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Foreword

019(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that
are members of ISO or IEC participate in the development of International Standards through
technical committees established by the respective organization to deal with particular fields of
technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also
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bditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the

ights. Details of any patent rights identified during the development of\the document will b

ist of patent declarations received (see http://patents.iec.ch).

constitute an endorsement.

For an explanation of the voluntary nature of standdrds, the meaning of ISO specific ter

org/iso/foreword.html.

[his document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information tec
bubcommittee SC 29, Coding of audio, picture; multimedia and hypermedia information.

A list of all parts in the ISO/IEC 23001 series can be found on the ISO website.

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

[he procedures used to develop this document and those intended for its further maintenajnce are
lescribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria nedded for
the different types of document should be noted. This document was drafted in aceordance With the

subject

pf patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent

b in the

ntroduction and/or on the ISO list of patent declarations received (seewww.iso.org/patents) or|the IEC

Any trade name used in this document is information given for:the convenience of users and does not

ms and

expressions related to conformity assessment, as wellas information about ISO's adherencg to the
World Trade Organization (WTO) principles in the“Technical Barriers to Trade (TBT) see www.iso

inology,

body. A

© ISO/IEC 2019 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
http://patents.iec.ch/
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=ba8747f66d6f6a8c0a1c036cd36769f1

ISO/IEC 23001-13:2019(E)

Introduction

Audiovisual equipment is pervasive; everyone with a smartphone, a tablet or a laptop has both
recording and display equipment at their disposal, usually connected to a local or a public network. This
equipment is increasingly sophisticated, with higher resolutions and better lenses (for video), often
multiple microphones (for audio), coupled with other sensors (e.g. for geolocation) and increasingly
sophisticated processing capabilities. These devices can not only decode in real time, but usually also
perform decent encoding. Sensors and displays come in the form of personal smart phones, but also
includesmartwatehes;-omnidirectionat-cameras-andavarietyof-virtwalrealityand-augmentedreat
head-mpunted devices. All these devices can either be a source of multimedia content (audio, videg-o1
audiovisual) or consume such content. Often, devices play both roles.

vva ;7 O C OTra cl Cava Yy OT Vv Crl cl

The prpliferation of these multimedia-capable devices combined with ever-increasing bandwidth
includipg mobile bandwidth, necessitates better and standardized mechanisms for rcoordinating
such dgvices, the associated media streams and the available resources, like media-processing and
transmjssion. This process is called “orchestration”. Orchestration includes coofdination in timsg
(synchronization) and in space, as well as the coordination of computational respurees to perform thg
coordirjation functions.

This dgcument was developed to address the need for specifying this coordination between capturs
devices| (“sources”) and play-back devices (“sinks”) in a heterogeneous‘énvironment. In this context
“heterogeneous” refers to the fact that devices can be of different nature (e.g. a mix of consumer ang
professjonal devices) and on different networks.

The International Organization for Standardization (ISQ)<and International Electrotechnica
Commigsion (IEC) draw attention to the fact that it is claimed\that compliance with this document may
involve[the use of patents.

ISO and IEC take no position concerning the evidence, validity and scope of these patent rights. The
holders| of these patent rights have assured 1SO.and IEC that they are willing to negotiate licences
under reasonable and non-discriminatory terms-and conditions with applicants throughout the world
In this fespect, the statements of the holders:ef these patent rights are registered with ISO and IEC
Information may be obtained from:

Electrohics and Telecommunicatiens'Research Institute

218 Gajeong-ro, Yuseong-gu, Daejeon, 34129 Korea

Koninklijke KPN N.V:
Wilhelminakade 123, 3072 AP Rotterdam, The Netherlands

Attenti bndc dravarnm +o tha nocoihality that conn Af+ho alaomaonte ofthic docynant vy ha tha cnbhinct AF
OHS- 6 FaWh—t0+t1e-P oSSty tiat56e- 6t e et 8 oS aoetHRe a8 et1e-5unjeeso

patent rights other than those identified above. ISO and IEC shall not be held responsible for identifying
any or all such patent rights.
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Information technology — MPEG systems technologies —

Part 13:
Media orchestration

. Scope

['his document specifies an architecture for media orchestration, as well as associated messagiing and
Control, timed metadata, the carriage of that timed metadata, and orchestration data-

P Normative references

[he following documents are referred to in the text in such a way thdt some or all of their|content
constitutes requirements of this document. For dated references, Only the edition cited applies. For
indated references, the latest edition of the referenced document.(including any amendments) applies.

SO/IEC 13818-1:2019, Information technology — Generic coding-of moving pictures and associatgd audio
nformation — Part 1: Systems

SO/IEC 14496-3:2009, Information technology — Coding.of audio-visual objects — Part 3: Audio

SO/IEC 14496-3:2009/Amd 5:2015, Information teechnology — Coding of audio-visual objects — Part 3:
Audio— Amendment 5: Support for Dynamic Range Control, New Levels for ALS Profile, and Audio
bynchronization

SO/IEC 14496-12:2015, ISO Base Media FEile' Format
SO/IEC 14496-12:2015/Amd 1:2017%1S0 Base Media File Format — Amendment 1: DRC extension|s

SO/IEC 23001-10:—1, Informatten technology — MPEG systems technologies — Part 10: Carriagq of
limed metadata metrics of media'in ISO base media file format

SO/IEC 23005-6:2019, dnfermation technology — Media context and control — Part 6: Commqn types
hind tools

SO/IEC 23008-1;Information technology — High efficiency coding and media delivery in heterogeneous
bnivironments <Part 1: MPEG media transport (MMT)

LTSI TS 103286 02:2017, Digital Video Broadcasting (DVB); Companion Screens and Streams;| Part 2:
Content Identification and Media Synchronization [online]. Available at http://www. etsi. org/deliiver/etsi
ts/103200_103299/10328602/

ETF RFC 3986, Uniform Resource Identifier (URI): Generic Syntax [online]. Edited by T. Berners-Lee.
January 2005. Available at https://www.ietf.org/rfc/rfc3986.txt

IETF RFC 6455:2011, The WebSocket Protocol [online]. Edited by I. Fette. December 2011. Available at
https://www.ietf.org/rfc/rfc6455.txt

IETF RFC 5905, Network Time Protocol Version 4: Protocol and Algorithms Specification [online]. Edited
by D. Mills. June 2010. Available at https://tools.ietf.org/html/rfc5905

1) Under preparation. Stage at the time of publication: ISO/IEC DIS 23001-10:2019.
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

3.1
content
media flata
data (3.3) that can be rendered, including audio, video, text, graphics, images, haptic and .tactilg
informdtion

Note 1 tp entry: This data can be timed or non-timed.

3.2
controller

elementary function that controls one or more other elements, outputs control data (3.5) and car
receive[control data

3.3
data
bytes of information that are carried, processed or stored

3.4
timed dlata
data (3]3) that has an intrinsic timeline (3.25)

3.5
contro} data
data (3)3) exchanged for messaging and contre}

3.6
metadajta

data (313) about other data that cannot be rendered independently and can affect rendering, processing
or orchestration of the associatedmedia data (3.1)

3.7
timed metadata
metadata (3.6) that has@n‘intrinsic timeline (3.25)

3.8
orchesgration data
data (313) thaterchestrates any number of timed data (3.4) streams

Note 1 tp entry: Orchestration data itself can also be timed data.

3.9
device
physical entity that can embody a number of elementary functions

3.10

m-processor

media processor

elementary function that can process media data (3.1) and/or metadata (3.6), that can receive media
data and/or metadata, that can optionally receive orchestration data (3.8), that can output media data,
metadata or both, and that can optionally exchange control data (3.5)

2 © ISO/IEC 2019 - All rights reserved
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3.11
media orchestration

orchestration of media and metadata (3.6) capture, processing and presentation involving multiple

devices (3.9)

3.12
media orchestration session

coherent application context that includes media capture and/or media processing and/or media

rendering

8.13
media stream
fimed media data (3.1)

8.14
mos more
mean opinion score of the subjective quality of a piece of timed media data (3.1)

8.15
sink
elementary function that can receive media data (3.1), and optionally orchestration data (3.4
br metadata (3.6), can present the media data, can optionally -0dtput metadata and can op
exchange control data (3.5)

B.16

source
plementary function that can output media data (3.1) andyor metadata (3.6) and can optionally e3
rontrol data (3.5)

B.17
[imestamp
humber that is used to identify an audio sample, video frame or metadata (3.6) sample

EXAMPLE MPEG-2 TS PTS (presentation timestamp) or ISOBMFF CT (composition time).

Note 1 to entry: The meaning of the term “timestamp” depends on the context. Within the MPEG con
erm is usually used as a single number to identify a point on the timeline of an MPEG-2 transport s
vithin an ISOBMFF file. In the.cantext of DVB-CSS (ETSI TS 103 286 02), the term “timestamp” is used to|
hn association between a wall)clock time and a point on a certain media timeline. This document uses t
£ss” prefix to flag where the) DVB-CSS (ETSI TS 103 286 02) notion of timestamp is used.

8.18

dvb-css timestamp
pair of two values each of which represents a time value on a timeline such that the two-timg
Correspond-td the same moment in time

SOUREE+ETSI TS 103 286 02:2017, 3.1]
819

B) and/
tionally

cchange

rext, the
ream or
provide
he “dvb-

values

HyvlBh ccccaontral Fimmncianan

AV D~ Cos CUNMTTI o tranic o tatinpy

dvb-css timestamp (3.18) representing the time (in relation to the wall clock) at which a synchronization
client (3.24) is recommended to present a particular point in time (in relation to the synchronization

timeline (3.25)) of its timed data (3.4)

[SOURCE: ETSI TS 103 286 02:2017, 3.1, modified — «timed content» has been replaced with
data» and the note has been deleted]

© ISO/IEC 2019 - All rights reserved
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3.20
dvb-css correlation timestamp
time values on two or more timelines (3.25) that correlate with each other

[SOURCE: ETSI TS 103 286 02:2017, 3.1, modified — «ore more” has been added and the note has been
deleted]

3.21

dvb-css earliest presentation timestamp
dvb-css fimpcf'nmp ('2 19) rpprpcpnfing the earliest time (in relation to the wall r]nr‘k) at which 23

synchranization client (3.24) believes it can present a particular point in time of its timed data (3.4)

[SOURCE: ETSI TS 103 286 02:2017, 3.1, modified — “(in relation to the Synchronization Timeline€) of it{
Timed Content” has been replaced with “of its timed data” and the note has been deleted]

3.22
user
human fthat uses one or more device(s) (3.9) and/or service(s)

Note 1 tp entry: A user can be a producer and consumer of media, and both at the samg.time.

3.23
media pynchronization application server
elementary function that coordinates the process of obtaining a sharéd agreement on the progress of
timelings (3.25) among all synchronization clients (3.24)

Note 1 [to entry: This is for the purpose of enabling the synchronization clients to present timed dats
simultafeously with respect to each other.

[SOURCE: ETSI TS 103 286 02:2017, 3.1]

3.24
synchrpnization client

elementary function that aligns its presentatienof timed data (3.4) with other synchronization clients
by communicating with a media synchronizatien application server (3.23)

[SOURCE: ETSI TS 103 286 02:2017, 3.15anodified — “wishes to align” has been replaced with “aligns’
and “tithed content” has been replaced with “timed data”]

3.25
timeline
referenre frame for describing time, represented as a linear scale against which time can be measured
for a pajrticular system

Note 1 tp entry: This €ould manifest in various ways, such as: as a local oscillator, the progress of a broadcast oj
the tim¢g position within an item of media content.

[SOUR(E: ETSITS 103 286 02:2017, 3.1]

3.26
timeline correlation
correlation between two timelines (3.25)

[SOURCE: ETSI TS 103 286 02:2017, 3.1]

3.27
wall clock
linear monotonic clock that is not assumed to represent real date and time

Note 1 to entry: The wall clock is intended for sharing between two or more entities for the purposes of having a
common synchronized time reference frame.

4 © ISO/IEC 2019 - All rights reserved
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Note 2 to entry: DVB-CSS (ETSI TS 103 286 02) wall clock is NOT a “UTC-type date&time”. It has a random offset
and it has no leap seconds or leap years. It is a clock that ticks like a metronome, and it has only a local meaning
in the context of media synchronization between devices. This is a different notion for a timestamp than what is
commonly used across MPEG. This document uses the definition from ETSI TS 103 286 02 to maintain consistency
with that specification.

[SOURCE: ETSI TS 103 286 02:2017, 3.1, modified — Note 2 to entry has been added]

3.28
wall clock synchronization

hchieving a shared agreement on the progress of time of a wall clock (3.27)
Note 1 to entry: This is a process that takes place between devices.
SOURCE: ETSI TS 103 286 02:2017, 3.1]
1 Abbreviated terms, relationships between terms and mnemonics
1.1 Abbreviated terms
['he following abbreviated terms are used in this document:
CSA Companion screen application
CT Composition time
DROP Distinctive region or pattern
GPS Global positioning systein
MORE Media orchestratiou
MORE-TS MORE timelinéssynchronization (interface)
MORE-WC MORE wall:¢lock (interface)
MSAS Media synchronization application server
JRL Uniform resource locator
PTS Presentation timestamp
5C Synchronization client
SNR Signal-to-noise ratio
WCC Wall clock client
GS Wall clock server

4.2 Relationships between defined terms

Figure 1 sketches relationships between some of the defined terms, including synonyms.

