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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the ISO/
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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, us

ing 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
[P 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 engineering
effort and duplication of identical content in slightly different formats, which results in increased storage
and delivery costs.

CMAF pr

adaptive streaming over HTTP (DASH), can reference and a common media format that\alloy
encoded mjultimedia presentation to be used by many applications.

Clause 6 grovides a description of the objects and terminology specified, the CMAF object 1

the hypot
multimedi

The specif
assume an
such as m
Clause 11

combinati¢pn of CMAF tracks and media profiles into CMAF presentations. It also recommends how
CMAF media profiles and presentation profiles, which can be specified by other documents and

additional
organizati

CMAF prej
profiles w

explanations and recommendations on specific topics.

ides a common media specification that application specifications, such as MPE

etical application model, which defines how these objects can be combined to fory
h presentations.

ications in Clauses 7 through Clause 12 are terse to facilitate-development and t
understanding of Clause 6. Clause 7 specifies ISO Base Media\File Format boxes and
vie fragments and tracks that are used to construct all EMAF media objects. Clause
contain details specific to encryption, audio, video, and*subtitle tracks. Clause 12 sp

DNS.

entation profiles and CMAF media profilescaie specified in annexes to allow the addit
thout changing the core document. Additional informative annexes have been added

i dynamic
Vs a single

nodel, and
n adaptive

psting and
structures
18 through
ecifies the
r to specify

ion of new
to provide
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Information technology — Multimedia application format
(MPEG-A) —

Part 19:
Common media application format (CMAF) for segmented

medi

1 Scop

This doc
for strea

CMAF spe

\9%

ent specifies the CMAF multimedia format, which contains segmentedihedia objects

u
nrng delivery and decoding on end user devices in adaptive multimedia presentations.

Fifies a track format derived from the ISO base media file format,then derives address

objects frgm CMAF tracks that can be used for storage and delivery.

CMAF spe
multiple ty
the same ¢

CMAF spe
intended t

Cifies sets of tracks that share encoding and packaging censtraints that enable the s
acks to form a multimedia presentation and allow seamless switching of alternative e
ontent at different bit rates, frame rates, resolution, etc:

optimized

hble media

election of
codings of

Cifies a hypothetical application model that detefmines how tracks in a CMAF presemtation are

b be combined and synchronized to form a multithedia presentation. The model abstrac

to allow any delivery method. The hypothetical application model assumes a manifest and

CMAF doe
hypothetid

CMAF spe
enable sea

CMAF spe
media pro

CMAF enal
and identif

5 not specify a manifest, player, or delivery protocol, with the intent that any that s
al application model can be used.

Fifies media profiles and brands that,constrain media encoding and packaging of CMA
mless adaptive switching of tracks'and allow devices to identify compatible content by

ifies presentation profiles that conditionally require sets of CMAF tracks conforming t
iles and allow content creators and devices to identify compatible multimedia present

bles extensibility by specifying how new media profiles and presentation profiles can b
ied and includes guidelines for those specifications.

2 Nor

ative references

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

ts delivery
blayer, but
ipport the

F tracks to
its brand.

b specified
htions.

e specified

onstitutes
references,

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

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

[SO/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: ISO base media file

format

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

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
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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 1SO
base media file format files

ISO/IEC 23003-4:2020, Information technology — MPEG audio technologies — Part 4: Dynamic range control

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

coding

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

[SO/IEC 23
environme

ISO/IEC 23
presentatic

1SO/IEC 23

ISO/IEC 23
coding

ISO/IEC 23
IETF RFC

008-3:2022, Information technology — High efficiency coding and media delivery in het
nts — Part 3: 3D audio

009-1, Information technology — Dynamic adaptive streaming over HTTP (DASH) — Pq
n description and segment formats

091-3, Information technology — Coding-independent code points — Pai't 37 Audio

090-3, Information technology — Coded representation of immersive media — Part 3: Ver,

094-1, Information technology — General video coding — Rart’1: Essential video coding

234, Augmented BNF for Syntax Specifications: ABNFY)

IETF RFC 6381, The ‘Codecs’ and ‘Profiles’ Parameters for “Bugket” Media Types?)

