INTERNATIONAL ISO/IEC
STANDARD 23000-19

First edition
2018-01

Information technology —Multj
application format (MPEG-A) —

Part 19:
Common media application forn
(CMAF) for segmented media
Technologies de l'infopmation — Format pour application
(MPEG-A) —

Partie 19: Format CMAF (Common Media Application For
médias segmentés

media

nat

multimédia

mat) pour

Refer

ol

ence number

ISO/IEC 23000-19:2018(E)

SO/IEC 2018


https://iecnorm.com/api/?name=66492617a87f923ccbbc8ca872ee3a9c

ISO/IEC 23000-19:2018(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2018

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva, Switzerland

Tel. +41 22 74901 11

Fax +4122 749 09 47

copyright@iso.org

WWW.is0.0rg

Published in Switzerland

ii © ISO/IEC 2018 - All rights reserved


https://iecnorm.com/api/?name=66492617a87f923ccbbc8ca872ee3a9c

ISO/IEC 23000-19:2018(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 vi
IIMETOUICEION. ..o vii
1 S0P ... 1
2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 1
3 Terms aNd AefiMETIOMNIS ... 2
4 Abbreviatedterms ...
5 Document organization
6 CMAF hypothetical application model, media object model, and profiles. ) ... | ... 7
6.1 Overview of the hypothetical application model and media object model ...} 7
6.2 CMAF content processing Model.......... o
6.3 Late binding CMAF track synchronization ...y
6.4  Adaptive switching of CMAF tracks in CMAF switching sets
6.5 CMAF specified objects and profiles......... e e,
6.5.1  Object derivation and interoperability code points
6.5.2  Encoded media 0bJects........iiiiie AN s
6.5.3  Logical media obJect SEtS. ... S
6.5.4  Addressable media objects..........ccceey
6.5.5 CMAF profiles, brand, and identifiers:
6.6  CMAF media object model
6.6.1 CMAF fragments....
6.6.2  CMAF tracks.....
6.6.3  CMAF Lrack fileS ... S0
6.6.4  CMAF SEGMENTS.....oooccioiosc it
6.6.5 CMAF chunks
6.6.6  CMAF switching sefs'and adaptive switching.........cnn
6.6.7  CMAF selection séts and late binding ...
6.6.8  CMAF presentation timing model
6.6.9  Manifest iNfOTMAatION. ... .
6.6.10 CMAF addressable media objects, resources, and resource identifiers|............... 24
7 L0317 P2 2080 02 Ul -G 10) @ 1 T 1 et
7.1 OV BT VIR WL NNttt
7.2 CMAF brands.................
7.3 CMAErhedia objects...
78:1°  CMAF DOXES ..o
7.3.2  CMAF track media objects.................
7.3.3  CMAF addressable media objects
7.3.4  CMAF SWILChING SETS ...ttt
7.3.5  CMAF SEIECHION SEES ..o
7.376 CMAF presentations
7.4 Additional boxes, not defined in the ISO Base Media File Format..........cccccccccccocccvoiccccccccccccvcccccccccon, 38
741  Track Encryption BOX (" TENC T )i
7.4.2  Sample Encryption Box (' senc ')
7.4.3  Protection System Specific Header Box ('pssh')....
7.4.4  Media profile specific DOXES ...
7.4.5  Event Message Box ('emsg "' ) e
7.5 Constraints on ISO Base Media File Format boxes...
7.5.1  Movie Header BOX (("MVIA " )i
RS 2 (= =T b U U2 1) (S
7.5.3 Kind Box ("kind') ..
7.54  Track Header Box (' tkhd ')
7.5.5 Media Header Box ('mdhd ") ..o
7.5.6  Video Media Header Box (' vmhd"')

© I1SO/IEC 2018 - All rights reserved iii


https://iecnorm.com/api/?name=66492617a87f923ccbbc8ca872ee3a9c

ISO/IEC 23000-19:2018(E)

10

7.5.7  Sound Media Header Box (' smhd')...
7.5.8  Subtitle Media Header Box (' sthd')...
7.5.9 Data Reference Box ("dref ') .
7.5.10 Sample Description BOX (" STSA ") e
7.5.11 Protection Scheme Information BoX (" SZn T ") e
7.5.12 Track contained media sample information boxes
7.5.13  Edit LISt BOX (€1 ST " ) et
7.5.14 Track EXtends BOX (T @K ") sttt
7.5.15 Movie Fragment Header Box ('mfhd"')
7.5.16 Track Fragment Header Box ('t fhd"')
7.5.17 Track Run BoX ("£run ") i
7.5.18 Sample Group Description Box (" SGPA ") sl
7.5.19 Media Data Box ('mdat"') e
7.5.20 Sub-sample Information BoX (' SUDS ') s pressene
Comimon Encryption of CMAF tracks
8.1 Multiple DRM system support.................
8.2 Track encryption ...
8.2.1 General requirements....
8.2.2  CMAF track CONSTIAINTS ..o snesn g .47
8.2.3  Encryption CONSTIAINTS ... At .48
8.2.4  CMAF presentation encryption ... e ssisess e .49
VIAGO CMAF TFACKS ...ty St .49
9.1 OVEIVIEW ..oooooereieees e .49
9.2 General video CMAF track format ..50
9.2.1  General video CMAF track structure and €onstraints............, ..50
9.2.2 Video Media Header ('vmhd") ..50
V05 TR U = Vol : @ 5 [=¥=To U=) ol 703 (AR oo o M OO S .51
9.2.4  Sample Description BOX (" STSE@,' ) oo .51
9.2.5 Video CMAF fragment presentation time. ... .52
9.2.6  Video media sample deperidencies...........ocscinn .52
9.2.7  Video edit liStS. ..o i Y
9.2.8  General video CMAF fragment random access constraints............. .52
9.2.9  Additional random access pictures within CMAF video fragments {53
9.2.10 Image framing-and encoding CONSEIAINTS ... ..53
9.2.11 General video EMAF switching set cONStraints ..., .53
9.3 NAL structured video CMAF tracks ..55
0.3.1  OVEIVEBII e .55
9.3.2  CMAF track format constraints for NAL structured video ..., .55
9.3.3  NAL:structured video Access Units contained in media samples.........c, .56
9.3.4 ¢NAL structured video coding sequences corresponding to CMAF fragments ..{..56
9.3.5( ) Elementary Stream CONSTIAINTS ... .57
9,3%™ General CMAF switching set constraints for NAL structured video...........c....... .57
9377  Single initialization CMAF switching set constraints for NAL structured
video tracksand mediaprofiles.......ooooiiiiiii
9.4 AVC VIO CIMAF LFACKS ..ot
9.4.1  Storage of AVC elementary streams...........
9.4.2  Constraints on AVC elementary streams...
9.5 AVC video Internet Media Type parameters.......
9.5.1 AVCsignalling of "codecs" PAramMELers . ..o
AUAIO CMAF EFACKS ...t 61
10.1  Overview
10.2  General audio CMAF track format
T0O.2.1  DIIVATION oot
10.2.2 Track Header Box (' tkhd ') e
10.2.3 Sound Media Header Box (' smhd").
10.2.4 Sample Description BoX (" STSA ") e
10.2.5  AUIOSAMPIEENTIY ..o

© ISO/IEC 2018 - All rights reserved


https://iecnorm.com/api/?name=66492617a87f923ccbbc8ca872ee3a9c

11

12

Ann
Ann
Ann
Ann
Ann
Ann
Ann
Bibl

ISO/IEC 23000-19:2018(E)

10.2.6 Audio offset edit list

10.3 AAC audio CMAF tracks.............
10.3.1  OVEIVIEW ...
10.3.2 "codecs" parameter signalling
10.3.3 Considerations for AAC audio €NCOAING........c..oiiiiiiiiiiicieissssesees e 63
10.3.4 AAC track constraints
10.3.5 AAC elementary stream constraints
10.4 AAC core audio CMAF media Profile ...
10.5 AAC adaptive switching audio CMAF media profile
10.5.1 General constraints............occres
10.5.2 CMAF fragment encoding cONStraings oo

Subtitles and captions...

10.5.3 General considerations and requirements
10.5.4 Constraints for AAC-LC
10.5.5 Constraints for HE-AAC ... o b
10.5.6 Constraints for HE-AACv?2

11.1  Overview........
11.2  WebVTT .
11.3  IMSC text and iMage tracks ... oo esesesssiee s
0 200 € Tc) 1= v | OO 44D SO
11.3.2 Common constraints
11.3.3 IMSC1 text track constraints
11.3.4 IMSC1 image track CONSTTaAINtS.......oof e o 72
11.4 CTA-608 and CTA-708
11.5 Metadata for subtitles
CMAF media profiles and CMAF presentation profiles..............ccssifoccs, 73
12.1  CMAF mMedia Profiles . ... i oo | 73
12.1.1 General guidelines for specifying CMAF media profiles.........cocfiee 73

12.2

12.1.2  Guidelines for audio EMAF media profiles
12.1.3 Guidelines for videa*CMAF media profiles
CMAF presentation profiles
12.2.1  General......m e

12.2.2 CMAF profile"Conformance ...

px C (informative) Subsampling of NAL structured video tracks in CMAF switching sets
px D (informative) Hypothetical player model...............o,
pX E (inforfmative) EVENT MESSAZES ... s

ex F (informative) Error handling for missing media...

© ISO/IEC 2018 - All rights reserved

bx A (normative) CMAF presentation profiles and media profiles............cccoocs o
bx B (normative) HEVC.video CMAF track format and CMAF media profiles...............}..........

pxG (informative) Recommendations for AAC CMAF switching set encoding...........}.......

OBTAPIY et



https://iecnorm.com/api/?name=66492617a87f923ccbbc8ca872ee3a9c

ISO/IEC 23000-19:2018(E)

Foreword

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

The procedllfres used to develop this document and those intended for its further maintenance are
described i the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fo
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Introduction

Common Media Application Format (CMAF) combines and constrains several MPEG specifications to
define a multimedia format that is optimized for delivery of a single adaptive multimedia presentation to
a variety of devices, using a variety of adaptive streaming, broadcast, download, and storage methods.

Several MPEG specifications have been adopted for much of the video delivered over the Internet and
other IP networks (cellular, cable, broadcast, etc.). Various organizations have taken MPEG’s core coding,
file format and system standards and combined them into their own specifications for their specific
application. While these specifications are similar, their differences result in unnecessary duplication
of engimreeringeffortamdtdupticatiomrof Tdenticat content irstightly different formats; wiith results in
incrg¢ased storage and delivery costs.

CMAF provides a common media specification that application specifications, such as MPEG Dynamic
Adaptive Streaming over HTTP (DASH), can reference and a common media format’that allpws a single
encoded multimedia presentation to be used by many applications.

© ISO/IEC 2018 - All rights reserved vii
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Information technology — Multimedia application format

(MPEG-A) —

Part 19:
Common media application format (CMAF) for

Senm oantod maoadia
AAACIILT U

IIICUIA

cope

This| document specifies the CMAF multimedia format, which contains segmented ms
optimized for streaming delivery and decoding on end user device€syin adaptive
presgntations.

CMAFF specifies a track format derived from the ISO Base Media Filé-Format, then derives
medja objects from CMAF tracks that can be used for storage and-delivery.

CMAFF specifies sets of tracks that share encoding and packaging constraints that enable t
of multiple tracks to form a multimedia presentation and“allow seamless switching of]
encodings of the same content at different bit rates, frame rates, resolution, etc.

CMAFF specifies a hypothetical application model that determines how tracks in a CMAF g
are iptended to be combined and synchronized to.form a multimedia presentation. The mod
deliviery to allow any delivery method. The hypothetical application model assumes a n
player, but CMAF does not specify a manifest, player, or delivery protocol, with the intent t
support the hypothetical application model can be used.

CMAF specifies media profiles and brands that constrain media encoding and packagii
tracks to enable seamless adaptivesswitching of tracks and allow devices to identify compat]
by itp brand.

CMAFF specifies presentation’profiles that conditionally require sets of CMAF tracks col
specified media profilestarnd allow content creators and devices to identify compatible
presgntations.

CMAF enables extensibility by specifying how new media profiles and presentation pro
specified and identified and includes guidelines for those specifications.

ormiative references

dia objects
multimedia
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1forming to
multimedia

files can be

The following documents are referred to in the text in such a way that some or all of t
constitutes requirements of this document. For dated references, only the edition cited

eir content
applies. For

undated references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 14496-1, Information technology — Coding of audio-visual objects — Part 1: Systems
ISO/IEC 14496-3, Information technology — Coding of audio-visual objects — Part 3: Audio

ISO/IEC 14496-10, Information technology — Coding of audio-visual objects — Part 10: Advanced

Video Coding

ISO/IEC 14496-12, Information technology — Coding of audio-visual objects — Part 12: 1SO
file format

base media

ISO/IEC 14496-14, Information technology — Coding of audio-visual objects — Part 14: MP4 file format
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ISO/IEC 14496-15, Information technology — Coding of audio-visual objects — Part 15: Carriage of
network abstraction layer (NAL) unit structured video in the ISO base media file format

ISO/IEC 14496-30, Information technology — Coding of audio-visual objects — Part 30: Timed text and

other visual

overlays in ISO base media file format

ISO/IEC 23001-7, Information technology — MPEG systems technologies — Part 7: Common encryption in
ISO base media file format files

ISO/IEC 23008-2, Information technology — High efficiency coding and media delivery in heterogeneous
environments — Part 2: High efficiency video coding

ISO/IEC 23009-1, Information technology — Dynamic adaptive streaming over HTTP (DASH) —cPg

Media prese
IETF RFC 53
IETF RFC 6]

ITU-R Recommendation BT.709, Parameter values for the HDTV standards for progucbtion and internat

programme

ITU-R Recommendation BT.1886, Reference electro-optical transfer functionyor flat panel displays ug

HDTV studicd

ntation description and segment formats
1341), Augmented BNF for Syntax Specifications: ABNF
81, The 'Codecs’ and 'Profiles’ Parameters for "Bucket" Media Types

exchange

production

ITU-R Rec

production @nd international programme exchange

ITU-R Rec
material or

ITU-R Reco
use in produ

ITU-T Recogmmendation X.667:2014%), Information technology — Open Systems Interconnectio

Procedures |
Unique Iden

ANSI/CTA-
ANSII/CTA-
W3C7), TTM
W3C8), TTM

3 Terms

mmendation BT.20202), Parameter values for ultra-high definition television system

mendation BT.2035, A reference viewing environment for evaluation of HDTV prog
fompleted programmes

mmendation BT.2100-0:20163), Image pardmeter values for high dynamic range televisio
ction and international programme exchange

for the operation of OSI Registration Authorities: Generation and registration of Univer
Lifiers (UUIDs) and their use as ASN.1 object identifier components

08-E R-20145), Line 21 Data Services

/08-E®), Digital Teleyision (DTV) Closed Captioning

L Profiles for Internet Media Subtitles and Captions 1.0 (W3C IMSC1)
. Media Type Definition and Profile Registry, W3C Working Group Note (W3C TTML Regis

and/definitions

rt 1:

fonal

led in

5 for

jram

n for

"1 —
sally

try)

For the purposes of this document, the following terms and definitions apply.

iy
2)
3)
4)
5)
6)
7)
8)

2

Available at https:

Available at https://tools.ietf.org/html/rfc5234
Available at http://www.itu.int/rec/R-REC-BT.2020/en
Available at https: Litu. i
Available at https://www.itu.int/rec/T-REC-X.667

Available at http://www.techstreet.com/standards/cta-608-e-r2014?product_id=1815447

Available at http://www.techstreet.com/standards/cta-708-e?product id=1860354

Available at http://www.w3.org/TR/ttml-imsc1

www.w3.org/TR/ttml-profile-registr
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[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

3.1 Media objects

3.1.1
CMAF fragment
encoded ISOBMFF media segment conforming to CMAF constraints

3.1.

CMAF header
sequence of CMAF constrained ISOBMFF boxes that do not reference any media samples (3.3(15),
assofiated with a CMAF track (3.2.1) and necessary for the decoding of its CMAF fragments (3.1.1)

oy

ut are

3.1.3
CMAF addressable media object
CMAF media object packaged for storage or delivery

Note|l to entry: Examples include a CMAF track file (3.1.6) containing a CMAF header (3.1.2) and CMWAF fragments
(3.1.1), or a CMAF segment (3.1.5) containing one or more CMAF fragments, or a CMAF chunk (3.1.4)[containing a
partial sequence of the media samples (3.3.15) of a CMAF fragment.

314
CMAF chunk
CMAF media object that contains a consecutive subsét of the media samples (3.3.15) of a CMAF fragment
(3.1.11), where only the first CMAF chunk of a CMAEfragment is constrained to be an adaptiye switching
(3.3.p) point

3.1.5
CMAF segment
CMAF addressable media object (3.1.3)\¢consisting of one or more consecutive CMAF fragments (3.1.1)
fron] the same CMAF track (3.2.1)

Note|1 to entry: A “CMAF segment?is conformant to an “ISOBMFF segment” and a “DASH segment”.

3.1.¢
CMAF track file
one {{MAF track (3.2.1) stored consecutively in a single ISOBMFF file with the earliest CMAF fragment
(3.1.11) constrained te’start at decode time zero

3.2 | Logical structure

3.2.1
CMAFtrack
sequence of CMAF fragments (3.1.1) that are consecutive in presentation time, contain one media
stream, conform to the 'cmfc' brand, including an associated CMAF header (3.1.2) that can initialize
playback

3.2.2

CMAF switching set

set of one or more CMAF tracks (3.2.1), where each track is an alternative encoding of the same source
content, and are constrained to enable seamless track switching (3.3.9)

3.2.3

aligned CMAF switching set

set of CMAF switching sets (3.2.2), the CMAF tracks (3.2.1) of which all contain alternative encodings of
the same source content in time-aligned CMAF fragments (3.1.1), but all CMAF tracks do not conform to
a single CMAF switching set

© ISO/IEC 2018 - All rights reserved 3
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3.2.4

CMAF selection set

set of one or more CMAF switching sets (3.2.2), where each CMAF switching set encodes an alternative
aspect of the same presentation over the same time period, only one of which is intended to be played at
a time, e.g. an alternative language or codec

3.2.5

CMAF presentation

set of one or more CMAF selection sets (3.2.4) that can be simultaneously decoded to produce a
multimedia user experience, potentially including synchronized audio, video, and subtitles

3.2.6
CMAF medja profile
encoding cgnstraint on a CMAF track (3.2.1) and its contained media samples (3.3.15) assocjated wlith a
CMAF comgplatibility brand

3.2.7
CMAF presentation profile
requiremenjt on the CMAF media profiles (3.2.6) contained in a CMAF presentation (3:2.5)

3.2.8
required media profile
CMAF mediq profile (3.2.6) conditionally required by a CMAF presentationprofile (3.2.7)

3.2.9
manifest
document describing one or more CMAF presentations (3.2.5)

Note 1 to entlry: Manifest formats are not specified in this docunient.

3.3 Application model

3.31
CMAF hypathetical application model
CMAF presentation (3.2.5) application model' based on late binding (3.3.3) and synchronization of qMAF
tracks (3.2.1) that partly determines, the"CMAF track encoding constraints necessary for an intepded
CMAF pres¢ntation

3.3.2

player
component [of the CMAF hypothetical application model (3.3.1) responsible for interpreting a manifest
(3.2.9), reqyesting resourceés, and rendering a CMAF presentation (3.2.5)

3.3.3
late binding
selection (3l3¢8)-and synchronization of separately stored CMAF tracks (3.2.1) by a player (3.3.2)

resulting inla cyn(‘hrnni7ﬂd multimedia prncnnfnfinn

3.34

CMAF presentation timeline

timeline shared by all CMAF tracks (3.2.1) in a CMAF presentation (3.2.5), starting at CMAF presentation
time zero, which is coincident with the earliest media samples (3.3.15) intended for presentation

3.3.5
presentation time offset
earliest presentation time of each CMAF track (3.2.1) at the start of a CMAF presentation (3.2.5)

Note 1 to entry: Presentation time offset is an encoded property of tracks in a presentation, but it can also refer
to that value stored in a manifest (3.2.9).

4 © ISO/IEC 2018 - All rights reserved
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3.3.6

CMAF fragment duration

sum of the media sample (3.3.15) durations documented in the TrackFragmentRunBox of all
MovieFragmentHeaderBoxes in the CMAF fragment (3.1.1)

3.3.7

CMAF presentation duration

sum of the CMAF fragment durations (3.3.6) of the longest CMAF track (3.2.1) in a CMAF presentation
(3.2.5), starting from its earliest presentation time on the CMAF presentation timeline (3.3.4)

3.3.8

selegtiom
choig¢e of a CMAF track (3.2.1) from alternatives in a selection set (e.g. selecting anjaudio track by
langliage), possibly by user action or stored user preference

3.3.

switching
changing to a different CMAF track (3.2.1) during presentation, including adaptively switchjng between
CMAF fragments (3.1.1) in a CMAF switching set (3.2.2)

3.3.10

searnless switching
switghing (3.3.9) between CMAF tracks (3.2.1) without interrupting presentation of the mefdia content,
i.e. decoding media samples (3.3.15), at the same time and quality as though their contajning CMAF
track was decoded without switching

3.3.11

CMAF switching set constraints
CMAF media profile (3.2.6) constraints that enable seamless switching (3.3.9) between {MAF tracks
(3.2J1) in a CMAF switching set (3.2.2) conforming to that media profile

3.3.12

singje initialization CMAF switching set constraints
addifional CMAF switching set constraints (3.3.11) so CMAF fragments (3.1.1) do not depend oh a different
CMAF header (3.1.2) when switching-(3.3.9)

3.3.13
resgurce identifier
externally specified identifier that identifies a CMAF addressable media object (3.1.3)

Note|l to entry: An example is a URI or other object identifier specified by a delivery protocol and manifest (3.2.9).

3.3.14
strepm access point
medla sampfe (3.3.15) random access property, numbered as in [SO/IEC 14496-12:2015, Anhex |

3.3.15
media sample
media data in a CMAF fragment (3.1.1) associated with a single decode start time and duration

Note 1 to entry: The term “sample” is often used in the context of video to refer to the spatial samples of an
image and in the context of audio to refer to PCM waveform samples. In this document, each type of sample
is identified by a defined term. A media sample defined by ISOBMFF is always identified by the term “media
sample”. The word “sample” is frequently used in ISOBMFF to refer to objects and parameters such as a “sample
entry”, “sample size”, etc., and those terms are used without modification in this document.

3.3.16

audio PCM sample

digital sample quantizing the amplitude of an audio waveform at regular and frequent intervals,
e.g. 48 kHz
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3.3.17

video spatial sample

quantized values representing the colour and brightness of an area of an image corresponding to a two-
dimensional spatial tessellation of the image

3.3.18

subsampling

video encoding using a smaller number of video spatial samples (3.3.17) than the source video, that
number being an integer submultiple that can be scaled to the source video size based on video stream
parameters without position shift or picture aspect ratio distortion

4 Abbreviated terms

The followipg abbreviated terms are used in this document.

AU Access Unit

CDN Content Delivery Network

CMAF Common Media Application Format

CVS Coded Video Sequence [A sequence of media samples (coded video frames), starting

with a SAP type 1 or 2, and including all media samples-prior to the next SAP type 1 or
2 in decoding order.]

DASH Dynamic Adaptive Streaming over HTTP

ISOBMFF ISO Base Media File Format, defined in ISO/AEC 14496-12

KID Key Identifier as defined in ISO/IEC,230601-7

NAL Network Adaptation Layer

PCM Pulse Code Modulation

PPS Picture Parameter Set

SAP Stream Access Pqint as defined in ISO/IEC 14496-12
SEI Supplemental\Enhancement Information

SPS SequenceParameter Set

VCL Video-Coding Layer

VPS Video Parameter Set

VUI Video Usability Information

5 Document organization

First-time readers of this document are advised to start with Clause 6 for a description of the objects
and terminology specified, the CMAF object model, and the hypothetical application model, which
defines how these objects can be combined to form adaptive multimedia presentations.

The normative specifications in Clause 7 through Clause 12 are terse to facilitate development and
testing and assume an understanding of Clause 6. Clause 7 specifies ISO Base Media File Format
boxes and structures such as movie fragments and tracks that are used to construct all CMAF media
objects. Clauses 8 through 11 contain details specific to encryption, audio, video, and subtitle tracks.
Clause 12 specifies the combination of CMAF tracks and media profiles into CMAF presentations. It also
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recommends how to specify additional CMAF media profiles and presentation profiles, which can be
specified by other documents and organizations.

CMAF presentation profiles and CMAF media profiles are specified in annexes to allow the addition of
new profiles without changing the core document. Additional informative annexes have been added to
provide explanations and recommendations on specific topics.

The following is a list of the main clauses of this document, with a brief description of each.

Clause 6 describes the segmented media encoding and playback model using the media objects defined
by the CMAF.

Claue 7 describes the use of ISO Base Media File Format for the Common Media Applicationddrmat brand.

Claupe 8 describes how digital rights management information and encryptionis’applied to the
Comjmon Media Application Format.

Claupe 9 describes the general video track format, constraints for NAL structured video tracks, and the
AVC yideo track format.

Claupe 10 describes the general audio track format and specifies two AAC/audio CMAF medja profiles.

lauge 11 describes the subtitle track format, CMAF media profilés for WebVTT and IMSC1 TTML
subtjtles, and signalling of CTA 608/708 captions embedded in-video streams.

Claupe 12 describes the general requirements for CMAF media profiles and CMAF presentatjion profiles.

Annex A describes several CMAF media profiles, theix_ compatibility brands, and a CMAF pgresentation
profile that conditionally requires some of those media profiles.

Annex B describes packaging and codec constraints for some CMAF media profiles usinjg the HEVC
videp codec.

Annex C describes framing and encoding-CMAF switching sets using subsampling and scalling of video
to prjovide seamless playback with adaptive bit rate and scaling.

Annex D describes examples of player track selection, synchronization, and adaptive swjitching of a
CMAFF presentation.

Ann¢x E describes the use of évent messages attached to media objects to deliver metadata

Annex F describes mdintaining presentation timing and delivery in the event of missing media samples
and resources.

Anngx G descfibes encoding recommendations for AAC audio CMAF tracks conforming [to adaptive
CMAF switching sets.

(=)}

CMAF hypothetical application model, media object model, and profiles

6.1 Overview of the hypothetical application model and media object model

CMAF defines a hypothetical application model so that encoding to that model results in consistent
CMAF track encoding, representation in manifests, track selection, late binding, synchronization,
decoding, and rendering of CMAF presentations.

Decoding requirements can be inferred from encoding constraints and the hypothetical application
model, but are not directly specified by CMAF. CMAF does not specify manifest formats or associated
resource identification and transport. However, CMAF does specify CMAF addressable media objects
derived from encoded CMAF fragments, which can be referenced as resources by a manifest. External
specifications can define how a manifest describes a CMAF presentation, including identifying CMAF
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addressable media objects as resources and representing their logical relationships determined by the
CMAF tracks, CMAF switching sets, CMAF selection sets, and CMAF presentations they are derived from.

Figure 1 illustrates the media objects that are specified by CMAF, starting with the encoded CMAF
fragments that form CMAF tracks, then logical CMAF track sets determined by CMAF track encoding
constraints, then derived CMAF addressable media objects that can package encoded CMAF fragments
or their media samples for storage and delivery.

o |

T / CMAF CMAF CMAF CMAF
Header Fragment Fragment Fragment Fragment
CMAF Track (a sequence of Encoded CMAF Media Objects)

\ =
% CMAF Logical | (a)
5 Med|a Objects
>
- CMAF Tracks CMAF Tracks
& Switching Set Switching Set Switching Set
9 CMAF Aligned Switching Sets | 2 Jd
& :
K CMAF Selection Set O
| N%
)
CMAF Addressable [~ CMAF CMAF
Med|a Objects ~  “—————————————— ’ Header Segment

Not
specified f«
by
CMAF

%
Figure 1 — Media objects specified in CMAF anl&resented by externally specified applicati

ns,

suchasa ive streaming
A\
Figure 1 illystrates the mapping between ‘@AF specified CMAF presentations, and externally spedified
manifests and resources. Multiple m sts may reference the same CMAF presentation and CMAF

addressabld media objects. Specific@n of manifests and resource delivery is outside the scope of this
document. .