© ISO/IEC 2019 - All rights reserved 5


https://standardsiso.com/api/?name=ba8747f66d6f6a8c0a1c036cd36769f1

ISO/IEC 23001-13:2019(E)

data data
non-timed timed data: .
w B media data .
data:“data that data that . orchestration
= media metadata
does not have has a data
. . . . content
timeline timeline

e B B

timed media . .
. . . . non-timed timed
non-timed data = media non-timed|| timed . .
. . orchestration | | oré¢hestration
media data stream = timed | | metadata || metadata
data data
content
still . . timed location | | orientation correlation
. video | [audio .
1mage text stream stream timestamp

Figure 1 — Relationships between defined terms

4.3 Mnemonics

rpchof remainder polynomial coefficients, highest order first
bslbf bit string, left bit first

fsbf float, sign bit first

uimsbf] unsigned integer, most.significant bit first

5 Arghitecture

5.1 General

The term “media orchestration” denotes the orchestration of media and metadata capture, presentatior
and prdcessing involving multiple devices.

Orchesjtration of\media capture refers to metadata and control signalling to determine which devicsg
capturgs what;-when and how. What to capture is about what media to capture and which part of thaf
media $hould be captured. When to capture is about capture synchronization with other devices, aj
well as|start and stop of capture. How to capture is about location, orientation, capture capabilities
frame rate, Tesolution, microphone gain, white batance Settings, etc. as well as codecs USed, metadarta
delivered and possible processing to be applied.

Orchestration of media presentation refers to metadata and control signalling to determine which
device presents what, when and how. What to present is about what media to retrieve and which parts
of that media should be presented. When to present is about presentation synchronization with other
devices. How to present is about where exactly to play out something, e.g. positioning of a media partin
a screen, positioning of an audio object in a room and possible processing to be applied.

Orchestration of processing refers to metadata and control signalling for applying processing to sets of
captured media and/or metadata. This includes single-media processing (e.g. media synchronization in
case of transcoding), as well as processing of multiple media and/or metadata together, e.g. performing

6 © ISO/IEC 2019 - All rights reserved
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video stitching, changing arrangements of media in space and time, or automated editing and s
processes.

019(E)

election

A media orchestration session is a coherent application context that includes media capture and/or
media rendering and/or media processing. It is defined by its scope: a concert lasting one evening in
one concert hall, a week-long festival in a park, the vacations of a family in Norway over a month, the

synchronized presentation of media across multiple screens, the reconstruction of a crime c
over many different cameras...

Media orchestration is indpppndpnf from media type or encading or pnrkqging ar distribution
(=]

aptured

rontent on-demand) or it may be continuous (broadcast). It may be atomic (video-ohly) or it

he media itself, or the presentation. It can also pertain to the capture of media,

Video stream (codec)

)

Audio stream (codec)

Audio feature stream (for sync)

Timed text stream (codec)

3D video stream (codec)

3D audio stream (codec)

Location stream (xy, xyz-10¢, GPS, ...)

Orientation stream.(\Y®®, compass)

Gaze streani (0¢)

Lens parameter stream (f, D)

Heartbeat stream (f)

Other Sensor streams

vy YyYyvyYyvYyvYyYyY VY Y Yy

Figure 2 — Examples of timed data in the context of media orchestration

[hissdocument distinguishes a number of functional entities for media orchestration, all deriv

DVB CSS introduces the concept of timed data, see TS 103 286 02, 5.2.1. DVB uses the texrm| “timed
rontent” for this concept. Timed data has an intrinsic timeline. It may have a start and/or end (e.g.

may be

composite (A/V, 3D-audio, multiplex). Classic examples of timed data are video, audio and timed text.

n the context of media orchestration, streams of location and orientation as wellas other timed sensor
putputs are also timed data; see Figure 2. This can also be called timed metadata, as defined in D[VB CSS.

NOTE 1  The notion of time has various applications in media orchestrationflt,can pertain to the delivery or to

bd from

[he/same abstract entity. It first describes the entities and then gives an example of how they can be

configured for an actual use case.

Table 1 shows the meaning of the arrows used in Figures 3 to 6.

Table 1 — Types of data

o media data (timed or non-timed, unidirectional)

ETTTETTLLLLLLE metadata (timed or non-timed, unidirectional)

orchestration data (timed or non-timed, unidirectional)

© ISO/IEC 2019 - All rights reserved
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Table 1 (continued)

control data for messaging and control (non-timed, possibly bidirectional)

Figures 3 to 6 illustrate the concepts of source, sink, m-processor and controller, respectively, as defined

in Clause 3.

s

—

source
lllllllll>

Figure 3 — Source

«--->

—
lllllllll> Sink llllll.ll>

Figure 4 — Sink

€ - — <>

~

lllllllll> m_processor‘ lllllllll>

Figure 5 — m-processor

controller
x

v

Figure 6 — Controller
A device may have one or more sources. Each source may generate timed media data or timed metadata.
When an m-processor is located within the same device, the device can also generate orchestration data.

The timed media data and metadata generated from sources can be delivered to other functional
elements, i.e. m-processor and sink. The timed metadata may also be multiplexed with associated

media data.
NOTE 2  The following applies:
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— auser device can (and very often will) have both source and sink functions;

— an application server can combine controller and m-processing functions;

— m-processing function can include transcoding, adding or changing timelines, multiplexing, demultiplexing,
selection (editor), stitching, tiling (e.g. using MPEG DASH spatial relationship description), translation,

extracting timed metadata (e.g. CDVS metadata) and more.

An example instantiation of this model is as follows:

Capture side Consumption side

<
< --> control $&> media data or metadata
)

Figure 7 — Examples of ti(n)l& data in the context of media orchestration

x$

[his model shows a complex sce{‘@mo where many sources contribute to an experience wit
brchestrated sinks.

.
.

Figure 7 is broadcast-ori d, with a clear distinction between the production side 4
Consumption side. The tecture also supports mixed cases, for example shared experienceq

sinks are used for adcast media consumption in orchestration with sources and sinks y
Communication be n users.

Annexes B am@%ovides illustrations of control information and its exchanges.

.2 A Ythture for temporal orchestration

h many

nd the
, where
sed for

Sé?\General

Temporal orchestration, or media synchronization, is the process of time alignment of timed media data
and metadata. When media data and metadata are captured at different source devices, their timelines
will generally be different. Audio samples, video frames and metadata samples are dvb-css timestamped

against the clock of the source device. Such dvb-css timestamps identify audio samples, video

frames

and metadata samples by their presentation timestamp (PTS, MPEG-2 transport stream), composition

time (CT, MPEG-4 ISOBMFF) or external timeline (e.g. TEMI, MPEG-2 timeline for external data)

. Clocks

(“wall clocks”) of source devices are typically free running and have clock skew, clock drift and clock
drift variation. Moreover, transcoders and multiplexers may change the time base of timed media data
and metadata. Finally, there are typically significant differential delays between distribution chains
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to different sink devices. As a consequence, timed media data and metadata can arrive severely out of
sync at sink devices, and temporal orchestration is needed to get them synchronized again.

NOTE Clock skew is an offset. Clock drift is where two clocks have a nominal relationship to each other that
is not observed in practice (e.g. an audio clock that claims to be 48 KHz but does not actually sample at that rate).
Clock drift variation is when the actual sampling rate is not only off, but also not constant.

The introduction clause of ETSI TS 103 286 02:2017 provides a useful introduction into sink-side media
synchronization, including use cases, the need for content identification functionality and the need for
playback synchronization functionality, as well as issues with timelines and a conceptual model for
time-cgntrolled playback.

5.2.2 ajpd 5.2.3 provide architectures for temporal orchestration at the sink and sourceysides
respectfively.

5.2.2 |Sink-side architecture for temporal orchestration

Figure B provides a sink-side architecture for temporal orchestration, based on ETST TS 103 286 02
The purpose of this architecture is to synchronize two or more pieces of incoming timed data (timed
media, fimed metadata or timed orchestration data) within/between one or mote sinks.

Correlation MORE-CT
Timestamps

Sink 1 Sink 2

Wall Clock P Wall Clack Wall Clock

Client (WCC) Server(Wcs)  MORE-WC “| client (WcQ)

MORE-WC

[Media Synchronisation

Synchronisation
Application Server v

Synchronisation . P

Client (SC) MORE-T§ (MSAS) ‘MORE-TS " Client (SC)
f A
Timed Timed
data1l data 2

SOURCE: ETSI TS 103 286 02, reproduced with the permission of DVB

Figure 8 — Sink-side architecture for temporal orchestration

The sink-side architecture has the following elements.

— There are sinks, each of which receives pieces of timed data. Each of those pieces of timed data can
be timed media data, timed metadata or timed orchestration data.

— Each sink has a synchronization client (SC) per received piece of timed data (stream), which takes
care of the synchronization of the timed data, delaying the presentation/use of the timed data when
appropriate.

— An SC coordinates the timeline synchronization of its timed data with a media synchronization
application server (MSAS) via the MORE-TS interface.

10 © ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=ba8747f66d6f6a8c0a1c036cd36769f1

ISO/IEC 23001-13:2019(E)

Each sink has a wall clock client (WCC), which provides the wall clock time that is used for the dvb-
css timestamping in the MORE-TS interface.

A WCC synchronizes its wall clock against a wall clock server (WCS) via the MORE-WC interface.

dvb-css correlation timestamps are a form of orchestration data that may be received and processed
by SCs and/or MSAS via the MORE-CT interface; see also 9.3. dvb-css correlation timestamps are
used to perform timeline translations, in the generic case where the timelines of different received

timed data are different.

NOTE1 Pieces of timed data (e.g. media streams) usually have different timelines, as eagl} source
typically has its own local oscillator. A common example is the case where timed data 2 is a transcogled (and

remultiplexed) version of timed data 1.

A television device integrates WCC, WCS, SC and MSAS functions.

Only timed media data is considered, not timed metadata or timed orchestration data.

Figure 9 shows a simplified case of the above architecture. This simplified case corresponds with the
ETSITS 103 286 02 inter-device media synchronization standard. The following applies to this example:

The timed media data at the companion screen application (CSA)‘is enslaved to the timed media
data received by the TV device, ensuring that the playout of thetimed media data at the TV device

is never delayed.

dvb-css correlation timestamps are received and ¢processed by the CSA (design chpice by

ETSI TS 103 286 02).

Timed media data are presented synchronized between TV device and CSA.

Correlation Timestamps

HbbTV Terminal

Synchronisation

Media Synchronisation
Application Server (MSAS)

Synchronisation

Client (SC) Client (SC)
A A
Timed broadband Timed broadcast
media data media data

Figure 9 — Simplified case of the sink-side architecture, corresponding to

HbbTV 2.0 ETSI TS 102 796

Figure 10 illustrates temporal orchestration at the sink side.
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Figure 10 — Orchestration of timeline synchronization at'the sink side

uence diagram of Figure 10 has the following steps.

covery/registration processes, during which one or moré’siniks are associated with a controllej
a specific media orchestration session.

b sinks start receiving timed media data and/or. timed metadata. The sources of these timed
dia data and/or timed metadata have independent and free-running (not genlocked) clocks
ce necessitating sink-side timeline synchronization.

e controller initiates instances of a wall-clock server and a media synchronization applicatior]
Ver.

[E2  The control signalling for this is out of scope of this document.

e media synchronization application server starts receiving dvb-css correlation timestamps.
[E3  This example assimes that it is the MSAS that calculates or processes the dvb-css correlatior
pstamps In other examples, it can be the sinks that process the dvb-css correlation timestamps, e.g. TV

ompanion synchronization in DVB-CSS ETSI TS 103 286 02.

e controller proyides the sinks with the end-point addresses of the wall clock server and thg
dia synchronization application server; see also below.

b sinks_symchronize their wall clocks with the wall clock server using the wall clock protoco
cifiedyin 6.1.

Thy

p Sinks start exchanging dvb-css presentation timestamps and dvb-css control timestamps

with the media synchronization application server using the sink-side timeline synchronization
protocol specified in 9.1. The media synchronization application server uses the dvb-css correlation
timestamps to translate dvb-css presentation timestamps between the time bases (timelines) of

the

different timed media data and/or timed metadata and calculate dvb-css control timestamps,

which sinks may use to delay and achieve synchronous playout.

NOTE4  The source is drawn only for illustration purposes. It is not involved in this orchestration
example.

The wall clock server end-point address is represented as a URL of the form "udp://<ip-address>:<port-
number>", where <ip-address> and <port-number> are the IP address and port number, at which the
wall clock server is providing its service endpoint; see also ETSI TS 103 286 02:2017, 8.4.

12
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The media synchronization application server end-point address is a websocket URI as specified in
IETF RFC 6455:2011, Clause 3, at which the media synchronization application server is providing its
service endpoint; see also ETSI TS 103 286 02:2017, 9.3.

5.2.3 Source-side architecture for temporal orchestration

Figure 11 provides a source-side architecture for temporal orchestration. Itis a mirror image of the sink-
side architecture of Figure 8. The purpose of this architecture it to enable the future synchronization
of two or more pieces of timed data (timed media, timed metadata or timed orchestration data) that
hre produced by one or more sources. The word "future” implies that the actual synchronizatidn takes
place at playout with the sink(s). To enable this, sources report about the production timing'jof their
broduced timed data.

