in case of bandwidth@degradation.
— Recommendations on selecting ERP regions based on/heir quality ranks. This type of metadatg indicates the
cpntent author's choice which ERP regions are moreiimportant to be received with a high quality rank value.
NOTEB Methods about how different implementations’,generate and utilize the signalled ERP region tijmed metadata
infornjation is an implementation detail and outside the'scope of this document.
Subclause 8.2.3.2 contains specifications forearriage of ERP region timed metadata in DASH and arf OMAF player
behaviiour description for accessing and using ERP region timed metadata.
7.11.2 Sample entry format
The tifack sample entry typet! stmd' shall be used.
The sgample entry of this sample type is specified as follows:
clasp ERPReglonTimedMetadataSampleEntry () extends MetaDataSampleEntry ([stmd') {

7.11.3

Semantics

metadata type indicator indicates the types of timed metadata information which is present in the
ERPRegionTimedMetadataSample samples that utilize this sample entry.

E

RP regions.

regions.

d

escribes viewing statistics.

© ISO/IEC 2023 - All rights reserved

(metadata type indicator & 0x01) equal to 1 indicates a relative quality rank recommendation for the

(metadata type indicator & 0x02) equal to 2 indicates a relative priority information for the ERP

(metadata type indicator & 0x04) equal to 4 indicates a heatmap signalling for ERP regions, which
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NOTE An OMAF player can use heatmaps as relative likelihoods of ERP regions to be viewed by the viewer when selecting
which Representations are requested for streaming.

— Value 0 is not allowed.

— (metadata type indicator & 0x38) shall be equal to 0 in files conforming to this version of this
document, and the semantics of (metadata type indicator &0x08) equal to 8§,
(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 indidate for user-defined metadata types.

7.11.4 SanIple format

7.11.4.1 Defiinition
ERP region tijned metadata sample shall be a ERPRegionTimedMetadataSample, whieh shall be an arfray of
MetadataIrfformationBoxes.

The types |of information which may be present in the sample shall be indicated i the
ERPRegionTlimedMetadataSampleEntry.

The informatjon of a MetadataInformationBox of a particular metddata type value is valid up fo but
excluding the next sample having MetadataInformationBox with the same metadata type value.

7.11.4.2 Synjtax

aligned(8)| class MetadataInformationBox extends FullBox('mibx', 0, 0) {
unsigngd int (8) metadata type;
unsigngd int (8) num rows;
unsigngd int(8) num cols;

for (1 |= 0; 1 < num _cols; i++)
for |(J = 0; J < num_rows; J*+)
Unsigned int (8) valwefNil]lI[[j]];

}

aligned(8)| class ERPRegionTimedMetadataSample {
MetadaflaInformationBex () metadata info[];

}

7.11.4.3 Semantics

metadata_tlypé&~ specifies the type of the ERP region metadata information. The following values are specﬁfied:

— 1 indicates 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 other ERP regions
with lower values. A value of 0 indicates that the corresponding ERP region is the least important 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.
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— 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.

— Values 64 and 128 indicate user-defined metadata types.

— Allvalues notequal to 1, 2, 4, 8, 16, 32, 64, or 128 are disallowed.

num
num_
valu

(111
111

_fFows specifies the row partitioning of the coded picture.

~o1s specifies the column partitioning of the coded picture.

= [1] [J] specifies the value assigned to an ERP region which corresponds to thé picture par
j 1, where index [0] [0] corresponds to the top left corner of the coded pictute’and index [
hum_rows - 1] corresponds to the bottom right corner of the coded picture

7.11.5 Generating ERP region metadata

It is p)

examples:

a) V
r

b)

Conte

o))

enerate heatmaps, priority ranking or relative quality information.

bntent analysis: By pre-processing the conténtwith tools such as semantic scene parsing (e.g.

rioritization strategy is dependent ofnthe content creators’ choice.

sample corresponds to the information at that given presentation time.

7.12

7.12.
7.12.

The v

1 Viewpoint information structures

1.1 Definition

awnaintinformation-ctruetue,

P

Storage and signalling of viewpoints for omnidirectional video and images

rition at index
num cols -

ossible to generate ERP region timed metadata in various ways..The following approaches can be given as

ewer analytics: By analysing the content watching pdttern of the viewers (e.g. statistics about which ERP
boions are in the field-of-view or gaze attention of.thé viewer at a given time), content creatqrs are able to

detecting and

C

classifying the objects in the scene) or similar computer vision algorithms, content creators can prioritize the
visual quality of certain ERP regions {€g. ERP regions containing people over other ERP re
p

rions). Such a

nt creators generate and signaltERP region metadata at time intervals of their preference. Hach metadata

Y poOTrT T O ot o Str ottt

and viewpoint looping.

tewpaint switching,

When an edit list is present, it is resolved to prior to considering viewpoint information structures related to

timeli

NOTE

nes.

The "repeat flag" (flags & 1) of the EditListBox equal to 1 enables repeating a video track in i

ts entirety. The

ViewpointLoopingStruct () 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

coord

inates and find the player device position with respect to the geolocation coordinates.
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7.12.1.2 Viewpoint position structure

The ViewpointPosStruct () provides the (X, Y, Z) position of the viewpoint.

aligned(8)
signed
signed
signed

ViewpointPosStruct () {
int (32) viewpoint pos x;
int (32) viewpoint pos y;
int (32) viewpoint pos z;

viewpoint pos x,viewpoint pos_y,and viewpoint pos_z specify the position of the viewpoint in

£10-

units
of thi

— Ifviq
its po

— Other

viewpoint position may be time-varying and this ViewpointPosStruct () speeifies the initial pg

of thd

— Othe

View

7.12.1.3 Vie
The Viewpoi

aligned(8)
signed
signed
signed

viewpoi
degre
Posit

viewpoi
degre
Posit

viewpoi
millin

1 HiH s a2 lota taitla £ i £ s TL
OT IO IO ST O D S PadtCr T eTatv O toO— tIrC COTITITUTT TCTCT CTIC CCOOTUTITAa TS y STCTIT T ITC-STTTY

5 syntax structure depend on the containing syntax structure as follows:

bwpointPosStruct () is contained in ViewpointEntityGroupBox, the viewpointlis stat
sition is specified by this ViewpointPosStruct ().

wise, if ViewpointPosStruct () is contained in DynamicViewpointSampleEntry
viewpoint.

wise (when ViewpointPosStruct () is contained in DynamicViewpointSample)
pointPosStruct () specifies the position of the viewpointfor'the duration of the sample.

wpoint GPS position structure
ntGpsPositionStruct () provides the GPS position of the viewpoint.

class ViewpointGpsPositionStructd)
int (32) viewpoint gpspos_ longitude;
int (32) viewpoint gpspos_latditude;
int (32) viewpoint gpspos alltitude;

nt gpspos_longitude ihdicates the longitude of the geolocation of the viewpoint in units
es. viewpoint gpspos.longitude shall be in range of -180 * 223 to 180 * 223 - 1, inc
ve values represent eastern longitude and negative values represent western longitude.

nt gpspos_ldtitude indicates the latitude of the geolocation of the viewpoint in units
es. viewpodnt: gpspos latitude shall be in range of -90*22 to 90*223-1, inc
ve value represents northern latitude and negative value represents southern latitude.

nt gpspos_altitude indicates the altitude of the geolocation of the viewpoint in ur
hetresabove the WGS 84 reference ellipsoid.

ntics

ic and

y, the
sition

, this

bf 2-23
usive.

f 2-23
usive.

its of

NOTE

The WGS 84 reference ellipsoid is specified in the EPSG:4326 database.[?!

7.12.1.4 Viewpoint geomagnetic information structure

The ViewpointGeomagneticInfoStruct () indicates the orientation of the common reference coordinate
system relative to the geomagnetic North direction.

aligned(8)
signed
signed
signed

112

class ViewpointGeomagneticInfoStruct () {
int (32) viewpoint geomagnetic yaw;

int (32) viewpoint geomagnetic pitch;

int (32) viewpoint geomagnetic_roll;
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viewpoint geomagnetic yaw, viewpoint geomagnetic pitch,
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 2716 degrees. viewpoint geomagnetic_ yaw shall be in the range of -180 * 216
to 180 *216 -1, inclusive. viewpoint geomagnetic pitch shall be in the range of -90* 21 to
90 * 216, inclusive. viewpoint geomagnetic roll shall be in the 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

angle

refergnce coordinate system.
alighed(8) class ViewpointGlobalCoordinateSysRotationStruct () {
sfigned int (32) viewpoint gcs_ yaw;

sfigned int (32) viewpoint gcs pitch;
sfigned int (32) viewpoint gcs _roll;

7.12.11.6 Viewpoint group structure
The ViewpointGroupStruct () provides viewpoint group information.

alighed(8) class ViewpointGroupStruct (groupDescrIncludedFlag) {

vliiewpoint gcs yaw, viewpoint gcs pitch, and viewpoint\gcs roll specify they

of X, Y, and Z axes, respectively, of the global coordinate system of the viewpoint relative:t

roll angles, respectively, of the rotation angles of X, Y, Z axes-of the global coordinate
viewpoint relative to the common reference coordindte system, in units of

viewpoint gcs yaw shall be in the range (of -180%*2¢ to 180 *216-
viewpoint gcs pitch shall be in the ~range of -90*216 to 90*2}
viewpoint gcs roll shall be in the range of ~-480* 216 to 180 * 216 - 1, inclusive.

hsigned int (8) vwpt groupJid;
f (groupDescrIncludedElag)
utf8string vwpt grdup description;

vpt group_ id indicates the identifier of a viewpoint group. All viewpoints in a viewpoint
common reference coordinate system.

comparable, because the viewpoints belong to different coordinate systems.

NOTE 1_4Vhen two viewpoints have different values of vwpt group id, their position coord

et ‘group description is a null-terminated UTF-8 string which indicates the deg

and

roll rotation
the common

aw, pitch, and
system of the
P-16  degrees.
1, inclusive.
6, inclusive.

proup share a
inates are not

cription of a

viewpaint group A null string is allowed

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 playe
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

r is expected to

The ViewpointSwitchingListStruct (urlIncludedFlag) provides viewpoint switching information.
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7.12.1.7.2 Syntax

aligned(8)
unsigne
for (i
unsi

unsi

unsi

unsi

unsi

bit(

if

class ViewpointSwitchingListStruct (int urlIncludedFlag) {
d int (8) num viewpoint switching;
= 0; 1 < num viewpoint switching; i++) {
gned int(32) destination viewpoint id;
gned int(2) viewing orientation in destination viewport mode;
gned int(l) transition effect flag;
gned int(l) timeline switching offset flag;
gned int(l) viewpoint switch region flag;
3) reserved = 0;
viewing orientation in destination viewport mode == 1)

if

(

S
(

V
if
u
1]

—

7.12.1.7.3 S¢g

num_vig
which

destindg
switc

viewing]

phereRegionStruct (0,0) sphere region;
timeline switching offset flag)
iewpointTimelineSwitchStruct () timeline switch;
transition effect flag) {
nsigned int (8) transition effect type;
f (transition effect type == 4) {
unsigned int (32) transition video track idx;
unsigned int (32) transition audio track idx;

f (transition effect type == 5 && urlIncludedFlag)
utf8string transition video URL;
f (transition effect type == 6 && urlIncludedFlag) {

utf8string transition scheme URI;
utf8string transition scheme value;

viewpoint switch region flag) {

nsigned int (4) num viewpoint switchyregions;

it (4) reserved = 0;

or (1 = 0; i < num viewpoint switch regions; i++)
ViewpointSwitchRegionStruct¥) switch region;

mantics

wpoint switching®indicates the number of switching transitions possible from the viewp
the ViewpointSwitchingListStruct () isassociated.

tion vidwpoint id indicates the viewpoint id of the destination viewpoint of a viey
hing.

| drientation in destination viewport mode specifies the selection of the vie

after

int to

rpoint

ivport

Uinurpr\inf Curih‘hing The semantics of the values

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 sphere region structure shall be used
after transitioning to the new viewpoint.
The viewing orientation remains the same in the destination viewpoint as it was in source viewpoint

2 in the common reference coordinate system. This operation is expected to be supported pnly while
switching between viewpoints belonging to the same viewpoint group. This mode is‘not @pplicable
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 effectdescription is present]

imeline switching offset flagequalto 1 specifies that atime offset is present.
iewpoint switch region flag equalto 1 specifies thata'switch region structurei

NOTE  When the viewpoint switch region is indicated,«depending on the client configuration or g

interface, if the user selects the viewpoint switeh'region, the viewpoint can be switched to
viewpoint.

ransition effect type indicates the type of transition effects, as listed in Table 15, w
to this viewpoint. For transition effect type valuesin the range of 0 to 3, inclusive

or player behaviour is specified, but rather the transitions are described in Table 15.

Table 15 — Viewpoint transition effect types

5 present.

ided by a user
the destination

hen switching
no semantics

Value Description

0 Zoom-in effect; the video first zooms-in the source content, then it is replaced by a zoome¢d image of
the destinatignjcontent with same zooming factor and finally the destination content is zpomed out.
Walk though effect: the video of the destination content replaces the source content by appearing on

1 one.side of it (usually in same direction as the movement of the source content) and progressively
recovers it entirely by expanding its coverage.
Fade-to-black effect: the source content progressively transitions to black (typically by reducing

2 }uuliuuoity dUVV 11 tU G), Ollld thcu thc dcotiuatiuu LUlltCllt Pl Usl CDD;VC})’ tl ClllbitiUllD fl Ulll b aCk tO
desired luminosity.
Mirror effect: the video of the source content is flipped 180° around an axis that runs through the

3 centre 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

6 Video transition effect defined by a signalled scheme and value
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Value Description

7.127 Reserved (for use by future extensions of ISO/IEC 23090-2)

128..255 | Unspecified (for use by external organizations)

transition video track idx specifies an index of the track ID contained in the
TrackReferenceTypeBox ('vitr'). The index identifies the video track to be played from time 0 to
the end of the track when rendering the transition. The first entry in
TradRRELETeNCeTYPEBOX VIt as imdex value equal to I transttion _video tracy idx
shall [not be equal to 0. The track containing the viewpoint shall include one and conly one
TradkReferenceTypeBox ('vitr').

transifion audio track idx equal to O specifies that no audio is played with the\transition pideo.
transition audio track idx greater than 0 specifies an index of the trackdD contained n the
TradkReferenceTypeBox ('autr'). The index identifies the audio trackyto be played |when
rendgring the transition. The first entry in TrackReferenceTypeBox ('autr ¥) has index value|equal
to 1.[When transition audio track idx is greater than 0, the track’containing the viewpoint
shall nclude one and only one TrackReferenceTypeBox ('autr'),

transitfion video URL indicates the URL of the video to be played when rendering the transition.
transition video_ URL shall be formatted as an absolute URLas specified in IETF Internet Standard
66. There are no restrictions on the type of the video referredto.by the URL.

transitfion scheme URI is a null terminated string which indicates the URI which specifies a schgme to
interpret the value signalled in transition scheme“~value. transition scheme URL shafl be a
valid [URI as specified in IETF Internet Standard 66~fransition scheme URI shall not be null.

transitlfion scheme value is a null terminated string which indicates a value which is interpreted
based on the scheme signalled in transition scheme URI.transition scheme value canbea
null string.

num_vigwpoint switch regionsh specifies the number of switching region switch rggion
structures for the i-th viewpointswitching. num viewpoint switch regions shall not be equal to
0.

7.12.1.7.4 Viewpoint timeline’switch structure

The ViewpofintTimedineSwitchStruct () provides information on how timelines are handled |when
switching vieyvpoints.
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aligned(8)
unsigned int (1)
unsigned int (1)
unsigned int (1)
unsigned int (1)
bit (4)
time bits

i

i

i

e

7.12.

ISO/IEC 23090

class ViewpointTimelineSwitchStruct ()
relative t offset flag;

min time flag;
max_ time flag;
long time flag;
reserved=0;

(1 + long time flag)

{

*

32;

-2:2023(E)

1.7:5- Viewpoint switch region structure

f (min_time flag)
unsigned int (time bits) t min;
f (max _time flag)
unsigned int (time bits) t max;
f (relative t offset flag == 0)
unsigned int (time bits) absolute t offset;
L se

int (64) relative t offset;

clative t offset flag equal to O indicates that the time offset is absolute with 0
beginning of the stream. When relative t offset flagisequalto\1’itindicates that {
is relative with respect to the current playout time.

in time flag equal to 1 specifies that a minimum time with-regards to the current vi
timeline is present. If present, the transition can only be activated-after this minimum playoy

bx_time flag equal to 1 specifies that a maximum time)with regards to the current vi
timeline is present. If present, the transition can onlyb&activated before this maximum play|

bng time flag equal to 0 specifies that t minjg max, and absolute t offset are 3]
integers. long time flag equalto 1 specifiés'that t min, t max,and absolute t of
bit unsigned integers.

| min specifies the minimum playout timie of the current viewport media timeline after which
can be activated.

| max specifies the maximum/playout time of the current viewport media timeline befq
switching can be activated.

bsolute t offset\ specifies the absolute time offset to be used when
destination (Viewpoint id.
blative t<offset specifies the relative time offset to be wused when

destination viewpoint id. The value of relative t offset is relative with i
currentplayout time. relative t offset isindicated in the destination viewpoint timeg

espect to the
he time offset

ewport media
t time.

ewport media
put time.

-bit unsigned
Ffset are 64-
the switching
re which the
to

switching

witching to
espect to the
cale.

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 overlay.
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aligned(8) class ViewpointSwitchRegionStruct () {

unsigned int (2) region_ type;

unsigned int (6) reserved = 0;

if (region type == 0) {
unsigned int (16) rect left percent;
unsigned int (16) rect top percent;
unsigned int(16) rect width percent;
unsigned int (16) rect:heighg_percent;

} else if(region type == 1) {
unsigned int (8) shape type;
SphereRegionStruct (1,0) sphere region;

} else if(region type == 2)
unsijgned int (16) ref overlay id;

}

region [type equal to O specifies that the viewpoint switch region is positioned on)the viewport.
regilon type equal to 1 specifies that the viewpoint switch region is positioned énythe spherg as a
sphere region. region type equal to 2 specifies that the viewpoint switch regionVis specified [by an
overlpy. Other values of region type are reserved.

rect lgft percent specifies the coordinates of the left corner of the viewpoint switch region, pla¢ed on
the viewport in percent relative to the width of the viewport. The valuesare indicated in units of 100% =+
216 infthe range of 0 (indicating 0%), inclusive, up to but excluding 65636 (that indicates 100%).

rect tdp percent specifies the coordinates of the top corner,of‘the viewpoint switch region, pladed on
the vlewport in percent relative to the height of the viewport-The values are indicated in units of 100% =+
216 in|the range of 0 (indicating 0%), inclusive, up to but excluding 65536 (that indicates 100%).

rect wildth percent specifies the width of the viewpoint switch region, placed on the viewpprt in
percent relative to the width of the viewport. Thealues are indicated in units of 100% + 216 in the|range
of 1, Inclusive, up to but excluding 65536 (that indicates 100%). rect _width percent shall pot be
equal to 0.

rect hdight percent specifies the height of the viewpoint switch region, placed on the viewport in
percent relative to the height of the wiewport. The values are indicated in units of 100% + 216 in the|range
of 1, Inclusive, up to but excluding 65536 (that indicates 100%). rect height percent shall not be
equal to 0.

(rect lleft percent+ (réct width percent) shall belessthan or equal to 65535.

(rect fop percent#rect height percent) shallbelessthan orequal to 65535.

shape tlype isused as the shape type value when applying subclause 7.5.6 to the semantics of the
sphgre, region structure specifying the viewpoint switch region.

sphere region Indicates the sphere region on which the viewpoint switch region 1S placed. When the
sphere region structure is present, the value of the interpolate syntax element for the

sphe

re region structure is inferred to be equal to 0.

ref overlay idindicatesthe overlay id of the 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 (int urlIncludedFlag) {
unsigned int(l) max loops flag;
unsigned int (1) loop activation flag;
unsigned int (1) loop start flag;
unsigned int (1) loop exit info flag;
bit (4) reserved = 0;
if (max loops_flag)

nnsigned int (8) ma loops num;

-2:2023(E)

 (loop activation flag)
unsigned int (32) loop activation time;
if (loop_start flag)
unsigned int (32) loop start time;
f (loop exit info flag)
ViewpointSwitchingListStruct (urlIncludedFlag) loop exitstruct;

-

-

mpx loops flagequal to 1 specifies that information on the maximuin nimber of loops is pr¢
lpop activation flagequalto 1 specifies that information gnialoop activation time is pre
lpop start flagequalto 1 specifies that information on aloop start time is present.

lpop exit info flag equal to 1 indicates the PpreSence of ViewpointSwitchingLi
specifying the viewpoint switching informations once the maximum number of loops
max_loops num is completed. The included ViewpointSwitchingListStruct
constrained to num viewpoint switeh¥ng equal to 1 and viewpoint switch r
equal to 0.

mpx_loops num greater than 0 indicates the maximum number of loops that the OMAF player
on the current viewpoint. When'max loops numis equal to 0, the maximum number of lo
When ViewpointLoopingStruct () is present, the OMAF player shall keep loopin
viewpoint until the maximiim number of loops is reached or until user interactions with thg
VR content puts an end to it. When ViewpointLoopingStruct () is present and no max|
is present, the OMAF player shall infer the value of max loops num to be equal to 0. It is
bitstream conformance that when max loops num is equal to 0, destination view|
shall be equal t0’0.

lpop activation time indicates the time in the media timeline in units of timescale ¢
viewpoint at which the looping shall be initiated. When no loop activation time i
looping shall occur at the end of the media timeline of the current viewpoint.

sent.

sent.

stStruct ()
hs defined in
() shall be

egion flag

shall perform
ops is infinite.
b the current
player or the
| loops num
constraint of
point flag

f the current
5 present, the

NOTE ~ When an OMAF player reaches the inferred or indicated loop activation time the hrst time, th

e loop counter

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 curren
which playout of the current viewpoint shall restart when a loop is performe

t viewpoint at
d. 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 flag is 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 ().

d

7.12.2 Vie

7.12.2.1 Deffinition

Tracks and in
to the same vi

When no 'vi

When tracks
shall be presq
image items ¢
When a 'dyv
include the '
timescale, refg

When both a
that viewpoin
'vipo' entit]
present in the

7.12.2.2 Syn

aligned(8)
unsigng
utf8sty
Viewpod

aligned(8)
urlIncluds

therwise, the presentation of the OMAF content ends.

wpoint entity grouping

ewpoint.
bo ' entity group is present in a file, the file contains content for one viewpoint only.
br image items belonging to more than one viewpoint are present in a file, a 'vipo' entity

bntaining background visual media of the viewpoint and all non-video media tracks of the view
p' timed metadata track is present for a viewpoint;the 'vipo' entity group for the viewpoin

brred to as the viewpoint timescale.

t are present, the 'vipo' entity groupshall include the ERP region timed metadata track. Wh
y group is present, an ERP region timed metadata track, if any, applies to the only viewpoint

age items that are present in the same entity group with grouping typée equalto 'vipo' |k

nt for each viewpoint. A 'vipo' entity group for a particular viewpoint shall list all track

yvp' timed metadata track. All video tracks included ina 'vipo' entity group shall have thd

vipo!' entity group for a particular viewpoint and an ERP region timed metadata track apply

file.

tax

class ViewpointEntityGroupBox extends EntityToGroupBox ('vipo',0,0)
d int (32) viewpoint id;

ing viewpoint label;
ntInformationStruct(1l,1) vwpt info;

ViewpointInformationStruct (groupDescrIncludedFlag,

elong

group
s and
point.
t shall
same

ing to
en no
hat is

dEYaqg)

{

unsigne
unsigne
unsigne
unsigne
bit (4)

Viewpoi

Viewpoi

Viewpoi

120

d int (1) gpspos present flag;

d int (1) geomagnetic info present flag;

d int (1) switching info present flag;

d int (1) looping present flag;

reserved = 0;

ntPosStruct () vwpt pos;

ntGroupStruct (groupDescrIncludedFlag) vwpt group;

ntGlobalCoordinateSysRotationStruct () vwpt coord rot;
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if (gpspos_present flag)

ViewpointGpsPositionStruct () vwpt gps pos;

if (geomagnetic info present flag)

ViewpointGeomagneticInfoStruct () vwpt geomagnetic info;

if (switching info present flag)

if (looping present flag)

ViewpointLoopingStruct () vwpt looping;

-2:2023(E)

ViewpointSwitchingListStruct (urlIncludedFlag) vwpt switching list;

7.12.

]

W

.3 Semantics

iewpoint id specifies the viewpoint identifier of the viewpoint. The value of viewpoint |
from the values of viewpoint idin all otherthe 'vipo' entity groups.

iewpoint label is a null-terminated UTF-8 string that provides a htiman readable texf
viewpoint.

bspos_present flag equal to 1 indicates that ViewpoinhtGpsPositionStruct (
gpspos_present flag equal to 0 indicates that that WiewpointGpsPositionStr
present.

bomagnetic info present flag equal to 1 indigates that ViewpointGeomagneticI

is present. geomagnetic info pregernt flag equal to 0 indi

ViewpointGeomagneticInfoStruct () ¢isy'not present. geomagnetic info pr

should be equal to 1 for at most one viewpoint in viewpoint group to enable location aware
lobal coord rotation present filag equal to 1 indicat

ViewpointGlobalCoordinateSysRotationStruct () is

global coord rotation pxesent flag equal to 0 indicates

ViewpointGlobalCoordinateSysRotationStruct () is not present.

witching info presént flag equal to 1 indicates that ViewpointSwitchingList
present. switiching info present flag equal to 0 indic
ViewpointSwitchingListStruct () isnotpresent.

[hen ViewpointSwitchingListStruct () is not present it means that there is no 1
behaviodr-when switching between viewpoints and an OMAF player can freely switch

viewpoint and any other viewpoint as desired.

boping present flag equal to 1 indicates that ViewpointLoopingStruct ()

i d shall differ

label for the

is present.
uct () is not

nfoStruct ()
cates that
esent flag
VR content.

that
present.
that

ES

that

Struct () is
htes that

ecommended
between this

is present.

looping present flag Pr}nn] to Q indicates that Vi ewpointloopinglStruct () i

b not present.

When all entities in a 'vipo' entity group are image items, looping present flag shall be equal

to 0.

When ViewpointLoopingStruct () is not present, no looping behaviour for the viewpoint is specified

NOTE

through the ViewpointEntityGroup structure.

When a track contains an edit list and the "repeat flag" (flags & 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 m
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7.12.3 Timed metadata for viewpoints

7.12.3.1 Dynamic viewpoint information

7.12.3.1.1 General

The dynamic viewpoint timed metadata track indicates the viewpoint parameters that are dynamically changing

over time.

7.12.3.1.2 Sample entry

The track sa
follows:

class Dynd
unsigng
unsigns
unsigng
unsigng
unsigng
unsigng
bit (2)
if (vwp
View

if (!dy
View

if (!dy
View

if (!dy
View

if (!dy
View

vwpt pos_f]
vwpt po

dynamic gd
axes, resp
coordinatd
dynamic |
axes, resp
coordinatd

dynamic_ vw

ple emntry type ~ayvp ~ Siail be USed: T1e SaImpie entry of tiS Sampie emry type 15 Spect

micViewpointSampleEntry extends MetaDataSampleEntry ('dyvp') A

d int (1) vwpt pos flag;

d int (1) dynamic _gcs_rotation flag;

d int (1) dynamic vwpt group flag;

d int (1) dynamic vwpt gps flag;

d int (1) dynamic vwpt geomagnetic info flag;
d int (1) dynamic vwpt switch flag;

reserved = 0;

t pos flag)

pointPosStruct () vwpt pos;

namic gcs rotation flag)
pointGlobalCoordinateSysRotationStruct ()~\vwpt coord rot;
namic_vwpt gps flag)

pointGpsPositionStruct () vwpt gps posy

namic vwpt geomagnetic info flag)
pointGeomagneticInfoStruct () vwptZgeomagnetic info;
namic vwpt switch flag)

pointSwitchingListStruct (1) wiypt switching list;

lag equal to 0 specifies that ViewpointPosStruct ()is not present in the sample
_flagequal to 1 specifies that ViewpointPosStruct () is present in the sample entry.

s_rotated flag equal to O specifies that the yaw, pitch, and roll rotation angles of X, Y,
ectively, of the glebal coordinate system of the viewpoint relative to the common refe
system remain’ unchanged in all samples referring to this sample
|gcs_rotated .flag equal to 1 specifies that the yaw, pitch, and roll rotation angles of X, Y,
ectively, of the global coordinate system of the viewpoint relative to the common refg
system are indicated in the samples.

pt/, group flag equal to 0 specifies  that  the vwpt group flag

ed as

entry.

and Z
rence
entry.
and Z
rence

and

Viewpoiy

Lt 6€¥oupStruct () are not present in the samples and the viewpoint group inforn

hation

(vwpt_group_id and vwpt group description) signalled in ViewpointGroupStruct () in the
ViewpointEntityGroupBox applies to each sample referring to this sample
dynamic_vwpt group flag equal to 1 specifies that the ViewpointGroupStruct () for the viewpoint
may change compared to that signalled in the ViewpointGroupStruct() in
ViewpointEntityGroupBox and new ViewpointGroupStruct () may be signalled in the samples
based on the value of vwpt _group flag inthe samples

entry.

the

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 flag equal
to 1 specifies that the GPS position information of the viewpoint is indicated in the samples.
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dynamic_vwpt geomagnetic info flag equal to 0 specifies that
ViewpointGeomagneticInfoStruct () is present in the sample entry.
dynamic_vwpt geomagnetic info flag equal to 1 specifies that

ViewpointGeomagneticInfoStruct () is not present in the sample entry and is indicated in the
samples.

dynamic_vwpt switch flag equal to O specifies that ViewpointSwitchingListStruct () is present
in the sample entry and is not present in the samples. dynamic _vwpt switch flag equal to 1 specifies
that ViewpointSwitchingListStruct () is not present in the sample entry and is present in the
samples.

vwpt| pos is specified in subclause 7.12.1.2 and indicates the initial viewpoint position.

wvpt| coord rot is defined in subclause 7.12.1.5 but indicates the yaw, pitch, and roll rotation pngles of X, Y,
an(d Z axes, respectively, of the global coordinate system of the viewpoint relative to the comrmon reference
coprdinate system for each sample referring to this sample entry.

vwpt| gps_pos is defined in subclause 7.12.1.3 but indicates the GPS positionsnformation of the[viewpoint for
eafh sample referring to this sample entry.

vwpt| geomagnetic info 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.

viewpoint switching list is defined in subclause 7.12/1.7 but indicates the viewpofnt switching
information for each sample referring to this sample entry:

7.12.3.1.3 Sample format
The sample syntax of this sample entry type (' dyve?) is specified as follows:

alighed(8) DynamicViewpointSample ) {
VliiewpointPosStruct () vwpt pQsy
iff (dynamic vwpt gps flag)
ViewpointGpsPositionStruct () vwpt gps pos;
if (dynamic vwpt geomagnetic info flag)
ViewpointGeomagneticInfoStruct () vwpt geomagnetic info;
iff (dynamic gcs rotation flag)
ViewpointGlokahCoordinateSysRotationStruct () vwpt coord rot;
iff (dynamic_ vwpt/ switch flag)
ViewpointSwitchingListStruct (1) vwpt switching list;
if (dynamicivwpt group flag)
unsigneéd int (1) vwpt group flag;
bit (L) reserved = 0;
if )(vwpt group flag)

ViewpointGroupStruct (1) vwpt group;

The semantics of ViewpointPosStruct (), ViewpointGpsPositionStruct (),
ViewpointGeomagneticInfoStruct (), ViewpointGlobalCoordinateSysRotationStruct (),
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 0 specifies that the ViewpointGroupStruct () is not present. When not present, the value of
vwpt group flagis inferred to be equal to 0.
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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, vwpt group can be absent.
When vwpt group is absent in a sample, the following applies:

— If dynamic_vwpt group flag is equal to 1, it is inferred to be identical to the vwpt group of the
previous sample, in decoding order and the value of groupDescrIncludedFlag is inferred to be identical

to the val

ue of the groupDescrIncludedFlag of vwpt group of the previous sample .

Otherwise (dynamic vwpt group flagisequalto 0),itis inferred to be identical to the vwpt group in

the ViewpointEntityGroupBox and the value of groupDescrIncludedFlag is inferred to be

identical _to the value of the groupDescriIncludedFlag of the wvwpt group in the
ViewpolntEntityGroupBox.
7.12.3.2 Initial viewpoint
7.12.3.2.1 General
This timed metadata track, named the initial viewpoint timed metadata track, indicates'the€ initial viewpoint that
should be usef.
When viewpojints are not indicated by the viewpoint entity grouping in a file, the initial viewpoint timed mefadata
track shall not be present in the file.
In the absenge of this information when viewpoints are indicated by’thée viewpoint entity grouping, the [initial
viewpoint sheuld be inferred to be the viewpoint that has the l€ast value of viewpoint identifier among all
viewpoints infthe file.
The initial viewpoint timed metadata track, when present, is,associated with all viewpoints in the file.
7.12.3.2.2 S3gmple entry
The track sample entry type 'invp' shall be used. The sample entry of this sample entry type is specified as
follows:
class InifialViewpointSamplebntry extends MetaDataSampleEntry ('invp') {
unsigngd int (32) id of initial viewpoint;
}
id of initjial viewpointindicates the value of the viewpoint identifier of the initial viewpoint for thle first

sample to whi
7.12.3.2.3 S

The sample sy

ch this sample.entry applies.
mple format

ntax.of this sample entry type (' invp ') is specified as follows:

aligned(8)
unsigne

}

{

id of initial viewpoint;

InitialViewpointSample ()
d int (32)

id of initial viewpoint indicates the value of the viewpoint identifier of the initial viewpoint for the

sample.
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7.12.3.3 Object centre points correspondence between viewpoints

7.12.3.3.1 General
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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.

7.12.3.3.2 Sample entry

The t
follow

clas
u

u
u
f

num_|

is sigy]

last
inte
last
inte

num_
valued

obje
each

num
num_
obje

obje
obje

ack sample entry type 'ocpc' shall be used. The sample entry of this sample entry type
S:

=]

OcpcSampleEntry () extends SphereRegionSampleEntry ('ocpc' )} A
hsigned int (31) num viewpoint sets;
hsigned int (1) last byte sent;
hsigned int (8) num object ids;

br (m = 0; m < num object ids; mt++)
unsigned int (8) object id[[m]];
utf8string object label[[m]];

{

viewpoint sets indicates the number of viewpointssets for which object centre points cort
alled in the samples to which this sample entry applies.

| byte sent equal to 1 specifies that the last*byte of the sphere region structure, which
rpolate bit and 7 reserved bits, is(“Signalled in OcpcSample()’s sphere regi
| byte sent equal to 0 specifies that the last byte of the sphere region structure, which
rpolate bit and 7 reserved bits, is not'signalled in 0cpcSample () ’s sphere region structure.

bbject ids specifies the number of object identifiers for which object id and ob
are signalled.

~t id[m] specifies the object identifier for the m-th object. The value of object id[i

i in the range ofS0:‘to num viewpoint sets - 1, inclusive, for each j in the r
yiewpoints imhis set[i] - 1, inclusive, and for each k in the rang
corresp object centre points in this set[i] - 1, inclusive, shall match

bt id[m] for m intherange of 0to num object ids - 1,inclusive.

-t lakel[m] is a null-terminated UTF-8 string that specifies the description of an object
ct/ 2 [m]. A null string is allowed.

s specified as

espondence

includes the
n structure.
includes the

ject label

1[k1[3] for
inge of 0 to

of 0 to
ne value of

h

identified by
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7.12.3.3.3 Sample format

The sample syntax of this sample entry type (' ocpc') is specified as follows:

class OcpcSample ()

{

for (1 = 0; 1 < num _viewpoint sets; i++) {
unsigned int (8) num viewpoints in this set[[i]];
for (J = 0; J < num viewpoints in this set[i]; J++)
unsigned int (32) viewpoint id[[i]][[J]1];
unsigned int (16) num corresp object centre points in this set[[i]];
for (k = 0; k < num_corresp object centre points in this set[i]; k++)

for

(g = 0; 17 num viewpoints in this set[i]; J44)

num_ viewpg
viewpoint |

num_corresg
centre points

sphere reg
viewpoint set

object id]]

interpolat
centre til]
specifies that
can be linearl)
estimating thd

When last

For any|
num_corres
sphere reg
object centre

SphereRegionStruct (0, last_gytg_seng) sphere region[[i]][[k]][[4
unsigned int (8) object id[[i]][[k]][[J]]1~

ints_in this set[i] indicates the number of viewpoints in the i-th yiewpoint set.
id[i][j] indicates the viewpoint ID of the j-th viewpoint in the i-thwiewpoint set.

p object centre points in this set[i] indicates the humber of corresponding
signalled in this sample for the i-th viewpoint set.

pbject

ion[1i] [k] [J] specifies the k-th corresponding object'centre point of the j-th viewpoint in the i-th

1] [k][j] specifies the k-th object identifier ofthe j-th viewpoint in the i-th viewpoint set.

e equal to 0 specifies that the values” of centre azimuth, centre elevation
t in the OcpcSample specify the object centre at the sample instance. interpolate equd
the values of centre azimuth, centre elevation, and centre tilt in the OcpcSg

and
lto 1
mple

F interpolated from the values of the'corresponding fields in this sample and the previous samjple for

information about object centres in between those two OcpcSample () S.
pbyte sent isequalto0, Interpolate is inferred to be equal to 0.

particular value of k in the range of 0
p _object centre points in this set[i] -1, inclusive, the sphere points indicat
ion[1i] [kA T3] for j ranging from O to num viewpoints in this set[i] -1, inclusiy
boints that-dre corresponding to each other for the viewpoints in the i-th viewpoint set.

712334 1

formation derivation and OMAF player behaviour

to
ed by
e, are

Content providers can perform scene or object matching among video streams representing different viewpoints
frame by frame, and choose a representative point of the scene or object, e.g. the centre point of an object, as the
corresponding object centre point to be indicated by the OCPC timed metadata track. The object centre point may
be assigned an object label to indicate what the object represents.

The available object labels (i.e. object label[m]) or object identifiers (i.e. object id[m]) for each
viewpoint may be shown to the user via a user interface. The user should be allowed to select an object of interest
to view by selecting shown object label or object identifier. The viewport corresponding to the selected object
label or object identifier’s object centre should be shown to the user for the selected viewpoint. When a viewpoint
switching occurs, the client checks whether the user's field of view in the switch-from viewpoint covers a
corresponding object centre point that is indicated by the time-aligned sample of the OCPC timed metadata track.
If yes, just after the switching, the client should render to the user the viewport in the switching-to viewpoint for
which the corresponding centre point is indicated by the time-aligned sample of the OCPC timed metadata track.
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When the user's field of view covers more than one indicated object centre point, one of those that are the closest
to the centre of the user's field of view should be chosen.

If both recommended viewport metadata information for the switch-to viewpoint and the OCPC timed metadata
track are available, since both types of information do not impose mandatory OMAF player behaviour, then it is up
to the OMAF player to choose to follow either one or no one.

7.13 Storage of omnidirectional video in sub-picture tracks

7.13.1—General

For storage of omnidirectional video in sub-picture tracks, a SpatialRelationship2DBesgcriptionBox
with track group type equalto '2dsr' as specified in subclause 7.1.3.2 shall be presentin ea¢h sub-picture
track,| to indicate that this track belongs to a group of tracks that can be spatially, arranged to construct
compgsition pictures. For each sub-picture track storing a part of an omnidirectional video, the
SubPfictureRegionBox shall be present in SpatialRelationship2DDescriptionBox fand the sub-
pictuile track shall not contain an instance of SpatialRelationship2DGroupEitry or Sample[loGroupBox
with grouping type equal to ' 2dsr'as specified in subclause 7.1.3.3.

7.13.2 Projected omnidirectional video

This qubclause applies when any of the tracks mapped to the,2D_spatial relationship track group|has a sample
entrytype equal to 'resv' and scheme type equal to 'ped¥%' in the 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-picturettacks mapped to the same 2D spatial relationship trdck group, and
the region-wise packing information for the composition picture is inferred for each region i in the¢ range of 0 to
the nymber of sub-picture tracks in the<'2dsr ' track group, exclusive, in any order as follows:

— dacked picture width-and packed picture height for the composition picture are finferred to be
qual to total widthandtotal height of SpatialRelationship2DSourceBox, respectively.

[}

— dacked reg toplahd packed reg left are inferred to be respectively equal to oject y and
bject x of, SubPictureRegionBox of SpatialRelationship2DDescriptionBox of the
espective sub=picture track.

= 0O

|
—

he other:syntax elements of each region of the composition picture are inferred to be equal to the respective
yntax elements of the RegionWisePackingBox of the respective sub-picture track.

(2]

When applicable, the frame packing arrangement of each composition picture is indicated by any
StereoVideoBox within the sample entry of any track of the same 2D spatial relationship track group.

The  values of object width and object height of SubPictureRegionBox in
SpatialRelationship2DDescriptionBox shall be equal to the width and height, respectively, of the
pictures output by the decoder in luma sample units.

The following constraints apply for the sub-picture tracks mapped to the same 2D spatial relationship track
group:

— Each track mapped to this grouping shall have a sample entry type equal to 'resv'. The scheme type
shall be equal to 'podv"' in the SchemeTypeBox included in the sample entry.
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The content of all instances of the ProjectionFormatBox included in the sample entries of the tracks
mapped to the same 2D spatial relationship track group shall be identical.

RegionWisePackingBox 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 instances of
RegionWisePackingBox. The values of proj picture height shall be identical in all these instances
of RegionWisePackingBox.

The content of all instances of the RotationBox included in the sample entries of the tracks mapped to the

same 2D spatial relationship track group shall be identical.