To accuratgly represent a presentation, a manifest will describe CMAF track relationghips
determined|by each track’(s,ource content and CMAF track encoding constraints, e.g. that CMAF tijacks
belong to the same CM«@Switching set, which belongs to a CMAF selection set. CMAF groups CMAF
tracks basedl on thei oding constraints in logical media objects called CMAF selection sets and CMAF
switching spts t so determine intended use in late binding, track selection, seamless switching,
and synchrpni n. Additional CMAF track metadata such as CMAF media profile brands, “codecs”
parameters @guage fields, etc. can be included in manifests to enable adaptive track selection and
playback, optimizedforeachuseranddevice:

Manifests can reference CMAF addressable media objects by resource identifiers used by manifests
and servers to select the identified CMAF addressable media objects for delivery and playback.
Multiple CMAF addressable media object types are specified for different delivery use cases. Use
cases include prerecorded content that is downloaded or streamed as files, and live and on demand
adaptive streaming over the Internet. The size of the CMAF addressable media objects can be optimized
for efficient download and CDN caching, or fast bit rate switching and low latency, depending on the
application.

Figure 2 illustrates the relationship between CMAF and streaming specifications that can define
a mapping between their manifest and resource formats, and CMAF presentations and the CMAF
addressable media objects they include.
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CMAF Specified Not CMAF Specified
Manifest
CMAF Presentation Manifest A Mapping Spec A
CMAF Selection Set Manifest
Mapping Spec B
CMAF Video . ;MAFbl . Content
Switching Sets Addressable .
. Video Objects Reference to Manifest A . ;\ldesg.rlp; 101fl.1
CMAF Resources edia Profiles
Addressable . Encoding
CMAF Selection Set Media Objects Parameters
: CMAF 0 Encrypgﬁ
SCI\./[tAll:.Augl(; Addressable Manifest B Par. 3
P e Audio Objects e Li
'gﬁf matiojn
CMAF Selection Set ()‘, edia Objgct
Informatiojn —
CMAF ]
kil Smginite Addressable Ref to CMAF anies )Q SR
Switching Sets ; . Addressable Resources ('b Identification
Subtitle Objects Media Objects (l,

Higure 2 — CMAF hypothetical application model usinﬁernally defined manife
describe the CMAF presentationsg edia objects

& O
O

The CMAF content processing model is shown i éﬁ\ure 3. Each CMAF presentation is comy
or mlore media content components from different source material, for example, audio cor
diffegrent languages, video components withdifferent views of the same subject, subtitles w
langhages or functions, etc. A typical p ntation includes audio, video, and subtitles. Py
are 4lso possible that only include audie“¢omponents, or include multiple audio component
multfiple video sources, e.g. side-bx—\.@ie video, picture in picture, sign language overlay, etc

6.2 | CMAF content processing model

Syndhronized CMAF tracks ca Q}‘created and encoded at different times and synchronized
if th¢y share a common pre(e%ation timeline. Content packaged with the appropriate CM4
decagde and presentation times can form a multimedia presentation conforming to the h
appljcation model. E MAF track can be encoded, encrypted, and packaged by an
constrains timing, encoding and encryption parameters to the c
esentation, CMAF selection set, and CMAF switching set. CMAF track]
switfhing set e independently encoded by multiple encoders with the necessary CM4
tim alignm&y deriving CMAF fragment timing, spatial and temporal subsampling, e
paramet the shared media source they encode from.

the intended CM§

b

sts that

osed of one
nponents in
th different
esentations
5, or include

on playback
\F fragment
ypothetical
dependent
straints of
s in a CMAF
\F fragment
Fc. from the
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CMAF Presentation

CMAF Selection Set

CMAF Video

Switching Sets

Video Subsample Encapsulation Packaging (CMAF
Sulenaitia Video Encoding Encr tri)on (Header & Files, Segments,
ping yP Fragments) Chunks)

Encapsulation Packaging (CMAF .
(Header & Files, Segments, CMAF Audio

Fracmentc) Chunlre) Swiitching Setc
SR C e S o

N
: Encapsulation Packaging (CMAF
Image Encodin Sample : M
(gptional) g Encrygtion (Header & Files, Segments, CMAT Subtitle
Fragments) Chunks) Switching Sets

('b\)
C)q/

Figure 3 — CMAF presentation content generéﬁm

CMATF Selection Set

Sample

Audio Editing Audio Encoding Encryption

Subtitle Docuinent
Editing

As illustratped in Figure 3, video media components are often pr\e¥ ocessed (e.g. subsampled)| and
encoded in| multiple media streams, typically different in bit fate and encoded resolution. Media
streams cap be encrypted and encapsulated into CMAF fréents, which can then be packagdd as
CMAF addrgssable media objects appropriate for one or delivery methods. CMAF addresgable
media objedts can be made available as resources and identified as defined by other media applicgtion
specificatiops. Q

%
CMAF addressable media objects are derived frorr]@dAF fragments and CMAF chunks as specifi¢d in
Clause 7, and inherit CMAF fragment constrair:ﬁ?uch as alignment of media sample sequences wfthin
a CMAF frdgment, CMAF fragment time aligsithent within a CMAF switching set, CMAF track| and
CMAF medip profile constraints, etc. Thi%@at{es CMAF fragment encoding and decoding independent
of the CMAF addressable media objects used to store and transport the CMAF fragments. But CMAF
addressabld media objects need not K{o nstructed by packaging complete CMAF fragments as long as
the resulting CMAF addressable me@ia objects conform to CMAF fragment and CMAF track constrdints.

For live streaming, a CMAF &n’ent in each CMAF track can be encoded simultaneously from each
media contg¢nt source co nt, and each CMAF fragment packaged and made available as sogn as
possible as § CMAF add@n{g{ﬂe media object, such as a CMAF segment or a CMAF chunk.

6.3 Late pindi AF track synchronization

The feature gy’nchronizing separately stored CMAF tracks during playback is referred to ad late
binding. Th¢ late binding timing model and accurate recording of CMAF fragment presentation times
during encoding are necessary to synchronize late bound CMAF tracks during delivery and presentation.

In the CMAF hypothetical application model, all CMAF tracks in a CMAF presentation share the same
CMAF presentation timeline, which has a value of zero at the earliest media sample intended for
presentation. All CMAF tracks in a CMAF presentation also share a common track decode timeline
origin. A media sample of a CMAF track T1 that has a CMAF track presentation time of X is presented
at the same time as the media sample of any other CMAF track T2 that also has the CMAF track
presentation time X (the duration X having been divided by each track’s timescale).

As defined in ISOBMFF, the presentation time of a media sample in a file is obtained from the decode
time (derived from the baseMediaDecodeTime in the TrackFragmentBaseMediaDecodeTime
Box and the duration of previous samples) and possibly from composition time offsets and edit lists
that offset each track’s presentation time on the file’s movie presentation timeline, which starts at zero.
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Equivalent decode and presentation times in different tracks can have different integer values if the
tracks have different timescales.

CMAF tracks are not contained in a single multitrack ISOBMFF file with a shared movie timeline, but the
CMAF presentation timeline provides an equivalent shared timeline and start point for all CMAF tracks
in a CMAF presentation. If a CMAF presentation contains only CMAF track files, the presentation time of
the first media sample of each CMAF track file is 0. However, in CMAF presentations using CMAF tracks,
the presentation time of the earliest presented media sample can be a non-zero value, but is limited to
an equivalent presentation time across all CMAF tracks. All CMAF tracks in a CMAF presentation are
required to share a common timeline origin, but they may use different timescales, such as 90 kHz for
video and 48 kHz for audio, so an equivalent decode or presentation time can have a different integer
valuf stored in baseMediaDecodeTime.

A sh
play

t the CMAF
video CMAF

hred CMAF presentation timeline permits synchronization of different CMAF tracks ¢
b1 by, for example, starting presentation with the earliest media sample of the-earliest

frag
time
frag
thel
then

A CM
pres
pres

nent and simultaneously presenting selected audio and subtitle CMAF track’s.at their
equivalent to the presentation time of the earliest video media sample. Ifamaudio or sul
ment contains media samples with earlier presentation times than the €arliest video m¢
pading media samples are not expected to be presented. If a CMAF presentation contai
the starting CMAF presentation time can be the earliest audio média sample.

bntation time offset so long as the equivalent offset is speeified for all CMAF tracks

requfirement that CMAF presentations share a common presentation timeline origin me

pres

6.4

CMA
cont
med

entation time offsets in a DASH Period will be equivdlent values.

Adaptive switching of CMAF tracks in EMAF switching sets

F tracks are contained in CMAF switching’sets. Only CMAF tracks encoded from the
bnt component can belong to the samevswitching set, but CMAF tracks encoded fro
a source may also be grouped intp different switching sets that each have differe

resentation
ptitle CMAF
bdia sample,
ns no video,

[AF track’s presentation time at the start of the CMAF presentation can be specified i a manifest

in a CMAF

entation. For instance, each period in a DASH manifest i$ considered a CMAF presentation. The

ans that all

same media
m the same
ht encoding

consltraints necessary for seamless adaptive switching.

CMAF tracks in a CMAF switching sét have the following characteristics.

'he CMAF tracks are alternative encodings of a single media content component and
b.g. the same audio or video source.

media type,

['he CMAF tracks'are perceptually equivalent, e.g. the same aspect ratio, colour space, d

ration, etc.,
ypically resulting from encoding the same media source, i.e. master file or input strea:tl.

[he CMAEFE.{racks conform to a common CMAF media profile.

[he EMAF tracks are seamlessly switchable based on the general constraints on CMAJF tracks and

bncoding constraints defined by each CMAF media profile in the CMAF switching set.

Track switching refers to the presentation of decoded media samples of one CMAF track up to a
presentation time ¢, and presentation of decoded media samples of another CMAF track from time ¢t
onwards. For instance, this could be accomplished using two decoders, downloading overlapping
portions of any two streams, decoding both streams, and switching on any decoded media sample.
Track switching could be user initiated or programmatic.

Track switching within a CMAF switching set conforming to a CMAF media profile allows a player to
download a sequence of non-overlapping CMAF fragments from different CMAF tracks and feed them
to a single decoder for seamless playback. When a player performs CMAF track switching automatically
during playback in response to available bandwidth, video quality, decoding capacity, etc., that is called
“adaptive switching”.
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6.5 CMAF specified objects and profiles

6.5.1 Object derivation and interoperability code points

Common Media Application Format specifies track formats and media formats for encoding multimedia
and metadata derived from the fragmented ISO Base Media File Format and various audio, video, and
subtitle media formats.

CMAF specifies encoded media objects in a CMAF track format that applies to all media types and
determines the objects that are encoded and decoded.

CMAF dpecifies logical sets of encoded media objects and their general encoding constraints.

CMAF gpecifies profiles that determine the specific encoding constraints on media objects|that
conforrh to identified interoperability points called profiles.

CMAF addressable media objects are derived by packaging CMAF headers, CMAF chunks, and CMAF
fragments as ISOBMFF data structures available for storage and delivery.

CMAF addrgssable media objects inherit the properties of encoded media objects, their profiles| and
logical medfia object and set constraints, and make the process of encoding/and decoding of CMAF
fragments ihdependent of the delivery method and packaging. Different delivery specifications canfmap
the same CNIAF addressable media objects to their different manifests-to enable interoperability. CMAF
addressabld media objects, such as CMAF chunks and CMAF segments,dre logically derived from CMAF
fragments, but it is up to implementations whether to physically derive them from CMAF fragments by

post procesping or encode and package them directly.

6.5.2 Endoded media objects

6.5.3 Logical media object sets

CMAF gpecifies CMAF headers and CMAF fragments that form CMAF tracks that conform to
CMAF media profiles. These are the encoded ‘@bjects from which all other objects are derived.

CMAF specifies CMAF switching. sets that logically group CMAF tracks that are alternative
encodings of the same content cehstrained to enable seamless switching. A CMAF switching set
is consfrained to simplify seamless switching between tracks by requiring time-aligned CMAF
fragments, constrained enceding parameters, and shared encryption keys.

CMAF dpecifies aligned \CMAF switching sets that logically group multiple CMAF switching| sets
thatargalternative encodings of the same content with time-aligned CMAF fragments. Some plgyers
can sedmlessly switch between time-aligned CMAF fragments in different CMAF switching|sets
that arq encoded with different characteristics, such as different codecs or encryption keys.

CMAF dpecifies CMAF selection sets that logically group alternative CMAF switching sets bpsed
on their content and encoding constraints, e.g. alternative languages or codecs. At most, one CMAF
track at atime is intended to be selected from each CMAF selection set in a CMAF presentation.

CMAF specifies CMAF presentations that logically group CMAF tracks containing related
synchronized content that can be selected, streamed, adaptively switched, decoded, decrypted, and
synchronized on playback to render a multimedia presentation.

6.5.4 Addressable media objects

12

CMAF specifies CMAF addressable media objects that are derived from CMAF tracks and
fragments, and can be used for storage and delivery of a CMAF presentation. CMAF addressable
media objects include CMAF headers, CMAF track files, CMAF segments, and CMAF chunks.
CMAF fragment encoding and decoding are independent of the addressable media objects used to
transport those CMAF fragments.
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6.5.5 CMAF profiles, brand, and identifiers

6.5.5.1 Overview

CMAF specifies the following brands and identifiers to support the creation and identification of
interoperable content. They provide standardized conformance points for consistent content creation
and validation. Players and devices can use these brands and identifiers to signal or recognize playback

compatibility.

CMAF specifies CMAF media profiles and ISOBMFF brands for widely used audio, video,

and subtitle

formats. Each CMAF media profile specifies constraints on codecs, media samples, CMAF fragments,

hnd CMAF tracks to identify encoder/decoder interoperability and optional functionali
random access and seamless adaptive switching specified as CMAF switching set constr
h1so specifies guidelines for the specification of CMAF media profiles and matchingbran
bther specifications to define CMAF media profiles that conform to general CMAF re
bee Table A.1, Table B.1, Table A.2, and Table A.3.

CMAF specifies CMAF presentation profiles and identifiers that conditionally require
CMAF tracks conforming to specific CMAF media profiles. CMAF presentations confor
CMAF presentation profiles in A.1 are intended to be compatible with most media playb

6.5.3.2 CMAF presentation profile identifiers

CMAF presentation profile identifiers identify CMAF presentations containing CMAF tracks
to CMAF media profiles that are conditionally required,by the presentation profile. Play
on the availability of required CMAF tracks based on the presentation profile identifier.
switfhing sets and media profiles can also be includéd in the CMAF presentation to enabl
featyres that might not be supported by all players conforming to the CMAF presentatia
CMAF presentation may conform to and signal,multiple presentation profiles if all the req
tracks for each presentation profile are av@ilable. Presentation profile conformance in
alignment and synchronization of all CMAE tracks.

6.5.3.3 CMAF media profiles andISOBMFF brands

CMAFF file and media profile compatibility brands identify a CMAF track’s file and media c
to CMAF track and media pfofile constraints. Each media profile defines codec-specific p
addifion to those required by all CMAF tracks, such as the CMAF header sample entry, m

ty including
nints. CMAF
ds to enable
quirements.

inclusion of
ming to the
ack devices.

conforming
brs can rely
Dther CMAF
e additional
n profile. A
hired CMAF
fludes start

bnformance
roperties in
bdia sample

formjat, CMAF fragmenticonstraints, media sample presentation synchronization, scaling, mixing,

layering, random aecess, and encoding constraints such as codec profiles and levels. C
prof]les can specify-eonstraints between multiple CMAF tracks in a CMAF switching set,
imply player requirements necessary to seamlessly switch between CMAF fragments in {
switfhing sets,

6.5.3.4/,"Single initialization CMAF switching set constraints identifier

MAF media
aind thereby
hose CMAF

Single initialization constraints specify that a CMAF switching set conforms to general CMAF switching
set constraints and to additional CMAF media profile defined constraints that enable seamless
switching and decoding without dependence on the CMAF header for each CMAF track. CMAF switching
set single initialization constraints can be signalled in a manifest, such as the bitstreamSwitching
attribute in a DASH manifest. Players can take advantage of these constraints by processing a single
CMAF header only once prior to sequencing CMAF fragments from the CMAF switching set.

6.5.5.5 ISOBMFF segment brands for CMAF media objects

Segment type compatibility brands are specified in 7.2 that can be stored in a SegmentTypeBox that
start-delimits and identifies the type of CMAF media object that follows.
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6.5.5.6 Specification of CMAF presentation and media profiles

The general requirements for CMAF media profiles and CMAF presentation profiles are specified in

Clause 12.

This docum

Additional

ent contains the following CMAF profiles.

CMAF presentation profiles are specified in A.1.2.

CMAF media profiles are specified in A.2, A.3, A.4, and B.5.

CMAF media profiles can be specified if they conform to the general CMAF track

requireme
codec con
guidelines i

Additional

requiremenits and specify a URL that identifies the conditionally required media prefiles, as descy

inl12.2.

6.6 CMA]

6.6.1 CM.

In the CMA
and decode

Each CMAF

The CMAF thedia profiles in Annex A and their referenced track formats constrain CMAF fragme

be decodab
one or mor
decodable.

fragments

fragment is
decryption
with an ass

A CMAF fr3
contain mo
called a CM
media samp

This is illus

s":lf“aints, and optional CMAF switching set constraints for seamless switching followin

s, specify and register ISOBMFF brands, and define codec-specific CMAF track formats,
r the
h 12.1.

MAF
ibed

CMAF presentation profiles can be specified if they conform to the 'general C

F media object model

AF fragments

F hypothetical application model, CMAF fragments arethe media objects that are encpded

.

media profile further constrains CMAF fragments and media sample data.

e independently of each other; for example; NAL structured video CMAF fragments comtain
e complete coded video sequences te\make them randomly accessible and independg¢ntly
Audio CMAF fragments contain-a’sequence of audio access units, and subtitle CMAF
fontain a single subtitle document in a media sample, constrained so that each CMAF
randomly accessible and deecodable. Common Encryption can also signal the necegsary
parameters in each CMAF frragment to make it independently decryptable, in combination
pciated CMAF header and keys.

gment typically consists of one MovieFragmentBox and MediaDataBox pair, buf can
e than one of thése pairs. When a fragment contains multiple pairs like this, each pair is
AF chunk, and. each CMAF chunk contains a consecutive subset of the CMAF frag
les.

frated in Eigure 4.
Media Samples

l

Movie
Fragment Box

(‘moof”)

Track Fragment Decode Time Box (‘tfdt’)
indicates first sample decode time

Figure 4 — Example CMAF fragment data structure containing a single CMAF chunk
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6.6.2 CMAF tracks

A CMAF track is a continuous sequence of one or more CMAF fragments in presentation order
conforming to a CMAF media profile and an associated CMAF header. The CMAF header contains a
MovieBox sufficient to process and present all CMAF fragments in the CMAF track. A CMAF track can
be produced by an encoder and ISOBMFF file packager, but it is made accessible in the form of CMAF
addressable media objects that can be referenced as resources defined by an external media application
specification.

This is illustrated in Figure 5.

CMAF Fragment N CMAF Fragment N+1
A

et Media Data HEH Mi:dia Data
Fragment Box

Fragment Box : >
- Box (‘mdat’)

Box (‘mdat’) (‘moot”)

Figure 5 — CMAF track data structutgq/

&

See (lauses 7 through 11 for additional details on the constructl@ CMAF fragments and MAF tracks
of different media types. <
S

6.6.3 CMATF track files <<

A CMIAF track file is a CMAF addressable media o\ﬁzct consisting of a CMAF track stored in a single
ISOBMFF file. A CMAF track file is a stored CMAE\@ack with the following constraints.

— - 7
tstarts with a CMAF header. \"Q

— The CMAF header is followed by a inuous sequence of one or more CMAF fragmerits stored in
bresentation order. Q\

— TThe first CMAF fragment haQJ;EaseMedlaDecodeTlme of zero.

Additional boxes, such as S@\mentlndexBoxes can be present between the CMAF header and the
first|CMAF fragment.

Thisl|is illustrated i re 6.

.~ Pre-encoded: Size and duration of CMAF Track Files do not change

)

CMAF

Fragment 3 Fragment 4 e el

‘tfdt’ decode time=0

Figure 6 — CMAF track file, addressable media object

A sequence of one or more CMAF fragments can be requested from a CMAF track file resource, for
example, using a resource identifier based on HTTP 1.1 consisting of the file URL and a byte range.
CMAF resource identifiers can be listed in a manifest or determined by some other delivery format
defined method, such as downloading a SegmentIndexBox to determine the byte ranges of CMAF
fragments. The manifest and request method are out of scope of CMAF. A CMAF track file can also be
downloaded or progressively downloaded.
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6.6.4 CMAF segments

A CMAF segment is a CMAF addressable media object containing one or more consecutive CMAF
fragments from a CMAF track. External application specifications can define how to reference a CMAF
segment with a resource identifier that can be used by servers and manifests to reference and deliver
each CMAF segment in a CMAF presentation.

This is illustrated in Figure 7.

CMAF Fragment N

)

CMAF Fragment N+1

)

Movie

Movie

Fragment Box
(‘moof”)

Fragment Box
(‘moof”)

CMATF videg
segment du
live streami

Subtitle seg
increasing
have a dura

6.6.5 CM

A CMAF Segment contains a consecutive sequence of
one or more CMAF Fragments from a CMAF Track

Figure 7 — Example CMAF segment, addressable inedia object

fragment durations are typically 2 seconds to 6 seconds for coding efficiency, and C
rations are typically not greater than 10 secondste“12 seconds to limit delivery laten
ng and limit bitrate rate adaptation response time:

ment durations are usually close to video segiment durations in live presentations to ¢
resentation delay. In a prerecorded CMAFpresentation, a single subtitle CMAF segmen
Fion up to the duration of the CMAF track-that contains it.

AF chunks

CMAF chu

ks are CMAF addressable media objects that contain a consecutive subset of the m

MAF
Cy in

void
t can

edia

samples in 4 CMAF fragment. CMAF chunks can be used by a delivery protocol to deliver media sanpples

as soon as ppssible during live encoding and streaming, i.e. typically less than a second. The same 1
samples delivered in a CMAF segment containing one or more CMAF fragments would be delaye

the duratio
encoding, d
each CMAF
protocols c§

include both a CMAF segment number corresponding to a CMAF fragment and the number of the C

chunk with

of the CMAF segmient, i.e. typically several seconds. CMAF chunks enable the progre
elivery, and décoding of each CMAF fragment. A MovieFragmentBox at the sta
chunk provides access to the contained media samples. Broadcast, unicast, and mult
n deliver‘nd identify CMAF chunks through various methods, including resource IDs

n the fragment to allow both fragment and chunk identification.

edia
d for
bsive
rt of
icast
that
MAF

Figure 8 ill

strates that CMAF chunks inherit the media sample constraints of the CMAF fragment

they

are derived from. In this example of a video CMAF fragment containing a coded video sequence, the
first media sample of the first CMAF chunk is SAP type 1 or 2, e.g. an IDR picture in an AVC CMAF
fragment. The switching and splicing constraints are determined by the CMAF fragment. Boxes that
lead the MovieFragmentBox in a CMAF fragment can also lead the MovieFragmentBox of the first
CMAF chunk, although they are not shown in this example.

16
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Example: CMAF Fragment containing a Coded Video Sequence of 20 samples

\
| \
HEER EEER HEEN HEEE HEEE

‘mdat’ in CMAF Video Fragment

Encoder output time
Same media samples packaged in CMAF Chunks for low latency encode and transfer

‘moof’ ‘mdat’ ‘moof’ ‘mdat’ ‘moof’ ‘mdat’ ‘moof’ ‘mdat’ ‘moof’ ot

encoder encoder encoder encoder r\q encoder
output time output time output time outputé@é oytput time

Figure 8 — CMAF chunk, addressable media aﬁlcts

O
\

6.6.6 CMAF switching sets and adaptive switching O

6.6.6.1 Overview c‘)\

As ilJustrated in Figure 9, CMAF switching sets conta@gime-aligned CMAF fragments that start with
streqm access points (SAP type 1 or 2) and ti eQamps to simplify switching betweeh tracks by
&‘acks during playback.

CMAF

Header CMAF Video Fragment "

1\ AF Video Fragment CMAF Video Fragment "
CMAF Video Fragment CMAF Video Fragment =

CMAF Video Fragment CMAF Video Fragment "

CMAF

Header CMAF Video Fragment CMAF Video Fragment .

CMAF Video Fragment CMAF Video Fragment ..

‘tfdt’=T+duration(N) = CMAF Fragments are fime aligned
+ duration(N+1) and have continuous fluration

‘tfdt’=T+duration(N)

Figure 9 — A CMAF switching set

The manifest description of CMAF switching sets and the CMAF tracks they contain is out of scope of
the CMAF specification, but manifests are expected to contain enough CMAF track and addressable
media object information to enable automatic CMAF track selection and adaptive switching by players.

6.6.6.2 Decoding adaptively switched CMAF tracks

Each CMAF media profile can optionally specify one or more CMAF switching set constraints that
enable players to seamlessly switch between alternative CMAF fragments in a CMAF switching set.
CMAF switching set constraints enable player functions including decoder and decryptor initialization,
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video scaling, audio mixing, media sample presentation timing, etc. that are intended to make adaptive
switching as perceptually seamless as possible.

The media profiles in the CMAF specification reference or define CMAF switching set constraints that
enable a stream of CMAF headers and CMAF fragments to decode on decoders without downloading
overlapping CMAF fragments or requiring the use of multiple decoders.

An adaptively delivered CMAF switching set results in a timed sequence of CMAF headers and
fragments a player selects from multiple CMAF tracks contained in a CMAF switching set. The encoding
constraints of the CMAF switching set and CMAF media profile determine how the CMAF switching set
can be encoded and decoded. They are independent from CMAF addressable media object packaging

applied dur

The CMAF t
constraints
CMAF switq
before ever
conforming
switch to of]

Figure 10 il
set constra

described a

One method
referenced
players doy
sets and in

ints and the decoding process each enables. Those two processes and bitstreamg

I1g SLOrdge O tralisport.

rack format specifies two types of CMAF switching set processing, determined by, Sp4
on NAL structured video track formats referenced by some CMAF media profiles
hing set conforms to general constraints, a CMAF track’s header is assumed be proce
y switch to that CMAF track. Additional constraints are specified for a CMAF switchi
to single initialization constraints that do not depend on processing a new CMAF hea
her CMAF tracks within a CMAF switching set.

ustrates the player generated bitstreams resulting from the two-types of CMAF switd

5 “single initialization track switching” and “multiple initialization track switching”.

| of single initialization track switching relies on a “comnmon” CMAF header containin
sample entries and decoding parameters in the GMAF switching set. It is assumed

lexes referenced by portions of a CMAF track ‘éncoded after the CMAF header has

&

cific
If a
ssed
set
rto

hing
are

g all
that

vnload CMAF headers only once per CMAF trdack. Consequently, new video paranpeter

been

downloaded would not be available to a player. Another.imethod relies on parameter sets delivered in-
band when [those parameter sets are not included in-the initially downloaded CMAF header or differ
between CMAF tracks.

Audio CMAF switching sets typically only require single initialization because parameters thaf are
allowed to dhange are contained in the audiomedia samples and CMAF fragments.

Subtitle CMAF tracks are typically not adaptively switched, and therefore have a single CMAF track per
CMAF switdhing set.

See 7.3.4 foy

details on CMAF switching sets.
Single Initialization Switching Process

Header

\
A

Multiple Initialization Switching Process

Header

Header

Header Header

Figure 10 — Adaptively switched resource streams for different CMAF switching set constraints

6.6.6.3 Displaying adaptively switched video CMAF tracks

The normative behaviour of a video decoder processing a single track is well-specified in each video
codec specification, such as AVC, but display processing is considered out of scope of those codec
specifications. For instance, AVC does not specify the conversion by a display processor of YCbCr 4:2:0
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video spatial samples and colour subsamples output by a decoder to 32-bit or 48-bit RGB pix
colour space, resolution, and refresh rate appropriate for a specific display.

Adaptive switching, enabled by CMAF media profile constraints, allows a player’s decoder

9:2018(E)

elsin a size,

and display

system to deterministically scale different video spatial sampling used to encode different CMAF

fragments to the same display size, position, and refresh rate. The encoding of CMAF track

s in a CMAF

switching set is constrained so that a sequence of CMAF fragments can be accurately rescaled to the
same presentation height and width with precise registration and visual continuity of the video content,

including its size, shape, location, colour, brightness, etc. The variations allowed between C

MAF tracks

conforming to CMAF switching set constraints determine the scaling behaviour needed in display

processors, but display processing and other player requirements are not directly specified

by CMAF.