Correlation

. MORE-CT
Timestamps

Source 1 Source 2
Wall Clock _ Wall Clock _ Wall Clock
Client (WCC) MORE-wc L_Server (WCS) J§10RE-wC | Client (WcQ)
Media
Synchronisation Synchronisation Synchronisation
. ”| Application\Server [ ;
Client (SC) MORE-TS (MSAS) MORE-TS Client (SC)
Timed Timed
data 1 data 2
v \ 4

Figure 11~ Source-side architecture for temporal orchestration
[he source-side agchitecture has elements similar to the sink-side architecture, with the following
Hifferences.

— The direction of timed data (timed media data, timed metadata and timed orchestration data) is
outgoing:

— TheSCs report to the MSAS, but they do not need to delay the produced timed data.

—_The dvb-css correlation timestamps (MORE-CT interface, see also 9.3) are outgoing, to be Wised for
the future synchronization of timed data at the sink side.

NOTE1 A media-orchestrated system can have multiple independent wall clock servers (WCS) and media
synchronization application servers (MSAS). For example, an MSAS used at the source/production side can be
different from an MSAS used at the sink/consumption side.

Simplified cases are possible, similar to the ones described for the sink-side architecture; for example,
WCS and MSAS may be integrated with a source.

A single source device may integrate multiple sources, producing multiple pieces of timed data
(streams).
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Figure 12 provides an example of the simplified case that integrates a source and a sink function. This
example is an m-processor (e.g. a transcoder or a CDN node) that remultiplexes and possibly delays the
timed media data, resulting in that the timeline for the incoming timed media data is different than
for outgoing timed media data. The m-processor produces dvb-css correlation timestamps in order to
enable future synchronization between the two pieces of timed media data.

Correlation
Timestamps

Synchronisation

M-Processor (e.g. transcoder or CDN node)

Media Synchronisation

Synchronisation

Figure

Client (SC) " Ipplication Server (MSAS)I‘ Client (SC)
A
Timed Timed
media media
data 1 data 2
A\ 4

| 3 illustrates temporal orchestration at the source sjde:

Figure 12 — Simplified source-side architecture for temporal orchestration

Sink

g Controller Wall Clock M-processor
bource Source Server (MSAS)
SN S SN
“«------ > 2
Dl e R — >
-t ---- >
S 4 __4 3 3
“-----F -
5
6

The sequence diagram of Figure 13 has the following steps.

1. Discovery/registration processes, during which one or more sources are associated with a

controller for a specific media orchestration session.

2. The sources start sending timed media data and/or timed metadata. The sources have independent
and free-running (not genlocked) clocks, hence necessitating source-side timeline synchronization.

3. The controller initiates instances of a wall clock server and a media synchronization application
server.

14
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NOTE 2  The control signalling for this is out of scope of this document.

4. The controller provides the sources with the end-point addresses of the wall clock server
media synchronization application server, see also below.

and the

5. The sources synchronize their wall clocks with the wall clock server using the wall clock protocol

specified in 6.1.

6. The sources start sending dvb-css capture timestamps to the media synchronization application
server using the source-side timeline synchronization protocol specified in 9.2 and Annex A.

/. The media synchronization application server starts calculating and sending dvb-css icor¥
timestamps based on the received dvb-css capture timestamps.

NOTE 3  The sinkis drawn only for illustration purposes. It is not involved in this orchestration e
6.3 Architecture for spatial orchestration

.3.1 General

ata (or elements like source, sink) using various types of metadatd,/and describing these relati
1sing orchestration data. There are various sources and sinks in a MORE session. Those

be helpful to carry out some processes of m-processor, such as stitching, tilting, etc. and furth

receive spatial orchestration data for moreinteractive and immersive services.

5.3.2 M-processor side architecture for spatial orchestration

Figure 14 provides an m-proceSsor side architecture for spatial orchestration. The purpose

recognise relationship befween media data or sources, and generate orchestration data

bpatial orchestration and generating spatial orchestration data.

relation

kample.

bpatial orchestration is the process of recognizing the spatial reldtionships between various media

bnships
sources

capture something and send captured media data to m-processor. The m-processor needs tp know
which media data is related to what media data and how they are related. These relation datd can be
hchieved with various metadata, such as GPS, position, grientation, camera parameters, image f¢atures,
lepth map, etc. Those relation data can be spatial orchestration data and spatial orchestration data can

ermore,

yideo summarization, user selection, generating'VR contents, etc. On the sink side, when media data
hre consumed by sinks, sinks can communicate with m-processor with various types of metadfata and

of this

hrchitecture is letting m-processor to gather media data with associated metadata from gources,

Those

metadata can be orientatien (gaze) data, capture mask, absolute and/or relative locations of Jources,
btc. Also, m-processor, ¢an generate metadata which can be helpful to recognise relations hetween
media data, such as-image features, depth map, etc., by itself. All of those metadata can be ysed for

© ISO/IEC 2019 - All rights reserved
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Figure 15 illustrates spatial orchestration at the m-processor side.

Control Data

A

Metadata » Metadata
‘—.
Source 1 m-processor Source 2
Media Data p Media Data
ﬁ

|

Orchestration Data,
Media Data

Figure 14 — A simple structure of end-to-end system in terms of Spatial orchestration
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Figure 15 — Spatial orchestration at the m-processor side

The sequence diagram of Figure 10 has the following steps.

1.

16

Discovery/registration processes, during which one or more sources are associated with a
controller for a specific media orchestration session.

The sources start sending media data and/or metadata. The sources can have their own sensors,
which can generate metadata associated with media data they generate.

© ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=ba8747f66d6f6a8c0a1c036cd36769f1

ISO/IEC 23001-13:2019(E)

3. The controller initiates an instance of an m-processor.
NOTE1  The control signalling for this is out of scope of this document.

4. The controller provides the sources with the end-point addresses of the m-processor.

5. The m-processor analyses the media data and metadata received from the sources and generates
spatial orchestration data.

6. The m-processor sends the orchestration data to request appropriate media data and/or metadata,
such as DROP, to source(s].
NOTE 2  This process is optional. Thus, it can be skipped if unnecessary.

. Source(s) sends appropriate media data and/or metadata as a reply for requests frpm the
m-processor.
NOTE 3  This process is optional. Thus, it can be skipped if unnecessary.

B.  The m-processor writes orchestration data and starts to send them t@ sinks with associatefl media

b.3.3  Sink-side architecture for spatial orchestration

data and/or metadata.

NOTE 4  The sink is drawn only for illustration purposes. It is notdnyolved in this orchestration ekample.

Figure 16 provides a sink-side architecture for spatial orchestration. The purpose of this architecture
s to let the sink communicate with the m-processor by:éxchanging metadata and receive orchestration
lata. Those metadata can be orientation (gaze) data,-presenting device order, region of interedt (ROI),
hbsolute and/or relative locations of sinks, etc. Theé-m-processor can use the spatial metadata ffom the
binks to determine what media data to provide\to those sinks.

Control Data

A

( metadata B metadata
sink-l media data, m-processor media data, sink 2
orchestration data orchestration data

Figure 16 — Sink-side architecture for spatial orchestration

The sink-side architecture has elements similar to the m-processor architecture with the following
differences.

The direction of media data is outgoing, which means the sink receives media data from the
m-processor instead of sending them.

The m-processor generates spatial orchestration data and sends them to the sink with associated
media data and/or metadata.

Sources can communicate with the m-processor using various types of metadata.

Figure 17 illustrates spatial orchestration at the sink side.
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Figure 17 — Spatial orchestration at the sink side

The sequence diagram of Figure 17 has the following steps-

1. Discovery/registration processes, during which;eite or more sinks are associated with a controllel
forfa specific media orchestration session.

2. Th¢ controller initiates instances of an m-processor.

NOTE Discovery and instantiatingah-m-processor are outside the scope of this document.
3. Sinks start sending metadata to'the m-processor.
4. The¢ m-processor starts serding orchestration data to sinks.

5. Sinks start receiving media data and/or metadata from the m-processor.

6 Magssaging and'control

6.1 Wall cleck

Sourceg and sinks involved in temporal orchestration with other sources or sinks shall support the wal
clock protocol'as specified in ETST TS 103 286 02:2017, Clause 8.

6.2 MORE communication channel

6.2.1 General

The MORE communication channel is used for the exchange of messages and control (control data)
between a controller and a controlled object, i.e. a source, a sink or an m-processor. The following are
example cases for which the MORE communication channel may be used:

— If new sources become available, starting and stopping capture or updating capture masks (i.e.
instructions on what to capture) may need to be performed directly.
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— The timing correlation between 2 timed media data changes, e.g. because one media timestamp
is doing a wrap-around or because a media source performs a clock reset. If the correlation is not
immediately passed on, media playback will become unsynchronized.

— In a multi-display playback, more displays are added and thus the content to be played is divided
differently across displays. New displays will retrieve their initial configuration, but existing
displays need to retrieve an update.

— Control over PTZ (pan tilt zoom) functions of a video source.

he MORE communication channel is modelled after the SAND communication channel~of MPEG
DASH SAND, ISO/IEC 23009-5:2017. Figure 18 illustrates the establishment of a MORE commiuication
Channel.

|. Details of the MORE communication channel are signalled to a controlled object; for example via
the retrieval of orchestration data. The details include an end-point address and the to-be-used
protocol.

T~

The controlled object sets up a MORE communication channel to a ¢onttroller using the provided
details.

B. The established MORE communication channel is used to asynchronously send control dafta from
the controller to the controlled object and/or vice versa.

1: Signalling of the MORE
communication channel

27/Setting up the MORE
communication channel

SourceorSmk L________ »| Controller

3: Exchanging control
data via the MORE
communication channel

=~ : Orchestration Data

______ =» : Messaging and control

Figure 18 — MORE communication channel

6.2.2 Signalling of the MORE communication channel

This subclause describes the signalling mechanism to signal the transport protocol and end-point
address for the exchange of MORE messages. In order to signal the MORE communication channel to
sources and sinks, the presence of a MORE communication channel is signalled via the orchestration
data using the samo:Channel element (samo stands for server-assisted media orchestration) defined in
the “urn:mpeg:more:schema:samo:2016” namespace. The namespace prefix used in this document is
“samo:”. Table 2 specifies the samo:Channel element.
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Table 2 — samo:Channel element

Element or attribute name Use Description
Channel Provides information about a MORE channel
@id O (string) Specifies an identifier for this MORE channel
@schemeldUri M Identifies the channel scheme. The channel scheme

defines the protocol the recipient of the MORE chan-
nel shall support.

:\andpninf Q (cfr‘ing) Providesthe anr]pninf tothe MORE channel The
endpoint shall conform to the URI specification,
IETF RFC 3986.

NOTE |The conditions only hold without using xlink:href. If linking is used, then all attributes are "optional’ and
<minOcqurs=0>.

The sano:Channel@schemeTduri specifies which protocol a controlled object shall use with this MORH
channel. Table 3 lists the mandatory protocols.

Table 3 — Protocols for MORE communication channels

@schemeIdURI Description

urn:mpgg:more:samo:channel:websocket:2016 The identifier indicatesthat the source or sink shall
use the WebSocketProtocol as specified in Clause 6.3.

In this case, the\@endpoint of the samo:Channel shall
be a valid WebSocket URI as specified in 3 WebSocket
URIs of IEFF RFC 6455.

6.3 Websocket protocol

This supclause defines the exchange of MORE contrpl data messages over the websocket protocol ag
specifidd in IETF RFC 6455.

Data frime messages of the websocket protocol shall be set to the text type and the content shall bg
UTF-8 ¢ncoded as specified by the websegeket protocol. Each websocket message shall contain a valid
MORE message compliant with the MORE'message XML schema.

7 Mdtadata

7.1 Tiimed metadata

Clause B defines metadata as the data that cannot be rendered independently and can affect rendering
procesging or orchestration of the associated media data. Like media data, this metadata can be timed
data. For example,' when a tracker (that is able of tracking location and orientation) is attached to 3
camera| the Joeation and orientation of the camera are continuously tracked as the camera captures
and moyes-“With the captured video stream, the stream of location and orientation (gaze) of the camerd
is also genérated. This location stream can be timed metadata about associated video stream since if
has an intrinsic timeline.

ISO/IEC 23005 (all parts) specifies tools for describing sensing capability of individual sensors
(ISO/IEC 23005-2) and detected information from these sensors (ISO/IEC 23005-5). Since most timed
metadata (e.g. position, orientation) is generated from sources that include one or more sensors, this
tool is used to describe the sensing ability of each source and timed metadata as detected information
from these sources in the context of media orchestration. For that purpose, ISO/IEC 23005-6 also
specifies a profile of sensing capabilities and sensed information datatypes that are useful for media
orchestration applications.

Therefore, this clause refers the existing binary syntaxes according to ISO/IEC 23005-6 and also
describes other timed metadata types which are not covered by ISO/IEC 23005-6.
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7.2 Position metadata

7.2.1 General

Position can be acquired from different types of sources (sensors). A global navigation satellite system
(e.g. GPS) sensor detects global position information and optionally altitude. The other position sensors
detect position information, i.e. values along x, y, and z-axes.

ISO/IEC 23005-6 specifies a separate description for detected altitude information from the description
pf gtobal position Information. When a Source detects both giobal position and aititude together, then
'he two fields should be put together in samples.