The cont
the same

The con
Spatial
track gro

When on|
included
relations
Spatial

7.13.3 Ind

The C
SpatialRell
SpatialRel
absence of Cq
the compositi

NOTE1 Cove
indicating cont

NOTE 2 If Con

the RegionW
RegionWiseh

The syntax of

aligned(8)
}

ent of all instances of the StereovideoBox included in the sample entries of the tracks map
2D spatial relationship track group shall be identical.

fent of all instances of the CoverageInformationBox included in all instdnces ¢
Relationship2DDescriptionBox in the tracks mapped to the same 2D spatial relatig
Lip shall be identical.

e track mapped to a 2D spatial relationship track group has a CompdsitionInformatig
in SpatialRelationship2DDescriptionBox, all tracks mapped to the same 2D {
hip track group shall have a CompositionInformationBox  included
Relationship2DDescriptionBox.

jcation of composition pictures being packed pictures or projected pictures

mpositionInformationBox may be optionally included
ationship2DDescriptionBox. The presence of CompositionInformationBg
ationship2DDescriptionBox indicatesthat the composition picture is a projected pictur
mpositionInformationBox in SpatialRelationship2DDescriptionBox indicate
bn picture is a packed picture.

FageInformationBox included yifi) SpatialRelationship2DDescriptionBox can be usé
bnt coverage when the composition picture does not cover the entire sphere.

positionInformationBex/is present, OMAF players can reconstruct projected pictures without
| sePackingBoxes of «the associated sub-picture tracks. Otherwise, OMAF players have to
ackingBoxes of the.associated sub-picture tracks to reconstruct projected pictures.

CompositioflnformationBox is as follows:

0, 0) {

class( CompositionInformationBox extends FullBox('coif',

bed to

f the
nship

nBox
patial
in

in
x in
e. The
s that

d for

arsing
parse

7.13.4 Fisl

. 3. . o3
l'EYE'U'l'l‘l'ﬂTdTl‘Ettl’U‘l‘lal VIU€O

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 ' fodv' inthe SchemeTypeBox included in the sample

entry.

The following

constraints apply for the tracks mapped to this grouping:

shall be equal to ' fodv' in the SchemeTypeBox included in the sample entry.

in the sample entry.
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A FisheyeOmniVideoBox that specifies the fisheye format of the composition picture may be contained in
SpatialRelationship2DDescriptionBox. When one track mapped to a 2D spatial relationship track
group has a FisheyeOmniVideoBox included in SpatialRelationship2DDescriptionBox, all
tracks mapped to the same 2D spatial relationship track group shall have a FisheyeOmnivideoBox
included in SpatialRelationship2DDescriptionBox and the content of all these instances of the
FisheyeOmniVideoBox shall be identical.

NOTE A FisheyeOmniVideoBox included in the sample entry describes the fisheye format of the track.

The SpatialRelationship2DDescriptionBox shall not include RegionWisePackingBox,
CoverageInformationBox, or CompositionInformationBox.

1 General

Subclause 7.14 specifies support for overlay video and overlay images, which”are superimposed either over

omnidirectional background video or image or on the viewport.

An ovprlay is specified with the following pieces of information:

The oyerlay source is one of the following:

Whe
over

o

verlay source, specifying which track or image item and, in some cases, which spatial region wjthin the track
r the image item are used as the content of the overlay

o

—

endering type of the overlay, specifying whether the overlay is anchored relative to the viewjport or to the
unit sphere and, for sphere-relative overlays, the shape of the surface on which the overlay is rendered (plane
ofr sphere region)

—

bndering properties of the overlay, specifying, for example, the opacity of the overlay

user interaction properties for the overlay

[¢)

ntire decoded picturesof a video track

QO

h entire output image of an image item

QO

E indicated{rectangular overlay source region within decoded pictures of a video track or an oiitput image of
image item

QO

QO

reCommended viewport of omnidirectional video, as indicated by a recommended viewport timed metadata
track

an externally specified overlay source, referenced by a URI

n a source region is used as overlay source, the picture that contains the source region may also contain other
lay source regions or background visual media.

The rendering type of the overlay is one of the following:

viewport-relative overlay, specifying that the overlay is displayed on a rectangular area at a specified position
relative to the viewport

sphere-relative projected omnidirectional overlay, specifying that the overlay is displayed on a sphere
surface at an indicated position within or on the unit sphere
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phere
overlay, specifying that the overlay is displayed on indicated mesh elements of the 3D mesh

rendering properties may be indicated for an overlay:

y among each set of overlays that have the same distance from the centre of the unit sphere

f the overlay that is applied for all pixels of the overlay source when rendering the overlay

sphere-relative 2D overlay, specifying that the overlay is displayed on a plane at an indicated position within

layering order, specifying the layering order among the overlays that are relative to the viewport, and

priority ¥
in the caj
indicates

wise opa

The following]

controls Y

overlay 14
associate]

The overlay
specified as oy

extensible, i.g

essential. In 14
overlay contr
mandated. Si
same video tr:
the number o

Overlay contr
containing th

varying overlJ

The tracks an|
'ovbg' entit]

An overlay ca

alpha composition, specifying that the overlay is associated with an alpha plane used far_.determining

alue (overlay priority), based on which a priority order of overlays can be derivedjang
e that an OMAF player does not have enough decoding capacity to decode all overlays; v
that the overlay is essential for displaying

Fity and blending when superimposing the overlay

user interaction properties may be indicated for an overlay:

vhich user interactions are allowed in a user interface

bel, which can be used in a user interface

d sphere region, intended to be used as a user-selectable.area to turn an overlay on or off

ource, rendering type, rendering properties dnd'user interaction properties for an overld
Ferlay controls in the SingleOverlayStrud® () syntax structure. SingleOverlayStruc
new overlay controls can be introduced:\Overlay controls are indicated to be non-essen
tter case, an OMAF player is required to;process the overlay control. A content author can spe
pl to be non-essential e.g. when applying the overlay control for rendering is preferred b
ngleOverlayStruct () additionally contains an overlay identifier (overlay id). Sin
hck or image item may containamultiple overlays, the OverlayStruct () syntax structure sp
overlays and includes a SingleOverlayStruct () for each of them.

pols can be static or time-varying. Static overlay controls are contained in a sample entry in a
e overlay source or-as'an item property for an image item containing the overlay source.

ly controls are included in a timed metadata track.

d image itefns*containing associated overlays and the background visual media are indicated
y group.specified in subclause 7.14.7.2.

h beeither active or inactive, which is determined as follows:

| used
hlue 0

pixel-

y are
C () is
ial or
ify an
It not
re the
pcifies

track
Time-

in an

entity group.

metadata track.

If both of the following conditions are true, an overlay is active for a particular background visual media:

The overlay is included among the overlays associated with the background visual media in its ' ovbg'

There is no overlay timed metadata track for the overlay or the overlay is activated by an overlay timed

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 associated with the overlay image item can be indicated through a video track
containing a sample that encloses the coded data of the image item.

Otherwis
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e, the overlay is inactive for the background visual media.
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An inactive 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:

— overlay priority is equal to O for the overlay and the overlay is not turned off by the user through a
user interface.

— overlay priority is greater than 0, an OMAF player has enough capacity for decoding and rendering the
overlay, and the overlay is not turned off by the user through a user interface.

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 mclude a control that enables or disables the user action for switching an oyvetlay 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 ovefrlays. Annex G
speciffies a rendering procedure for overlays.

7.14.2  Overlay structure
7.14.2.1 Definition

OverflayStruct () specifies the overlay related metadata per each overlay.

7.14.2.2 Syntax

alighed(8) class SingleOverlayStruct () ,{
uhsigned int (16) overlay id;
fpr (1 = 0; i < num _flag bytes *:\8y7 i++)
unsigned int(l) overlay contxol flag[[i]l];
fpr (i = 0; 1 < num flag byteg™ 8; i++) {
if (overlay control flagfid) {
unsigned int (1) ovexDay control essential flag[[i]];
unsigned int (15) Wyte count[[i]];
unsigned int (8)s\:0verlay control struct[[i]] [byte count[i]];

alighed(8) class.OverlayStruct () {
upsigned Ant(16) num overlays;

uhsigned unt (8) num flag bytes;

fpr (i==0; i < num overlays; i++)
SingleOverlayStruct () single overlay;

7.14.2.3 Semantics

num_overlays specifies the number of overlays described by this structure. num overlays equal to 0 is
reserved.

num_flag bytes specifies the number of bytes allocated collectively by the overlay control flag[i]
syntax elements. OMAF players shall parse the syntax of OverlayStruct () regardless of the value of
num_ flag bytes.

NOTE 1 In files conforming to this document, num flag bytes is expected to be equal to 1 or 2, depending on which
overlay control structures are present.
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overlay id provides a unique identifier for the overlay. No two overlays shall have the same overlay id
value.

overlay control flag[i] when set to 1 defines that the structure as defined by the i-th
overlay control struct[i] is present. This document specifies the semantics of overlay controls in the
range of 0 to OVLY_LAST_ED2_IDX, inclusive, where OVLY_LAST_ED2_IDX is equal to 14. In files conforming to this
document, overlay control flag[i] shall not be equal to 1 when i is greater than OVLY_LAST_ED2_IDX.
OMAF players shall allow both values of overlay control flag[i] toappear 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 document does not need to process overlay control flag[i] and
overlay confErol Structli]. Wwhen the value of 1 15 greater than OVLY_LAST_ED2_IDX] and
overlay control essential flag[i] is equal to 1, the OMAF player requirements specified below in thisysubclause

apply.

NOTE 3 Since| OMAF players conforming to this document allow num flag bytes greater”than 3 and
overlay control flag[i] equal to 1 for all values of i to appear in the syntax, OMAF players€onforming fo this
document:

— are ablg§ to parse OverlayStruct(), where num flag bytes can ,be !/ greater than [ or
overlay| control flag[i] canbe equalto 1 for values of i greater than OVLY_LAST.ED2_IDX; and

- are pgrmitted to display an overlay indicated in the OverlayStruct (), when
overlay| control essential flag[i] isnotequalto 1 forany value of i @reater than OVLY_LAST_ED2_IDX.

overlay cdntrol essential flag[i] equal to O specifies thatf OMAF players are not required to process
the structure as defined by the i“th overlay control strucf[i].
overlay cdntrol essential flag[i] equal to 1 specifieS¢hat OMAF players shall process the stryicture
as defined by the i-th overlay control struct[i].

When overlpy control flag[i] with i in the range.of 0 to 6, inclusive, or equal to 11 is equal to |1, the
value of over]lay control essential flag[i] shall beequalto 1.

OMAF players shall be able to parse and process the structure corresponding to
overlay cdntrol struct[11] (i.e.the OverlayPriority control structure).

When overlpy control essential flag[i] isequal to 1 and an OMAF player is not capable of parding or
processing the structure as defined by'overlay control struct[i], the following applies:

— If the OyerlayPriorigy~control structure is present for the overlay and overlay priorify in
OverlayPriority isyequal to 0, the OMAF player shall display neither the overlays specified by this

OverlayStruct () ner the background visual media.

— Otherwis, the.OMAF player shall not display the overlay specified by this SingleOverlayStruct ()

byte count[i] gives the byte count of the structure represented by the | i-th
overlay control struct[i].byte count[4], when present, shall be equal 0.

overlay control struct[i] defines the i-th structure with a byte count as defined by byte count[i].

7.14.3  Overlay control structures
7.14.3.1 Definition

Table 16 specifies the semantics of bit index i, for each value of i in the range of 0 to 14, inclusive. When
overlay 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 structure 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 used as the content of
the overlay.

6 none Recommended viewport overlay.
Indicates the recommended viewpert track whose recommend¢d viewports
are used as the content of the averlay.

7 7.14.3.7 Overlay layering order

8 7.14.3.8 Overlay opacity

9 7.14.3.9 Controls for usér interaction

10 7.14.3.10 Overlaydabel

11 7.14.3.11 Overlay priority

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 fpllowing constraints apply for each SingleOverlayStruct () controlling a static overlay and for each

Singlle@vekrlayStruct () in a sample of an overlay timed metadata track with the content that is present in

the sgmplé or inherited 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 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 bit indices 4, 5, 6, and 14 specify the source of the overlay content. In thisdocument, 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 (l) relative disparity flag;

bit (2) reserved = 0;

if (relative disparity flag)

signed int (16) disparity in percent;
else
sigred int (16) disparity in pixels;

}
rect left |percent, rect top percent, rect width percent and rect height(percent specify
the coordinates of the top-left corner and the width and height of the rectangular regiofi; respectively, pf the
overlay to be [rendered on the viewport in per cents relative to the width and height of;/the) viewport. The yalues
are indicated fin units of 100% + 2-1¢ in the range of 0 (indicating 0%), inclusive, up to but excluding 65536 (that
indicates 100%%).
NOTE The sjze and aspect ratio of the rectangular region on which the overlay-is-rendered changes according|to the
viewport resoljition and aspect ratio. However, when the value of media alignment is in the range 1 to 9, inclusiye, the
aspect ratio of the overlaid media is not intended to be changed.
media alignment specifies the intended scaling of the overlayysource depending on the dimensions pf the
specified rectangular region and the intended placement of the scaled overlay source relative to the specified
rectangular rggion.
media alignment equal to O specifies that an OMAF player should apply the "stretch to fill" mode, whefe the
overlay source is horizontally and vertically scaled as needed to fill the specified rectangular region entirely.[When
media_alignment is equal to 0, the aspect ratio ofthe scaled overlay source may differ from the aspect ratio of
the overlay squrce.
media alignment values in the range of 1 to 9, inclusive, specify that an OMAF player should apply the "s¢ale to
fit" mode spgcified as follows: the overlay source is horizontally and vertically scaled to cover the spgcified
rectangular re¢gion exactly along one dimension (i.e. either horizontally or vertically) and to cover or reside yithin

the specified
maintained. W
region, a part

media alig
"crop to fill"
specified rect|

rectangular region-along the other dimension while the aspect ratio of the overlay so
of the rectangulartegion is not filled.
nment yalues in the range of 10 to 18, inclusive, specify that an OMAF player should app

modesspecified as follows: the overlay source is horizontally and vertically scaled to cov
hngular region exactly along one dimension (i.e. either horizontally or vertically) and to co

exceed the sp|

ce is

'hen the aspect patio’of the overlay source differs from the aspect ratio of the specified rect:fgular

ly the
br the
ver or
rce is

pcified rectangular region along the other dimension while the aspect ratio of the overlay sot

maintained. An OMAF player should not display the parts of the scaled overlay source that exceed the specified
rectangular region.

media alignment valuesin the 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 Horizontally aligned with the left boundary of the rectangular region, vertically centered
514 Horizontally aligned with the right boundary of the rectangular region, vertically ¢entered
6,15 Horizontally aligned with the left boundary of the rectangular region,
vertically aligned at the top of the rectangular region
7,16 Horizontally aligned with the right boundary of the rectangular region,
vertically aligned at the top of the rectangular region
8,17 Horizontally aligned with the left boundary of the rectangulapregion,
vertically aligned at the bottom of the rectangular region
9,18 Horizontally aligned with the right boundary of thé tectangular region,
vertically aligned at the bottom of the rectangular region
relafive disparity flag indicates whether the disparity is provided as a percentage value qf the width of
the display window for one view (when the valie is equal to 1) or as a number of pixels (when the|value is equal
to 0).[This applies for the case when there is. amonoscopic overlay.

disp
windd
is use
the ca

disp
displd
the ri
backg

brity in percent indicates ‘the disparity, in units of 2-16, as a fraction of the width

w for one view. The value may be negative, in which case the displacement direction is reverg
d to displace the region to/the'left on the left eye view and to the right on the right eye view. T
se when there is a monoscopic overlay and stereoscopic background visual media.

brity in pixels)indicates the disparity in pixels. The value may be negative, in w
cement direction.is reversed. This value is used to displace the region to the left on the left ey
bht on the righteye view. This applies for the case when there is a monoscopic overlay ang
round visual media.
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7.14.3.3 Sphere-relative projected omnidirectional overlay

aligned(8)

unsigne

unsigne
bit (6)

if

unsi

unsi

unsi

unsi

unsi

(region_indication_ type

class SphereRelativeOmniOverlay ()
d int (1) region indication_ type;
d int (1) timeline change flag;
reserved 0;

{

) A

proj picture width;
proj picture height;
proj reg width;

proj reg height;
proj reg top;

int (32)
int

gned
gned
gned
gned
gned

uns i

}

else
Sphe
unsigng

SphereReld

region_ind
indicated as 4
region on wh
structure. re
background v

When sphef
represented |
associated pri

When spher
equal to 0.

When regio
overlays are |
process infor
elements of R

The Project
entry that dir|

the projectedd omnidireCtional overlay(s) contained in the track. The ProjectionFormatProp

FramePacki]
with the Owvg
overlay(s).

gned proj reg left;

reRegionStruct (1,
d int (16)

1) sphere region;
region depth minusl;

ication type equal to O specifies that the sphere region on which the overlay is rende]
rectangle in a projected picture. region indication type‘egual to 1 specifies that the 3
ch the overlay is rendered is indicated by the sphere region structure included in this s

sual media is identical.
e region is present (i.e. region indicatien type is equal to 1), the sphere 1
y sphere region shall be specified by two"azimuth circles and two elevation circles a

jection format shall be ERP.

e region is present (i.e. region .ipdication type is equal to 1), interpolate sh

acked region-wise and require unpacking prior to rendering, according to the region-wise p:
mation as indicated. The 'semantics of the syntax elements are identical to those for the s
bgionWisePacking$Struct() with the same name as specified in subclause 7.5.3.

ionFormatBox, $tereoVideoBox, and RotationBox indirectly contained in the same s
bctly or indirectly contains the OverlayConfigBox containing this OverlayStruct () ap

ngProperty, and RotationProperty associated with the image item that is also asso
brldyProperty containing this OverlayStruct () apply to the projected omnidired

tiveOmniOverlay shall not be present when the background visual media’uses the 3D mesh.

red is
phere
yntax

yion indication type shall be equal to 0 when the prdjection format of the overlay and the

egion
d the

all be

h indication type is equal-to 0, the syntax structure indicates that the projected pictures of

cking
yntax

hmple
ply to
erty,
ciated
tional

NOTE In order to render a sphere-relative omnidirectional overlay without deformations, the azimuth and elevation 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 0 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 2716, 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) sphere region;
uphsigned int (1) timeline change flag;

it (7) reserved 0;

igned int (32) overlay rot yaw;

igned int (32) overlay rot pitch;

igned int (32) overlay rot roll;

hsigned int (16) region depth minusl;

b
S
S
S
u

The contained ithin the

Sphe

syntax elements of the sphere region structure
reRelative2DOverlay () syntax structure have the following semantics:
entre azimuth and centre elevation specify the azimuth and elevation angles, respgctively, of the
entre of the overlay region on the unit sphere relative to the global coordinate axes.

(@]

entre tilt shall be equalto 0.

Q

zimuth range and elevation range specify/the dimensions of the 2D plane on which
endered. The sphere region represented by spliere region is specified by four great circles.

the overlay is

—

NOTE

overl]l

1l Prior to rendering the 2D plane, it can berotated as specified by overlay rot yaw, overlay r
ay rot yaw and placed on a certain distarice as specified by region depth minusl.

bt pitch and

nterpolate shall be equal to.0.

-

time identically to the syntax element with the same name in

Sphe

line change flag is\_specified
reRelativeOmniOverlay.

the plane on
bclause 5.1 in

over
which

lay rot yaw, overlay rot pitch, and overlay rot roll specify the rotation of
the overlay is'rendered. The rotations are relative to the coordinate system as specified in su

which
the gl
and th

the origin‘ef-the coordinate system is in the centre of the overlay region, the X axis is toward
bbal coordinate axes, the Y axis is towards the point on the plane that corresponds to cAzimuth
e Z axis.is towards the point on the plane that corresponds to cElevation2 in Figure 19. overl

s the origin of
1 in Figure 19,
Ay rot yaw

Y axis, and
fixed reference

1T, a7 11X

expre

5s€s’,a rotation around the Z axis, overlay rot pitch rotates around the
3 N\ and 7

ne—ax frin ol A aroiin
O S—atr C—CxXter i ST tr—ar oot 7y,

aszic ot

nditha Y R
XIS IcOtatt

\varay

over bay—reot—roti—rotates—arouna—+tn
axes. The angles increase clockwise 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, and ending with
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.
in

region depth minusl is specified identically to the syntax element with the same name

SphereRelativeOmniOverlay.

NOTE 3 Figure 24 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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gphere region indicated depth d1 in SphereRelative2Dovetrlay

Figure 24 — Example of placement and orientation of sphere-relative 2D overlay,
illustrated with an equator-level cross section of the unit sphere

7.14.3.5 3D mesh overlay

aligned(8)| class MeshOverlay () {
unsigngd int (1) timeline change flag;
unsigngd int (1) eye present flag;
bit (6) |reserved = 0;
unsignegd int (8) num regions;
for (i |= 0; 1 < num regions; i++) {

if (eye present flag) {
nsigned int (1) eyel[[i]l];
it (7) reserved = 0;

o C

unsilgned int (16) mesh element id[[i}];
RectlRegionStruct () rect region[ [L}]

r

timeline dhange flag is specified\\identically to the syntax element with the same name in
SphereRelgtiveOmniOverlay.

The semantic$ of the other syntax-elements are identical to those for the syntax elements with the same ngdme in
TileMeshGrloupEntry specified’in subclause 7.16.2.

7.14.3.6 Source regiondor the overlay

aligned(8)| class OverlaySourceRegion () {
unsigngd<int (16) packed picture width;
unsign d 'irﬁ-(‘lﬁ) I\:("L«'arq I\'ir“?-ﬁ'rc %a'ir_‘}f'h‘i-'-
unsigned int (16) packed reg width;
unsigned int (16) packed reg height;

unsigned int (16) packed reg top;

(16)

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.

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
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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
overlay source region shall not be overlapped with any packed regions of the background visual media.

t ransform_ffype SpEleIES the rotation and mirroring that are apphed To the overlay source go remap it for

displaying. The following values are specified:

0: no transform
1: mirroring horizontally
rotation by 180° (counter-clockwise)

rotation by 180° (counter-clockwise) before mirroring horizontally

rotation by 90° (counter-clockwise)

2:

3:

4: rotation by 90° (counter-clockwise) before mirroring horizentally
5:

6: rotation by 270° (counter-clockwise) before mirfroring horizontally
7:

rotation by 270° (counter-clockwise)

NOTE[L When the track or image item containing the overlay is not a projected omnidirectional video track or|image item, the
OMAF|player can treat each decoded picture as a texturé&-atlas including sub-images indicated by the overlay source region
informjation. The OMAF player does not need to ‘perform an unpacking process, similar to what i$ specified for
RegignWisePackingStruct (), for processingefsuch a texture atlas.

NOTE R When the track or image item containing the overlay is a projected omnidirectional video track or image item that
also cqntains the background visual media, the overlay and the background visual media have the same projecfion format and
the same the yaw, pitch, and roll angles of the rotation to be applied to convert the local coordinate axgs to the global
coordipate axes.

7.14.8.7 Overlay layeringorder

alighed(8) class“OverlayLayeringOrder () {
ipt (16) layering order;

}

layefing_brder indicates the layering order among the overlays that are relative to the yiewport, and
separately’among each set of overlays that have the same depth. Viewport-relative overlays are ovetlaid on top of
the viewport in descending order of layering order, ie. an overlay with a smaller 1ayering order valueis
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)
unsigne

}

class OverlayOpacity () {

d 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.

7.14.3.9 Corn

aligned(8)
unsigng
unsigng
unsigng
unsigng
unsigng
unsigng
unsigng
unsigng

change pos
location on th|

change dep
When both ¢
overlay can bq

switch on |
Associated
be equal to 1.
position for th

change op3

resize flg
the resized oV

rotation f
directions. Th|

trols for user interaction

class OverlayInteraction ()

{

d int (1) change position flag;
d int (1) change depth flag;

d int (1) switch on off flag;

d int (1) change opacity flag;

d int (1) resize flag;

d int (1) rotation flag;

d int (1) source switching flag;
d int (1) crop flag;

ition flag, when set to 1, specifies that users areallowed to move the overlay window
e viewing sphere or the viewport.

th flag, when setto 1, specifies that the depth-of overlay can be chosen by user interaction
hange position flag and change depth flag are set to 1 then the XY,Z position
 freely choosen by user interaction.

off flag, when set to 1, specifies that the user is allowed to switch on/off the overlay. Wh
SphereRegion structure is present for the overlay, the value of the switch on off fla
All active overlays are considered to be ON by default. When an overlay is switched ON, the pla
e overlay is the current time'on the global presentation timeline.

city flag, when setito 1, specifies that the user is allowed to change the opacity of the overl

g, when set to_I;-specifies that the user is allowed to resize the overlay window. The field-of-v
erlay window:shall be same as that of original overlay window.

lag, -when set to 1, specifies that the user is allowed to rotate the overlay window to dif]
e field-of-view of the rotated overlay window shall be same as that of original overlay window.

0 any

of the

bn the
y shall
yback

ay.

jew of

ferent

source_ switching flagwhen set to 1, 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 pos

ition 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 pos

ition flag, change depth flag, change opacity flag, resize

flag,

rotation flag,and crop flag shall be equal to O for all the overlays in the same 'oval' entity group.
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7.14.3.10 Overlay label

aligned(8) class OverlayLabel () {
string overlay label;

}

overlay label provides a null-terminated UTF-8 label for the overlay.

7.14.3.11 Overlay priority

aligned(8) class OverlayPriority() {

-2:2023(E)

u

}

over
have ¢
value

Thev

7.14.

alig

shap
sphe

sphe
overld

When|
the ug

NOTE

associ
associ

For th
0.

7.14.

[1Ss1gned 1nt(g) overlay priorityy,

lay priority indicates which overlay should be prioritized in the case that annOMAF pl

foverlay priority equalto 255 indicates unspecified priority.

B.12 Associated sphere region
hed (8) class AssociatedSphereRegion () {

hsigned int (8) shape type;
pbhereRegionStruct (1, 1) sphere region;

e type is used as the shape type value when applying subclause 7.5.6 to the sem
re region structure specifying the associatedsphere region.

re region specifies the sphere region-associated with the overlay. The sphere region asso
y is intended to be used to turn on or turn off the overlay.

more than one overlay is associated with the same sphere region, the overlays should all be d
er selects the sphere region:

When multiple associated sphere regions fully or partially overlap and the user selects the overlap

ted sphere regions:

e spheresregion structure included in AssociatedSphereRegion, interpolate sh|

B.13"~ Overlay alpha composition

ayer does not

enough decoding capacity to decode all overlays. A lower overlay priority indicates higher priority. A

hlue of overlay priority, when present, shall be equal to O for overlays that are essential for displaying.

antics of the

riated with an

splayed when

bing area of the

ted sphere regions, the*OMAF player is expected to turn on/off all the overlays controlled by all the overlapping

all be equal to

aligned(8) class OverlayAlphaCompositing() {
unsigned 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. va=mxa+vix(1l-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 the formul

overlay, a is gn alpha plane value, scaled into the range of 0 (fully transparent) to 1 (fully opaque), inclusi
lue in the background visual context given as input to the process. The visual context is defiped as

vi is a pixel v;

visual rendering surface or mesh, such as a viewport, which initially contains the background visual'media a

been updated
associated ov

7.14.3.14 1
aligned(8)
utf8sty
unsigng
for (i
uns i

externally specified overlay scheme URI is asull terminated UTF-8 string that indicates th

specifying a| scheme to interpret the value signalled in scheme byte val[i] syntax ele

externally specified overlay scheme URIsshall be a valid URI as specified in IETF Internet Sta

66. When an ExternallySpecifiedOverlayInfo structure is Jodi

externally specified overlay schemey URI shall notbe null.

NOTE Examples of how externally specified overlay information can be used include the following.

— externally specified overlay\scheme URI can indicate that a webcam data source to be used as an g
source.

— external]ly specified ovekrlay scheme URI canbea URL to animage used as an overlay source.

— externally specified overlay scheme URI and the array of scheme byte val[i] can together ir

both an externally specified overlay source that is a logo image or video and a 3D spinning effect applied to the logo|

num_schemg
control struct

erlay.

Externally specified overlay information

by all overlays that are further away from the viewer in distance or layering order tha

class ExternallySpecifiedOverlayInfo() {
ing externally specified overlay scheme URI;
d int (8) num scheme bytes;
= 0; 1 < num_scheme bytes; i++)
gned int (8) scheme byte val[[i]];

| byt&s™specifies the number of bytes (scheme byte wval[i] bytes) that follow in this o
ire, num_scheme bytes may be equal to 0.

scheme byt
externally
num_scheme

142

e vall[i]
_specified overlay scheme URI.
_bytes isequal to 0.

scheme byte val[i] is absent
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7.14.4  Overlay configuration box

Box type: 'ovly'

Container:

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.

-2:2023(E)

ProjectedOmniVideoBox or VisualSampleEntry orMetaDataSampleEntry

When a track has a sample entry type equal to 'resv' and scheme type equal to 'podv' in the

Sche
conta
direct

When|
conta

When|
track

over
metad

When|
in Pr
the re
syntaj
overld

NOTE
sampl

alig
o]
}

meTypeBox included in the sample entry, the track contains background visual media,
ns one or more overlays with overlay priority equal to 0, OverlayConfigBox Shall
ly within the ProjectedOmnivideoBox.

a recommended viewport track is used to specify an overlay source, OvefldyConfid

ned within the MetaDataSampleEntry of the recommended viewport timed-metadata track.

an OverlayConfigBox is present in ProjectedOmnivideoBox orvVisualSampleEnt
pr in MetaDataSampleEntry of the recommended viewport timed{metadata track, it shall

Llay id values of the overlays carried at any time in the media track or the recommended v
ata track, respectively.

an overlay is controlled through an overlay timed metadata‘track, the OverlayConfigBox {
bjectedOmniVideoBox or VisualSampleEntry<fia media track or in MetaDataSam
commended viewport timed metadata track, if any, Should either contain no overlay cont
x elements for that overlay or have overlay control flag[i] equal to O for all valueg

y.

When an overlay timed metadata track is in uSe, all the overlay controls are provided through the {
s of the overlay timed metadata track.

ned (8) class OverlayConfi(gBox extends FullBox('ovly', 0, 0) {
yerlayStruct () ;

hnd the track
be contained

Box shall be

vy of a media
contain all the
ewport timed

hat is present
pleEntry of
rol flag[i]

of i for that

ample entry or

7.14.5 Overlay item preperty

Box type: 'ovly!

Propdrty type: Deése¢riptive item property

Contajiner: ItemPropertyContainerBox

Mandhtory: No

Quantjity; Zero or one

OverlayConfigProperty Is delined to store the static metadata of the overlays contained In

image item.

he associated

aligned(8) class OverlayConfigProperty extends ItemFullProperty ('ovly', 0, 0) {
OverlayStruct () overlay static struct;

}
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Overlay timed metadata track

7.14.6.1 Definition

The dynamic overlay timed metadata track indicates:

— Which overlays are active at particular times. Depending upon the application the active overlay(s) may
change over time.

The overlay tiT

track referend

7.14.6.2 Sample entry

aligned(8)
Overlay

}

The sample e
syntax elemel
true:

The samd
—  When by
of an ov
overlay
overlay
value apy

7.14.6.3 Sample

aligned(8)
unsigns
unsigng
for (i
unsi

if (addlf
Over

num_active

Overlay parameters that may be dynamically changing over time.

class OverlaySampleEntry extends MetadataSampleEntry ('dyol')
ConfigBox () ;

{

ntry of an overlay timed metadata track contains an OverlayConfigBox that includes the d
it values of OverlayStruct () that apply selectively when both/of the following conditio

overlay idIis presentin asample.

te count[i] is present and equal to O for a particular overlay idinthe OverlayStry
erlay timed metadata sample and byte countfi] is present and greater than 0 for the
y id in the OverlayStrtct () of the sample

¢ control struct[i] [byte counti?t] of the sample entry and for the same overld
lies.

class OverlaySampleNy
d int (15) num active overlays by id;
d int(l) addl.a¢tive overlays flag;
= 0; 1 < num_adgtive overlays by id;
gned int (16)_active overlay id;
| active owexlays flag)
layStrudg+) overlay dynamic_struct;

it++)

| 8vetlays by id specifies the number of overlays from the overlay static st

dsc'

efault
s are

ct()
same
entry,
y_id

ruct

structure sign

zthat ara activa A ualuia of O indicatac t
Feactive—A—varbte—-oo—uHhaicates—+

1at no

overlays from

TTEC e S pr ettt

the sample entry are active.

tHorc—t

addl active overlays flag equalto 1 specifies that additional active overlays are signalled in the sample
directly in the overlay structure (overlay dynamic struct). addl active overlays flag equalto0
specifies that no additional active overlays are signalled in the sample directly in the overlay structure
(overlay dynamic struct).Each overlay id value contained in the overlay dynamic struct ofan
OverlaySample () shall be equal to an overlay id value contained in the OverlaySampleEntry of the
same overlay timed metadata track and to an overlay id value in the OverlayConfigBox contained in one
of the media tracks referenced by this overlay timed metadata track.
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active overlay id provides overlay identifier for the overlay signalled from the sample entry, which is
currently active. For each active overlay id, overlay static struct in the sample entry
OverlaySampleEntry shall include an overlay with a matching overlay id value.active overlay id
shall be equal to an overlay id value in the OverlayConfigBox contained in one of the media tracks
referenced by this overlay timed metadata 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
previgus sample(s).

7.14.7 Entity groups
7.14.Y.1 Grouping of overlays that are alternatives for switching
7.14.7.1.1 Definition

EntifyToGroupBox with grouping type equal to 'oval' specifiesitracks and image itemqs containing
overldys intended to be presented as a user-switchable alternative for afiother overlay in the same eptity group.

7.14.7.1.2 Syntax

alighed(8) class OverlaySwitchAlternativesBOx)(version, flags)
extehds EntityToGroupBox ('oval', version, “flags) {

/V conditionally mandatory

fpr(i=0; i<num entities in group; 1i+%)

unsigned int (16) ref overlay idfi]];

7.14.7.1.3 Semantics

ref overlay id[i] specifies-the overlay id from the track or image item identified by i-th
entity id thatis a switchable overlay in this group. The overlay identified by ref ovefrlay id[0]
is the initial overlay source, before any user interaction. The i-th referenced track or image item shall
have overlay idVequal to ref overlay id[i] present. If each of the tracks and image items
identified by (the entity id values of this entity group contains exactly [|one overlay,
ref overlay)id[i] syntax elements may or may not be present. Otherwise, ref ovefrlay id[i]
syntax elements shall be present.

7.14.Y.2 Greuping of overlays and background visual media that are intended to be presented
together

7.14.7.2.1 Definition
EntityToGroupBox with grouping type equalto 'ovbg' specifies

— tracks and image items containing overlays and background visual media that are intended to be presented
together,

— recommended viewport tracks that serve as overlay sources for the background visual media specified in this
entity group,
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media included in this entity group, and

background visual media included in this entity group.

at most one overlay timed metadata track that applies when playing the overlays and the background visual

at most one viewing space ('vrsp') timed metadata track that applies when playing the overlays and the

If the i-th entity in the 'ovbg' entity group includes overlays, overlay flag[i] shall be equal to 1. Otherwise,

overlay fl

NOTE 1

ag[i] shall be equal to 0.

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 overla

The pair of o
overlays spec
When overl
the overlays i

If the i-th ent

Item property (l.e. OverlayConrigrroperty], ILINciudes overiays.
Yy Y

verlay flag[i] equal to 1 and overlay subset flag[i] equal to O specifies\that
fied in the i-th entity are associated with the background visual media specified in this.entity

1 the 1-th entity that are associated with the background visual media specified-in this entity g

ty in the 'ovbg' entity group includes background visual media, backgotGnd flag[i] sh

equal to 1. Otherwise, background flag[i] shall be equal to 0.

NOTE2 The
'ovbg' entity|
without overla
OverlayConf

NOTE3 Wh¢
background vis|

presence of background visual media without overlays can also be determined as follows. When a trac
group does not contain an OverlayConfigBox in its sample entry,-it is a background visual medi
ys. When an image item in an 'ovbg' entity group is not assgciated with an overlay item proper
igProperty),itis a background visual image item without overlays.

n both overlay flag[i] and background flag(i%} are equal to 1 for the same value of i
al media and overlays are present in the i-th entity.

The background visual media tracks and the background‘image items in the same 'ovbg"' entity group sk

constrained ix

All the bs
by their

There arg
the 'ovQ

When both or
or image item
image item co|

When a user-
inan 'ovbg'

either of the following ways:

ckground visual media tracks and background image items are alternatives to each other, ind
resence in the same 'altr' entitygroup.

no background image itefns'in the 'ovbg"' entity group and the background visual media trg
g ' entity group belong to.the same 2D spatial relationship track group.

e or more overlays-and background visual media are region-wise packed into the same video
included in an\' 5vbg"' entity group, the same 'ovbg"' entity group shall contain no other tr
ntaining background visual media.

switchable overlay included in an 'oval' entity group is associated with background visual
entity group, all the overlays of the 'oval' entity group shall be associated with the backg|

1 the
rroup.

by subset flag[i] isequalto 1, the 'ovbg' entity group contains a list of overlay ID values of

oup.

all be

k in an
W track

ty (i.e.

, both

all be

fcated

cks in

track
hck or

media
round

visual media in thé ' ovbg' entity group.
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7.14.7.2.2 Syntax

aligned(8) class OverlayAndBackgroundGroupingBox (version, flags)
extends EntityToGroupBox ('ovbg', version, flags) {

unsigned int (32) unit sphere distance in mm;

for (i=0; i<num entities in group; i++) {

bit (5) reserved = 0;
unsigned int (1) 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 overlavs;

-2:2023(E)

7.14.]

unit
the ra|

H
d

—

b
unit

NOTE
the ov

over
to 1 sj

back
back

One o
range
value

for (Jj=0; j<ovbg num overlays; Jj++)
unsigned int (16) ovbg overlay id[[i]][[]j]];

f.2.3 Semantics

| sphere distance in_mm, when greater than 0, specifies a distance; in millimetres, cor
dius of the unit sphere. The value should be used in the following cases:

or stereoscopic rendering of the content on the unit spherestogether with overlaying co

n a rendering procedure that takes the viewing position into account, for handling the changes

osition relative to the overlays and the background’visual media in the same real-world scale.
| sphere distance in_mmequal to O specifies that the unit sphere distance is unknown.

unit sphere distance in mm is\applicable for stereoscopic rendering when the background
brlay is monoscopic or when both the background visual media and the overlay are monoscopic.

lay flag[i] equal to O specifies that the entity does not contain any overlays. overlay f
becifies that the entity contains one or more overlays.

bround flag[il~equal to 0 specifies that the entity does not contain background
bround flag[d] equal to 1 specifies that the entity contains background visual media.

r both of eiferlay flag[i] and background flag[i] shall be equal to 1 for each val

of a media track or an item ID value of an image item.

The

Qirrof ovzerloaz Floali1 egualtao 1 and ovzerl g subset flaooalil oaual ta 0 snecifi
Z - L Bl ~1 4 T L T T r

responding to

ntent and for

eriving suitable binocular disparity for overlaying visual @vacks or image items for which the depth is
imdicated relative to the unit sphere.

pf the viewing

yisual media or

lag[i] equal

visual media.

e of i in the

of 0 to.num entities in group - 1, inclusive, such that the i-th entity id value isfa track ID

bs 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] equal to 1 specifies that some but not all of the overlays specified in the i-th entity
are associated with the background visual media specified in this entity group. When overlay flag([i] is
equal to 0, overlay subset flag[i] shall be equal to 0. The semantics of the pair of overlay flag[i]

equal

to0and overlay subset flag[i] equalto Oarereserved.

ovbg num overlays specifies the number of overlays in the i-th entity that are associated with the
background visual media specified in this entity group. ovbg num_overlays shall not be equal to 0.
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ovbg overlay id[i][]] specifies the overlay ID of the j-th overlay in the i-th entity that is associated with
the background visual media specified in this entity group. When overlay subset flag[i] is equal to 1, all
overlays in the i-th entity with an overlay ID not among any ovbg overlay id[i][]J] are consistently
inactive with the background visual media specified in this entity group regardless of any other overlay controls.

7.14.8 Overlay 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 transparency

information ofthe master image as defined in ISO/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 defihed in
ISO/IEC 23000-22:2019, subclause 7.3.5.2.

The following|constraints apply to alpha planes:
— The width and height of alpha plane shall be the same as the width and height)of the master overlay image.

=]

— The minimum sample value 0 means that the co-located pixel in the master overlay image is transparept (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 inage is opaque.

— Each sanpple value of the alpha plane shall be in the range of 0 to the maximum value (e.g. 255 forf 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
multiplief to be used to obtain the intensityfor the associated overlay image.

The master injage(s) is not pre-multipli€d by the sample values of the alpha plane.

As defined in| ISO/IEC 23000-22, sthe value of aux_type for images of the AuxiliaryTypeProperty is as
"urn:mpeg:mpegB:cicp:systems:auxiliary:alpha".

An alpha aux]liary image~and a master overlay image are linked using an item reference of 'auxl' from the
auxiliary image to the master overlay image as defined in ISO/IEC 23008-12.

7.14.8.3 AlpIha auxiliary video track constraints

The constraints provided in this subclause are applicable to auxiliary images stored as samples of a video track, as
defined in ISO/IEC 23000-22:2019, subclause 7.4.6. A video track containing alpha planes shall conform to the
constraints specified in ISO/IEC 23000-22:2019, subclause 7.4.6.

As defined in ISO/IEC 23000-22, the value of aux track type for tracks of the AuxiliaryTypeBox is
"urn:mpeg:mpegB:cicp:systems:auxiliary:alpha" for alpha planes.

The auxiliary and the master overlay video tracks are linked using the track reference of 'auxl' from the
auxiliary video track to the master video track as documented in ISO/IEC 23000-22.
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7.14.8.4 Alpha auxiliary image/image sequence encoding

-2:2023(E)

Alpha planes may be encoded in monochrome or colour. When an alpha plane is encoded in a colour format with a
luma plane and chroma planes, e.g. as 4:2:0 YCbCr, only the luma plane is relevant, and the chroma planes shall be
ignored by the OMAF player.

7.15

Signalling of viewing space information

7.15.1 General

The si

Viewi
exper

A gualrd range indicates the 3D space within the viewing space and adjacent to-the boundaries ¢

space
rende
exam|]

When|
of the

equal
aligng

7.15.]
7.15.

View

.2.2 Syntax
hed (8) class ViewingSpaceStruct () {
hsigned int (8) vhewing space shape type;

gnalling of viewing spaces specified in 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.

where the viewing experience will not be optimal when the viewing pdsition is taken in
ring. An OMAF player may use visual cues to indicate when a viewing pdsition is within the gu
ble, an OMAF player can fade the viewport towards black within the guard range.

viewpoint position information is present, the centre position efthe viewing space is equal ]
viewpoint. When viewpoint position information is not present, the centre position of the vig
to (0,0,0) in the common reference coordinate system. n both cases, the X, Y, and Z coord
d with the reference global coordinate axes.