6.6.6.4 Video parameter set storage and processing

The CMAF header of a CMAF video track needs to be processed on each CMAF track switch
parameters and parameter indexes are not identical between CMAF tracks,, and para
can fhange are not signalled in each CMAF fragment. This is often the case;when each Y
track stores the video parameter set(s) for that CMAF track in its CMAFdieader sample t4
'avgl' sample and track format. In that case, a decoder and display|processor need f]
corrgct encoded video spatial sample counts and cropping parameters from a sample entry
the ¢orrect SPS, PPS, and VUI information matching the parameteriihdex encoded in each
slicelheader. If CMAF tracks in a CMAF switching set use differént'spatial subsampling, th
different parameter sets and sample entries, and different CMAF tracks might use the sam¢
set index value for a different parameter set. That makes-it necessary to process the C]
and pample table of each CMAF track when switching td,that CMAF track so that the corrg
parameters in a sample entry are in effect.

Multliple initialization switching can be used to process all CMAF switching sets, but ma
in sgamless presentation when a system processes the entire CMAF header rather than ju
eters allowed to change in a CMAF switehing set, such as height, width, and cropping
iple initialization adaptive switching.is necessary for a NAL structured video CMAF s
5s it conforms to single initializatio@ constraints specified by its CMAF media profile.

IAF header of a CMAF videoxfrack only needs to be processed once for a CMAF sy
brming to single initialization-constraints. There could be several ways to achieve this f;
can be specified by each-CMAF media profile.

methods of specifying single initialization constraints are the following.
A common CMAF header and sample entries for a CMAF switching set

n this case,"each CMAF header and its sample table contain all parameter sets and saf
1sed to encode CMAF fragments in the CMAF switching set. All the parameter indexes
hind cerrespond to the index values encoded in the video NAL slice headers. There
lifferent sample entry for each different subsampling used in the CMAF switching set.

if decoding
meters that
rideo CMAF
ble, e.g. the
0 index the
y containing
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by will have
e parameter
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[y not result
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In this case, each CMAF header contains initialization information in the video configuration
record and/or additional boxes as specified in Clause 9 and/or a manifest, but the SPS, PPS, and
VUI information used for decoding is stored and indexed within each coded video sequence and
CMAF fragment. The initialization information is sufficient for the CMAF media profile identified
by brand in each CMAF header, and re-initialization is only necessary if switching to a higher CMAF
media profile. For example, when a CMAF switching set contains some CMAF tracks that conform
to both SD and HD profile, but others that only conform to HD profile, a decoder initialized to HD
could switch all CMAF tracks without reinitializing, but a decoder initialized to SD would need to

limit playback to SD media profile CMAF tracks, or reinitialize to HD, if possible.

For NAL structured video, single initialization encoding can be accomplished by encoding the Sequence
Parameter Set and Picture Parameter Set NALs in the IDR access unit that begins that coded video
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sequence (e

.g. using the 'avc3' sample description and track format). Then the decoder and display

processor can reference the parameter set necessary to decode and scale each CMAF fragment from the
parameter set stored in the first media sample of each CMAF fragment.

Continuity between a sequence of CMAF presentations is not specified by CMAF (typically a manifest
defines sequences of CMAF presentations). However, seamless playback of sequenced CMAF
presentations is possible with CMAF presentations that conform to the same single initialization

constraints

6.6.7

and signal in-band parameters in each CMAF fragment.

CMAF selection sets and late binding

A CMAF se
alternative

S an

ection set is a set of CMAF switching sets, where each CMAF switching set en%
e, different

audio langu

Aligned C
fragments
CMAF swit
CMAF swit

For exampl
aligned CM
the encryp
case, codec
media profi
switching s

Late bindin
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aspect of the same presentation over the same presentation time, for exampl
ges, video camera angles, video formats, or codecs. (19

s are expected to select one CMAF switching set from each CMAF selection s/é‘tg)t the start of
' yitch
ipn is
ause

AF switching sets in a CMAF selection set during playback, but se
, either because the content differs (e.g. a different language or ¢
ent time alignment and decoding are not constrained to decode sea lessly.

MAF
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AF switching sets are encodings of the same source co
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hing sets that contain CMAF tracks that do not confor@fs 0
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e

with time-aligned C
acks in different but ali
all the constraints of a s
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, in Figure 11, the SD, HD, and UHD10 CMAF d be
F switching sets, and some players could sea sly switch between them. In one case,|only
ion key might be different between the SDHD and UHD CMAF switching sets. In angther
could differ. Each CMAF switching setj&@ividually conforms to normal constraints f¢r its
e, and each player can determine if it’ean process the differences between aligned CMAF

bts seamlessly.

.\@
ewﬁ‘ed once and used in different combinations. See 6.]
English AAC stereo CMAF Switching Set (single Track)
French AAC stereo CMAF Switching Set (single Track)
English multictiannel CMAF Switching Set (single Track)

b allows CMAF tracks to be B for

nation.

French multichannel CMAF Switching Set (single Track)
N\
English WebVTT description CMAF Switching Set (single Track)

English TTML description CMAF Switching Set (single Track)
¢ French WebVTT dub CMAF Switching Set (single Track)

XQ/ French TTML dub CMAF Switching Set (single Track)

Video

Selection -

Set

20

SD Media Profile CMAF Switching Set (multiple Tracks)

HD Media Profile CMAF Switching Set (multiple Tracks)

UHD10 Media Profile CMAF Switching Set (multiple Tracks)

Figure 11 — Example of CMAF selection sets
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The description of selection sets in a manifest is not defined by the CMAF specification; however, each
manifest format is expected to provide sufficient information to enable players to select optimal CMAF
switching sets from CMAF selection sets.

When there are multiple tracks in a selection set that differ by language, the language of each track
needs to be identified to at least the precision needed to differentiate the tracks, using the language
field and optionally the ExtendedLanguageBox as defined in ISO/IEC 14496-12. See also 7.5.5.

When there is more than one track that is visually presented (e.g. video and subtitles), the visual layering
of the tracks is indicated by the track header's layer field. CMAF recommends that subtitle CMAF tracks
be positioned on layer -1 (ISOBMFF tracks with lower layer numbers overlay higher layer numbered
tracksjamd video CMAF tracks may be packaged withrfayer zero, or values Tetative tosubtjtles per the
content creator’s intended effect.

6.6. CMAF presentation timing model

Theye are multiple timelines involved in synchronizing a CMAF presentation. Each tinmjeline has a
timescale in units per second, increases at a continuous rate over time, and-has an origin where the
measure equals zero.

Global realtime timelines with different origins

A\

NN
AN

{¢——The start of a live CMAF Presentation is synchronized to realtimje timelines

Track Presentation time - . S
offset g Origin = zero CMAF Presentation Timeline

< Decode time origin | CMAF Video Track baseMediaDecodeTime, media samples in decode order

< Decode time origin | CMAF Video Track composition time, media samples in presentation order

< Decode time origin | CMAF Audio Track, earliest presentation time is CMAF Presentation time zero

Ld_ audio presentation time offset edit list, if needed to subtract d¢coder delay

Conjmon decode time-origin

Figure 12 — CMAF timelines and synchronization model

All (MAE tracks in a CMAF presentation are specified in Clause 7 to measure baseMediaDg¢codeTime
in the\FrackFragmentBaseMediaDecodeTimeBox from the same timeline origin and|adjust each
media sample’s presentation time relative to its decode time using composition offsets and offset edit
lists, when necessary. The resulting presentation timelines and decode timelines all reference the same
(coincident) timeline origin. The timelines and their relationships are illustrated in Figure 12.

The timelines are:

a) Track decode time — Is determined by the storage sequence and duration of each media sample,
and for any media sample, equals the sum of all prior media sample durations added to the
baseMediaDecodeTime of the first CMAF fragment.

b) Track composition time — Is determined by each sample’s composition offset in the
TrackRunBox relative to its decode time and is used to reorder video media samples to their
presentation order.
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c¢) Track presentation time — Is determined by applying any offset edit list in the CMAF header to
each media sample’s composition time, as shown for a CMAF audio track in Figure 12.

d) CMAF presentation timeline — [s defined in CMAF to start with a CMAF presentation time equal
to zero, at the earliest video media sample presentation time, or the earliest audio media sample
presentation time if there are no video CMAF tracks. The CMAF track presentation time at CMAF
presentation time zero is its “presentation time offset”, which can also be represented in some
manifest formats, such as DASH.

e) Wallclocktime — Thistimelineisimportantforlive presentations, e.g. UTC time atthe time of CMAF
chunk availability. A wall clock timestamp may be stored in a ProducerReferenceTimeBox in
a CM AR chunk orfragnrent, amd that timestamp Hinked toa media sampte decode time- Mamifests
can ind|cate the wall clock time that coincides with the start of a CMAF presentation so a player can
determjne when each CMAF fragment or chunk will be available for download.

CMAF tracKs in a CMAF presentation are required to use the same decode timeline origin, similar to

the shared movie timeline of multiple tracks in one ISOBMFF file. But CMAF tracks cain start at anon-

zero decodg time (baseMediaDecodeTime) stored in the earliest video CMAF fragment. The CMAF
presentatiop timeline starts at zero, coincident with the earliest media sample presentation time, apd is
equivalent fo the ISOBMFF movie timeline.

As illustrated in Figure 13, CMAF tracks with audio CMAF fragments that‘overlap the earliest yjideo

media sample are intended to start presenting simultaneously with theearliest video media sample.

Audio CMAF track presentation time is determined by the value of paseMediaDecodeTime recorded

in each CMAF chunk or fragment, and any presentation time offsetdiran edit list, if an edit list is pre
in the CMAF track’s CMAF header.

ISOBMFF defines files and requires that the decode time.ofieach media sample is the sum of all |
media sample durations in that track in stored order,The first media sample in each track in :

sent

brior
 file

therefore has a decode time of zero. Movie fragmentation is optional. In contrast, all media sanpples

in CMAF trpcks are stored in movie fragments, ahd the first CMAF fragment can have a non-
baseMedifDecodeTime in the TrackFragmentBaseMediaDecodeTimeBox. The decode tin
each mediasample equals the sum of prior me€dia sample durations in the CMAF track added t
baseMedifDecodeTime of the first CMAF fragment in the CMAF track. The decode time of
media sampjle also equals the sum of prior'media sample durations in the CMAF fragment that conf
it added to fhe CMAF fragment’s baseMediaDecodeTime.

Manifests cpn specify a presentationf time offset for each CMAF switching set to determine the C
track preseptation time at the.Start of each CMAF presentation. The start of CMAF presentatio

Zero
he of
the
each
ains

MAF
ns is

assumed td be the earliest{video media sample when video is included in a CMAF presentation,

otherwise the earliest audie media sample. To maintain audio, video, and subtitle synchroniz:
encoded in he CMAF traeks, the presentation time offset of every CMAF switching set in a manifest
be equivalept, which-theans equal presentation time offsets, but possibly different integer values
timescales per CMAF switching set. Matching presentation time offsets plus CMAF presentation
in each CMAF tragk being presented maintains the encoded synchronization between audio, video
text content on.playback.

ition
will
and
time
and

A manifest can select different start and end times with presentation time offsets and durations to
present different timespans of the CMAF presentation timeline to play a portion of a CMAF presentation.
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Coded Vide‘o Sequence Coded Vide‘o Sequence Coded Videfo Sequence CYS

ANEEEEESNNEEEEEEEEEEEEEEEEEEEEDE
" E R
Header
Matching the earliest Presentation time
<«— of each CMAF Track results in A/V sync

Audio Samples Audio Samples Audio Samples
| |

Audje |
Not presented -

CMAF N
(‘),‘Q LI |

Header A

Each fragment contains complete video or audio media sample sequences or sync samples
Start alignment, Fragment alignment, Fragment duration, and Sample duration often differ’between Seleftion Sets

Figure 13 — Audio/video synchronization and startalignment

CMAF tracks containing video use negative composition offsets,\where necessary to reqrder media
samples without adding composition delay, so that the earliest’composition time and gresentation
time| of each CMAF fragment equal its earliest decode time"(with the optional exceptign of CMAF
track files, mentioned above). The baseMediaDecodeTime in the TrackFragmentBaseMedia
DecpdeTimeBox is the earliest media sample presentation time of each CMAF fragment, and the
basgMediaDecodeTime of the earliest video CMAF fragment is the presentation time ¢ffset of the
CMAFF track at CMAF presentation time zero.

CMAFF video track files, illustrated in Figure 6;can be encoded using positive composition| offsets and
packaged with an edit list in the CMAF héader to remove composition delay. All other yideo CMAF
tracks use negative composition offsets,not edit lists, to remove composition delay.

During random access and “trick play” (fast forward, reverse, slow motion, jump, etc.), the TrackFr
agmgntBaseMediaDecodeTimeBox and the TrackRunBox can be used to determine|each media
sample decode time relative to.the CMAF fragment baseMediaDecodeTime, then any edif list present
in the associated CMAF hedder can be used to calculate the presentation time offset relative to each
medja sample’s composition time.

Decqde time discontinuities between CMAF fragments can resultfrom startinganew CMAF fresentation
in a |playlist, for example, in sequenced programs or programs interspersed with prerecqrded ads. A
manjfest can logate the new CMAF presentation on its manifest presentation timeline and gdjust CMAF
switfhing set presentation time offsets accordingly.

Howgver, int cases where a decode time discontinuity results from one or more missing pr damaged
CMAEftagments in a continuous CMAF presentation, players can use the baseMediaDecpdeTime of
the nextavailable CMAF fragment to resume presentation Syncnronized to the current presentation
timeline. Error concealment could include repeating video frames and skipping over missing content
in the case of on demand or buffered media, but all CMAF tracks have to skip the same duration to
maintain A/V synchronization.

6.6.9 Manifest information

Although CMAF does not define the form or the content of the manifest, it does define its role. A manifest
is a document that describes one or more CMAF presentations, e.g. an MPEG DASH Media Presentation
Description (MPD). A manifest is responsible for describing the combination and synchronization of
independently packaged CMAF tracks grouped in CMAF switching sets and selection sets to form a
synchronized multimedia presentation.
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A manifest provides the player with information to select, initialize, start align, and synchronize
the CMAF track(s) to be played and identify CMAF media objects as resources to access and possibly
download them. CMAF tracks and CMAF fragments contain sufficient information to enable decryption,
decoding, and presentation scheduling. A manifest can also provide information on delivery protocol,
network management, authorization, license acquisition, etc., in addition to resource identification and
presentation description. The manifest can also signal that tracks conform to a CMAF media profile.

In cases where there are multiple CMAF tracks in a CMAF switching set or multiple CMAF presentations
in a sequence, a manifest can indicate to a player that the CMAF switching set conforms to a CMAF
media profile and CMAF switching set constraints, so a player can select and initialize compatible CMAF

tracks and can switch seamlessly between those CMAF tracks, reinitializing only when necessary.

6.6.10 CM.
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them for de
as the body
file can be 5
using byte 1

Use of the

content dis
used. The u
and deliver
can be deliy
with a sing
path and en|

7 CMAF

7.1 Over

The CMAF t
brand is sp4

7.2 CMAI
Clause 7 def

\F addressable media objects, resources, and resource identifiers

ers, CMAF chunks, and CMAF fragments can be packaged and referenced as C
media objects for storage and delivery. Each CMAF addressable media object ca
is a resource as specified by an external specification, e.g. MPEG DASH ({SO/IEC 23009

ecifications can define resource identifiers and the CMAF addressable media objects

roding and presentation. A common example is a CMAF addressable media object pack
of an HTTP response and identified as a resource by a unique'segment URL. A CMAF t
egmented during delivery by adding a byte range to each-HTTP request for the file’s
anges matching one or more CMAF fragments or the CMAF header of the CMAF track fj

tame URI per CMAF addressable media object is~tecommended to improve efficien
[ribution networks and caches, even when different manifests or delivery protocols
e of different URIs for the same CMAF addressable media object causes duplicate sto
y of the same CMAF media objects. For exahiple, in cases where the same CMAF segny
rered over broadcast, multicast, and unjedst, a CMAF player can request a CMAF segi
e resource identifier and retrieve it from the player’s cache regardless of which netjy
capsulation delivered it.

track format
view

cified. Several CMAF media objects are derived from the CMAF track format.

F brands

ineg the requirements and constraints that apply to all CMAF tracks.

MAF
h be
-1).

they
ence
aged
rack
URL,
le.

'y in
are
rage
ents
ment
work

rack format is derived from the ISO Base Media File Format in this clause and a compatibility

11111

A CMAF tratkshewldincludethetemte' file brandindicatingconformancewith-Clause 7 and-Cla d1se 8
(specifying file format and optlonal encryptlon but not medla encoding). This file brand also declares
that boxes specified in Common Encryption (ISO/IEC 23001-7) and DASH (ISO/IEC 23009-1) may be
present.

c-SpeutHaherdae+tie

The primary constraints of the 'cmfc' file type brand are described in 7.3.2.2.

Media profiles and their compatibility brands may specify additional box requirements and CMAF track
constraints, such as the CMAF media profiles that reference the NAL structured video CMAF track
format defined in Clause 9, incorporating boxes specified in ISO/IEC 14496-15, and AAC audio CMAF
track format specified in Clause 10, incorporating boxes specified in ISO/IEC 14496-3.

CMAF also specifies addressable media objects in 7.3.3 that are derived from CMAF tracks and have
segment type brands that may be included in a SegmentTypeBox prepended to an addressable media
object to identify its type (see Table 1).
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Table 1 — CMAF brands

9:2018(E)

Brand Location Conformance requirements
"cmfc' FileTypeBox and SegmentTypeBox 7.3
'cmfs' SegmentTypeBox 7.3.3.1
'cmfl! SegmentTypeBox 7.3.3.2
'cmff! SegmentTypeBox 7.3.2.3

An ISO brand, such as 'is09"', that indicates the ISOBMFF boxes actually present in each CMAF track
should be llsted in compatlble brands to 1mprove 1nteroperab111ty w1th file readers The 'isoX'

12 d
'cm

If
exte
spec

NOTE

vVers

Each
mig}
stred

7.3

7.3.1

CMA
spec
the !

Som

etermines what box versions are allowed in CMAF tracks, unless spec1f1cally constry
Fc' brand specified in Clause 7.

dgmfc' is the major_brand, the minor_version shall be set to 0, and file names’should

hsions in Table 2. Otherwise, file names should use the file extension_and Internet
ified to match the major brand, e.g. *.mp4, *.3gp, *.uvv, *.uva, etc.

"

It is expected that file readers read possible future versions of-CMAF that increment
ion number.

Table 2 — Common Media Application Format file extensions

IEC 14496-
ined by the

use the file
Media Type

the minor

Track type File extension Internet Media Type (MIME type)

Video .cmfv video /mp4

Audio .cmfa audio/mp4

Text (subtitle) .cmft application/mp4

CMAF track has a CMAF header associatedwith it, although the CMAF header and CMA
t not be stored as an ISOBMFF file, and might not be stored at all, i.e. only existing ten
ims.

CMAF media objects

CMAF boxes
F tracks shall inelude the following ISOBMFF boxes with nesting, optionality, and

ified in the following tables, with box definitions incorporated by reference to the clau
Specification®.column that reference ISO/IEC 14496-12, ISO/IEC 23001-7, or ISO/IEC 23

“Constraints” column of Tables 3 through 5. The normative references are dated, e

e boxes areradditionally constrained by CMAF, as specified by clauses in this document
in the

F fragments
hporarily as

cardinality
ses listed in
009-1.

referenced
g. the 2015

edit
trac

8

nofISO/IEC 14496-12, so the box versions and features defined in that edition are va

e

bless additionally constrained by CMAF or by the ' i soX ' brand promised in the FilleTypeBox.

ina CMAF

CMAF addressable media objects are derived from the CMAF track, CMAF header, CMAF chunk, and
CMAF fragment recorded media objects and specify additional box constraints in 7.3.3.
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Additional boxes and constraints are specified by CMAF track formats and CMAF media profiles for
specific audio, video, and subtitle formats (see 7.4.4).

Legend for Table 3, Table 4, and Table 5
The “Format Req.” column indicates the number of boxes that are required to be presentin a CMAF track, where:
“*” means “zero or more” may be present;
“+” means “one or more” shall be present;
“0/1” indicates only one box may be present, and it is optional;
“1” indicates one box shall be present;
“CR” indichtes that a box is conditionally required as specified in the CMAF track format or a specifi¢media
profile, and phall be present under those conditions (see “Constraints” column).
Table 3 — CMAF header boxes
NL O (NL 1| NL 2 (NL 3 |NL 4 |NL 5 |FormatReq.| Specification Constraints Description
: L ISO/IEC 14496-12 |CMAF 7.2 File Type and
typ Compatibility
ISO/IEC 14496-12 Container for
moov 1 functional
metadata
ISO/IEC 14496-12 | GMAF 7.5.1 Movie header
mvhd| 1
u 1 ISO/IEC 14496-12 Container for each
tra track
tkhd 1 ISO/HEC14496-12 |CMAF 7.5.4 Track header
edts CR 1SO/IEC 14496-12 |CMAF 7.5.13 Edit Box
ISO/IEC 14496-12 |[CMAF 7.5.13 Edit List Box
elst T
d 1 ISO/IEC 14496-12 Track Media
mdia Information
ndhd 1 ISO/IEC 14496-12 |CMAF 7.5.5 Media Header
ISO/IEC 14496-12 Declares the medid
hdl g 1 handler type
DM 0/1 ISO/IEC 14496-12 Eztended Language
g
inf ISO/IEC 14496-12 Media Information|
min 1 container
N CR ISO/IEC 14496-12 |CMAF 7.5.6 Video Media Header
I CR ISO/IEC 14496-12 |CMAF 7.5.7 Sound Media Header
<thd CR ISO/IEC 14496-12 |CMAF 7.5.8 Subtitle Media Header
dinf 1 ISO/IEC 14496-12 Data Information Box
ISO/IEC 14496-12 |CMAF 7.5.9 Data Reference Box,
dref 1 declares source of
media data in track
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NL O(NL 1 |NL 2 |NL 3 |NL 4|NL 5|FormatReq.| Specification Constraints Description
ISO/IEC 14496-12 | CMAF 7.5.12 Sample Table Box,
stbl 1 container for the time/
space map
ISO/IEC 14496-12 | CMAF 7.5.10 Sample Descriptions
stsd 1 (see Table 4 for
additional details)
N . ISO/IEC 14496-12 | CMAF 7.5.12 Decoding, Time to
o LLO L Sample
ISO/IEC 14496-12 | CMAF 7.5.12 Sample-td-Chunk
stsc 1
stsz/ 1 ISO/IEC 14496-12 | CMAF 7.5.12 Sample Size Box
stz2
cteo 1 ISO/IEC 14496-12 | CMAF 7.5.12 Chunk Offset
ISO/IEC 14496-12 | CMAF 7.5.18 Sample Gijoup
sgpd CR Descripti¢n Box
ctss CR ISO/IEC 14496-12 | GMAF 7.5.12 Sync Sample Box
- D B
udta 0/1 ISO/IEC 14496-12 User Data|Box
cprt " ISOAIEC 14496-12 Copyright Box
. ISO/IEC 14496-12 |CMAF 7.5.3 Track Kinfl Box
kind *
ISO/IEC 14496-12 Movie Extlends Box
mvex 1
nehd 0/1 ISO/IEC 14496-12 |CMAF 7.5.1 Movie Extlends Header
ISO/IEC 14496-12 |CMAF 7.5.14 Track Extgnds Box
trex 1
h " ISO/IEC 23001-7 |CMAF 7.4.3 Protection System
pss Specific Header Box
Table 4 — CMAF header protected sample entry boxes
NL|5 | NIn6/| NL. 7 | NL 8 F(;{r;;at Specification Constraints Description
stgd 1 ISO/IEC 14496-12 Sample descrifjtion box
sinf R ISOAEECH4496-12—EMATF 754t ProtectionrSeheme
Information Box
frma 1 ISO/IEC 14496-12 Original Format Box
schm 1 ISO/IEC 14496-12 Scheme Type Box
schi 1 ISO/IEC 14496-12 Scheme Information Box
tenc 1 ISO/IEC 23001-7 |CMAF 7.4.1 Track Encryption Box

NOTE Table 4 is a continuation of Table 3 showing nesting levels 5 to 8 separately to reduce table width.

© ISO/IEC 2018 - All rights reserved

27


https://iecnorm.com/api/?name=66492617a87f923ccbbc8ca872ee3a9c

ISO/IEC 23000-19:2018(E)

Table 5 — CMAF chunk, CMAF fragment, CMAF segment, and CMAF track file boxes

NL O |NL 1|NL 2 |NL 3 |NL 4 |NL 5| FormatReq. Sp(:g(l)fr:ca- Constraints Description
ISO/IEC Segment Type
styp 0/1 144/96-12 s 7P
ISO/IEC Producer Reference
prit 0/1 14496-12 Time
ems % ISO/IEC CMAF 7.4.5 Event Message
9 23009-1
ISC/’IEC PVI{UViC }—‘1 asuxcut
moot * 14496-12
ISO/IEC Movie Fragment]
mehd 1 14496-12 Header
ISO/IEC Track Fragment
traf 1 14496-12
t fhd 1 ISO/IEC CMAF 7.5.16nfTrack Fragment
14496-12 Header
Cfdt 1 ISO/IEC Track Fragment Base
14496-12 Media Decode Time
trun 1 ISO/IEC EMAF 7.5.17 |Track FragmentRun
14496-12 Box
ISO/IEC CMAF 8.2.2.1 |Sample Encryption
sene 0/1 230017 Box
ISOMEC CMAF 8.2.2.1 |Sample Auxiliary
saio CR 14496-12 Information Offgets
Box
ISO/IEC CMAF 8.2.2.1 |Sample Auxiliary
saiz CR 14496-12 Information Sizds
Box
ISO/IEC Sample to Group Box
*
sbgp 14496-12
sapd % ISO/IEC CMAF 7.5.17 |Sample Group
ap 14496-12 Description Box
ISO/IEC CMAF 7.5.19 |Sub-sample
subs CR 14496-12 Information Box
ISO/IEC CMAF 7.5.18 |Media Data
mdat + 14496-12 container for
media samples
7.3.2 CMAF track media objects
7.3.2.1 CMAF header

A CMAF header is defined in 3.1.2 to be a “sequence of CMAF constrained ISOBMFF boxes that do not
reference any media samples, but are associated with a CMAF track and necessary for the decoding of
its CMAF fragments”.

A CMAF header conforms to the following constraints.

a) A CMAF header shall contain the set of boxes in Table 3 and Table 4 with the conditions and

optiona

lity listed.

b) Each CMAF header shall form a valid CMAF track, as specified in 7.3.2.2, when followed by a
continuous sequence of associated CMAF fragments in decode order.

28
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c) ACMAF header shall be conformant with ISO/IEC 14496-12 and the following additional constraints

and requirements.

1) The CMAF header shall start witha FileTypeBox.

2) The CMAF header shall include exactly one MovieBox.

3) The MovieBox shall start with a MovieHeaderBox, as constrained in 7.5.1.

4) The MovieBox shall contain exactly one track containing media data as specified in 7.3.2.2.

NOTE Timed metadata tracks can be provided as separate CMAF tracks in a separate selection set.

b) The MovieBox shall contain a MovieExtendsBox, as defined in ISO/IECQ#496-12, to
indicate that the file contains MovieFragmentBoxes.

b) The MovieExtendsBox may contain a MovieExtendsHeaderBox, as |defined

is unknown, this box shall be omitted.

in

ISO/IEC 14496-12, and if so shall provide the overall duration of the CMAF track. If the duration

d) |f the CMAF header requires sample entries with a decoder configuration record, as $pecified by
h CMAF media profile, with decoding and rendering parameter’limits, such as codec profile, level,
mage height, width, etc., then the first sample entry shall containrparameters equal or greater than
he maximum values contained in all CMAF fragments in thetrack to enable a single initialization
bf media decoding and rendering systems to render all CMAF fragments in the CMAF tifack.

7.3.2.2 CMAF track

A CMAF track is defined in 3.2.1 to be a “sequence of CMAF fragments that are corjsecutive in

presentation time, contain one media stream, conform to the 'cmfc' brand, including an associated

CMAFF header that can initialize playback”.

A CM

b)

Table-6°— CMAF track structure

Format ies e CMAF -
NL O Req. Specification constraints Description
CHAE 1 CMAF 7.3.2.1 CMAF header
Header
CHAE 1+ CMAF 7.3.2.4 CMAF fragment
Fragmenty

\ CMAFtrack shall conform to the 'cmfc' brand and contain the set of boxes in Tabl

[ AF track has\the structure shown in Table 6 and conforms to the following constraintg.

e 3, Table 4,

and Table 5, with the conditions and optionality listed.
[h€ concatenation of a CMAF header and all CMAF fragments in the CMAF track in

consecutive

decode order shall be a valid fragmented ISOBMFF file, with the exception that the
fragment in a CMAF track may have a non-zero baseMediaDecodeTime.

first CMAF

c¢) Each CMAF fragment in a CMAF track shall have baseMediaDecodeTime equal to the sum
of all prior CMAF fragment durations added to the first fragment’s baseMediaDecodeTime.
A CMAF fragment duration is the sum of the media sample durations, documented in the

TrackFragmentRunBox in the MovieFragmentHeaderBox.