ITU-R Rec
programm

ITU-R Rec
HDTV stud

ITU-R Rec
or complet

bmmendation BT.709, Parameter values for theHDTV standards for production and in
e exchange

jo production

bmmendation BT.2035, A reference viewing environment for evaluation of HDTV progra
bd programmes

ITU-T Recpmmendation X.667:2014Information technology — Open Systems Interconnection —

progeneous

't 1: Media

satile video

ternational

bmmendation BT.1886, Reference electro-optical transfer function for flat panel displays used in

m material

Procedures

for the opdration of OSI Registration Authorities: Generation and registration of Universally Uniquq Identifiers
(UUIDs) and their use as ASN,Tsobject identifier components3)

ANSI/SCTE 214-1, MPEG PASH for IP-Based Cable Services Part 1: MPD Constraints and Extensions, https://
www.sctelorg/standdrds/library/catalog/scte-214-1-mpeg-dash-for-ip-based-cable-services-part1-mpd
-constrainfs-and-exténsions/

W3C IMSd1, TTML Profiles for Internet Media Subtitles and Captions 1.0.1, https://www.w3.org/TR/ttml

-imscl

W3C IMSC1.1, TTML Profiles for Internet Media Subtitles and Captions 1.1, https://www.w3.org/TR/ttml

-imscl.1

W3C WebVTT, The Web Video Text Tracks Format, Candidate Recommendation 4 April 2019 https://www.w3
.org/TR/webvttl/

W3C TTML Media Type Definition and Profile Registry, W3C Working Group Note, https://www.w3.org/TR/

ttml-profil

e-registry

1) https://tools.ietf.org/html/rfc5234

2) https://tools.ietf.org/html/rfc6381

3) https://www.itu.int/rec/T-REC-X.667
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3 Terms and definitions

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

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

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

3.1 Media objects
3.11

CMAF fragment
encoded 10 BMFF media segment conforming to CMAF constraints

3.1.2

CMAF header

sequence ¢f CMAF constrained ISO BMFF boxes that do not reference any media samples (3.3.1]
associated|with a CMAF track (3.2.1) and necessary for the decoding of its CMAF firagments (3.1.1)

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

Note 1 to gntry: Examples include a CMAF track file (3.1.6) containing a.EMAF header (3.1.2) and CMA
(3.1.1), or aCMAF segment (3.1.5) containing one or more CMAF fragments, or a CMAF chunk (3.1.4) contain]
sequence of the media samples (3.3.15) of a CMAF fragment.

3.14

CMAF chunk

CMAF medliia object that contains a consecutive subset of the media samples (3.3.15) of a CMA
(3.1.1), where only the first CMAF chunk of a CMAF fragment is constrained to be an adaptive
(3.3.9) point

3.1.5

CMAF seg
CMAF add
the same (

ment
[essable media object (3.1.3)\eonsisting of one or more consecutive CMAF fragments (!
MAF track (3.2.1)

Note 1 to enjtry: A “CMAF segment is conformant to an “ISO BMFF segment” and a “DASH segment”.

3.1.6

CMATF trac
one CMAF
constraine

rk file
Frack (3.2.4) stored consecutively in a single ISO BMFF file with the earliest CMAF fragn
d to start'at decode time zero

3.1.7

5), but are

[ fragments
ng a partial

[ fragment
switching

B.1.1) from

ent (3.1.1)

CMAF pripeipal header

CMAF header (3-1.2) that includes sufficient information to initialize the media decoder and decryption for

all CMAF tracks (3.2.1) of the CMAF switching set (3.2.2)

3.2 Logical structure

3.21
CMAF track

sequence of CMAF fragments (3.1.1) that are consecutive in presentation time, contain one media stream,
conform to at least one structural CMAF brand, together with an associated CMAF header (3.1.2) that can

initialize playback

© ISO/IEC 2024 - All rights reserved

3


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://iecnorm.com/api/?name=88128ccf09ef6c55cea17e5aa1fea70c

3.2.2
CMAF swi

ISO/IEC 23000-19:2024 (en)

tching 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

3.2.4

CMAF selection set

set of one ¢

of the sam
an alterna

3.2.5
CMAF pre
set of one

user exper

3.2.6

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

Ssentation
br more CMAF selection sets (3.2.4) that can be simultaneously decodedto produce a 1
ience, potentially including synchronized audio, video, and subtitles

CMAF medlia profile

encoding

CMAF stru

3.2.7
CMAF pre

requireme

3.2.8
required
CMAF med

3.29
manifest
document

Note 1 to ey

3.2.10
audio pro

complete g

3.2.11
audio pro

onstraint on a CMAF track (3.2.1) and its contained media’samples (3.3.15) associa
ctural brand

sentation profile
nt on the CMAF media profiles (3.2.6) contained.in a CMAF presentation (3.2.5)

media profile
a profile (3.2.6) conditionally required by a CMAF presentation profile (3.2.7)

describing one or more CMAE presentations (3.2.5)

try: Manifest formats are not specified in this document.

ramme
ollection of.alkaudio programme components and, if present, a set of accompanying pr

Pramiine component

Live aspect
@ time, e.g.

hultimedia

ted with a

psets

smallest afdressable unit of an audio programme

3.2.12

CMAF supplemental data
data that can be present in a CMAF track (3.2.1) and its contained media samples (3.3.15) conformant to a set
of requirements identified by a brand