P Viewing space structure
P.1 Definition

ingSpaceStruct () specifies the viewing space metadata information.

hsigned int (1@)\distance scale;

it (1) guard range flag;

it (7) reserved;

f (viewinglspace shape type==0)
Cubqoidstruct (guard range flag) cuboid;

|l se &f{viewing space shape type==1)
SphereStruct (quard range flag) sphere;

abled and VR

f the viewing
to account in
ard range. For

0 the position
wing space is
nate axes are

| 5¢”1f (viewing space shape type==2)

CylinderStruct (guard range flag) cylinder;

else if (viewing space_ shape type==3)

EllipsoidStruct (guard range flag) ellipsoid;
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class CuboidStruct (int 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;

}

aligned(8)
unsigng

if (gud
bit (

uns i

}

aligned(8)
unsigng
Point ¢
Point ¢

if (gud
uns i

}

aligned(8)
signed
signed
signed

}

aligned(8)
unsigng
unsigng
unsigng

if (gudg
unsi

unsi

unsi

class SphereStruct (int guard range flag) {
d int (32) sphere radius;

rd range flag) {

1) reserved;

gned int(7) guard radius diff;

class CylinderStruct (int guard range flag)
d int (32) cylinder radius;
oint[[0]];
oint[[1]];
rd range flag)
gned int(8) cylinder guard radius_dif§j

class Point {

int (32) x pt;
int (32) y pt;
int (32) z_pt;

class EllipsoidStruct(int guard range flag)

d int (32) length X;

d int (32) length ¥;

d int (32) length Z;

rd range flag)-{

gned int (8) guard lenghthX diff;
gned int (89 guard lenghthY diff;
gned intA8) guard lenghthZ diff;

7.15.2.3 Semantics

{

{

viewing space shape type specifies the shape of the viewing space. viewing space shape type
equal to O specifies that the viewing space is specified as a cuboid. viewing space shape type equal to 1
specifies that the viewing space is specified as a sphere. viewing space shape type equal to 2 specifies that
the viewing space is specified as a cylinder. viewing space shape type equal to 3 specifies that the viewing
space is specified as an ellipsoid. The value of viewing space shape type shall be in the range of 0 to 3,

inclusive.

distance scale is a positive integer value that indicates the units corresponding to 1 cm.
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guard range flag equal to 0 specifies that guard range information is not present in the
ViewingSpaceStruct ().guard range flag equalto 1 specifies that guard range information is present in

the ViewingSpaceStruct ().

guard range X, guard range Y and guard range 7 specify the guard ranges per axis as percentage
of the maximum viewing space ranges per axis, i.e. Abs(xMax — xMin), Abs(yMax - yMin) and Abs(zMax - zMin)
respectively. Guard ranges apply symmetrically to both minimum and maximum values per axis as indicated by
CuboidStruct (). A value of 0 specifies that there is no guard range present for a particular axis. Values of

guard range X, guard range Y and guard range Z shall belessthan 50.

x Mi

n, v_Min,and z_Min are 16.16 fixed-point values in distance scale that specify the minimum

value of X, Y,

and Z
x_ Ma
and 7

x Mi

sphe
0isrg

guar

coordinates, respectively, relative to the centre point of the viewing space.
:, v Max, and z_Max are 16.16 fixed-point values in distance scale that specify the mfaximun
coordinates, respectively, relative to the centre point of the viewing space. x Mazx,Shall bg

h. y_Max 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 if 3D'space in distan
served.

0 radius_diff specifies the thickness of the guard range spherical shell inside the sph

value of X, Y,
greater than

te scale. Value

ere of radius

equal[to radius as a percentage of the radius. guard radius~diff equal to O indicates that the guard
rangelis not present. guard radius_diff shall be in the range-0f 0 to 99, inclusive. Values in th¢ range of 100
to 127, inclusive, are reserved.

cyli
aroun

cyli
cylind
cyli
cyli

hder radius specifies the radius of a cylinder.in<3D space in suitable units with the cy
d the line from point [0] to point [1]. Value O.Jsreserved.

hder guard radius diff specifies the ‘thickness of the guard range cylindrical sh
er of radius equal to cylindes\radius as a percentage of the cylin
hder guard radius diff equah@to O indicates that the guard range is

hder guard radius diff shall be in the range of 0 to 99, inclusive. Values in the range

inder formed

ell inside the
ler radius.

not present.
bf 100 to 255,

inclusiive, are reserved.

x_pt| y ptandz pt are valdesin units of distance scale that specifies the X, Y, Z coordinates, redpectively, of a
pointfin 3D space with respect'to the centre point of the viewing space.

lengkh X, length &,vanhd length Z specify respectively the semi-axes lengths of X, Y and Z axis of an
ellipspid 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 1to 65 536 * 216 -1 (i.e. 4 294 967 295), inclusive.

guarf lengthX diff, guard lengthY diff and guard lengthZ diff specify the thifkness of the
guard|rahge’space between the outer ellipsoid with axis lengths in X, Y and Z equal to length X, length Y and
lengkhrZ rpqpp(‘fivp]v and the inner P]Iipcnid with axig Ipngth in X Y and 17 equal to

100—gﬁ;rd_lengthx_diff,100—guard_lengthY_diff and 100 - guard lengthZ diff percentage
of the specified length X, length Y and 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.
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Viewing space box

7.15.3.1 Definition

Box Type:
Container:
Mandatory:
Quantity:

'vssn'

VisualSampleEntry (ofthe background visual media)
No

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)
Viewing

}

7.15.4 Vie
7.15.4.1 De

Box Type:

Property Typ¢:

Container:
Mandatory:
Quantity:

The fields in t
The item prop

7.15.4.2 Syn

aligned(8)
Viewing

}

7155 Ti

The immersiy
experience is

rle
7.15.5.1 Deffinition

0, {

class ViewingSpaceBox extends FullBox('vssn',
SpaceStruct () viewing space;

flags)

ving space item property
finition

'vssn'

Descriptive item property
ItemPropertyContainerBox
No

Zero or one

h

his item property specify 3D viewing space within'which an immersive VR experience is provid
erty shall be associated with an image item that contains the background visual media.

tax
class ViewingSpaceProperty extends ItemFullProperty ('vssn', 0, 0)
SpaceStruct () viewingcspace;

varying immersive viewing space signalling

e viewing space timed metadata track indicates the viewing space boundaries where imm
upperted. The space can be static or can change dynamically on sample basis.

ersive

A viewing spa3

centimed metadata track is associated with the background visual media and overlays specif

ed by

an 'ovbg' entity group by including it in the same ' ovbg' entity group.

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)
unsigne
if

152

(static_vr space flag
ViewingSpaceStruct ()

class VRSpaceSampleEntry (type) extends MetadataSampleEntry('vrsp')
d int (1) static_vr space flag;

)

static viewing space;
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static vr space flag equalto 1 specifies that the immersive VR experience viewing space does not change
for each sample referring to this sample entry. static vr space flag equal to 0 specifies that the
immersive 3D VR space may change for samples referring to this sample entry.

static viewing space specifies the static viewing space.
The sample syntax is specified as follows:
aligned(8) class VRSpaceSample () {

if (static_vr space flag == 0)
ViewingSpaceStruct () dynamic viewing space;

dynapmic_viewing space specifies the viewing space that is valid for the duration of the samplel

7.16| Mapping of rectangular regions to the 3D mesh

7.16.1 General

Subclause 7.16 specifies a sample group that maps rectangular regions 0f\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: SampleGroupDescriptionBox ('sgpd')
Mandhtory: No

Quantity: Zero or one

The Ti LeMeshGroupEntry describes one or more rectangular regions within the track, and descrjibes how they
map tp one or more mesh elements.described by the MeshBox associated with this track. The rectangular regions
are ddfined relative to the decoded pictures of the current track.
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7.16.2.2 Syn

aligned(8)
unsigne
unsigne
unsigne
if
unsi
else
bit(
bit (5)
for (i

(eye

090-2:2023(E)

tax

class TileMeshGroupEntry () extends VisualSampleGroupEntry ('tmsh')
d int (8) num regions;

d int (1) guard band flag;

d int (1) eye present flag;

present flag )

gned int(l) common_ eye;

1) reserved = 0;
reserved

= 0;

0;
i < num regions;

i++) {

{

if (4

o c

unsi
Rect
if |

7.16.2.3 Semantics

num_ region
guard band

eye presen
to 0 specifies
present in th
eye presern

common_ey§
the left eye.
correspond tqg

eye[i] spec
left eye; when
to common_e

mesh elemq
region is map

ye present flag)
nsigned int (1)
it (7) reserved

{
eyel[i]];
0;

117

’

gned int (16) mesh element id[[
RegionStruct () rect region[[i]
guard band flag)

uardBand guard band[[i]];

i
]

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 element eye [1] is present. eye present flag
that syntax element eye [i] is not present and is inferred. When the StereovVideoBox
e SchemeInformationBox that costains the MeshBox associated with this sample
t flag shall be equal to 0.

equal to 0, when present, spécifies that all regions of this TileMeshGroupEntry corresp
ommon_eye equal to 1, when present, specifies that all regions of this TileMeshGroupH
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.

ped to)When the TileMeshGroupEntry is included in a track that also contains a MeshBqg

equal
is not
proup,

nd to
ntry

to the
equal

nt id[dY specifies to which mesh element from the associated MeshBox the i-th rectapgular

%, the
in an

mesh elemq

nt{4id[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 eIlement 1d[i]
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.

rect region[i] specifies a rectangular region. The regions described by any two instances of rect region
in the same TileMeshGroupEntry shall not overlap.

guard band[i] specifies the guard bands around the i-th rectangular region. The syntax and semantics of
guard band[i] are specified in subclauses 7.5.3.4 and 7.5.3.5, respectively.
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Guard bands exclude the corners as illustrated in Figure 18.

7.16.3 Rectangular region structure

7.16.3.1 Definition

A RectRegionStruct () is used in TileMeshGroupEntry to specify a rectangular region that is mapped
onto 3D mesh.

7.16.3.2 Syntax

alig
u

u
i
i

7.16.

regi
respe
luma

0 sped

NOTE

relativ]

pictur

regi

is po¢

regi

point.

regi

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 be less than the width of the VisualSg

The sim of regiohstart yand region height shall be greater than or equal to 0.

The

Visu

hed (8) class RectRegionStruct () {
hsigned int(16) region start x;
hsigned int (16) region_start y;
ht (16) region width;

ht (16) region height;

8.3 Semantics

ifies the top-most luma sample row of the content decoded from the track containing this stru

e represented by any sample of the associated HEVC tile base track.

itive, the region continues to the rightcside of the start point, otherwise it continues to the |
bn_height is positive, the region continues below the start point, otherwise it continues a
Figure 25 and Figure 26 illustrate examples of rectangular regions when region
bn_height are positive and negative, respectively.

sum 0f.“region start y and region height shall be less than the hei
hlSampleEntry.

bn_start xand region start y specify the horizontal offse¢t"and the vertical offset of the start point,
ctively, of a rectangular region in units of luma samples. region<start x equal to 0 specifie§ the left-most
tample column of the content decoded from the track containing this structure. region staft y equal to

ture.

When a tile mesh sample group is present in an HEVE(tile track, region start x and region start y are
e to the top-left corner of the tile(s) carried in any sample of the HEVC tile track rather than the top-lgft corner of the

bn_width and region height specify the width and height of a rectangular region. If region width

pft side. If the
bove the start
| width and

mpleEntry.

oht of the
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Positive width
—
F 3

Positive
height region start y
- ¥

region sflart x

region_height

=

>
region width

Figure 25 — Rectangular region when region_width and region_height are positive

Positive width

—_
Positive 1
height region width
4
A

I

=

on

=

& region start y

El

[a]

i

o

|

v
< - >
region start x

Figure 26 <——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 TileMeshGroupEntry, it needs to be

able to map sample locations from a decoded picture to positions on the 3D mesh. This subclause specifies
mapping of a sample location from a decoded picture to a position on the 3D mesh.
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When a sample at coordinate (u,v) is inside the i-th RectRegionStruct (), the sample is projected onto a
position P=(x,y,z) in the 3D mesh as follows:

— Ifmesh type is equal to 0, the following applies:
— The azimuth and elevation of point P are computed as follows:
pAzimuth = ((u - region start x+0.5)+ region width)*
(cAzimuth2 - cAzimuth1) + cAzimuth1 (19)

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 start, %)+ (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 samle components
of the second vector, * being the scalar multiplication of a vector where each component df the vector is
multiplied by the scalar, and bold variable namies being 3D vectors.
— Ifmesh type is equal 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 sphete 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 27 illustrates the content flow in the DASH delivery function of OMAF.
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The following|

a) FS/F'S: i1}
in Annex

G: DASH
informat

An MPD (G) i
DASH MPD ¢
descriptors if
ranking, 2D r
be generated
examples.

A DASH client
the head and
the MPD, the
format etc. ay
quality and af

Higure 27 — Illustration of the content flow in the DASH delivery function of OMAF

DASH delivery
Fe Fs
—r>| DASHMPD | —*
generation G
H
H
A 4
DASH MPD
& segment
F‘,s rece;:tlon

Tracking of viewing i

orientation Orientation/

viewport metadata

interfaces are specified in this clause:

itialization, index, and media segments; as defined'generally below and specified for media p
B.

Media Presentation Description (MPD), including omnidirectional media-specific metadata, s
on on projection and region-wise packing, as specified in subclause 8.2.

rofiles

ich as

5 generated based on the segments’(Fs) and other media files representing the same content. The

enerator includes omnidirectional media-specific descriptors as specified in subclause 8.2
clude projection type, region-wise packing type, content coverage, spherical region-wise ¢
boion-wise quality ranking;-and fisheye omnidirectional video information. These informatio
on the basis of the _equivalent information in the segments. Annex E contains some DASH

obtains a current viewing orientation or viewport e.g. from the head-mounted display that d|
possibly alSe-eye orientation. By parsing metadata, e.g. on projection and region-wise packing
DASH client concludes which Adaptation Set and Representation contain the supported proj

. The
uality
h may

MPD

etects
from
pction

d which Adaptation Set and Representation cover the current viewing orientation at the hjghest

albitrate that may be afforded by the prevailing estimated network throughput. The DASH

client

issues (Sub)Sd

bomment requests accordingly
=] T o)

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
27. 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 subclause 4.1). In some media profiles, the segment reception function may
include reconstruction of a conforming Segment sequence, which is regarded as the F's interface.

The OMAF DASH XML schema is provided in Annex A. When features specified in Clause 8 are present in a DASH
MPD, Annex A shall be obeyed.

158 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=1462ebadfb45de0ddd6bc455d8c08a8b

8.2

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.

2:2023(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

o -

8.2.2

A
urn:
prese
descr
consti

he presence of an element at representation level refers to that the element is a child
epresentation element.

Signalling of stereoscopic frame packing

DASH FramePacking element with a @schemeIdUni attribute

npeg:mpegB:cicp:VideoFramePackingType may be present at ddaptation set level an
ht at MPD or representation level. When used with projected omnidirectional video (i.e.
ptor is present), this element indicates that the projected pictures consist of spatially or temp

element of a

equal to
d shall not be
when the PF
orally packed

tuent pictures of the left and right views. The @value of the FramePacking element specifies the frame

pack

specified for VideoFramePackingType in ISO/IEC 2309%-2-The value of QuincunxSampl

!

specified in ISO/IEC 23091-2 is inferred to be equal to 0.

8.2.3

8.2.3

g type for the stereoscopic video. This value shall be equal t6.3, 4, or 5 with the meaning of tl

Carriage of timed metadata

1 General

hose values as
ingFlag as

A timed metadata track, e.g. of track sample entry type 'invo' as specified in subclause 7.7.4, 'rcvp' as
specified in subclause 7.7.5, or 'dyol' as specified in subclause 7.14.6, may be encapsulated in a
Reprdsentation.

8.2.3{2 Carriage of ERP region timed metadata in DASH

8.2.3.2.1 Constraints

ERP region timed etadata tracks specified in subclause 7.11 shall be carried in a DASH Adaptatjon Set with a
singlel Representation with the constraint that the @codecs attribute shall have the value 'stmd"'.

When| an ERP region timed metadata track is carried as a DASH Representation, the (Sub)Segment durations of
ERP r presentations

carryigg

eglon timed metadata shall be ahgned w1th the respectlve (Sub)Segments durations of the Re

med metadata

(Sub)Segments may have a dlfferent number of samples than the (Sub)Segments of the tracks referenced by the
ERP region timed metadata track.

NOTE
repres

8.2.3.

A Representation carrying an ERP region timed metadata track can be retrieved faster than the actual media data

entations to enable look-ahead.

2.2 OMAF player behaviour to process ERP region metadata

OMATF 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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OMAF 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 an

8.2.4

8.2.4.1 Ind

d utilize the available bandwidth efficiently.

Associating Adaptation Sets or Representations with each other

ividual association

A timed metadata Representation may be associated with one or more media representations through individual

association.

When individjial association is in use, the following applies:

— The @GaspociationId attribute of a timed metadata representation shall contain one or more values|of the
@id attribute of the representation(s) containing the omnidirectional media carried byythe media track(s)
that are |associated with the timed metadata track through a 'cdsc' track reference as speciffed in
ISO/IEC 14496-12.

— The @asgociationType attribute of this metadata representation shall be equdl to ' cdsc'.

When presenf, a timed metadata Representation carrying a timed metadata #rack included in a 'vipo' [entity

group shall b¢ associated with the Representations carrying media track(s) included in the same 'vipo"' [entity

group througl the GassociationId attribute.

8.2.4.2 Col

A timed met
collective ass(

A timed meta
composition 4

DASH Representation element of the timed metadata representation, and the association descriptor shalll:

ective association

ciation.

data representation may be collectively associated with all media representations of a sub-p
s follows: An association descripton specified in subclause 8.5.2 is present as a child element

hdata representation may also be associatedéwith one or more media representations thirough

icture
of the

— Include the following string in the Association element of the type:
"//AdagtationSet [omaf2:SubPicCompositionId="aa"]", where "aa" indicates the sub-picture
compositfion identifier value,

— Include ['cdtg' ast-the value of the Association@associationKindList attribute of the
Associgtion elenient.

A timed metaflata(representation may be collectively associated with all media representations of a viewpaint as

follows: An agso€iation 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 "b

Include

b" indicates the viewpoint ID value of the viewpoint as a string.

'cdtg' as the value of the AssociationRassociationKindList attribute o

Association element.

160

© ISO/IEC 2023 - All rights re

f the

served


https://iecnorm.com/api/?name=1462ebadfb45de0ddd6bc455d8c08a8b

ISO/IEC 23090-2:2023(E)

8.2.4.3 Overlay DASH association

When an Adaptation Set containing an overlay is associated with one or more Adaptation Sets containing
background media, an association descriptor specified in subclause 8.5.2 shall be present as a child element of the
AdaptationSet element containing the overlay.

In this case the association descriptor shall include both of the following:

— An XPath string in the Association element which evaluates to one or more AdaptationSet element(s)
containing background media.

(Jnly one "ovbg"™ value for the AssociationlassociationKindList attribute of the Alssociation

ement. In this case:

[¢)

e number of
br than 1, the
signalled via

When Association@associationKindList includes one 'ovbg' value and th
element(s) the XPath string in the Association element above evaluate§'to is great
overlay applies collectively to the background media (e.g. if the backgreund media is
multiple Adaptation Sets with each Adaptation Set corresponding to a sub-picture).

e number of
1, the overlay

When Association@associationKindList includes one{*¢¥bg' value and th
elements the XPath string in the Association element above evaluates to is equal to
applies individually to the background media.

There
an Ad
medig

verlay. When
g background

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.

8.3 | DASH MPD descriptors for omnidirectional media in the namespace
"urn :mpeqg:mpegIl:omaf:2017"

8.3.1 XML namespace and schema

A nunmpber of XML elements and attributes are defined in subclause 8.3 and its subclauses. These XMI, elements are

defing
to ref]
wherg
http
colum

d in a separate namespace "urn:mpeg:mpegl:omaf:2017". The namespace designator "
er to this name spaceyin this document. These are specified in the schema documents in e
a new MPD deseriptor is specified. The namespace designator "xs:" shall correspond
://www.w3.0rg/A2001/XMLSchema as defined in W3C XML Schema Part 1. Items in th|
n of tables in subclause 8.2 use datatypes defined in W3C XML Schema Part 2 and shall have t

bmaf:" is used
ach subclause
0 namespace
e "Data type"
le meaning as

defined in W3C XML'Schema Part 2.

8.3.2 Signalling of projection type information

An EssentialProperty element With a @schemeldUri attribute to

"urn:mpeg:mpegl:omaf:2017:pf" isreferred to as a projection format (PF) descriptor.

equal

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 of a PF descriptor present at a 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:listofUnsigne | Specifies a list of projection type values of the projected
type dByte 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
to. ’)I:E' I'nﬁ]‘lni"la' are-reserved—Each-wvalue-in-the-list-shall be

unique.

For ISO Base Media File Format ( \Ségments,
projection_ type shall be equal to projection type in
ProjectionFormatBox in sample entries off the
Initialization Segment.

The data typge for the attribute shall be as defined in the XML schema. An XML 'schema for projection type
signalling shdll be as shown below. The schema shall be represented in an XML‘schema that has namgspace
urn:mpeqg: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"
blementFormDefault="qualified">
xs:attribute name="projection type" type="omaf:listOfUnsignedByte"/>
xs:simpleType name="1istOfUnsignedByte">
<xs:restriction>

<xs:simpleType>

<xs:1list itemType="xs:uwrsignedByte" />

</xs:simpleType>

<xs:minLength value="1"4A>
</xs:restriction>
/xs:simpleType>
</xstschema>

8.3.3 Signalling of region-wise packing type

An EssentialProperty element with a @schemeIdUri attribute equal to
"urn:mpeg:mpegl:om@f:2017: rwpk" is referred to as a region-wise packing (RWPK) descriptor.

An RWPK descripteriindicates 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 element in 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:OptionallistofUnsig | Specifies a list of the packing type value of the picture as
type nedByte 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 ISO Base Media File Format Segments,
packing type shall be equal to packing type in
RegionWisePackingbBox 1n sample ¢ntries of the
Initialization Segment. Whlen this
omaf:@packing type attributé is” npt present or
does not include any value,.in la RWPK descriptor,
omaf:@packing type valuelds inferred 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 schemal An XML schema for regionfwise packing
type dignalling shall be as shown below. The schema shall be represented in an XML schema that has namespace
urn:mpeg:mpegl:omaf:2017 and is specified as follows:

<?xml version="1.0" encoding="UTF-8"?2>
<xs:schema xmlns:xs="http://www.w3.0rg/2Q01/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf="urn:mpeg:mpegl:omaf:2047"
elementFormDefault="qualified"X
<xs:attribute name="packing type" type="omaf:OptionallistOfUnsignedByte"/>
<xs:simpleType name="OptionallistOfUnsignedByte">
<xs:restriction>
<xs:simpleType>
<xs:list iteflype="xs:unsignedByte"/>
</xs:simpleType>
<xs:minLength_value="0"/>
</xs:restriction>
</xs:simpleType>
</xs:schema>

8.3.4 Signalling of content coverage

A SupplementalProperty element with a @schemeIdUri attribute equal to
"urn|mpeguipegl:omaf:2017:cc" isreferred to as a content coverage (CC) descriptor.

At mdstene CC dpqrrip‘rm‘ mav he present at adap‘mtinn set level. A CC dpqrrip‘mr 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 type and syntax elements centre azimuth, centre elevation, centre tilt,
azimuth range,and elevation range in SphereRegionStruct () asincluded in the CC descriptor.

When the CC descriptor that applies to a Representation is present and the CoverageInformationBox is
present in the track corresponding to the Representation, the CC descriptor shall carry equivalent information as

the CoverageInformationBox.

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

Specifies the shape type of the sphere region, as specified in
7.7.2.3. When not present, cc@shape type is inferred to be
equal to 0.

cc@view idc_presenc

xs:boolean

Value 0 specifies that cc.coverageInfolview idc is not

e flag

signalled. Value 1 specifies that cc.coverageInfo@viey idc
is signalled and indicates the association of sphere reégions with
particular (left, right, or both) views or monosegpic content.
When not present, cc@vview idc presehge fldg is
inferred to be equal to 0.

ccl@default|view id
c

CM

omaf:ViewTyp
e

Value 0 indicates that all the sphere xegions are monogcopic.
Value 1 indicates that all the sphere regions are on the left vjew of
a stereoscopic content. Value 2 jindicates that all the gphere
regions are on the right view of a ‘stereoscopic content. Value 3
indicates that all the sphere regieiis are on both the left and right
views. cc@default view idc shall be present [when
cc@view idc preserce’/ flag is equal to 0.
shall be absent when
cc@view idc pfesence flag isequalto 1.

cc@default view Adc

cc.coverageéInfo

1.255

omaf:coverag
eInfoType

Element whose/attribute cc.coverageInfolview idc,|when
present, provides information about view(s) to which coyerage
specified<“by  sphere region defined by attr]butes
cc.coverageInfolcentre azimuth,
cclcoverageInfolcentre elevation,
ce.coverageInfolcentre tilt,
cc.coverageInfolazimuth range,
cc.coverageInfolelevation range applies.

cc.coverageéInfo@vie
w_idc

CM

omaf:ViewTyp
e

Value 1 indicates that the sphere region is on the left vieyv of a
stereoscopic content, value 2 indicates the sphere region is ¢n the
right view of a stereoscopic content, and value 3 indicates that the
sphere region is on both the left and right views. Valu¢ 0 is
reserved. cc.coverageInfo@view idc shall be absent{when
cc@view idc presence_ flag is equal to 0.
cc.coverageInfo@view idc shall be present [when
cc@view idc presence flag isequalto 1.

cc.coverageéInfo@sen
tre azimuth

omaf:Rangel

Specifies the azimuth of the centre point of the sphere region in
units of 2-16 degrees relative to the global coordinate axes. [When
not present, cc.coverageInfo@centre azimuth is

inferred ta be pr}nnl to 0

cc.coverageInfo@cen
tre elevation

omaf :Range?2

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.coverageInfo@cen
tre tilt

omaf:Rangel

Specifies the tilt angle of the sphere region, in units of 2-16
degrees, relative to the global coordinate axes. When not present,
cc.coverageInfolcentre tilt is inferred to be equal
to 0.
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Elements and attributes Use Data type Description

for CC descriptor

cc.coverageInfolazi 0 omaf:HRange Specifies the azimuth range of the sphere region through the
muth range centre point of the sphere region in units of 2-16 degrees. When

to be equal to 360 * 216,

not present cc.coverageInfolazimuth range is inferred

cc.coveragelInfolele 0 omaf:VRange Specifies the elevation range of the sphere region through the

vation range

inferred to be equal to 180 * 216,

centre point of the sphere region in units of 2-16 degrees. When
not present cc.coverageInfolelevation range

is

NOTE
the su
orcc.

The a
when

When|
the Ad

The d
CC de|

urn:

When this descriptor is used with projected omnidirectional video, this descriptor can be used.to in
h-picture track carried in the Representation is monoscopic or stereoscopic by the attributeseé@defau
coverageInfo@view 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 descrig
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:mpeglLomaf:2017"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
elementFormDefault="qualified">
<xs:element name="cc" type="omaf:CCType"/>
<xs:complexType name=2CCType'">
<xs:sequence>
<xs:elemenptihame="coveragelInfo" type="omaf:coverageInfoType"
minOccurs="1" maxOccurs="255"/>
<xs:any~namespace="##other" processContents="lax" minOccurs=]
maxQccurs="unbounded" />
</xs:sequence>
<xsgattribute name="shape type" type="xs:unsignedByte" use="opti
default="Q" />
<xstattribute name="view idc presence flag" type="xs:boolean"
use="optional" default="0"/>
<xs:attribute name="default view idc" type="omaf:ViewType"
use="optional"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>

on

nal"

</xs:complexType>

<xs:complexType name="coveragelnfoType">

<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">

</xs

T I rusTve varue="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>
schema>

8.3.5 Signalling of spherical region-wise quality ranking

A SupplementalProperty element with a @schemeIdUri attribute equal

"urn:mpeg:
descriptor.

At most one
adaptation se

mpegl:omaf:2017:srqr" is referred*to as a spherical region-wise quality ranking (

RQR descriptor for each sphRegionQuality@shape type value of 0 and 1 may be pres
 level. At most one SRQR descriptor for each sphRegionQuality@shape type value of 0

may be present at representation level. A SRQR descriptor shall not be present at MPD level.

The SRQR
omnidirection]

The SRQR des

— other qus

escriptor should /be“present for Adaptation Sets or Representations containing pro
al video to enablée viewport-dependent content selection.

criptor indiCates a quality ranking value of a quality ranking sphere region relative to:

lity ranking sphere regions in the same Adaptation Set, and

to
PRQR)

ent at
and 1

ected

— when sphRegionQualityfguatity ramking tocatr ftag tsequat—to—t,—SRQR—descriptors with
sphRegionQuality@quality ranking local flagequalto0and @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. It is suggested to use the same @schemeIdUri value for all
Viewpoint elements in all Adaptation Sets of the same omnidirectional audio-visual content within the same Period.
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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
sphR

value attribute of the SRQR descriptor shall not be present. The SRQR descriptor  sf
gionQuality element with its sub-elements and attributes as specified in Table 22,

Table 22 — Semantics of elements and attributes of SRQR descriptor

all include a

Elements and
attributes for
SRQR| descriptor

Use

Data type

Description

sphRegionQuali
ty

omaf :SphReg
ionQualityT
ype

Container element which include$S one or more qualif]
elements (sphRegionQuality.qualityInfo) and cd
attributes (sphRegionQuality@
sphRegionQuality@kemaining area flag,
sphRegionQuality@view idc presence flag,
sphRegionQualitylquality ranking local flag
sphRegionQuality@quality Type,
sphRegionQuality@default view idc) that apply
quality information elements.

y information
mmon set of
hape type,

to all those

sphRegionQuali
ty@shape type

xs:unsigned
Byte

Value0.specifies that the quality ranking sphere region is ind
four great circles as specified in subclause 7.7.2.3. Value 1 sp|
quality ranking sphere region is indicated through two azi
elevation circles as specified in subclause 7.7.2.3. Whe
sphRegionQuality@shape type isinferred to be equa

icated through
ecifies that the
muth and two
I not present
to 0.

sphRegionQuali
ty@rpmaining a
rea [flag

xs:boodean

Value 0 specifies that all the quality ranking sphere regions 4
the signalled sphRegionQuality.qualityInfo elem
specifies that all except the last quality ranking sphere regior
by the signalled sphRegionQuality.qualityInfo ele
last remaining quality ranking sphere region is the sphere re
content coverage, not covered by the union of the quality
regions specified by the signalled sphRegionQuality.d
elements. When not
sphRegionQuality@remaining area flag is inferreg
0. The last remaining quality ranking sphere region may be
and right views.

re specified by
ents. Value 1
s are specified
ments, and the
bion within the
anking sphere
jualityInfo

present
to be equal to
n both the left

NOTE 2 When sphRegionQuality@remaining area

flag is equal

to 1, the qualityInfo element is present for the last quality ranking
sphere region but excludes Gcentre azimuth, @centre elevation,
@centre tilt, and
attributes.

@azimuth range, @elevation range

sphRegionQuali
ty@view_idc_pr
esence flag

xs:boolean

Value 0 specifies that sphRegionQuality.qualityInfo@view idc
is not signalled in each sphRegionQuality.qualityInfo element.
Value 1 specifies that sphRegionQuality.qualityInfo@view idcis
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
attributes for
SRQR descriptor

Use

Data type

Description

sphRegionQuali
ty@gquality ran
king local fla
g

xs:boolean

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

providedinallinstances-of this descrivtorinthis-Adaptation-Set-onli|
P 4 t rf t rf t i y When
not present, the value of
sphRegionQuality@quality ranking local flag is~Inferged to
be equal to 0.

NOTE 3 sphRegionQuality@quality ranking docal flag
equal to 1 can be used in the Main Adaptation Set‘ofya Preselectiop and
sphRegionQuality@quality ranking loeal’)flag equal to/0 can
be used in Adaptation Sets that are not the Main Adaptation Sety of a
Preselection.

sphRegionQuali
ty@quality|typ
e

omaf:Qualit
yType

Indicates which factor causes the differences in the quality of placked
regions on the picture. Value 0 specifies-that all packed regions corregpond
to the same projected picture resolution. Value 1 specifies that at leapt one
horRatio value, as derived in~subclause 5.4.2, may differ from |other
horRatio values among all ¢airs of packed and projected regions pf the
picture or at least one verRatio value, as derived in subclause 5.4.4, may
differ from other verRatio values among all pairs of packed and projected
regions of the picturexValues greater 1 are reserved.

sphRegionQuali
ty@default|vie
w_idc

CM

omaf:ViewTy
pe

Value 0 indicates that all the quality ranking sphere regions are
monoscopic.Walue 1 indicates that all the quality ranking sphere re¢gions
are on thedeft view of stereoscopic content. Value 2 indicates that all the
quality, tanking sphere regions are on the right view of stereofcopic
content. Value 3 indicates that all the quality ranking sphere regions 4re on
beth the left and right views. sphRegionQuality@default view idc
shall be present when
sphRegionQuality@view idc presence flag 1is equal fo 0.
sphRegionQuality@default view idc shall be absent |when
sphRegionQuality@view idc presence flag isequalto 1.

sphRegionQuali
ty.qualitylnfo

omaf:Qualit
vinfoType

Element whose attpibute
sphRegionQuality.qualityInfolquality ranking provides
quality ranking for one quality ranking sphere region described py its
attributes sphRegionQuality.qualityInfo@view [idc,
sphRegionQuality.qualityInfolcentre azimuth,
sphRegionQuality.qualityInfoQcentre elevation,
sphRegionQuality.qualityInfo@centre tilt,
sphRegionQuality.qualityInfo@azimuth range,

sphRegionQuality.qualityInfolelevation range.
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Elements and Use | Data type Description
attributes for
SRQR descriptor
sphRegionQuali M | xs:unsigned | Specifies a quality ranking value of the quality ranking sphere region.
ty.qualityInfo Byte sphRegionQuality.qualityInfo@quality ranking equal to0
Gquality_ranki indicates that the quality ranking is not defined. When quality ranking
ng sphere region A has a non-zero
sphRegionQuality.qualityInfo@quality ranking value less
than the sphRegionQuality.qualityInfo@quality 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
w-\nbin: mpl«mm. v-ag"nn A pqwfly ok anfiwoly n‘rov‘]'\pc with fuality ranking
sphere region B,
sphRegionQuality.qualityInfolquality ranking of quality
ranking sphere region A shall be equal to
sphRegionQuality.qualityInfolquality) ranking of quality
ranking sphere region B.
sphRegionQuali CM | omaf:ViewTy [ Value 0 indicates that the content is monoseopic, value 1 indicates that the
ty.gphalityInfo pe quality ranking sphere region is on the Jeft view of stereogcopic content,
@viep idc value 2 indicates that the quality ranking sphere region is on the right view
of stereoscopic content, 3 indicatés’that the quality ranking sphere region is
on both the left and right views.
sphRegionQuality.qualityInfolview idc shall bd present when
sphRegionQuality@yiew idc presence flag is | equal tol.
sphRegionQuality(qualityInfo@view idc shall bg absent when
sphRegionQuality@view idc presence flag iseqpalto0.
sphRegionQuali CM | xs:unsigned | Indicates the wWidth of such a monoscopic projected picture for which
ty.qpalityInfo Short horRatio, as\derived in subclause 5.4.2 for each of the pack¢d regions that
Corip width cover the quality ranking sphere region, is equal to 1. Shall pot be present
when sphRegionQuality@quality type is not equall to 1. Shall be
present when sphRegionQuality@quality type isequalto 1.
sphRegionQuali CM | xs:unsigned \Indicates the height of such a monoscopic projected picture for which
ty.qpalitylInfo Short verRatio, as derived in subclause 5.4.2 for each of the pack¢d regions that
@orig height cover the quality ranking sphere region, is equal to 1. Shall hot be present
when sphRegionQuality@quality type is not equall to 1. Shall be
present when sphRegionQuality@quality type isequalto 1.
sphRegionQuali CM |twmaf:Rangel [ Specifies the azimuth of the centre point of the quality ranking sphere
ty.qpalityInfo region, in units of 2-16 degrees, relative to the global cdordinate axes.
@cenfre azimut sphRegionQuality.qualityInfo@centre azimuth| shall be
h present when sphRegionQuality@remaining area flag is equal
to 0. sphRegionQuality.qualityInfo@centre aziputh shall be
absent in only one sphRegionQuality.qualityInfq element and
shall be present in all the other sphRegionQuality.qualityInfo
elements when sphRegionQuality@remaining anea flag is
equal to 1.
sphRegionQuali CM | omaf:Range2 | Specifies the pitch of the centre point of the quality ranking sphere region,

ty.qualityInfo
@centre elevat
ion

in units of 2-16 degrees, relative to the global

sphRegionQuality.qualityInfol@centre elevation

coordinate axes.

shall be

present when sphRegionQuality@remaining area flag is equal
to 0. sphRegionQuality.qualityInfolcentre elevation shall
be absent in only one sphRegionQuality.qualityInfo element and
shall be present in all the other sphRegionQuality.qualityInfo
elements when sphRegionQuality@remaining area flag isequal
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.qualityInfo@centre tilt shall be
@centre_tilt present when sphRegionQuality@remaining area flag is equal

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.

sthegi?nQ‘:-"1 3 CM——cma i HRange1-Specifies-the-azimuth-ranse-of-the-qualityranking-sphereregion-threygh its
ty.qualityInfo centre point in units of 2-16 degrees.
Gazimuth_range sphRegionQuality.qualityInfo@azimuth range shall be

present when sphRegionQuality@remaining area flag is|equal
to 0. sphRegionQuality.qualityInfo@azimuth ‘dange shall be
absent in only one sphRegionQuality.qualityInfo element and
shall be present in all the other sphRegionQuali'ty.qualityInfo
elements when sphRegionQuality@remaining area flag is

equal to 1.
sphRegionQgali | CM | omaf:VRange | Specifies the elevation range of the quality faking sphere region throygh its
ty.qualityInfo centre point in unifs of 2-16 degrees.
@elevation|ran sphRegionQuality.qualityInfolelevation range shall be
ge present when sphRegionQuality@remaining area flag is|equal

to 0. sphRegionQuality.qualityInfo@elevation range shall be
absent in only one sphRegionQuality.qualityInfo element and
shall be present in all_th€ other sphRegionQuality.qualityInfo
elements when sphReégionQuality@remaining area flag is|equal
to 1.

NOTE 4 A player is suggested to parse spherical region-wise, quality ranking (SRQR) descriptors and select the Adaptation
Sets and Repregentations that matches the user's viewing orientation in a manner that:

—  The qualitly ranking value on the region coveringthe viewport is greater than 0 and less than that for other regions.

— The resolytion of the region covering the viewport is suitable for the display. If sphRegionQuality@quality tlype is
equal to 1, sphRegionQuality.qualityInfolorig width and
sphRegipnQuality.qualityInfo@erig height represent the width and height of the monoscopic pr¢jected
picture frpm which the packed régioh covering the viewport has been extracted. Otherwise, width and heigtht of
VisualSgmpleEntry can besed to conclude the resolution on the viewport.

The data typds for various.elements and attributes shall be as defined in the XML schema. An XML scherha for
SRQR is defimed as shown-'below. The schema shall be represented in an XML schema that has namgspace
urn:mpeqg:npegl: omaf: 2017 and is specified as follows:

<?xm|] Fersion="1.0" encoding="UTF-8"?>

<xs:pch€ma xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
elementFormDefault="qualified">

<xs:element name="sphRegionQuality" type="omaf:SphRegionQualityType"/>
<xs:complexType name="SphRegionQualityType">
<xs:sequence>
<xs:element name="qualityInfo" type="omaf:QualityInfoType"
minOccurs="1" maxOccurs="255"/>
<xs:any namespace="##other" processContents="lax" 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">
STACCIIPULE ame=quality anking  type— XS USigneaByty

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:Range2"
use="optional"/>
<xs:attribute name="centre tilt" fgype="omaf:Rangel"
use="optional"/>
<xs:attribute name="azimuth ranpge" type="omaf:HRange"
use="optional"/>
<xs:attribute name="elevatdon* range" type="omaf:VRange"
use="optional"/>
<xs:anyAttribute namespace="##other" processContents="lax'|/>
</xs:complexType>
<xs:simpleType name="Rangel">
<xs:restriction base="xsyint">
<xs:minInclusive value="-11796480"/>
<xs:maxInclusive @alue="11796479"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="Range2">
<xs:restrictidn‘base="xs:int">
<xs:migTnclusive value="-5898240"/>
<xs:maxTIhclusive 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>

© ISO/IEC 2023 - All rights reserved 171


https://iecnorm.com/api/?name=1462ebadfb45de0ddd6bc455d8c08a8b

ISO/IEC 23090-2:2023(E)

</xs:simpleType>
</xs:schema>

8.3.6 Signalling of 2D region-wise quality ranking

A SupplementalProperty element with a @schemeIdUri attribute equal to
"urn:mpeg:mpegl:omaf:2017:2dqgr" is referred to as a 2D region-wise quality ranking (2DQR) descriptor.

At most one 2DQR descriptor may be present at adaptation set level. At most one 2DQR descriptor may be present
at representation level. A 2DQR descriptor shall not be present at MPD level.

A 2DQR descriptor should be present for an Adaptation Set or a Representation containing projected
omnidirectional video to enable viewport-dependent content selection, when no RWPK descriptor and)no|SRQR
descriptor applies to the same Adaptation Set or Representation, respectively.

The 2DQR deqcriptor indicates a quality ranking value of a quality ranking 2D region relative to
— other quality ranking 2D regions in the same Adaptation Set, and

— when twWoDRegionQuality@quality ranking local flag is equal®6,0, 2DQR descriptory with
twoDRegionQuality@quality ranking local flag equal to 0 and\@qualityRanking valjes in
all Adaptation Sets that have the same @value in the DASH Viewpoint element as the Adaptatipn Set
containing this 2DQR descriptor or containing the Representation that'contains this 2DQR descriptor.