NOTE Valid CMAF tracks do not have media time discontinuities resulting from missing m

edia samples

or fragments. Gaps in decode time would result in audio-video synchronization errors. For recommendations

on handling missing media samples and missing CMAF fragments, see Annex F.

d) Each CMAF track contains a single ISOBMFF track and TrackBox, as determined by CMAF header

constraints specified in 7.3.2.1.

© ISO/IEC 2018 - All rights reserved
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Additional constraints specific for encryption, video, audio, and subtitle CMAF tracks are specified in
Clauses 8 to 11 and derived from the general CMAF track format specified in Clause 7.

7.3.2.3 CMAF chunk

A CMAF chunk is defined in 3.1.4 to be a “CMAF media object that contains a consecutive subset of the
media samples of a CMAF fragment, where only the first CMAF chunk of a CMAF fragment is constrained
to be an adaptive switching point”.

CMAF chunks are the smallest CMAF media object that can be encoded, and they can be referenced as
addressable media objects.

Each CMAF |chunk shall conform to the following censtraints.

a)
b)

g)

h)

30

Table 7 — CMAF chunk structure

NL 0 |FormatReq.|Specification CMAF Description
constraints

ISO/IEC CMAF 7.2 Segment Type

styp 0/1 14496-12 Signalling compatibility

to CMAF Chunk

ISO/IEC ProducépReference Time

prit I i

ems " ISO/IEC CMAF 7.4.5 Event Message

g 23009-1

Moo f 1 ISO/IEC CMAF Table 5 Movie Fragment box and
14496-12 the boxes it contains

mdat 1 ISO/IEC CMAF 7.5.19 Media Data container for
14496-12 media samples

A CMAF chunk shall contain the boxes in Tahle 7 with the conditions and optionality indicated

The MovieFragmentBox shall confebm to the constraints of the 'cmfc' brand specifigd in
Table 5/such as containing only oneTrackFragmentBox that contains only one TrackRunHox.

NOTE 1| Since there is only oné DrackRunBox per MovieFragmentBox, all media samples of a (MAF
chunk afe located in a single track run in one MediaDataBox.

The MefliaDataBox shallcontain all media samples referenced by the TrackRunBox and should
immedjately follow the-TrackRunBox in byte order.

All media samples(in a CMAF chunk shall be addressed by byte offsets in the TrackRunBox|that
are relgtive to'the first byte of the MovieFragmentBox. See ISO/IEC 14496-12.

A CMAF churk shall contain a consecutive subset of the media samples of a CMAF fragment.

A CMAF chunk shall contain a TrackFragmentDecodeTimeBox containing the
baseMediaDecodeTime of the first media sample.

A sequence of CMAF chunks that spans the decode time and duration of a CMAF fragment containing
those media samples shall contain all the media samples in the CMAF fragment, without duplicates,
i.e. CMAF chunks in a CMAF track shall not overlap or have gaps in decode time.

The decode time and CMAF track presentation times of a media sample in a CMAF track shall not
change whether the sample is contained in a CMAF chunk or a CMAF fragment.

NOTE 2  Because the CMAF fragment and the first CMAF chunk both start with the same media sample,
they both have the same baseMediaDecodeTime.
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7.3.2.4 CMAF fragment
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A CMAF chunk may include a SegmentTypeBox preceding the MovieFragmentBox and may be
referenced as a CMAF addressable media object. The SegmentTypeBox should include the CMAF
chunk brand 'cmfl' and may include any valid compatible brands listed inthe FileTypeBox
of the CMAF track’s CMAF header.

CMAF chunks may be referenced as CMAF addressable media objects, and optional file level boxes
prepended when they are formatted as CMAF addressable media objects.

NOTE 3 Preceding boxes indicated in Table 7 can be prepended to CMAF chunks at time of encoding or
prepended to CMAF chunks and CMAF segments at time of delivery. It is expected that players will process

the boxes prepended to the start of each CMAF addressable media object, but they will ignore these boxes
smhenlocated within a CMAFE addressable media nh}'nr‘f’ e not prnpnnr‘nd tothe first CMAFE chunkin a CMAF

begment. The SegmentTypeBox is specified by ISO/IEC 14496-12 to be the first box of an ISOB
ind can be ignored in other locations.

NOTE4 A SegmentTypeBox prepended to CMAF chunks or fragments at the time: of enc
1seful as a media object delimiter and identifier. It allows indexing and packaging operatio

btreams or other clues to identify CMAF fragment boundaries and preceding boxes intended

MFF segment

bding can be
s to rapidly

ocate and identify CMAF chunks and fragments within a CMAF track without deeplinspection df elementary

to be part of

bach media object.

A CMAF fragment is defined in 3.1.1 to be an “encoded ISOBMFF media segment conforming to CMAF

consftraints”.

A CMAF fragment contains one or more CMAF chunks, thérefore CMAF chunks may be present in CMAF
addijessable media objects, including CMAF segment® and CMAF track files, and a CMAF chunk may be

refefenced as a CMAF addressable media object (see. 7.3.3.2).

Each CMAF fragment conforms to the following constraints.

a)
b)

© ISO/IEC 2018 - All rights reserved

Table 8 — CMAF fragment structure

NL 0 |FormatReq.|Specification CMAF Description
constraints

ISO/IEC CMAF 7.2 Segment Type

styp 0/1 14496-12 Signalling compatibility

to CMAF Fragment

ISO/IEC Producer Reference

prit 0/1 11449612 Time

ems % ISO/IEC CMAF 7.4.5 Event Message

7 23009-1
EMAF 1+ CMAF 7.3.2.3 CMAF Chunk
Chunk

A CMAF fragment shall contain the boxes in Table 8, with the conditions and optionality indicated.

Each CMAF fragment, in combination with its associated CMAF header and optional decryption
key(s), shall contain sufficient metadata to enable the CMAF fragment to be decoded, decrypted,
and displayed when it is independently accessed.

NOTE1 For example, if sample groups and sample group descriptions are used to signal encryption key
changes, then a SampleGroupDescriptionBox and SampleToGroupBox probably need to be present in
the TrackFragmentBox to make the CMAF fragment randomly accessible and decryptable.

The first CMAF chunk in a CMAF fragment may be preceded by other boxes as long as the
CMAF fragment remains conformant, including one SegmentTypeBox and/or one or more
ProducerReferenceTimeBox (es) and/or DASHEventMessageBox (es). (See 74.5 and
Annex E for more information on Event Messages).

31


https://iecnorm.com/api/?name=66492617a87f923ccbbc8ca872ee3a9c

ISO/IEC 23000-19:2018(E)

d)

£)

Figure 14 iflustrates the box sequence (left to right) and cont%&u\nent (top to bottom) of a CMAF
fragment.

A CMAF fragment with a SegmentTypeBox preceding the first MovieFragmentBox should
include the CMAF fragment brand 'cmff' and may include any compatible brands listed in
the FileTypeBox of the CMAF track’s CMAF header.

A CMAF fragment can be referenced as a CMAF segment and may have a SegmentTypeBox
prepended that includes the CMAF segment brand 'cmfs' to identify the start of the CMAF
segment.

NOTE 2  Itis possible that the first CMAF chunk in the first CMAF fragment in a CMAF segment would be
preceded by a SegmentTypeBox that includes the compatible brands 'cmfl', 'cmff',and 'cmfs'
to indicate that it is the start of a CMAF segment fragment and chunk The start of a CMAF fragment that

contain gt the ' ds

ent CMAF chunks in the CMAF fragment would only 1nclude the cmfl’ brand '\(b
NOTE 3| As noted in 7.3.2.3, only a SegmentTypeBox at the start of a CMAF addressable fg%la gbject
is expedted to be processed by players, whereas a SegmentTypeBox located within a CM@ ddrespable
media opject is expected to be ignored by players. Q’

Each CMAF fragment in a CMAF track should have a duration of at least c@second, with the
possibl¢ exception of the first and last CMAF fragments of the CMAF track. (l/

subseq

NOTE 4| Additional constraints specific to video, audio, and subtitle medlaq&s are specified in Clauses 9
to 11, and CMAF media profile and codec related CMAF fragment cons8ih s are specified in Clause 12,
Annex Aland Annex B. %

PN ol oo )
{ 1 ¥ 3
i ) e i
| ) ucer 'lI |
| Segment 1| Event -
irene 1| Reference | | s Media D:ita
| (styp) 1! [me 1 (emsg) ) (‘mdat)
: | cerm) !
| ! ' ]
] h
(SR ) S| : R )
Track Fragment ('traf")
le S e (€ ! Sample < .
| e | e | R
ionBox  Sizes  Offsets TP gions
Box Box Box.
(o) g2y ooy (5beB) g
NOTE Lower }'\nvnc lnd:ratn containment in tl‘\n l\nX abnvn. Thn cnqunnr‘n nf bnvac Cnntainnd i the

TrackFragmentBox ('traf') is only recommended. Light shaded boxes are always optional. Light boxes
in the bottom row are required or conditionally required when encryption is used. This example contains one
CMAF chunk ("moof"', 'mdat ') in the CMAF fragment.

Figure 14 — CMAF fragment box sequence and containment

7.3.3 CMAF addressable media objects

7.3.3.1 CMAF segment

A CMAF segment is defined in 3.1.5 to be a “CMAF addressable media object consisting of one or more
consecutive CMAF fragments from the same CMAF track”.
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Table 9 — CMAF segment structure

9:2018(E)

Each

d)

NOTE

prep
toa

medi
by IS

7.3.3

A CM
may

Ther
inhe
vide
CMA

NL 0O Format Specification CMAF Description
Req. constraints
ISO/IEC Segment Type
14496-12 . .
styp 0/1 Signalling
compatibility to
CMAF Segment
ISO/IEC Producer Reference
prit 0/1  |14496-12 Time
. - ISO/TEC CMAF 745 Event Message
9 23009-1
CMAF 1+ CMAF 7.3.2.4 CMAF Fragment
Fragment

CMAF segment conforms to the following constraints.
A CMAF segment shall include the boxes in Table 9, with the conditionf$-and optionality

A CMAF segment shall contain one or more complete and,consecutive CMAF fr
lecode order.

include a
preceding the first Mo%ieFragmentBox.

2\ CMAF segment may
DASHEventMessageBox (es)

A CMAF segment may include a Segment TypeBoxpreceding all other boxes in the CM.
[he SegmentTypeBox should include the CMAF“segment brand 'cmfs' and may
rompatible brands listed in the FileTygpeBox of the CMAF track’s CMAF header.

"

Preceding boxes can be prepended td/CMAF chunks or CMAF fragments at time of
bnded to CMAF segments at time of delivery: It is expected that players will process the boxg
[MAF addressable media object, but theytwill ignore these boxes when located within a CMAR
A object, i.e. not prepended to the first EMAF chunk in a CMAF segment. The SegmentTypeBo
D/IEC 14496-12 to be the first box.of an [ISOBMFF segment and can be ignored in other location

.2 CMAF chunk

[AF chunk is specified as a data structure within a CMAF fragment in 7.3.2.3, but a
also be referencedtas’'a CMAF addressable media object, e.g. for low latency live stream

e is no direct restriction on the SAP type of the first media sample in a CMAF chun
Fitance of CMAF fragment media sample constraints specified by a CMAF media prof
b CMAF meédia profiles typically constrain the initial media sample type to be SAP 1 o
F chunkiin a CMAF fragment inherits that media sample constraint.

ProducerReferenceTimeBox

listed.

agments in

and/or

\F segment.
include any

encoding or
s prepended
addressable
 is specified
S.

MAF chunk
ing.

K, except by
ile. Because
r 2, the first

F fragment.

a CMAF chunk thatis also the start ofa CMAF fragment

A SegmentTypeBox,

ProducerReferenceTimeBox,

 the start of

and/or DASHEventMessageBox (es)

may be prepended to a CMAF chunk at time of encoding or time of delivery. In a CMAF addressable
media object, only when these boxes precede the first MovieFragmentBox are they expected to be
processed by a player.

7.3.3.3 CMAF track file

A CMAF track file is defined in 3.1.6 to be “one CMAF track stored consecutively in a single ISOBMFF file
with the earliest CMAF fragment constrained to start at decode time zero”.
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A CMAF track is a logical collection of CMAF fragments and a CMAF header that might never be stored
or stored in that form. In contrast, a CMAF track file is a single file that contains one CMAF track, stored
in sequence, and is therefore addressable as a file. Since CMAF chunks and CMAF fragments can be
preceded by a SegmentTypeBox, CMAF media objects may be identified by Segment TypeBox within
a CMAF track. CMAF media objects may be indexed in a SegmentIndexBox to enable addressing
CMAF media objects in a CMAF track file by byte range.

Table 10 — CMAF track file structure

Format ipr . CMAF —
NL O Req. Specification constraints Description
CMAF 1 CMAF 7.3.2.1 |CMAFZ2 CMAF Header
Header

. ISO/IEC Segment Index
sidx 0/1  114496-12
CMAF 1+ CMAF 7.3.2.4 |CMAF73.24 |CMAF Fragments

Fragment

Each CMAF track file conforms to the following constraints.
a) A CMAFJ track file shall include the boxes in Table 10, with the conditionfs‘and optionality listed.

b) Additiopal boxes, such as SegmentIndexBox (es), may be present between the CMAF hedader
and the|first CMAF fragment.

c) IfSegmentIndexBoxes exist, each subsegment referenced in the Segment IndexBox shalllbe a
single QMAF fragment contained in the CMAF track file«

d) A vided CMAF track file may use an offset edit listto adjust the earliest presentation time of the
first presented video media sample by subtracting any composition delay added by the use offa vO
TrackRunBox that uses positive composition‘offset values to reorder video frames from decode
order t¢ presentation order. See 7.5.13.

e) Avideo|CMAF track file may use vl TrackRunBoxes using negative composition offsets to aljust
the conpposition time of the earliest presented video media sample in each CMAF fragment {o its
baseM¢diaDecodeTime and th€earliest video media sample in the CMAF track file to ero,
withouf using an offset edit list.

7.3.4 CMAF switching sets

7.3.4.1 General constraints on a CMAF switching set

A CMAF swjitching set is defined in 3.2.2 to be a “set of one or more CMAF tracks, where each {rack
is an alternptive-encoding of the same source content, and are constrained to enable seamless frack
switching”.

These general CMAF switching set constraints, plus specific constraints defined by a CMAF media
profile that the CMAF switching set conforms to, are intended to enable seamless adaptive switching by
typical players.

Each CMAF switching set conforms to the following constraints.

a) A CMAF switching set shall contain one or more CMAF tracks, each of which is a synchronized
encoding of the same source content.

b) A CMAF switching set shall contain CMAF tracks of only one media type, i.e. audio or video or
subtitles.

c) All CMAF tracks in a CMAF switching set shall have the same duration (computed from the media
sample durations, optionally stored in a MovieExtendsHeaderBox).
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d) All CMAF tracks in a CMAF switching set shall contain the same number of CMAF fragments.

e) Forany CMAF fragmentin one CMAF track in a CMAF switching set, there shall be a CMAF fragment
with the same decode time in all other CMAF tracks.

f) All CMAF tracks in a CMAF switching set shall have the same value of baseMediaDecodeTime
in the first CMAF fragment’s TrackFragmentBaseMediaDecodeTimeBox, measured from the
same timeline origin.

g) The presentation time of the earliest media sample of the earliest CMAF fragment in each CMAF
track shall be equal.

h) Alternative CMAF fragments in a CMAF switching set with the same baseMediabgcodeTime
bhall contain alternative encodings of the same source media samples.

NOTE 1  These constraints do not prohibit different frame rates in different CMAF trackks in a CMAF
switching set. However, these constraints restrict the combinable frame rates to those that resuft in identical
CMAF fragment durations for alternative CMAF fragments.

i) All CMAF tracks in a CMAF switching set shall conform to one GMAF media profile. However,
CMAF tracks included in a CMAF switching set may contain different media profile prands that
i1l conform to one CMAF media profile. See 12.1 for additional €MAF switching set|constraints
specified by CMAF media profiles.

NOTE 2  CMAF media profiles specify the maximum limits for encoding parameters, so sulpset or lower
nedia profiles that can be decoded by a higher media profile’decoder conform to the higher mefdia profile.

j) CMAF header parameters shall not differ between CMAF tracks, except as allowed |n Table 11.
CMAF media profiles may specify additional censtraints, as noted in the table.

k) Additional CMAF header boxes specified in Table 3 and Table 4 that are not listed in Table 11 may
contain different boxes and information:

Table 11 — General constraints on CMAF header boxes in CMAF switching sdts

Box General CMAF header constraints in a CMAF switching set

ftyp Shallibe identical except for media profile brands [see i) in 7.3.4.1]

mvhd Shall be identical except for creation time andmodification time

dxna Shall be idéntical except for width, height, creation time,andmodificatipn time.

See NOTE 1.

frex Identical

g¢lst Shall be identical except for video CMAF track files with a different composition qffset

mdhd Shall be identical except for creation time andmodification time

mehd Identical

neta May contain different boxes and data

udta May contain different boxes and data

cprt Identical

kind Identical

elng Identical

hdlr Identical

vmhd Identical

smhd Identical
NOTE 1 Track width and height can differ, but picture aspect ratio is the same for all CMAF tracks.
NOTE 2 Sample entry constraints for CMAF switching sets are defined by each CMAF media profile, its specified or
referenced ISOBMFF track format, and its CMAF switching set constraints. A sample description can contain multiple
sample entries.
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Table 11 (continued)

Box General CMAF header constraints in a CMAF switching set
sthd Identical
dref Identical
stsd Sample entries shall have the same codingname (four-character code) and conform to other CMAF
track format and media profile specified constraints. See NOTE 2.
sgpd May differ
pssh Identical
sinf Identical
schi Identical
schm Identical
frma Identical
tenc Shall be identical except for initialization vector values

NOTE 2 Sat
referenced IS
sample entrig

NOTE 1 Tradk width and height can differ, but picture aspect ratio is the same for all CMAF tracks¢

nple entry constraints for CMAF switching sets are defined by each CMAF média“profile, its specifig
OBMFF track format, and its CMAF switching set constraints. A sample desCription can contain mu
S.

d or
tiple

There are ty
1) Multipl
rely on
that CM
CMAF t
2) Single i
set, or

only ne
and rer

can continue decoding CMAF fragments from any CMAF track in the CMAF switching set.

The two tyy

7.3.4.2 CMAF switching set single initialization constraints

Encoding o
initializatio
profile or t
constraints

In general, s

vo functional types of CMAF switching set initialization constraints:

e initialization — CMAF switching sets conforming to-the general constraints above
decoding parameters stored in each CMAF track’s header to decode a CMAF fragment
AF track. This implies that a player needs to accéss and process the CMAF header for
rack it switches to.

hitialization — If CMAF headers are constrained to be equivalent within a CMAF switg
LMAF tracks only change parameters thatdre stored in each CMAF fragment, then a p
bds to access one CMAF header and each’CMAF fragment to find all the necessary deco
dering parameters. A player only needs to initialize the CMAF switching set once, th

es of CMAF switching set cofistraints and processing are illustrated in Figure 10.

f CMAF tracks ifi ‘g CMAF switching set can be further constrained to allow one-
h of the CMAF switching set using a single CMAF header (see Figure 10). Each CMAF
he CMAF track format it references can specify single initialization CMAF switchin

ingle initialization constraints can be specified by:

a “cominon’ CMAF header” in all CMAF tracks containing all decoding, decryption, and rendg

may
rom
each

hing
ayer
ding
en it

time
edia
b set

pring

parameters required by any CMAF fragment in the CMAF switching set;

“inband parameter sets” stored and referenced in each CMAF fragment, where CMAF headers are

only used to initialize decoding and display with the appropriate codec, profile, level, resolution, etc.
This is typically the case for audio and can be specified for inband video parameter media sample
formats such as 'avc3' sample entry;

a combination of both CMAF header and CMAF fragment stored parameters, but with the constraint

thatthe combination of any CMAF header in the CMAF switching set and CMAF fragment will contain
the necessary decoding parameters.
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NOTE Enabling changes in inband parameters over time is useful for live streaming, where content from
different encodings can be sequenced in a CMAF presentation, such as programs and ads in a live “channel”, or
when a live video contribution feed is received containing inband parameters that change and are not known in
advance when a CMAF header is packaged and delivered to a player.

7.3.4.3 CMAF switching set single initialization constraints identifier
The following identifier shall signal CMAF switching set single initialization constraints.

urn:mpeg:cmaf:siss

7.3.1.4 Aligned CMAF switching set constraints

Alighed CMAF switching sets are defined in 3.2.3 to be a “set of CMAF switching sets,\the MAF tracks
of which all contain alternative encodings of the same source content in time-aligned'CMAK fragments,
but gll CMAF tracks do not conform to a single CMAF switching set”.

Aligned CMAF switching sets conform to the following constraints.
a) Analigned CMAF switching set shall contain two or more CMAF switehing sets.

b) Aligned CMAF switching sets shall contain CMAF switching sefs’that are encoded from the same
media stream.

c) Aligned CMAF switching sets shall contain CMAF switching sets of equal duration.
d) Aligned CMAF switching sets shall contain the same-ntimber of CMAF fragments in every CMAF track.

e) Aligned CMAF switching sets shall contain CMAF fragments in every CMAF track with matching
baseMediaDecodeTime and duration, forieéach CMAF fragment in a CMAF track.

NOTE Some CMAF players can seamlesslysswitch between CMAF tracks in different CMAF syvitching sets
that gre aligned, such as CMAF switching sets with different encryption keys and their associated DRM license(s).

7.3.3 CMAF selection sets

A CMIAF selection set is defined in 3.2.4 to be a “set of one or more CMAF switching sets,|where each
CMAF switching set encodes an alternative aspect of the same presentation over the same {ime period,
onlylone of which is intended to be played at a time, e.g. an alternative language or codec”.

CMAFF selection sets.cdonform to the following constraints.
a) A CMAF selection set shall contain one or more CMAF switching sets.

b) All CMAF switching sets within a CMAF selection set shall be of the same media typg, e.g. audio,
Videp; or subtitles.

c) Allswitching sets within a CMAF selection set shall be of the same duration, within a folerance of
the longest CMAF fragment duration of any CMAF track in the selection set.

d) Different CMAF switching sets that encode the same content with different codecs or video formats
may be contained within a CMAF selection set to enable a player to select the most compatible
codec or video format and the CMAF switching set that contains it.

e) A CMAF selection set may contain multiple aligned CMAF switching sets, which encode the same
content in different CMAF switching sets that have time-aligned CMAF fragments, but with
different keys, codecs, etc.

f)  One CMAF track should be presented from each selection set in a presentation, e.g. one audio, one
video, and one subtitle selection set.
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NOTE A subtitle track can be selected, but not displayed by user control, while IMSC1 titles marked as
“forced” are automatically displayed.

7.3.6 CMAF presentations

A CMAF presentation is defined in 3.2.5 to be a “set of one or more CMAF selection sets that can be
simultaneously decoded to produce a multimedia user experience, potentially including synchronized
audio, video, and subtitles”.

A CMAF presentation conforms to the following constraints.
a)

b) Differept CMAF switching sets may use different CMAF track timescale values. Inthat fase,
baseM¢diaDecodeTime integer values will be different for the same presentation time. But|they
are “equivalent” presentation times when dividing by each track’s timescale yields the §ame

ot Laolll £la 43 1 ]
lJl COCIILAlIUIT S1IdIT 11IdaV T LIIT 54dlllIT UIITITIIIIT Ul 15111.

All CM

c) CMAF fragment presentation time delays relative to decode time shall be remeved using an dffset
edit lisf (see 7.5.13), negative composition offsets (see 7.5.16) or encoder compensation |(see

All CMAF tracks in a CMAF presentation containing a video swit€hing set shall be start aligned
with CMAF presentation time zero equal to the earliest video media sample presentation startjtime
in the eprliest CMAF fragment (see 6.6.8).

e) All CMAF tracks in a CMAF presentation that does not contain video shall be start aligned with the
CMAF presentation time zero equal to the earliest audig media sample presentation start time in
the earliest CMAF fragment.

f) Media $amples in audio and subtitle CMAF tracks with earlier presentation times than CMAF
presentiation time zero should not be presented:

g) Media damples in audio and subtitle CMAF-\tracks whose durations overlap the earliest video njedia
samplefpresentation time should be partially presented, starting at the earliest video media saple
presentation time.

h) The dufation of a CMAF presentation shall be the duration of its longest CMAF track.

i) CMAF fracks in a CMAF.presentation shall equal the CMAF presentation duration, witlin a
tolerange of the longest video CMAF fragment duration.

NOTE The CMAF hypothetical application model synchronizes media samples by presentation fimes
relative to alJcommon_timeline origin. CMAF track presentation time is determined by each CMAF fragnjent’s
stored baseMediab&cbdeTime and any composition or edit list offsets present. Synchronization during late
binding doeq not rély on externally stored presentation time offsets. This means that audio, video and suptitle
media samplesthat are intended to be played simultaneously in a CMAF presentation need to have overlapping
presentation|timé ranges, where the presentation time range starts at the media sample presentation time|(6.2)
and ends at the media sample presentation time plus the media sample duration.

7.4 Additional boxes, not defined in the ISO Base Media File Format

7.4.1 Track Encryption Box ('tenc')

The TrackEncryptionBox ('tenc') specified in ISO/IEC 23001-7 indicates that media samples
in the track might be encrypted using a specific scheme of Common Encryption, identified by a four-
character code, such as 'cenc' or 'cbcs'. The TrackEncryptionBox contains parameters and
default values that apply to an entire track. See Clause 8 for additional information.
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7.4.2

Whe

ISO/IEC 23000-1

Sample Encryption Box (' senc')

n Common Encryption sample auxiliary information is used:

— it shall be present in each CMAF fragment;

— the SampleEncryptionBox should be used to store sample auxiliary information.

See Clause 8 for more information.

7.4.3

Protection System Specific Header Box ('pssh"')

9:2018(E)

The

(ISO
infor
dow

CMA
not g

CMA
play

See

(Clause 8 for more information.

4

ProtectionSystemSpecificHeaderBox is specified in the Common Encryptions

IEC 23001-7) for the storage of content protection system information such as license
mation and DRM licenses. This box was primarily designed to store licenise inf
hload files. Either version 1 or version zero may be used, as constrained in Clause 8.

F streaming applications should signal license acquisition information inythe manifest
uplicate the information in this box in CMAF headers.

F fragments may contain DRM information in this box intended(for delivery to all pla
back.

Media profile specific boxes

The
DAS

Vers
inde
frag

pre
pres

mes

and video track formats typically derive sample entries and define decoder configuj

e CMAF media profile brand.

Event Message Box ('emsg”)

enhanced DASHEventMessageBox ('emsg') described in this clause is versig
1EventMessageBox; specified in ISO/IEC 23009-1.

on 1 of this boxY)adds the field presentation time, which makes event mes
bendent of box(lgcation in the CMAF track. Version 1 should be used for event messag
ments and addressable media objects.

sentatlion time provides the presentation time of the event measured on the CI
bntation timeline, in the timescale declared in its MovieHeaderBox.

age data is the body of the event message. The syntax and semantics of this field

pecification
acquisition
rmation in

and should

yers during

ation boxes
rationBox
at specified
MAF media
o conforms

n 1 of the

bage timing
es in CMAF

MAF track’s

are defined

by the owner of the scheme identified in the scheme id uri field. Message schemes may be defined
for specific applications and users, or standardized for global use, such as SCTE-35 advertisement and
program segmentation markers.

NOTE1 DASHEventMessageBoxes can be included in CMAF fragments to indicate ad insertion points, etc.
in the media stream, then other DASHEventMessageBoxes added to CMAF segments or CMAF chunks at time
of delivery, e.g. to trigger manifest updates.

A DASHEventMessageBox in a CMAF track shall contain the value in its timescale field equal to
the value of the timescale field in the MediaHeaderBox of the CMAF track that contains it.

If version 0 is used, then DASH defines the timing of an Event Message related to the earliest media
sample presentation time of a DASH segment using the field presentation time delta, which
“provides the media presentation time delta of the media presentation time of the event and the earliest
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presentation time in this segment.” For CMAF fragments, the presentation time delta shall
equal the media presentation time of the event minus the earliest presentation time of the following
CMAF fragment.