3.2.13

CMAF structural brand
four-character code used in brand-signaling boxes to indicate compliance to box-level constraints as opposed
to media-level constraints
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3.3 Application model

3.31

CMAF hypothetical application model

CMAF presentation (3.2.5) application model based on late binding (3.3.3) and synchronization of CMAF
tracks (3.2.1) that partly determines the CMAF track encoding constraints necessary for an intended CMAF
presentation

3.3.2

player

component of the CMAF hypothetical application model (3.3.1) responsible for interpreting a manifest (3.2.9),
requesting resources, and rendering a CMAF presentation (3.2.5)

3.3.3
late bindipg
selection (3.3.8) and synchronization of separately stored CMAF tracks (3.2.1) by a player (8:3/2) resulting in
a synchroinized multimedia presentation

3.3.4
CMAF prefsentation timeline
timeline shared by all CMAF tracks (3.2.1) in a CMAF presentation (3.2.5), starting-at CMAF presenfation time
zero, which is coincident with the earliest media samples (3.3.15) intended for,presentation

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

Note 1 to er]try: Presentation time offset is an encoded property of trdcks in a presentation, but it can also Jefer to that
value storedl in a manifest (3.2.9).

3.3.6
CMAF fragment duration
sum of the media sample (3.3.15) durationS: documented in the TrackFragmentRunBpx of all
MovieFragphentHeaderBoxes in the CMAFfragment (&)

3.3.7
CMAF prepsentation duration
sum of the] CMAF fragment durations (3:3.6) of the longest CMAF track (3.2.1) in a CMAF presentatjon (3.2.5),
starting frpm its earliest presentation time on the CMAF presentation timeline (3.3.4)

3.3.8

selection
choice of a|CMAF track (3(2.1) from alternatives in a selection set (e.g. selecting an audio track by|language),
possibly by user action.gr stored user preference

3.39
switching
changing o different CMAF track (3.2.1) during presentation, including adaptively switching between
CMAF fragmerits (3.1.1) in a CMAF switching set (3.2.2)

3.3.10

seamless switching

switching (3.3.9) between CMAF tracks (3.2.1) without interrupting presentation of the media content, i.e,,
decoding media samples (3.3.15), at the same time and quality as though their containing 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 CMAF tracks (3.2.1) in
a CMAF switching set (3.2.2) conforming to that media profile
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3.3.12
single init
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ialization CMAF switching set constraints

additional CMAF switching set constraints (3.3.11) so CMAF fragments (3.1.1) do not depend on a different
CMAF header (3.1.2) when switching (3.3.9)

3.3.13
resource i
externally

dentifier
specified identifier that identifies a CMAF addressable media object (3.1.3)

Note 1 to entry: An example is a URI or other object identifier specified by a delivery protocol and manifest (3.2.9).

3.3.14
stream ac

cess point

media sam

3.3.15
media san
media dat3

Note 1 to e
and in the
by a define
“sample” is
etc., and th

3.3.16
audio PC
digital sa

3.3.17

video spa
quantized
dimension|

3.3.18
subsampl
video enca

being an ipteger submultiple that can-be Scaled to the source video size based on video stream g

without pd

4 Abbr

AAC
ABNF
ADIF

ple (3-3.I5] Tandom access property

nple

L in a CMAF fragment (3.1.1) associated with a single decode start time and duration
htry: The term “sample” is often used in the context of video to refer to the-spatial samples
context of audio to refer to PCM waveform samples. In this document, each type of sample i
l term. A media sample defined by ISO BMFF is always identified by the term “media sample

frequently used in ISO BMFF to refer to objects and parameters such\as a “sample entry”, “s
se terms are used without modification in this document.

sample
ple quantizing the amplitude of an audio waveformsatregular and frequent intervals, ¢

fial sample
values representing the colour and brightness of an area of an image corresponding
pl spatial tessellation of the image

ing
ding using a smaller number ofvideo spatial samples (3.3.17) than the source video, th

sition shift or picture aspektt ratio distortion

eviated terms

advanced.audio coding
augmented backus-naur form

audio data interchange format

bf an image
s identified
". The word
hmple size”,

.2.48 kHz

to a two-

at number
arameters

ADTS
AOT
ASC
AU
AVC
CCE

audio data transport stream
audio object type

audio specific configuration
access unit

advanced video coding

coupling channel element
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CDN
CMAF
CPE
CVS

DASH
DRC
DRM
DSE
DTV
EBU
EOTF
EVC
GOP
HDMI
HDR
HDTV
HEVC
HLG
HRD
IDR
IMDCT
[PF
[SO BMFF
KID
LFE
LKFS
MAE
MHAS
MIME

MPD

ISO/IEC 23000-19:2024 (en)

content delivery network
common media application format
channel pair element

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.]