NOTE 1 ISO/IEC 23009-1 specifies that the handling of the Viewpoint elénient is recommended to be applied equdlly for
recognized and unrecognized @schemeIdUri values. It is suggested to” use the same @schemeIdUri value for all
Viewpoint el¢ments in all Adaptation Sets of the same omnidirectionalaudio-visual content within the same Period.

When the qudlity ranking value twoDRegionQuality.twéDqualityInfo@quality ranking is non-zero,
the picture quality within the entire indicated quality ranking 2D region is approximately constant.

When the 2DQR descriptor that applies to a Represehtation is present and a 2DRegionQualityRankingBox is
present in thg track corresponding to the Representation, the 2DQR descriptor shall carry equivalent information

as the 2DRegjonQualityRankingBox.

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 and Use ~| Data type Description

attributes for

2DQR descriptor

twoDRegion()ua'l i 1 omaf-twaoD Container element which includes one or maore 2D vaginh qnd]ify infermation

ty RegionQua | elements (twoDRegionQuality.twoDqualityInfo)and common set of
lityType attributes (twoDRegionQuality@remaining area flag,

twoDRegionQuality@view idc presence flag,
twoDRegionQuality@quality ranking local flag,
twoDRegionQuality@quali ty:t ype, a a
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:boolea
n

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

present

twobRegionQualityldremaining area tflaglsinierred
0. The last remaining quality ranking 2D region may be on b
right views.

NOTE 2 When twoDRegionQuality@remaining’ area |
to 1, the twoDqualityInfo element is present for the last
2D region but excludes @left offset, @top-offset, @rg
and @region height attributes.

to be equal to
th the left and

flag is equal
juality ranking
gion width,

twoD
tyQv
senc

RegionQuali
iew idc pre
e flag

xs:boolea
n

Value 0 specifies
twoDRegionQuality. twoDqualityInfo@view idc is
Value 1 specifies
twoDRegionQuality.twoDqualityInfo@view idc is
indicates the association of quality ranking 2D regions with pa
right or both) views- or monoscopic content. When
twoDRegionQuality@view idc presence flag is i
equal to 0.

that
not signalled.

that
signalled and
rticular (left or
not present
hferred to be

twoD

ty€q
ing |

RegionQuali
bality rank
local flag

xs:boolea
n

Value 0 specifies that the quality ranking information pr
instance cof this descriptor is relative to the quality rankir
providéd in all instances of this desc
twoDRegionQuality@quality ranking local flag
inrall instances of @qualityRanking in all Adaptation Sets
same @value in the DASH Viewpoint element as this A
Value 1 specifies that the quality ranking information pr
instance of this descriptor is relative to the quality rankir
provided in all instances of this descriptor in this Adaptation
not present, the value
twoDRegionQuality@quality ranking local flag
be equal to 0.

NOTE 3 twoDRegionQuality@quality ranking locs
equal to 1 can be used in the Main Adaptation Set of a Pr
twoDRegionQuality@quality ranking local flag
can be used in Adaptation Sets that are not the Main Adapt
Preselection.

bvided in this
lg information
iptor with
equal to 0 and
that have the
daptation Set.
bvided in this
1g information
bet only. When

of
is inferred to

1 flag

eselection and
equal to 0
htion Sets of a

twoD.

tylqgb

RegionQuali

itz g

omaf:Qual
EIE R TLIAL TSN
I

Indicates which factor causes the differences in the quality of

pbacked regions

P I

) ik RSN | a e oot oll lead :
UII LT PIttUlc, v 4diut U SPTLIIITS Uidl dll pdLRATU 1 TEIULLS LUIL

espond 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

attributes for

2DQR descrip

tor

Use

Data type

Description

twoDRegionQuali
ty@default view

_idc

CM

omaf:View
Type

Value 0 indicates that all the quality ranking 2D regions are monoscopic.
Value 1 indicates that all the quality ranking 2D regions are on the left view
of stereoscopic content. Value 2 indicates that all the quality ranking 2D
regions are on the right view of stereoscopic content. Value 3 indicates that
all the quality ranking 2D regions are on both the left and right views.
twoDRegionQuality@default view idc shall be present when
twoDRegionQuality@view idc presence flag is equal to O.
twoDRegionQuality@default view idc shall be absent when

twobDRegionQualityldview 1dc presence flag lIsequaltol.

twoDRegion(
ty.twoDqua
nfo

Duali
| ityl

omaf:twoD
QualityIn
foType

Element whose attribute
twoDRegionQuality. twoDqualityInfo@quality ranking
provides quality ranking for one quality ranking 2D region described |by its
attributes twoDRegionQuality. twoDqualityInfolview |idc,
twoDRegionQuality. twoDqualityInfo@leftr~offset,
twoDRegionQuality. twoDqualityInfoQtop/gffset,
twoDRegionQuality. twoDqualityInfo@region width,
twoDRegionQuality. twoDqualityInfo@region height.

twoDRegion(
ty . twoDqual
nfolquality
king

buali
LlityI
; ran

Xs:unsign
edByte

Specifies a quality ranking value of-the quality ranking 2D region.
twoDRegionQuality.twoDqualityInfolquality ranking [equal
to 0 indicates that the quality ranking is not defined. When quality rgnking
2D region A has a nomn-zero
twoDRegionQuality. twobqualityInfo@quality ranking [value
less than the
twoDRegionQuality. twoDqualityInfo@quality ranking [value
of quality ranking 2D\tegion B, quality ranking 2D region A has a higher
quality than quality ranking 2D region B. When quality ranking 2D region A
partly or entirely overlaps with quality ranking 2D regidqn B,
twoDRegionQuality.twoDqualityInfo@quality ranking of
quality ranking 2D region A shall be equal to
twoDRegionQuality.twoDqualityInfolquality ranking of
quality ranking 2D region B.

twoDRegion(
ty. twoDqual
nfolview i

buali
LityI
c

CM

omaf:View
Type

Value 0 indicates that the content is monoscopic, value 1 indicates that the
quality ranking 2D region is on the left view of stereoscopic content, value 2
indicates that the quality ranking 2D region is on the right vigw of
stereoscopic content, 3 indicates that the quality ranking 2D region|is on
both the left and right iews.
twoDRegionQuality.twoDqualityInfo@view idc shall be present
when twoDRegionQuality@view idc presence flag isequa to 1.
twoDRegionQuality.twoDqualityInfo@view idc shall be dbsent
when twoDRegionQuality@view idc presence flag is equal to
0.

twoDRegion(

buad i

ty. twoDqua

itxrI
Y

CM

xXs:unsign
edShort

which

Indicates the width of such a monoscopic projected picture for
O 40 f 1 £ tL H

nfolorig width

he—packedregions that
P g

cover the quality ranking sphere region, is equal to 1. Shall not be present
when twoDRegionQuality@quality type is not equal to 1. Shall be
present when twoDRegionQuality@quality type isequalto 1.

L Raoti | 3 P hel
ot rcato;—as—atrvet— SO tratdSC—Sor =101 at—ot

twoDRegionQuali
ty.twoDqualityI
nfolorig height

CM

xs:unsign
edShort

Indicates the height of such a monoscopic projected picture for which
verRatio, as derived in subclause 5.4.2 for each of the packed regions that
cover the quality ranking sphere region, is equal to 1. Shall not be present
when twoDRegionQuality@quality type is not equal to 1. Shall be
present when twoDRegionQuality@quality type isequalto 1.
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Elements and Use | Datatype Description
attributes for
2DQR descriptor
twoDRegionQuali | CM | xs:unsign | Specifies the horizontal coordinate of the upper left corner of the quality
ty.twoDqualityI edshort 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.twoDqualityInfolleft 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 isequal o 1.
twoDRegionQuali | CM | xs:unsign | Specifies the vertical coordinate of the upper left_dornér [of the quality
ty.twoDqualityl edShort ranking 2D region within the picture in units/ of lhma samples.
nfolfop offset twoDRegionQuality. twoDqualityInfo@toploffset| shall be
present when twoDRegionQuality@remadning area flag is equal
to 0. twoDRegionQuality.twoDqualityInfoltop offset shall be
absent in only one twoDRegionQuality.twoDqualityInfo element
and shall be present in all he other
twoDRegionQuality. twoDqualityInfo elements when
twoDRegionQuality@remaining area flag isequalfo 1.
twoDRegionQuali | CM | xs:unsign | Specifies the width of the‘quality ranking 2D region within|the picture in
ty.twoDqualityI edsShort units of luma samples.
nfolfregion widt twoDRegionQuality twoDqualityInfo@region width shall be
h present when twoDRegionQuality@remaining area [lag is equal
to 0. twoDRedgionQuality.twoDqualityInfo@regiorn width shall
be absent in anly one twoDRegionQuality. twoDqualityInfo element
and shatl be present in all he other
twoDRegionQuality. twoDqualityInfo elements when
twoDRegionQuality@remaining area flag isequalfo 1.
twoDRegionQuali CM | xs:unsign | Spécifies the height of the quality ranking 2D region within|the picture in
ty.tpoDqualityl edshort units of luma samples.
nfolregion heig twoDRegionQuality.twoDqualityInfo@region height shall be
ht present when twoDRegionQuality@remaining area flag is equal
to 0. twoDRegionQuality. twoDqualityInfo@region |height shall
be absent in only one twoDRegionQuality. twoDqualityInfo element
and shall be present in all he other
twoDRegionQuality. twoDqualityInfo elements when
twoDRegionQuality@remaining area flag isequalto 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:

— T

he quality ranking value on the region covering the viewport is greater than 0 and less than that for other

regions.

is equal
twoDRegionQuality.twoDqualityInfolorig 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

urn:mpeg:mpegl:omaf:2017 and is specified as follows:

<?xm
<Xs:

minO

maxO

use=

use=

use=

use=

use=
use=
use=
use=
use=
use=
use=

use=

</xs

176

1 version="1.0" encoding="UTF-8"?>

schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
elementFormDefault="qualified">

namespace

<xs:element name="twoDRegionQuality" type="omaf:twoDRegionQualityType"/>

<xs:complexType name="twoDRegionQualityType">

ocguencoe
T

fcurs="1" maxOccurs="255"/>

Ccurs="unbounded" />
</xs:sequence>
<xs:attribute name="remaining area flag" type="xs:boolean"
'optional" default="0"/>
<xs:attribute name="view idc presence flag" type="xs:boélean"
'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"
'required" />
<xs:attribute name="default view idc" type="omaf:ViewType"
'optional"/>
<xs:anyAttribute namespace="##other" proeessContents="lax"/>
/xs:complexType>

xs:complexType name="twoDQualityInfoTypa">

/xsscomplexType>
ksysimpleType name="QualityType">
<xs:restriction base="xs:unsignedByte">

<xs:element name="twoDqualityInfo" type="omaf:twoDQualityInfoType&"

<xs:any namespace="##other" processContents="lax" minOccurs="O"

<xs:attribute name="quality ranking" type="xs:unsignedByte"
'required" />

<xs:attribute name="view“idc" type="omaf:ViewType"
'optional"/>

<xs:attribute name={"0tfig width" type="xs:unsignedShort"
'optional"/>

<xs:attribute name="orig height" type="xs:unsignedShort"
'optional"/>

<xs:attribmte name="left offset" type="xs:unsignedShort"
'optional"/>

<xs:attgibute name="top offset" type="xs:unsignedShort"
'optional"/>

<xstabttribute name="region width" type="xs:unsignedShort"
'optional"/>

<Xs:attribute name="region height" type="xs:unsignedShort"
'optionall/>

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

<xs:minlInclusive 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>
:schema>
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8.3.7 Signalling of fisheye omnidirectional video

A SupplementalProperty element with a @schemeIdUri attribute equal to
"urn:mpeg:mpegl:omaf:2017: fomv" is referred to as a fisheye omnidirectional video (FOMV) descriptor.

At most one FOMV descriptor may be present at adaptation set level. An FOMV descriptor shall not be present at
MPD or representation level.

The FOMV descriptor indicates that each Representation carries a fisheye omnidirectional video track containing
a FisheyeOmniVideoBox. 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

Attrjbute for Use Data type Description
FOMV
degcriptor
omaff:@view_ M omaf:vie | Has the same semantics as the view 'dimension idc syntgx element (as
dimepsion_i wDIdcTyp | specified in subclause 6.2.2) hf the
dc e FisheyeVideoEssentialInféStruct () syntax  structfire in the

FisheyeOmniVideoBox in th€tracks carried in the representations of this
adaptation set.

For ISO Base Media Filé{Format Segments, view dimension|idc shall be
equal to view dim@énsion idc in FisheyeVideoEssentiglInfoBox in
sample entries ofithe Initialization Segment.

The dpta type for the attribute shall be as defined'in the XML schema. An XML schema for fisheye omnidirectional
video|signalling shall be as shown below. The;s¢hema shall be represented in an XML schema that hias namespace
urn:mpeg:mpegl:omaf:2017 and is spécified as follows:

<?xml version="1.0" encpoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespacé="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
elementFormDefault="qualified">
<xs:attribute name="view dimension idc" type="omaf:viewDIdcType"/>
<xs:simpleType name="viewDIdcType">
<Xs:restriction base="xs:unsignedByte">
<xs:minInclusive value="0"/>
<xs:maxInclusive value="7"/>
</xs:restriction>
</xs:simpleType>
</xs: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
http:

The subtype part of

the value of @mimeType can take any values specified in the link
assignments/media- i

es/media-types.xhtml#image.

8.4.2 Format and constraints for Segments

An Image Representation shall consist of only one Self-Initializating Media Segment and shall not consist of any
other Segments. Thus, the Media Segment 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,
SegmentBase.Initialization element shall not be present.

When the | SegmentList element 1is wused for describing the Segment ~lnformation,| the
SegmentList.Initialization element shall not be present.

When the |SegmentTemplate element is wused for describing the Segment Information| the
SegmentTenmplate.Initialization element and the SegmentTemplatel@initialization attribute
shall not be present.

8.5 DASH MPD descriptors for omnidirectional media.in the namespace
"urn:mpeg:mpegIl:omaf:2020"

8.5.1 XML namespace and schema

A number of YML elements and attributes are defined in\subclauses 8.5.2 to 8.5.7. These XML elements are dgfined
in a separate|namespace "urn:mpeg:mpegl:omaf;:2020". These are specified in the schema documents in
each subclaupe where a new MPD descriptor(s); element(s) or attribute(s) are specified. The namgspace
designator "x5:" shall correspond to namespace-http://www.w3.0rg/2001/XMLSchema as defined i W3C
XML Schema Part 1. Items in the "Data type*'column of tables in subclauses 8.5.2 to 8.5.7 use datatypes defiped in
W3C XML Schema Part 2 and shall have theimeaning as defined in W3C XML Schema Part 2.

8.5.2 Signalling of associatien

A SuppleémentalProperty element with a @schemeIdUri attribute equal to
"urn:mpegq:mpegl:omaf:2020:assoc" isreferred to as an association descriptor.

One or more |assoeiation descriptors may be present at adaptation set level, representation level, preselpction
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:Q@associationKindList. The
syntax of XPath strings used shall be as specified in W3C XPath 2.0.

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

-2:2023(E)

Elements and Use Data type Description
attributes for
association
descriptor
Association 0.N omaf2:As | Element which specifies a list of XPath query string(s) which are
sociatio | evaluated to determine the elements (including certain values for their
nType attributes) that are associated with the parent element of this
Association element’s descriptor. The XPath query shall evaluate to
one or more elements.
Assodiation@asso M omaf2: Values in this list specify the kind of association between the parent
ciationKindList 1listOfAs | element of this Association element’s descriptof and|the elements it
sociatio | jsassociated with.
nKindVal
ues If this list includes a single entry then_the/parent glement of this
Association element’s descriptor is assogiated collectiyely with all the
elements resulting from evaluation of.all)XPath queries $ignalled in this
Association element with the kind’of association irjdicated by this
attribute.
If this list includes multiple entries then the number of eptries in the list
shall be equal to the number of entries in the list slgnalled in this
attribute’s Association/element. In this case the parenf element of this
Association element’s descriptor is associated with|the element(s)
specified by corpesponding collocated XPath query in the|Association
element individually (if the XPath query results in a sinjgle element) or
collectively<if thle XPath query results in multiple elements with the type
of association indicated by the collocated value in this attrjibute.
The dhta types for various elements and attributes’shall be as defined in the XML schema. An XML s¢hema for this
shall [be as shown below. The schema hall be represented in an XML schema that has namespace
urn:mpeg:mpegl:omaf:2020 and is specified as follows:

<?xml version="1.0" encbding="UTF-8"?2>

<xs:schema xmlns:xs=Mtp://www.w3.0rg/2001/XMLSchema"
targetNamespacé="urn:mpeg:mpegl:omaf:2020"
xmlns:omaf="utrn:mpeg:mpegl:omaf:2017"
xmlns:omaf2="urn:mpeg:mpegl:omaf:2020"
elementEormDefault="qualified">
<xs:element name="Association" type="omaf2:AssociationType"/>
<xs:slmpleType name="listOfAssociationValues">

<xs:restriction>
<xs:simpleType>

<xs:list itemType="xs:string"/>

</xs:simpleType>

<xs:minLength value="1"/>
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</xs:simpleType>

<xs:simpleType name="FCCType">
<xs:restriction base="xs:string"/>

</xs:simpleType>

<xs:simpleType name="1listOfAssociationKindValues">
<xs:restriction>
<xs:simpleType>
<xs:list itemType="omaf2:FCCType"/>
</xs:simpleType>
<xs:minLength value="1"/>
</xs:restriction>

</xs:simpleType>

<xs:complexType name="AssociationType">
<xs:simpleContent>
<xs:extension base="omaf2:1istOfAssociationValues">
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<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 element with a (@schemeIdUri  attribute equal to
"urn:mpeg:mpegl:omaf:2020:vwpt" is referred to as a viewpoint information (VWPT) descriptor
Zero or more VWPT descriptors may be present at adaptation set level and no VWPT descriptor shall he.pregent 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 Adajptation Set having a viewpoint information (VWPT) descriptor carries a Fiewpoint that is an impage.
The VWPT dgscriptor shall include an @value attribute and a ViewPointInfo\element with its sub-elements
and attributeq as specified in Table 26.
Table 26 — Semantics of elements and attributes‘of the VWPT descriptor
Elements and Use | Datatype Description
attributes for
VWPT descriptor
@value M xs:string Specifies the viewpoint ID of the viewpoint. The value is a string that cgntains
a base-10 jnteger representation of a viewpoint ID that shall be equal|to the
viewpoint id value of a viewpoint group entity grouping.
ViewPointInfo 1 omaf2:View | Container element whose sub-elements and attributes provide information
PointInfoT | aboutthe viewpoint.
ype
ViewPointInffo@ 0 xs:string This attribute specifies a string that provides human readable label for the
label viewpoint.
ViewPointInfo 1 omat2:View | The attributes of this element specify the position information fpr the
Position pointPosit viewpoint.
ionType
ViewPointInfo 0 xs:int Specifies the X position of the viewpoint, in units of 10-! millimetres| 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-! 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 tozej

0

ViewH
Posif

ointInfo.
ion@z

Xs:int

Specifies the Z position of the viewpoint, in units of 40z} mil
space, relative to the common reference coordinate system.

If position of the viewpoint is dynamic, this~attribute sped
viewpoint Z position for this viewpoint. Othérwise, this attriby
static viewpoint Z position.

When ViewPointInfo.Position is pr
ViewPointInfo.Position@z is not
ViewPointInfo.Position(@z)is inferred to be equal to zer

limetres, in 3D

ifies the initial
te specifies the

but
present,

sent

0.

ViewH
initi
nt

ointInfod
alViewpoi

xs:boolean

If equal to true this attribute specifies that this viewpoin|
viewpoint that should be‘used out of all the viewpoints in the c

If equal to false this attribute specifies that this viewpoint if
viewpoint in the ¢Grrent Period.

In a Period at most one viewpoint
ViewPoimtInfo@initialViewpoint equal to true. When
a Period has ViewPointInfo@initialViewpoint equ3
ViewPointInfo@initialViewpoint is not present tH
viewpoint is specified by the associated initial viewp
representation.

It should be avoided that a viewpoint is indicated as the initia
not the main role.

t is the initial
rrent Period.

not the initial

shall have
ho viewpoint in
| to true or if
len the initial
oint metadata

| viewpoint but

Viewk
GpsPdq

ointInfo.
sition

0.1

omaf2:View
reintGpsPo
sitionType

The attributes of this element specify the GPS position infor
viewpoint.

mation for the

ViewE
GpsPd
ngity

ointInfo.
sition@l1¢
de

omaf2:Long
itudeRange

Indicates the longitude of the geolocation of the viewpoint
degrees. The value shall be in range of -180 * 223 to 180 * 23
Positive values represent eastern longitude and negative v{
western longitude.

If position of the viewpoint is dynamic, this attribute sped

n units of 2-23
3 -1, inclusive.
lues represent

ifies the initial

viewpoimt GPS—position fongitude of the geotocatiom for

his viewpoint.

Otherwise, this attribute specifies the static viewpoint GPS position longitude

of the geolocation.

ViewPointInfo.

GpsPosition@la
titude

omaf2:Lati
tudeRange

Indicates the latitude of the geolocation of the viewpoint in units of 2-23
degrees. The value shall be in range of -90 * 223 to 90 * 223 - 1, inclusive.
Positive value represents northern latitude and negative value represents
southern latitude.

If position of the viewpoint is dynamic, this attribute specifies the initial
viewpoint GPS position latitude of the geolocation for this viewpoint.
Otherwise, this attribute specifies the static viewpoint GPS position latitude of
the geolocation.c
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Elements and
attributes for

VWPT descriptor

Use

Data type

Description

ViewPointIn
GpsPosition
titude

fo.
@al

Xs:int

Indicates the altitude of the geolocation of the viewpoint in units of
millimetres above the WGS 84 reference ellipsoid.

NOTE1 The WGS 84 reference ellipsoid is specified in the EPSG:4326
database.]

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.

ViewPointIn|
Geomagnetic
o

Inf

0.1

omaf2:View
pointGeoma
gneticInfo
Type

The attributes of this element specify the relation between this_viewpoint’s
common reference coordinate system relative to geomagnetic North dir¢ction.

ViewPointInfo.GeomagneticInfo shall be present)for at mopt one
viewpoint in each viewpoint group.

ViewPointIn
Geomagnetic
olyaw

Inf

omaf:Range
1

Specifies the yaw of the rotation angle of X, Y, Z axes’of the common reference
coordinate system relative to the geomagnetic North direction, in units pf 2-16
degrees. The value shall be in the range of <180 216 to 180 *216 - 1, indlusive.
When ViewPointInfo.GeomagneticInfo is present and
ViewPointInfo.GeomagneticInfolyaw is not present it is infefred to
be equal to 0.

If position of the viewpoint is.dynamic, this attribute specifies the initial yaw
of the rotation angle of the"geolocation relative to geomagnetic North difection
for this viewpoint. Otherwise, this attribute specifies the static viewpoipt yaw
rotation angle relative te'geomagnetic North direction.

ViewPointIn
Geomagnetic
o@pitch

Inf

omaf :Range
2

Specifies the pitch.6f the rotation angle of X, Y, Z axes of the common reference
coordinate system relative to the geomagnetic North direction, in units pf 2-16
degrees.The value shall be in the range of -90 * 216 to 90 * 216, indlusive.
When ViewPointInfo.GeomagneticInfo is present and
ViewPointInfo.GeomagneticInfolpitch is not present it is irjferred
to be équal to 0.

If position of the viewpoint is dynamic, this attribute specifies the initigl pitch
of the rotation angle of the geolocation relative to geomagnetic North direction
for this viewpoint. Otherwise, this attribute specifies the static viewpoint pitch
rotation angle relative to geomagnetic North direction.

ViewPointIn|
Geomagnetic
o@roll

Inf

emaf :Range
i)

Specifies the roll of the rotation angle of X, Y, Z axes of the common reference
coordinate system relative to the geomagnetic North direction, in units pf 2-16
degrees.The value shall be in the range of -180 * 216 to 180 * 216 — 1, indlusive.
When ViewPointInfo.GeomagneticInfo is present and
ViewPointInfo.GeomagneticInfolroll isnot presentitisinfefred to
be equal to 0.

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.

ViewpointIn
GroupInfo

fo.

omaf2:View
pointGroup
InfoType

The attributes of this element specify the viewpoint group information for the
viewpoint. If viewpoint group information for a viewpoint is dynamic, this
element and its attributes specify the initial viewpoint group information for
this viewpoint. Otherwise, this element and its attributes specify the static
viewpoint group information for this viewpoint.
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Elements and Use | Data type Description
attributes for
VWPT descriptor
ViewPointInfo. M xs:unsigne | This attribute specifies the identifier of a viewpoint group that this viewpoint
GroupInfolgrou dByte belongs to.
pld
ViewpointInfo. 0 xs:string This attribute specifies a string that provides a description of the viewpoint
GroupInfolgrou group identified by ViewPointInfo.GroupInfol@groupId. Absence of
pDescription this attribute indicates that the viewpoint group does not have a description
but is identified by the ViewPointInfo.GroupInfolgroupId attribute.
ViewpgointInfo. 0.N | omaf2:View | The elements and attributes of this element specify the yiewpoint switching
SwitghingInfo pointSwitc | listinformation
hInfoType
ViewpgointInfo. 0.1 | omaf2:View | The elements and attributes of this element specify the viewpoint switching
SwitghingInfo. pointSwitc region information
SwitghRegion hRegionTyp
e
ViewpgointInfo. M omafZ:rest | This attribute specifies the region\type. Value equal to 0 spcifies that the
SwitghingInfo. DatType viewpoint switch region is pasitioned on the viewport. VaJue equal to 1
SwitghRegion@r specifies that the viewpoint*switch region is positioned on the sphere as a
egiofType sphere region. Value equal to 2 specifies that the viewpoint gwitch region is
specified by an overlay. Value equal to 3 is reserved.
ViewpointInfo. 0.1 | omaf2:View | This element anditsattributes specify information about viewgoint switch
SwitghingInfo. pointRelat | region positionedon the viewport. ViewpointInfo.SwitchingInfg.VpRelative
Switg¢hRegion.V iveType shall be present'only when
PRelgtive ViewpointInfo.SwitchingInfo.switchRegion@regifonType is
equal to(0.
ViewpointInfo. M xs:unsigne | This\attribute specifies the left corner of the viewpoint switch region, placed
SwitghingInfo. dIShort on-the viewport in percent relative to the width of the viewport in units of
SwitghRegion.V 100% + 216 in the range of 0 (indicating 0%), inclusive, up t¢ but excluding
pPRelgtivel@rect 65536 (that indicates 100%).
Leftfct
ViewpointInfo. M xs:ursigne | This attribute specifies the top corner of the viewpoint switch region, placed
Switc¢hingInfo. alShort on the viewport in percent relative to the height of the viewport in units of
Switg¢hRegion.V 100% =+ 216 in the range of 0 (indicating 0%), inclusive, up t¢ but excluding
pPRelgtivelrect 65536 (that indicates 100%).
TopPgt
ViewpointInfoy M xs:unsigne | This attribute specifies the width of the viewpoint switch regiop, placed on the
SwitghingInfo’ dIShort viewport in percent relative to the width of the viewpdrt in units of
Swit¢hRegion.V 100% + 216 in the range of 1 (indicating 0%), inclusive, up t¢ but excluding
PRelgtivelrect 65536 (that indicates 100%).
WidthPod
ViewpointInfo. M xs:unsigne | This attribute specifies the height of the viewpoint switch region, placed on
SwitchingInfo. dIShort the viewport in percent relative to the height of the viewport in units of
SwitchRegion.V 100% =+ 216 in the range of 1 (indicating 0%), inclusive, up to but excluding
pPRelativelrect 65536 (that indicates 100%).
HeightPct
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Elements and Use | Data type Description

attributes for

VWPT descriptor

ViewpointInfo. 0.1 | omaf2:Sphe | This element and its attributes specify the specific viewport specified by

SwitchingInfo. reRegionSt | sphere regions structure that shall be used after transitioning to the new

SwitchRegion.S ructType viewpoint.

phereRegion
ViewpointInfo.SwitchingInfo.SwitchRegion.SphereRegion
shall be present only when
ViewpointInfo.SwitchingInfo.switchRegion@regionType is
equal to 1.

ViewpointInfo. M omaf:Range | Centre point azimuth orientation

SwitchingInffo 1

SwitchRegion.S

phereRegionjéce

ntreAzimuth

ViewpointInfo. M omaf:Range | Centre point elevation orientation

SwitchingInifo 2

SwitchRegion.S

phereRegionice

ntreElevatifon

ViewpointInfo. 0 omaf:Range | Tilt angle of the switch region on the turit sphere.

SwitchingInffo 1

SwitchRegion.S When absent, the value is '0'.

phereRegionjéce

ntreTilt

ViewpointInfo. 0 omaf:HRang | The azimuth range ofithee switch region on the unit sphere.

SwitchingInffo e

SwitchRegion.S When absent, thewalue is the maximum value of the corresponding datajtype.

phereRegion|taz

imuthRange

ViewpointInffo. 0 omaf:VRang | The'elevation range of the switch region on the unit sphere.

SwitchingInffo. e

SwitchRegion.S When absent, the value is the maximum value of the corresponding datajtype.

phereRegionjdel

evationRange

ViewpointInfo. M xsrunsigne | The geometric objects that define the region boundary

SwitchingInffo dByte

SwitchRegion.S "0" specifies that the region is specified by four great circles as shgwn in

phereRegionf@sh Figure 19.

apeType
"1" specifies that the region is specified by two yaw circles and tw¢ pitch
circles as illustrated in Figure 20.
The—speeifies—of—ealenlating—the—eireles—are—speeified—in—subelause 7.5.6
ViewpointInfo.SwitchingInfo.SwitchRegion.SphereRegion(@s
hapeType is used as the shape type value when applying subclause 7.5.6 to
the semantics of the SphereRegionStruct (rangelncluded, 0) specifying
the viewpoint switch region where syntax element values of the
SphereRegionStruct (rangelncluded, 0) are populated by the respective
syntax element values of
ViewpointInfo.SwitchingInfo.SwitchRegion.SphereRegion
and rangelncluded is set equal to 0 if @azimuthRange and
@elevationRange are absent and set equal to 1 otherwise.
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Elements and Use | Data type Description

attributes for

VWPT descriptor

ViewpointInfo. 0 xs:unsigne | When present, this attribute specifies the overlay_id of the overlay that

SwitchingInfo. dsShort specifies the viewpoint switch region.

SwitchRegion@r ViewpointInfo.SwitchingInfol@refOverlayId shall be present only

efOverlayld when ViewpointInfo.SwitchingInfo.switchRegionfregionType
is equal to 2.

ViewpointInfo. M xs:string Identifier of the switch region specified by

SwitchingInfo. ViewpointInfo.SwitchingInfo.SwitchRegion

SwitghRegiondi

d

ViewgointInfo. CM | xs:string @id of an Adaptation Set to be played back next as a response|to selecting the

SwitghingInfo. switch region. The identified Adaptation Set shall be’ present in the Period

SwitghRegion@r identified by

egioy ViewpointInfo.SwitchingInfo.SwitchRegion@perilod
NOTE 2 There can be multiple Adaptation Sets belonging to the same
destination viewpoint. An OMAF player can conclude the viewpoint ID value of
the destination viewpoint from the{VWPT descriptor of the |Adaptation Set
pointed to by
ViewpointInfo.SwitchingInfo.SwitchRegion@regilon. This
viewpoint ID value may bé searched from all the VWPT descriptors to find all
the Adaptation Sets of thé destination viewpoint. If the Adaptation Set pointed
to by ViewpointInfo.SwitchingInfo.SwitchRegionlregion has
alternative Adaptation Sets representing the same destination viewpoint, an
OMAF player ceuld select any indicated alternative to be playefl back next as a
response tocselecting the switch region.

ViewgointInfo. M xs:string @id of.thé-Period to be played back next as a response to sele¢ting the switch

SwitghingInfo. region (may not be the next Period in the MPD)

SwitghRegion@p

eriod

ViewpgointInfo. 0 xs:string\| A label associated with the switch region |specified by

SwitghingInfo. ViewpointInfo.SwitchingInfo.SwitchRegion

SwitghRegion@1l

abel

When| ViewpointInfo.SwitchingInfo.switchRegion@regionType is equal to 1, the value of

intefpolate for the sphere region structure specified by

ViewpointInfo'. SwitchingInfo.SwitchRegion.SphereRegion isinferred to be equal to .

If the viewpeoint is associated with a timed metadata Representation carrying a timed metadata track with sample

entry typ€ 'dyvp', the position of the viewpoint is dynamic. Otherwise, the position of the viewpojnt is static. In

the former case, the dynamic position of the viewpoint is signalled in the associated timed metadata
Representation carrying a timed metadata track with sample entry type 'dyvp'.

The data types for various elements and attributes shall be as defined in the XML schema. An XML schema for this
shall be as shown below. The schema shall be represented in an XML schema that has namespace
urn:mpeqg:mpegl:omaf:2020 and is specified as follows:

<?xml version="1.0" encoding="UTF-8"?>

<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2020"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf2="urn:mpeg:mpegl:omaf:2020"
elementFormDefault="qualified">
<xs:import namespace="urn:mpeg:mpegl:omaf:2017"
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defa

defa

defa

type

maxO

schemaLocation="OMAFV1.xsd"/>
<xs:element name="ViewpointInfo" type="omaf2:ViewpointInfoType"/>
<xs:complexType name="ViewpointInfoType">
<xs:sequence>
<xs:element name="Position" type="omaf2:ViewpointPositionType"
ccurs="1" maxOccurs="1"/>
<xs:element name="GpsPosition"
="omaf2:ViewpointGpsPositionType" minOccurs="0" maxOccurs="1"/>
<xs:element name="GeomagneticInfo"
="omaf2:ViewpointGeomagneticInfoType" minOccurs="0" maxOccurs="1"/>
<xs:element name="GroupInfo" type="omaf2:ViewpointGroupInfoType"
ccurs="1" maxOccurs="1"/>
<xs:element name="SwitchingInfo"

F oM L2 TV LEWPO LI CSW L CCITI T O T Y P - M TOCC UL S= O MaxOCCUr s UNpounaea
<xs:any namespace="##other" processContents="lax" minOccurs="0"
Ccurs="unbounded" />
</xs:sequence>
<xs:attribute name="label" type="xs:string" use="optional"/>
<xs:attribute name="initialViewpoint" type="xs:boolean" @se="optio
<xs:anyAttribute processContents="skip"/>
/xs:complexType>
xs:complexType name="ViewpointPositionType">
<xs:attribute name="x" type="xs:int" use="optional" default="0"/>
<xs:attribute name="y" type="xs:int" use="optional'\“default="0"/>
<xs:attribute name="z" type="xs:int" use="optionad' default="0"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
/xs:complexType>
xs:complexType name="ViewpointGpsPositionType">
<xs:attribute name="longitude" type="omaf2;LongitudeRange"
'required" />
<xs:attribute name="latitude" type="omaf2:LatitudeRange"
'required" />
<xs:attribute name="altitude" type&f"Xs:int" use="required"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
/xs:complexType>
xs:complexType name="ViewpointGedmagneticInfoType">
<xs:attribute name="yaw" type="omaf:Rangel" use="optional"
hlt="0"/>
<xs:attribute name="pitch" type="omaf:Range2" use="optional"
hlt="0"/>
<xs:attribute name=!"@oll" type="omaf:Rangel" use="optional"
hblt="0"/>
<xs:anyAttribute mamespace="##other" processContents="lax"/>
/xs:complexType>
xs:complexType/hame="ViewpointGroupInfoType">
<xs:attribBute name="groupId" type="xs:unsignedByte" use="required" />
<xs:attrnibUte name="groupDescription" type="xs:string" use="optional"/
<xs:amyAttribute namespace="##other" processContents="lax"/>
/xs:complexType>
xs:simpdeType name="LatitudeRange">
Kxs:restriction base="xs:int">
<xs:minInclusive value="-754974720"/>
<xs:maxInclusive value="754974719"/>

hal"/>

</xs:restriction>
</xs:simpleType>
<xs:simpleType name="LongitudeRange">
<xs:restriction base="xs:int">
<xs:minInclusive value="-1509949440"/>
<xs:maxInclusive value="1509949439"/>
</xs:restriction>
</xs:simpleType>
<xs:complexType name="ViewpointSwitchInfoType">
<xs:sequence>
<xs:element name="SwitchRegion"
="omaf2:ViewpointSwitchRegionType" minOccurs="0" maxOccurs="1"/>
<xs:any namespace="##other" processContents="lax" minOccurs="0"
ccurs="unbounded" />
</xs:sequence>
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<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">
<xs:sequence>
<xs:element name="VpRelative" type="omaf2:ViewpointRelativeType"
minOccurs="0" maxOccurs="1"/>
<xs:element name="SphereRegion" type="omaf2:SphereRegionStructType"
mimoTCur s= O TmaxoTCuUrs="T
<xs:any namespace="##other" processContents="lax" minOccuxrs=|[0"
maxOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="regionType" type="omaf2:restDatType"
use="required"/>
<xs:attribute name="refOverlayId" type="xs:unsignedShent"
use="optional"/>
<xs:attribute name="id" type="xs:string" use="required"/>
<xs:attribute name="region" type="xs:string" udes"optional"/>
<xs:attribute name="period" type="xs:string". wSe="required"/>
<xs:attribute name="label" type="xs:stringl~use="optional"/>
<xs:anyAttribute processContents="skip"/>
</xs:complexType>
<xs:complexType name="ViewpointRelativeType">
<xs:attribute name="rectLeftPct" type="xs:unsignedShort"
use="required"/>
<xs:attribute name="rectTopPct" <typPe="xs:unsignedShort"
use="required"/>
<xs:attribute name="rectWidthRet" type="xs:unsignedShort"
use="required"/>
<xs:attribute name="rectHeightPct" type="xs:unsignedShort"
use="required"/>
<xs:anyAttribute namegpace="##other" processContents="lax"/>
</xs:complexType>
<xs:complexType name=!"SphereRegionStructType">
<xs:attribute name&="centreAzimuth" type="omaf:Rangel" use="requifed"/>
<xs:attribute (iame="centreElevation" type="omaf:Range2"
use="required"/>
<xs:attribute name="centreTilt" type="omaf:Rangel" use="required'|/>
<xs:attribute name="azimuthRange" type="omaf:HRange" use="optiongl"/>
<xs:attribute name="elevationRange" type="omaf:VRange" use="optig¢nal"/>
<xsfattribute name="shapeType" type="xs:unsignedByte" use="requifed"/>
<xs:ianyAttribute processContents="skip"/>
</xsgcomplexType>
</xs:schema>

8.5.4 Signalling of sub-picture composition identifier and its attributes

Sub-picture representations carrying sub-picture tracks belonging to the same 2D spatial relationship track group
may be indicated by a sub-picture composition identifier element SubPicCompositionId signalled as a child
element of AdaptationSet element as specified in Table 27.

The SubPicCompositionId element may be present at adaptation set level and shall not be present at any
other level.

An optional attribute omaf2:@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

SubPicComposit | (0.N | xs: Specifies the identifier of an Adaptation Set that includes sub-picture

ionId unsignedSh | representations carrying sub-picture tracks belonging to the same 2D spatial
ort 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 omaf2:SubPicCompositionId@noSingleSelection is "true",
SubPicComposit it specifies that this Adaptation Set consists of a sub-picture and forms a part
ionId€noSingle £a-sub-picture-composition-identified-by-the-SubPiecompositionid
Selection

value of the parent element of this attribute and which is not intended’tg be
selected alone for a presentation without at least one other Adaptation Jet
belonging to the same sub-picture composition identified by the
SubPicCompositionId element that this attribute belongs|to.

When omaf2: SubPicCompositionId@noSingleSelhéction is "false",
it specifies that this Adaptation Set may or may not be-intended to be selected
alone for a presentation without at least one other Adaptation Set belonging to
the same sub-picture composition identified by(the SubPicCompositionId
element that this attribute belongs to.

When omaf2:SubPicCompositipnId@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 below. The schema shall be represented in an XML schema that has namgspace
urn:mpeg:npegl:omaf:2020 and is specified as follows:

<?xml]l version="1.0" encoding="UTF-8"?>
<xs:pchema xmlns:xs="http://www.w3.0xg¥2001/XMLSchema"
targetNamespace="urn:mpeg:mpegl:omaf:2020"
xmlns:omaf2="urn:mpeg:mpegl:omaf:2020"
elementFormDefault="qualdfied">
<xf:element name="SubPicCompesitionId">
<xs:complexType>
<xs:simpleContent>
<xs:extension base="xs:unsignedShort">
<x§tattribute name="noSingleSelection" type="xs:boolean"/>
</xs:extension>
</xs:simpleContent>
</xs:cemplexType>
</ks:element>
</xstschema®

8.5.5 Sig11alling of overlays

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.

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.
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An Image Adaptation Set having an overlay (OVLY) descriptor carries one or more overlay images.

The @value attribute of the OVLY descriptor shall not be present. The OVLY descriptor shall include attributes as
specified in Table 28.

Table 28 — Semantics of the attributes of the OVLY descriptor

Elements and Use | Data type Description
Attributes for OVLY
descriptor
@dverlayIds omaf:1is | Specifies a whitespace-separated list of overlay IDsof) pverlays as
M tofUnsig | jpdicated by overlay id as specified in subclansé 7.14.2. Each
nedShort n

specified overlay ID shall be unique.

@griority 0 omaf:1is | Indicates a whitespace-separated list of-everlay priorities|of overlays
tofUnsig | 55 indicated by overlay priorify~as specified i subclause
nedsByte 7.14.3.11. The number of overlay-pridrities shall be the §ame as the

number of overlay IDs specifie¢d by the @overlayIds aftribute, for
the list of overlays in the.same order as the list of ¢verlay IDs
specified by the QoverlayIds attribute. A value of @priority
equal to 255 indicate’s unspecified priority.