NOTE 2

the earliest presentation time is the earliest media sample composition time adjusted by the edit list offset.

See Annex E for more information on the use of event messages.

7.5 Constraints on ISO Base Media File Format boxes

The earliest decode time in a CMAF track file is zero (defragmented or not), and if an edit list is present,

7.5.1 Moy

In the Mov
MovieBox

NOTE T
which conta

yie Header Box ('mvhd')

contains no media samples and therefore has no duration.

he duration field in the MediaHeaderBox ('mdhd') applies to the TrackBox ('tr
ns no media samples in a CMAF track. The duration of a CMAF track can_gptionally be stor

the fragmenpt duration field of the MovieExtendsHeaderBox ('mehd"), whichisiequal to the sum

CMAF fragm

The fields r

7.5.2 Mef

Metadata, ¢
not occur at

bnt durations in the CMAF track. If the duration is unknown, this box is,omitted.

hte, volume, and matrix shall be set to their default values:

adata Boxes

arried in either UserDataBox or MetaBoxes, may be present. When present, they

7.5.3 Kinld Box (' kind')

The KindB
UserDatal

Any track g
information
tracksin a s

The KindB

the 1
"urn:i

the W3
kind".

Where mul{

ox of the TrackBox, as documented-in the ISO Base Media File Format (ISO/IEC 14496

an be labelled with role information describing the intended purpose of the track.
can be captured at the time pf'encoding and later copied to a manifest describing the C

bx can contain one or more tags from a variety of places, including:

ASH  specification ISO/IEC  23009-1, as identified by the schems

hpeg:dash:rele:2011" (without the quotation marks);

C HTMLS5 §pecification of track 'kind', as identified by the schemeURI "about:ht

iple schemes define the same concepts, the DASH Role scheme should be used.

| eHeaderBoxk, the value of the duration field should be set to zero to indicate-that

election set so that a userdpan automatic algorithm can make an appropriate selection.

the

hk'),
ed in
of all

shall

file level, i.e. they can only be contained in anothewbox, as permitted by ISO/IEC 14496-12.

bx ('kind') may be used to store the role of a CMAF track. The KindBox is stored in the

-12).

This
MAF

URI

ml-—

7.54 Tra

ck Header Box (' tkhd")

CMAF TrackHeaderBoxes shall conform to ISO/IEC 14496-12 with the following additional

constraints.

from th

e TrackBox ("trak').

The field duration shall be set to a value of zero ('0"), indicating no media samples are referenced

The field matrix shall be set to their default values as defined in ISO/IEC 14496-12, except to indicate

video orientation (i.e. portrait or landscape orientation relative to the captured scene). See 9.2.3.
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— The following fields shall be set to default values as defined in ISO/IEC 14496-12, unless specified
otherwise in this document.

The layer field should equal 0 or greater for normally presented video tracks.

The layer field should equal -1 for subtitle tracks so they are normally presented over the video.

The width and height fields for a non-visual track (e.g. audio) shall be 0.

As defined in ISO/IEC 14496-12, the width and height fields for a CMAF video track shall
specify the track’s normalized presentation size as fixed-point 16.16 values expressed in square
pixels after decoder cropping, and in the case of video encoded with a non-square video spatial

7.5.%
The

7.5.6 VideoMedia Header Box ('vmhd"')

The

7.5.1

CMAF MediaHeaderBoxes shall conferm to ISO/IEC 14496-12 with the followin
consftraints.

['he value of the duration field shetld be set to a value of zero (‘0’) (see Z.5.1).

Where possible, the value of the t imescale field should be chosen such that when th¢
s constant, the value of the(media sample duration may also be constant.

All tracks that are language-specific should identify the language as precisely as possib
rack whose language'can be written in different scripts should identify which scriptis
the language is notrelevant or not known, the 'und' (undetermined) language tag shoul

7ideeMediaHeaderBox shall conform to ISO/IEC 14496-12 with the constraints speci

sample shape, after horizontal scaling has been applied. See 9.2.3 for normalized
height calculation.

Subtitle tracks may set width and height to an intended layout size, ifbwhich c

width and

ase the text

layout engine or graphics engine can scale the width and height to match the video display

aperture (player implementation dependent).

As defined in ISO/IEC 14496-30, subtitle tracks encoded as text may use relat

ve position

coordinates and font sizes so that the text layout engine cafi adjust glyph and layout size to

match the final video display aperture without relying on‘itnage scaling. For such
value of zero width and height should be used to indicateythat the data can be reng
size, and the layout size may be determined by matching the size of the video displ

For scalable text and subtitle tracks, the flag tra¢ck size is aspect ratf]
be used.

Media Header Box ('mdhd"')

tracks, the
lered at any
iy aperture.

o may also

v additional

b frame rate

e (e.g.atext
sed). When
d be used.

fied in 9.2.2.

Sound Media Header Box (' smhd')

The SoundMediaHeaderBox shall conform to ISO/IEC 14496-12 and the following constraint.

The field balance shall equal 0 (centre).

7.5.8

Subtitle Media Header Box (' sthd')

The SubtitleMediaHeaderBox shall conform to ISO/IEC 14496-12 with constraints specified in
ISO/IEC 14496-30.

NOTE

Subtitle media uses the 'subt’ handler_type in the HandlerBox in the MediaHeaderBox.
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7.5.9 Data Reference Box ('dref')

DataReferenceBoxes in a CMAF track shall conform to ISO/IEC 14496-12 with the following
additional constraints.

— The DataReferenceBox shall contain a single entry with theentry flags field setto 0x000001
(which means thatthe media dataisinthe same file asthe MovieBox containing this datareference).

7.5.10 Sample Description Box ('stsd"')

The SampleDescriptionBoxina CMAF track shall conform to version 0 as defined in ISO/IEC 14496-

12 with the

Sample

shall efcapsulate the existing sample entry with the appropriate four-character-code’ liste

1SO/IE(
1SO/IE(

Constra
Constra
Constra

NOTE A

7.5.11 Protection Scheme Information Box ('sinf')

CMAF shall
encrypted

CMAF trac
TrackEnci

7.5.12 Trakk contained media sample information boxes

All boxes in|
samples fro
document n

The followi
TimeT
Samplg

Chunk

rollowing additional constraints.

entries for encrypted tracks (those containing any encrypted media saniple data)

14496-12 and include a ProtectionSchemeInfoBox ('sinf') that conform
14496-12 and Clause 8.

ints on visual sample entries are specified in 9.2.4.
ints on audio sample entries are specified in 10.2.5.
ints on subtitle sample entries are specified in ISO/IEC 14496/30.

CMAF SampleDescriptionBox can contain multiple sample‘entries.

d in
s to

use Common Encryption (ISO/IEC 23001-7)for CMAF tracks containing one or more

[MAF fragments and use Scheme Signalling-as defined in ISO/IEC 23001-7. An encry
k shall include at least one ProtectionSchemeInfoBox ('sinf') containil
ryptionBox ('tenc') identifying a schreme specified in ISO/IEC 23001-7.

the SampleTableBox have-a sample count of 0 because CMAF does not reference nj
m the TrackBox. The mandatory boxes of ISO/IEC 14496-12 are mandatory, even if
0 samples.

g boxes therefonéshall have an entry count of zero:
SampleBoxX\(“stts');
eToChunkBox ("stsc');

ffgetBox ("stco');

pted
g a

edia
they

NOTE 1

\ . .
Sampl&StzeBoxortCompactSampteStzeBo

L1 e 1
U SLS2 Ul

SyncSampleBox ('stss'),if present.

the CMAF track are sync samples.

NOTE 2

each CMAF fragment or CMAF chunk.

42

© ISO/IEC 2018 - All rights res

The presence of an empty SyncSampleBox in a CMAF header indicates that not all media samples in

Media sample size, duration, and dependency information can be found in the TrackRunBox (es) in

erved


https://iecnorm.com/api/?name=66492617a87f923ccbbc8ca872ee3a9c

ISO/IEC 23000-19:2018(E)

7.5.13 EditListBox('elst")

In two cases, an EditBox containing a single EditListBox with the following constraints may be
present in the CMAF header of a CMAF track to adjust the presentation time of all media samples in the
CMAF track.

a) The first case is a video CMAF track file using v0O TrackRunBoxes with positive composition
offsets to reorder video media samples, in which case an EditListBox shall be used to adjust the
earliest video sample to ISO/IEC 14496-12 “movie” presentation time zero.

b) The second case is an audio CMAF track where each media samples presentation time does not
qqqqq 1 3tc copmacibio +3 In thaot ~ocn +tha CNMAD h-qnly chall clada o T2 LT 2 s5BOX Wlth a

oo 1tS- COTITpPUSTOIOTT tHRe—h—tiat CO ST, CIIC—GIvIr X1 €I Sam e et a0 55

Palue of media time equal to the CMAF track presentation time delay.

See 1.3.6 and Figure 12 for information on CMAF timelines and start alignment.
— The EditBox shall contain a single EditListBox.
— Thevalueofentry count field in the EditListBox shall be set to .

— Thevalue ofthemedia rate integer field shall be setto 1 and the value of the medlia rate
fraction field shall be set to 0.

— The value of the segment duration field shall be set to/0:

— The value of media time = sample presentation fime - sample composition time (sample
composition time = sample decode time + sample composition offset).

NOTE Since there is no media in the MovieBox, the duration in the edit is zero. However| as noted in
ISO/]EC 14496-12, movie fragments implicitly extend any edit represented by an edit list in the MoyieBox. This
meai)s that any offset edit list in the CMAF header is applied to the composition times of all samples fo determine
each[sample’s presentation time.

Accdrding to ISOBMFF, samples with a sunt of movie presentation time and duration less than zero are
not theant to be presented.

Using offset edits to set the presentation time of the earliest presented sample of each CMAF track to
an efjuivalent CMAF track preséntation time enables synchronization of all CMAF tracks tp a common
CMAFF presentation timeline|

Additional constraints specific to certain media types are in the following subclauses:

— fudio edit lists in/10.2.6;

— video editdists in 9.2.7.

7.5.14 Track Extends Box (' trex')

ragmentedfHe—as defined in

A T etz Aol <ha
L AT N CCOUIT Ao DU [>23yey

ISO/IEC 14496-12.

CMAF track default sample flags shall not be necessary to determine sample dependencies in
CMAF fragments or CMAF chunks. default sample flags, sample flags and first sample
flags shall be set in the TrackFragmentHeaderBox and/or TrackRunBox to provide sample
dependency information within each CMAF chunk and CMAF fragment.

CMAF track default sample parameters shall not be necessary to determine media sample duration,
size, or sample description index. Default values or per sample values shall be stored in each CMAF
chunk’s TrackFragmentHeaderBox and/or TrackRunBox.

NOTE Default flags and sample parameters can be set and ignored in the TrackExtendsBox, as long as

those values are also set in all CMAF chunks and CMAF fragments so each CMAF fragment is decodable without
access to that track’s CMAF header.
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7.5.15 Movie Fragment Header Box ('mfhd"')

AMovieFragmentHeaderBox in a CMAF track shall conform to ISO/IEC 14496-12.

NOTE The sequence number integer value is not required to be unique within a CMAF track nor to
increase with decode time.

7.5.16 Tra

ck Fragment Header Box (' tfhd"')

A TrackFragmentHeaderBox in a CMAF track shall conform to ISO/IEC 14496-12 with the following

additional c

onstraints.

— Thetr
— Theba
— The de

— Every
as defiy
fragme

NOTE T

7.5.17 Track Run Box ('trun')

A TrackRy
constraints

— Version|
case eit

— Whent
bit inte
decode
media
(baseM

— Theda
that thd
Moviel

NOTE

— defau
Trackl
within

hck ID field shall contain the same value as the track ID inthe associated CMAF he
se-data-offset-present flag (inthe t £ flags field) shall be set to zero.
fault-base-is-moof flag (inthe t £ flags field) shall be set to one.

TrackFragmentBox shall contain a TrackFragmentBaseMediaPecodeTime
ed in ISO/IEC 14496-12, to provide the decode time of the first media sample in the t
nt.

he baseMediaDecodeTime of the first available CMAF fragment in.a.GMAF track can be non-zer

nBox in a CMAF track shall conform to ISO/IEG-14496-12 with the following addit

1 shall be used for video CMAF tracks, exceptin the case of a video CMAF track file, in w
her version 1 or version 0 may be used. Qthier CMAF track types should use version 0.

he version field is set to “1”, the sample composition time offset isasigne
ber measured by the t imescaleqof the track, which reorders video media samples
order to presentation order, and in that case, the composition time of the first prese
sample in a CMAF fragment shall be the same as the first media sample decode
ediaDecodeTime).

fa-offset-present Tlag (inthe tf flags field) shall be set to true in order to ind

FragmentBox td.the start of the first media sample in the following MediaDataBox.
This is called'movie fragment relative addressing in ISO/IEC 14496-12.

|t sample flags, sample flags and first sample flags shall be set in
FragnentHeaderBox and/or TrackRunBox to provide sample dependency inform:
bach CMAF chunk and CMAF fragment.

nder.

Box,
rack

onal

hich

] 32-
from
nted
time

cate

data offset fieldis presentand contains the byte offset from the start of this fragmlent’s

the
ition

— Defaultvalues or per sample values of sample duration and sample size shall be stored in each CMAF
chunk’s TrackRunBox and/or TrackFragmentHeaderBox.

— Within a CMAF track, any TrackRunBox that describes any non-sync media samples shall identify
sample dependency with the CMAF chunk and CMAF fragment using a combination of the sample
flags and first sample flags fields and default values in the TrackFragmentHeaderBox:

— sample is non sync sample shall be 0 for SAP type 1 or 2, and 1 otherwise;

— anempty SyncSampleBox shall be present in the track.
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NOTE ISO/IEC 14496-12 specifies that absence of the SyncSampleBox indicates that all media samples are
sync samples in the track, which allows a reader to know that all subsequent CMAF fragments will also consist
of sync samples. If a SyncSampleBox is present, then dependency flags in each CMAF fragment indicate which
media samples are sync samples, since the header contains no media samples and the SyncSampleBox therefore
lists no media samples.

7.5.18 Sample Group Description Box (' sgpd"')

As required by ISO/IEC 14496-12, when sample group descriptions can change within a CMAF track, a
SampleGroupDescriptionBox shall be stored in each CMAF fragment that references that sample
group description. If sample group information is the same for all CMAF fragments in a CMAF switching

set, [Tmay be stored In a sampleGroupbDescriptionBox In the CMAT header sampléTableBox
(*stbl"). Either version 1 or 2 may be used (version 0 is deprecated by ISOBMFF).

EXAMPLE When Common Encryption is used and KID values can change per- CMAF |fragment, a
SamgleToGroupBox stored in each TrackFragmentBox will reference a SampleGroupDescyiptionBox
containing the KID for that sample group, and both are stored in the TrackFragmen#Box in ord¢r to support
randpm access.

Pre-roll sample groups can be used for some audio as described in 10.3.3.1L:

7.5.19 Media Data Box ('mdat"')

Eachl CMAF fragment shall contain one or more MediaDataBbx (es) ('mdat') contajning media
samples. The MediaDataBox conforms to the definition in-ISO/IEC 14496-12.

Each
that

7.5.7

Each
11.3
imag

Whe
shall
equd

Whe

Vers

MediaDataBox in a CMAF chunk shall be imndediately preceded by the MovieFrd
references the media samples it contains.

0 Sub-sample Information Box (' subs))

CMAF fragment in a TTML image subtitle track of CMAF media profile 'im1i", as
4, shall contain a SubSampleInf@rmationBox in the TrackFragmentBox that
es contained in the subtitle media‘sample. The field entry count shall equal 1.

n one or more images are priesent in the subtitle media sample, the value of subsamg
equal 1 for the first image sub-sample, and the subsample count of the TTML dod
10.

n no images are present in the subtitle media sample, the value of subsample counts

on 0 of this boxshould be used, unless subsample size exceeds a 16-bit byte addr

gmentBox

specified in
ndexes any

le count
ument shall

hall equal 0.

ess size (65

kibiljytes), in which case version 1 should be used.
The | fields~Subsample priority, discardable, and codec specific paramgters are
undéfined.

8 Common Encryption of CMAF tracks

8.1

Multiple DRM system support

Common Encryption (ISO/IEC 23001-7) enables multiple DRM systems to provide a license for an
encrypted CMAF track. The default KID identifies the key and license required, and a registered
SystemID identifies a Common Encryption capable DRM system. License acquisition information can
be provided to identify which DRM systems can provide licenses. License acquisition information usually
includes the URL of an authorization and license server, DRM SystemID, DRM client identification, type
of license requested, media key identifier, etc. and may be stored in a ProtectionSystemSpecificH
eaderBox, a manifest, or an application in order to assist players in requesting a license to decrypt a
CMAF track.
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A single key and license may be sufficient to access all tracks in a presentation, or high value content may
use different keys for audio and video tracks, since the audio path may be less secure. A content provider
may also use different keys and possibly licenses for different qualities, such as SD, HD, and UHD.

When streaming, it is recommended that any license acquisition information used to acquire CMAF
decryption key(s) be signalled in a manifest or application, and not in the CMAF header. This enables
a CMAF player application to parse license acquisition information one time, rather than each time the

CMAF header is processed for adaptive switching purposes.

Manifest signalling makes it easier to:

offer di
SD, HD,

suppor

request
and doy

8.2 Track encryption

8.2.1 Gen

Encrypted 1
7. CMAF prg
See A.1.

Encrypted
in ISO/IEC
access to u
elementary

Encrypted
media samp

Conditional
mpleAuxi]
in the Traag
type of 'q

The Sampl
CMATF track

The Track

T S T T e eI T O TITTr tr O T VY TeIr O o e SOt g TIr e et TIreoy

[ferent types oflicenses for the same CMAF presentation, e.g. subscription, rental, gwher
UHD, etc.;

different distribution channels and license servers with the same media;

a license before the live media becomes available to authorize or purchase playback r
vnload a license in advance.

eral requirements

hedia sample data in a CMAF track shall use an encryption scheme defined in ISO/IEC 23
sentation profiles can constrain the allowable schemes in that CMAF presentation pr

NAL structured video tracks shall use a-media subsample encryption scheme spec
P3001-7, which defines partial encryption of NAL units in a video media sample to 3
hencrypted video NAL headers and_slice headers in an encrypted NAL structured v
stream.

hon-video tracks shall use the'schemes specified in ISO/IEC 23001-7, which define &
le encryption method for each scheme.

requirements are defined in ISO/IEC 23001-7 and 8.2.2.1 in this document to include
| iaryInformationOffsetsBox and a SampleAuxiliaryInformationSized
kFragmentBox(AS specified in ISO/IEC 14496-12, both boxes have a default aux_1ir
enc'.

cEncryptionBox ('senc') for storage of sample auxiliary information in encry
s is dociimented in 7.4.2 and its use specified in 8.2.2.1.

FncryptionBox version 1 or zero for signalling CMAF track encryption parameters

ship,

ghts

001-
bfile.

ified
llow
ideo

full

a Sa
Box
fo

pted

and

their defaul

fsis’documented in 7.4.1 and its use specified in 8.2.2.2.

The following additional constraints apply to all encrypted CMAF tracks.

— All key identifier values shall uniquely identify one and only one key within their scope of use. To
ensure this level of uniqueness, it is strongly recommended that the key identifier values be UUIDs
generated according to X.667. A UUID shall be stored in the KID field as 16 bytes, sequenced as
specified in X.667:2014, 6.2.

X.667:2

46

014, 6.4.
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8.2.2 CMAF track constraints

8.2.2.1 Sample Encryption Box (' senc') and sample auxiliary information

Sample auxiliary information, such as per media sample initialization vectors and subsample byte
ranges, should be stored in a SampleEncryptionBox ('senc') as described in 7.4.2. Sample
auxiliary information may be stored in any valid box within a CMAF chunk’s or CMAF fragment’s
MovieFragmentBox,suchasa "uuid' box.

For encrypted CMAF fragments that contain sample auxiliary information, each TrackFragmentBox
shall contain a SampleAuxiliaryInformationOffsetsBox withan aux info type value or
defafilt of ' cenc' as defined in ISO/IEC 23001-7 to provide access to sample auxiliary infermation data.

The pampleAuxiliaryInformationOf fsetsBox shall conform to the followingeonstfraints.

a) The entry count field of the SampleAuxiliaryInformationOffseétsBox shall equal 1.
[herefore, data in the SampleEncryptionBox or other sample auxiliary information|storage box
shall be contiguous for all of the media samples in the movie fragment.

b) CMAF movie fragments use movie fragment relative addressing where no base ddta offset is
brovided in the track fragment header. Therefore, the of fsetdield is calculated as the difference
between the first byte of the containing MovieFragmentBox and the first byte |of the first
[nitializationVector inthe sample auxiliary information.

The [SampleAuxiliaryInformationSizesBox may (specify the size of the sample auxiliary
data|for each media sample with a type of 'cenc', as defined in ISO/IEC 23001-7, with the following
consftraints.

1) |f subsample encryption is not used, the SampleAuxiliaryInformationSizesBox may be
hmitted.

NOTE1  For full media sample encryptiofr with an IV per media sample, the size of the sanple auxiliary
nformation equals default Per Sampte IV Sizeinthe TrackEncryptionBox (see ISO/]EC 23001-7).

2) |f subsample encryption is usedyand all the media samples have the same number of subsamples,
hen the size of the sample auxiliary information will be the same for all of the media|samples. In
hat case, the default_séample info size ofthe SampleAuxiliaryInformationSizes
Box ('"saiz') may be used instead of storing a size per media sample.

3) |fPer Sample I¥3Sizeisalsozero (because the scheme uses constantIVsand no subsamples),
hen there would-be no sample auxiliary information, and the SampleEncryptionBox, Sampl
pAuxiliarylInformationSizesBox, and SampleAuxiliaryInformationOffsetsBox
should be gmitted.

NOTE 2. ~"Sample auxiliary information is located by movie fragment byte offsets stored in the SampleA
xiligryInformationOffsetsBox, and in some cases, by size information stored in the[SampleAux
| {€aryInformationSizesBox. Sample auxiliary information, such as per-sample initializfition vectors
anmdsubsampltebyteranges; s ot intendedtobereaddirectly fromrthe Sampi=fcryptTonBox or other
storage box. The SampleAuxiliaryInformationOffsetsBox should always be used to locate sample
auxiliary information.

8.2.2.2 Track Encryption Box ('tenc')

A TrackEncryptionBox specified in 7.4.1 shall be present in a CMAF header if any media samples in
the track are encrypted.

8.2.2.3 Protection System Specific Header Box ('pssh')

Common Encryption specifies version zero and version one ProtectionSystemSpecificHeade
rBox. ProtectionSystemSpecificHeaderBoxes can be used to store licenses in downloaded
files, signal in CMAF headers whether license downloads may be needed, and deliver licenses, keys,
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and usage information in CMAF fragments. ProtectionSystemSpecificHeaderBoxes contain a
SystemID that uniquely identifies the protection system intended to use the information. Information
contained in the data[] array is considered opaque to players, file parsers, and other DRM systems
and might be encrypted by the protection system.

Common Encryption (ISO/IEC 23001-7) also specifies XML elements to contain license acquisition
information for use in manifests. For CMAF presentations, manifest signalling is recommended.

NOTE A player can download all licenses that will be needed for playback as soon as it parses a manifest
and before downloading any CMAF headers. It is particularly useful to acquire licenses in advance of a large live
streaming event that would result in a large number of synchronized license requests when triggered by the
simultaneous-arrival of the first CMAF headers or CMAE ﬁ'agmnnf‘c Dnr{‘h:\cnc, etc.canbe r‘nmp]nf‘nd pr'or to

media availapility.

The following constraints apply to ProtectionSystemSpecificHeaderBox.

— Prote¢tionSystemSpecificHeaderBoxes should not be present in CMAF headers, except as
allowed below, and may be ignored if present.

— A common ProtectionSystemSpecificHeaderBox  and additional ProtectionSyste
mSpeclficHeaderBoxes in CMAF header may be used with presentation-specific playpack
applications that can read the KID from the common 'pssh' and implement application-spégcific
license management. A common ProtectionSystemSpecificHeaderBox is defined by (W3C
Encrypfed Media Extension specification as a version one ProteGtfonSystemSpecificHegder
Box with a W3C designated SystemlID, and the track’s default_K{D'[isted in the version one Prqtec
tionSystemSpecificHeaderBox KID array, but it contajns\no data in the data[] array.

— Versionfone ProtectionSystemSpecificHeaderBaXes may be present in CMAF fragments for
delivering protection system information, such as encrypted keys in licenses, for use by the PRM
system|with a SystemID matching the ProtectionSystemSpecificHeaderBox SystemlD.

— Multiplg ProtectionSystemSpecificHeaderBoxes with different SystemIDs may be pr¢sent
to enable different protection systems on different devices.

For example, version one ProtectionSystemSpecificHeaderBoxes in CMAF fragnjents
can be |used to deliver the same encrypted licenses to all players by a streaming or broadcast
service| but only users who have .purchased and downloaded an entitlement license bound to fheir
particu]ar player can decrypt thelicenses in the CMAF fragments and decrypt media samples with
the keyp in the inband licenses. Since one license decrypts the other, they are said to be “chaihed”,
and chgined licenses in combination with key changes can periodically verify that each player has a
valid enjtitlement license\to decrypt the inband licenses and continue the presentation (this prqcess
is often|called “key rotation”).

8.2.3 Endryption constraints

8.2.3.1 General

— For a given KID, initialization vectors and counter values shall follow the guidelines outlined in
ISO/IEC 23001-7, including the requirement that the combination of values only be used on one
cipher block.

— Initialization vectors for use with the 'cenc' scheme shall conform to ISO/IEC 23001-7 and shall
be limited to 8-bytes to avoid block counter value overlap.

— Each KID and default_KID shall never reference more than one key value for all CMAF tracks in a
CMAF presentation.

NOTE It is possible for two different KIDs to reference the same key value.

— All CMAF tracks in a CMAF switching set shall use the same default KID and key value. Any
additional keys described by sample groups may be stored in version 1 ProtectionSystemSpec
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ificHeaderBoxes in CMAF fragments, identifying the contained KID(s), protected by DRM specific

methods.

[tis recommended that any textual representation of KID and SystemID (e.g. in manifests) uses the
hexadecimal string representation specified in X.667:2014 6.4, derived from the 16 byte binary
representation specified in X.667:2014 6.2 and equivalent byte arrays specified in ISO/IEC 23001-

7 boxes.

The following additional constraints shall be applied to the encryption of NAL structured video tracks.

This

This

Thede are constraints that are recommended in CENC, bGt required in CMAF.

8.2.3.2 Clear samples within an encrypted CMAF track

In a

med

Eachl CMAF fragment shall be constrained to media samples that are all protected or all u
not 4 mix.

8.2.4 CMAF presentation encryption

Itis
apr

than|video decoding-systems so should not use and expose a key also used for video.

Premium UHB/HDR content may require hardware security for keys, a secure video path, sg
inteffaces, ete’ only available on some devices and DRM systems. Lower resolution video g
diffegrent keys could enable playback on devices that are less secure.

Slice headers, NAL type headers, NAL size headers, and all non-video NALs shall be unencrypted

1cinag cuhcamnla nhr‘r‘rhflnh aS V'Dnlnrnr] h‘r IC(\ /IEF 2230017

FroTITS D oo T e CreT oer oo ooT7T

constraint is recommended in CENC, but required in CMAF.

Video VCL data shall be protected by subsample encryption, with bytesOfProte
spanning all complete 16-byte blocks in the VCL slice data.

'cenc' scheme bytesOfProtectedData shall be a multiple of 16 bytes.
constraint is recommended in CENC, but required in CMAF.

cbcs' scheme bytesOfProtectedData shall start on thefirst complete byte of
following the slice header and end on the end of the last complete 16-byte block of slice
yideo NAL unit.

a samples, as specified in ISO/IEC 23001-7.

recommended thatencryption keys not be shared between audio and video CMAF swit¢
tected CMAF presentation. Audio decoding and decryption systems may have lower |

tctedData

video data
data in the

h encrypted track, the isProtected flag in the TrackEncryptionBox shall tﬁe set to 1,
indiqating that all media samples are protected by default. Sample groups may indicate

nprotected

nprotected,

hing sets in
xey security

cure output
ontent with

sntation can

be sold separately or accessed on dlfferent dev1ces Wlth dlfferent DRM 11censes keys and DRM playback
requirements. Separate CMAF switching sets for SD, HD and UHD may be functionally combined and
possibly seamlessly switched using aligned CMAF switching sets, as specified in 7.3.4.4.