7.2.2 Global position

['he syntaxand semantics of the detected global position information for a source with global posjtioning
system (GPS) shall be used as specified for GlobalPositionsSensorType in ISO/IEC23005-6:2019,/5.1.3.3;
see also Table 4. That description includes the number of levels of longitude and-latitude that the sensor
Can perceive and its accuracy of detected information.

Table 4 — Binary syntax of sensed global position information as defined in ISO/IEC 23005-6

Syntax No. bits Mnemonic

GlobalPositionSensorType{

SensedInfoBaseType 7 SensedInfoBaseTypeType
crsLength 8 vluimsbf5

crs 0 UTF-8

Latitude 32 fsfb

Longitude 32 fsfb

}

7.2.3 Altitude

[he syntax and semantics .of “detected altitude information shall be used as specifjed for
h1titudeSensorType in ISOAEC 23005-6:2019, 5.1.3.4; see also Table 5. The description of the sensing
Capability of a source with altitude sensor includes the number of value levels, the range of valpes and
ts accuracy.

Table 5 — Binary syntax of sensed altitude information as defined in ISO/IEC 23005}6

Syntax No. bits Mnemonic
AltitudeSenSorType{
SensedInfoBaseType 7 SensedInfoBaseTypeType
crs 0 UTF-8

Altituda 32 fsfb

Trrereata e

7.2.4 Relative position

The syntax and semantics of detected relative position information shall be used as specified for
PositionSensorType in ISO/IEC 23005-6:2019, 5.1.3.5; see also Table 6. The sensing ability of a source
with position sensors is described as the maximum and minimum value that the position sensor can
perceive along the X, y, and z-axis in the unit of meter. To ensure accurate orchestration of multiple
sources, a calibration should have been performed to determine a single origin and the origin for all
sources shall be the position after the calibration.
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Table 6 — Binary syntax of sensed position information as defined in ISO/IEC 23005-6

Syntax No. bits Mnemonic
PositionSensorType {
UpdateMode =0 1 bslbf
if(UpdateMode ==0){
PositionSensorNormal PositionSensorNormalType
telse{
PositionSensorUpdate PositionSensorUpdateType
}
PositiofSensorNormalType{
bositionFlag 1 bslbf
ynitFlag 1 bslbf
bensedInfoBaseType 7 SensedInfoBaseTypeType
f(positionFlag) {
Position Float3DVectorType
f(unitFlag) {
Unit unitType
}

NOTE UpdateMode is set as ‘0’ (Only PositionSensorNormal is used in the context of this document).

When this position metadata describes the position of captured objects, the usage of the attribute
‘sensor|dRef” should be known to all stakeholders to indicate the metadata is sensed for captured
objects| In this case, the origin should be the position of the source which is capturing the object.

7.3 Orientation metadata

The syjntax and semantics of ,détected orientation information shall be used as specified fo
OrientdtionSensorType in ISO/AEE 23005-6:2019, 5.1.3.6; see also Table 7. The sensing capability of
sourced with orientation sensors includes the range of yaw, pitch, roll that the orientation sensor car
perceivg in the unit of degree:

Table 7 — Binary'syntax of sensed orientation information as defined in ISO/IEC 23005-6

Syntax No. bits Mnemonic

OrientationSensorType {
JpdateMode = 0 1 bslbf
ftopdateMode==06}<

OrientationSensorNormal OrientationSensorNormalType

telse{
OrientationSensorUpdate OrientationSensorUpdateType
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Table 7 (continued)
Syntax No. bits Mnemonic
OrientationSensorNormalType{
orientationFlag 1 bslbf
unitFlag 1 bslbf
SensedInfoBaseType 7 SensedInfoBaseTypeType
if(orientationFlag) {
orientation Float3DVectorType
}
if(unitFlag) {
Unit unitType
}
}
NOTE Updatemode is set as ‘0’ (Only OrientationSensorNormal is used in the.context of this documgnt).

7.4 Regions of interest

7.4.1 General

An overview of timeline representation in media orehestration is as depicted in Figure
prchestration data includes a universal timeline in which multiple timed media data (media s
hre represented. The composition of an orchestrated single video experience includes the use

ronsidered a fragmented movie, there is explicit provision for defining “empty time”. Each time
lata (media stream) is supported with a gomplementary ROI timed metadata consisting o
metadata of a bounding box.

‘ \
‘@
UGC Library for content
producers

streams from disparate
sources

Unified timeline representation of Media Orchestration based on ROI Stream

19. The
[reams)
of “edit

ists” to represent the availability of a specific timted media data. Similarly, if the timed medid data is

1 media
f timed

Camera 1 [ [ [ |
ROI Stream 1 [ T | W | |
Camera 2 | Timed
ROI Stream 2 H 1 ] | ] | B | | Metadata
Stream
Cameran | | |
ROI Stream n LI o] o] | W | |

Unified Timeline ->

Figure 19 — Timeline representation for media orchestration

© ISO/IEC 2019 - All rights reserved

23


https://standardsiso.com/api/?name=ba8747f66d6f6a8c0a1c036cd36769f1

ISO/IEC 23001-13:2019(E)

The representation of the ROI shall use ISO/IEC 23001-10 for pointers to 2DCartesianCoordinateSamples,
the 2DCartesianCoordinateSampleEntry, their timing and their relationship to video samples in the
ISOBMFF file.

ISO/IEC 14496-12:2015/Amd 1:2017, 6.2.2.1 specifies the syntax of a 2DCartesianCoordinateSample,
which consists of 9 bytes in byte (8-bit) alignment.

ISO/IEC  14496-12:2015/Amd  1:2017, 6.2.1.1 shall be wused for the syntax of a
2DCartesianCoordinateSampleEntry, which is a MetadataSampleEntry of the type '2dcc'.

7.4.2 (Example implementation using DROP features ,\Q)

application. A region of a video that consists of unique information is represented as a DROP (distinctivg
region ¢r pattern). A set of examples of these DROP regions is presented in Figure 20. Wher'choosing
DROP, the selected part of the image should be a region whose qualifying metrics of a r@n to be DROR
are likely unique and distinctive, as presented in Figure 21.

The exfraction of ROI is presented as below and examples are given in the context of a suqug@mce

630
amera 0: HTH_3 - C004 Mare St/Graham

Figure 21 — Identification of DROP region in a CCTV footage

The extraction of the DROP feature is out of scope of this document. It can be based on the use of MPEG
- 7 CDVS or it can rely on Haar-like features. The workflow of the query-based ROI timed metadata
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synchronization is presented in Figure 22. To address the challenges of DROP identification, extraction
and tracking, a Haar-like feature extraction is implemented in this example. As colour is considered a
psychological motivator for the determination of the “DROP” by human operators, a special emphasis
is placed on the determination of dominant colour descriptor while extracting Haar-like features. The
extraction process is presented in Figure 23. The search process of the DROP regions is based on the
learned pattern from the query is presented Figure 24.

‘E
v

Timestamp: 08/68{}%011
17:17:57.5
Camera [j _4 -C137

Clare olsfd

Timestamp: 08/08/2011

18:47:01.599 %
Camera 0: HTH_4 - C138 s\\
Clarence/Hindry Q @)

. | O
Timestamp: 08/08/2011 \\Q
19:17:57.589 \\‘r
Camera 0: HTH_4 - C004 Mare
St/Graham ’{,(\

N

Figure 22 — Workflow of Dﬁ%P utilisation based on visual query input
O
KN {
4 Y Class defin% )

Input query
Average colour Haar-like features Dominant colour
measurement selection description

Figure 23 — DROP definition process

Output
detection

Sliding window search

o A | Structure (Haar Dominant colour
definition verage colour nt ¢
features) description

| J

Figure 24 — DROP search process

7.5 Quality metadata

7.5.1 General

Quality metadata is timed metadata that provides information on captured timed media data, either
in real time or on demand. One of the applications of timed quality metadata is the selection between
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multiple sources. Examples of aspects influencing the perceived subjective quality are steadiness (isn't
the camera moving around too much), occlusion (are there backs of people in the way blocking the
view), contrast quality and colour quality; see Figure 25.

" JP i
@

Figure 25 — Multiple sources capturing the same event

The pdrceived subjective quality can be expressed as a mean Opinion score (MOS); see alsd
ISO/IE(q 23001-10:—, 4.3.6. This is the average score that a group-of people would give to the capture
expresded on a scale from 1 to 5, where 1 is the lowest perceived)quality and 5 is the highest perceived
quality,

The quality assessment may be performed by an m-processor that receives one or more timed medid
data (media streams). Alternatively, a source may perform the quality assessment itself.

The pejceived subjective quality of the multimedialCapture may vary per source, and it may vary ovel
time. Aln m-processor may include quality metadata to make a time-dependent selection betweer
chunks|of timed media data from different soutce; see Figure 26.

Colour represents quality rating (MOS)

/ Poor Fair | Good

9\5'2'1 S2,| S2,| s2, —

s3,| s3,| s3.| s3, th t bt
Seurce 2
—
t, 4 ot ot

\ Y

\ Sink or an M-Processor selects
Source application or an M-Processor between media streams using the
provides quality assessment as timed provided timed quality metadata.
metadata.

Figure 26 — M-processor selects between sources based on subjective quality
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The quality assessment or selection by the m-processor can be used in various ways. For examp

le:

— The m-processor provides quality metadata to a sink as an ISOBMFF or MPEG-2 TS timed metadata,
or in an MPEG DASH MPD. The sink then uses this to select a timed media data (media stream) to be

played out.

— The m-processor performs the selection itself and assembles a timed media data (media stream)

that is sent to a sink.

— The selection is fed back to one or more sources, e.g. via a controller function, requesting not-

selected clients to hold off sending their media data and hence save network bandwidth.

['he algorithm that a source uses to determine the perceived subjective MOS of the captured
s not defined. The algorithm may be dependent on the application scenario and theJspécific
content (e.g. soccer match, concert, etc.). In an application scenario, the algorithm may be par
hpplication that the user downloads to the source device that they use for the media‘capture.

7.5.2 Quality metadata
Duality metadata is specified using a MOS MORE (mean opinion score ferimedia orchestration)
byntax

A MOS MORE value is a value in the range 1 to 5. The lowestwalue ("1.0") corresponds to th
pbossible perceived subjective quality, whereas "5.0" corresponds to the best possible.

— Binary encoding: 8-bit integer value x ranging from 0 to 250, which is decoded using the e
MOS MORE = ceil((real) x/50).

— String encoding: encoded as digit, followedby a decimal point, and followed by another d
example, "1.0", "3.5", "4.2" or "5.0".

Semantics

[he semantics of the MOS MORE parameter is the perceived subjective quality of a time inter
Video. The subjective evaluation-may consider camera steadiness, occlusion, contrast qualityj
quality and other aspects that may make a user prefer one video over another video for th
nterval.

[he present specification does not specify an algorithm for determining MOS MORE values. It i
that the algorithm may,depend on the context, e.g. the type of content.

[his document does not specify the time interval. The time interval may be as short as a sing
‘rame, as long@as)the whole video, or something in between, e.g. a DASH period; see clause 8.4.2|

7.6 Strfeam monitor

76,1 General

| media
type of
t of the

bcore.

e worst

quation

git. For

val of a

colour
at time

s noted

e video

Timeline synchronization is challenging in environments where timed-data timestamps may be
altered, sources are not synchronized, and/or timeline correlation is unavailable. The following are

some examples of this.

— Anm-processor (e.g.transcoderormultiplexerasinexistencetoday)typically changesthetimestamps
of the carried timed data. Also, persistent timestamps like MPEG-TEMI (ISO/IEC 13818-1:2019,

Annex U) may be stripped.

— Different sources have different timelines that are typically not correlated.

The former problem can be solved by having the m-processor generate dvb-css correlation timestamps
(MORE-CT) as sketched in Figure 12. The latter problem can be solved by synchronizing the sources
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(MORE-WC(), by having each source report dvb-css timestamps (MORE-TS) and by subsequently

generat

ing dvb-css correlation timestamps (MORE-CT) as sketched in Figure 11. However, these

approaches fail in case of legacy transcoders/multiplexers that cannot provide dvb-css correlation

timesta

Stream
data (vi

mps, and in case of sources that are not synchronized at the time of recording.

monitor (SM) metadata is timed metadata that provides timestamped features of a timed media
deo, audio) to aid timeline synchronization. These features may be extracted and timestamped

at the media source and/or within the network. Features may be watermarks that have been purposely

introdu

ced in the timed media data, or fingerprints that are properties of the timed media data itself.

Both fi
as well

monitof

always

— Sce

tim
me
bot
— Sce

In
1

thalt is the combination of a feature and a*wall clock time [e.g. a wall clock time carried in TEMI

ISO
Thy
ins

15:1 lJl illtb Cllld VVCltCl II1d1 ]I\D dl'T DU}J}JUDCd tU bC lJCl Dibtcllt, SO Ul ViVills ITLUIL dills at thC SUuUI T
as transcoding/multiplexing operations. Figure 27 sketches three scenarios that use strgah]
metadata. All scenarios have at least two stream monitors, as the required synchronizafion i
between at least two timed media data (media streams).

nario 1: Transcoder with two stream monitors

Lhis scenario, one SM monitors timed media data going into a transcoder/multiplexer, and
ther SM monitors the outgoing timed media data. Each SM reports timestamped features viz
ORE-SM interface, i.e. the combination of a feature and the media or metadata timestamp (e.g
b, CT or TEMI) associated with that feature. An MSAS receives both stream monitor metadatg
correlates the two, producing dvb-css correlation timestamps.

nario 2: Two sources with two steam monitors

this scenario, two SMs monitor timed media data produced by two sources, reporting
estamped features via a MORE-SM interface, i.e. the coribihation of a feature and the media of
fadata timestamp (e.g. PTS, CT or TEMI) associated with that feature. Again, an MSAS receiveg
h stream monitor metadata and correlates the two, producing dvb-css correlation timestamps.

nario 3: Two sinks with two steam monitors

rhis scenario, two SMs monitor timed media data received at two sinks that are wall clocK
chronized (MORE-WC), reporting timestamped features via a MORE-SM interface; in this case

[EC 13818-1:2019, Annex U, at.the timestamping reference point (see also subclause 9.1)]
e MSAS receives this informatiof and it can use this to calculate timing differences, in order tq
[ruct the delay of the media data at a sink or in the network to achieve synchronous playout.