dynamic adaptive streaming over HTTP

dynamic range control

digital rights management

data stream element

digital television

European Broadcast Union
electro-optical transfer function
essential video coding

group of pictures

high-definition multimedia interface
high dynamic range

high definition television

high efficiency video coding

hybrid log-gamma

hypothetical reference decoder
instantaneous decoding refresh
inverse modified discrete cosine transform
immediate playout frames

IS@ base media file format, defined in ISO/IEC 14496-12

key identifier, defined in ISO/IEC 23001-7

low frequency enhancement

loudness, K-weighted, relative to nominal full scale
MPEG-H audio metadata information

MPEG-H audio stream

multipurpose internet mail extensions

media presentation description
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MPEG
MSE
NAL
NTSC
OETF
PCM
PNG
PPS
QMF
RAP
RGB
SAP
SAR
SBR
SCE
SEI
SHVC
SPS
TTML
UHD
URI
URL
URN
USAC
UTC
UUID
VOD
VCL
VPS
VUI
AYS
XML

ISO/IEC 23000-19:2024 (en)

moving picture experts group

media source extension

network adaptation layer

National Television System Committee
opto-electronic-transfer-funktion
pulse code modulation

portable network graphic

picture parameter set

quadrature mirror filter

random access point

red blue green

stream access point, defined in ISO/IEC 14496-12
sample aspect ratio

spectral band replication

single channel element

supplemental enhancement information
scalable high efficiency video coding
sequence parameter set

timed text markup language

ultra high definition

uniform resource identifier

uniform resoyrce locator
uniform\resource name

unified speech and audio coding

coordinated universal time

universally unique identifier
video-on-demand

video coding layer

video parameter set

video usability information
versatile video coding

eXtensible Mark-up Language
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5 Document organization

For document organization, refer to the Introduction.

6 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 |
but are ng
identificat
encoded C
can define]
objects as
switching

that form
derived CN
for storagg

Figure 1 illustrates the media objects that are specified by CMAF, starting %@ the encoded CMAF

equirements can be inferred from encoding constraints and the hypothetical apph&
t directly specified by CMAF. CMAF does not specify manifest formats or ass e
on and transport. However, CMAF does specify CMAF addressable media obj¢ de
MAF fragments, which can be referenced as resources by a manifest. E al spe
how a manifest describes a CMAF presentation, including identifying C address
resources and representing their logical relationships determined b CMAF tra
Kets, CMAF selection sets, and CMAF presentations they are derived

CMAF tracks, then logical CMAF track sets determined by CM
[AF addressable media objects that can package encoded C
and delivery.

ack encoding constr
fragments or their med

O
, O

tion model
l resource
Fived from
cifications
hble media
cks, CMAF

fragments
hints, then
ia samples

/ CMAF

Header

CMAF
Fragment

CMAF
Fragment

CMAF

CMAF

Fiagment
CMAF Track (a squ@a e of Encoded CMAF Media Objects)

Fragment

< |CMAF Logical '
5 Media Objects
>
§ CMATF Tracks
B Switching Set Switching Set Switching Set
Q
9 (\{‘ CMAF Aligned Switching Sets
< ('\\ CMAF Selection Set
CMAF Addressabl @ """"""""" } CMAF CMAF CMAF "Track
i Media Ob]ects \b e Header Segment File
2l= OE
8E K é
2 S P = Manlfests Resources
Q.

N

Figure 1 — Media objects specified in CMAF and presented by externally specified applications,

such as adaptive streaming

Figure 1 illustrates the mapping between CMAF specified CMAF presentations, and externally specified
manifests and resources. Multiple manifests may reference the same CMAF presentation and CMAF
addressable media objects. Specification of manifests and resource delivery is outside the scope of this

document.

To accurately represent a CMAF presentation, a manifest will describe CMAF track relationships determined
by each track’s source content and CMAF track encoding constraints, e.g. that CMAF tracks belong to the
same CMAF switching set, which belongs to a CMAF selection set. CMAF groups CMAF tracks based on their
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encoding constraints in logical media objects called CMAF selection sets and CMAF switching sets that also
determine intended use in late binding, track selection, seamless switching, and synchronization. Additional
CMAF track metadata such as CMAF media profile brands, “codecs” parameters, language fields, etc. can be
included in manifests to enable adaptive track selection and playback, optimized for each user and device.