9 Video CMAF tracks

9.1

Overview

CMAF video tracks are derived from the general CMAF track format specified in Clauses 7 and 8.

© ISO/IEC 2018 - All rights reserved

49


https://iecnorm.com/api/?name=66492617a87f923ccbbc8ca872ee3a9c

ISO/IEC 23000-19:2018(E)

This clause specifies general constraints on all video CMAF tracks and video CMAF switching sets, then
derives more specific constraints for NAL structured video from that. Then, AVC CMAF track format is
derived from NAL structured video CMAF tracks.

Video media profiles can be derived from the general video track format, NAL structured video track

format, or AVC video track format, as appropriate.

This clause specifies:

general

constraints on a video CMAF track, in addition to conforming to the ' cmfc' brand;

general constraints on multiple CMAF tracks conforming to a CMAF switching setintended to enable

seamle
NAL sty

single i

s adaptive switching of video;
uctured video constraints for CMAF switching sets;

hitialization constraints for NAL structured video CMAF switching sets;

const

AVCvi

The CMAF t
defined in t

Some CMAR
video forma
profile and
bit depth, ty

Video CMA
to a higher
to that high
compatibilif
media profi

Other CMA
conform to
Video medi
seamless a
constraints

For addition

9.2 General yideo CMAF track format

r]ients between aligned CMAF switching sets containing NAL structuredvideo;

0 CMAF track constraints, used to derive the AVC video CMAF medialprofiles defined in A.2

rack format for NAL structured video is derived from ISO/IEC14496-15 and requires b
hat specification.

video media profiles using the AVC codec are specifiedin Annex A. They define widely
ts, such as SD, HD, and UHD, by specifying codec parameters, such as the maximum ¢
[evel that can be encoded, and video parameters&uch as maximum resolution, frame
ansfer function, colour space, colour subsampling, etc.

F tracks that carry a compatibility brand fadicating parameter limits that also con
CMAF media profile (i.e. a lower codecprofile and level) are considered to also con
er CMAF media profile. For example,.a*CMAF track with an SD (standard definition)
y brand also conforms to a CMAE>HD (high definition) AVC media profile. In genef

F media profiles for video.eodecs may be defined in other specifications, as long as
CMAF track constraints_specified in Clauses 7 and 8 and recommendations in Claus
L profiles may optionally specify CMAF track constraints for CMAF switching sets to ey
laptive switching~and may optionally specify single initialization CMAF switching

al informatioen, see Clause 12 and Annex A.

oxXes

used
odec
rate,

form
form
AVC

al, a

e is considered contained in another media profile if it can always be decoded and rendered
by all decoders conforming to the containing media profile.

they
P 12.
able
r set

p

9.2.1 Ge

eral video CMAF track structure and constraints

Video CMAF tracks shall conform to the 'cmfc' compatibility brand as specified in Clauses 7 and 8

and general

CMAF video track constraints specified in 9.2.

9.2.2 Video Media Header (' vinhd')

VideoMediaHeaderBoxes in a video CMAF track shall conform to ISO/IEC 14496-12 with the
following additional constraints.

— The following fields shall be set to their default values as defined in ISO/IEC 14496-12:

50

version=0;
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graphicsmode=0;

— opcolor={0, 0, O0}.

9.2.3 Track Header Box (' tkhd"')

For video tracks, the fields of the TrackHeaderBox shall be set to the values constrained below and
specified in ISO/IEC 14496-12.

flags = 0x000007

Tha ‘ml 1o f - Sl and o2 b o nifind
He—vVare S o wr St ahta e g T(Specea it

i IC(\/ID{‘ 1449612 as {—l«n decodad—a
OO T aCcoata

and cropped

mage size in video spatial samples measured on a uniformly sampled square grid)
rackHeaderBox shall be normalized to width and height of the encoded video, @s def

— The normalized presentation height shall be the number of vertical vidéo spaf
after codec cropping parameters are applied.

NOTE1 The height field of the visual sample entry is the number ofyentoded vertical
bamples after cropping.

— The normalized presentation width shall be the number.©f horizontal video spa
after codec cropping parameters are applied, then multiplied by the video spatial sa
ratio. The video spatial sample aspect ratio is defined by the PixelAspectRa
present in the sample entry, or by a codec specific method.

NOTE 2  The width field in the visual sample entry-~is.the number of encoded horizontal
samples after cropping, not the value of the track header'width field.

— The CleanApertureBox should not be present (since the cropped aperture is d
“clean”).

[he value of the matrix field signals the video orientation. Non-identity matrices shall
n multiples of 90 degrees.

Whenvideoisnotrotated, myatrix shallbe {0x00010000,0,0,0,0x00010000,0, 0,0, 0x

Whenvideo should berotated 90 degrees clockwise for display, matrixshould be {0, 0
0, 0XFFFF0000, 0, Oyheight<<16, 0, 0x40000000}.

When video should be rotated 180 degrees for display, matrix should be {0xFFFF(
0xFFFF000Q0,0, width<<16, height<<16, 0x40000000}.

Whenyideo should be rotated 90 degrees counter-clockwise for display, matrix s
0xFFEEF0000, 0,0x00010000, 0, 0, 0, width<<16, 0x40000000}.

NOTE 3* A player is expected to adapt the picture aspect ratio (track header width/he

in a CMAF
ined below:

ial samples

video spatial

fial samples
mple aspect
tioBox, if

yideo spatial

cfined to be

be rotations

40000000}.
x00010000,

000, 0,0,0,

hould be {0,

Lght) of the
me the video

lecoded and cropped v1deo 1mage to the 51ze and shape of the current dlsplay The player can fra

A
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to scale, and

possibly rotate, all CMAF fragments from a CMAF switching set to the selected video aperture to maintain

seamless playback without size, shape, or location errors.

9.2.4 Sample Description Box ('stsd')

The SampleDescriptionBox in a video track shall contain at least one visual sample entry which
shall include:

— width and height field values of the first sample entry equal to the largest cropped horizontal
and vertical video spatial sample counts of any image in the track;

© ISO/IEC 2018 - All rights reserved 51


https://iecnorm.com/api/?name=66492617a87f923ccbbc8ca872ee3a9c

ISO/IEC 23000-19:2018(E)

— adecoder configuration record that:

— should signal the lowest profile, level, height and width values that are equal or greater than all
CMAF fragments in the CMAF track.

NOTE Although it is valid to signal a higher profile and level than is necessary to decode the CMAF fragments

in the CMAF track, that could unnecessarily exclude decoders capable of decoding the CMAF fragments, but not
able to initialize the unnecessarily high profile and level signalled in the CMAF header.

9.2.5 Video CMAF fragment presentation time

CMAF videqgtracks-shaleither

a) containfversion 1 TrackRunBoxes in CMAF video fragments with composition offsets-(negative
compodition offsets where necessary) to adjust the earliest media sample presentation [time
in each| CMAF fragment to equal the earliest media sample decode time, which jis-equal t¢ the
baseM¢diaDecodeTime field of the TrackFragmentBaseMediaDecodeTimeBox, or

b) contain|an offset edit list in the associated CMAF header to subtract the composition delay aflded
by posriltive composition offsets, if and only if the CMAF track is containedin a CMAF track file
containling version 0 TrackRunBoxes.

A video tradk shall not use both signed composition offsets and an EditTh stBox.

9.2.6 Video media sample dependencies

— Within p video CMAF track, any TrackRunBox that describes any non-sync pictures shall identify
picture[dependencies using a combination of the samp¥e flags and first sample flags fields,
or defaylt flags in the corresponding TrackFragmentHeaderBox:

— sapple is non sync sample shall be.&for SAP type 1 or 2, and 1 otherwise;
— sapple depends_on should be 1 or 2-{the value 2 identifies I pictures);

— sapple is depended on should be 2 for disposable pictures.

9.2.7 Video edit lists

When unsigned composition offsets are used in version zero TrackRunBoxes in a CMAF track filg, the
earliest vid¢o media sample will'normally have a composition time that is greater than zero (wherlever
video medig samples are reordered).

The earliest video media‘sample in a CMAF track file is defined to have presentation time zero, 4o an
offset edit l|st, as specified in 7.5.13, shall be used when the earliest media sample’s composition [time
is not zero. [[n this-¢ase, the value of the media time field shall be set to the composition time of the
earliest prefented video media sample in the CMAF track file.

For avoidance of doubt, all other video CMAF tracks (not in CMAF track files] shall use signed
composition offsets in vl TrackRunBoxes to adjust the earliest video media sample presentation time
in the CMAF track to the baseMediaDecodeTime in the first CMAF fragment and shall not include an
edit list.

9.2.8 General video CMAF fragment random access constraints

a) The first media sample shall be Stream Access Point (SAP) type 1 or 2, as defined in ISO/IEC 14496-
12 and a video CMAF media profile that specifies these SAP types for a specific video codec and
track format.

NOTE SAP type 1 or 2 means that video media samples in a coded video sequence can be decoded in
stored order from the start of the CMAF fragment and presented with the correct presentation timing and
ordering.
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b) Each video CMAF fragment shall contain sufficient metadata to be decrypted and correctly
displayed, possibly in combination with its CMAF header and separately delivered decryption keys.

9.2.9 Additional random access pictures within CMAF video fragments

When coded video sequences have durations longer than 2 seconds, pictures of SAP type 3 should be
encoded every 2 seconds or less to provide additional random access video media samples.

For longer coded video sequences and resulting CMAF fragment durations, additional type 3 SAPs
(“open GOP” independently decodable pictures) enable independent picture decoding for fast forward,
fast reverse, and resumption of normal playback, while improving visual uniformity and lowering

bit l;tte relative to groups of pictures with type 1 o 2 SAPs limited to the equivalent rarlJdom access

duration.

9.2.10 Image framing and encoding constraints

a) [MAF video tracks shall only encode video spatial samples intended~for presentation. Image
badding used to adjust the picture aspect ratio, such as letterbox and-pillarbox bars, slhould not be
encoded.

b) The video spatial samples intended for presentation should beipper left justified and only one row
hnd/or one column of partially filled coding blocks encoded"if the image height or width is not a
multiple of the coding block size.

c) Decoder cropping parameters shall be encoded in the video stream to remove video spafial samples
n a partially filled coding block that are not intended for presentation.

d) Eachvideo CMAF fragment in a CMAF track otn"CMAF switching set may be encoded with different
Vertical and horizontal video spatial samplé-¢ounts (and different corresponding sample entries
br inband parameters), so devices are expécted to scale each CMAF fragment to the shme display
hperture and maintain the correct picture aspect ratio, size, and position of each CMAF fragment
Juring playback of CMAF switching sets.

NOTE Each player and display system is expected to frame the decoded and cropped video spgtial samples

to a player determined video display, apérture using methods such as scaling, stretching, cropping, padding with

lettefbox or pillarbox bars, framing in a window, etc.

9.2.11 General video CMAF switching set constraints

9.2.11.1 Video CMAF switching set constraints

a) [MAF traeksiin a CMAF switching set shall be encoded with the same display aspect ratfio, although
sample.aspéect ratio and size may differ. All video CMAF fragments within a CMAF switdhing set are
ntended to be displayed with the same height, width, and position.

b) Video tracks in a CMAF switching set shall conform to the general CMAF switching set|constraints

in 7.3.4 that require each CMAF switching set to be encoded from the same source content and with
the same visual characteristics such as transfer function, colour volume, colour primaries, colour
subsampling, dynamic range, brightness, bit depth, and presentation timing, which would typically

be the result of encoding from a single video master.

c) Video tracks in a CMAF switching set shall conform to initialization constraints specified by the
CMAF media profile they conform to, so a player and decoder can determine when CMAF headers

need to be processed during adaptive switching.

d) Switching between CMAF tracks at the start of CMAF fragments in a video CMAF switching set

should result in continuous presentation and appearance when the CMAF fragments a
the same device determined display aperture.
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9.2.11.2 Aligned video CMAF switching set constraints

Aligned CMAF switching sets can enable players to switch between CMAF tracks in different CMAF
switching sets. In aligned CMAF switching sets, CMAF fragments are time aligned so that track
switching can be seamless at CMAF fragment boundaries, depending on the capabilities of the player
and the differences between the aligned video CMAF switching sets.

Aligned video CMAF switching sets shall conform to 7.3.4.4.

Video media samples with the same presentation time in aligned video CMAF switching sets shall
contain perceptually equivalent images that only differ by their encoding or encryption, i.e. codec,

resolution,

b ot frnrnn ot n dafoanlr A TN
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f conformin
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same codec
for high de
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playback ru
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bxample of aligned video CMAF switching sets is one CMAF switching set containing C
g to the CMAF HHD8 media profile, and another CMAF switching set containing C
brming to the CMAF UHD8 media profile, both encoded from the same source, using
with time aligned CMAF fragments. Because of different content protection requiren
finition and ultra-high definition content, in this example, the high définition and u
ion CMAF tracks are encrypted with different keys and digital rights4nanagement sy
fles.

pable player could select and play the HHD8 CMAF switching:séthormally. A UHD8 cay
| select and seamlessly switch both the UHD8 and HHD8(CMAF tracks in aligned C
pts, applying the different keys and licenses as needed.

9.2.11.3 Multiple initialization switching of video tracks

A CMATF hea
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CMAF swit
adaptively 9§
processed b
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seamless.

der from each track in the switching set need:only be downloaded once (it is assumed
e unless a new CMAF presentation is started,e.g. a DASH Period).

ching sets conforming to general constrdints or single initialization constraints ca
witched using multiple initialization,,meaning that the CMAF header of a CMAF tra
efore decoding the first CMAF fragment from that track on every track switch. The dyn
ion behaviour of parsers, decoders, and display systems is rarely specified and may n

It is sometimes possible for playersthat’have full control over both switching and decoding to eva

changes in
minimize p
media sour
when the m|

CMAF header parameters when switching and leave most parameters unchange
resentation disruption. In playback environments, such as Web browsers using an HT

edia pipeline is\fuilly reinitialized when each CMAF header is appended.

9.2.11.4 Single initialization switching of video tracks

CMAF swit
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hing sets containing video CMAF tracks that conform to single initialization constr
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re extension (MSE))buffer, appending a new CMAF header can cause playback interruption
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ded.and displayed by sequencing CMAF fragments from the same CMAF switching set

hfter

nce with a CMAF header.

Parameters that are allowed to change within a CMAF track or between CMAF tracks in a CMAF
switching set can be contained in each CMAF fragment so that full reinitialization with a CMAF header
is avoided on track switches. Parameters allowed to change are typically vertical and horizontal video
spatial sample count and cropping, so changes in decoder configuration, display buffer sizes, etc. that
might interrupt presentation can be avoided.

In a single initialization switching set with hierarchically nested CMAF media profiles, a CMAF header
is sufficient to decode any CMAF tracks with equal or lower CMAF media profiles and resolutions than
the initialized CMAF media profile and CMAF track.

Single initialization constraints for NAL structured video are specified in 9.3.7.
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NAL structured video CMAF tracks

9.3.1 Overview

9:2018(E)

The NAL structured video CMAF track format shall conform to the general video CMAF track format
specified in 9.2, the NAL structured video track format specified in ISO/IEC 14496-15, with the
constraints specified in 9.3.

9.3.2 CMAF track format constraints for NAL structured video

9.3.2Z.T TrackHeader Box (' tkhd")

ISO/JEC 14496-12 specifies that the values of width and height are set to the decodedimalge size on a

unif
For |}

The
as dg

9.3.2

The
conff

The

rmly sampled square grid.
NAL structured video CMAF tracks, the values are additionally constrained\ds follows.

yalues of width and height shall be normalized to the width and heightef'the NAL struc
fined below.

bequence Parameter Set NAL VUI after cropping parameters are applied.

NOTE 1  The height field of the visual sample entry is alsa.thie number of encoded vertical
samples after cropping.

[he normalized presentation width shall be<the’ number of horizontal video spat
hfter Sequence Parameter Set NAL VUI cropping parameters are applied, then m
he video spatial sample aspect ratio. The‘sample aspect ratio is specified by aspe
idc (and if applicable by the sar widtfy/sar height ratio) in SPS VUI paramet
pixelAspectRatioBox if present in the sample entry.

NOTE 2  The width field of the visual sample entry is the number of encoded horizontal
samples after cropping.

[he CleanApertureBox should not be present, since the cropped aperture is defined
mage (“clean”) in a video €MAF track.

.2 Sample Description Box ('stsd"')

brming to JSO/IEC 14496-12 and ISO/IEC 14496-15.

first VisswalSampleEntry inthe SampleDescriptionBox:

rured video,

['he normalized presentation height shall be the number of\vértical video spatial samples in the

video spatial

ial samples
ultiplied by
t ratio
ers and the

yideo spatial

to be active

SampleDesg¢riptionBox in a video track shall contain one or more visual saniple entries

>hall 1nclude w1dth and helght fleld Values that equal or exceed the largest croppe

in the NAL structured Vldeo track

1 horizontal

7a video slice

— should contain no more than one NAL video parameter set, e.g. for AVC video, one set of SPS and PPS
NALs with VUI in the AVCDecoderConfigurationRecord;

— and contain a decoder configuration record that:

— should signal the lowest codec profile, level, height and width values that are equal to or greater

than the values required for all the CMAF fragments in the CMAF track. See general
in 9.2.4;

constraints

should set LengthSizeMinusOne field to the value "3" (to indicate 4 bytes) to address large

VCL NALs and simplify conversion of elementary streams between MPEG-2 TS bytestreams

with startcodes and ISO/IEC 14496-15 with NAL length headers;
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NOTE 1

The size of the NAL header length field defined in video tracks conforming to ISO/IEC 14496-

15is

stored in the field LengthSizeMinusOne in the corresponding decoder configuration record, e.g. for AVC

video in

the AVCDecoderConfigurationRecord.

— shall contain one or more ColorInformationBoxes with sub-type 'nclx' and a

PixelAspectRatioBox

entry contains no SPS NAL with VUI in the decoder configuration record.

NOTE 2

'pasp’, as documented in ISO/IEC 14496-12, if the first sample

A decoder configuration record without a video parameter set is valid for a sample description
suchas "avc3' or "hevl' thatcan store the video parameter set NALs necessary for decoding and display
in each CMAF fragment.

Any subseq
should

1lent sample entries in the SampleDescriptionBox:

contain one NAL video parameter set including VUI in each visual sample entry‘sidec

configuration box, e.g. for AVC, the 'avcC' box;

— may be
switchi

may be
set. See

NOTE 3
a CMAF
header i

9.3.3 NAI

Each media
duration, as

NOTE A
ignored. Inst

Access Unit
sample entr

Each Access

Each Access
fragment.

Access Unit
may retain
reference d

The filler da

unreferenced by media samples in this CMAF track or other CMAF tracks in a C
hg set;

constrained by dependency on other CMAF tracks and CMAF headets in a CMAF switd
9.3.6.

CMAF headers can contain VisualSampleEntries intendéd for use by other CMAF trad

switching set or for the purpose of initializing decoding and display, but not referenced by anyj
h a media sample.

L structured video Access Units contained in media samples

sample shall contain one NAL structured video Access Unit for one presentation time
defined in ISO/IEC 14496-15 and ISO/IEC14496-12.

5 specified in ISO/IEC 14496-15, timing information provided within a video elementary stre
pad, media sample timing in the TrackRunBox determines picture presentation time and durj

oder

MAF

hing

ks in

slice

and

hm is
tion.

5 shall conform to a sample description specified in ISO/IEC 14496-15 and signalled in the

y codingname field.
Unit may start with an(Access Unit Delimiter NAL.

Unit shall be stored-as a media sample in a MediaDataBox in a CMAF chunk and/or C

5 conforming-to'sample descriptions with inband parameters, such as 'avc3' and 'he
filler data{NAL units or SEI messages) and SEI messages that might change hypothe
bcoder bitstream conformance if removed.

taland SEI messages may be retained if HRD conformance is desired.

MAF

v1',
tical

9.3.4 NAL structured video coding sequences corresponding to CMAF fragments

Each CMAF fragment shall contain one or more complete coded video sequences, as specified by the
video codec. Consequently, the first media sample in all NAL video CMAF fragments is SAP type 1 or 2,

as specified

in ISO/IEC 14496-12.

NAL structured video sample descriptions that allow inline parameter sets (e.g. 'avc3' and "hevl"')
shall contain all SPS and PPS NALs referenced by a Coded Video Sequence in the first Access Unit of that
coded video sequence, immediately following the Access Unit Delimiter NAL, if present; followed by SEI
NALs, if present; followed by the VCL NAL(s) of the first Access Unit.
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If sample entries also exist in the CMAF tracks’ CMAF header using the same sample entry and
parameter set indexes as an inband parameter set, then they shall contain the same SPS and PPS NALs

in th

eir decoder configuration record as the inband parameter set.

9.3.5 Elementary stream constraints

9.3.5.1 Video colour and dynamic range mastering

Video streams conforming to CMAF shall be conformant to a CMAF media profile and that profile
brand should be included in the CMAF header. CMAF media profiles can constrain video transfer

char
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11 video media profiles, unless signalled otherwise by a mechanism defined in that ¥
le, default transfer characteristics and grading shall be assumed. Default gradibg is
ing environment that complies with BT.2035 for presentation on a display which uses
transfer function specified in BT.1886 with a peak luminance of 100 cd/m%:

p may be graded for presentation on a display which uses an electro-optic transf
specified in BT.1886 and/or with a peak luminance greater than‘100 cd/m2, in w

guration box, or other mechanism defined in the video mediaprdfile.

.2 Caption data in SEI messages

608/708 caption data (CTA-608-E, CTA-708-E) may be stored in video SEI messages
hssociated video codec specification (see 11.4)~Video embedded captions are not c
F subtitle track, and it is expected that many EMAF compatible players will ignore the
deo CMAF tracks. The presence of captioncdata in such SEI messages should be indic
Fion of the ' ccea' compatibility brand incthe CMAF header, as specified in A.4.

NAL structured video, CTA 608/708.taption data (CTA-608-E, CTA-708-E) may be st
ages in coded video sequences in CMAF fragments described as user data registered b
with SEIpayloadType = 4 andtheregisteredidentifierinthefielduser data reg
| £ t35.SeeISO/IEC 23008-2:2015, D.2.6.

ions intended for CMAE-applications should be carried in subtitle CMAF tracks to mz

optipnal and selectable by ‘each player, to allow several alternative languages, roles, ¢

dupl
pres

cating the same video tracks with different SEI messages. Subtitle tracks also enable
entation by player applications when a device does not contain a built-in subtitle decod

9.3.

Eac

General'lCMAF switching set constraints for NAL structured video

CMAF.track in a CMAF switching set containing NAL structured video con

ISO/JEC 14496-15 (NAL structured video track format) shall conform to general CMAF sy
consftraints in 7.3.4 and general video CMAF switching set requirements in 9.2.11.
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9.3.7 Single initialization CMAF switching set constraints for NAL structured video tracks and
media profiles

NAL structured video CMAF switching sets conforming to the general CMAF switching set constraints
for NAL structured video in 9.3.6 may also conform to single initialization constraints specified below.

Single initialization NAL structured video CMAF switching sets:

a) Shall conform to the general single initialization constraints in 9.2.11.4.
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b) Shall index and store video parameter sets (SPS and PPS NAL units) that are referenced by each
video coding layer slice NAL for decoding and display, using parameter sets stored in:

1) one or more sample entries in a CMAF header, in which case one CMAF header shall contain
sample entries sufficient to decode and display every CMAF track in the CMAF switching set,
or shall contain sample entries sufficient to decode and display every CMAF track with a CMAF
header containing the same CMAF media profile brand in its FileTypeBox. ISO/IEC 14496-15
requires 'avcl' and 'hvcl' sample descriptions to use sample entry storage;

2) the first (IDR) access unit of every coded video sequence that references the parameter set
from a slice header, as specified in 9.3.4. Parameter set indexes shall be valid within each

COMTMMWWWW cks.
ISO/IEC 14496-15 allows 'avc3' and "hevl' sample descriptions to use inband parameter

set[NAL storage, as additionally constrained in this clause;

3) a cpmbination of sample entry parameter storage (1) and inband parameter storage (2)|may
be tised for 'avc3' and 'hevl' sample description CMAF tracks. In that Case, each sample
entfy and slice NAL parameter set index shall index the same parameterset if stored in poth
locqitions. In addition, any CMAF header shall provide all the sample entries referenced by any
CMHAF fragment in the CMAF switching set.

c) The firpt visual sample entry in each CMAF header shall be sufficiént to initialize decofling,
decryption, and display of all CMAF tracks in the CMAF switching.set, or only CMAF tracks with
matching CMAF media profile brands, if all CMAF headers contain CMAF media profile brands.
Initialization information can be:

1) the| first sample entry in the CMAF header shallicontain a decoder configuration record
corftaining a parameter set (e.g. SPS and PPSin 'avé&C') conforming to c), or

2) may contain a sample entry without, WALs that shall include one or iore
ColorInformationBoxes with sub-type 'nclx' and a PixelAspectRatioBok, as
specified in ISO/IEC 14496-12.

d) Any CMAF header shall be sufficient to initialize the CMAF switching set once and decode all CMAF
fragments in the CMAF switching setxif'the CMAF tracks in the CMAF switching set do not conftain
CMAF rhedia profile brands.

e) Any CMAF header with a specific CMAF media profile brand shall be sufficient to initialize onc¢ and
decode|the other CMAF tracks with the same CMAF media profile brand, or CMAF media profile
brands [that conform to thebrand initialized, if all CMAF tracks in the CMAF switching set comtain
CMAF rhedia profile brands.

NOTE A[manifest can‘reference a common CMAF header for every CMAF track in the CMAF switching set,
or it can refdrence a different CMAF header for each CMAF media profile in the CMAF switching set when|each
CMAF headef contains’a CMAF media profile brand. In the second case, a player can initialize once and glay a
subset of the|[CMAF tracks that conform to the initialized media profile. If it initializes the highest signalled (MAF
media profil¢,itcan decode all CMAF fragments in the CMAF switching set.

9.4 AVCvideo CMAF tracks
9.4.1 Storage of AVC elementary streams

9.4.1.1 Conformance

AVCvideo tracks shall conform to the NAL structured video format specified in 9.3, the AVC specification
ISO/IEC 14496-10 and constraints specified below.
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The syntax and values for visual sample entry shall conform to AVCSampleEntry (‘avcl') or
AVCSampleEntry (‘avce3') as defined in ISO/IEC 14496-15 and the general video sample entry
requirements of 9.3.2.2.

9.4.2 Constraints on AVC elementary streams

9.4.2.1 Picture type

Allp

ictures shall he encoded as frames and shall not be encoded as fields

9.4.2.2 Sequence Parameter Sets (SPS)

9.4.2.2.1 SPS field constraints

Sequyence Parameter Set NAL units that occur in an AVC video CMAE+-track shall

1S0/

[EC 14496-10 with the following additional constraints.

['he following fields have pre-determined values as follows:

— frame mbs only flag shall besetto 1;

— vul parameters present flag shall be settod;

— gaps_in frame num value allowed flag'should be setto 0.

['he values of the following fields shall not change throughout a CMAF track.
— chroma format idc

— bit depth luma minus8

— bit depth chroma minus®

[he maximum values of thefellowing fields are specified by CMAF media profiles in A.]
— profile idc

— level idc

— pic _width”/in mbs minusl

— pich€ight in map units minusl

[he following fields may change per CMAF fragment within a CMAF track. Chang
batameters shall require a different sample entry, if the SPS NALs referenced are store

conform to

13

es in these
d in sample

ntries
S

— pic _width in mbs minusl

— pic _height in map units minusl
— frame crop right offset

— frame crop bottom offset

— max_num ref frames
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9.4.2.2.2 Visual Usability Information (VUI) parameters

VUI parameters that occur within a CMAF AVC video track shall conform to ISO/IEC 14496-10 with the
following additional constraints.

The following fields have pre-determined values as follows:

— video signal type present flagshouldbesetto 1, and thevalueofvideo full range
flag when not present shall be assumed to be 0.

NOTE1 This indicates normal black “setup”, i.e. black level is 16 for 8-bit video.

— aspect ratio info present flagshallbesettol.aspect ratio idc shallnotbegsefto0
(unknown).

NOTE 2| These parameters refer to the video spatial sample aspect ratio, not picture aspectratio. Always
setting the value distinguishes between content that omitted the value because it intended the defatlt or
just failgd to set it properly.

— overs¢an info present flag, if present, shall be setto 0.

NOTE 3| Exactscan encoding of the active image is used for reliable image framling by devices and priecise
adaptivg¢ scaling during adaptive switching.