The dpta type for the element shall be as defined in the XML schema. An XML schema for this elemént shall be as

shownp below. The schema shall be represented in an XML schema that hag namespace

urn:

npeg:mpegl:omaf:2020 and is specified asfollows:

<?xml version="1.0" encoding="UTF-=-8"7?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
targetNamespace="urn:mpegumpegl:omaf:2020"
xmlns:omaf="urn:mpeg:mpegl:omaf:2017"
xmlns:omaf2="urn:mpegrmpegl:omaf:2020"
elementFormDefault="qualified">
<xs:import namespace="urn:mpeg:mpegl:omaf:2017"
schemaLocation="OMAFV1.xsd"/>
<xs:simpleType name="1istOfUnsignedShort">
<xs:yestriction>
<xs:simpleType>
<xs:list itemType="xs:unsignedShort"/>
</xs:simpleType>
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="1istOfUnsignedByte">

<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>

© ISO/IEC 2023 - All rights reserved 189


https://iecnorm.com/api/?name=1462ebadfb45de0ddd6bc455d8c08a8b

ISO/IEC 23090-2:2023(E)

8.5.6

Entity to group descriptor

An EssentialProperty or SupplementalProperty element with a @schemeIdUri attribute equal to
"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.

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

EntityToGroupBox.
EntityGrouplgroup type equalto 'oval' specifies a set of Representations of overlays. Each oyerlay|in the
set is intendedl 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
Elements and Use Data type Description
Attributeq for
EntityToGroup
descriptoy
EntityGroup 1.. omaf2:Entity | Container element which specifies an entity group. Its sub-
N GroupType element and attributes provide information about the entity
group
EntityGgoup€gro | 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
EntityGroup@group type shall be equal ito
grouping type of a single entity group contained in the
Initialization Segment.
EntityGgoup@gro [ M xs:unsigniedI | 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.
EntityGgoup,Ent | 1 .. omaf2:Entity | The attributes of this element list all the Adaptation Sets and
ityIdList N IdType Representations which belong to this entity group
EntityGroup.Ent | M xs:unsignedlI | Specifies the Adaptation Set ID that belong to the entity group
ityIdList@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 UNSTgNedsnoT | are user-switchable alternative for another overlay in the same
t list. When EntityGroup@group_type is not equal fo
'oval',EntityGroup@ref overlay idshall notbe
present.
When present, the list EntityGroup@nef overlay idshall
include at least one entry.
The first entry in the list is the initial overlay that shall be
rendered before any userintetraction or switchable alternative

selection.

The whitespace-separated list of overlay IDs shall be i
that specified-by-the list of ref overlay id[i] va
'oval' efitity group with the group_id value equd
EntityGroup@group id in the Initialization Segm

lentical to
ues in the
I to
ent.

The d
shall

urn:

<xs

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 ha

<xs:

peg:mpegl:omaf:2020 and is spécified as follows:

<?xml version="1.0" encodihg="UTF-8"?>
<Xs:

schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"

targetNamespace="brn:mpeg:mpegl:omaf:2020"

xmlns:dash="urnwmpeg:dash:schema:mpd:2011"

xmlns:omaf2='urn:mpeg:mpegl:omaf:2020"

elementForemDefault="qualified">

import mamespace="urn:mpeg:dash:schema:mpd:2011"
sg¢hemalocation="DASH-MPD.xsd" />

:impokEl namespace=" urn:mpeg:mpegl:omaf:2017"

schemaLocation="OMAFV1.xsd"/>
<xg:simpleType name="1istOfUnsignedShort">
<xs:restriction>
<xs:simpleType>
<xs:list 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" />

use="required"/>

</xs:sequence>
<xs:attribute name=" group type" type="dash:FourCCType"
use="required"/>
<xs:attribute name=" group id" type="xs:unsignedInt"
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<xs:attribute name="ref overlay id"
type="omaf2:1ist0OfUnsignedShort"
use="optional"/>
<xs:anyAttribute processContents="skip"/>
</xs:complexType>
<xs:complexType name="EntityIdType">
<xs:attribute name="asid" type="xs:unsignedInt" use="required"/>
<xs:attribute name="rsid" type="dash:StringNoWhitespaceType "
use="required"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
</xs:schema>

8.5.7 Corntent component attribute for Representation

A Representation element may be extended by the omaf2:@contentComponent attribute as,specified in
this subclausg. Table 30 specifies the semantics of the omaf2:@contentComponent attribute.

Table 30 — Semantics of the @contentComponent attribute in the Representation element

Attribute Use | Datatype Description
omaf2: 0 omaf2: When present, specifies the set of all media content components that
@contentComponent listOf are contained in this Representation as a whitespace-separated ligt of

UnsignedInt | their track ID values

The attribute fhall be as defined in the following XML schema;

<?xm] version="1.0" encoding="UTF-8"723
<xs:pchema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
FargetNamespace="urn:mpeg:mpegltomaf:2020"
kxmlns:omaf2="urn:mpeg:mpeglyomaf:2020"
httributeFormDefault="qualified">
xs:simpleType name="1listOfUnsignedInt">
<xs:restriction>

<xs:simpleType>

<xs:list WtemType="xs:unsignedInt"/>

</xs:simplgType>

<xs:minLehgth value="1"/>
</xs:restnmiction>
/xs:simpleType>
xs:attpiBute name="contentComponent" type="omaf2:1istOfUnsignedInt"/>
</xstschema>

8.6 Segmemntfornrats

8.6.1 Initialization Segment for OMAF base track

8.6.1.1 General

The Initialization Segment for an OMAF base track shall conform to the Initialization Segment format for the ISO
base media file format, as specified in ISO/IEC 23009-1. The Initialization Segment for an OMAF base track shall

contain:

— Assingle stream header, containing a FileTypeBox and a MovieBox according to subclause 8.6.1.2.
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— Asingle TrackBox for the OMAF base track according to subclause 8.6.1.3.

— A single TrackBox for each OMAF tile track referenced by the OMAF base track according to subclause
8.6.1.4.

8.6.1.2 Stream header

An Initialization Segment shall contain exactly one stream header, with ISOBMFF boxes and nesting, optionality

and ordinality as specified in Table 31.

Fable 3+—Streamheader
NLO|f NL1 | NL2 | NL3 [ NL4 | NL5 | NL6 | NL7 | NL8 F(;{I;rgat Specification Constraints Description
ftyp 1 ISO/IEC 14496-
12:2022, subclause
4.3
Either 1 ISO/IEC 14496-
moov 12:2022,
OI:HOV subclauses 8,211
’ and 8.19.6
mvhd 1 ISO/IEG14496- ISO/IEC 23000-
12:2022, subclause |19:—, subclause
8.2:2 7.5.1
mvex 1 ISO/IEC 14496-
12:2022, subclause
8.8.1
mehd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause |19:—, subclause
8.8.2 7.5.1
trex 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause |19:—, subclause
8.8.3 7.5.14
8.6.1{3 Track box format for OMAF base track
An Injtialization Segment shall ¢ontain exactly one TrackBox for the OMAF base track, with ISOBMFF boxes and
nestirlg, optionality and ordinality as specified in Table 32.
Table 32 — Track box for OMAF base track
NLO || NL1 | NLZ{NL3 | NL4 | NL5 | NL6 | NL7 | NL8 F%tgat Specification Constraints Description
trak 1 ISO/IEC 14496-
12:2022, subclause
8.3.1
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NLO |NL1|NL2 [ NL3 | NL4 |NL5|NL6 | NL7 | NL8 F(l’ggat Specification Constraints Description
tkhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause|19:—, subclause
8.3.2 7.5.4 except that
there are no
constraints beyond
those in ISO/IEC
14496-12 on the
width and
height fields and
with the additional
CUIISUT dillL L}ldL L‘llb‘
field matrix shall
always be set to
the default values
as defined in
ISO/IEC 14496-12.
tfef 1 ISO/IEC 14496- Track
12:2022, subclause referenges to
8.3.3 OMAF tile
tracks.
mPia 1 ISO/IEC 14496-
12:2022, subclause
8.4.1
mdhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause|19:—, subclause
8.4.2 7.5.5
hldr 1 ISO/IEC 14496-
12:2022, subclause
8.4.3
minf 1 ISO/IEC 14496-
12:2022, subclause
8.4.4
vmhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause|19:—, subclause
12.1.2 7.5.6
dinf 1 ISO/IEC 14496-
12:2022, subclause
8.7.1
dref 1 ISO/IEC 14496-
12:2022, subclause
8.7.2
snim 1 ISO/IEC 14496-
12:2022, subclause
8.7.2
stbl 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause|19:—, subclause
8.5.1 7.5.12
stsd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause|19:—, subclause
8.5.2 7.5.10
stts 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause|19:—, subclause
8.6.1.2 7.5.12
stsc 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause|19:—, subclause
8.7.4 7.5.12
stco 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause|19:—, subclause
8.7.5 7.5.12
stsz 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause|19:—, subclause
8.7.3 7.5.12
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An Initialization Segment shall contain exactly one TrackBox for each OMAF tile track referenced by the OMAF
base track, with ISOBMFF boxes and nesting, optionality and ordinality as specified in Table 33.

Table 33 — Track box for OMAF tile track

NLO | NL1 | NL2 | NL3 |NL4 |NL5 |NL6 | NL7 | NL8 F‘l;régat Specification Constraints Description
trak + ISO/IEC 14496-
12:2022, subclause
Q21
tkhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause|19:—, subclause
8.3.2 7.5.4 exceptjthat
there arejno
constraints beyond
thasein 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-
12:2022, subclause
8.4.1
mdhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause [19:—, subclause
8.4.2 7.5.5
hldr 1 ISO/IEC 14496-
12:2022, subclause
8.4.3
minf 1 ISO/IEC 14496-
12:2022, subclause
8.4.4
vmhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause [19:—, subclause
12.1.2 7.5.6
dinf 1 ISO/IEC 14496-
12:2022, subclause
8.7.1
dref 1 ISO/IEC 14496-
12:2022, subclause
8.7.2
snim 1 ISO/IEC 14496-
12:2022, subclause
8.7.2
stbl 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause [19:—, subclause
8.5.1 7.5.12
stsd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause [19:—, subclause
8.5.2 7.5.10
stts 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause [19:—, subclause
8.6.1.2 7.5.12
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NLO |NL1|NL2 [ NL3 | NL4 |NL5|NL6 | NL7 | NL8 F(l);:gat Specification Constraints Description

stsc 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause |19:—, subclause
8.7.4 7.5.12

stss 0/1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause|19:—, subclause
8.6.2 7.5.12

stco 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause|19:—, subclause
8.7.5 7.5.12

stsz 1 ISO/IEC 14496- ISO/IEC 23000-
1272022 subchause 19—, subclhause
8.7.3 7.5.12

8.6.2 Til¢ Index Segment

This subclaus
track. Index S

In the MPD, 1
Index Segmer
OMAF tile trg
Segments and
position durin

The Tile Inde]
in Table 34.

g playback.

b specifies an Index Segment format for all the OMAF tile tracks associated withthe same OMAF base
bgments complying with this subclause are referred to as Tile Index Segments.

'ile Index Segments are indicated in the Representation carrying the”OMAF base track. Each Tile
t consists of a SegmentTypeBox and TrackFragmentBoxes for the OMAF base track and the
cks referenced by the OMAF base track. Tile Index Segments_fiinction as an index to Tilg
can be selectively retrieved by an OMAF player, depending on the current temporal and gpatial

Data

x Segment shall contain the ISOBMFF boxes with the{niesting, optionality and ordinality as specified
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Table 34 — Tile Index Segment

NLO | NL1 | NL2 | NL3 | NL4 |NL5 [ NL6 [ NL7 | NL8 F‘l){ergat Specification Constraints Description
styp 1 ISO/IEC 14496- Shall contain the
12:2022, subclause [brand 'sibm'.
8.16.2
sidx * ISO/IEC 14496-  |All 'sidx' boxes,
12:2022, subclause [when present,
8.16.3 shall precede all
'moof ' and
''mof ' boxes.
meof x SerbelaseF44
Either + ISO/IEC 14496-
moot 12:2022,
?fnof subclauses 8.8.4
) and 8.19.7
mfhd 1 ISO/IEC 14496-
12:2022, subclause
8.8.5
traf + ISO/IEC 14496- sample descript
12:2022, subclause |ion_index shall
8.8.6 reference a 'snim'
box
tfhd 1 ISO/IE€)14496- ISO/IEC 23000-
1242022, subclause [19:—, subclause
8:8Y7 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-
12:2022, subclause
8.8.12
trun 1 ISO/IEC 14496-
12:2022, subclause
8.8.8
NOTE| An OMAF player ¢an resolve the composition timing information from the OMAF base track and dogs not need the
compdsition timing from(the OMAF tile tracks.
8.6.3 Tile Pata Segment
This qubclause specifies a Media Segment format for an OMAF tile track. Media Segments complying with this
subclausé are referred to as Tile Data Segments. Tile Data Segments may be used as the segmlent 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

35.
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Table 35 — Tile Data Segment

NLo | N1 InL2 I N3 I na | NLs | nLe | NL7 | NLs F(;{rergat Specification Constraints Description
styp 1 ISO/IEC 14496- Shall contain the

12:2022, subclause [brand 'imds"'.

8.16.2
imda + ISO/IEC 14496-

12:2022, subclause

8.1.4

9 Omnidirectional media encapsulation and signalling in MMT

9.1 Architecture of MMT delivery in OMAF

Figure 28 depijicts the reference architecture for OMAF content delivery over MMT:

.

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 i
Generator '
\ J/ :
- 1

i Viewport

i Feedback

v ' Application

MMTP/UDP i Signalling
MMTP/WebSockets i
Prgsentation Information/ E
Signalling :
- :
! 1
) 3 b
P ( MMT Receiving P
D Entit TV

Fl L ntity :
] i :
HMD ’
Current Viewport/HMD Information

Figure 28— Reference Architecture for OMAFover 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
streaming (FoV) or alternatively called as view-dependent streaming is used to reduce the bandwidth needs
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during streaming. When MMT is used, view-dependent streaming may be achieved using one of the following two
approaches:

— Client-based approach: the MMT receiving entity may be instructed by the player to select a subset of the
Assets that carry video data covering the current viewport. MMT session control procedures as defined in
ISO/IEC 23008-1 shall be used to request the selected set of Assets from the MMT sending entity. The player
uses the VR application specific signalling message to convey the content coverage and the region-wise
packing information in accordance with the definitions in subclauses 7.5.3, 7.6 and 9.3, to select appropriate
Asset to switch to for view-dependent streaming.

— Server-based approach: the MMT receiving entity relies on the MMT sending entity to select the correct
T ' T . Tvi iy uses the VR
plication-specific signalling as described in subclause 9.3 to send information about the-current viewport
to the sending entity.

Anney F contains some MMT signalling examples.

9.2 | OMAF signalling in MPEG composition information

MMT kupports MPEG CI as the Presentation Information that describes the'media presentation. In MIPEG 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" refId="canvasl">
<sourcelist componentId="VRvideo">
<mediaSrc
mimeType="'video/mp4; codecs="encv Cbcs.resv.podv+erpv.hvcl"'>
medial.mp4</mediaSrc>
</sourcelList>
</MediaSync>

The cpdecs MIME type parameter shallbe set according to ISO/IEC 14496-12.

The uker agent should decode the QMAF 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 media-streaming and playback, the media data should be retrieved using a|protocol that

suppdrts view-dependént-streaming of VR content, such as using MMT with VR specific signalling (|see subclause
9.3). In such case, antMMT session entry point should be used as the mediaSrc element.

9.3 |VRapplication-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
OMAF 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" that is 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.

— VRViewDlependentAssetsInformation: upon determining the set ol OMAF Assets that match the requested
viewport} the sending entity sends this message to inform the client about the new OMAF Assets thatyill be
streamed to the receiving entity.

The VRViewpprtChangeFeedback and VRViewDependentAssetsInformation message are used toegether to support

server-driven|view-dependent streaming of OMAF Assets. The content selection message is used to support the

client-driven yiew-dependent streaming scenario, respectively.

To support guided rendering, where the renderer follows an indicated Region of Interest, or to follow the
recommended viewport timed metadata track of OMAF, the VRROIGuide application message type is defined,

The list of defined application message types is provided in Table 36.

Table 36 — 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

9.3.2 MMT signalling

9.3.2.1 VRInformation asset descriptor

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 37.

200 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=1462ebadfb45de0ddd6bc455d8c08a8b

Table 37 — 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 fizag 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 Semantics
descrigtor tag indicates the type of a descriptor.

descrigtor length specifies the length in bytes counting from the next.byte after this field to the last
byte ¢f the 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 () that describes,t ispresent.

srgr fllagequal to 1 indicates that sphere region quality information is present.
2dgr_fllag equal to 1 indicates that 2D region quality information is present.

viewingspace info flag equal to 1 indieates that viewing space information as specifi¢d by
ViewingSpaceStruct () is present in this VR_information descripfor ().
Viewingspace info flag equal to 0 indicates that viewing space information as specifipd by
ViewingSpaceStruct () is not presentin thisvR information descriptor ().

viewpoint flag equal to 0 iddicates that content in the corresponding asset contains viewpoint
inforation corresponding to'the viewpoint identifiable by viewpoint id. When viewpoint [flag
is eqyal to 1, the asset contains only one viewpoint.

ProjectionFormatStrirzct() provides information on the projection format that is |used.
ProjlectionFommatStruct() is identical to the definition in subclause 7.5.2.

InitiallViewfngOrientationSample() provides information about the current initial viewing
orienfation/InitialViewingOrientationSample() is identical to the definition in subclause 7.7.4.

ContentCoverageStruct() indicates the sphere region(s) covered by the track
ContentCoverageStruct() is identical 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.
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2DRegionQualityRankingStruct() indicates a relative quality order of quality ranking 2D regions.

2DRegionQualityRankingStruct () isidentical to the definition in subclause 7.8.3.

ViewingSpaceStruct() indicates viewing space information. ViewingSpaceStruct () is identical to

v

4

9.3.2
9.3.2.

The sj

the definition in subclause 7.14.1.

iewpoint id specifies the identifier of a viewpoint.

iewpointInformationStruct (0, 0) provides information about the viewpoint represented by this

asset as specified in subclause 7.12.2.2.

iewpoint label length specifies the length in bytes of the human readable text
viewpoint with identifier specified by viewpoint id.

iewpoint label byte[1i] specifies the i-th UTF-8 character of the viewpoint label 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[j] specifies the‘length of j-th transition effed
element in bytes. transitioneffect scheme uri“length[j] shall not be equd
transition_effect_type is equal to 6.

ransition effect uri byte[j][i] 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 byte[j][1i] for each i, shall be formatted as an

as specified in IETF Internet Standard 66.

ransitioneffect scheme value length[j] specifies the length of j-th transition

value element in bytes.

transition effect schemevalue.

2 VRViewDependentSupportQuery
2.1 Syntax

ntax of-the VRViewDependentSupportQuery is shown in Table 38.

ransition effect scheme value byte[j][i] specifies the i-th UTF-8 character

label for the

[ label for the

scription of a

t scheme URI
il to 0 when

Insition effect
concatenating
absolute URI

pffect scheme

of the j-th
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Table 38 — 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 ==
llﬂy«ﬁ.mpgﬁ.mmf.npp. ok N1 7")
{
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

messagg idindicates the identifier of the VRViewDependentSupportQuery message.

version indicates the version of VRViewDependentSupportQuery message.

length [indicates the length of VRViewDependentSupportQuery message in bytes, counting from the

beginning of the next field to the last, byte of the VRViewDependentSupportQuery message. The v3

this fi¢ld shall not be equal to 0.

applicdtion identifier indicates the application identifier as a urn that uniquely identifig
applicption to consume theteontents of this message.

app_megsage type defines an application-specific message type provided in Table 36.

hmd hor resolgbton and hmd ver resolution provides the horizontal and vertical resolution

display of the-HMD in units of square pixels.

hmd_hor 6% and hmd ver fov provide the horizontal and vertical field of view of the HMD, in u

lue of

s the

of the

hits of

2716 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 39.
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Table 39 — VRViewDependentSupportResponse syntax

Syntax Value No. of bits Mnemonic
Application() {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload{
application_identifier()
if (application identifier ==
Hﬂrn.mpgﬁ.mmf.gpp. 1+« D201 7")
{
app message_type 8 uimgbf
if (app _message type == 0x02) {
view_dependent support 1 bslbf
reserved 1111111 uimgbf
}
}
}
}

3.2 Semantics

message idindicates the identifier of the VRViewDependentSupportResponse message.

>rsion 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:

pbplication identifier Adndicates 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 36.

view dependent support equal to 0 indicates that view dependent streaming is not
the sepver.

4 » VRViewportChangeFeedback

iew dependent./support equalto 1 indicates that view-dependent streaming is supported

ength indicates the length of VRViewDepéndentSupportResponse message in bytes, counking from the

hge. The value

identifies the

by the server.
supported by

9.3.2.4.1 General

The MMT VR receiving entity feedbacks the virtual camera direction information periodically or in case of FOV
changing event to the MMT sending entity to inform about the current VR virtual camera direction.

9.3.2.4.2 Syntax

The syntax of the VRViewportChangeFeedback is shown in Table 40.
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Table 40 — VRViewportChangeFeedback

Syntax Value | No. of bits Mnemonic
Application() {
message_id 16 uimsbf
version 8 uimsbf
length 16 uimsbf

message payload{
application_identifier()

if (application identifier ==

llﬂy«ﬁ.mpgﬁ.mmf.npp. ok N1 7")
{

app message_type 8 uimsbf

if (app_message type == 0x03) {
dirx 16 uimsbf
diry 16 uimsbf
dirz 16 uimsbf
last _processed media_timestamp 64 uimsbf

9.3.2.4.3 Semantics
messageg id indicates the identifier of the VRViewportChangeFeedback message.
version indicates the version of VRViewportChangeFeedback message.
length indicates the length of VRViewportChangeFeedback message in bytes, counting from the beginning of
the next field to the last byte of the VRViewportChangeFeedback message. The value of this field shall not

be equal to 0.

applicgtion identifier indicates the application identifier as a urn that uniquely identifig¢s the
applitation to consume the:contents of this message.

app_megsage type defines an application-specific message type provided in Table 36.

dirx, dilry, and@irz define the %, y, and z component, respectively, of the three-dimensional viewing
direcfion unitector in a Cartesian coordinate system with (x, y, z) equal to (1, 0, 0) corresponding|to the
spheie location with (¢, 8) equal to (0, 0). The value of dirx, diry, or dirz shall be in the range ¢f 1 to
6553p,'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 8, 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. If more than one OMAF

Asset is being delivered, the minimum value shall be used.

9.3.2.5 VRViewDependentAssetinformation

9.3.2.6.1 General

This diignalling is used to indicate to the receiving entity that MMT packets belonging to the néw ass
by the packet_id will be sent to the receiving entity from the sending entity. Upon receiving this s
fragmlent received by the client belongs to the new Asset as indicated by the packet-id.)Based on th
rendefrer is able to correctly associate the received media with the coverage infofmation and to co

the orhnidirectional video using the video texture from the new asset.
9.3.2.5.2 Syntax

The syntax of the VRViewDependentAssetInformation is shown in Table’41.

Table 41 — VRViewDependentAssetInformation syntax

bt as specified
gnal, the next
b Asset ID, the
rrectly render

Syntax Value No. of bits | Mnemonic
Ppplication () {
message_id 16 imsbf
version 8 imsbf
length 16 imsbf
message payload{
application_identifier()
if (applicatiomidentifier ==
"urn:mpegktmmt :app:vr:2017")
{
app.message_type 8 yimsbf
ifi(app_message type == 0x04) {
reserverd 1111 8 bslbf
1111'
packet_id 16 yimsbf
ContentCoverageStruct ()
}
Ji
}
}
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9.3.2.5.3 Semantics

message

version

_idindicates the identifier of the VRViewDependentAssetInformation message.

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 VRViewDependentAssetIinformation 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_megsage type defines an application-specific message type provided in Table 36.
packet |id indicates the packet_id that is associated with the OMAF Asset. This field\is passed fo the
rendgrer to indicate the Asset ID of the asset that is currently being received and played in high resoflution.
Based on the Asset ID, the renderer is able to determine the coverage information of the video texture
that dorresponds to the current Asset.
ContentlCoverageStruct () indicates the sphere region(s) ,.covered by the content.
ContlentCoverageStruct() is identical to the definition in subclause-7.5.5.
9.3.2.6 VRROIGuide
9.3.2.6.1 General
MMT sending|entity sends VRROIGuide message to guide what\to display from the delivered entire video cgntent.
If the MMT fteceiving entity receives the media data _of\the entire video, only the region specified by the
VRROIGuide hessage shall be presented.
9.3.2.6.2 Syntax
The syntax ofVRROIGuide message is defined'in Table 42.
Table 42 — VRROIGuide syntax
Syntax Value Nl:)i.t:f Mnemonic
Applicafion() {
mesEage_id 16 uimsbf
verfsion 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 1 uimsbf
reserved 1111 7 bslbf
1111
region_type 8 uimsbf
guide region() {
if ((region_ type == 0x01) ||
(region type == 0x03)) {
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No. of

Syntax Value bits Mnemonic
guide shape type 8 uimsbf
SphereRegionStruct (1, 1)

}

else if ((region_ type == 0x02) ||

(region type == 0x04)) {
centre X 16 uimsbf
centre_y 16 uimsbf
width 16 uimsbf
height 16 uimsbf
}

}

guide start 32 uimsbf

guide duration 32 uimsbf

}
}
}

9.3.2.

m

g9

6.3 Semantics
essage id indicates the identifier of the VRROIGuide message.
crsion indicates the version of VRROIGuide message;

ength indicates the length of VRROIGuide message in bytes, counting from the beginning of th
the last byte of the VRROIGuide message..Thé'value of this field shall not be equal to 0.

pbplication identifier indicatessthe application identifier as a urn that uniquely
application to consume the contentsof this message.

bp message_type defines anfapplication-specific message type provided in Table 36.
1ide type indicates whether presenting only the guide region specified by guide region
If this flag is set to 15 only the guide region should be displayed. If this flag is set to 0, both th

and the rest of région may be displayed.

cgion type. \defines the type of guide region. The values for this field are specified in Table 4

Table 43 — Value of region_type

e next field to

identifies the

is mandatory.
e guide region

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
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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.

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 |

width specifies the width of the guide region in pixels.

height

guide o

specifies the height of the guide region in pixels.

y specifies the vertical centre positon of the guide region in pixels.

tart indicates the presentation time of media data where the region guide' starts. This fie
UTC time in NTP format and 32 bits long.

dis a

guide duration indicates the duration the region guide from the timeindicated by guide start. This
field 1s expressed in milliseconds.
9.3.2.7 Stereo video asset descriptor
9.3.2.7.1 Syntax
The syntax of[the Stereo Video Asset descriptor is shown in Table 44.
Table 44 — Stereo-video asset descriptor
Syntax Value | No.ofbits | Mnemonic
Stereo_viideo_descriptor(){
delscriptor tag 16 uimsbf
d%zcriptoz;length 8 uimsbf
StiereoVideoBox ()
}
9.3.2.7.2 Semantics
descrigtor( tag indicates the type of a descriptor.
descriptor Iength Specifies the tength i bytes cOunting (rom the Next byte atter this tieid to tie last

byte of the descriptor.

StereoVideoBox () provides a copy of the StereovideoBox as defined in ISO/IEC 14496-12.

9.3.2.8 VR3DAudioAssetInformation

9.3.2.8.1 General

The VR3DAudioAssetInformation message shall be conveyed for all Assets that carry OMAF formatted content

compliant to the OMAF 3D audio baseline profile.
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The syntax of VR3DAudioAssetInformation message is defined in Table 45.

Table 45 — VR3DAudioAssetInformation syntax

Syntax Value l\(l)(;. Mnemonic
bits
VR3DAudioAssetInformation () ¢
message _id 16 uimsbf
version 8 uimsbf
length 16 uimsbf
message payload {
application_identifier()
if (application identifier=="urn:mpeg:mmt:app:vr:2017")
{ app_message_type 8 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++) (I
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; (9<num preselections; j++) {
préselection_id 8 uimbsf
interactivity enabled 1 bslbf
language_present 1 bslbf
accessibility role present 1 bslbf
label present 1 bslbf
reserved 1111 4 bslbf
if (language present) {
num_languages_minusl 8 uimbsf
TOT (k=0 K<OUM_languages MinusiTi; KF+)
{ 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
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Syntax Value l\(l)(;l Mnemonic
bits
}
role 8 uimbsf
}
if (label present) {
label length 8 uimbsf
for (k=0; k< label length; k++) {
label_ data_byte 8 uimbsf
}
}
if (multi stream info present) ({
preselection_aux_ stream_info() Table 47
}
} /* end of for num preselections loop */
if (multi stream info present) ({
multi_stream info() Table 48
}
} /* 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 VR8DAudioAssetInformation message.
version indicates the version of VR3DAudioAssetInformation message.
length [indicates the length of VR3DAudioAssetInformation message in bytes, counting from the beginning

of thg
notb

applicd
appli

app_meg

b equal to 0.

Cation to eensume the contents of this message.

sage )type defines an application-specific message type provided in Table 36.

next field to the last.byte of the VR3DAudioAssetInformation message. The value of this field shall

tion identidfier indicates the application identifier as an urn that uniquely identifi¢s the

numbe r of assets speciiles the number of audlo assets described by this descriptor.

asset_id length specifies the length in bytes of the audio asset ID.

asset i

d_Dbyte contains a byte of the audio asset ID.

codec_code specifies the 4-character code for MPEG-H 3D Audio. The value of these four characters shall be
one of 'mhml "' or 'mhm2 ' with a semantic meaning for these codes as specified in ISO/IEC 23008-3.

profile level indication indicates the audio profile and level of the associated preselection and shall
contain an mpegh3daProfilelLevelIndication field as specified in ISO/IEC 23008-3:2022,
subclause 5.3.2.
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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 23008-3:2022, 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.

multi stream info present equal to 1 indicates that the elements in the multi stream info ()

p

=

structure are present.

reselection id identifies the ID of this Preselection. The first preselection in the l6op
lowest preselection_id and shall be the default Preselection. This field
mae GroupPresetID field as specified in ISO/IEC 23008-3:2022, subclause 153,

i

hteractivity enabled equal to 1 indicates that that the audio preselectien contains ¢
associated metadata, which enable user interactivity.

bnguage present equal to 1 indicates that language information fofzthis Preselection is pre

ccessibility role present equal to 1 indicates that @ecessibility and role inform
Preselection is present.

bbel present equal to 1 indicates that a text label forthis Preselection is present.

im languages minusl plus 1 specifies thesnumber of languages that are availabl
Preselection. When not present the value of nuni_languages_minus1 shall be inferred to be ¢

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 language for the Preselection. '
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. The language ind
field should correspend to the information conveyed in mae contentLanguage of the
element: the mgeGroup which is marked as default in mae switchGroupDefaultGr
tagged in mae\.dontentKind as dialog. This information is carried in the AudioScenelIn
of the MPEG=H Audio stream as specified in ISO/IEC 23008-3.

~cessibility identifies the accessibility support for each language in this Preselecti
specifies the bit used to indicate if the Preselection contains support for a particular audi
service. When one bit specified in Table 46 is set to '1' it indicates the Preselection

thall have the
hdicates the

lements with

tent.

ation for this

b within this
qual to 0.

tion. The first
'he remaining
ailable in the

bnguage byte contains,a \UTF-8 character of the k-th language of the Preselection. The language of the

icated by this
default dialog
bupID and is
iformation ()

on. Table 46
b accessibility
contains the

COITESpONdIng audio accessibitity Service.
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Table 46 — Accessibility bits

Bit Audio Accessibility Service
0 (MSB) For Visually Impaired (Video Description Service)
1 Dialog Enhancement enabled
2 Emergency information
3-7 Reserved zero bits
Reservedbitsshattbesettozero:

The setting of the bits in the accessibility field should correspond to the mae groupPresetK¥nd vqlue in

the magq GroupPresetDefinition() structure and the mae contentKind—wvdlues in the

mae CorntentData () structures in the AudioSceneInformation () ofthe MPEG-H-3D Audio strgam as
specified |in ISO/IEC 23008-3. The mapping from the MPEG-H Audio metadata fié¢lds should be ddne as
follows:

— Bit Oshould be set to '1', if the mae contentKind value of at least.one Audio Element is set|to 'O’
("audiio description/visually impaired").

— Bit 1[should be set to '1’, if at least the dialog Audio Elements Wwith a mae contentKind valuef of '2’
("dialogue") have mae _allowGainInteractivity setto*ltand mae interactivityMaxGafn set
to a npn-zero value in the correspondingmae GroupDefdaMion () structure.

— Bit 2|should be set to '1', if the mae contentKind\value of at least one Audio Element is set §o '12'

"emergency").

role indicates the role or service type of the-Preselection. The role values shall correspond to the role
scherhe @schemeIdUri equal to "urn:mpeg:dash:role:2011" defined in ISO/IEC 23009-1.|For a
descriiption of the role values, see ISO/IEC 23009-1:2022, subclause 5.8.5.5.

label llength specifies the length-inbytes of this Preselection text label.

label data byte contains.aUTF-8 character of the Preselection text label.

Table 47 — Syntax for preselection_aux_stream_info()
Syntax Value No. of bits Mnemonig

preseleg¢tion-atux stream info() {

num |preselection aux streams 8 uimbsf

for Hm=0r—m<num—p¥ FoctLoR—atN—gEreams —F

aux_stream id 8 uimbsf

}

}

num_preselection aux streams indicates the number of auxiliary streams that are required for this

spe

cific Preselection.

aux_stream idientifies the ID of the auxiliary stream that is required for this specific Preselection.
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Syntax Value No. of bits Mnemonic
multi stream info() {
this is main stream 1 bslbf
this stream id 7 uimbsf
reserved "1 1 bslbf
bundle_id 7 uimbsf
if (this is main stream) f{
reserved 1 1 bslbf
num_auxiliary streams 7 uimbsf
ottty —s e ——t
reserved "1 1 bslbf
auxiliary stream id 7 uimbsf
}
}
}

9.3.2
9.3.2.
This a

asset
enabl

his is main stream equal 1 indicates that this stream contains a main stream that mayj
on its own, or that may be combined with additional audio compenents from an auxiliar
main stream shall be delivered as an MMTP/MPU stream. Auxiliary streams are delivered a|
streams using different asset_IDs and they are signaled within-the VR3DAudioAssetInformat

streams that have the same bundle id.

indle id identifies a unique ID for one bundle-of audio streams. A bundle consists of exa
stream and one or more additional auxiliary streams that shall have the same bundle id
streams contain additional audio components that may be combined with the main stream.

im auxiliary streams indicates the number of auxiliary streams that are available to
with the main stream.

1xiliary stream id identiffes the ID of the auxiliary stream. The ID of all auxiliary str
unique within one bundle,

9 VR fisheye information asset descriptor
0.1 General
sset descriptor is used to inform the receiving entity and the VR application about the content

that/carries VR fisheye content. The information describes the essential fisheye video p
ng stitching and rendering at the receiving entity.

be presented

y stream. The
s MMTP/MPU
ion message.

his stream id indicates the ID of this audio stream. This\ID shall be unique within one bundle, i.e. for all

ctly one main
The auxiliary

be combined

eams shall be

of the current
hrameters for

9.3.2.

9.2 Syntax

The syntax of the VR fisheye information asset descriptor is shown in Table 49.
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Table 49 — VR fisheye information asset descriptor syntax

Syntax Value No. of bits | Mnemonic

VR fisheye information descriptor() ({

descriptor tag 16 uimsbf
descriptor length 16 uimsbf

FisheyeVideoEssentialInfoStruct ()

9.3.2.9.3 Semantics

descrigtor tagindicates the type of a descriptor.

descrigtor length specifies the length in bytes counting from the next byte after this‘field to the last
byte ¢f the descriptor.

FisheyegVideoEssentialInfoStruct () provides information about the fishéye’video content pf the
currept asset. FisheyeVideoEssentialInfoStruct () isidentical to thé definition in subclaude 6.2.

10 Media|profiles

10.1 Videq profiles

10.1.1 Ovdrview

Subclause 10J1 defines media profiles for video. Table\50 provides an overview of the supported featuref. The
detailed, specification for each video profile is subsequently provided in the referenced subclause.
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Table 50 — Overview of OMAF media profiles for video

Media Profile Codec | Profile Level | Scheme Types Brand | Subclause
HEVC-based viewport- HEVC | Main 10 5.1 podv and erpv hevi 10.1.2
independent OMAF video

profile

Unconstrained HEVC-based | HEVC | Main 10 any podv and erpv uhvi 10.1.5
viewport-independent

OMAF video profile

HEVC-based viewport- HEVC | Main 10 5.1 podv and at least one | hevd 10.1.3
dgpendent OMAF video of erpv and ercm

prpfile

AYC-based viewport- AVC Progressive| 5.1 podv and at least ogne” | avde 10.1.4
dgpendent OMAF video High of erpv and erem

prpfile

Advanced tiling OMAF video | HEVC | Main 10 any modv and\mheov adti 10.1.6
prpfile

HEVC-based simple tiling HEVC | Main 10 any | godv and atleastone | siti 10.1.7
OMAF video profile of erpvand ercm

VVC-based simple tiling VVC Main 10 any podv and at leastone | sitv 10.1.7
OMAF video profile of erpvand ercm

VVC-based viewport- VVC Main, 10 any podv and erpv vvci 10.1.8
inflependent OMAF video

prpfile

NOTE| For the HEVC and VVC Majn 10 profiles, the bit depth of decoded pictures can be either 8 bits or 10 bits.

10.1.2 HEVC-based viewport-independent OMAF video profile
10.1.2.1 General
This QMAF vidéo)profile can be described as follows:

— Both menoscopic and stereoscopic spherical video up to 360° are supported.

— The profile requires neither viewport-dependent delivery nor viewport-dependent decoding.

— Regular HEVC encoders, 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 and decoding.

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 specified in Rec. ITU-T H.265 |
ISO/IEC 23008-2.
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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:

general_progressive_source_flag shall be equal to 1.
general_frame_only_constraint_flag shall be equal to 1.

general_interlaced_source_flag shall be equal to 0.

When VUI is present, aspect_ratio_idc should not be present or aspect_ratio_idc should be equal to 0 (unspecified)

or 1 (square).

NOTE  When|
be equal to 0.

For each picty
the picture.

When present

frame_pal

All of the

fram

quin|

cont

When the vid
message pres

When preset]
equirectangul

10.1.2.3 SEI

This subclaug
video profile,
viewport-dep
based viewpd
messages spe

aspect_ratio_idc is not present, Rec. ITU-T H.265 | ISO/IEC 23008-2 specifies that aspect_ratio_idc\isyinfe

re, there shall be an equirectangular projection SEI message present in the bitstteam that app

cking_arrangement_cancel_flag shall be equal to 1.
following constraints apply:
e_packing_arrangement_type shall be equal to 3, 4, or,5.
cunx_sampling_flag shall be equal to 0.

ent_interpretation_type shall be equal to 1.

ent in the bitstream that applies to thepicture.

t, the region-wise packingc SEI messages shall indicate constraints that comply wit]
ar projected video scheme'type 'erpv' specified in subclause 7.6.1.3.

message related ISO*'Base Media File Format constraints

e is applicable.to" HEVC bitstreams conforming to the HEVC-based viewport-independent
the unconstrained HEVC-based viewport-independent OMAF video profile, or the HEVC-
endent OMAF video profile as specified subsequently and VVC bitstreams conforming to the
rt-independent OMAF video profile as specified subsequently. When omnidirectional vidg

, a frame packing arrangement SEI message shall be constrained in either of the following ways:

red to

lies to

eo does not cover the entire sphere,'for each picture, there shall be a region-wise packing SEI

h the

DMAF
based
VVC-
o SEI

cified-in Rec. ITU-T H.265 | ISO/IEC 23008-2 are present in an HEVC bitstream or omnidired

video SEI me|

tional

ksages specified in Rec. ITU-T H.266 | ISO/IEC 23090-3 are present in a VVC bitstream, the file

containing the HEVC or VVC bitstream shall be constrained as specified in this subclause.

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.

When the HEVC 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.
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NOTE 1 VSEI includes the generalized cubemap projection SEI message, which can specify the use of the cubmap
projection with guard bands. Respective metadata in the sample entry can be specified through a combination of
ProjectionFormatBox with projection type equal to 1 and RegionWisePackingBox. Since this
subclause is not referenced by any OMAF profile that allows the use of the cubemap projection, the mapping of the
generalized cubemap projection SEI message to the syntax element values of RegionWisePackingBox is not
specified in this subclause.

— When the bitstream contains an equirectangular projection SEI message with erp_guard_band_flag equal to 1
applying to the picture, RegionWisePackingBox shall be present in 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 ¢lement of the
VisualSampleEntry containing the RegionWisePackingBox, and let gbWidth|be equal to
erp_left_guard_band_width + erp_right_guard_band_width.

— If SpatiallyPackedStereoFlag is equal to 1, constituent picture matghing flag phall be equal
to 1. Otherwise, the value of constituent picture matching fXag’shall be equal tg 0.

—+ Thevalueof proj picture height shall be equal to packedipi¥cture height.
—+ If SideBySideFlag is equal to 1, proj picture width shall be| equal to
packed picture width -horFact* 2 * gbWidth. Otherwise, proj picture width ghall be equal
to packed picture width - horFact* gbWidth.
—+ num_regions shall be equal to 1.

—+ guard band flag[0] shall be equal to &

—+ packing type[0] shall be equal to0.

—+ rect region[0].proj re@) width shall be equalto proj picture width /HorDjv1.
—+ rect region[0].proj-reg height shall be equalto proj picture height / VerDivl.
—+ rect region[0J\proj reg top shallbeequalto 0.
—+ rect regien)0].proj reg left shall beequalto 0.

—+ rect~region([0].transform type shall be equalto 0.

—+ ,fect region[0].packed reg width shall be equaltoproj picture width /HdrDivl.

— rect region[0].packed reg height shallbeequaltoproj picture height /VerDivl.
— rect region[0].packed reg top shall be equal to 0.

— rect region[0].packed reg left shall be equalto erp_left guard_band_width * horFact.
— guard band[0].left gb width shall be equal to erp_left guard_band_width * horFact.

— guard band[0].right gb width shall be equal to erp_right_guard_band_width * horFact.

— guard band[0].top gb height shall be equal to 0.
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guard band[0] .bottom gb height shall be equal to 0.