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 addre&ible media
objects thdy include. Q)
fa)

CMAF Specified Not CMAF Specified O)-~

&/ﬁanifest
CMAF Presentation Manifest A {_ Mapping Spec /

[ Manifest

Mapping Spec B

e Content
description

e Media Profiles

e Encoding

>

CMATF Selection Set

CMAF

CMAF Video

Switching Sets Addressable

Video Objects

Reference to Manifest A p

CMAF Resources
Addressable

CMAF Selection Set

Media Objects Parameters
. CMAF e Encryption

‘Svh?éiiﬁuiﬁcs Addressable Manifest B Parameters

| ° Audio Objects e License
Information

CMAF Selection Set ¢ Media Object
Information —
CMAF i
MAF Subtitle Manifest B e Resource

Addressable fto CMAF Resources

i 1 > MAddressabl
Subtitle Objects ressable
Media Objects

Identification

witching Sets

xO
Figure 2|— CMAF hypothetical cation model using externally defined manifests that|describe
th AF presentations and media objects

-

6.2 CMAF content pre()Qsing model

The CMAF content ssing model is shown in Figure 3. Each CMAF presentation is compose(l of one or
more medja conte mponents from different source material, for example, audio components in different

languages)video:components with different views of the same subject, subtitles with different lahguages or
functions, pte. @ypical presentation includes audio, video, and subtitles. Presentations are also pqssible that
only includ dio components, or include multiple audio components, or include multiple video spurces, e.g.
side-by-side video, picture in picture, sign language overlay, etc.

Synchronized CMAF tracks can be created and encoded at different times and synchronized on playback if
they share a common presentation timeline. Content packaged with the appropriate CMAF fragment decode
and presentation times can form a multimedia presentation conforming to the hypothetical application
model. Each CMAF track can be encoded, encrypted and packaged by an independent encoder if each
encoder constrains timing, encoding and encryption parameters to the constraints of the intended CMAF
presentation, CMAF selection set, and CMAF switching set. CMAF tracks in a CMAF switching set can be
independently encoded by multiple encoders with the necessary CMAF fragment time alignment by deriving
CMAF fragment timing, spatial and temporal subsampling, etc., from the parameters of the shared media
source they encode from.
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Encryption
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Encryption
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(Header &
Fragments)

Encapsulation

(Header &
Fragments)

Packaging (CMAF
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Files, Segments,
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CMAF Presentation

CMAF Video
Switching Sets
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CMAF Audio

Switching Sets

CMAF Selection Set

Subtitle
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As illustrated in Figure 3, video media components are often prepro@\.z
b media streams, typically different in bit rate and en
and encapsulated into CMAF fragments, which ca
cts appropriate for one or more delivery methods.
s resources and identified as defined by other m

in multipl¢
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Figure 3 — CMAF presentation content gener
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binding C &:F’track synchronization

sport the CMAF fragments. But CMAF address
g complete CMAF fragments as long as the resul
e media objects conform to CM@F fragment and CMAF track constraints.

ed (e.g. subsampled) and encoded

d resolution. Media strea
en be packaged as CMAF a
addressable media objects cgn be made
ppllcatlon specifications.

Ims can be
ddressable

becified in

and CMAF
the CMAF
hble media
ring CMAF

Qh each CMAF track can be encoded simultaneously from gach media
CMAF fragment packaged and made available as soon as pgssible as a
ressable media obj@ such as a CMAF segment or a CMAF chunk.

izing separately stored CMAF tracks during playback is referred to as Iqte binding.
g model and accurate recording of CMAF fragment presentation times durin

ary o synchronize late bound CMAF tracks during delivery and presentation.

F\\npnfhnflnq] 'Jpp]l{")flr\h mnr‘n] ’JI] f‘]\/l’Al:' qunlfc ln a3 f‘l\/[ AAF nrecentation charao thao ¢

g encoding

same CMAF

otrrectroot

Toorc oIt

PreoeTtT

Torero oo Sttt

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 ISO BMFF, the presentation time of a media sample in a file is obtained from the decode time
(derived from the baseMediaDecodeTime in the TrackFragmentBaseMediaDecodeTimeBox 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. Equivalent decode and
presentation times in different tracks can have different integer values if the tracks have different timescales.
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CMAF tracks are not contained in a single multitrack ISO BMFF 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 value stored in
baseMediaDecodeTime.

A shared CMAF presentation timeline permits synchronization of different CMAF tracks at the CMAF player
by, for example, starting presentation with the earliest media sample of the earliest video CMAF fragment
and simul i i i i ion time equivalent
to the predentation time of the earliest video media sample. If an audio or subtitle CMAF fragniemt contains

media saniples with earlier presentation times than the earliest video media sample, the-leading media
samples arle not expected to be presented. If a CMAF presentation contains no video, then the starting CMAF
presentatipn time can be the earliest audio media sample.