— If vidgo signal type present flag is set to 1, colourglescription present |flag
should pe set to 1.

NOTE 4| As defined in ISO/IEC 14496-10, if the colour desgription present flag is setto 1, the
colour| primaries, transfer characteristicsandmatrix coefficients fields are present.

— If colqur description present flag is set&o 1, then colour primaries, transfer
charag¢teristics and matrix coefficient, shall be set to the values used in the AVC video
CMAF tfack.

— Ifcolour description present flagis setto 0, the following values shall be assumed in AVC
video CMAF tracks:

— colour primaries=1;
— transfer characteristics=1;
— mafrix coefficienfs =1.
— The prgsence and values of the following fields shall not change in a CMAF track.
— loy delay~hrd flag

— colouf primaries

— transfer characteristics

— matrix coefficients

9.4.2.3 Picture cropping

Any picture cropping needed due to partially filled coding blocks shall be indicated by the SPS cropping
parameters frame crop bottom offset or frame crop right offset. See Annex C for
examples.

NOTE The NAL video CMAF track format fixes top and left cropping values to zero (default when omitted),
which means the image is upper left justified within the coded blocks, and there is at most one row and column of
partially filled and padded blocks below and/or to the right of the image if the image size is not evenly divisible
by the coded block size.
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AVC video Internet Media Type parameters

9.5.1 AVCsignalling of "codecs" parameters

9:2018(E)

The video codec profile and level of each AVC track and CMAF switching set should be signalled using

para

meters conforming to RFC 6381 and ISO/IEC 14496-15.

10 Audio CMAF tracks

10.

Overviawus
verve

This
cons

See
Clau

10.2

10.2

Audio CMAF tracks shall conform to the 'cmfc' compatibility brand and CMAF track form

in Cl

12.1 for guidelines on specification and registration of CMAF media profiles.

clause specifies CMAF audio tracks derived from the CMAF track formatwith
traints specific to CMAF audio tracks and audio CMAF media profiles.

e 10 includes:

Cconstraints that apply to all audio CMAF tracks;

Constraints that apply to the audio track format and encoding\0f’ AAC audio using the s
tpecified in ISO/IEC 14496-14;

hn “AAC Core” CMAF media profile that specifies censtraints on AAC CMAF track
nteroperability and random access of CMAF switchiig sets containing a single CMAF tr
vith one of three variants of AAC in stereo or mpio;

hn “AAC adaptive” CMAF media profile that specifies additional constraints on CMAF
‘ragments, media samples, and metadata to allow seamless switching between altern
hind bit rates in an AAC adaptive CMAF switching set.

General audio CMAF track format

.1 Derivation

The
med

10.2

For 4

huse 7 and Clause 8 and the general audio CMAF track constraints specified in Clause 1

ceneral CMAF audio track format applies to all audio CMAF tracks, regardless of auc
a profile.

.2 TrackHeader Box ('tkhd')

hudio-tracks, the fields of the TrackHeaderBox shall be set to the values specified b

field

additional

ystem layer

s to enable
hck encoded

AAC tracks,
ative tracks

at specified
0.

lio codec or

elow. Other

may be set per ISO/IEC 14496-12.

— flags = 0x000007

— layer=0

— volume =0x0100

— matrix={0x00010000,0,0,0,0x00010000,0, 0, 0, 0x40000000} // unity matrix

— width=0

— height=0

— duration=0
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10.2.3 Sound Media Header Box (' smhd')

The syntax and values for the SoundMediaHeaderBox shall conform to ISO/IEC 14496-12 with

constraints specified in 7.5.7.

10.2.4 Sample Description Box ('stsd')

As specified in ISO/IEC 14496-12, the SampleDescriptionBox contains the AudioSampleEntry

box or AudioSampleEntryV1 box.

10.2.5 AudioSampleEntry

For all audio media profiles in CMAF, the value of the samplesize parameter~in
AudioSampleEntry box defined in ISO/IEC 14496-12 shall be set to 16.

Each AudipSampleEntry or AudioSampleEntryV1 shall contain a " (codingnamespeci

Box" contajning codec-specific information.

10.2.6 Audio offset edit list

An offset edit list in a CMAF audio track shall conform to constraints specified on EditListBd

in 7.5.13.

If audio media sample composition times differ from their interided presentation times in a C
presentatiop, then an offset edit list shall be included in that audio‘€MAF track to adjust to the inte

CMAF tracKk| presentation time.
10.3 AAC audio CMAF tracks

10.3.1 Ovdrview

AAC audio CMAF tracks containing AAC audi¢’as defined in ISO/IEC 14496-3 shall conform tq

the

fic)

Xes

MAF
nded

the

general audlio CMAF track constraints in 10.2 and the AAC constraints in 10.3. These constraint$ are
used to derive the AAC audio media profiles specified in 10.4 and 10.5 and listed in A.3.
Table 12 lists the AAC profiles allowed.
Table 12 — AAC profiles

AAC profile codingname SampleEntry Type
MPEG-4 AAC (AAC-LC) mp4a MP4AudioSampleEntry
MPEG-4 high efficiency’ AAC (HE-AAC) mp4a MP4AudioSampleEntry
MPEG-4 higil efficiency AAC v2 (HE-AACv2) mp4a MP4AudioSampleEntry
The Samp 1 &ty formatinthe SemptrebeseriptionbBosisthe sameforeach AACaudioprofile.

10.3.2 "codecs" parameter signalling

The signalling of the MIME "codecs" parameter is per RFC 6381, as shown in Table 13. The third value
of the codecs parameter is the audioObjectType, as if explicit hierarchical signalling were used.
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Table 13 — AAC MIME “codecs” parameter according to RFC 6381

AAC profiles MIME type codecs parameter
MPEG-4 AAC (AAC-LC) audio/mp4 mp4a.40.2
MPEG-4 high efficiency AAC (HE-AAC) audio/mp4 mpd4a.40.5
MPEG-4 high efficiency AAC v2 (HE-AACv2) audio/mp4 mp4a.40.29

NOTE HE-AAC is a superset of AAC-LC and HE-AACv2 is a superset of HE-AAC. It is assumed that an HE-
AACv2 decoder is also capable of decoding HE-AAC or AAC-LC, and an AAC-LC decoder is capable of partially
decoding HE-AAC and HE-AACv2 conforming to CMAF constraints (without reproduction of high frequencies
coded with SBR).

10.3|3 Considerations for AAC audio encoding

10.3]3.1 Overview of AAC presentation timing

The JAAC codec uses audio frames of a fixed length and a transform whichdpplies over fwo frames.
To optain correct audio from a frame, both frames in the transform are needed, and henfe the prior
encoded frame and the current encoded frame need to be decoded to, output the first frame. This is
somgtimes called “priming” and may be signalled using the ' ro11 ¥ sample group.

Afull reconstruction of the first encoded audio frame is sometimesnot possible since there isjno previous
acceps unit. To still achieve a full reconstruction, a common practice is to add silence to thie beginning
of thle audio signal. A more detailed explanation of this apptoach can be found in ISO/IEC TR 14496-24.

In pyactice, an encoder might prepend an arbitrary amount of (invalid) audio waveform sajnples to the
signal. This portion of the audio signal is sometimes called “encoder delay” and varies depennding on the
implpmentation.

10.3.3.2 Presentation delay compensation-using an edit list

The most common approach to compens$ate for inserted extra audio is to add an offset edjt list to the
CMAF header.

In the case where padding has been added to the start of an audio stream, the media timg in the edit
the length (in audio samples, as measured by the timescale of the track) of the ingerted audio
samples; 2112 is a common example for AAC.

If anfeditlistis used, asinigle EditListBox shall be recorded in the CMAF header, as specified in 10.2.6.

10.313.3 Delay,compensation before encapsulation

If the¢ contehthas been generated according to G.5, no EditListBox is present.

10.3/.3.4” Delay compensation when using additional AAC coding tools

If the SBR and PS coding tools are present, they shall not be considered for the purpose of delay
compensation.

10.3.3.5 Loudness and dynamic range control

The audio stream should contain DRC and loudness metadata according to ISO/IEC 14496-3. The audio
encoder should set the Program Reference Level to the loudness level of the audio stream.

The audio encoder should generate DRC metadata for light compression encoded in the dyn rng ctl
anddyn rng sgnfieldsof dynamic range info () inthe FIL elementand DRC metadata for heavy
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compression in the compression value field of MPEG4 ancillary data() in the data stream
element (DSE).

NOTE

It is expected that the audio decoder will use the Program Reference Level, if available, to achieve

a desired target loudness, if applicable. It is expected that the audio decoder will apply the DRC metadata, if
present, according to ISO/IEC 14496-3 including the DRC Presentation Mode value of the drc_presentation

mode fields.

10.3.4 AAC track constraints

10.3.4.1 Storage of AAC media samples

Storage of A
the CMAF a

The followi
All audi
All AAQ

The
Decodj

10.3.4.2 A

10.3.4.2.1

The syntax]
(‘mp4a')a

The sample

10.3.4.2.2

1dio track format specified in 10.2.

g additional constraints also apply.

0 media samples shall consist of one AAC audio access unit.

access units in a CMAF track shall be encoded with one of AAC-LC, HE-AAC or HE-AAC

values given in AudioSampleEntry, DecodexCohfigDescriptor,
b rSpecificInfo shall match the corresponding values in the) AAC audio bitstream.

AC audio sample entry

Field values

and values of the AudioSampleEntry
5 defined in ISO/IEC 14496-14.

entry and fields specified in 10.3.4.2.5hall not change within a CMAF track.

ESDBox

As defined in ISO/IEC 14496-14, the MB4AudioSampleEntry in the SampleDescriptionBox

contain an §

10.3.4.2.3

The syntax
ES Descr]

ES_ID

[SDBox, which containsan ES Descriptor.

ES_Descriptor

and values for-ES Descriptor shall conform to ISO/IEC 14496-1, and the fields o
| ptor shallbe set to the following values.

=0

streai

hDependenceFlag=0

AC elementary stream access units as media samples within a CMAF track shall confort

shall conform to MP4AudioSampleEr

m to

2.

and

try

shall

f the

Descriptors

64

URL Flag=0

OCRstreamFlag=0

streamPriority =0

decConfigDescr = DecoderConfigDescriptor

slConfigDescr = SLConfigDescriptor, predefined type 2

other than those specified in 10.3.4.2.4 through 10.3.4.2.6 shall not be used.
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10.3.4.2.4 DecoderConfigDescriptor

The syntax and values for DecoderConfigDescriptor shall conform to ISO/IEC 14496-1, and the
fields of this descriptor shall be constrained to the following values.

10.3.4.2.5 AudioSpecificConfig

The
The

values, for example, see 10.4.

10.3]4.2.6 GASpecificConfig

The
GAS

10.3|5 AAC elenientary stream constraints

10.3.5.1 General encoding constraints

AAC

prof leNt conforms ta for evamnle ceco A 3
+e-1t BHOFRS+0; > A

decoderSpecificInfo shall be used and ProfileLevelIndicationIndexDescriptor shall

NOT be used.
objectTypeIndication = 0x40 (audio)

streamType = 0x05 (audio stream)

hpStream=0

HecSpecificInfo =AudioSpecificConfig

syntax and values for AudioSpecificConfig shall conform to ISO/IEC.14496-3.

following fields of AudioSpecificConfig shall be set to AAC audip CMAF media prof

budioObjectType
rhannelConfiguration
bxtensionAudioObjectType

SASpecificConfig

syntax and values for GASpecifiéConfig shall conform to ISO/IEC 14496-3, and f{
becificConfig shall be set to thefollowing values.

FframeLengthFlag =0 (1024 lines IMDCT)
HependsOnCoreCoder =0

bxtensionFlag=0

le specified

he fields of

MAF media

elémentary streams shall conform to ISO/IEC 14496-3 and the constraints of an audio (

............

The elementary stream shall be a raw data stream, i.e. ADTS and ADIF headers shall not be present.

CMAF fragments containing HE-AAC shall start with a type 1 SAP. Notably, the SBR configuration

information shall be in the first packet.

The transform length of the IMDCT for AAC shall be 1024 audio PCM samples for long blocks and

128 audio PCM samples for short blocks.
The following parameters shall not change within the elementary stream:
— audio object type;

— sampling frequency;
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— channel configuration.

10.3.5.2 AAC elementary stream syntactic elements

10.3.5.2.1

The syntax

Syntax and values of syntactic elements

and values for syntactic elements shall conform to ISO/IEC 14496-3.

The following element shall not be present in an MPEG-4 HE-AAC or HE-AACv2 elementary stream:

couplin

If the prog
correspond
shall not ch

10.3.5.2.2
The syntax
Syntactic el

<SCE>,

<CPE>,

NOTE A

10.3.5.2.3

The syntax
following fi

gain

10.3.5.2.4

The maxim
buffer requ
determinin

10.4 AAC ¢

AAC core afidio GMAF media profile shall conform to the AAC CMAF track format specified in 1

with the fol

_channel_element (CCE).

ram_config_element (PCE) element is present, then it shall only list a set of ehat
ng to one of the fixed channel configurations specific in ISO/IEC 14496-3, and theelel
hnge for the duration of the track.

Arrangement of syntactic elements

hnd values for syntactic elements shall conform to ISO/IEC 14496-3(

ements shall be arranged in the following order for the channeleonfigurations below.
<optional additional elements>, <TERM>... for HE-AACv2 and-mono HE-AAC or AAC-LC
<optional additional elements>, <TERM>... for stereo HE~AAC or AAC-LC.

hgled brackets (<>) are used above to indicate separate syntactic elements, not stream syntax.

individual_channel_stream

and values for individual channel stream shall conform to ISO/IEC 14496-3
blds shall be set as defined:

control data present =0.

Maximum bit rate

pm bit rate of AAC elementary streams shall be calculated in accordance with the
rements as defined.in ISO/IEC 14496-3. Only the raw data stream shall be considers
r the maximum bit rate (system-layer descriptors are excluded).

rore audio CMAF media profile

owing constraints.

inels
ment

The

AAC
bd in

Each A

Level 2.

used to

CMAF t

C etementary stream shalt be encoded USINg MPEG-4AAC-L.C, HE-AAC Levet 2, or HE-Az
Use of the MPEG-4 HE-AACv2 is recommended for 32 kbps or lower.

indicate the use of the SBR and PS coding tools.

AAC core CMAF tracks shall not exceed two audio channels.

AAC core elementary streams shall not exceed 48 kHz sampling rate.

racks that conform to this media profile.

See A.3 for the table of AAC audio CMAF media profiles and their compatibility brands.
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10.5 AAC adaptive switching audio CMAF media profile

10.5.1 General constraints

Producing audio content capable of seamless adaptive switching with codecs available in the AAC
core audio CMAF media profile (AAC-LC, HE-AAC, HE-AACv2) requires constrained encoding at CMAF
fragment boundaries. 10.5 specifies constraints on AAC adaptive CMAF tracks and Annex G includes
recommendations for their use in CMAF switching sets.

— The AAC adaptive audio CMAF media profile FileTypeBox compatibility brand shall be 'caaa’
and should be used to indicate CMAF tracks that conform to this CMAF media profile.

MAF tracks conforming to AAC adaptive CMAF media profile and brand shall CODfOI'ITIl to the AAC
ore CMAF media profile specified in 10.4 and the constraints specified in 10.5.

See A.3 for the table of AAC audio CMAF media profiles and their compatibility brands.

10.5.2 CMAF fragment encoding constraints

To ehable seamless switching between AAC CMAF tracks in a CMAF, switching set, thel AAC CMAF
fragients comprising each CMAF track are encoded and packaged for random access and seamless
spliding. The process of encoding the AUs (Access Units) requires-periodic generation of Stfeam Access
Poinfs (SAP) that are time aligned between CMAF tracks, and-enicapsulation requires CMAF fragment
alignment to those SAPs. Tracks that belong to the same CMAF switching set can be generated from
different encoder instances, but shall conform to the same EMAF switching set constraints.

All QMAF tracks in an AAC CMAF switching set shalkhave AAC SAPs at CMAF fragment boulndaries (i.e.
the flirst AU in each CMAF fragment), and corresponding CMAF fragments in alternative QMAF tracks
shall be decode time aligned and presentation tinie aligned.

Videp frames usually have well-defined SARtypes, such as an IDR frame that always equdls SAP type
1 or [2. For audio, frame SAP types are netusually specified. In MPEG-4 AAC, there is no sgecial frame
type| defined for random access. Nevertheless, audio SAPs of type 1 can be generated by dpplying the
consftraints described in the following clauses and are referred to as an “SAP” frame, since there is only
one {ype.

10.5(3 General considerations and requirements

The following values shall not change within a CMAF switching set:
— judio object type (AOT);

— fhannel eeffiguration;

— fampling frequency.

The Eirst pr\in‘l’ means that all the CMAFE tracks within 3 CMAE culih‘hing set share the same AOT' i.e.
they either use AAC-LC, HE-AAC or HE-AACv2.

The second and third constraints enable the output PCM to remain constant and not require, for
example, a re-configuration of the audio device or sound card. A constant sampling frequency assures
that AUs share the same temporal framing and, therefore, the AAC CMAF fragments in alternative
CMAF tracks are decode time aligned, so no overlap or gap in presentation time results when switching.

All CMAF tracks in the same CMAF switching set shall use the same method of presentation delay
compensation, either an offset edit list specified in 10.3.3.1 or decode time compensation specified in
10.3.3.2.
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10.5.4 Constraints for AAC-LC

To guarantee seamless switching for AAC-LC encoded tracks, the window shape and window sequence
shall be constrained as follows.

— To avoid artefacts from not cancelled time alignment components, the window shape and window
sequence shall be synchronized across all tracks.

— At each CMAF fragment boundary (i.e. “right window half” of the last frame in a fragment and “left
window half” of the first frame in a fragment), all tracks shall use the same window shape and a
defined window sequence.

Using a short overlap for the window sequence (i.e. a long start or short window sequencg) is
recommended in the last frame of a CMAF fragment. This allows for the use of either a short or|stop
Window Sequence in the SAP frame (i.e. first frame in the next CMAF fragment). This lconcept is

exemplified|in Figure 15.

correct window sequence

‘/ \,’\ /\/\/\/\N\f ;

incorrect window sequence

amplitude

Figure 15— Correct and incorrect windowing sequence at fragment boundaries for seamless
switching of AAC-LC CMAF tracks

10.5.5 Constraints for HE-AAC

Since HE-AAC is based on AAC-LC, the restrictions described in 10.5.4 apply also here. In addition, the
following rgstrictions apply to the Spectral Band Replication (SBR) tool.

10.5.5.1 Carehandwidth adjustment

The framing of the SBR decoder analysis is delayed by 6 QMF time slots (6 x 64 audio PCM samples)
compared to the framing of the AAC core decoder. Furthermore, the QMF analysis adds another 320
audio PCM samples. This time shift between core and SBR framing might result in an energy gap when
switching, for example, from a track encoded with low bit-rate to a track encoded with high bit-rate.

This concept is depicted in Figure 16.
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freqrency gap | SAP
Switch without f SBR
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in AU i-1 fyL Core
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Access Uhit

Low Bit Rate Stream, Cross-Over Frequencyfy;

High Bit Rate Stream, Cross-Over Frequency fyy

Figure 16 — Illustration of core bandwidth adjustment for HE-AAC switching ppints

To ayoid this gap in the frequency range, it is recommended\to have the AAC core bandwidth of the
last frame of a fragment matching the highest AAC/SBR crossover frequency of the supported stream
confljguration. To properly encode the additional bandwidth, extra bits are necessary jand the bit
reservoir control should be adapted accordingly.

10.5/5.2 SBR header and time differential coding

In cdntrast to the AAC configuration that is completely signalled inside the audio specific cqnfiguration
(ASQ), the SBR decoder needs additional;configuration parameters. These parameters are fransmitted
in tt}e SBR header, which may not be contained in every access unit. The MPEG-4 standard recommends

a transmission interval of 500 ms or whenever an instantaneous change of header parameters is
requlired. To allow for seamless switching of HE-AAC encoded tracks, an SBR header shall be fransmitted
in edch SAP frame. For frames.eontaining the SBR header, the MPEG-4 audio conformance forbids the
use pf tools that rely on preceding frames. In other words, time differential coding of [parameters
contpined in the SBR header is forbidden and, hence, this restriction guarantees that SAP frames can be
completely decoded andprocessed.

10.5/5.3 SBR frame class

If the SBR framie class is “VARVAR” or “FIXVAR”, the SBR envelope for this particular frame|could reach
over|thedrame borders. To make sure all necessary information is self-contained in the SAP frame, so
that(itéean be fully decoded, the SAP shall always start with a “FIX” border (“FIXVAR” or “FIXFIX").
Conseguently-theta sme-a-frasment{theframebefore-the SARFshatalsoendwitha9I1X” border
(“FIXFIX” of “VARFIX").

10.5.6 Constraints for HE-AACv2

Since HE-AACv?2 is based on HE-AAC, the restrictions described in 10.5.5 are valid also in this case. In
addition, the following restriction applies to the Parametric Stereo (PS) tool.

Just like for SBR, the PS configuration parameters may not be transmitted with every access unit. To
allow for seamless switching of HE-AACv2 encoded tracks, PS header shall be transmitted with each
SAP frame. For frames containing a PS header, the MPEG-4 audio conformance again forbids the use of
tools that rely on past information, i.e. time differential coding of parameters. These restrictions assure
that the SAP frame can be completely decoded and processed. Since HE-AACv2 conformance requires
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a PS header delivered together with each SBR header, this requirement is implicitly inherited from the
HE-AAC requirements.

See Annex G for additional guidelines.

11 Subtitles and captions

11.1 Overview

CMAF defines the following formats for carrying subtitles and captions:

—  WebVT( subtitle CMAF tracks;
— IMSC1 subtitle CMAF tracks;
— CTA-60B/CTA-708 captions embedded in video CMAF tracks.

The term “$ubtitles” in this document is used to mean a CMAF track for the wisual presentatign of
text or graphics that is synchronized with video and audio for purposes including “closed captjons”
for hearinglimpaired viewing. Subtitles are presented for various purposes such as dialogue langlage
translation,|localized titles, commentary, lyrics, and descriptive captions.fot/hearing impaired viepers
or presentafion situations where audio is unavailable or inappropriate.

CTA-708 (608) “closed captions” embedded in video elementary stfeams are also described, in part, to
distinguish[them from CMAF subtitle tracks. Closed captions are eommonly used in North Amerifa to
broadcast descriptive text and dialogue, primarily intended fox hearing impaired viewers. See 9.3.5.2.
Embedded [losed captions have limited flexibility because they cannot be independently crepted,
selected, and delivered without duplicating every video track, and they require low level processing of
video elemgntary streams to decode. Closed captions may be present in CMAF video tracks and cgn be
ignored by players that only process subtitle CMAE tracks.

A CMAF presentation can offer the same subtitle content in more than one CMAF track and fofmat
to reach players with different decoding capabilities. Because each CMAF track can have diffgrent
qualities, it s recommended that manifestsindicate the preferred CMAF tracks in the selection set].

11.2 WebVTT

WebVTT is|a subtitle format.that is supported by several web browsers. It can also be usdd to
render subfitles in other types of media presentation applications. In CMAF, a WebVTT document is
encapsulatdd in a CMAF fragment contained in a CMAF track. WebVTT CMAF fragments maly be
sequentially downloaded)synchronized, and presented the same as audio and video CMAF fragmepts.

The encapsplationiand format of WebVTT documents in ISO Base Media movie fragments and tifacks
shall conform to ISO/IEC 14496-30, to Clause 7 of this document, and to the 'cwvt' media profile
listed in A.4{ of this document.

As specified in ISO/IEC 14496-30, each WebVTT document is contained in a single ISOBMFF movie
fragment. To conform to CMAF, WebVTT movie fragments shall also conform to the CMAF fragment
constraints specified in Clause 7.

One CMAF fragment and WebVTT document may span the entire duration of a prerecorded presentation,
or multiple CMAF fragments may sequentially span the duration of the presentation with CMAF
fragment durations similar to audio and video CMAF fragments, which is necessary to approximate
audio and video latency during live encoding and streaming.

WebVTT subtitle tracks are specified in ISO/IEC 14496-30 using a track handler type of 'text'
with a codingname of 'wvtt'. WebVTT subtitle tracks store a WebVTT document as a media sample
containing zero or more WebVTT cues with presentation times contained within the presentation
timespan of the media sample and CMAF fragment that contains it. WebVTT subtitle CMAF fragments
are synchronized during playback based on each CMAF fragment’s presentation time and duration, and
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WebVTT cues are decoded and presented within the CMAF fragments presentation time interval based
on their WebVTT timestamps.

By design in ISO/IEC 14496-30, no media sample can contain a WebVTT cue with a presentation time
that is outside or crosses the media sample and CMAF fragment presentation time interval (i.e. starts
before the CMAF fragment starts and/or ends after the CMAF fragment ends, that duration determined
by the duration of the media sample contained in the CMAF fragment). ISO/IEC 14496-30 specifies how
to split cues into multiple WebVTT documents and media samples to avoid this case.

NOTE

Forced titles are supported in TTML/IMSC1, but not WebVTT. A workaround is to create two WebVTT

tracks, one with only the forced titles and the other with both forced and regular subtitles. A player would then
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IMSC text and image tracks

.1 General

L Profiles for Internet Media Subtitles and Captions 1.0 (IMSC1) is anapplication of the|
xup Language (TTML) for subtitle and caption delivery. IMSC1 defihes a text-only pr
e-only profile.

MSC1 text track is a CMAF track that conforms to the provisions of 11.3.2 and 11.3.3.

MSC1 image track is a CMAF track that conforms to the provisions of 11.3.2 and 11.3.4.

.2 Common constraints

CMAF track shall conform to ISO/IEC 14496-30.(W3C IMSC1) and an IMSC1 media pro
e A.3 of A4

hamespace field of the XMLSubtitleSampleEntry box shall contain one instance
fp://wwww3.org/ns/ttml".

) The schema location field of the XMLSubtitleSampleEntry box is not expected
urpose of profile signalling. The CMAF media profile brand can be used to determine the profill

XMLSubtitleSampleEntry shall contain a MIMEBox as specified in ISO/IEC 1449
fent type field shall be’constrained as follows.

[he type shall be™application™.
['he subtype shall be "ttml+xml".

[he codég's parameter shall be present and set according to 11.3.3 and 11.3.4.

mediatype of the CMAF track, as specified in RFC 6381, shall conform to the following

Timed Text
bfile and an

file listed in
f the string
to be set for

c.

h-12 and its

| Al NS Laolll 11 1 - 11
TIICT Uy po olidIl UtT apgpL1LCat LUl

— The subtype shall be "mp4™".

— The codecs parameter shall be present and set according to 11.3.3 and 11.3.4.

11.3

.3 IMSC1 text track constraints

All subtitle media samples of the CMAF track shall conform to the Text Profile specified in W3C IMSC1.

The

codecs parameter of the content type field of the MIME box

within the

XMLSubtitleSampleEntry box (see 11.3.2) shall contain the value "im1t", which signals that an
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IMSC1 text processor is required, as specified in the W3C, TTML Media Type Definition and Profile

Registry.

NOTE 1
IMSC Text Pr

EXAMPLE 1

ofile.

A document that conforms to EBU-TT-D, as specified in EBU TECH 3380, also generally conforms to

"application/ttml+xml;codecs=imlt|etdl" signals that the documents contained in
an IMSC1 text track also conform to EBU TECH 3380.

The codecs parameter of the media type of the CMAF track shall contain the value "stpp.ttml.
iml1t". Other TTML profiles the track conforms to may be additionally listed in the codecs parameter.

EXAMPLE 2
CMAF track.

EXAMPLE 3

subtitle CMAJF track in a DASH manifest.

NOTEZ A

11.3.4 IMS
All subtitle

The code
XMLSubtif
IMSC1 imag
Registry.

EXAMPLE 1
an IMSC1 im

EXAMPLE 2
The codecs

EXAMPLE 3

image track jn a DASH manifest.

Each smpts
conform to

bg-im

The auxil
the media t}

NOTE Al

"Mapplication/mp4;codecs=stpp.ttml.1mlt" 1s the media type of an IMSCI text su
@mimeType="application/mp4" and @codecs="stpp.ttml.imlt" signal an{}MSC]

4 specifies a file compatibility brand that signals that a track is an IMSC1 text subtitle CMAF tr

C1 image track constraints
media samples of the CMAF track shall conform to the Image Prefile specified in W3C IM

> S parameter of the content type field <of) the MIME box within
fleSampleEntry box (see 11.3.2) shall contain the yalue "im1i", which signals th
e processor is required, as specified in the W3C, TTTML Media Type Definition and Py

"application/ttml+xml; codecs=imli"isa possible value for the content type fi
hge track.