Transcoder/multiplexer with two
stream monitors

MORE-CT
(Timestamp,, Timestamp,)

Media
Synchronisation
Application Server

MORE-SM
(Feature,, Timestamp,)

MORE-SM
(Feature,, Timestamp,)

28

(MSAS)
Sink 1 Sink 2
Stream Monitor (SM) 4/ \- Stream Monitor (SM)
> Transcoder/multiplexer
Timed media data 1 Timed media data 2
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b) Scenario 2:
Two sources with two stream monitors

Timed media data 1

Source 1 _\ >

Sink 1 MORE-SM
(Feature,, Timestamp,)

Stream Monitor (SM)

Media
Synchronisation R
Application Server v
MORE-CT
sink 2 (MSAS) ) _
/ (Timestamp,, TimeStamp,)
Stream Monitor (SM)
MORE-SM

(Feature,, Timestamp,)

Source 2 ./ _

Timed media data 2

c) Scenario 3:
Two sinks with two stream monitors

Sink 1

Timed media data 1 Stream Monitor (SM)

AL
MORE-SM
(Feature,, WallClock,)
Media
Synchronisation Wall Clock
Application Server Server (WCS)
(MSAS)

MORE-SM
(Feature,, WallClock,)

Sink 2
Timed media-data 2

Stream Monitor (SM)

Figure 27 — Example scenarios with stream monitors

[here are many variations possible to these scenarios, for example the following.

— The first stream monitor does not need to be close to the transcoder. It can also be located close to
the source of the timed media data.

— Similarly, the second stream monitor does not need to be close to the transcoder. It can also be
located at the downstream end of a distribution network.

— A stream monitor may be located inside a source, monitoring the recorded raw media data.

— The stream monitor process does not need to take place in real time, and it may be performed on a
recorded timed media data for a posteriori synchronization.

— Stream monitor metadata may be multiplexed with timed media data.
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— Stream monitor metadata may be multiplexed with timed orchestration data, e.g. with MORE-CT.

— Stream monitor metadata may be received and processed by a sink for timeline synchronization of
received timed media data.

NOTE1 Additional scenarios with stream monitors are provided in ETSI TS 103 286 02:2017, B.5 and B.6.

NOTE 2 The determination of a timestamp associated with a feature can require extrapolation. Such
extrapolations are simple linear algebraic calculations. Examples of such calculations are provided in
ETSITS 103 286 02:2017, 5.4 and C.4 to C.7, and ISO/IEC 13818-1:2019, Annex U.

The MSIRE—SM interface is specified in more detail in the following clauses. It constitutes the combinatiox
of featufres and associated timestamps (e.g. PTS, CT or TEMI), carried by ISOBMFF or MPEG-2 TS.

7.6.2 |MPEG-Audio-Sync-based stream monitor metadata

MPEG-Audio-Sync (ISO/IEC 14496-3) specifies an audio synchronization system_ that uses audid
feature|extraction; see Figure 28. An audio feature is a coded binary digit sequencejextracted from ar
audio sjgnal. The system consists of an audio feature extraction tool and an audip feature similarity
calculation tool. The audio feature extraction tool generates timed metadata with audio features
for synchronization from a time domain audio signal. The audio featuressimiilarity calculation too
comparles two audio feature timed metadata to find the time differencé-between the audio signals
ISO/IE( 14496-3 normatively specifies an audio feature extraction algorithm, as well as the syntax and
semantfcs of an extracted audio feature frame. An audio feature frame-has 128 bits and is determined
with 8 ms intervals for a sliding-window 32 ms frame length.

o » Audio Feature » »
Aydio Signal #1 Extraction

Audio Feature

Time Difference
Similarity » Between
Calculation

Audio Signals
o Audio Feature » »
Aydio Signal #2‘ Extraction

SOURCH ISO/IEC 14496-3

Figure 28 — Audio synchronization system

A typical scenario of MPEG=Audio-Sync multiplexes 1 to 15 consecutive audio features extracted from
a 1st sqreen device (€.2a main media device receiving a television broadcast) into the timed medid
data forf the 2nd screen device (e.g. tablet device, companion screen receiving audio/video content ovel
an IP ne¢twork). 'he microphone of the 2nd screen device captures audio from the 1st screen device, i
continupusly extracts audio features from this audio, it compares it with the received audio features, i
determjnegs the time difference and it synchronizes the playout at the companion device with that of the
main d¢viee. In this scenario, no common clock covering the 1st and 2nd screen devices is required, noj
an exchamnge of time-stamps betweer the devices:

Audio feature extraction may also be used for the synchronization scenarios presented in subclause 7.6.1,
using the MORE SM interface to transport timestamped audio features. In these scenarios, they are
carried stand-alone in an ISOBMFF file or an MPEG-2 Transport Stream.

7.7 Capture mask

7.7.1 General

A capture mask is a selection of a video frame, which may be used in the context of video stitching.
A capture mask is used if an m-processor is not interested in receiving the full video frame, but only
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a section of the frame defined by the capture mask. The concept of a capture mask is illustrated in
Figure 29. An m-processor receives video streams from multiple sources, on which it performs video
analysis and video stitching. It generates an output video that is sent to a sink.

Based on received video data, the m-processor determines a capture mask and provides this to a source
as orchestration data. A source receives the capture mask and crops the video frame(s) accordingly.

Orchestration data (capture mask)

Source \
M-Processor

—p (Stitching)

=D Sink

Source

Input Output
video video

Figure 29 — Use of capture mask in media orchestration

['wo cases are relevant:
— non-real-time: the contentis‘pre-recorded;
— live streaming: the content is live.

n the former case, the capture-mask orchestration data may cover the entire recorded video |content
‘rom the beginningiuntil the end. The capture mask may be different for different periods in thg video,
hind the orchestration data may also indicate that the m-processor is only interested in specific time
ntervals of thée video.

n the latter case, messaging and control may be used by the m-processor to signal thg actual
Capture-nrask.

772 Capture-mask metadata

The concept of a capture mask at the source side is very similar to the concept of a region of interest
(ROI) at the sink side. ISO/IEC 23001-10 specifies metadata for the identification of a rectangular region
of interest inside a rectangular video frame, as well as the carriage of this metadata in ISOBMFF. The
syntax and semantics for region of interest are therefore reused to define capture mask.

The size of the reference video frame is specified as a 2D Cartesian coordinates sample entry according
to ISO/IEC 23001-10:—, 7.2.1.

The coordinates of a capture mask are specified in 2D Cartesian coordinates samples according to
ISO/IEC 23001-10:—, 7.2.2.
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7.8 Camera metadata

This clause specifies basic timed metadata associated with media data from a camera source.
This metadata describes the absolute position and orientation of a camera source with the range of
resolution, focal length, aperture and shutter speed.

The syntax and semantics of camera sensor information shall be used as specified for camerasensorType
in ISO/IEC 23005-6:2019, 5.1.3.7; see also Table 8.

Tebte8—Bi : f . tefimet i ISOARE-23665-6

Syntax No. bits Mnemonic
CamerdSensorType {

CameraOrientationFlag = 0 1 bslbf
[ameraLocationFlag = 0 1 bslbf
ocalLengthFlag 1 bslbf
pertureFlag 1 bslbf
hutterSpeedFlag 1 bslbf
ilterFlag =0 1 bslbf
bensedInfoBaseType 7 SensedIinfoBaseTypeType
f (CameraOrientationFlag == 1){

CameraOrientation 0 OrientationSensorType
f (CameraLocationFlag == 1){

CameraLocation Q GlobalPositionSensorType
f (focalLengthFlag == 1){

focalLength 32 fsbf
f (apertureFlag == 1){

aperture 32 fsbf
f (shutterSpeedFlag == 1)§

shutterSpeed 32 fsbf
f (filterFlag =£1){

filter 0 bslbf

}

7.9 Depth metadata

This subclause specifies depth timed metadata associated with media data from a camera source.
This metadata describes the distance between a source and the objects in the environment, encoded
as a matrix. The syntax and semantics of camera sensor information shall be used as specified for
DepthCameraSensorType in ISO/IEC 23005-6:2019, 5.1.3.8; see also Table 9.

Table 9 — Binary syntax of depth camera sensor information as defined in ISO/IEC 23005-6

Syntax

No. bits

Mnemonic

DepthCameraSensorType {

32
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Table 9 (continued)
Syntax No. bits Mnemonic

CameraSensorType CameraSensorType

RawVideo {
width 16 uimsbf
height 16 uimsbf
bit_depth 8 uimsbf
stride 32 uimsbf
coding4cc 32 uimsbf
fps 16 uimsbf
use_frame_packing 1 bslbf
RawVideoDataSize = 0 8 vluimsbf5
RawVideoData 0

}

RawDepth {
width 16 uimsbf
height 16 uimshbf
bit_depth 8 uimsbf
stride 32 uimsbf
coding4cc 32 uimsbf
fps 16 uimsbf
use_frame_packing 1 bslbf
RawVideoDataDize vluimsbf5
RawVideoData bslbf

}

}

B Transport

B.1.1 General

B.1 Carriage of timed metadata in ISO base media file format

Carriage of timed metadata for media orchestration in ISOBMFF is useful in cases where timedl media
lata andrassociated timed metadata are stored in files, either together or in separate files. If is also
1seful foxtransport over DASH or MMT.

fAimed metadata is carried in an ISO Base Media File, it shall be carried in the metadata trackg within

TTT

T o r e o O ot C1 11

that file The timed metadatatrack shalluse the ‘meta’ handler type inthe handler hoxofthe media box

with a null media header (‘nmhd’).

A metadata track carrying timed metadata can be associated with other media (e.g. video or audio)
track. The timed metadata track is linked to the track it describes by means of a ‘cdsc’ (content
describes) track reference. One or more metadata track can be associated with a same media track. The
metadata samples that have the same composition time can be consumed for the associated media at

the composition the same time.
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8.1.2 Carriage of position metadata in ISO base media file format

The sample entry for position metadata (defined in subclause 7.2) is defined as the
PositionMetadataSampleEntry

Sample Entry Type: ‘pmse’

Container: Sample Description Box (‘stsd’)
Mandatessy: No
Quantity: Oor1l

The pogition metadata sample entry shall contain a PositionMetadataConfigurationBox, descfibing ong
or mor¢ position metadata entities that are present in each sample. Each sample is an array,of positior]
metadafa entities, corresponding one for one to the declared position metadata defined ifi'subclause 7.2

class PFositionMetadataSampleEntry () extends MetadataSampleEntry (‘pmse’) (

FositionMetadataConfigurationBox () ;

class PFositionMetadataConfigurationBox extends
HullBox ('pomc', version = 0, flags = 0){ {

nsigned int (8) entity count;
for (i=1; 1 <= entity count; i++){
unsigned int (16) entity size bytes;
unsigned int (7) reserved=0;
unsigned int (1) sensor capability in€luded;
unsigned int (32) position entity codel[i];
if (sensor capability included == ‘1')

{

PositionSensorCapability (posit®on entity code[i]);

}
class FositionSensorCapability(unsigned 4fb(32) position entity code) {
1f (position entity code == ‘GPOS{)

GlobalPositionSensorCagabilityType gps cap;
else if(position entity code == ‘RPOS’) {
PositionSensorCapabidityType rps_cap;

else if(position entdty code == ‘ALTI’) {
AltitudeSensorCagpabilityType alt cap;

Semantjics:
entity [count spegifies the number of position metadata entities in each sample.

entity [sie bytes indicates the size (in bytes) of each position metadata entity.

sensor TapapItity Irncruded, C\,lua} to 1, indieates—that acuaius \,a})abiht_y information—associated—+d
the position entity is present. According to position entity code value, the following sensing
capability information is present.
— ‘GPOS ‘ = global position sensing capability as defined in subclause 7.2.2.
— ‘ALTT = altitude sensing capability as defined in subclause 7.2.3.

— ‘RPOS ‘ =relative position sensing capability as defined in subclause 7.2.4.
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position entity code[i] indicates which position metadata is present in i-th position metadat
as follows.

a entity

— ‘GPOS‘ = i-th position metadata entity includes global position information as defined in

ISO/IEC 23005-6:2019, 5.1.3.3.

— ‘ALTI"’ = i-th position metadata entity includes altitude information as defi
ISO/IEC 23005-6:2019, 5.1.3.4.

ned in

— ‘RPOS‘ = i-th position metadata entity includes relative position information as defined in

[SO/IEC 23005-6:2019, 5.1.3.5.