NOTE 2 When a file writer has no information whether sample values of the guard bands are used in the inter prediction

process, g

uard band[0].gb _not used for pred flagissuggestedto be setequal to 0.

of 0 to 3, inclusive.

guard band[0].gb type[j] shall be equal to erp_guard_band_type for each value of j in the range

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.

When t
Regiony
picture. \
packing §

10.1.2.4 ISO|

When a trac
FileTypeB9g
compatibls

tracks conforins to this media profile.

compatibls
to this media

A track of th
FileTypeB9

At least one s{

NOTE 1

'res

Consequently, this media profile can also be used When the track is protected.

The scheme |
Compatibldg

The untransfa
NOTE 2 Conse

LHEVCConf ]

he bitstream contains a region-wise packing SEI message applying to (the p
[isePackingBox shall be present in the sample entry applying to the sample~containiry

El message(s).
Base Media File Format constraints
K is the only track in a file, compatible brands containingya'brand equal to 'hev

| brands containing a brand equal to 'hevi' in FileTypeBox indicates that at least one

profile.

is media profile shall be indicated to couform to this media profile through one or b
x and TrackTypeBox.

mple entry type of each sample entry-of the track shall be equal to 'resv'.

7' does not have to be the track-sample entry type when the track has undergone several transform

| type values of SchémeTypeBox in the RestrictedSchemeInfoBox and of all instan
SchemeTypeBox(injthe same RestrictedSchemeInfoBox shall include 'podv' and 'er
rmed samplewentry type, derived as specified in ISO/IEC 14496-12, shall be equal to "hvcl"'.

quently, parameter sets are not present inband within samples.

garationBox shall not be presentin VisualSampleEntry.

cture,
1g the

Vhen present, RegionWisePackingBox shall signal the same information as(n’the region-wise

i ' in

x indicates that the track conforms to this media profile. When a file contains multiple ffracks,

of the

| brands containing a brand equal to 'hevi' in TrackTypeBox indicates that the track conforms

th of

Ations.

ces of

A}

pv'.

HEVCConfigurationBox in VisualSampleEntry shall indicate conformance to the elementary stream
constraints specified in subclause 10.1.2.2.

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 trac

220

k_ID value of the track conforming to this media profile, and
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a file containing at least the track.

An HEVC bitstream is reconstructed from the track with the given track ID value as specified in
ISO/IEC 14496-15:2022, 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

applid
subcld

10.1.

OMAH
subcla

video

When|

metad

playin
orient

10.1.
10.1.

This

packipg, the resolution or quality of the omnidirectional video can be emphasized in certain regions,

to the|

possible to use extractors and get a conforming HEVC bitstream when tile-based streaming is used.

10.1.

The e
subcld

The H
video

K

"
J

able] that provide the Input for the semantics of sample locations within the decoded picture
use 7.5.1.

P.6 Expected OMAF player operation
players conforming to this media profile are expected to process either all\referenced SE

use 10.1.2.2 or all allowed boxes within the SchemeInformationBox fer_the equirectang
scheme type.

ata, as specified in subclause 7.7.4, is present and associated_with a media Representatio
g, as specified in subclause 8.2.3, OMAF players are expectéd to receive and parse the i
ation metadata Representation and obey it when rendering the media Representation.

HEVC-based viewport-dependent OMAF videoprofile
B.1 General
brofile allows unconstrained use of rectangular region-wise packing. With the presence d

user's viewing orientation. In addition, the untransformed sample entry type 'hvc2' is alloy

B.2 Elementary stream(constraints

ementary stream constraints apply to the HEVC bitstream that is reconstructed from a file :
use 10.1.3.4.

EVC bitstreanr shall comply with the same constraints as the HEVC-based viewport-indep
profile, with-the following exceptions:

messdge present in the bitstream that applies to the picture.

or each picture, there shall be either an equirectangular projection SEI message or a cubemap

hs specified in

[ messages in
ilar projected

receiving and playing a DASH presentation and a Representatjen, containing initial viewing orientation

h selected for
hitial viewing

f region-wise
e.g. according
ved, making it

s specified in

endent OMAF

projection SEI

— 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.
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compatible brands containing a brand equal to 'hevd' in TrackTypeBox indicates that the track conforms
to this media profile.

A track of this media profile shall be indicated to conform to this media profile through one or both of

FileTypeBo

x and TrackTypeBox.

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 |
Compatibls
one of 'erpv

The untransf
'hve2!'.

When the unftransformed sample entry type is 'hvc2', the track shall include one or more 'scal'

references. TH
HEVC-based v

For each sub-
identical to th|

NOTE 2 The fd
for each sub-pi
the value of the

a)
b)

[t is requir]
For predid
picture, th
top-left sat

1) With {

i)

ii)
{

If numSpatialMergeCand is equal to 0, merge_flag[ xPb ][ yPb ] is required to be equal to 0.

7L,yp€ leub’b Ur DL}IGI[[GLYPGDU ill LIIC RESLL JI_L LedDb‘IleHleLllLUDU dllcl Ur dll illbl_dll
SchemeTypeBox in the same RestrictedSchemeInfoBox shall include 'podv' anda

'"and 'ercm'.

rmed sample entry type, derived as specified in ISO/IEC 14496-12, shall be equal“to 'hvd

e referred tracks shall conform to the HEVC-based viewport-independent’'OMAF video profile
iewport-dependent OMAF video profile.

bicture bitstream carried in a referred track, the value of each sample in each decoded sub-pic
e value of the corresponding sample in the decoded reconstriicted picture.

llowing two constraints for each sub-picture bitstream capried/in a referred track are sufficient to ensuj
Cture bitstream carried in a referred track, the value of each-sample in each decoded sub-picture is iden
corresponding sample in the decoded reconstructed picture, but in some cases, they are more than neces

ed that there are no sample values outside the picture that are referenced for inter prediction.

tion units located on the right-side picture-boundary except the last one at the bottom-right corner
e following applies when CuPredMode[ xPb-[ yPb ] is equal to MODE_INTER, where ( xPb, yPb ) specif]
nple of the corresponding luma prediction'block relative to the top-left sample of the current picture:

he number of spatial merging candidates numSpatialMergeCand derived as follows:

numSpatialMergeCand =JavailableFlagAo + availableFlagA1 +
availableFlagBo + availableFlagB1 + availableFlagB2

where availableFlagAo, availableFlagA1, availableFlagBo, availableFlagB1, and availableFlagB:
output of the derivation process for spatial merging candidates specified in Rec. ITU-T H.265 (1]
ISO/IEG.23008-2:2020, subclause 8.5.3.2.3, the following applies:

therwise (numSpatialMergeCand is greater than 0), merge_idx[ xPb ][ yPb ] is required to be in the ran
o.hdmSpatialMergeCand - 1, inclusive.

es of
least

1' or

track
or the

ure is

e that,
rical to
sary:

of the
es the

re the
/19) |

ge of 0

2) Witht

he number of spatial motion vector predictor candidates numSpatialMvpCand derived as follows:

if (availableFlagLXA)
numSpatialMvpCand = availableFlagLXA +
( (mvLXA !'= mvLXB) ? availableFlagLXB : 0)
else
numSpatialMvpCand = availableFlagLXB

where availableFlagLXA, availableFlagLXB, mvLXA, and mvLXB are the output of the derivation process
for motion vector predictor candidates from neighbouring prediction unit partitions specified in Rec.

ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020, subclause 8.5.3.2.7, the following applies:

iii) 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.
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iv) Otherwise (numSpatialMvpCand is greater than 0), mvp_l0_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
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
will not be any motion vector candidates for temporal motion vector prediction derived from blocks outside the

"sub-picture".

NOTE 3_Besides the above constraint, the following constraints are also expected to be satisfied:

a) When multiple tiles are present in the bitstream resolved from an extractor track,~/fthe value of

-

b) The referred tracks are required to contain the same number of media samples.

c) The samples with the same sample number across the referred tracks are required to ltave the same prese

dferred track.

entropy_coding sync_enabled_flag in the active PPS is required be equal to 0 for each sub-picture bitstrepm carried in a

tation time.

d) The pictures carried in the samples with the same sample number across the referfed tracks are required shall have the

LHEVConfigurationBox shall not be presentin VisualSampleEntry.

HEVCLonfigurationBox in VisualSampleEntry shalldndicate conformance to the elems
constraints specified in subclause 10.1.3.2.

sgme value of picture order count, i.e. PicOrderCntVal.

ntary stream

The tlrack not intended for presentation,alone flag of the TrackHeaderBox may be used to

indic

The

bitstream based on which the constraints afé derived is reconstructed from the track as specifiec

10.1.

10.1.
The inputs to the file decoding'process are

— the track_ ID value.of the track conforming to this media profile, and

An H

dte that a track is not intended to be presented alone.
cpnstraints specified in subclause 10.1.2.3\apply to the track conforming to this media prof

3.4.

B.4 File decoding process

QO

file containing at least the track with that track ID value and all tracks that the track directl
depends on.

HVCbitstream is reconstructed as follows:

le, where the
| in subclause

y or indirectly

— If the untransformed sample entry type of the track with the given track IDisequal to '"hvcl', an HEVC
bitstream is generated from the track with the given track_ ID value as specified in ISO/IEC 14496-15:2022,

Clause 8.

Otherwise (the untransformed sample entry type of the track with the given track IDis equalto 'hvc2'),

an HEVC bitstream is generated from the track with the given track ID value as
ISO/IEC 14496-15:2022, Clause 9 and Annex A.

specified in

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,
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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.

10.1.3.5 Expected OMAF player operation

OMAF players conforming to this media profile are expected to process either all referenced SEI messages in
subclause 10.1.3.2 or all allowed boxes within the SchemeInformationBox for the '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 selectgd for
playing, as specified in subclause 8.2.3, OMAF players are expected to receive and parse the initial viewing
orientation mptadata Representation and obey it when rendering the media Representation.

A player confgrming to the HEVC-based viewport-dependent OMAF video profile is expected to:

— Parse both SphereRegionQualityRankingBox and 2DRegionQualityRankifnigBox, when pilesent,
of tracks[present in a file and select the track that matches user's viewing orientation. The player ShOL:I:d use
2DRegi¢nQualityRankingBox together with RegionWisePackingBoxX, When present, to conclude
which sphere regions the indicated quality ranking 2D regions correspond te.

— Parse spherical region-wise quality ranking (SRQR) descriptors, when¢present, and select the Adaptation Sets
and Reprgsentations that match the user's viewing orientation:

— Whejn Preselections are applied in the MPD, the player is€xpected to select a Main Adaptation Set[based
on the SRQR descriptors.

— When @dependencyId is applied in the MPD; the player is expected to select the depegndent
Reprresentation based on the SRQR descriptors,

10.1.4 AV(-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 presepce of
region-wise packing, the resolutien,*of the omnidirectional video can be emphasized in certain regions, e.g.
according to fthe user's viewing.orientation. In addition, the untransformed sample entry types 'avc2| and
'avc4' are gllowed, making it-possible to use extractors and get a conforming AVC bitstream when slice{based
streaming is ysed.

10.1.4.2 Elementary stream constraints

The elementary stream constraints apply to the AVC bitstream that is reconstructed from a file as specified in
subclause 10.1.4.4.

The bitstream shall comply with AVC Progressive High profile, Level 5.1 specified in Rec. ITU-T H.264 |
ISO/IEC 14496-10.

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.
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compatible brands containing a brand equal to 'avde' in TrackTypeBox indicates that the track conforms
to this media profile.

A track of this media profile shall be indicated to conform to this media profile through one or both of
FileTypeBox and TrackTypeBox.

At least one sample entry type of each sample entry of the track shall be equal to ' resv'.

NOTE 'resv' does not have to be the track sample entry type, when the track has undergone several transformations.
Consequently, this media profile can also be used when the track is protected.

The .Vn,hemeipype vatuesof SThemeTypeBo T the RestrictedsSchemeInfoBoxamdof 4l instances of
ComphtibleSchemeTypeBox in the same RestrictedSchemeInfoBox shall include 'podv| and at least
oneof 'erpv'and 'ercm'.

The yntransformed sample entry type, derived as specified in ISO/IEC 14496-12, shall’be equ3l to 'avcl’,
'avcpP', 'avc3',or 'avcd'.

When| the untransformed sample entry type is 'avc2' or 'avc4', the track-shall include one or more 'scal'
track feferences.

AvVCCpnfigurationBox in VisualSampleEntry shall indicate . cenformance to the elemgntary stream
constraints specified in subclause 10.1.4.2.

10.1.4.4 File decoding process

The inputs to the file decoding process are

(s

e track ID value of the track conformingto.this media profile, and

QO

file containing at least the track with that track ID value and all tracks that the track directly or indirectly
epends on.

o

An AV[C bitstream is reconstructed as‘follows:

—

the untransformed sample-entry type of the track with the given track IDisequalto 'avcl' or 'avc3',
n AVC bitstream is generated from the track with the given track ID value as specified in ISO/IEC 14496-
5:2022, Clause 5.

)

|
(@)

therwise (thewntransformed sample entry type of the track with the given track IDiseqyalto 'avc2'
r 'avc4/),‘an AVC bitstream is generated from the track with the given track ID value 3s specified in
b0 /1IEG-14496-15:2022, Clause 5 and Annex A.

- O

T~

The AVE bitstream shall conform to the elementary stream constraints specified in subclause 10.1.4.

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 this process are the same as the outputs of Rec. ITU-T H.264 (06/19) | ISO/IEC 14496-10:2014, Clause
8. 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.

10.1.4.5 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.
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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 the AVC-based viewport-dependent OMAF video profile is expected to:

— Parse both SphereRegionQualityRankingBox and 2DRegionQualityRankingBox, when present,
of tracks present in a file and select the track that matches user's viewing orientation. The player should use
2DRegionQualityRankingBox together with RegionWisePackingBox, when present, to conclude
which sphere regions the indicated quality ranking 2D regions correspond to.

— Parse spherical region-wise quality ranking (SRQR) descriptors, when present, and select the Adaptation Sets
and Representations that match the user's viewing orientation:

— Whehn Preselections are applied in the MPD, the player is expected to select a Main Adaptdtion Set|based
on the SRQR descriptors.

— When @dependencyId is applied in the MPD, the player is expected. to/select the depegndent
Reptiesentation based on the SRQR descriptors.

10.1.5 Ungonstrained HEVC-based viewport-independent OMAF video‘profile
10.1.5.1 General

This profile pfrovides the same set of features as the HEVC-based wiewport-independent OMAF video profile. The
only difference is that there is no constraint on the HEVC bitstream level. Therefore, service providers can usge this
profile with g variety of resolutions and not only with resolutions conforming to HEVC level 5.1. This profile
enables, for ifstance, content being prepared and decoded-at a resolution conforming to HEVC level 6.1, stich as
8192x4096.

The content guthor signals the level of the bitstream by setting the appropriate value in the general_levelidc of
the HEVC bitgtream. This value of general_levellidc is additionally available in the ISOBMFF encapsulation [of the
bitstream in the HEVCDecoderConfiguratdionRecord structure of HEVCConfigurationBox contaihed in
the HEVC saniple entry definition specified\in ISO/IEC 14496-15. Lastly, the @codecs attribute in the DASH MPD
exposes in a s|ngle string the level indication among other information.

10.1.5.2 Elementary stream.constraints

The elementafy stream censtraints apply to the HEVC bitstream that is reconstructed from a file as specified in
subclause 10.1.5.4.

The bitstreanj shall gomply with HEVC Main 10 profile, Main tier specified in Rec. ITU-T H.265 | ISO/IEC 23008-2
and may com}Ply with any level specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.

The elementary stream shall further comply with the constraint defined in subclause 10.1.2.2 except for the
bitstream constraint on profile, tier and level which are defined in this section.

10.1.5.3 ISO Base Media File Format constraints

When a track is the only track in a file, compatible brands containing a brand equal to '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.
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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'.

NOTE1 'resv' does not have to be the track sample entry type when the track has undergone several transformations.
Consequently, this media profile can also be used when the track is protected.

The scheme type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of
CompatibleSchemeTypeBox in the same RestrictedSchemeInfoBox shallinclude 'podv' and 'erpv'.

The utransformed Sampie entry type, dertved as specitted M ISO/EC 122496-12; shatt beequat to " vel'.
NOTER Consequently, parameter sets are not present inband within samples.
LHEVEConfigurationBox shall not be presentin VisualSampleEntry.

HEVC[LonfigurationBox in VisualSampleEntry shall indicate conformanee’to the elemgntary stream
constraints specified in subclause 10.1.5.2.

The cpnstraints specified in subclause 10.1.2.3 apply to the track conformiing to this media prof}jle, where the

bitstream based on which the constraints are derived is reconstructed from the track as specified in subclause
10.1.5.4.

10.1.5.4 File decoding process

The injputs to the file decoding process are

ot

e track ID value of the track conforming to(this media profile, and

Qo

file containing at least the track.

An HRVC bitstream is reconstructed from the track with the given track ID value as specified in ISO/IEC 14496-
15:20R2, Clause 8.

The jEVC bitstream shall conform'to the elementary stream constraints specified in subclause 10.1.%.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 43008-2:2020,
subcljuse 8.1.1. Additionally, for each decoded picture, this process outputs ProjectiopFormatBox,
SterpoVideoBox-(when applicable), RegionWisePackingBox (when applicable), and RotatipnBox (when

applidable) that provide the input for the semantics of sample locations within the decoded picture as specified in
subcljuse 7-5.1.

10.1.5-5 Expected OMAF player operation

OMAF players conforming 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 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 subclause8.6. In addition, the profile relies on a number of principles, which are
described below:

regions o

f shape type 1.

capability to simultaneously decode different areas of the sphere at different qualities and resolutions.

The

The tile §
constrain

10.1.6.2 Ele

Each representation (resolution) of the content is divided into a number of tile sequences of equal size.

The content is represented using a 3D mesh that is constructed either from parallelograms or from sphere

Multiple resolutions of the content may be created to provide different quality levels, and to provide the

lile sequences have a configurable guard band to allow rendering in the client without seams.

equences are individually encoded using HEVC, with a number of restrictions, mostly ' motion
ts and limiting the configuration to a single tile per slice.

mentary stream constraints

10.1.6.2.1 Bitstream constraints at the decoder

The elementa
subclause 10.

The bitstreamn]
The present H
Main 10 Profi
All pictures sH

There shall bd

[y stream constraints in this subclause apply to the bitstream that’is reconstructed as specif
| .6.4 after bitstream rewriting.

shall comply with HEVC Main 10 profile, Main tier speeified in Rec. ITU-T H.265 | ISO/IEC 23
rofile definition does not specify a Level constraint so0 as to allow the Profile to be used with
e at various Levels.

all be encoded as coded frames, and shall notbé encoded as coded fields.

exactly one slice per tile and exactly one-tile per slice.

10.1.6.2.2 Encoding constraints

In order to thq

The tiling

Each tile
sets SEI 1]

All the active

general_f

general_i

e decoding operations to work.the following constraints need to be observed at the encoder:
grid shall be constantfor-each entire coded video sequence.

shall be motion¢Constrained as specified in the semantics of the temporal motion-constrain
hessage of Rec\ITU-T H.265 | ISO/IEC 23008-2.

BPSs of the bitstream shall be constrained as follows:

rogressive_source_flag shall be equal to 1.

yector

ied in

D08-2.
HEVC

bd tile

general_frame_only_constraint_flag shall be equal to 1.

nterlaced_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:

228

init_gp_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:

-2:2023(E)

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.

|
>

track of this media profile shall be indicated to conform to this media profile through. o
ileTypeBox and TrackTypeBox.

31

NOTE [l ISO/IEC 14496-12 specifies ISO base media brands that have a four-character code startingwith 'is
the 'gdti' brand contain media data in instances of the IdentifiedMediaDataBox, which-is'not includ
ISO base media brands specified in ISO/IEC 14496-12:2022, a FileTypeBox with 'adti' typically does no

those

he or both of

'. Since files of
bd in any of the
contain any of

SO base media brands. Instead, a file-level ExtendedTypeBox can contain a TypeCombinationBox that contains an

ISO bape media brand and the brand 'relo"' specified in ISO/IEC 14496-12.
NOTER The ISOBMFF boxes and nesting, optionality and ordinality of the Stream Header are described in Table 51.
Table 51 — Stream Header for the advanced:tiling OMAF video profile
NLO| NL1|NL2 [ NL3 |NL4 |NL5|NL6 |NL7 | NL8 chgat Specification Constraints Description
ftyp 1 ISO/IEC 14496- This subclause
12:2022, subclause
4.3
Either 1 ISO/IEC 14496-
moov 12:2022,
ﬁ”;nov subclauses 8.2.1
) and 8.19.6
mvhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause [19:—, subclause
8.2.2 7.5.1
mvex 1 ISO/IEC 14496-
12:2022, subclause
8.8.1
mehd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause [19:—, subclause
8.8.2 7.5.1
treg 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause [19:—, subclause
8.8.3 7.5.14

10.1.6.3.2 Track box format for OMAF base track and OMAF tile tracks

Each of the track boxes of the OMAF base track and the OMAF tile tracks is constrained as follows:

NOTE

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'.

1 'resv' does not have to be the track sample entry type, when the track has undergone several transformations.
Consequently, this media profile can also be used when the track is protected.
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— The scheme type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of
CompatibleSchemeTypeBox in the same RestrictedSchemeInfoBox shall include 'modv'and
'meov’.

— The untransformed sample entry type of the OMAF base track shall be equal to 'hvc2'. The OMAF base
track shall conform to all constraints of the 'hvc2 ' sample entry type, as specified in ISO/IEC 14496-15.

— The untransformed sample entry type of each OMAF tile track shall be equal to 'hvt3"'. Each OMAF tile track
shall conform to all constraints of the 'hvt3' sample entry type, as specified in ISO/IEC 14496-15.

—  The OMAF base track shall contain a MeshBox.

— The OMAF base track may contain a StereovideoBox but the mapping between a rectangulartegign and
its mapping on the left or right eye is signalled through the TileMeshGroupEntry.

— The OMAF base track shall contain 'sabt' track references to all OMAF tile tracks @ssociated with this
OMAF bafse track or to 'alte' track groups, each containing collocated OMAF tile tracks of the same width
and height and associated with this OMAF base track.

— Each OMAF tile track shall contain 'tbas"' track reference to the associated QMAF base track.
— The PPPp carried in the hvc2 structure shall have tilés—enabled set to true, | with
num_tile columns minusl and num tile rows minusl set(t0 match the number of 'sabt'|track
referencds associated with this particular sub-picture collection’ track. The SPS shall be set to the full
dimensiopns of this layer (i.e. num tile columns *tile widthandnum tile rows *tile height).
— Each OMAF tile track shall contain a tile mesh sample grotip.as specified in subclause 7.16.2.

— Each OMAF tile track shall containa 'trif' sample’group as specified in ISO/IEC 14496-15.

NOTE 2 The ISDBMFF boxes and nesting, optionality and\ordinality of the TrackBox for the OMAF base track are descrjbed in
Table 52.
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Table 52 — Track box for OMAF base track for the advanced tiling OMAF video profile

Format

NLO [ NL1 | NL2 | NL3 [ NL4 | NL5 | NL6 [ NL7 | NL8 | NL9 Reg. Specification Constraints Description
trak 1 ISO/IEC 14496-
12:2022,
subclause 8.3.1
tkhd 1 ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.3.2  |7.5.4 except that
there are no
constraints
bevond those in
ISO/IEC 1449631p
on the widthland
height(fields
and with the
additional
constraint that
the field matrix
shall always be
set to the default
values as defined
in ISO/IEC 144964
12.
tref 1 |ISO/IEC 14496- [This subclause Track
12:2022, references
subclause 8.3.3 to OMAF tile
tracks.
mdia 1 [ISO/IEC 14496-
12:2022,
subclause 8.4.1
mdhd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.4.2 7.5.5
hldr 1 [ISO/IEC 14496-
12:2022,
subclause 8.4.3
minf 1 [ISO/IEC 14496-
12:2022,
subclause 8.4.4
vmhd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 12.1.2 |7.5.6
dinf 1 [ISO/IEC 14496-
12:2022,
subclause 8.7.1
dref 1 [ISO/IEC 14496-
12:2022,
subclause 8.7.2
Snim T |ISO/TEC 14496-
12:2022,
subclause 8.7.2
stbl 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.5.1 7.5.12
stsd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.5.2 7.5.10
resv 1 [ISO/IEC 14496-
12:2022,
subclause 8.15
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12:2022,
subclause 8.7.3

19:—, subclause

7.5.12

NLO | NL1|NLZ | NL3 [ NL4 |NL5|NL6|NL7 [ NL8 | NL9 F(l);:gat Specification Constraints | Description
rinf 1 |[ISO/IEC 14496- |This subclause
12:2022,
subclause 8.15.3
hve2 1 |[ISO/IEC 14496- |This subclause
15:2022,
subclause 8.4
schm 1 ISO/IEC 14496-
12:2022,
subclause 8.12.6
schi 1 ISO/IEC 14496-
12720622;
subclause 8.12.7
movd 1 |Subclause 7.6.7 |Subclause 7.6.7
mesh 1 |Subclause 7.6.8 [Subclause 7.6.8
rotn | 0/1 [Subclause 7.6.5 |Subclause 7.6.5
stts 1 |ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, stibclause
subclause 8.6.1.2 |7.5.12
stsc 1 |ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:%, subclause
subclause 8.7.4 7.5.12
stco 1 |ISO/IEC 14496-/ |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause8.7.5 7.5.12
stsz 1 |ISO/IEC14496- |ISO/IEC 23000-

NOTE 3 The ISOBMFF boxes and nesting, optionality and ordinality,of the TrackBox for each OMAF tile track referenjced by
the OMAF baseltrack are described in Table 53.
Table 53 — Track box for OMAF tile track for the advanced tiling OMAF video profile
Format e . .
NLO | NL1 [ NL2 | NL3 | NL4 | NL5 | NL6 | NLZ.| NL8 | NL9 Req. Specification Constraints Description
trak + |ISO/IEC 14496-
12:2022,
subclause 8.3.1
tkhd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.3.2 7.5.4 except that
there are no
constraints
beyond those in
ISO/IEC 14496-12
on the width and
heignt fietds
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-
12:2022,
subclause 8.4.1
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NLO | NL1|NL2 | NL3 [ NL4 [NL5|NL6|NL7 | NL8 | NL9 F(l);:gat Specification Constraints | Description
mdhd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.4.2 7.5.5
hldr 1 [ISO/IEC 14496-
12:2022,
subclause 8.4.3
minf 1 [ISO/IEC 14496-
12:2022,
subclause 8.4.4
vmhd 1 [ISO/IEC 14496- |ISO/IEC 23000-
1272622; T—subctause
subclause 12.1.2 |7.5.6
dinf 1 [ISO/IEC 14496-
12:2022,
subclause 8.7.1
dref 1 [ISO/IEC 14496-
12:2022,
subclause 8.7.2
snim 1 [ISO/IEC 14496-
12:2022,
subclause 8.7.2
stbl 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
Subclause 8.5.1 7.5.12
stsd T, “{ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.5.2 7.5.10
resv 1 [ISO/IEC 14496-
12:2022,
subclause 8.15
rinf 1 |ISO/IEC 14496- [This subclause
12:2022,
subclause 8.15.3
hwit3 1 |ISO/IEC 14496- [This subclause
15:2022,
subclause 10.5
schm 1 [ISO/IEC 14496-
12:2022,
subclause 8.12.6
schi 1 [ISO/IEC 14496-
12:2022,
subclause 8.12.7
sgpd 1 [ISO/IEC 14496-
12:2022,
subclause 8.9.3
tmsh 1 This document Subclause 7.16.2
stts 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022 19:— subclause
subclause 8.6.1.2 |7.5.12
stsc 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.7.4 7.5.12
stss 0/1 |ISO/IEC 14496- |[ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.6.2 7.5.12
stco 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.7.5 7.5.12
stsz 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.7.3 7.5.12
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10.1.6.4 Bitstream rewriting

10.1.6.4.1 General

Figure 29 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.

One element

emulation prd
removal or ch
be added or 1
remove any e
them after thd

[tis up to an
to place them
HEVC slice se

I

i HEVC bitstream :
i NAL unit
T ' —
i slice slice |
i segment segment !
; header data i

NAL unit payload

Figure 29 — Video data in HEVC bitstream

that needs to be taken into account while rewriting any partef’'the HEVC bitstream is star
vention bytes (see Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020, subclause 7.4.2). Ins¢
anging of any fields in the HEVC bitstream can impact whether emulation prevention bytes n
emoved as well. One method for making sure the resulting bitstream is compliant is to comp
mulation prevention bytes from the NAL unit before starting the rewriting procedure, and to 1
rewriting of 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

picture depe

bment header. However, in order to préduce a compliant HEVC bitstream, and not break any
dencies, it is important that a sequence of slices that was collocated in the original en

bitstream us¢s the same slice_segment address in the rewritten bitstream until it no longer needs
decoded/displayed. In other words, if a particular slice becomes covered by the viewport at frame N, and the
player decidef to assign a certain sliceSegment_address value to it, the slices that are collocated in the o1
encoded bitstfeam with that particular slice should keep that slice_segment_address value until the viewp
longer covers| that particular slicesat‘frame M, regardless of the slice perhaps residing in different parts
viewport ovel time.

The following subclauses-dssume that during encoding each tile is packaged into exactly one slice, and eac
contains exactly one tile;\While there is nothing preventing this media profile to be used in combinatior
multiple tiles per slicey(or multiples slices per tile), this makes the rewriting procedure slightly more comple
is therefore not included in this subclause 10.1.6.4. For the same reason, the text in the following subc
assumes that thefe’are no dependent slices present in the bitstream.

code
rtion,
bed to
letely
e-add

Wwhere
in the
inter-
coded
to be

iginal
brt no
of the

h slice

with
x and
auses

10.1.6.4.2 Rewriting parameter sets

The Video Parameter Set (VPS), Sequence Parameter Set (SPS) and Picture Parameter Set (PPS) carried in the
Initialization Segment need to be updated to signal the correct resolution (SPS) and number of tile rows/columns
(PPS) that will be decoded. Note that in contrast to traditional video delivery and the HEVC-based viewport-
dependent OMAF video profile, with late binding it is up to the client to determine the optimal values for these
parameters at runtime. Elements that the client can take into account when determining these values include:

— content characteristics,

— device ch
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aracteristics,
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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.

a)

b)

In_the VPS, the content of profile tier level() are set to a value that matches the profile that is being targeted
(ile. 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, maxNumSubLayersMimus1 ) { Descriptor
general_level_idc u(8)
for( I =0;i<maxNumSubLayersMinus1; i++) {
if( sub_layer_level_present_flag[i]3
sub_layer_level_idc[ i | u(8)
}
}

I} the SPS, pic_width_in_luma)samples and pic_height_in_luma_samples are recalculated and seft according to
the number of tile rows and columns being decoded along with the tile size.

seq_parameten Set_rbsp( ) { Descriptor
picwidth_in_luma_samples ue(v)
pic_height_in_luma_samples ue(v)
i

In the PPS, tiles_enabled_flag is set to 1, and num_tile_columns_minus1 and num_tile_rows_minus1 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_enabled_flag and pps_loop_filter_across_slices_enabled_flag are set to 0.
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pic_parameter_set_rbsp() { Descriptor

tiles_enabled_flag u(1)

if( tiles_enabled_flag ) {

num_tile_columns_minus1 ue(v)
num_tile_rows_minus1 ue(v)
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] uev)
}
loop_filter_across_tiles_enabled._flag u(1)
}
dps_loop_filter_across_slices_enabled._flag u(1)
}
10.1.6.4.3 Rewriting slice segment header and possibly NALunit header for each VCL NAL unit

While the ex
minimum the|
tile within a d
the length de
the rewriting

byte_alignment structure at the end of the slice segment header needs to be rewritten.

hct fields that need to be rewritten dependCon the encoding parameters used, at the ab
first_slice_segment_in_pic_flag and slice_ségment address, which indicate the spatial positio
ecoded frame, are rewritten. Given that-the slice_segment_address is variable-length encoded
bending on the configured decoder dintensions (as signalled in the SPS), it can happen that d
process the length of the slicessegment_address changes. If that is the case, it is like

slic

p_segment_header( ) { Descriptor

bj

rst_slice_segment _in_pic_flag u(1)

—-

( Mfirst_slice_segment_in_pic_flag) {

slice_segment_address u(v)

}

solute
n of a
, with
luring
y the

b

yte_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 30 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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10.1.

When|

first_slice_segment_in_pic_flag field.

impact on performance.

find the position of the byte_alignment( ) structure.

ient may execute the following steps to locate the first_slice_segment_in_pic_flag, theislice_seg
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 €ap”determine the
articular sample (VCL NAL unit) in the IdentifiedMediaDataBox(()imda'). Given that
eader has a fixed length in HEVC, this directly leads \"\a‘“/client to the pos

nce the location of the first_slice_segment_in_pic_flag field Ain. the 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 i

s specified in Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020, subclause 7.4.7.1, the ¥
ice_segment_address determines the location“of the slice in the decoded picture and is expre
‘ee block raster scan of a picture. If thepicture resolution does not change in the rewritin
ngth of this field remains the same. In @ddition, if the tiling grid does not change in the rewrit
ice_segment_address values for a picture 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 c
h rewrite the byte_alignment( ) structure at the end of the slice segment header accordingl
cation of this structureya client can use the information embedded in the Slice Segment Heade
AL-unit-like structure’(see Figure 30), to find the length of the slice segment header, and thro

b.5 Expected OMAF player operation

detérmining which OMAF tile tracks are received, TileMeshGroupEntry can be used to id

HEVCVCL NAL unit HEVCVCL NAL unit
v : ¥
SO : ! : :
P T slice slice | slice slice
nt,heédir,l - nt,heédir,l segment  segment | - segment  segment
engt engt 1
8 8 header data | header data
T o r
NAL unit payload NAL unit payload
Figure 30 — Slice Segment Header Information NAL-unit-like structure in 'hvt3") tracks

ment_address

location of a
the NAL unit
tion of the

bcation of the
d in between.
h a significant

alue of new
sed in coding
b process, the
ing, the list of

samples and
ient can need
. To find the
r Information
ugh it directly

entify location

of ind

vidual OMAF tile tracks, and whether they are collocated.

It is assumed that OMAF tile tracks representing an entire low-quality omnidirectional picture are fetched. Once
decoded, 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 profiles

10.1.7.1 General

This subclause captures the spirit of the profile in a human-friendly manner. The subsequent subclauses specify

the co

nstraints to enable the interoperability point.
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Two simple tiling OMAF video profiles, HEVC-based and VVC-based, are specified similarly and differ only in
codec-specific aspects.

NOTE 1 The HEVC-based simple tiling OMAF video profile used to be called the simple tiling OMAF video profile .

The profiles enable tile-base streaming with free-viewport author-driven binding as described in subclause 4.5
and are based on the use of segment formats specified in subclause8.6. In addition, the profiles rely on a number
of principles, which are described below:

— The content is represented by using the equirectangular or cubemap projection.

— For HEV(
qualities

— For VV(,
different

— One or ni
streamin

— An{(
the (

—  Groy
the

— An OMAH

— The OMA
tracks is
the full

sequencs

—  The OMA
tile track

— Itis poss
in either

— One

, the content is encoded as encoded tile sequences, which represent areas of the spher¢. at'dif]
hnd resolutions. Encoded tile sequences are made available as OMAF tile tracks.

the content is encoded as independent subpicture sequences, which represent dreas of the sph
qualities and resolutions. Independent subpicture sequences are made available’as OMAF tile t

D

.
MAF base track specifies instructions to rewrite the content of the OMAF tile tracks referenc
MAF base track into a conforming HEVC or VVC bitstream.

ps of OMAF tile tracks that are alternatives to be referénced by the OMAF base track are indicg
tream Header (i.e. in the Initialization Segment used inh DASH).

player determines which OMAF base track is egnsumed e.g. based on available decoding resoy

F player determines which OMAF tile track among each referenced group of alternative OM/
retrieved. The OMAF player can retrievé’a full set of low-resolution encoded tile sequences to
representation of the content at_.a lower quality and a subset of high-resolution encodd
s that together cover the viewport:

F player follows the instructions of the OMAF base track to rewrite the content of the selected
5 into an HEVC or VVC bitstream.

ble to use the HEVC-based or VVC-based simple tiling OMAF video profile and overlay video
bf the following ways:

bac

track and.ohe per each overlay video track.

ground-video. This option requires multiple decoder instances; one for the selected OMAJ

ferent

ere at
racks.

ore OMAF base tracks are authored, e.g. for different decoding capabilitiés, and made availahle for

ed by
ted in
rces.

AF tile

show
d tile

DMAF

ointly

or more(overlay video tracks are present separately from any OMAF base track representing the

base

— An OMAF base track references OMAF tile tracks, each containing either a portion of background video
or overlay video. This option requires only a single video decoder instance in the OMAF player.
Regardless of whether OMAF tile tracks contain background video or overlay video, they are treated
similarly in all OMAF player operations except content selection and rendering.

NOTE 2 When none of the OMAF tile tracks contains overlays that are essential for displaying, content authors 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.
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10.1.7.2 Elementary stream constraints
10.1.7.2.1 HEVC elementary stream constraints

The elementary stream constraints apply to the HEVC bitstream that is reconstructed from a file as specified in
subclause 10.1.7.4.

The bitstream shall comply with HEVC Main 10 profile, Main tier specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.
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.

All pigturestrthrebitstreanrshattbecodedframes:

All th¢ 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 0f (unspecified)
or 1 ($quare).

NOTE [l When aspect_ratio_idc is not present, Rec. ITU-T H.265 | ISO/EC 23008-2 specifies that aspect_ratio_idc is inferred to
be equjal to 0.

NOTE P In order to merge tiles from different original bitstreams, init_qp_minus26 in all the PPSs of the original[bitstreams is
set to the same value in encoding.

10.1.7.2.2 VVC elementary stream constraints

The elementary stream constraints apply~to' the VVC bitstream that is reconstructed from a file gs specified in
subclduse 10.1.7.4.

The bjtstream shall comply with V¥C-Main 10 profile, Main tier specified in Rec. ITU-T H.266 | ISO/IEC 23090-3.
All pigtures shall be encodedas coded frames, and shall not be encoded as coded fields.
All the referenced SPSS of the bitstream shall be constrained as follows:

— vpi_progressive_source_flag shall be equal to 1.

— vui_interlaced_source_flag shall be equal to 0.

] oo on P | 1

froiot ] halll o lia 1
oratrC Oy _COTIStrant_Trag-Strar ot Cqudrto—1=

When VUI is present, vui_aspect_ratio_idc should not be present or vui_aspect_ratio_idc should be equal to 0
(unspecified) or 1 (square).

NOTE  When vui_aspect_ratio_idc is not present, Rec. ITU-T H.274 | ISO/IEC 23002-7 specifies that vui_aspect_ratio_idc is
inferred to be equal to 0.

10.1.7.3 ISO Base Media File Format constraints
10.1.7.3.1 Stream header

A Stream Header shall conform to subclause 8.6.1.2 and the following constraints:
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When a track is the only track in a file, compatible brands containing a brand equal to 'siti' in

FileTypeBox indicates that the track conforms to the HEVC-based simple tiling OMAF video profile. When a
file contains multiple tracks, compatible brands containing a brand equal to 'siti' in FileTypeBox
indicates that at least one of the tracks conforms to the HEVC-based simple tiling OMAF video profile.

When a track is the only track in a file, compatible brands containing a brand equal to 'sitv"' in

FileTypeBox indicates that the track conforms to the VVC-based simple tiling OMAF video profile. When a
file contains multiple tracks, compatible brands containing a brand equal to 'sitv' in FileTypeBox
indicates that at least one of the tracks conforms to the VVC-based simple tiling OMAF video profile.

base trac|
referencq

A track o
HEVC-ba

FileTyy

NOTE 1 ISO/II
the "siti' br

A brand equal to 'siti' or 'sitv' in FileTypeBox indicates that the file contains one or more OMAF

ks as specified in subclause 8.6 and as constrained by this subclause and that the OMAF base
OMAF tile tracks specified in subclause 8.6 and as constrained by this subclause.

f the HEVC-based or VVC-based simple tiling OMAF video profile shall be indicated t6)cohform
eBox and TrackTypeBox.

EC 14496-12 specifies ISO base media brands that have a four-character code starting'with 'iso"'. Since

tracks

to the

ted or VVC-based simple tiling OMAF video profile, respectively, through(“dne or bgth of

files of

and contain media data in instances of the IdentifiedMediaDataBox, whick’is not included in any| of the

ISO base medid brands specified in ISO/IEC 14496-12:2022, a FileTypeBox with 'siti\"\typically does not contain|any of
those ISO base media brands. Instead, a file-level ExtendedTypeBox can contain a TypeCombinationBox that contgins an
ISO base medialbrand and the brand 'relo' specified in ISO/IEC 14496-12.
NOTE 2 The IYOBMFF boxes and nesting, optionality and ordinality of the Stream Header are described in Table 54.
Table 54 — Stream Header for the simple tiling OMAF video profiles
NLO |NL1|WL2 [ NL3 | NL4 | NL5 | NL6 | NL7 | NL8 F(}’{rergat Specification Constraints Description
ftyp 1 ISO/IEC 14496- This subclause
12:2022, subclause
4.3
Either 1 ISO/IEC 14496-
moov 12:2022,
?;OV subclauses 8.2.1
) and 8.19.6
mvhd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause [19:—, subclause
8.2.2 7.5.1
mvex 1 ISO/IEC 14496-
12:2022, subclause
8.8.1
mphd 1 ISO/IEC 14496- ISO/IEC 23000-
12:2022, subclause [19:—, subclause
8.8.2 7.5.1
tre T ISO/IEC 142496~ ISO/IEC 23000~
12:2022, subclause [19:—, 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:

240

The TrackBox of each 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'.
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NOTE 1

ISO/IEC 23090

Consequently, this media profile can also be used when the track is protected.

For each OMAF base track, the scheme type values of
RestrictedSchemeInfoBox and of all instances of CompatibleSchemeTypeBox
RestrictedSchemeInfoBox shall include 'podv' and atleastone of 'ercm' and 'erc2'

For each OMAF tile track, either of the following shall be true:

SchemeTypeBox

-2:2023(E)

'resv' does not have to be the track sample entry type, when the track has undergone several transformations.

in the
in the same

The scheme type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all

instances of CompatibleSchemeTypeBox in the same RestrictedSchemeInfoBox include

"podv ' and at leastone of "erpv' and 'ercm'.