"application/mp4;codecs=stpp.*ttml.imli" is the media type of an IMSC1 image {
parameter of the media type of the EMAF track shall contain the value "stpp.ttml. in

@mimeType="application/mpd" and @codecs="stpp.ttml.imli" signal an II

:backgroundImage ‘attribute shall be a URN as specified in ISO/IEC 14496-30 that
Lhe following bg-image-urn syntax expressed using RFC 5234.
hge—-urn = "wro:mpeg:14496-30:subs:" 1*DIGIT

lary mimeéstypes field of the XMLSubtitleSampleEntry box includes one instan
pe "image/png" if any image is used.

btitle

text

ack.

SC1.

the
ht an
ofile

bld of

rack.
1i".

MSC1

may

ce of

4 spécifies a file compatibility brand that signals that a track is an IMSC1 image subtitle CMAF frack.

11.4 CTA-

b08 and CTA-708

CTA-608 and CTA-708 are formats developed for delivering closed captions for accessibility purposes
for broadcast television in North America. Closed captions can be embedded in the video elementary
stream’s SEI messages.

NOTE

in SEI messages and can be included in addition to the video CMAF media profile compatibility brand.

11.5 Meta

data for subtitles

Text tracks should be labelled with their role. See 7.5.3.

Text tracks should be tagged with their language. See 7.5.5.
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12 CMAF media profiles and CMAF presentation profiles

12.1 CMAF media profiles

12.1.

12.1.

1 General guidelines for specifying CMAF media profiles

1.1 CMAF media profile CMAF track format

9:2018(E)

All CMAF media profiles should specify a CMAF track format, either derived directly from the 'cmfc’
brand and format specified in Clause 7 or from a video or audio CMAF track format specified in Clause 9

or Cl
on C

12.1

All
and
and
subs|
ade
subs

12.1

All @
med
codd

12.1

All G
frag
If all
depe
sam]
that
prof

12.1

CMA
shou
shou

ause 10. The media profile’s CMAF track format should specify any requirements and
MAF headers and CMAF fragments.

1.2 Codecs, profiles, and levels

MAF media profiles should specify codec specific features and operatiig-points, suck
evels, that are necessary to determine encoder/decoder interoperability. The maxim
limits allowed in content should be specified. When related ‘media profiles ar
et/superset relationships between those media profiles should be_specified based on t

et media profile.

1.3 Media access unit mapping to media samples

MAF media profiles should specify one or moresmedia access unit formats that are a
a samples in a CMAF track. In addition, all CMAF media profiles should specify the s
point for the media samples in a CMAF track.

1.4 Media access unit sequence mapping to CMAF fragments

MAF media profiles should specify‘any limitation on storing sequences of media sample
nent in order to conform to the-general random access and timing constraints of CMA}
media samples are sync samples, there are no additional constraints. If sequential m
ndencies are caused by codec prediction, media sample reordering transforms that ovj
bles, sample group and layer dependencies, etc., then media sample sequences should
allow CMAF fragments-to be randomly accessed and optionally, adaptively switched (
le defines adaptive switching functionality and CMAF switching set constraints).

.1.5 CMAFtrack constraints for CMAF switching sets

F medidprofiles that support adaptive switching of multiple CMAF tracks in a CMAF s
Id specify the constraints between CMAF tracks in a CMAF switching set. CMAF m¢

of t
sets

12.1.

constraints

| as profiles
m features
e specified,

he ability of

foder conforming to superset media profile being able to reliably decode content conforming to a

ddressed as
hmple entry

sina CMAF
fragments.
bdia sample
erlap media
be specified
f the media

itching set
dia profiles
higher level

ld spec1fy subset/superset relatlonshlps w1th compatlble CMAF medla proflles eg.a

and constralnts related to the adaptlve sw1tch1ng process enabled

1.6 CMAF media profile Internet Media Type

F switching

All CMAF media profiles should specify an Internet Media Type and associated parameters, file
extensions, etc. for this media profile in a CMAF track or more generally in an ISOBMFF file.

12.1.

1.7 CMAF media profile brand

All CMAF media profiles should specify a compatibility brand and register that brand at www.mp4ra.
org. The brand registry should reference a CMAF media profile specification conforming to 12.1.1.
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12.1.2 Guidelines for audio CMAF media profiles

12.1.2.1 General

Audio codecs often define features and other details that present options for implementers. In order
to increase interoperability, CMAF media profiles usually limit some encoding options and specify an
identifier for conforming CMAF tracks. While every codec offers its own set of choices, this subclause
presents guidelines for what should be specified by audio CMAF media profiles in the form of testable

assertions.

12.1.2.2 Apdie-trackifermat

Audio CMAF media profiles should be derived from the general CMAF audio track format specifi¢d in
10.2 or the AAC audio CMAF track format specified in 10.2.

12.1.2.3 Loudness and dynamic range control

Audio CMAF media profiles should specify loudness and dynamic range control.ififormation.

12.1.2.4 Audio parameters

Audio CMAF media profiles should specify which parameters (such asloudness, dynamic range control
informatior], channel configuration, etc.) are allowed and if they cahchange within a CMAF trag¢k or
between CMAF tracks in a CMAF switching set.

12.1.2.5 Audio presentation time adjustment

Audio CMAF media profiles should specify any presentation time adjustment relative to defcode
time necesgary on decoding, preferably without Alsing media sample composition offsets in the
TrackRunpox.

12.1.3 Guidelines for video CMAF media profiles

12.1.3.1 General

Video codefs often define features and performance limits, such as profiles, levels, video ithage
characteristics, that present eptions for implementers. In order to increase interoperability, CMAF
media prof]les usually limit.some encoding options and specify an identifier for conforming CMAF
tracks. While every codec“effers its own set of choices, this subclause presents guidelines for what
should be specified byvideo CMAF media profiles in the form of testable assertions.

12.1.3.2 Video CMAF track format

Video CMAF miedia profiles should be derived from the general CMAF video track format specifi¢d in

9.2 or NAL structured video CMAF track format specified in 9.3.

12.1.3.3 Video image coding characteristics

Video CMAF media profiles should specify allowed options and constraints for image coding, such
as colour primaries, transfer functions, colour and luminance matrix, colour spatial subsampling, bit

depth, maxi

mum height and width, frame rate limitations, etc.

12.1.3.4 Video rendering information

Video CMAF media profiles should specify any metadata in the video stream and CMAF track format
that is necessary for accurate video rendering.
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12.1.3.5 Video presentation time adjustment

Video CMAF media profiles should specify media sample composition offsets and any other means to
align the presentation time of each coded video sequence to the earliest media sample decode time in
that sequence, preferably using TrackRunBox composition offsets to reorder media samples without
creating a presentation time delay.

12.1.3.6 Seamless adaptive video CMAF switching set constraints

Video CMAF media profiles should specify additional constraints on video CMAF tracks in a CMAF
switching set that are necessary to enable seamless adaptive switching of CMAF fragments in decoders

that
CMA
swit

12.1

Vide
nece

conform to the video CMAF media profile. Only CMAF media profiles that suppd
F tracks in a CMAF switching set should specify these CMAF switching set constraint
Ching constraints should result in perceptually equivalent images when adaptive)switc

.3.7 Video decoder and display initialization

p CMAF media profiles should specify CMAF track constraints and assogiated initializa
ssary to render a video CMAF track. If a video media profile also supports adaptive

rt multiple
s. Seamless
hing occurs.

[ion process
b switching,

it sh|
adap

puld specify CMAF switching set constraints and associated jnitialization process necessary to
tively switch and seamlessly render a video CMAF switching set:

12.2 CMAF presentation profiles

12.2l11 General

Each CMAF presentation profile defines conditionally required media profiles for CMAF tracks that are
requfired to be available in a CMAF presentation‘that conforms to the presentation profile.

nired CMAF
nt. A CMAF
ks in all the

Required media profiles are a minimum constraint. CMAF presentations containing the req
medja profiles may also include additional CMAF media profiles and remain conforma
presgntation may conform to more thairone presentation profile if it contains CMAF trac
conditionally required media profiles.

t other than
namespace
that defines

CMAF presentation profiles may be specified in specifications other than CMAF by entitie{
MPE[G. Externally specified CMAF presentation profiles should be identified by a URI in the
of thle specifying entity. If 4. URL is defined, it should resolve to the specification document
the donditionally requifed media profiles of the presentation profile.

See A.1 for CMAF presentation profiles defined in the CMAF specification.

12.2l2 CMAF profile conformance

nddressable
psentations.

CMA
med

F defines several conformance points including CMAF fragments, CMAF tracks, CMAF
aogbjects, CMAF media profiles, CMAF switching sets, CMAF selection sets,and CMAF pr

CMAF objects and conformance points are hierarchical.
a) CMAF tracks are the conformance point for ISOBMFF box, track, and file format constraints
associated with the ISOBMFF compatibility brand (' cmfc'). CMAF headers, CMAF fragments, and
CMAF chunks are objects within the CMAF track structure. CMAF track conformance provides
basic compatibility between file packagers, players, parsers, and decryptors, independent of media
encoders and decoders.

b) General CMAF media track formats for audio, video, and subtitles are conformance points that
can be referenced by CMAF media profiles. The general CMAF track formats for audio, video, and
subtitles and specific CMAF track formats for NAL structured video and AAC audio are specified in
Clauses 7 through 11, which are derived from ISO/IEC 14496-2, ISO/IEC 14496-3, ISO/IEC 14496-
14, ISO/IEC 14496-15 and ISO/IEC 14496-30 . Conformance to one of these media track formats can
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be specified by a CMAF media profile and that conformance indicated by the media profile brand.
CMAF media track formats support CMAF adaptive multimedia presentations.

c¢) CMAF media profiles are conformance points for encoded media data stored in a specified CMAF
track format. A media profile compatibility brand indicates encode/decode and adaptive switching
conformance of media data, as well as a CMAF track format. CMAF media profile conformance
enables encoding and decoding of media samples in CMAF fragments and CMAF tracks, independent
of delivery.

d) CMAF addressable media objects are conformance points for CMAF media objects (headers, chunks,
segments, and files) and their brands, which are derived from CMAF tracks, fragments, chunks, and
headerg,amdoptimized forextermat reference; storage, and detivery- They imtrerit the structurg and
media ¢onstraints of the CMAF track and media profile they contain, and constrain the strugture
of the qMAF addressable media object independent of the CMAF media. CMAF addressable njedia
objects|are a conformance point for streaming protocols and systems that is independent of the
manife§t format and delivery method used.

e) CMAF gwitching sets are a conformance point for a group of CMAF tracks-that share content
and enfoding constraints defined by the CMAF track format and a CMAF media profile to
enable feamless adaptive switching. Single initialization CMAF switching set constraints and an
associated identifier are defined to indicate CMAF switching set functienal conformance to single
initialiation constraints, the syntax of which is specified by a CMAE ‘media profile. Conformjance
for content pertains to a set of CMAF tracks, and conformance for;decoders pertains to decqgding
and sedmlessly rendering sequences of consecutive CMAF fragiments selected from any of the
CMAF tracks.

f) CMATF selection sets are conformance points for a grouppfSynchronized CMAF switching sets that
share r¢lated content, timing, and media type. For instance, alternative audio CMAF switching sets
in a CMJAF selection set can cover the same preseritation timespan with synchronized alternative
contenff or encoding. Since CMAF tracks containZa single media type (audio, video, or subtifles),
multiple CMAF selection sets are necessary to ‘¢ompose a multimedia presentation using the CMAF
hypothetical application model and late binding. Conformance indicates that all CMAF tracks are
correctly grouped, synchronized, and have approximately the same duration to form a CMAF
presentation.

g) CMAF presentation profiles are conformance points for a group of conditionally required CMAF
tracks that conform to required media profiles and form a synchronized multimedia presentation.
What dontent and timing .are appropriate for a multimedia presentation is not specified by
CMAF 4nd can only be teSted based on a presentation author’s intended result. However, CMAF
presentations can be tested against the CMAF hypothetical application model, which provides a
commoh understanding between content creators and players as to the intended and expdcted
result. A CMAF pnesentation profile constrains the media profiles, CMAF switching sets, frack
formatg, etc. thatit contains and is intended to identify basic content/device compatibility. A player
that clajims cempatibility with a CMAF presentation profile is expected to decode all the reqyired
CMAF mediaprofiles and implement the CMAF hypothetical application model to late bind CMAF
tracks, synchronize them, decrypt them, render them, and perform seamless adaptive switching,
if appropriate. If optional CMAF media profiles are included in a CMAF presentation, a player can
select those instead, if that player supports the optional CMAF media profile.

A CMAF media profile that falls within the maximum encoding constraints of a higher CMAF media
profile conforms to the higher CMAF media profile and does not need to indicate compatibility with a
second CMAF media profile compatibility brand, since it is an intrinsic property of those media profiles.

EXAMPLE Standard definition video conforming to the CMAF SD media profile also conforms to the CMAF
HD media profile because it will decode on an HD compatible system. It could be included in a CMAF switching
set that conforms to the HD media profile. CMAF tracks and media profiles with different source formats, such
as different colour spaces or transfer functions, do not conform to a single CMAF switching set or media profile
because they are not considered the same source content and would not provide seamless adaptive switching in
the same CMAF switching set and CMAF media profile.
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A CMAF presentation shall conform to one or more CMAF presentation profiles by containing one or
more CMAF tracks for each conditionally required media profile in the CMAF presentation profile.
A CMAF presentation can conform to multiple CMAF presentation profiles by containing all the
conditionally required CMAF tracks and CMAF media profiles. Additional CMAF media profiles
in a CMAF presentation are optional by default when they are not conditionally required in a CMAF
presentation profile that the CMAF presentation conforms to.

A presentation profile may specify a single encryption scheme to be used on every encrypted CMAF
switching set that is conditionally required in the presentation.
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CMAF presentation profiles and media profiles

F presentation profiles

rview

defines some CMAF presentation profiles and their associated CMAF presentation pr
[he CMAF presentation profiles below differ only by the Common Encryption‘schemes
/1EC 23001-7).

the current market, two encryption schemes, 'cenc' and 'cbcs’, are widely deployed on po
herefore, this document currently defines one presentation profile foryeach of these encry

| another for unencrypted CMAF presentations. By defining multiple presentation profil

s the potential incompatibilities between content and deployments conforming to simila
AF presentation profiles.

FHD presentation profile

st range of Internet video devices in use today. Other CMAF media profiles that arg
this presentation profile are considered optional.

ts of CMAF presentation profile CMEHD
ation profile ID= “urn:mpeg:cmaf:presentation_profile:cmfhd:2017”

ining video, it shall includé'at least one CMAF switching set constrained to the 'cf
rofile in A.2.

ining audio, it shall include atleast one audio CMAF switching set constrained to the ' ca
rofile defined in Ax3.

ining subtitleitracks, it shall include at least one CMAF switching set for each language

ofile
they

bular
ption
es, a

s provided to select a given encryption scheme by presentation profile within a given deployment.

I but

presentation profile is intended to provide basic interoperability of unprotected comtent

b not

hd'

ac'

and

hded

A.1.3 The CMFHDc presentation profile

The CMFHDc presentation profile is intended to provide interoperability with a large portion of video
devices in use today that support content protection using the 'cenc' scheme of Common Encryption
(see 8.2.3). Other CMAF media profiles that are not required in this presentation profile are considered

optional.

Requirements of CMAF presentation profile CMFHDc

78

Presentation profile ID= “urn:mpeg:cmaf:presentation_profile:cmfhdc:2017”
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If containing video, it shall include at least one CMAF switching set constrained to the 'cfhd’

media profile in A.2

If containing audio, it shall include atleast one audio CMAF switching set constrained to
media profile defined in A.3.

the 'caac'

If containing subtitle tracks, it shall include at least one CMAF switching set for each language and

role in the 'im1t ' media profile defined in A.4.

— CMAF tracks containing optional CMAF media profiles in CMAF switching sets should be included

A.l.

The
devi
(see

A.1.

Man
can
bothi

Pres

in selection sets with CMAF switching sets containing required media profiles.

At least one CMAF switching set shall be encrypted. Any CMAF switching set that is enc
pe available in 'cenc' Common Encryption scheme specified in Clause 8.

1 The CMFHDs presentation profile

nal.
irements of CMAF presentation profile CMFHDs

Presentation profile ID= “urn:mpeg:cmaf:presentation_profile:cmfhds:2017”

media profile in A.2

f containing audio, it shall include at least one.audio CMAF switching set constrained to
media profile defined in A.3.

f containing subtitle tracks, it shall include at least one CMAF switching set for each 14
Fole in the ' im1t ' media profile défined in A.4.

CMAF tracks containing optional CMAF media profiles in CMAF switching sets should
n selection sets with CMAE-switching sets containing required media profiles.

At least one CMAF switching set shall be encrypted. Any CMAF switching set that is enc
be available in ' cbc's' ‘Common Encryption scheme specified in Clause 8.

b Protected (CMAF presentations

fests thatiinclude equivalent CMAF presentations in CMFHDc and CMFHDs presentat
Heclare both presentation profile IDs to indicate that all CMAF switching sets are av
encryption schemes.

ntations conforming to the CMFHD presentation profile are not protected by Commo

CMFHDs presentation profile is intended to provide interoperability witha large port
Ces in use today that support content protection using the ' cbcs' scheme of Common
8.2.3). Other CMAF media profiles that are not required in this presentation profile are

opti:[
Req

f containing video, it shall include at least one CMAF switching set constrained to {

rypted shall

ion of video
Encryption
considered

he 'cfhd'

the 'caac'

nguage and

be included

rypted shall

ion profiles
hilable with

Encryption

of media sample data, but do not preclude encryption during delivery by methods such as HTTPS
or envelope encryption that are removed on arrival, prior to media processing of the unencrypted
presentation.

A.2 AVCvideo CMAF media profiles and brands

A set of AVC video CMAF media profiles is defined together with an ISOBMFF brand and constraints in
Table A.1.

For a CMAF track to comply with one of the media profiles in Table A.1, it

shall conform to 9.4,
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shall not exceed the profile or level listed in the table,

coefficients values from the options listed in the table,

higher values, and

NOTE

should include the CMAF file brand in its CMAF header.

shall conform to the colour primaries, transfer characteristics and matrix

shall not exceed the width, height or frame rate listed in the table, even if the AVC level would permit

CMAF tracks conform to more than one media profile if they meet the requirements for multiple CMAF

media profiles. For example, a video CMAF track could conform to both the SD and HD CMAF media profiles if its

dimensions 4re within the constraints for the SD profile (the HD profile has higher dimension constraint$ and
codec level) pnd the colour primaries, transfer characteristics and matrix coefficiéntg are
values which are common to both profiles.
See Annex (| for detailed encoding examples.
Table A.1 — AVC video CMAF media profiles
Media | Jodec | Profile |Level | colour_pri- transfer_ ma- Max-| Max | Max | CMAF
profile maries characteris- | trix_co- |frame’|frame |frame| File
field in VUI | tics field in | efficients [height| width | rate | Brgnd
VUI field in,
VUl
SD AVC | High | 3.1 |1(BT.709) |1 (BT.709 1(BTZ09) | 576 | 864 | 60 |'cfld’
5 (BT.6017 |OFTH) 5 (BT.601-
PAL/SECAM) |6 (BT.601-7_ {7 PAL/
6 (BT.601-7 1(\3118?;))(5% SECAM)
NTSC) 6 (BT.601-
7 NTSC)
HD AVC High 4.0 [1(BT.709) |1{BT.709 1(BT.709) | 1080 | 1920 | 60 | 'cfhd'
OETF)
HDHF AVC | High | 4.2 [1(BT.709]) |1 (BT.709 1(BT.709) | 1080 | 1920 | 60 | 'chQf"
OETF)
NOTE Valu¢s 1and 6 for transfer ehartacteristics are functionally equivalent, but the value which
refers to thelsame specification as the'e0lour primaries is normally used.
See Clause 9 and Annex C forgeneral requirements and constraints on CMAF video tracks.
A.3 Audio CMAF media profiles and brands
The AAC audio CMAF media profiles in Table A.2 are specified in 10.4 and 10.5. Table A.2 summatizes
key paramefters‘and specifies the four-character code that can be used as an ISOBMFF brand to ideptify
the CMAF njedid profile in CMAF tracks and CMAF media objects.

The AAC adaptive switching audio CMAF media profile (' caaa') is a constrained subset of the AAC
core audio CMAF media profile (' caac'), so 'caaa' CMAF tracks always conform to the 'caac’

CMAF media profile.
Table A.2 — AAC audio CMAF media profiles
Med.l a Codec Profiles Levels Number of File brand
profile channels
AAC core AAC |AAC-LC, HE-AAC or HE-AACv2 Mono or stereo 'caac'
AAC adaptive | AAC |AAC-LC, HE-AAC or HE-AACv2 Mono or stereo 'caaa'
(see NOTE)
NOTE AAC adaptive CMAF media profile is AAC core constrained for adaptive switching.
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See Clause 10 for general constraints on audio CMAF tracks and 12.1.2 for the specification of additional
audio CMAF media profiles.

A.4 Subtitle CMAF media profiles and brands
CMAF specifies three subtitle CMAF track formats as shown in Table A.3 — WebVTT, IMSC1 text, and

IMSC1 image — to provide interoperability between CMAF presentations and players. Subtitle media
profiles shall conform to the CMAF subtitle track format specified in Clause 11.

Table A.3 — Subtitle and caption CMAF media profiles

]

Media profile Format Notes File brand
WebVTT Specified in 11.2 ISO/IEC 14496-30 cwvt'
TTML IMSC1 text Specified in 11.3.3 IMSC1 text profile imlt'
TTML IMSC1 image Specified in 11.3.4 IMSC1 image profile imli!

CEA CTA-608 and CTA-708 Caption data is embedded in SEI ccea'
Spciedin 1.4 mesmges n videm 3l
streams may bépresent
NOTE The 'ccea' compatibility brand can be included in addition to a video,€MAF media profile compatilility brand to
indidate the presence of captions embedded in the video elementary stream.

See (lause 11 for more details on subtitle CMAF track formats.
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Annex B
(normative)

HEVC video CMAF track format and CMAF media profiles

B.1 HEVC video CMAF tracks

HEVC track

B.2 HEV{

B.2.1 HE

HEVC video
sets specifie

B.2.2 Sample Description Box ('stsd"')

The Sampl
entries.

B.2.3 Vis

The syntax
HEVCSamp|
follows.

The HEVCS

shall
HEVCDg

shall se

5 shall conform to 9.3, as additionally constrained in this annex.

C video track constraints

/C video CMAF switching set constraints

CMAF switching set shall conform to constraints for NAL structured video CMAF switd
bd in 9.3.6 or 9.3.7.

. Description Box ('stsd') shall conform to 92,4 and contain one or more sa
hal sample entry
and values of a visual sample entry shall conform to HEVCSampleEntry ("hvcl
| eEntry ("hevl') sample entries as“defined in ISO/IEC 14496-15 and constraine
hmpleEntry:

contain an HEVCConfigurationBox ("hveC") box containing
coderConfiguratiofiRecord, as specified in ISO/IEC 14496-15;

Lt sample entry fields\consistent with the sequence parameter set and picture paramete

values i
shall ¢

should
informd

ol[:tain only one*HEVC parameter set per HEVCSampleEntry;

the video trackias specified in ISO/IEC 14496-15 and constrained by B.3;

contain\ SEI messages containing colour and dynamic range mastering and rendg
itionrif\default values are not encoded, as required in 9.3.5.1;

hing

mple

) or
d as

an

r set

ring

shall ¢

pritdin a2 ColourInformationBox 'nclx"

and

(‘colr') with colour type

PixelAspectRatioBox ('pasp') when required per 9.3.5.1.

NOTE

equivalent information to SPS VUI and are required when SPS VUl is not presentin an 'hevl1' sample entry.

B.2.4 HEVCDecoderConfigurationRecord colour and dynamic range information

The ColourInformationBox withcolour type 'nclx'andPixelAspectRatioBox provide

— As specified in 9.3.5.1, video captured or colour graded with characteristics other than BT.709
defaults should include one or more SEI NALs with additional transfer characteristics or colour
volume information stored in the HEVCDecoderConfigurationRecord to enable colour and
dynamic range calibration during decoder and display initialization. This may include the following
SEI messages specified in ISO/IEC 23008-2:2015, Annex D:

— SEI
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— SEl payloadType 144, content_light_level_info;
— SEl payloadType 147, alternative_transfer_characteristics.

— CMAF player display processors can use SEI colour grading, colour volume, and dynamic range
messages in SEI NALs stored in the HEVCDecoderConfigurationRecord to calibrate rendering
for display characteristics and viewing conditions.

— Alternative transfer characteristics in an SEI message can be used to optimize rendering of hybrid
log gamma transfer function video on high dynamic range displays while using SPS signalled gamma
rendering on standard range displays.

— A CMAF player can pass MaxFALL, MaxCLL, and other SEI message data to a displayjoyer a digital
Video interface, as specified in ANSI/CTA 861-G, to enable colour and transfer function optimization
ithin a compatible UHD/HDR display.

— [CMAF switching sets shall be constrained to include identical SEI NALs ‘and SPS|VUI colour
mastering and dynamic range information in the first sample entry of every CMAF header in the
CMAF switching set to provide consistent initialization and calibration;

B.2.p Track Header Box ('tkhd"')
The fequirements of 9.2.3 apply.
NOTE Normalized width and height can be derived from the track’s visual sample entry for 'lhvcl' video

media samples (see 9.3.2.2) or from a Sequence Parameter Set NAL in each Coded Video Sequencq for 'hevl'
videg media samples. See 9.3.3 and 9.3.4 for the storage and-sémantics of video Sequence Parameter Sets.

B.3| Media sample and CMAF fragment:.constraints

B.3.l Storage of HEVC elementary streams

B.3.1.1 Conformance
HEV[ video tracks shall comply with ISO/IEC 14496-15 and 9.3.
B.3.2 Access Units

Access Units and media;samples shall conform to 9.3.

Access Units shalliconform to the requirements of a media sample of the indicated descriptipn (' hvcl’
or 'hevl ') as/specified in ISO/IEC 14496-15.

SPS And 'PPS NALs referenced from a Coded Video Sequence in the first Access Unit of that sequence,

CMAFF fragments containing access units identified by the 'hev1 ' sample description shall contain all
immediately following its first Access Unit Delimiter NAL, if an Access Unit Delimiter NAL i present.

Access Units identified by the 'hev1' sample description may retain filler data (in NAL units or SEI
messages) and SEI messages that would change hypothetical reference decoder bitstream conformance
if removed.

Access Units of type 'hvcl' shall reference a video parameter set in the sample entry of the CMAF
header associated with the containing CMAF track.
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B.3.3 Constraints on HEVC elementary streams

B.3.3.1 Overview

The following general constraints apply to all CMAF HEVC elementary streams, and their values are
additionally constrained in B.5 with constraints on tier, profile, level, resolution, video characteristics,
and frame rates specified by HEVC video CMAF media profile in Table B.1.

B.3.3.2 Picture type

All pictures shall be encaoded as coded frames and shall not be encoded as coded fields

B.3.3.3 Video Parameter Sets (VPS)

Each HEVC yideo media sample in the CMAF track shall reference the VPS in the CMAFieader sample
entry. VPS ghall not change within CMAF tracks or between CMAF tracks in a CMAFswitching set. A
CMAF HEV( track shall conform to ISO/IEC 23008-2 with the following additional constraints.
— The following fields shall have pre-determined values as follows.

— geferal progressive source flagshall besetto 1.

— geperal frame only constraint flagshall be setto:

— geperal interlaced source flag shall be setto0.
— The corfdition of the following fields shall not change throughout an HEVC elementary stream:

— geheral profile space

— genheral profile idc

— geperal tier flag

— geperal level idc
B.3.3.4 Sdquence Parameter Sets'(SPS)
B.3.3.4.1 $PSfields
Sequence Pgrameter Set NALunits that occur withina CMAF HEVC track shall conform to ISO/IEC 23008-
2 with the fpllowing additional constraints.

The foll

owing fields shall have pre-determined values as follows.

vu] arameters present flagshall be setto 1.

B.3.3.4.2 Visual Usability Information (VUI) parameters

VUI parameters that occur within a CMAF HEVC track shall conform to ISO/IEC 23008-2 with the
following additional constraints.

— The following fields shall have pre-determined values as follows.
— aspect ratio info present flagshall besetto 1.
— video full range flagshall besetto0.

— The following fields have the following values.

— colour description present flagshould be setto 1.
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