['he position metadata sample shall use the following syntax.

class PositionMetadataSample () {
for (i=1; i<= entity count; i++) {

if (position entity code[i] == “GPOS”) {
GlobalPositionSensorType global position;

} else 1if(position entity code[i] == “RPOS”) {
PositionSensorType relative position7

} else 1if(position entity code[i] == “ALTI") {
AltitudeSensorType altitude;

}

bemantics:
lobal position includes global position informationras defined in ISO/IEC 23005-6:2019, 5.1
b1 titude includes altitude information as defined in ISO/IEC 23005-6:2019, 5.1.3.4.

belative position includes relative position information as defined in ISO/IEC 23005-6:2019,

B.1.3 Carriage of orientation metadata in ISO base media file format

bample Entry Type: ‘omse’

Container: Sample Description Box (‘stsd’)
Mandatory: No

Quantity: Oor1l

lescribing orientation metadata that are present in each sample. Each sample is an a
brientation metadata entities, corresponding one for one to the declared orientation metadata
-subclause 7.3.

Drientation metadata (defined in-subclause 7.3) track uses the orientationMetadataSampleEntiy.

3.3.

5.1.3.5.

[he orientation metadata sample entry shall contain an OrientationMetadataConfigurationBox,

frray of
defined

NOTE For forward compatibility, the syntax accounts for the possibility of having multiple ori

entation

information types per sample. However, the current version of the specification provides only the single type

referenced above.

class OrientationMetadataSampleEntry () extends MetadataSampleEntry (‘omse’) {
OrientationMetadataConfigurationBox () ;

}

class OrientationMetadataConfigurationBox extends
FullBox ('ormc', version=0, flags=0) {
unsigned int (8) entity count;
unsignedint (16) entity size bytes;
for (i=1;i<=entity count;i++) {
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unsignedint (7) reserved=0;
unsignedint (1) sensor capability included;
if (sensor capability included==‘1") {

OrientationSensorCapabilityTypeorin cap;

}

Semantics:

entity |count specifies the number of orientation metadata entities in each sample.
entity[size bytes indicates the constant size (in bytes) of orientation metadata entity:.

sensor [capability included, equal to 1, indicates that sensing capability information assoelated tqg
the|orientation metadata entity, as defined in subclause 7.3, is present.

The origntation metadata sample shall use the following syntax.

class (QrientationMetadataSample () {
fof (i=1; i<= entity count; i++){
rientationSensorType orientation;

}

Semantjics:

Orientation includes orientation information as defined in ISO/IEC 23005-6:2019, 5.1.3.6.

8.1.4 (Carriage of quality metadata in ISO base media file format

Qualitymetadata is defined in subclause 7.5.

Sample|Entry Type: ‘mosm’

Container: Sample Description Box (‘stsd’)
Mandatjory: No

Quantity: Oor1l

The MogMoreSampleEntry’identifies the MosMoreSamples; see also subclause 7.5.

Syntax|of MosMoreSampleEntry

aligned(8) class\MosMoreSampleEntry
extgnds MetadataSampleEntry (‘mosm’) {

}

. r N
Semanticsof MosMoreSampleEntry
N/A

Syntax of MosMoreSample

aligned(8) class MosMoreSample {
unsigned int (8) mosMoreValue;

}
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Semantics of MosMoreSample

mosMoreValue is the binary encoded MOS MORE value, providing a measure of the subjective quality of
the associated media data, as specified in subclause 7.5.2.

8.1.5 Carriage of audio features in ISO base media file format

The present subclause cppr‘ifinc how audio features shall be carried in accordance with

SO/IEC 14496-12:2015 for the MORE-SM interface.

AudioSyncFeature sample entry

fample Entry Type: ‘asfe’

Container: Sample Description Box (‘stsd’)
Mandatory: No
Puantity: Oor1l

[he AudioSyncFeatureSpecificConfig sample entry provides the‘configuration of audio sync feafures.

byntax of AudioSyncFeatureSampleEntry

hligned (8) class AudioSyncFeatureSampleEntry
extends MetadataSampleEntry (‘asfe’) {
AudioSyncFeatureConfiguratonBox () ;

Flass AudioSyncFeatureConfigurationBox exfends
FullBox ('asfc', version=0, flags=0) {
bit (32) audioSyncFeatureSpecificCorifig () ;

Semantics of AudioSyncFeatureSampleEntry

budioSyncFeatureSpecificConfly 1S a  set of 32 bits, corresponding  with  the
AudioSyncFeatureSpecificConfig() provided in ISO/IEC 14496-3:2009, Table 13.1. The semanticg of this
s provided in ISO/IEG-14496-3:2009, 13.4.

NOTE 1  The configuration information includes, among others, the type of the audio sync features, their frame
ength and theiptime resolution. Its length is 32 bit (4 bytes).

AudioSyncFeatureFrameSample format

An audio_sync_feature is the binary feature for audio synchronization for a single| frame
SO/IEC 14496-3.

Syntax of AudioSyncFeatureFrameSampie

aligned(8) class AudioSyncFeatureFrameSample {
bit (128) audioSyncFeatureFrame () ;

}
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Semantics of AudioSyncFeatureFrameSample

audioSyncFeatureFrame is a set of 128 bits, corresponding with the AudioSyncFeatureFrame() provided
in ISO/IEC 14496-3:2009, Table 13.2. The semantics of this is provided in ISO/IEC 14496-3:2009, 13.4.

NOTE 2  Audio_sync_feature samples are typically 128 bit (16 bytes), which is the default frame length as
specified in the AudioSyncFeatureSpecificConfig.

8.1.6 |Carriage of capture-mask metadata in ISO base media file format

Captur¢ mask metadata (defined in subclause 7.7) shall be carried in [ISOBMFF, ISO/IEC 14496-12:2015
as 2D(artesianCoordinatesSample with reference to a 2DcartesianCoordinatesSampleEntry; segq
subclause 7.7.2. The capture-mask metadata is carried in a timed metadata track in ISOBMFF.

Each 2IcartesianCoordinatesSample has an associated decoding timestamp, defined\in"the decoding
time to|sample box ('stts'). Composition timestamps (identical to decoding timestarmips, so no 'ctts' boy
is need¢d) are used to map a specific capture mask to a specific frame of the source video.

Preferaply, the source and the m-processor use the same types of timestamp-type (namely compositior]
time) apd the same time base. In that case, there is a one-to-one mapping-between a capture mask
and a vjdeo frame (to be cropped for video stitching). However, if the source and the m-processor usg
differenjt types of timestamps or a different time base, then correlatioh-timestamps (see subclause 5.1]
need to[be used.

The firgt and last decoding timestamps of a timed metadata €xack containing capture-mask metadat3
corresgond with the first and last frame of the time intervdlfor which the m-processor is interested ir
receiving the (cropped) source video.

In case| of non-real-time content, the m-processor-provides the source with an ISOBMFF file with
capturg-mask metadata that covers the full content;

In case|of live streaming content, the m-processor provides the source with an ISOBMFF file with 3
single ADcartesianCoordinatesSample.

8.1.7 [Carriage of dvb-css correlation timestamps in ISO base media file format

A dvb-gss correlation timestamp is’a data object that associates two or more timestamps of two or more
timed data with each other,-A ‘typical example is the association between a presentation timestamy
(PTS) df an MPEG-2 transport stream and a composition time of an ISOBMFF file. Its meaning is tha
the identified timed mediadata samples (audio sample, video frame) and/or timed metadata samples
(locatign sample, orieqitation sample, etc.) have been captured at the same time and that they should bd
rendergd at the sanie time.

Sample|Entry Type: ‘coti’

Containet: Sample Description Box (‘stsd’)
Mandatory: No
Quantity: Oor1l

The CorrelationTimestampSampleEntry provides metadata about the CorrelationTimestampSamples.

Syntax of CorrelationTimestampSampleEntry
aligned(8) class CorrelationTimestampSampleEntry

extends MetadataSampleEntry (‘coti’) {
CorrelationTimestampConfiguratonBox () ;
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class CorrelationTimestampConfigurationBox extends
FullBox ('cotc', version=0, flags=0) {
unsigned int (8) numberOfTimelines;
for (timeline=0;timeline<number of timelines;timeline++) {
string timedDatalD;
string timelineSelector;
unsigned int (32) unitsPerTick;
unsigned int (32) unitsPerSecond;
unsigned int (32) accuracy;
unsigned int (2) temi timestamp length index;
bit (6) reserved;

bemantics of CorrelationTimestampSampleEntry

humberOfTimelines is the number of timelines covered by the CorrelationTimestampSampleE}

namely the timeline of the carrying ISOBMFF track itself with time1ide=0 and at least on
timeline (timeline>=1).

FimedDataID is a null-terminated UTF-8 string, providing a URL identification of timed data asg

is associated with which timed data. If the value of the strifig is null, then no URL identifig
provided. For example, the carrying ISOBMFF track itself weuld not need to be explicitly idg

imelineSelector is a null-terminated UTF-8 string accofding to Table 10 which replicates and
ETSI TS 103 286 02:2017, Table 8.4.2.1. It indicatesswhat type of timestamps the associate
media data or timed metadata uses, e.g. MPEG2-TS presentation timestamp (PTS), IS
composition time (CT), TEMI, MPEG DASH Period relativeTimeline or NTP. The latter,
signalled with the value timelineSelectox=wrn:mpeg:more:timeline:ntp. This timeline is
carry a ETSI TS 103 286 02 wall clock tinie as specified in subclause 6.1.

of the timeline according to ETSI' TS 103 286 02:2017, 5.3.2. The tick rate is calcul
ticksPerSecond = unitsPerSecond/unitsPerTick. ETSI TS 103 286 02 uses this construction {
to be able to specify any rational value of ticksPerSecond as the division between two i}
The allowed values of unitsperTick and unitspersecond depend on the value of timelines
according to Table 10-wia'references to ETSI TS 103 286 02. In case of timelineSelector=
g:more:timeline:ntp,the unitsPerTick of the timeline shall be 1 and the unitsPerSecond
4294967296 (2”32,-which shall correspond to the tick rate of the NTP timestamp format
RFC 5905).

bccuracy provideés the accuracy of the timeline, expressed as an integer number of micros
Accuracyquantifies the understanding of how accurately time values on this timeline re
the timing of underlying media content. The value should represent the 95 % confidence
(2<standard deviations) or better. The minimum value is zero, indicating perfect accurg
ETSI TS 103 286 02:2017, 5.3.2 and 5.5.9.5).

ntry. Its

value shall be 2 or greater, as the CorrelationTimestampSampleEntry covers.at least two timelines,

e other

ociated

with this timeline. Its purpose is to make clear which timeliné-of‘a dvb-css correlation timestamp

ation is
ntified.

bxtends
d timed
OBMFF
NTP, is
used to

[nitsPerTick and unitsPerSecond are~integer values greater than zero that define the tick rate

hted as
n order
\tegers.
Plector
rn:mpe
chall be
of IETF

econds.
present
nterval
cy (see

rovidec tha langth ~Ff +hn 41 ncbamay 100 ~ocn of TEMT 43004

(i.e. timelineSelector=urn:dvb:css:timeline:mpd:period:rel:*). Its value shall be identical
“has_timestamp” parameter of the associated TEMI, see ISO/IEC 13818-1:2019, subclaus

. i e bl el . 1 n Stam S
CCHTT _CIrmces canp  rtolgolir  riroe PTOUVIOCS ChOCICITS U UT T CHOCSTatiTp 11 casSTe— Ul T Lvil CIie p

to the
e U.3.6.

That is, value 1 means a 32 bit media timestamp is present in the CorrelationTimestampSample;

value 2 means a 64 bit media timestamp is present in the CorrelationTimestampSample;

value 3

is reserved; and value 0 is not applicable (TEMI without a TEMI timestamp). The value of temi

timestamp length index shall be O for other (non-TEMI) types of timestamp.

reserved are reserved bits, and now used for padding. Their value shall be 0.
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Syntax of CorrelationTimestampSample

aligned(8) class CorrelationTimestampSample
for (timeline=1;timeline<numberOfTimelines;timeline++) {
if (timelineSelector=urn:dvb:css:timeline:pts) {
unsigned int (48) timeValue;
}
else if(timelineSelector=urn:dvb:css:timeline:ct) {
unsigned int (32) timeValue;

else if (timelineSelector=urn:dvb:css:timeline:temi:*) {
if (temi timestamp length index=1) {
signed int(32) timeValue;

}
else if (temi timestamp length index=2) {
signed int (64) timeValue;

}

else if(timelineSelector=urn:dvb:css:timeline:mpd:period:rel:¥) {
signed int (64) timeValue;

else if(timelineSelector=urn:mpeg:more:timeline:ntp) (
unsigned int (64) timeValue;

The "*"|symbol indicates a wildcard. The allowed values of the:wildcard are provided below.

Semantics of CorrelationTimestampSample

number@fTimelines is the value provided in the CorrelationTimestampSampleEntry. The number of
tinde values in a CorrelationTimestampSamplé-equals to numberofTimelines-1, as the time valueg
for|timeline=0 are the composition timestamps of the ISOBMFF file itself, carried in the 'ctts' box
or in absence thereof in the 'stts' box. This implies that no timevalue is provided for timeline=0.

timevalue indicatesapointontheparticdlartimelinesignalledbythe CorrelationTimestampSampleEntry
expressed in units of that timeline. Table 10 specifies the detailed semantics of timevalue fo1
different values of timelinesefector.