A CMAF track’s presentation time at the start of the CMAF presentation can bé“specified in p manifest
presentatipn time offset so long as the equivalent offset is specified for aH \GMAF tracks in a CMAF
presentatipn. For instance, each period in a DASH manifest is considered|a CMAF presentation. The
requirement that CMAF presentations share a common presentation, timeline origin mearns that all
presentatipn time offsets in a DASH Period will be equivalent values.

6.4 Adaptive switching of CMAF tracks in CMAF switching'sets

lia content
ource may
essary for

CMAF tracks are contained in CMAF switching sets. Only CMA¥Ftracks encoded from the same me
component can belong to the same switching set, but CMAE+tracks encoded from the same media §
also be grpuped into different switching sets that each:have different encoding constraints neg
seamless gdaptive switching.

CMAF tradks in a CMAF switching set have the folldwing characteristics.

The CMAF tracks are alternative encodings;of a single media content component and media ty
same gudio or video source.

pe, e.g. the

The CMAF tracks are perceptually-equivalent, e.g. the same aspect ratio, colour space, duf
typically resulting from encodingthe same media source, i.e., master file or input stream.

ation, etc.,

The CMAF tracks conformsto a common CMAF media profile.

The C
encod

MAF tracks are-seamlessly switchable based on the general constraints on CMAF tracks and

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

Track swit]
time t, and
this could

ching refer’s to the presentation of decoded media samples of one CMAF track up to a pr
presentation of decoded media samples of another CMAF track from time ¢t onwards. Fg
be accomplished using two decoders, downloading overlapping portions of any tw|

esentation
r instance,
D streams,
br initiated

decoding i

oth/streams, and switching on any decoded media sample. Track switching could be us

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.

determines the objects that are encoded and decoded.

CMAF

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

CMAF specifies encoded media objects in a CMAF track format that applies to all media types and

CMAF
fragm

CMAF add
media obj
independe
CMAF add
media objg
itisup to

encode andl package them directly.

6.5.2 En

CMAF
medi3

6.5.3 Ldgical media object sets

CMAF
of the
simpli
encod

CMAF
are al
seaml
encod

CMAF
their d
a time

CMAF[specifies profiles that determine the specific encoding constraints on media objects th
to identified interoperability points called profiles.

addressable media objects are derived by packaging CMAF headers, CMAF ¢hunks,
ents as [SO BMFF data structures available for storage and delivery.

Fessable media objects inherit the properties of encoded media objects;their profiles,
bct and set constraints, and make the process of encoding and decoding of CMAF
ht of the delivery method and packaging. Different delivery specifications can map
Fessable media objects to their different manifests to enable interoperability. CMAF a
cts, such as CMAF chunks and CMAF segments, are logically.derived from CMAF frag
mplementations whether to physically derive them fromCMAF fragments by post pr¢

coded media objects

specifies CMAF headers and CMAF fragments that form CMAF tracks that conforn
profiles. These are the encoded objects from which all other objects are derived.

specifies CMAF switching sets that logically group CMAF tracks that are alternative
same content constrained to endble seamless switching. A CMAF switching set is conj
fy seamless switching between tracks by requiring time-aligned CMAF fragments, c
ng parameters, and shared encryption keys.

ernative encodings-of the same content with time-aligned CMAF fragments. Some ¢
pssly switch bétween time-aligned CMAF fragments in different CMAF switching se
bd with different characteristics, such as different codecs or encryption keys.

specifiés CMAF selection sets that logically group alternative CMAF switching set
ontentand encoding constraints, e.g. alternative languages or codecs. At most, one CM
isdntended to be selected from each CMAF selection set in a CMAF presentation.

ht conform

and CMAF

hnd logical
fragments

the same
Hdressable
ments, but
cessing or

n to CMAF

encodings
trained to
bnstrained

specifies aligned CMAF switching sets that logically group multiple CMAF switching sets that

layers can
's that are

t based on
AF track at

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

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, CMAF supplemental data, and ISO BMFF brands for widely used

audio, video, and subtitle formats. Each CMAF media profile specifies constraints on codecs, media
samples, CMAF fragments, and CMAF tracks to identify encoder/decoder interoperability and optional

functi

f\nn]ify inrlnding random access and seamless nr]npfivn curifr‘hing cpnriﬁ'nd as CMAFE sw

itching set

constr
brand
requin

aints. CMAF also specifies guidelines for the specification of CMAF media profiles. dng
5 to enable other specifications to define CMAF media profiles that conform to gen
ements. See Table A.1, Table B.1, Table A.2, and Table A.3.