No RestrictedSchemeInfoBox is present in the sample entry and an OverlayC
present in the sample entry.

=

Vhen an OMAF base track references an OMAF tile track without RegionisePackingl

onfigBox is

Box and with

JverlayConfigBox (either directly or indirectly through a reference to an 'alte' tradk group), the
(JMATF base track shall be indicated to comply with the 'ov1y"' toolset brand.

— A SyncSampleBox may be present for an OMAF base track.

For the HEVC-based simple tiling profile, each of the track boxes‘of the OMAF base track(s) and the OMAF tile

tracky is additionally constrained as follows:

— Tlhe untransformed sample entry type of each OMAF‘hase track shall be equal to 'hvc2'. Eagh OMAF base
track shall conform to all constraints of the 'hvc2 '\sample entry type, as specified in ISO/IEC 1j4496-15.

— The untransformed sample entry type of each(OMAF tile track shall be equal to 'hvt1', '"hvtq', "hvt3"' or
'lhvecl'. Each OMAF tile track shall conforin to all constraints of the "hvt1l', 'hvt2"', '"hvt3}' or 'hvcl'

NOTE
refere
track

refere

NOTE
that ppints to the/same 'alte' track group. An OMAF player is expected to select OMAF tile tracks cont
projected regions for resolving the references from a sample of an extractor track to the same track refere

[%2)

hmple entry type, as specified in ISO/IE€14496-15.

jes|

ach OMAF base track shall contain either 'sabt' or 'scal' track references to OMAF til
alte' track groups containingOMAF tile tracks.

2 When an OMAF base track contains 'scal' track references to 'alte' track groups, the track]
iced 'alte' track group can represent different projected regions. The region-wise packing format of
s derived from the\RegionWisePackingBoxes of the OMAF tile tracks that an OMAF player sg
iced 'alte' trackgroups.

B There canbe several constructors within a sample of an extractor track that reference the same track

e tracks or to

s included in a
the OMAF base
lects from the

reference index
hining different
hce index of an

'altq' €rack group.

When an OMAF base track contains 'sabt ' track references, the PPS(s) carried in the OMAF base track shall
have tiles_enabled set to true, with num_tile_columns_minus1 and num_tile_rows_minus1 set to match the
number of ' sabt ' track references associated with this OMAF base track.

When an OMAF base track contains 'sabt' track references, the projected regions of any two OMAF tile
tracks referenced by the OMAF base track shall not overlap when both of the following conditions are true:

The OMAF tile tracks originate from the same projected picture without resampling.

The OMAF tile tracks are not in the same 'alte"' track group.

LHEVCConfigurationBox shall not be presentin VisualSampleEntry.
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mentary stream constraints specified in subclause 10.1.7.2.1.

HEVCConfigurationBox in VisualSampleEntry of each OMAF base track shall indicate conformance

For the VVC-based simple tiling profile, each of the track boxes of the OMAF base track(s) and the OMAF tile tracks
is additionally constrained as follows:

The untransformed sample entry type of each OMAF base track shall be equal to 'vvcl'. Each OMAF base

track shall contain a VVC bitstream natively or conform to all constraints of the VVC merge base track, as

specified

in ISO/IEC 14496-15.

— The untransformed sample entry type of each OMAF tile track shall be equal to 'vvcl' or 'vvsl'. Each

OMAF til

NOTE 4 A VV
containing VV(
track group car
the RegionWi
groups.

NOTE 5 A sub
references to b
same as the ord

NOTE 6 Therd
("spor') sam
OMAF tile tn
subp track |

VvcConf
the elemg

e track shall conform to all constraints of the VVC subpicture track, as specified in [SO/IEC 144

L merge base track contains 'subp' track references to VVC subpicture tracks or to 'alte track
subpicture tracks. When 'alte' track groups are referenced, the tracks included in a refetrericed '
represent different projected regions. The region-wise packing format of the OMAF base tracK'is derive|
sePackingBoxes of the OMAF tile tracks that an OMAF player selects from the reférenced 'alte

bicture order ('spor') sample group is present in an OMAF base track to indicate an order of ' subp
b used for reconstructing a coded picture from OMAF tile tracks. The order can be indicated implicitly to
er of ' subp ' track references or explicitly with alist of subp_track rgf\idx[i] values.

can be identical values of subp track ref idx[i] for diffefent values of i within a subpicturg
ble group description entry that point to the same 'alte' tragk group. An OMAF player is expected td
acks containing different projected regions for resolvitig the references to identical valy
ref idx[i] pointingtoan 'alte' track group.

figurationBox in VisualSampleEntry of eaech OMAF base track shall indicate conforma
ntary stream constraints specified in subclause’10.1.7.2.2.

The constraints specified in subclause 10.1.7.2 applysto each OMAF base track conforming to this media p

where the bit]
specified in sy

NOTE 7 ThelS
Table 55.

stream based on which the constraints are derived is reconstructed from the OMAF base tr
bclause10.1.7.4.

DBMFF boxes and nesting, optignality and ordinality of the TrackBox for the OMAF base track are descr]
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Table 55 — Track box for OMAF base track for the simple tiling OMAF video profiles

Format

NLO [ NL1 | NL2 | NL3 [ NL4 | NL5 | NL6 [ NL7 | NL8 | NL9 Reg. Specification Constraints Description
trak 1 ISO/IEC 14496-
12:2022,
subclause 8.3.1
tkhd 1 ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.3.2  |7.5.4 except that
there are no
constraints
bevond those in
ISO/IEC 1449631p
on the widthland
height(fields
and with the
additional
constraint that
the field matrix
shall always be
set to the default
values as defined
in ISO/IEC 144964
12.
tref 1 |ISO/IEC 14496- [This subclause Track
12:2022, references
subclause 8.3.3 to OMAF tile
tracks.
mdia 1 [ISO/IEC 14496-
12:2022,
subclause 8.4.1
mdhd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.4.2 7.5.5
hldr 1 [ISO/IEC 14496-
12:2022,
subclause 8.4.3
minf 1 [ISO/IEC 14496-
12:2022,
subclause 8.4.4
vmhd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 12.1.2 |7.5.6
dinf 1 [ISO/IEC 14496-
12:2022,
subclause 8.7.1
dref 1 [ISO/IEC 14496-
12:2022,
subclause 8.7.2
Snim T |ISO/TEC 14496-
12:2022,
subclause 8.7.2
stbl 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.5.1 7.5.12
stsd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.5.2 7.5.10
resv 1 [ISO/IEC 14496-
12:2022,
subclause 8.15
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12:2022,
subclause 8.7.3

NLO | NL1|NLZ | NL3 [ NL4 |NL5|NL6|NL7 [ NL8 | NL9 F(;{;galt Specification Constraints | Description
rinf 1 |[ISO/IEC 14496- |This subclause
12:2022,
subclause 8.15.3
hve2 1 |[ISO/IEC 14496- |This subclause.
15:2022, Applies to HEVC
subclause 8.4 only.
vvel 1 |ISO/IEC 14496- [This subclause.
15:2022, Clause |Applies to VVC
11 only.
schm 1 ISO/IEC 14496-
1T272022;
subclause 8.12.6
schi 1 ISO/IEC 14496-
12:2022,
subclause 8.12.7
povd 1 Subclause 7.6.2
prfr 1 [Subclause 7.6.2
rwpk |10/1 for|Subclause 7.6.4  |Subelause 7.6.1.4
ercm. for 'ercm' and
1 for subclause 7.6.1.7
erc?. for 'erc2'
rotn | 0/1 [Subclause 7:6.5
covi | 0/1 |Subclause'7%.6%
stvi 0/1 |ISO/IEG14496- ([Subclause 7.6.1.2
12:2022,
stibclause 8.15.4.2
stts 1 . NSO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.6.1.2 |7.5.12
stss 0/1 [ISO/IEC 14496-
12:2022,
subclause 8.6.2
stsc 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.7.4 7.5.12
stco 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.7.5 7.5.12
stsz 1 [ISO/IEC 14496- |ISO/IEC 23000-

19:—, subclause

7.5.12

NOTE 8 The ISOBMFF boxes.and nesting, optionality and ordinality of the TrackBox for each OMAF tile track refereniced by
the OMAF base|track aredeScribed in Table 56.

Table 56 — Track box for OMAF tile track for the simple tiling OMAF video profiles

NLO | NL1 [ NL2 | NL3 | NL4 | NL5 | NL6 | NL7 [ NL8 | NL9 F(F){rergat Specification Constraints Description
trak + |ISO/IEC 14496-
12:2022,
subclause 8.3.1
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NLO |NL1|NLZ | NL3 [ NL4 |NL5|NL6|NL7 [ NL8 | NL9 F(l’ggat Specification Constraints | Description
tkhd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.3.2  |7.5.4 except that
there are no
constraints
beyond those in
ISO/IEC 14496-12
on the width and
height fields
and with the
db‘ldiLiUlldl
constraint that
the field mat i x
shall alwaysbe
set to'the‘default
values as defined
mr1SO/IEC 14496-
12.
mdia 1 ISO/IEC 14496-
12:2022,
subclause‘874.1
mdhd 1 ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.4.2 7.5.5
hldr T ISO/IEC 14496-
12:2022,
subclause 8.4.3
minf 1 [ISO/IEC 14496-
12:2022,
subclause 8.4.4
vmhd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 12.1.2 |7.5.6
dinf 1 ISO/IEC 14496-
12:2022,
subclause 8.7.1
dref 1 ISO/IEC 14496-
12:2022,
subclause 8.7.2
snim 1 ISO/IEC 14496-
12:2022,
subclause 8.7.2
stbl 1 ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.5.1 7.5.12
stsd 1 [ISO/IEC 14496- |ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.5.2 7.5.10
resv 1 ISO/IEC 14496-
12:2022,
subclause 8.15
rinf 1 [ISO/IEC 14496- |This subclause
12:2022,
subclause 8.15.3
hvel 1 |ISO/IEC 14496- |This subclause.
hvtl 15:2022, Applies to HEVC
hvt2
ht 3 subclauses 8.4, only.
10.5,and 10.6
vvel 1 |[ISO/IEC 14496- |This subclause.
vvsl 15:2022, Clause  |Applies to VVC
11 only.
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NLO [ NL1 | NL2 | NL3 | NL4 | NL5 | NL6 | NL7 | NL8 | NL9 F(l’ggat Specification Constraints | Description
schm 1 ISO/IEC 14496-
12:2022,
subclause 8.12.6
schi 1 ISO/IEC 14496-
12:2022,
subclause 8.12.7
povd 1 |Subclause 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 7.6.1.2
for 'ercm'
rotn | 0/1 [Subclause 7.6.5
covi | 0/1 |Subclause 7.6.6
stvi 0/1 |ISO/IEC 14496- |[Subclause 7.6.1.2
12:2022,
subclause 8.15.4.2
stts 1 ISO/IEC 14496- |ISO/TEG23000-
12:2022, 19:—, subclause
subclause 8.6.1.2 {|7.5712
stsc 1 ISO/IEC 14496-.\ ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8,74 7.5.12
stss 0/1 |ISO/IEG14496- [ISO/IEC 23000-
12:2022, 19:—, subclause
stibdlause 8.6.2 7.5.12
stco 1. NSO/IEC 14496- |[ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.7.5 7.5.12
stsz 1 |ISO/IEC 14496- |[ISO/IEC 23000-
12:2022, 19:—, subclause
subclause 8.7.3 7.5.12

10.1.7.3.3 Other constraints

The following constraints apply whenNan OMAF base track is an extractor track and has an empty

RegionWisgPackingBox:

—  When theére is a sample in.an OMAF base track whose extractors do not include the content of the referenced
OMAF til¢ tracks in raster*sc¢an order, the OMAF base track shall include a SampleGroupDescriptigqnBox
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' 3and a
SampleToGroupBox of type 'nalm' with grouping type parameter equalto 'trif', the follpwing
applies:

246

— At most one extractor shall be mapped to the same groupID in a 'nalm' sample group description

entry.

NOTE An OMATF player ought to map the NAL units and NAL-unit-like structures to groupID values using a 'nalm'
sample group description entry mapped to a sample before resolving the extractors of the sample.

tile region flag shall be equalto 1.

independent idc shall be equalto 1 or 2.

The following constraints apply in all ' trif' sample group description entries of the OMAF base track:
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— full picture shall be equal to 0.
— has dependency list shall be equal to 0.

The following constraints apply when an OMAF base track is a VVC merge base track and has an empty
RegionWisePackingBox:

—  When there is a sample in an OMAF base track that has a subpicture layout that does 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 'sulm' with
grouping type parameterequalto'trif'.

10.1.7.4 File decoding process
The injputs to the file decoding process are

— the track_ID value of an OMAF base track conforming to the HEVC-based or, VV/C-based simple tiling OMAF
ideo profile, and

<

— alfile containing at least the OMAF base track with that track ID value and all tracks that tihe OMAF base
rack directly or indirectly depends on.

ot

When|the OMAF base track has an untransformed sample entry typé.equal to 'hvc2 ', the followingfapplies:

|
jo=3

n HEVC bitstream is generated from the track with‘the given track ID value as specifigd in ISO/IEC
4496-15.

=

— The HEVC bitstream shall conform to the elementary stream constraints specified in subclause 10.1.7.2.1.

|
=

he HEVC bitstream is decoded as specified in Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2(20, subclause
1.1. The outputs of this process are theesame as the outputs of Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-
12020, subclause 8.1.1.

[\SHee]

When[the OMAF base track has an.untransformed sample entry type equal to 'vvc1 ', the followingfapplies:

— An VVC bitstream is generated from the track with the given track ID value as specified in ISO/IEC 14496-
5:2022, subclause 11563

[u

— The VVC bitstreamshall conform to the elementary stream constraints specified in subclause 10.1.7.2.2.

|
—

he VVC bitstream is decoded as specified in Rec. ITU-T H.266 (08/20) | ISO/IEC 23090-3:2(21, subclause
1. Thesoutputs of this process are the same as the outputs of Rec. ITU-T H.266 (08/20) | ISD/IEC 23090-
12021, subclause 8.1.

W

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 the HEVC-based or VVC-based simple tiling OMAF video profile are expected to
process all allowed boxes within the SchemeInformationBox for the '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 the HEVC-based or VVC-based simple tiling OMAF video profile is expected to:

— Select 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 HEVCor VVClevel indicated for the OMAF base track 50 that the decoding capacity 15 3ufficignt for
decading the bitstream resolved from the OMAF base track;

— the gbsence/presence of the overlay toolset brand 'ovly' in the TrackTypeBox of/the’OMAF base
track or in the profiles parameter of the @mimeType attribute for the AdaptationSeét carrying the
OMAF base track, and the support of overlays in the OMAF player. OMAF players.that do not sypport
overjays should select an OMAF base track without the 'ovly' toolset brand, when such an OMAF base
track is available.

— When pldying an OMAF file, conclude that an OMAF tile track contains backgroetind video when it contains a
RegionffisePackingBox. For OMAF tile tracks containing-/ background video, [parse
SphereRegionQualityRankingBox of the OMAF tile tracks referenced by the selected OMAF basq track
and seledt the OMAF tile tracks that cover the viewport at the highest available quality as indicated by [in the
instanceqd of SphereRegionQualityRankingBox. The playerds expected not to select such OMAF tile
tracks that originate from the same projected picture withoutpesampling and contain projected regions that
overlap.

— When stjeaming OMAF content, conclude that a partial’Adaptation Set contains background video when it
contains fa RegionWisePackingBox (in the Initialization Segment) or an RWPK, CC or SRQR descriptor.
For Repriesentations of a partial Adaptation Set;eontaining background video, parse spherical region-wise
quality ranking (SRQR) or content coverage (C€) descriptors, when present, and select the Adaptatiop Sets
and Representations that cover the viewportjyat the highest available quality. For Representations of a partial
Adaptatign Set not containing background” video, select a Representation from the partial Adaptatign Set
using a r¢gular bitrate adaptation logie:

— Identify dn OMAF tile track without RegionWisePackingBox and handle such an OMAF tile track in jeither
of the following ways:

— If ap OMAF player -supports the 'ovly' toolset brand) and the OMAF tile track contaips an
OveklayConfagBox, the OMAF player is expected to handle the overlays carried in the OMAF tilqg track
as spjecified by the overlay toolset brand.

— Othdgrwise, the OMAF player is expected to ignore the decoded regions resulting from the decoding|of the
OMAEtile-track:

10.1.8 VVC-based viewport-independent OMAF video profile

10.1.8.1 General

This OMAF video profile can be described as follows:

— Both monoscopic and stereoscopic spherical video up to 360° are supported.

— The profile requires neither viewport-dependent delivery nor viewport-dependent decoding.
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— Regular VVC encoders, file format parsers, and VVC decoder engines that do not need special features for
handling of viewport-dependent delivery and decoding could be used for encoding and decoding.

The content author signals the level of the bitstream by setting the appropriate value in the general_level_idc of
the VVC bitstream. This value of general_level_idc is additionally available in the ISOBMFF encapsulation of the
bitstream in the VvcConfigurationBox contained in the VVC sample entry definition specified in
ISO/IEC 14496-15. Lastly, the @codecs attribute in the DASH MPD exposes in a single string the level indication
among other information.

10.1.8.2 Elementary stream constraints

The e]lementary stream constraints apply to the VVC bitstream that is reconstructed from a file 3s specified in
subclduse 10.1.8.5.

The bjtstream shall comply with VVC Main 10 profile, Main tier specified in Rec. ITU-T H.266,} 1SO/IEC 23090-3.
All pigtures 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:

— vui_progressive_source_flag shall be equal to 1.

— vui_interlaced_source_flag shall be equal to 0.

— ptl_frame_only_constraint_flag shall be equal to 1.

When| VUI is present, aspect_ratio_idc should not be\present or vui_aspect_ratio_idc should He equal to 0
(unspgcified) or 1 (square).

NOTE| When vui_aspect_ratio_idc is not present, Ree.ITU-T H.274 | ISO/IEC 23002-7 specifies that vui_aspect_ratio_idc is
inferrdd to be equal to 0.

10.1.8.3 SEI message related ISO BaSe Media File Format constraints

When| omnidirectional video SElkmeéssages specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 ar¢ present in a
bitstream, the constraints in subclause 10.1.2.3 shall apply for each picture in the bitstream.

10.1.8.4 ISO Base Media File Format constraints

When| a track is ¢he ‘only track in a file, compatible brands containing a brand equal tp 'vvci' in
Filell'ypeBox-indicates that the track conforms to this media profile. When a file contains mpltiple tracks,
compptibléwbrands containing a brand equal to 'vvci' in FileTypeBox indicates that at lepst one of the
trackq conforms to this media profile.

compatibte pramds tontaimng a bramd equat to - vve I im TrackTypepox inditates tat thetrack conforms
to this media profile.

A track of this media profile shall be indicated to conform to this media profile through one or both of
FileTypeBox and TrackTypeBox.

At least one sample entry type of each sample entry of the track shall be equal to ' resv'.

NOTE1 'resv' does not have to be the track sample entry type when the track has undergone several transformations.
Consequently, this media profile can also be used when the track is protected.

The scheme type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of
CompatibleSchemeTypeBox in the same RestrictedSchemeInfoBox shallinclude 'podv' and 'erpv'.
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The untransformed sample entry type, derived as specified in ISO/IEC 14496-12, shall be equal to 'vvcl'.

NOTE 2 Conse

quently, parameter sets are not present inband within samples.

VvcConfigurationBox in VisualSampleEntry shall indicate conformance to the elementary stream
constraints specified in subclause 10.1.8.2.

The constraints specified in subclause 10.1.8.3 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
subclause10.1.8.5.
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10.2 Audio profiles

10.2.1

Overview

Subclause 10.1.8 defines media profiles for audio in OMAF. Table 57 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 57 — Overview of OMAF media profiles for audio

2:2023(E)

Max
Media Profile Codec Profile Level | Sampling 3D Brand | Subclause
Metadata
Rate
OMAF 3D audio MPEG-H | Low 1,2 included
! oabl
baseline profile Audio Complexity | or 3 48 kHz in codec 10.2.2
OMAF 2D audiolegacy | yc HE-AACv2 | 4 48 kHz no 3D 0a2d |10.2.3
profile metadata
NOTE| The audio streams complying with the MPEG-H 3D Audio Low Complexity (LC) Profile).Levels 1 or 2 (i.e.
mpeglf3daProfilelLevelIndication issetto "0x0B" or "0x0C", comply also with MPEG-H 3D Audio’LC Prqfile, Level 3 (i.e.
mpeglf3daProfileLevelIndication is set to "0x0D"), as specified in ISO/IEC 23008-3:2022;subclause 5.3.2.
10.2.2 OMAF 3D audio baseline profile
10.2.2.1 General

This

(HOA
Audio

MPEQ

ISOB

this ix
lip-sy
will b
desird
repre

MPEQ

head

the uf
orient

10.2.

The a
in ISO|
Levels

53.2

nedia profile fulfills the requirements to support 3D audio. Channels, objects and Higher-Ord
are supported, as well as combinations of those. The profilé«is*based on ISO/IEC 23008-3 (i.

).

1]

-H 3D Audio specifies coding of immersive audio material and the storage of the coded repres|
IFF track. The MPEG-H 3D Audio decoder has a constant latency, see ISO/IEC 23008-3:2022,
formation, content authors can synchronize audio“and video portions of a media presentation
nch. When orientation sensor inputs (i.e. azimuth, elevation) of an MPEG-H 3D Audio decoder]
e some algorithmic and implementation latency (perhaps tens of ms) between user head movsg
d sound field orientation. This latency will not impact audio/visual synchronization (i.e. lip sy
bents the lag of the rendered sound field with respect to the user head orientation.

N

-H 3D Audio specifies methods-for binauralizing the presentation of immersive content foy
hones, as is needed for ommidirectional media presentations. MPEG-H 3D Audio specifies a
er’s viewing orientation and permits low-complexity, low-latency rendering of the audio sce
ation.

H

.2 Elementary stream constraints

1dio stream¢shall comply with the MPEG-H 3D Audio Low Complexity (LC) Profile, Levels 1, 2 g
[EC 23008-3:2022, subclause 4.8. The values of the mpegh3daProfilelLevelIndication
1, 27and 3 are "0x0B", "0x0C" and "0x0D", respectively, as specified in ISO/IEC 23008-3:20

!

br Ambisonics
b. MPEG-H 3D

entation in an
Table 1. With
, e.g. ensuring
change, there
bment and the
nch), but only

playback via
interface for
e to any user

r 3 as defined
for LC Profile
22, subclause

Audio data shall be encapsulated into MPEG-H Audio Stream (MHAS) packets according to ISO/IEC 23008-3:2022,
Clause 14.

All MHAS packet types defined in ISO/IEC 23008-3:2022, 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

© ISO/IEC 2023 - All rights reserved
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GLOBAL_CRC32

If Audio Scene Information per ISO/IEC 23008-3:2022, Clause 15 is present, it always shall be encapsulated in an

MHAS PACTYP_AUDIOSCENEINFO packet.

mpegh3daCo

10.2.2.3 ISO

Audio Scene Information shall not be included

nfig () structure in the MHAS PACTYP_MPEGH3DACFG packet.

Base Media File Format constraints

10.2.2.3.1 General constraints

in the

When a track is the only track in a file, compatible brands containing a brand equal to 'ocabl' in

FileTypeB(g
compatibls

| brands containing a brand equal to 'oabl' in FileTypeBox indicates that at least.one

tracks conforins to this media profile.

compatibls
to this media

A track of tH
FileTypeB9g

The sample
ISO/IEC 2300

profile.

is media profile shall be indicated to conform to this media profile,through one or b
x and TrackTypeBox.

entry 'mhml' shall be used for encapsulation of MHASCpackets into ISOBMFF file
B-3:2022, subclause 20.6.

x indicates that the track conforms to this media profile. When a file contains multiple fracks,

of the

| brands containing a brand equal to 'ocabl' in TrackTypeBox indicates thatthe track confforms

th of

, per

The sample entry 'mhm?2 ' shall be used in cases of multi-stream delivery, i.e. the MPEG-H Audio Scene is spliit into

two or more §

treams for delivery as described in ISO/IEC 23008-3:2022, subclause 14.6.

If the MHAConfigurationBox () is present, _the MPEG-H profile and level indicator
mpegh3daPrlofileLevelIndication in the MHAD€aoderConfigurationRecord () shall be get to
"0x0B", "0xpPC", or "0x0D" for MPEG-H Audio LC Prefile Level 1, Level 2, or Level 3, respectively, as specified in
ISO/IEC 2300B-3:2022, subclause 5.3.2.

The first sam
Point (SAP) o
ISO/IEC 1449
apply. In, addj
PACTYP |
PACTYP |

PACTYP |

ble of the movie and the first saniple of every fragment (when applicable) shall be a Stream 4
Ftype 1 (i.e. sync sample). For MPEG-H Audio a sync sample shall be properly signalled accord
6-12. All rules defined in~ISO/IEC 23008-3:2022, subclause 20.6.1 regarding sync samples
tion, a sync sample shall.consist of MHAS packets in the following order:

| MPEGH3DACFG

[ AUDIOSCENEINFO (if Audio Scene Information is present)

| BUFFERINFO

PACTYP

Access
ing to
shall

MPEGH3DAFRAME

Additional MHAS packets may be present between the MHAS packets listed above or after the MHAS packet
PACTYP MPEGH3DAFRAME, with one exception: if present, the PACTYP AUDIOSCENEINFO packet shall directly
follow the PACTYP MPEGH3DACFG packet, as defined in ISO/IEC 23008-3:2022, subclause 14.4.

MPEG-H Audio sync samples contain Immediate Playout Frames (IPFs), as specified in ISO/IEC 23008-3:2022,
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 23008-3:2022, subclause 5.5.6, and shall follow the
requirements for stream access points as defined in ISO/IEC 23008-3:2022, 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 AudioPreRol1l () shall be equal to 0.
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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

v

A
c
[
t

ISOBN
ISOBN
value
MHAS

10.2.7
The n
in sey|
or mq

Metad

The fd

g «» O

I
1

A

(=3

first metadata.element in the auxiliary MHAS stream minus one.

he beginning of a new ISObMFF tile or at any position within the file. In the latter case, th
hmple that contains a configuration change shall be encoded as a sync sample (RAP) as defined

sync sample that contains a configuration change and the last sample before such'a syn
bntain a truncation message (i.e. a PACTYP AUDIOTRUNCATION packet in the MHAS stream
b0/1EC 23008-3:2022, subclause 14.4. If MHAS packets of type PACTYP AUDRTQTRUNCATIO
hey shall be used as described in ISO/IEC 23008-3:2022, subclause 14.4.

IFF tracks that belong to one Audio Programme use different configurations and a switch
IFF tracks represents also a configuration change. Thus, the MHASPaCketLabel needs to

for all ISOBMFF tracks that belong to one Audio Programme:Also, after a configuratiog
PacketLabel needs to have different values for all ISOBMFE tracks comprising an Audio Prog

.3.3 Multi-stream constraints

ulti-stream-enabled MPEG-H Audio System is capableof handling Audio Programme Compon
eral different elementary streams (e.g. the main*MHAS stream containing one complete audio
re auxiliary MHAS streams, containing different languages and audio description). The M
llowing constraints apply for file formats using the sample entry 'mhm2 ':

ne MHAS stream shall be thexmain stream, i.e. in exactly one MHAS stream the Audio Scen
hall have themae isMainStxeam field setto 1.In all other MHAS streams the mae isMair

e set to 0.

p each auxiliary/MHAS stream (ie. streams with mae isMainStream field sef
ae bsMetaDatlakTlementIDoffset field in the Audio Scene Information shall be set to th

11 MHAS 'elementary streams that carry Audio Programme Components of one Audio Progr3g
me aligned.

e File Format
above.

 sample may
as defined in
N are present,

between two
have different
n change the
framme.

bnts delivered
main, and one
PEG-H Audio

ata information (MAE) allows the MPEG-H Andio Decoder to correctly decode several MHAS sfreams.

e Information
Streamshall

to 0) the
e index of the

mme shall be

B

THorosrroT T o Creereaty otr o TSt T et e St to

0), RAPs shall

be aligned to the RAPs present in the main stream (i.e. the stream with mae isMainStreamfield setto 1).

© ISO/IEC 2023 - All rights reserved

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
23008-3:2022, 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 23008-3:2022, 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 mpegh3dalLoudnessInfoSet () structure as defined in
ISO/IEC 23008-3:2022, 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-
3:2022, subclause 5.3.2). More precisely, the mpegh3daLoudnessInfoSet () structure shall include at least
one loudnessInfo () structure with loudnessInfoType set to 0, whose drcSetId and downmixId fields
are set to 0 and which includes at least one methodvValue field with methodDefinition set to 1 or 2 (see
ISO/IEC 23008-3:2022, 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.

DRC metadat]
defined in
drcSetTarg

es as
the

A shall be embedded In the mpegh3daUniDrcConfig () and uniDrcGain () structul
ISO/IEC 23008-3:2022, subclause 6.3. For each included DRC Set
etLoudnessPresent field as defined in ISO/IEC 23003-4:2020, Clause 7 shall be setto-1.

all be
d DRC

The bsDrcSq
configured to
metadata sho

tTargetLoudnessValueUpper and bsDrcSetTargetLoudnessValueLower fields sh
continuously cover the range of target loudness levels between -31 dB and 0 dB: The embedde
h1d allow for a decoder output loudness of at least -16 LKFS.

Loudness compensation information (mae LoudnessCompensationData ()),4@s defined in ISO/IEC 23008-
3:2022, subclause 15.5 shall be present in the Audio Scene Information if the mae\@llowGainInteractivity
field (according to ISO/IEC 23008-3:2022, subclause 15.3) is set to 1 for at least-orie group of audio elementsd.

10.2.3 OMAF 2D audio legacy profile

10.2.3.1 General

hels is

This media pr
supported. T
audio content
orientation.

HE-AAC is usq
media platfor
mono, stereo,

signalling for
in the market

10.2.3.2 Ele
10.2.3.2.1 G4

The audio str¢

ofile fulfills requirements to support 2D channel-based audio. The delivery of up to 5.1 chan
e profile is based on MPEG-4 AAC specified in ISO/IEC 14496-3, which defines coding of g
. The delivery of up to 5.1 audio channels allows 2D rendering according to the user’s vi

bd worldwide in the most successful streaming services and supported by all major streamir]
ms. Due to the wide reach, MPEG-4 AAC may be used for VR services and platforms, which use
4.0, or 5.1 surround channehconfigurations. The 2D Audio Legacy profile does not require an
the audio codec and its eonfiguration. Therefore, it is compatible with all decoder implement

mentary stream-constraints
bneral encoding constraints

pam shall comply with MPEG-4 AAC-LC, HE-AAC or HE-AACv2 profiles, Level 4, as defined in IS

bneral
ewing

g and
either

[ new

ations

0/IEC

14496-3.

For HE-AAC encoded tracks, the first sample of the ISOBMFF movie and the first sample of every ISOBMFF movie
fragment (when applicable) shall be a SAP of type 1, notably, the SBR configuration information shall be present in
the audio access unit.

ISOBMFF tracks containing AAC audio as defined in ISO/IEC 14496-3 shall conform to the following AAC audio
encoding constraints:

The elementary stream shall be a raw data stream, i.e. ADTS and ADIF headers shall not be present.

Each AAC elementary stream shall be encoded using MPEG-4 AAC LC, HE-AAC, HE-AACv2, Level 4. Use of the
MPEG-4 HE-AACv2 for stereo configuration is recommended for 32 kbps or lower.
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— When using HE-AAC and HE-AACv2, explicit backwards compatible signalling shall be used to indicate the use

(o]

fthe SBR and PS coding tools.

— AAC elementary streams shall not exceed 48kHz sampling rate.

— The number of channels, including the LFE channel, of an AAC ISOBMFF track shall not exceed six audio
channels.

— AAC ISOBMFF fragments containing HE-AAC shall start with a type 1 SAP, notably, the SBR configuration
information shall be in the first packet.

— 1

av]

The ¢
follow

Prody
(AACH
AAC ¢
10.5.2

Encod

10.2.]

CM samples for short blocks.

he following parameters shall not change within the elementary stream
— Audio Object Type

— Sampling Frequency

— Channel Configuration

hannelConfiguration parameter carried in the AudioSpecifi&Config shall be set accordin
ing specified values:

hannelConfiguration is setequal to 1 for mono@udio.
hannelConfiguration is set equal to 2 for stereo audio.
hannelConfiguration is set equal to 4 for four channel audio.
hannelConfiguration is setequalto 5 for five channel audio.
hannelConfiguration is setequal to 6 for six channel audio, i.e. 5.1 audio.

cing audio content capablé of seamless bitrate adaptation with OMAF 2D Audio Legacy
L.C, HE-AAC, HE-AAGY2) requires constrained encoding at fragment boundaries. For such s
lementary stream(shall be encoded following the constraints provided in ISO/IEC 23000-19
to subclause 10:5.6.

ing recomineéndations for AAC audio tracks are provided in ISO/IEC 23000-19:—, Annex G.

3.2.2( Syntax and values of syntactic elements

JAd nl

he transtorm length of the IMDUT tor AAU shall be 1024 audio PCM samples 1tor long blocks, 4

ind 128 audio

o to one of the

media profile
renarios, each
—, subclause

The s

4 1 1 £ dnrrndas 1 4 Joall £ IS faraY £1 440 2
IIJAdITU VdIuTSTOT S yITUAU LU TITHIITIILS S ITdIT CUTHIUT I MU TS U/ TEC T3 703,

be présent in an MPEG-4 HE-AAC or HE-AACv2 elementary stream:

— coupling_channel_element (CCE)

he funuvviug elernent shall not

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 ISO/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 ar

rangement of elements for the allowed channel configurations is reported in Table 58.
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Table 58 — Arrangement of Audio syntactic elements

Channel Number of Audio syntactic elements
Configuration Channels y

1 1 <SCE>, <optional additional elements>, <TERM>, for HE-AAC v2, and mono
HE-AAC or AAC-LC
<CPE>, <optional additional elements>, <TERM>, for stereo HE-AAC or

2 2
AAC-LC

4 4 <SCE>, <CPE>, <SCE>, <optional additional elements>, <TERM>

5-0 SEE><CRE><CRE>—<optional-additional-elements><TERM
6 5.1 <SCE>, <CPE>, <CPE>, <LFE>, <optional additional elements>, <TERM>

NOTE Angled b

The syntax and values for individual channel stream shall conform to ISO/IEG,14496-3. The foll

fields shall be
— gain_cq
10.2.3.2.3 A{

The AAC codg
correct audio
current encod
be signalled u

A full reconst
unit. To still a
A more detail

In practice, ajf
portion of the

Presentation ¢lelay is compensated. according to one of the following options:

The most

header. I the case where padding has been added to the start of an audio stream, the media time

edit list i
samples;

If the con

rackets (<>) are used above to indicate separate syntactic elements, not stream syntax.

set as follows:

ntrol data present issetequal to 0.
\C presentation timing

c uses audio frames of a fixed length, and a transform"which applies over two frames. To
from a frame, both frames in the transform are needed, and hence the prior encoded frame a
ed frame need to be decoded to output the first frame. This is sometimes called "priming" an
King the ' roll' sample group.

ruction of the first encoded audio frame is\sometimes not possible since there is no previous
chieve a full reconstruction, a common practice is to add silence to the beginning of the audio
bd explanation of this approach may be found in ISO/IEC 14496-24.

encoder can prepend an arbjtrary amount of (invalid) audio waveform samples to the signa
audio signal is sometimes,ealled "encoder delay” and varies depending on the implementation

common approach/to compensate for inserted extra audio is to add an offset edit list to the ISO

5 the length!(in audio samples, as measured by the timescale of the track) of the inserted
P112 is a'’cemmon example for AAC.

efithas been generated according to ISO/IEC 23000-19:—, Clause G.5, no EditListBox is pr

compensation.

10.2.3.2.4 Loudness and dynamic range control

bwing

bbtain
hd the
d may

pCCess

ignal.

|. This

BMFF
in the
audio

psent.

If the SBR and PS coding tools are present, they shall not be considered for the purpose of delay

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
in the 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|
File
comp

a track is the only track in a file, compatible brands containing a brand equal’t
['vpeBox indicates that the track conforms to this media profile. When a file contdins”m
btible brands containing a brand equal to 'o0a2d' in FileTypeBox indicates-that at le|

b 'oa2d' in
ultiple tracks,
Ast one of the

trackq conforms to this media profile.
compptible brands containing a brand equal to 'oca2d’' in TrackTypeBox indicates that the tfack conforms
to thig media profile.
A tragk of this media profile shall be indicated to conform to this_miedia profile through orle or both of
Filell'ypeBox and TrackTypeBox.
The syntax and values of the AudioSampleEntry shall conform to MP4AudioSampleEntry|('mp4a') as
defingd in ISO/IEC 14496-14. Table 59 lists the allowed AAC prefiles.
Table 59 —AAC profiles

AAC profile codingname Sampleg entry
MPEQG-4 AAC (AAC-LC) mp4a MP4AudioSampleEntry
MPEG-4 High Efficiency AAC (HE-AAC) mp4a MP4AudioSampleEntry
MPEG-4 High Efficiency AAC vZ (HE-AACv2) mp4a MP4AudioSappleEntry
The SpmpleEntry forfmat in the SampleDescriptionBox is the same for each AAC audio profile
10.2.3.3.1 Storage of AAC media samples
The following additional constraints apply:

L audicomedia c:\mp]nc shall consist of one AAC audio access unit

— All AAC access units in an ISOBMFF track shall be encoded with one of AAC LC, HE-AAC or HE-AACv2.

— The values given in AudioSampleEntry, DecoderConfigDescriptor, and DecoderSpecificInfo
shall match the corresponding values in the AAC audio bitstream.

10.2.3.3.2 AAC audio sample entry

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 issetequal to 4 for four channel audio.

— channel

— channel

The value of
channelCon

count is setequal to 5 for five channel audio.
count is setequal to 6 for six channel audio, i.e. 5.1 audio.

he channelcount parameter in the AudioSampleEntry box shall correspend to the val
figuration field of AudioSpecificConfig according to Table 60:

les of

Table 60 — Mapping of channelcount parameter in the AudioSampleEntry to
channelConfiguration field of AudioSpecificConfig
channelcount channelConfiguration
1 1
2 2
4 4
5 5
6 6

The channel to loudspeaker mapping for each“ChannelConfiguration index is given in ISO/IEC
14496-3:2019, Table 1.19. The geometricy speaker positions for channelConfiguration =|4
(Quadrophonic speaker layout) is 0, 90°,<90° 180° (azimuth)

10.2.3.3.2.1| ES_Descriptor

The syntax and values for (ES Descriptor shall conform to ISO/IEC 14496-1, and the fields ¢f the

ES Descrig
— ES _IDis

— streaml

tor shall beset.as follows:

set equal.to 0.

epéndenceFlagis set equal to 0.

— URL_Flagissetequalto 0.

— OCRstreamFlagis setequal to 0.

— streamPriorityissetequalto 0.

— decConfigDescr issetequal to DecoderConfigDescriptor.

— slConfigDescrissetequal to SLConfigDescriptor, predefined type 2.

Descriptors other than those specified in subclauses 10.2.3.3.2.2 through 10.2.3.3.2.4 shall not be used.
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10.2.3.3.2.2 DecoderConfigDescriptor

The syntax and values for DecoderConfigDescriptor shall conform to ISO/IEC 14496-1, and the fields of this
descriptor shall be constrained to the following values.

— decoderSpecificInfo shall be used, and ProfileLevelIndicationIndexDescriptor shall not

b

— O

— S

e used.
bjectTypeIndication is equal to 0x40 (Audio).

treamType is equal to 0x05 (Audio Stream).

10.2.
The s

The
subcla

10.2.

The
GASp

pStreamis equal to 0.

ecSpecificInfoisequalto AudioSpecificConfig

3.3.2.3 AudioSpecificConfig

ntax and values for AudioSpecificConfig shall conform to ISO/IEQ14496-3.

following fields of AudioSpecificConfig shall be set(according to ISO/IEC
use 10.2.3.2:

1dioObjectType
hannelConfiguration
ktensionAudioObjectType
\SpecificConfig

B8.3.2.4  GASpecificConfig

gsyntax and values for GASpecificConfig shall conform to ISO/IEC 14496-3, and

ccificConfig shall be setto the following values:
rameLengthFlag-isiequal to 0 (1024 lines IMDCT).
ependsOnCoreCoder is equal to 0.

xtensieonFlagis equal to 0.

10.3

14496-3 and

the fields of

10.3.1 Overview

Subclause 10.3 defines OMAF media profiles for image coding. Table 61 provides an overview of the supported
features. The detailed, specification for each image profile is provided in the referenced subclause. Common text

for bo

th profiles is provided in subclause 10.3.2.
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Table 61 — 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
Main 10 or
OMAF VVC image profile VVC Main 10 Still 5.1 vvoi [ 10.3.5
Picture
10.3.2 Common specifications for image profiles
10.3.2.1 Gernjeral

Subclause 10
stereoscopic

projection or
number of reg
respectively. \
packing. The

10.3.2.2 ISO
profile

An image iten
Either on|

The

The

3.2 specifies common constraints applicable to both OMAF image profiles. Bothymonoscop

the cubemap projection. When equirectangular projection and region-wige packing are in us
ions in region-wise packing is required to be equal to 1 or 2 for monoscepic'or stereoscopic cd

grid' derived image item can be used to support large image widths'and heights.

Base Media File Format constraints for an image item conforming to an OMAF imagy(

e of the following applies:
Image item is a coded image item conforming to the OMAF image profile.

mage item is a 'grid' derived imdge item, and each source image item of the derived imag

is specified to conform to an OMAF image profile when all of the following constraints are trug:

¢ and

mages up to 360° are supported. These image profiles require the use of\the equirectapgular

e, the
ntent,

(Vhen cubemap projection is in use, it is allowed to use up to one regielr per cube face in region-wise

A1

h

P item

is a ¢Joded image item conforming to the-OMAF image profile.

— The item| properties for the coded-image item comply with the requirements and constraints specified in
subclausg 7.9.

— The item|is not associated with any other types of essential item properties than those required by th¢ item
type of the image item, and-*stvi', 'prfr’', 'rwpk',and 'rotn', which are specified in this documgnt.

— The iten} is associdted with a 'prfr' item property that indicates the equirectangular or cubemap
projectiop.