Table10-— Specification of values for timelineSelector

Name timelineSelector Details timeValue
MPEG-TS urn:dvb;ess:timeline:pts ETSITS 103 286 48-bit presentation time stamp
PTS: pres- 02:2017,5.3.4
entation
time st@mp
ISOBMHF: urn:dvb:css:timeline:ct ETSITS 103 286 32-bit composition time
compoditioh 02:2017,5.3.5
time

a ETSI TS 103 286 02:2017, Table 8.4.2.1 specifies timelineSelector values including delimiting quotes, as
ETSI TS 103 286 02 carries these as JSON format strings. Delimiting quotes are omitted in Table 10, as these strings are
already delimited as null-terminated UTF-8 string.

b As specified in ETSI TS 103 286 02 with reference to ISO/IEC 13818-1:2019, subclause U.3.2, the value of <component_
tag> is the PID value of the MPEG-2 Transport Stream media component. The value of <timeline_id> is the timeline_id value in
TEMI location descriptor.

¢ Asspecified in ETSI TS 103 286 02, 5.3.7.2, <ticks-per-second> is a base-ten integer number as a string that defines the
scale of the Timeline. The unitsPerTick of the Timeline shall be 1. The unitsPerSecond of the Timeline shall be value of <ticks-per-
second>. The <period-id> identifies the period to be used as the base period. It consists of the value of the Period@ID attribute of|
the period.
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Table 10 (continued)
Name timelineSelector Details timeValue
TEMI: urn:dvb:css:timeline:temi: ETSITS 103 286 64-bit unsigned integer
timeline for |<component_tag>:<timeline_id>b 02:2017,5.3.6

external data

MPEG DASH: |urn:dvb:css:timeline:mpd:period:rel: |[ETSITS 103 286 64-bit signed integer
period rela- |<ticks-per-second> 02:2017,5.3.7
tive timeline

NOTE ETSITS 103 286 02:2017,

protocol

urn:dvb:css:timeline:mpd:period:rel: 5.3.7 specifies timeValue in the
<ticks-per-second>:<period-id>¢ range -263 <t <263
NTP: net- urn:mpeg:more:timeline:ntp IETF RFC 5905:2010, | 64-bit NTP timestamp-formpt
work time Clause 6

a  ETSI TS 103 286 02:2017, Table 8.4.2.1 specifies timelineSelector values including, delimiting qu
ETSI TS 103 286 02 carries these as JSON format strings. Delimiting quotes are omitted in Table\10, as these sty
already delimited as null-terminated UTF-8 string.

Il As specified in ETSI TS 103 286 02 with reference to ISO/IEC 13818-1:2019, subclause U<3.2, the value of <con
tag> is the PID value of the MPEG-2 Transport Stream media component. The value of <timeline_id> is the timeline_id
TEMI location descriptor.

¢ As specified in ETSI TS 103 286 02, 5.3.7.2, <ticks-per-second> is a base-ten-integer number as a string that de
scale of the Timeline. The unitsPerTick of the Timeline shall be 1. The unitsPerSecoud.of the Timeline shall be value of <4

the period.

second>. The <period-id> identifies the period to be used as the base period. It consists of the value of the Period@ID atfribute of

otes, as
ings are

lponent_
value in

fines the
licks-per-

n case of wrapping of a timeline (see also ETSI TS 1037286 02:2017, 5.5.5 and B.2.2.5.1), it i
recommended to provide a dvb-css correlation timestamp directly before the wrapping, 4
lirectly after, in order to prevent any ambiguities or*discontinuities.

B.2 Carriage of timed metadata in MPEG-2 systems

B.2.1 General

Carriage of timed metadata for mediaorchestration in MPEG-2 TS is useful in cases of broadc3
br real-time streaming of mediadata and associated timed metadata. The code points for car
MORE access units and descriptors in MPEG-2 TS shall be used as specified in ISO/IEC 13818
tubclauses 2.4.4.5 and 2.4.4+10; and below.

B.2.2 Timed metadata access unit

[he timed metadata samples (defined in subclause 7.1) are stored in access units as the
lescribed in Table 11 and encapsulated in a PES stream. Since each PES packet is associated
certain PTS {(presentation time stamp), the timing of activation of timed metadata is defined
hssociatedypresentation time.

highly
nd one

st and/
riage of
11:2019,

format
with a
by the
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Table 11 — Syntax of Timed_Metadata_Access_Unit

Syntax No. bits Mnemonic

timed_metadata_access_unit () {

metadata_access_unit_bytes() 8xM

if (CRC_32_flag=1) {

CRC_s2 32 rpchot

}
}
Semantics:

metadgta_access_unit_bytes — bytes that contain an access unit of timed metadata\associated with

one
tim

prq
(su

CRC_32

CRC_32
the

The len|
see sub

Timed
specifig

8.2.3

The tim
descrip

metadafta extension descriptor describes the type of metadata that is present in each timed metadatd

access
descrip

or more video or audio frames. This field is differently specified according to the type of
ed metadata as specified in subclause 8.2.3; see Table 12. The length of(this field (M bytes) i5
vided by timed_metadata_access_unit_length (H) in the timed metadata’extension descriptotl
bclause 8.2.3).

_flag — a flag whether CRC_32 is applied; see subclause 8.2.3.

— This is a 32-bit field that contains the CRC value that gives a zero output of the registers in
decoder defined in Annex A after processing the entire gpogram association section.

oth of a timed metadata access units is provided incthe timed metadata extension descriptor
clause 8.2.3.

metadata access units are encapsulated in MPEG sections identified by stream_type valug
d in subclause 8.2.4.

Timed metadata extension descriptor

ed metadata extension descriptoris signalled using a descriptor in the program map table. This
tor shall appear in the elementary stream loop of the PID of the timed metadata. The timed

init, as well as any stati¢c-associated metadata. The syntax of media orchestration extension
tor containing static metadata is shown in Table 12.

Fable 12 — Timed metadata extension descriptor

Syntax No. bits Mnemonic
timed_mnetadatafextension_descriptor() {
timed smetadata_code 8 uimsbf
tinmed*metadata_access_units_have_constant_size 1 bslbf
CRC_3Z_flag T bSIbT
Reserved 6
if(timed_metadata_units_have_constant_size=1)}
timed_metadata_access_unit_length (H) 8 uimsbf
}
timed_metadata_descriptor_length (]) 8 uimsbf
timed_metadata_descriptor_bytes() 8x]
}
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Semantics:

timed_metadata_code — the 4CC code name of the timed metadata in the timed metadata access

units; see Table 13.

timed_metadata_access_units_have_constant_size — a flag whether all timed metadata units have a
constant size (1). If not (0), then the size of a timed_metadata_access_unit is determined elsewhere,

e.g. within the timed metadata_access_unit itself.

CRC_32_flag — a flag whether CRC_32 is applied in the timed metadata access units; see subclau

reserved — reserved bits, all set at 0.

be 8.2.2.

metadata accéss unit contains the configuration of position information, corresponding one fo
he declared position information in subclause 7.2.

[imed_metadata_access_unit_length (H) — the constant size in byte of the timed metadatg access
units. When applicable, timed metadata units do not have to signal their gwn length, whidh saves
bandwidth and parsing effort.

flimed_metadata_descriptor_length (J) — the size in byte of timed_metadata_descriptor_bytgs.

[imed_metadata_descriptor_bytes — the bytes of the timed_metadatdata_descriptor; see Talle 13.

Table 13 — timed_metadata-code

timed_metadata_code (4CC) Semantics tfimed_metadata_ timed_metadpta_

access_unit descriptoi

POSI Position 8241 8.2.4.2

ORIE Orientation 8.2.5.1 8.2.5.2

STMO Stream monitor 8.2.71 8.2.7.2

CAMA Capture mask 8.2.6.1 8.2.6.2

B.2.4 Carriage of position metadata‘in MPEG-2 systems

B.2.4.1 Position metadata aceess unit

['his subclause specifies the format of an access unit of position metadata (defined in subclause }.2) and

he signalling of position métadata to indicate which position metadata is carried in the PES strgam.

Fach position metadata access unit carries one or more position metadata associated with| one or

more video/audio-firames, i.e. multiple position metadata entity can be applicable for multiplq video/

hudio frames_fona given PTS interval, until a new position metadata entity is declared. The position

" one to

Every position metadata access unit shall be a random-access point. In order to make processin
bach “position metadata access unit should be contained in a single TS packet. A position

b easier,
etadata

A position metadata access unit is a timed metadata access unit (8.2.2), of which the metadata_access_

units are specified in Table 14.

© ISO/IEC 2019 - All rights reserved

43


https://standardsiso.com/api/?name=ba8747f66d6f6a8c0a1c036cd36769f1

ISO/IEC 23001-13:2019(E)

Table 14 — Syntax of the metadata_access_unit_bytes of a position metadata access unit

Syntax No. bits Mnemonic

position_metadata_access_unit_bytes() {
if (has_global_position_bytes==1) {

global_position_bytes 8xP uimsbf
}
if (hds_altitude_bytes==1) {
altifude_bytes 8xQ uimsbf
}
if (hds_relative_position_bytes==1) {
relafive_position_bytes 8xR uimsbf
}
}
Semantjics:

has_glgbal_position_bytes — this 1-bit flag indicates whether the access unit includes global_position|
byfes. Its value is specified in the position metadata descriptorjsee subclause 8.2.4.2.

has_altitude_bytes — this 1-bit flag indicates whether the access unit includes altitude_bytes. Its valug
is specified in the position metadata descriptor; see subclavse 8.2.4.2.

has_relative_position_bytes — this 1-bit flag indicates“whether the access unit includes relative|
podition_bytes. Its value is specified in the position metadata descriptor; see subclause 8.2.4.2.

global Jposition_bytes — includes global position information as defined in ISO/IEC 23005-6. The
length of this field (P bytes) is specified by)the global_position_bytes_length field in the positior
metadata descriptor; see subclause 8.2:4.2.

altitudp_bytes — includes altitude inférmation as defined in ISO/IEC 23005-6. The length of this field
(Q bytes) is specified by the altitude_bytes_length field in the position metadata descriptor; seg
subclause 8.2.4.2.

relative position_bytes — includes position information as defined in ISO/IEC 23005-6. The length of
this field (R bytes) is speeified by the relative_position_bytes_length field in the position metadatd
degcriptor; see subclause 8.2.4.2.

NOTE The reasonfer enabling having global position, altitude and/or relative position in a single access uni
is that spme position/sensors provide samples of these together with the same timestamp. If there are separatg
sensors [with separate timing, then there can be an individual PES for each sensor.

8.2.4.2| cPosition metadata descriptor

Since one PES stream can carry one or more position metadata, it needs to signal which type of position
metadata per event or program.

The position metadata descriptor describes the type of position metadata, and optionally the capability
of the sensor which acquires the position data. In order to indicate the type of position metadata carried
in PES streams per event, it shall be signalled in the PMT.

The value of the timed_metadata_code shall be "POSI".

timed_metadata_descriptor_bytes of the position metadata descriptor is specified in Table 15.
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Table 15 — Syntax of position_timed_metadata_descriptor

Syntax No. bits Mnemonic
position_timed_metadata_descriptor_bytes () {
has_global_position_bytes 1 bslbf
has_altitude_bytes 1 bslbf
has_relative_position_bytes T bsIbf
reserved 5
if (has_global_position_bytes){
global_position_bytes_length (P) 8 bslbf
}
if(has_altitude_bytes){
altitude_bytes_length (Q) 8 bslbf
}
if (has_relative_position_bytes){
relative_position_bytes_length (R) 8 bslbf
}
global_position_sensor_capability_included 1 bslbf
altitude_sensor_capability_included 1 bslbf
relative_position_sensor_capability_included 1 bslbf
reserved 3 bslbf
if (global_position_sensor_capabilitysincluded){
global_position_sensor_capability_length (K) 8 uimsbf
global_position_sensoy-capability K uimsbf
}
if (altitude_sensor_capability_included){
altitude_sensor_capability_length (L) 8 uimsbf
altitude-sensor_capability L uimsbf
}
if (relative)position_sensor_capability_included){
relative_position_sensor_capability_length (M) 8 uimsbf
relative_position_sensor_capability M uimsbf
¥
}
bernantics:
has_global_position_bytes — equal to 1 indicates that the position metadata access unit includes

global_position_bytes; see subclause 8.2.5.1.

has_altitude_bytes — equal to 1 indicates that the position metadata access unit includes altitude_
bytes; see subclause 8.2.5.1.

has_relative_position_bytes — equal to 1 indicates that the position metadata access unit includes
relative_position_bytes; see subclause 8.2.5.1.

reserved — reserved bits, all set at 0.

global_position_bytes_length (P) — the length in bytes of the global_position_bytes field in a position
metadata access unit; see subclause 8.2.5.1.
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altitude_bytes_length (Q) — the length in bytes of the altitude_bytes field in an altitude metadata
access unit; see subclause 8.2.5.1.

relative_position_bytes_length (R) — the length in bytes of the relative_position_bytes field in a
position metadata access unit; see subclause 8.2.5.1.

global_position_sensor_capability_included — equal to 1 indicates that global position sensor
capability information is present.

altitude_sensor capability included — equal to 1 indicates thataltitude sensor capability information
is gresent.

relative_position_sensor_capability_included — equal to 1 indicates that relative positionssensot
cagability information is present.

global |position_sensor_capability_length (K) — length of the global_position_sensor_capability
field in bytes.

global |position_sensor_capability — global position sensor capability, as specified in ISO/IEC 23005-6
for|GlobalPositionSensorCapabilityType.

altitudp_sensor_capability_length (L) — length of the altitude_sensor_capability field in bytes.

altitudp_sensor_capability — global position sensor capability, as specified in ISO/IEC 23005-6 foj
AltjtudeSensorCapabilityType.

relative_position_sensor_capability_length (M) — length ofthe relative_position_sensor_capability
field in bytes.

relative_position_sensor_capability — relative position sensor capability, as specified in
ISQ/IEC 23005-6 for PositionSensorCapabilityType.