CMAF
tracks
preser

specifies CMAF presentation profiles and identifiers that conditionally reguire inclusid
conforming to specific CMAF media profiles. CMAF presentations_ ¢donforming to
tation profiles in A.1 are intended to be compatible with most mediarplayback devices

6.5.5.2 (CMAF presentation profile identifiers

CMAF presentation profile identifiers identify CMAF presentations eontaining CMAF tracks con
CMAF medlia profiles that are conditionally required by the preséntation profile. Players can 1
availability of required CMAF tracks based on the presentation profile identifier. Other CMAF swi
and media| profiles can also be included in the CMAF presentation to enable additional features
not be sugported by all players conforming to the CMAE-presentation profile. A CMAF present
conform t¢ and signal multiple presentation profiles if all the required CMAF tracks for each pr
profile areg available. Presentation profile conformance.ncludes start alignment and synchroniz
CMAF tradks.

| matching
eral CMAF

n of CMAF
the CMAF

forming to
ely on the
tching sets
that might
ation may
esentation
htion of all

MAF track

d profile constraints. Each media profile defines codec-specific properties in addition to those

required by all CMAF tracks, such as.the CMAF header sample entry, media sample format, CMAF fragment
constraintp, media sample presentation synchronization, scaling, mixing, layering, random gccess and
encoding fonstraints such asycodec profiles and levels. CMAF media profiles can specify donstraints
between nultiple CMAF tracks'in a CMAF switching set, and thereby imply player requirements|necessary
to seamlegsly switch between CMAF fragments in those CMAF switching sets.

6.5.5.4 §ignalling'of supplemental data in CMAF tracks

CMAF defines brands, called "supplemental data brands" to identify the presence of additional igformation
in a CMAH ttack that is not requ1red by the CMAF medla proflle of that track For example NAL units,
SEI messake be added where this

supplemental data does not make the CMAF track flle non- conformant Slgnalllng its presence may be useful

during production workflow, and to decoders for track selection and decoder initialization.

6.5.5.5 Single initialization CMAF switching set constraints identifier

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.
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ISO BMFF segment brands for CMAF media objects

Segment type 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.

6.5.5.7 Specification of CMAF presentation and media profiles

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

Clause 12.

This document contains the following CMAF profiles.

CMAF

presentation profiles are specified in Clause A.1.

CMAF

Additional
specify an
optional C

Additional
and specif;

6.6 CMA

media profiles and CMAF supplemental data are specified in Clauses A.2, A.3, A.4, and

CMAF media profiles can be specified if they conform to the general CMAF track req
1 register ISO BMFF brands, and define codec-specific CMAF track formats, cedec const
MAF switching set constraints for seamless switching following the guidelives in 12.1.

CMAF presentation profiles can be specified if they conform to the general CMAF red
7 a URL that identifies the conditionally required media profiles, as described in 12.2.

LF media object model

6.6.1 CMAF fragments

In the CMAF hypothetical application model, CMAF fragments-are the media objects that are en

decoded.
Each CMA

The CMAH
decodable
or more cd

" media profile further constrains CMAF fragmients and media sample data.

media profiles in Annex A and their referenced track formats constrain CMAF fragn
independently of each other; for example, NAL structured video CMAF fragments c
mplete coded video sequences tonrake them randomly accessible and independently

Audio CM

F fragments contain a sequence of audio access units, and subtitle CMAF fragments

single subfitle document in a media sample, constrained so that each CMAF fragment is randomlyj
and decodpble. Common Encryption{can also signal the necessary decryption parameters in ¢

fragment

make it independently decryptable, in combination with an associated CMAF header

B.5.

lirements,
raints, and

uirements

coded and

lents to be
bntain one
decodable.
contain a
accessible
ach CMAF
and keys.

A CMAF frpgment typically consists of one MovieFragmentBox and MediaDataBox pair, but can contain more
than one of these pairs. When'a fragment contains multiple pairs like this, each pair is called a CM
and each QMAF chunk centains a consecutive subset of the CMAF fragment’s media samples.

This is illuptrated inEigure 4.

Media Samples

[AF chunk,

|

Movie
Fragment Box

Media Data Box (‘mdat’)

(‘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 ISO BMFF 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

Mavria Mavria
CMAF Fr NVHEB Media Data F HVHEB Media Data
ragmen (0):4 Box (‘mdat,) ragmen (0):¢ Box (‘Indilt,)

(‘moof”) (‘moof”)

Header

Figure 5 — CMAF track data structure

See Clausefs 7 through 11 for additional details on the construction of CMAF fragments and CMAJF tracks of
different media types.

6.6.3 CMAF track files

A CMAF track file is a CMAF addressable media object consisting of a CMAF track stored in a|single ISO
BMFF file.|A CMAF track file is a stored CMAF track with the following constraints.

— It starfs with a CMAF header.

— The CMAF header is followed by a continuous sequence of one or more CMAF fragmentg stored in
presentation order.

— The fiyst CMAF fragment has a baseMediaDecodeTime of zero.