—  When the item is associated with a ' rwpk ' item property, the values of the item property are constrained as
follows:

— When equirectangular projection is in use, the value of NumRegions, derived as specified in

subc

lause 7.5.1.2, shall be equal to HorDiv1 * VerDiv1, derived as specified in subclause 7.9.3.1.

— 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

spec

260

When the image item covers less than 360°, a cube face can be absent in a packed picture.

ified in subclause 7.5.1.2, shall be equal to 0.

The value of PackingType[i] for each value of i in the range of 0 to NumRegions - 1, inclusive, derived as
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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 specified 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.

The file shall include 'mif1' among the compatible brands and comply with the requirements of 'mif1l"'

10.3.3 OMAF HEVC image profile
10.3.8.1 General

Subclause 10.3.3 specifies the OMAF HEVC image profile, which uses HEVC as the codec for coding

and fd

10.3.

The b
tier, L

The b

shall e a coded frame.

The a

10.3.

—+ When the image item is a derived image item, each source image item is present in the file-

—+ The image item is either the primary item or any item from the alternate groupcontainin

—+ The image item conforms to the OMAF image profile.

item.

llows the common constraints for OMAF image profiles:.

8.2 Elementary stream constraints

tstream of a coded image item conforming t6.this media profile shall conform to HEVC Main 1
evel 5.1 specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.

tstream contained in a coded image item shall consist of one and only one coded picture. The

rtive SPS of the bitstream shall be constrained as follows:
eneral_progressive_source_flag shall be set to 1.
eneral_frame_enlyZconstraint_flag shall be set to 1.

eneral_interlaced_source_flag shall be set to 0.

8.3 ISO Base Media File Format constraints

g the primary

y of the image

profile, Main

coded picture

A coded image item is specified to conform to the 'heoi' brand when all of the following constraints are true:

— The content of the coded image item conforms to the elementary stream constraints specified in
subclause 10.3.3.2.

— The item has type 'hvcl' and conforms to the requirements imposed by the 'hvcl' item type, as specified
in [SO/IEC 23008-12.

— The coded image item conforms to the constraints specified in subclause 10.3.2.2.
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An image item is specified to conform to the 'heoi' brand when it is 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 image item with the given item id value is a coded image item, the following applies:
— An HEVC(|bitstream consists of the content of the item with the given item ID value.

— The HEVC bitstream shall conform to the elementary stream constraints specified in subclause 10.3.3.2.

— The HEVC bitstream is decoded as specified in Rec. ITU-T H.265 (11/19) | ISO/IEC 23008-2:2020, subglause
8.1.1.

— The outplts of this process are the same as the outputs of Rec. ITU-T H.265(11/19) | ISO/IEC 23008-2{2020,
subclaus¢ 8.1.1.

Otherwise (the image itemisa 'grid' derived image item), the folléwing applies:
— For each pource image item of the derived image item, the following applies:
— An HEVC bitstream consists of the content of the$ource image item.
— The HEVC bitstream shall conform to the elémentary 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,
subdlause 8.1.1.

— The outppt of this process is formed by tiling the reconstructed images resulting from the decoding of all the
source injage items, as specified\in the image grid derivation of ISO/IEC 23008-12.

Additionally, | this process, ‘eutputs ProjectionFormatProperty, FramePackingProperty (when
applicable), RegionWisePackingProperty (when applicable), and RotationProperty (when applifable)
that provide the inputforthe semantics of sample locations within the decoded picture as specified in subglause
7.5.1.

10.3.3.5 Redommendations 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

-2:2023(E)

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 concatenation of the contents of the optional ' jpgC"' item property with the extents of the JPEG image item
shall conform to the specification for a JPEG compressed image as defined in ISO/IEC 10918-1, starting with the

SOI (s

N

10.3.

A cod

(%]

— T

v =

— T

An im
'jpo

for which each source image item is a coded.image item conforming to the ' jpoi' brand.

10.3.

The in

If the

— A

n ISO/IEC 23008-12, or is coded with MIME type 'image/Jjpeg' and conforms to tha

tart of image) marker and ending with the EOI (end of image) marker.

DTE  The elementary stream constraints are identical to those for the ' jpeg' brand specifiedAnISO/I
1.3 ISO Base Media File Format constraints

bd image item is specified to conform to the ' jpoi' brand when all of the following constraint

he content of the coded image item conforms to the elemenfafy stream constraints
hibclause 10.3.4.2.

he item has type ' jpeg' and conforms to the requirements imposed by the ' jpeg' item typ
pecification.
he coded image item conforms to the constraints specified in subclause 10.3.2.2.

age item is specified to conform to the 'j©ei' brand when it is a coded image item conf
i ' brand as specified above or a derived.image item conforming to the constraints specified i

1.4 File decoding process

puts to the file decoding process are

e item ID value ofthe image item conforming to this media profile, and

file containingiat least the image item.

mage item)with the given item id value is a coded image item, the following applies:

JPEG-bitstream consists of the content of the item with the given item ID value.

EC 23008-12.

s are true:
specified in
e, as specified

t MIME type

brming to the
n 10.3.2.2 and

— The JPEG bitstream shall conform to the elementary stream constraints specified in subclause 10.3.4.2.

— The JPEG bitstream is decoded as specified in ISO/IEC 10918-1.

— The output of this process is a decoded JPEG image.

Otherwise (the image itemisa 'grid' derived image item), the following applies:

— F

or each source image item of the derived image item, the following applies:

— AJPEG bitstream consists of the content of the source image item.
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The JPEG bitstream is decoded as specified in ISO/IEC 10918-1.

source image items, as specified in the image grid derivation of ISO/IEC 23008-12.

Additionally,

this process outputs ProjectionFormatProperty,

The JPEG bitstream shall conform to the elementary stream constraints specified in subclause 10.3.4.2.

The output of this process is formed by tiling the reconstructed images resulting from the decoding of all the

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 Regd

The requiren
supported.

Players confo
following:

— The imag
— The imag

When display]
sample locati

10.3.5 OM
10.3.5.1 Ger

Subclause 10.
follows the co

10.3.5.2 Ele

The bitstreamn
tier, Level 5.1
5.1 specified i

The bitstrean
shall be a cod

ommendations and requirements for OMAF player

ents on readers conforming to the 'mifl' brand, as specified in ISO/IEC 23008-12, sh

Fming to the 'jpoi' brand shall support displaying an image item that-conforms to both

e item is either the primary item or any item from the alternate greup containing the primary i
e item conforms to the ' jpoi ' brand as specified in subclause 10.3.4.3.

ing an image item conforming to the 'jpoi' brand, players are expected to obey semantics
ns of the decoded picture as specified in subclause 7:5.1.

AF VVC image profile
eral

B.5 specifies the OMAF VVC imageprofile, which uses VVC as the codec for coding of the imag
mmon constraints for OMAF image-profiles.

mentary stream constraints

of a coded image jtem conforming to this media profile shall conform to VVC Main 10 profile
specified in Rec.ATU-T H.266 | ISO/IEC 23090-3, or VVC Main 10 Still Picture profile, Main tier
h Rec. ITU-T H:266 | ISO/IEC 23090-3.

containéd in a coded image item shall consist of one and only one coded picture. The coded p
ed frame.

All the referern

all be

of the

fem.

of the

e and

Main
Level

icture

ced’SPSs of the bitstream shall be constrained as follows:

vui_progressive_source_flag shall be equal to 1.

— vui_interlaced_source_flag shall be equal to 0.

10.3.5.3 ISO

ptl_frame_only_constraint_flag shall be equal to 1.

Base Media File Format constraints

A coded image item is specified to conform to the 'vvoi' brand when all of the following constraints are true:
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— The content of the coded image item conforms to the elementary stream constraints specified in
subclause 10.3.5.2.

— The item has type 'vvcl' and conforms to the requirements imposed by the 'vvcl' item type, as specified
in ISO/IEC 23008-12.

— The coded image item conforms to the constraints specified in subclause 10.3.2.2.
An image item is specified to conform to the 'vvoi' brand when it is a coded image item conforming to the

'vvoi' 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 'vvoi ' brand.

10.3.5.4 File decoding process

The injputs to the file decoding process are

— the item ID value of the image item conforming to this media profile, and

— alfile containing at least the image item.

If the jmage item with the given item id value is a coded image item, theyfollowing applies:
— A VVC bitstream consists of the content of the item with the given item ID value.

— Thhe VVC bitstream shall conform to the elementary stream constraints specified in subclause 10.3.5.2.
— Tlhe VVC bitstream is decoded as specified in Rec.dTU-T H.266 | ISO/IEC 23090-3:2021, subclauge 8.1.1.

— The outputs of this process are the samexas*the outputs of Rec. ITU-T H.266 | ISO/IEC 23090-3:2021,
hbclause 8.1.1.

(%]

Otherise (the image itemisa 'grid' derived image item), the following applies:

— Hor each source image item of the derived image item, the following applies:

- An VVC bitstream consists of the content of the source image item.

- The VVC bitstream shall conform to the elementary stream constraints specified in subclause 10.3.5.2.

- The VVGbitstream is decoded as specified in Rec. ITU-T H.266 | ISO/IEC 23090-3:2021, suHclause 8.1.1.

|
—

he output of this process is formed by tiling the reconstructed images resulting from the decoding of all the
burce.iimage 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.

10.3.5.5 Recommendations and requirements for OMAF player

The requirements on readers conforming to the 'mif1l' brand, as specified in ISO/IEC 23008-12, shall be
supported.

Players conforming to the 'vvoi' brand shall support displaying an image item that conforms to both of the
following:
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e item conforms to the 'vvoi' brand as specified in subclause 10.3.5.3.

The image item is either the primary item or any item from the alternate group containing the primary item.

When displaying an image item conforming to the 'vvoi' 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 Ove

Subclause 10
captions for

TVIiEW

3.5 defines media profiles for timed text. Timed text is used for providing subtitles\and
pbmnidirectional video. Table 62 provides an overview of the supported features,: The de

specification for each timed text profile is subsequently provided in the referenced subclause.

Table 62 — Overview of OMAF media profiles for timed text

Media Profile Codec Profile Brand | Subclause

OMAF IMSC1 timed text profile IMSC1 Text Profile or efml | 10.4.2
Image Profile

OMAF WebVTT timed text profile | WebVTT | n\a ttwv | 10.4.3

104.2 OM

10.4.2.1 Ele

The elementa

10.4.2.2 ISO|

When a trac
FileTypeBg
compatiblg

AF IMSC1 timed text profile

mentary stream constraints

Fy stream shall conform to the Text-Profile or Image Profile specified in W3C IMSC1.

Base Media File Format constraints

K is the only track in_a file, compatible brands containing a brand equal to 'ttm|

| brands containing a brand equal to 'ttml"' in FileTypeBox indicates that at least one

tracks conforims to this mediaprofile.

compatiblg
to this media

profile.

losed
tailed,

1' in

x indicates that the track conforms to this media profile. When a file contains multiple fracks,

of the

| brand’s dontaining a brand equal to ' ttml' in TrackTypeBox indicates that the track conforms

A track of th

ismedia prnfﬂp shall be indicated to conform to this media prnﬁ'lp fhrnngh one or b

FileTypeBox and TrackTypeBox.

An IMSC1 track shall conforms to the IMSC1 track format as specified in subclause 7.10.3.

The media handler type is ' subt ', and the track uses a subtitle media header.

The role of an

IMSC1 track should be labelled by using the KindBox.

th of

When timed text cues are displayed on sphere regions, the timed text sphere region metadata track, as specified in

subclause 7.7.

266

7, shall be present.
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10.4.3 OMAF WebVTT timed text profile
10.4.3.1 Elementary stream constraints

The elementary stream shall conform to W3C WebVTT.

10.4.3.2 ISO Base Media File Format constraints

When a track is the only track in a file, compatible brands containing a brand equal to 'ttwv' in
FileTypeBox indicates that the track conforms to this media profile. When a file contains multiple tracks,
compatible brands containing a brand equal to 'ttwv' in FileTypeBox indicates that at least one of the
trackq conforms to this media profile.

compptible brands containing a brand equalto 'ttwv' in TrackTypeBox indicates thatthe track conforms
to thig media profile.

A trafk of this media profile shall be indicated to conform to this media prafile’ through orne or both of
File[lypeBox and TrackTypeBox.

A WepVTT track shall conform to the WebVTT track format as specifiéd ,in subclause 7.10.4, jusing a track
handfler typeof 'text' witha codingname of "wvtt"'.

The r¢le of a WebVTT track should be labelled by using the KindBdx.

When|timed text cues are displayed on sphere regions, the timed text sphere region metadata track, ps specified in
subclause 7.7.7, shall be present.

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 qpality on HMDs (in€luding mobile-powered HMDs).

This profile fulfilssthe basic requirements to support 3D Audio and omnidirectional and 3I) video. Both
monofcopic and stereoscopic video are supported. The profile requires neither viewport-dependent delivery nor
viewplort-dependent decoding.

The prefile-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 a file with compatible brands containing a brand equal to 'ompp' in FileTypeBox, the following
constraints apply:

— The file shall conform to the 'is09"' brand.
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ent OMAF video profile as specified in subclause 10.1.2.

as specified in subclause 10.2.2.

11.2 OMAF viewport-dependent baseline presentation profile

11.2.1

General

The OMAF vig
on the HMDs

presentation profile.

This profile fillfils requirements to support 3D audio and omnidirectional and 3D video. Both”monoscop

stereoscopic

11.2.2 ISO

An ISOBMFF

presentation profile may be offered using the ISOBMFF file brand 'ovdp'.

For a file wit
constraints ag

The file s

If contai]

dependent OMAF video profile as specified in subclause 10.1.3.

If contain
as specifi

12 OMAF

12.1 Overl

12.1.1 Ove

wport-dependent baseline presentation profile is intended to provide interoperability and_g
that go beyond the viewport resolution achievable by the OMAF viewport-independent’ba

ideo are supported. The profile requires viewport-dependent delivery and rendering.

Base Media File Format constraints

file containing a VR experience using the technologies for the OMAF viewport-dependent ba

h compatible brands containing a brand equal to\"ovdp' in FileTypeBox, the foll
ply:

hall conform to the 'is09"' brand.

hing video, the file shall contain at least “one track conforming to the HEVC-based viey

ed in subclause 10.2.2.

toolset brands

ay toolsetbrand

rview

If containing video, the file shall contain at least one track conforming to the HEVC-based viewport-

If containing audio, the file shall contain at least one track conforming to the OMAF 3D audio baseline profile

uality
seline

c and

seline

bwing

Vport-

ing audio, the file shall contain at}east one track conforming to the OMAF 3D audio baseline profile

This toolset b

12.1.2 ISO

rand specilies overlay-related requirements on 1iles and UMAF players.

Base Media File Format constraints

The following constraints shall be obeyed in files containing the brand 'ovly' among compatible brands of
the FileTypeBox:

The file shall contain one or more 'ovbg"' entity groups.

When the OverlayPriority control structure is present for an overlay and overlay priority in

OverlayPriorityisequalto0,overlay control essential flag[i] shall be absent or equal to 0
for all values of i greater than 13 in the SingleOverlayStruct () of the overlay.
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When an OMAF player conforming to this toolset brand is given a file containing the brand 'ovly' among
compatible brands of the FileTypeBox as input, the OMAF player should render the background visual
media and the overlays of an 'ovbg"' entity group as specified for the expected behaviour in Annex G

12.2

Viewpoint toolset brand

12.2.1 Overview

This t

12.2.]

The fdq
the F

— T

12.2.]

When|
comp

the e¥pected behaviour in Annex G

12.3

12.3.

This
correg

12.3.]

The fdq
the F

— T

1 Overview

bolset brand specifies viewpoint-related requirements on files and OMAF players.

2 ISO Base Media File Format constraints

llowing constraints shall be obeyed in files containing the brand 'vwpt ' améhg’‘compatibl
| leTypeBox:

he file shall contain two or more 'vipo' entity groups.

8 OMAF player operation

an OMAF player conforming to this toolset brand is-given a file containing the brand 'y
btible brands of the FileTypeBox as input, thesOMAF player should handle viewpoints 4

Non-linear storyline toolset brand

toolset brand specifies requirements for authoring files suitable for non-linear story
ponding requirements fo OMAF players.

P ISO Base Media File Format constraints

llowing constraints shall be obeyed in files containing the brand 'n1sl' among compatibl
leTypeBox:

he file shall contain two or more 'vipo' entity groups.

e brands of

rwpt ' among
s specified for

line and the

e brands of

— 1

FfiTSt v ipo T emtity group ¢0es Mot COMtaim the Viewpo Nt SwiteningListStruct (), t

second 'vipo' entity group for which at least one of the following constraints is met:

— the ViewpointSwitchingListStruct () is present and at
destination viewpoint id value is equal to the identifier of the first 'vipo"' entity group.

ere shall be a

least one

— the ViewpointLoopingStruct () is present and the loop dest viewpoint id value is equal to

— F

the identifier of the first 'vipo' entity group.

or each viewpoint switch signalled in the ViewpointSwitchingListStruct(), the flag
viewpoint switch region flag shall be equalto 1.
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— ViewpointSwitchingListStruct ()shall be present in the 'vipo' entity group of the viewpoint that
is identified to be the initial viewpoint at the beginning of the presentation as specified in subclause 7.12.3.2.

12.3.3 OMAF player operation

When an OMAF player conforming to this toolset brand is given a file containing the brand 'nlsl' among
compatible brands of the FileTypeBox as input, the OMAF player is expected to handle viewpoints 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.

<?xmifversion= 1.0 encoding= UIF-8 7>

<xs:§chema xmlns:xs="http://www.w3.org/2001/XMLSchema"
tafgetNamespace="urn:mpeg:mpegl:omaf:2017"
xnmlns:omaf="urn:mpeg:mpegl:omaf:2017"
el¢gmentFormDefault="qualified">
<xk:import namespace="urn:mpeg:dash:schema:mpd:2011" schemaLocation="DASH-MPD.xsd" /3
<xk:element name="sphRegionQuality" type="omaf:SphRegionQualityType" />
<xk:complexType name="SphRegionQualityType">

Kxs:sequence>

<xs:element name="qualityInfo" type="omaf:QualityInfoType"minOccurs="1" maxOccurs="455"/>

<xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded" />

—

\4

£ /Xs:sequence>

cxs:attribute name="shape_type" type="xs:unsignedByte",use="optional" default="0"/>
cxs:attribute name="remaining_area_flag" type="xs:boblean" use="optional" default="0"/>
cxs:attribute name="view_idc_presence_flag" type={xs:boolean" use="optional" default="0"/>
cxs:attribute name="quality_ranking_local_flag’>type="xs:boolean" use="optional" default="0" />
cxs:attribute name="quality_type" type="omaf:QualityType" use="required" />
cxs:attribute name="default_view_idc" type="omaf:ViewType" use="optional"/>
cxs:anyAttribute namespace="##othexr" processContents="lax"/>
</Kks:complexType>

<xk:complexType name="QualityInfoType">

cxs:attribute name="quality_ranking" type="xs:unsignedByte" use="required" />
cxs:attribute name="view_idc" type="omaf:ViewType" use="optional"/>
cxs:attribute name="orig_width" type="xs:unsignedShort" use="optional" />
cxs:attribute name="orig_height" type="xs:unsignedShort" use="optional" />
cxs:attribute’name="centre_azimuth" type="omaf:Range1" use="optional" />
cxs:attribute name="centre_elevation" type="omaf:Range2" use="optional" />
cxs:attsibute name="centre_tilt" type="omaf:Rangel" use="optional"/>
cxstattribute name="azimuth_range" type="omaf:HRange" use="optional"/>
<xs:attribute name="elevation_range” type="omaf:VRange" use="optional" />

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

<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>
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<xs:attribute name="remaining_area_flag" type="xs:boolean" use="optional" default="0"/>
<xs:attribute name="view_idc_presence_flag" type="xs:boolean" use="optional" default="0"/>
<xs:attribute name="quality_ranking local_flag" type="xs:boolean" use="optional" default="0"/>
<xs:attribute name="quality_type" type="omaf:QualityType" use="required" />
<xs:attribute name="default_view_idc" type="omaf:ViewType" use="optional"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>

</xs:complexType>

<xs:complexType name="twoDQualityInfoType">
<xs:attribute name="quality_ranking" type="xs:unsignedByte" use="required" />
<xs:attripute name="view_idc" type="omaf:ViewType" use="optional" />
<xs:attripute name="orig_width" type="xs:unsignedShort" use="optional" />
<xs:attripute name="orig_height" type="xs:unsignedShort" use="optional"/>
<xs:attripute name="left_offset"” type="xs:unsignedShort" use="optional"/>
<xs:attribute name="top_offset" type="xs:unsignedShort" use="optional" />
<xs:attripute name="region_width" type="xs:unsignedShort" use="optional"/>
<xs:attribute name="region_height" type="xs:unsignedShort" use="optional"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>

</xs:complexType>

<xs:elemeft name="cc" type="omaf:CCType"/>
<xs:complexType name="CCType">
<xs:seqyence>
<xs:el¢ement name="coveragelnfo" type="omaf:coveragelnfoType" minOccurs="1" maxOccurs="255"}/>
<xs:any namespace="##other" processContents="lax" mihOccurs="0" maxOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="shape_type" type="xs:unsignedByte" use="optional" default="0"/>
<xs:attribute name="view_idc_presence_flag" type="xs:boolean” use="optional" default="0"/>
<xs:attribute name="default_view_idc" type="omaf:ViewType" use="optional"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
<xs:complexType name="coveragelnfolype">
<xs:attripute name="view_idc"itype="omaf:ViewType" use="optional" />
ibute name="centre-azimuth" type="omaf:Rangel" use="optional" default="0"/>
ipute name="centre, elevation" type="omaf:Range2" use="optional" default="0"/>
ibute name="¢entre_tilt" type="omaf:Rangel" use="optional" default="0"/>
ibute name={azimuth_range" type="omaf:HRange" use="optional" default="23592960"/>
ibute name="elevation_range" type="omaf:VRange" use="optional" default="11796480"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>

<xs:attribute name="projection_type" type="omaf:listOfUnsignedByte" />
<xs:simpleType name="listOfUnsignedByte">
<xs:restriction>
<xs:simpleType>
<xs:list itemType="xs:unsignedByte" />
</xs:simpleType>
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
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<xs:attribute name="packing_type" type="omaf:OptionallistOfUnsignedByte" />
<xs:simpleType name="0OptionallistOfUnsignedByte">
<xs:restriction>
<xs:simpleType>
<xs:list itemType="xs:unsignedByte" />
</xs:simpleType>
<xs:minLength value="0"/>
</xs:restriction>
</xs:simpleType>

<xk:attribute name="view_dimension_idc" type="omaf:viewDIdcType" />
<xtk:simpleType name="viewDIdcType">
kxs:restriction base="xs:unsignedByte">
<xs:minlnclusive value="0"/>
<xs:maxInclusive value="7"/>
x /xs:restriction>
</ks:simpleType>

<xk:simpleType name="Range1">

cxs:restriction base="xs:int">
<xs:minlnclusive value="-11796480"/>
<xs:maxInclusive value="11796479" />

< /xs:restriction>

</ks:simpleType>

<xk:simpleType name="Range2">

cxs:restriction base="xs:int">
<xs:minlnclusive value="-5898240"/>
<xs:maxInclusive value="5898240" />

< /xs:restriction>

</ks:simpleType>

<xbk:simpleType name="HRange'>

cxs:restriction base="xs:unsignedInt">
<xs:minlnclusive value="0"/>
<xs:maxInclusivevaliie="23592960" />

£ /xs:restriction>

</ks:simpleType>

<xk:simpleTypeéname="VRange">

cxs:restriction base="xs:unsignedInt">
<x$:minlnclusive value="0"/>

<xs:maxInclusive value="11796480" />

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

</xs:simpleType>
</xs:schema>
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Annex B
(normative)

DASH integration of media profiles

B.1 Video profiles

B.1.1 HEVC-based viewport-independent OMAF video profile

An ingtantiation of the HEVC-based viewport-independent OMAF video profile in DASH should be rgpresented as

one Adaptation Set, possibly with multiple Representations. If so, the Adaptation Set should-provide
signalling:

NOTE| By the use of the restricted video scheme and the @profilé€s referring to this media profile, the DA
infornjation to identify if this media profile can be played back. Forjadditional information, the Supplement
used tp provide some details on the configuration of the contained®Representations.

The cpncatenation of all DASH Segments of one Representation for HEVC viewport-independent b
profilg shall conform to all the constraints specifiedin’subclause 10.1.2.4.

Conformance to CMAF may be provided in @ddition by conforming to a HEVC video CMAF track
ISO/IEC 23000-19:—, Clause B.1.

In addition, for an Adaptation Set thefellowing applies:

When| the playback is intended to be started using another viewing orientation than that
(centre (@zimuth, centre elevation,centre tilt) equal to (0, 0, 0) relative to the gloh
axes, p.Répresentation containing initial viewing orientation metadata, as specified in subclause

4+ | ratad ielaall latad dio N ot ifiad i el
prese T4l dosULIatTU WILIT All TTIALTU IIITUIA INCPITOTIHLALIVLIIS do SPTULIITU I SsUUtIdauUot U. 4. J.

B.1.2

A Supplemental Descriptor or Essential Descriptor providing the.ffame packing arrangement m

@codecs="resv.podv+erpv.hvcl.2.6.L153.B0"

[(>)

mimeType='video/mp4 profiles="hevi™"'

Tlhe same frame packing format shall be used on all Representations in one Adaptation Set.
Tlhe same coverage information shall be used on all Representations in one Adaptation Set.

Tlhe same spatial resolution shall be used on all Representations in one Adaptation Set.

the following

hy be used.

bH client has all
hl Descriptor is

aseline media

as defined in

indicated by
al coordinate
7.7.4, shall be

Q92D

B.1.2.1 General

Viewport-dependent delivery of AVC, HEVC, and VVC without Index Segments

This subclause applies to the HEVC-based viewport-dependent OMAF video profile, the AVC-based viewport-
dependent OMAF video profile, and the VVC-based simple tiling profile, when Preselection is not indicated for an
OMAF base track or Index Segments are not indicated for a Main Adaptation Set carrying an OMAF base track.
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When switching or accessing Representations at each segment or subsegment is relevant, the following DASH
profiles include sufficient constraints:

ISO Base

ISO Base

Media File Format Live profile: urn:mpeg:dash:profile:isoff-1ive:2011

Media File Format Main profile: urn:mpeg:dash:profile:isoff-main:2011

When low latency considerations are relevant, the following DASH profiles provide tools to support efficient low
latency services:

ISO Base Media File Format On Demand profile: urn:mpeg:dash:profile:isoff-on-demand:2011

— ISO Base Media File Format Broadcast TV profile: urn:mpeg:dash:profile:isoff-broadcagts 2015
It is recommended that DASH clients consuming low latency services support either or both of the above profiles
in order to support the latency requirements.

In addition, for an Adaptation Set the following applies:

— The samg projection format shall be used on all Representations in one Adaptatien-Set.

— The samg frame packing format shall be used on all Representations in oné-Adaptation Set.

— The samg coverage information shall be used on all Representations in-one Adaptation Set.

— The samg spatial resolution shall be used on all Representations il one Adaptation Set.

When the playback is intended to be started using another viewing orientation than that indicated by
(centre azfimuth,centre elevation,centre tiltd/equal to (0, 0, 0) relative to the global coorglinate
axes, a Repregentation containing initial viewing orientation metadata, as specified in subclause 7.7.4, shall be
present and apsociated with all related media Representations as specified in subclause 8.2.3.

Requirementq on the presence of Essential or Sipplemental Property Descriptors are the same as for the HEVC-
based viewpoft-independent OMAF video prefile.

B.1.2.2  Specifications for 'hyc2"', 'avc2',and 'avc4d' sample entry types and for 'vvel'
merge base|tracks

This subclauge applies to the HEVC-based viewport-dependent OMAF video profile, the AVC-based viewport-
dependent ONMAF video profile, and the VVC-based simple tiling profile, when Preselection is not indicated for an
OMAF base traick or Index'Segments are not indicated for a Main Adaptation Set carrying an OMAF base tracl{..

If applied to the HEVC-based viewport-dependent OMAF video profile, standaloneTrack4cc is set equal to 'Hvcl?',
extractorTrack4ce’is set equal to 'hvc?2 ', and the term media profile track constraints in the text below refers to

the constraints specified in subclause 10.1.3.3.

Otherwise,

if the subclause

is applied to the AVC-based viewport-dependent OMAF video profile,

standaloneTrack4cc is set equal to 'avcl' or 'avc3' and extractorTrack4cc is set equal to 'avc2' or 'avcd',
respectively, and the term media profile track constraints in the text below refers to the constraints specified in
subclause 10.1.4.3.

Otherwise (the subclause is applied to the VVC-based simple tiling profile), standaloneTrack4cc is set equal to
'vvcl' or 'vvsl' and extractorTrack4cc is set equal to 'vvcl', and the term media profile track constraints in
the text below refers to the constraints specified in subclause 10.1.7.3.

When the MPD contains a Representation with a track for which the untransformed sample entry type is equal to
extractorTrack4cc, the following applies:
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Either the Representations carrying a track conforming to the media profile track constraints with the

untransformed sample entry type equal to extractorTrack4cc shall contain @dependencyId listing all
dependent Representations that carry a track conforming to the media profile track constraints with the
untransformed sample entry type equal to standaloneTrack4cc or a Preselection property descriptor shall be

p

resent and constrained as follows:

The Main Adaptation Set shall contain a Representation carrying a track conforming to the
track constraints with the untransformed sample entry type equal to extractorTrack4cc.

media profile

The Partial Adaptation Sets shall contain Representations each carrying a track conforming to the media

profile track constraints with the untransformed sample entry type equal to standaloneTrack4cc.

N

H

=

|

The fd

)

untransformed sample entry type equal to extractorTracké4cc is typically smaller than when using'@d

OTE 1 When using the Preselection property descriptor, the number of Representations for carrying

owever, the use of @dependencyId can be needed for encrypted video tracks.

he Initialization Segment of the Representation that contains @dependencydd or belong
daptation Set is constrained as follows:

Tracks conform to the media profile track constraints.

The track corresponding to the untransformed sample entry type equal to extractorTrac
the tracks indicated in the TrackReferenceBox of the Initialization Segment.

OTE 2 When Preselection is used, the sequence numbeiinteger values are not required to be
herefore the concatenation of the Subsegments (of the differentRepresentations of the Adaptation Sets of
any order results in a conforming file.

OTE 3 The conforming Segment sequence formed on the basis of the Preselection property descriptor
dependencyId attribute(s) as specified in JSO/IEC 23009-1 and the track ID value of the
htransformed sample entry type equal to extractorTrack4cc can be used as inputs to the file deco
ibclause 10.1.3.4 (when extractorTrack4ccds,equal to 'hvc2 ') or subclause 10.1.4.4 (when extractorT}

'avc2' or "avc4d') or subclause 10.1.7.4 (when extractorTrack4cc is equal to 'vvcl'). When extra
ual to 'hvc2', the HEVC bitstream, produced as a part of the file decoding process of subclause 10.1.
e elementary stream constraints/specified in subclause 10.1.3.2. When extractorTrack4cc is equal
avc4d ', the AVC bitstream produced as a part of the file decoding process of subclause 10.1.4.4 c
ementary stream constraints_specified in subclause 10.1.4.2. When extractorTrack4cc is equal to 'y
ftstream produced as aqpart of the file decoding process of subclause 10.1.7.4 conforms to the eleq]
bnstraints specified in-subclause 10.1.7.2.2.

llowing applies for the use of @mimeType:

mimeType of the Main Adaptation Set shall include the profiles parameter and one of
fithinthe'profiles parameter:

racks with the
PpendencyId.

5 to the Main

k4cc refers to

processed and
a Preselection)

or by resolving
track with the
ing process of
ack4cc is equal
ctorTrack4cc is
.4 conforms to
to 'avc2' or
bnforms to the
[vcl', the VVC
hentary stream

the following

"hevd' forthe HEVC-based viewport-dependent OMAF video profile;

(0]

'avde' for the AVC-based viewport-dependent OMAF video profile;

'sitv' for the VVC-based simple tiling OMAF video profile.

fprofiles ofits Partial Adaptation Sets.

Representations shall be the same.

When

Preselection is used, the following applies:
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— The value of @subsegmentAlignment in the Main Adaptation Set shall be an unsigned integer and equal to
the value of @subsegmentAlignment of the each associated Partial Adaptation Set.

— The value of @segmentAlignment in the Main Adaptation Set shall be an unsigned integer and equal to the
value of @segmentAlignment of the each associated Partial Adaptation Set.

NOTE 4 The HEVC-based viewport-dependent OMAF video profile typically requires a low delay operation and fast
switching. This requires frequent stream access points (e.g. lower than 1 second interval) to be available, which can be
achieved by providing different representations with different Switching@interval values or with
Segement IndexBoxes having different starts_with SAP values for each of the subsegments.

B.1.3 Ungronstrained HEVC-based viewport-independent OMAF video profile
An instantiatipn of the HEVC-based viewport-independent OMAF video profile in DASH should bevepresented as
one Adaptatidn Set, possibly with multiple Representations. If so, the Adaptation Set should provide the follpwing

signalling:

— (Qcodecg="'resv.podv+erpv.hvcl.2.6"' optionally followed by additional-infermation as specified in
ISO/IEC 14496-15.

— @mimeType='video/mp4 profiles="uhvi"'
— A Supplemental Descriptor or Essential Descriptor providing the framie)packing arrangement may be usged.

NOTE By th¢ use of the restricted video scheme and the @profiles referring to this media profile, the DASH client}has all
information to |identify if this media profile can be played back. For additional information, the Supplemental Descriptor is
used to providg some details on the configuration of the contained Représentations.

The concatenjation of all DASH Segments of one Representation for HEVC viewport-independent baseline media
profile shall cpnform to all the constraints specified in subclause 10.1.5.3.

Conformance [to CMAF may be provided in addition by conforming to a HEVC video CMAF track as defined in
ISO/IEC 2300P-19:—, Clause B.1.

In addition, for an Adaptation Set the following applies:

— The samg frame packing formatshall be used on all Representations in one Adaptation Set.
— The samg coverage information shall be used on all Representations in one Adaptation Set.
— The samg spatial yesolution shall be used on all Representations in one Adaptation Set.
When the playback is intended to be started using another viewing orientation than that indicated by
(centre azfimbtfh, centre elevation,centre tilt) equal to (0, 0, 0) relative to the global coorflinate

axes, a Representation containing initial viewing orientation metadata, as specified in subclause 7.7.4, shall be
present and associated with all related media Representations as specified in subclause 8.2.3.

B.1.4 OMAEF tiling video profiles
B.1.4.1 General

This subclause applies to the advanced tiling OMAF video profile, the HEVC-based simple tiling OMAF video profile,
and, when Index Segments are indicated for a Main Adaptation Set, the VVC-based simple tiling OMAF video
profile.
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An instantiation of the advanced or simple tiling OMAF video profiles in DASH should be represented as one or
more Adaptation Sets, possibly with multiple Representations in each Adaptation Set.

All the Adaptation Sets associated with the same OMAF base track and the Adaptation Set containing this OMAF
base track shall contain a Preselection Descriptor, the Adaptation Set containing the OMAF base track being the
Main Adaptation Set. The Preselection Descriptors in the Main Adaptation Set and the Partial Adaptation Sets shall
be essential descriptors.

In addition, Adaptation Sets and Representations which comply to the advanced or simple tiling OMAF video
profiles shall either have or inherit the following DASH profile description in @profiles DASH attribute:

In add

| | .
jilille = = — = — =

|
o >

LThnpeg.npegl ollldl cddsilsprollle. INaexed=150DML L ¢ £ZUZU

ition, the following applies for an Adaptation Set:

Il Representations shall cover the same region of the projected picture.

11 Representations shall have the same spatial resolution.

ile Index Segments, specified in subclause 8.6.2, shall be indicated in“/DASH MPD as Index Se
epresentation that carries the OMAF base track and shall contain™ah 'styp' box includ

sibm’.

ile Data Segments, specified in subclause 8.6.3, of the same)OMAF tile track shall be declar
epresentation in DASH MPD and shall contain an ' stypXbox including the brand 'imds".

Representation that carries the OMAF base track:shall be indicated in DASH MPD as a Main 4

1 a Preselection.

daptation Sets carrying Tile Data Segments shall be indicated in DASH MPD as Partial Adaptat
reselection.

oments of the
ng the brand

ed as a single

\daptation Set

on Sets of the

— When time-aligned Media Segments of the Representations of the Partial Adaptation Sety of the same
Preselection do not have <the same Media Segment URL, the Representations g$hall contain
gnaf2:@contentComponent/attribute with a value equal to the track ID value of the ¢orresponding
(MAF tile track in the Tile [ndex Segments of the Main Adaptation Set of the same Preselection.

NOTE |The Tile Data Segment.contains the ISOBMFF boxes with the nesting, optionality and ordinality as described in Table B.1.

Table B:1\~— Tile Data Segment for the advanced and simple tiling OMAF video profilles
NLol N1l nb2) | NL3 | NL4 | NLs | NLe | NL7 | NLS F(];r;gat Specification Constraints Description
styp 1 ISO/IEC 14496- Contains the brand
12:2022, subclause|'imds'.
8.16.2
imda +  |ISO/IEC 14496-
12:2022, subclause
8.1.4
B.1.4.2  Specifications for the advanced tiling OMAF video profile
This subclause applies to the advanced tiling OMAF video profile.

NOTE The Tile Index Segment for the advanced tiling OMAF video profile contains the ISOBMFF boxes with the nesting,

option

ality and ordinality as described in Table B.2.
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Table B.2 — Tile Index Segment for the advanced tiling OMAF video profile

NLO | NL1 | NL2 | NL3 | NL4 | NL5 | NL6 | NL7 | NL8 F‘;{rergat Specification Constraints Description
styp 1 ISO/IEC 14496- Contains the brand
12:2022, subclause|'sibm"'.
8.16.2
sidx * ISO/IEC 14496- All "sidx"' boxes,
12:2022, subclause |when present,
8.16.3 precede all
'moof ' and
''mof ' boxes.
meof * Subclause 7,.1.4
Either +  [ISO/IEC 14496-
moof 12:2022,
?;Of subclauses 8.8.4
) and 8.19.7
mfhd 1 ISO/IEC 14496-
12:2022, subclause
8.8.5
traf + ISO/IEC 14496- sample) descript
12:2022, subclause |107_index
8.8.6 referénces a
"shim' box
tffhd 1 ISO/IEC 14496~ \_{ISO/IEC 23000-
12:2022, subclause |19:—, subclause
8.8.7 7.5.16 except that
the base-data-
offset-present flag
can have any value
and the default-
base-is-moof flag is
equal to 0.
tfdt 1 ISO/IEC 14496-
12:2022, subclause
8.8.12
trun 1 ISO/IEC 14496-
12:2022, subclause
8.8.8
The Main Adaptation Set shall provide the following attributes:
— Q@codecg starting with *resv.modv+meov.hvc2' optionally followed by additional informatipn as
specified|in ISO/IEC 14496-15.
— @mimeType including at least the profiles parameter and "adti" within the value of the profliles
parametdr.
Each Partial Aldaptation Set shall provide the following attributes:

@codecs starting with 'resv.modv+meov.hvt3' optionally followed by additional information as
specified in ISO/IEC 14496-15.

There shall be no profiles parameter within the value of the @mimeType attribute for Partial Adaptation Sets.

The Media Segments of each Partial Adaptation Set shall be Tile Data Segments as specified in subclause 8.6.3 with
the following constraints:

Samples carried in the IdentifiedMediaDataBox should be prefixed by Slice Segment Header

Information NAL-unit-like structures that describe the characteristics of the Slice Segment Header of HEVC
NAL unit samples. The information embedded in these structures can be used by the client to assist in the
bitstream rewriting process as described in subclause 10.1.4.4.
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Each Adaptation Set associated with the same instantiation of the advanced tiling OMAF video profile shall contain
a Spatial Relationship Description (SRD) descriptor, as specified in ISO/IEC 23009-1:2022, Annex H, with the same
source identifier. The object x and object y parameters of the SRD descriptor shall be aligned with the
corresponding parameters of the TileRegionGroupEntry box, namely horizontal offset and
vertical offset respectively. Similarly, the object width and object height parameters of the SRD
descriptor shall be aligned with the corresponding parameters of the TileRegionGroupEntry box, namely
region width and region height respectively. These parameters describe the position and size of each
OMAF tile track in the coded video bitstream (Ev) as defined in Figure 1 which corresponds to the OMAF base
track.

B.1.4.3 Qpnr‘iﬁrafinnc for-the cimpln tiling OMAE video prnfilnc
(=]

This $ubclause applies to the HEVC-based simple tiling OMAF video profile and, when Index Segments are
indicdted for a Main Adaptation Set, the VVC-based simple tiling OMAF video profile.

When|the HEVC-based or VVC-based simple tiling OMAF video profile is in use, the following applies

— (ne "meof' boxshall be present per each 'sidx' box in the Tile Index Segments.

|
>

Tile Index Segment shall have either one or more 'moof' boxes @r'ofie or more ' !mof' bpxes per each
(JMAF base track and per each OMAF tile track.

— ATTile Index Segment shall have exactly one 'traf' boxin each 'moof' and ' !mof ' box.

NOTE | The Tile Index Segment for the simple tiling OMAF video,_profiles contains the ISOBMFF boxes with the nesting,
optionglity and ordinality as described in Table B.3.

Table B.3 — Tile Index Segmentfor the simple tiling OMAF video profiles

NLO| NL1|NL2 | NL3 | NL4 | NL5 | NL6 | NLZ\'NL8 F‘]’g:at Specification Constraints Description
styp 1 ISO/IEC 14496- Contains the brand
12:2022, subclause|'sibm'.
8.16.2
sidx * ISO/IEC 14496- All 'sidx"' boxes,
12:2022, subclause |when present,
8.16.3 precede all
'moof ' and
' 'mof ' boxes.
meof * Subclause 7.1.4
Either 1 or more |ISO/IEC 14496-
moof per OMAF (12:2022,
‘I’;Of base track |subclauses 8.8.4
’ and 1 or |and 8.19.7
more per
OMAF tile
track
mfhd 1 ISO/IEC 14496-
12:2022, subclause
8.8.5
traf 1 ISO/IEC 14496- sample descript
12:2022, subclause |1on_index
8.8.6 references a
'snim' box
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