If used, the value of timed_metadata_access_unit_length (H) of the timed_metadata_ extension|
descripfor that contains the position_timed_metadata_descriptor_bytes is the sum of global_position|
bytes_length (P), altitude_bytes_length (Q)and'relative_position_bytes_length (R) (H=P + Q + R).

8.2.5 [Carriage of orientation metadata in MPEG-2 systems

8.2.5.1| Orientation metadatalaccess unit

This supclause specifies thelcarriage of orientation metadata (defined in subclause 7.3) in PES streams
It speciffies an orientation access unit containing orientation metadata and how to signal orientatior
metadalta.

Each otfientation metadata access unit carries an orientation metadata associated with one or more
video/qudio frames, i.e. multiple orientation metadata entity can be applicable for multiple video/audid
frames [for agiven PTS interval, until a new orientation metadata entity is declared. Every orientation
access finit'shall be a random-access point. In order to make processing easier, each access unit should
be conthined in a single TS packet.

An orientation metadata access unit is a timed metadata access unit (8.2.2), of which the metadata_
access_units are specified in Table 16.

Table 16 — Syntax of the metadata_access_unit_bytes of an orientation metadata access unit

Syntax No. bits Mnemonic

orientation_metadata_access_unit_bytes() {

orientation_bytes 8xH uimsbf

46 © ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=ba8747f66d6f6a8c0a1c036cd36769f1

ISO/IEC 23001-13:2019(E)

Semantics:

orientation_bytes — includes orientation information as defined in ISO/IEC 23005-6. The length of
this field (H bytes) is specified by the timed_metadata_access_unit_length field (H) in the timed_
metadata_extension_descriptor that contains the orientation_timed_ metadata_descriptor_bytes;
see subclause 8.2.2 (timed_metadata_units_have_constant_size=1).

oM B s ] O za3 ki fadata A LIS
S Y rre Iy 4 UTITduiuIl Iitdudta UtToLIiIpiul

[he orientation metadata descriptor describes the type of orientation metadata, and optionplly the
Capability of the sensor, which acquires the orientation data. When present, this descriptor $hall be
signalled in the PMT.

[he value of the timed_metadata_code shall be "ORIE".

[imed_metadata_descriptor_bytes() of the orientation metadata descriptor is specified in Tablqg 17.

Table 17 — Syntax of orientation metadata deseriptor

Syntax No. bits Mnemonjc
orientation_timed_metadata_descriptor_bytes () {
orientation_sensor_capability_included 1 bslbf
Reserved

if(sensor_capability_included){

orientation_sensor_capability_length (S) 8 uimsbf
orientation_sensor_capability S uimsbf
}
}
bemantics:

sensor_capability_included — 'equal to 1 indicates that sensing capability information assocjated to
the orientation entity is present.

reserved — reserved bits,all set at 0.

prientation_sensor-capability_length (S) — indicates the size (in bytes) of sensor capability
information@ssociated to the position entity.

prientation{sensor_capability — orientation sensor capability, as specified in ISO/IEC 230Q5-6 for
OrientationSensorCapabilityType.

['he valite of timed_metadata_units_have_constant_size=1 of the timed_metadata_extension_des$criptor
'hateontains the orientation_timed_metadata_descriptor_bytes.

8.2.6 Carriage of capture-mask metadata in MPEG-2 systems

8.2.6.1 Capture-mask metadata access unit

The capture-mask metadata (defined in subclause 7.7) is stored in access unit and encapsulated in a PES
stream. Since each PES packet is associated with a certain PTS (presentation time stamp), the timing of
activation of timed metadata is defined by the associated presentation time.

The coordinates of a capture mask are specified in 2D Cartesian coordinates samples according to
ISO/IEC 23001-10:—, 6.2.2.
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Detailed syntax of capture-mask metadata access unit is same as 2D Cartesian coordinates.

A capture-mask metadata access unit is a timed metadata access Unit (8.2.2).

The syntax of the metadata_access_unit_bytes of capture-mask metadata is as given in Table 18.

Table 18 — Syntax of capture mask metadata access unit

Syntax No. bits Mnemonic
captur _111431\_1uctadata_q\.|.t:ba_uuit_lu_y tes () {
op_left_x 16 uimsbf
op_left_y 16 uimsbf
idth 16 uimsbf
eight 16 uimsbf
nterpolate bslbf
eserved 7 bslbf
}
Semantjics:
top_left_x — the horizontal coordinate of the top-left corner of the reetangle region associated with
thelmedia sample of the referenced track.
top_leff_y — give the vertical coordinate of the top-left corner‘ef the rectangle region associated with
thelmedia sample of the referenced track.
width 1 the width of the rectangular region associated mrith the media sample of the referenced track
height — the height of the rectangular region associated with the media sample of the referenced track

interpglate — indicates the continuity in time.of the successive samples. When true, the applicatior]

ma
cur
and

8.2.6.2

Since ome PES stream can carry.one or more capture-mask metadata, it needs to signal reference width

and hei
The cap
The val

The syptax ef capture-mask metadata descriptor is same as 2DCartesianCoordinatesSampleEntry of

1SO/1E(

y linearly interpolate values of the ROl coordinates between the previous sample and thg
rent sample. When false, there shall'not be any interpolation of values between the previous
the current samples.

Capture-mask metadata-extension descriptor

bht of related mediadata.
ture-mask metadata descriptor describes the width and height of referred media.

lie of the timted_metadata_code shall be “CAMA”.

23001-10:—, 6.2.1.

The syntax of capture_mask_extension_descriptor_bytes (] 1S as given in lable 19.

Table 19 — Syntax of capture mask extension descriptor

Syntax No. of bits Mnemonic
capture_mask_extension_descriptor_bytes(){
reference_width 16 uimsbf
reference_height 16 uimsbf
}
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reference_width — the width of the reference rectangular space in which all ROI coordinates (top_

left_x, top_left_y, width and height) are computed.

reference_height — the height of the reference rectangular space in which all ROI coordinates (top_

left_x, top_left_y, width and height) are computed.

These fields allow associating a ROl metadata track with video tracks of different resolutions but

representing the same visual source.

B.2.7 Carriage of audio features in MPEG-2 systems

B.2.7.1 Audio feature access unit

hre specified in Table 20.

Table 20 — Syntax of the metadata_access_unit_bytes of an audio feature access unjt

An audio feature access unit is a timed metadata unit (8.2.2), of which the metadata_access_unit_bytes

specified in the audio feature descriptox

B.2.7.2 Audio feature descriptor

metadata_descriptor_vdlue is specified in Table 21.

Syntax Ne: bits Mnemonifc
audio_feature_metadata_access_unit_bytes() {
audio_feature_bytes N bslbf
}
bemantics:

audio_feature_bytes — this corresponds with anAudioSyncFeatureFrame sample, of which thg¢ syntax
and semantics are specified in in ISO/IEC\14496-3:2009, 13.3 and 13.4. The length of thid field is

NOTE Audio_sync_feature samples are\typically N=128 bit (16 bytes), which is the default frame length as
specified in the AudioSyncFeatureSpecificConfig; see ISO/IEC 14496-3:2009, Table 13.4.

An audio feature descriptor is a timed metadata extension descriptor (8.2.3), of which the|timed_

Table 21 — Syntax of the timed_metadata_descriptor_value of an audio feature descriptor

Syntax No. bits Mnemonic
audio_feature’ timed_metadata_descriptor_value () {
audio_feature_descriptor_bytes 128 bslbf
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Semantics:

audio_feature_descriptor_bytes — this corresponds with AudioSyncFeatureSpecificConfig sample
entry, of which the syntax and semantics are specified in ISO/IEC 14496-3:2009, 13.3 and 13.4.

The value of timed_metadata_units_have_constant_size shall be 1.

The value of the timed_metadata_code shall be "STMO".

The valLe of timed_metadata_access_unit_length shall be identical to the value provided for the audio]
sync_fepture_frame_length_index (ISO/IEC 14496-3:2009, Table 13.4).

NOTE The default value timed_metadata_access_unit_length is 128. This corresponds with an audio_sync|
feature |frame_length_index=0; see ISO/IEC 14496-3:2009, Table 13.4.

8.2.8 |Carriage of quality metadata in MPEG-2 systems
Syntax|of a quality metadata access unit

Qualitylmetadata is defined in subclause 7.5. A quality metadata access unit)is a timed metadata unif
(8.2.2),lof which the metadata_access_unit_bytes are specified in Table 22 below.

Table 22 — Syntax of the metadata_access_unit_bytes of aiguality metadata access unit

Syntax No. bits Mnemonic

audio_fpature_metadata_access_unit_bytes() {
mos_more_value 8 bslbf

}

Semantjics:

mos_mpre_value — this is the binary encoded MOS MORE value specified in subclause 7.5.2.
Audi:]:ature descriptor

A qualify metadata descriptor is a tifmed metadata extension descriptor (8.2.3).

The valpe of the timed_metadata’ code shall be "MOSM".

The valpe of timed_metadata_units_have_constant_size shall be 1.

The valpie of the timed.metadata_access_unit_length shall be 1 (i.e. access unit is one byte).

The valpe of timed{metadata_descriptor_length shall be 0.

The field timed: metadata_descriptor_bytes shall be empty (zero bytes).

8.2.9 Larriage or correlation uamestamps In MFPEG-Z Systems

Correlation timestamps for MPEG-2 transport streams are specified in TEMI, ISO/IEC 13818-1:2019,
Annex U. TEMI (timeline for external data) provides correlations between presentation time stamps
(PTS) of the MPEG-2 TS itself and timelines of other timed data, which may be carried in MPEG-DASH,
ISOBMFF or another MPEG-2 transport stream; see ISO/IEC 13818-1:2019, Table U-5. It also provides
correlations with NTP timestamps, PTP timestamps and time codes.

One way of using TEMI correlation timestamps is by including TEMI in an MPEG-2 TS that also carries
the timed media data [media stream(s)] and/or timed metadata to which the TEMI applies. Another way
is to have an MPEG-2 TS that carries TEMI stand-alone without associated timed media data [media
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stream(s)] and/or timed metadata. The latter option provides additional flexibility, as illustrated in
subclause 5.1.

8.3 Carriage of MORE information in MMT

8.3.1 General

MORE information shall be carried in MMTP, in accordance with ISO/IEC 23008-1, using the following
methods. Firstly, MORE information is stored in an MPU, secondly, MORE information is stored in
MPEG-2 system.

B.3.2 Carriage of MORE information in MMT

MMT protocol defines three packetization modes, generic file delivery mode, MPUjmode and signalling
message mode. When MORE information is stored in MPEG-2 system, generic file.delivery mode shall be
1sed for carriage of it. When MORE information is stored in ISO base media fileXformat, MPU moge shall
be used for carriage of it.

Carriage of MORE information using MPU mode can be achieved followiiigtwo approaches:

— Timed metadata is stored in a video MPU with timed metadata track, which means the MPU
consists of 3 tracks which are video track, timed metadata track, hint track. Timed tadata
samples are stored in ‘mdat’ box after video samples. ‘moof’ also contains timed metadata ‘traf’.
When transmitting MPU through network, MPU shall)be fragmented into MFU. Basically, MFU
consists of its header, which is usually hint sample forimedia sample, and media sample. In case that
transporting timed metadata, MFU contains timed metadata sample without media sample

— Timed metadata can be in asset that is differetit from video and audio asset, which means the MPU
consists of a single track which is timed_metadata track, or more if necessary. Timed mgetadata
samples are stored in ‘mdat’ box. ‘moof’@lso contains timed metadata ‘traf’.

B.4 Carriage of MORE information’in DASH

B.4.1 General

Carriage of timed metadatdifor media orchestration in DASH MPD is useful in semi-static case$ where
[imed metadata can be associated to DASH periods.

B.4.2 Carriage ofquality metadata in MPEG DASH MPD

['he quality métadata (defined in subclause 7.5) scheme allows media presentation description puthors
[0 express subjective-quality metadata of MPEG DASH media segments. A quality metadata dbject is
represented by either an adaptation set or a sub-representation. The SupplementalProperty|and/or
EssentialProperty descriptors with @schemeldUri equal to "urn:mpeg:dash:quality:2016" may pe used
[0 ptovide quality metadata associated with a segment. Quality metadata shall be contained exclusively
r-these two MPD elements (AdaptationSet and SubRepresentation).

The @value of the SupplementalProperty or EssentialProperty elements using the quality metadata
scheme is a non-negative integer in decimal representation, ranging from 0-250. Its semantics is
specified in subclause 7.5.2, which references ISO/IEC 23001-10:—, 4.3.6.

9 Orchestration data

9.1 General

Several approaches can be considered for the arrangement, coordination and management of media and
devices using the functional elements — be it by a user or in a (semi) automated fashion. For example, a
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