Additional|boxes, such as segmentIndexBoxes, can be present between the CMAF header and the first CMAF
fragment.

This is illuptrated in Figure 6.

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

\

IMCMAF Fragment CMAF Fragment CMAF Fragment CMAF Fragment
1 2 3 4

CMAF
Heacler

CMAF Fragment N

troe— e coa e

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 pr

esentation.

This is illustrated in Figure 7.

CMAF Fragment N

A

CMAF Fragment N+1

NMAsrina
VIV ViILC

Media Data
Box (‘mdat”)

Media Dats

Fragment Box Box (‘mdat’

(‘moof”)

Fragment Box
(‘moof”)

)

CMAF vid
segment d
streaming

Subtitle s¢g
increasing]
have a dur

6.6.5 CMAF chunks

CMAF chu
in a CMAH
as possiblg

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

Figure 7 — Example CMAF segment, addressable media object

po fragment durations are typically 2 seconds to 6 seconds for coding efficiency,
Lirations are typically not greater than 10 seconds to 12°seconds to limit delivery late
and limit bitrate rate adaptation response time.

gment durations are usually close to video segment durations in live presentation
presentation delay. In a prerecorded CMAF preésentation, a single subtitle CMAF se
htion up to the duration of the CMAF track that'contains it.

and CMAF
ncy in live

s to avoid
bment can

delivered in a CMAF segment contajning one or more CMAF fragments would be delayed for the

the CMAF
and decod
access tot
CMAF chu
correspon
fragment g

segment, i.e., typically seyeral seconds. CMAF chunks enable the progressive encodin
ing of each CMAF fragment. A MovieFragmentBox at the start of each CMAF chun
he contained media:samples. Broadcast, unicast, and multicast protocols can deliver a
hks through varieus methods, including resource IDs that include both a CMAF segme
ing to a CMAF fragment and the number of the CMAF chunk within the fragment to

nd chunk. identification.

Figure 8 il
derived fr

sample of

ustratesthat CMAF chunks inherit the media sample constraints of the CMAF fragme
m, Inthis example of a video CMAF fragment containing a coded video sequence, the

hks are CMAF addressable media ebjects that contain a consecutive subset of the medjia samples
fragment. CMAF chunks can be used by a delivery protocol to deliver media samples as soon
during live encoding and streaming, i.e., typically less than a second. The same medjia samples

uration of
b, delivery,
kK provides
hd identify
nt number
allow both

nt they are
irst media

hefirst CMAF chunkis 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.
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Example: CMAF Fragment containing a Coded Video Sequence of 20 samples

\
EEEE

[ |
HEEN EEEN EEEN EEEN

‘moof’

‘mdat’ in CMAF Video Fragment

Encoder output time

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

(@ odqr
'\05) put time
4
Figure 8 — CMAF chunk, addressable media objectv%QQ
o)
(1/
O
o~
O

As illustrated in Figure 9, CMAF switching sets contain time-aligr(éi CMAF fragments that start wjith stream

encoder
output time

encoder
output time

encoder
output time

encoder
output time

6.6.6 CMAF switching sets and adaptive switching

6.6.6.1 (verview

access poi
fragments

1ts (SAP type 1 or 2) and timestamps to simplify
from different CMAF tracks during playback.

CMAF

CMAF Video Fragment N

Header

CMAF Video Fragment N

CMAF Video Fragment N

CMAJF
Header
CMAJF
Header

CMAF Video Fragment N
I,

CMAF Video Fragment N

CMAF Video Fragment N

‘tfdt’=T
C)éo
N

‘tfdt’=T+duration(N)

CMAF Video Fragiment

CMAF Video Fragment

CMAF Video Fragment

CMAF Video Fragment

‘tfdt’=T+duration(N)
+ duration(N+1)

itching between tracks by sequen

CMAF Video Fragment

CMAF Video Fragment

CMAF Video Fragment

CMAF Video Fragment

CMAF Video Fragment

CMAF Video Fragment

CMAF Fragments are time
and have continuous durafion

ring CMAF

aligned

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, video scaling, audio
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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 during storage or

transport.

The CMA
constraint
switching
switch to
single init
CMAF tradg

Figure 10
constraint

“single init

One meth
referenced
download
referenced
available t
are not ing

Audio CM4
to change

Subtitle CI
CMAF swif

See 7.3.4 f(

track format speciiies two types of CMAF switching set processing, determined
5 on NAL structured video track formats referenced by some CMAF media profiles.
ket conforms to general constraints, a CMAF track’s header is assumed be processed be
fhat CMAF track. Additional constraints are specified for a CMAF switchingyset con
alization constraints that do not depend on processing a new CMAF header to switg
ks within a CMAF switching set.

llustrates the player generated bitstreams resulting from the two types of CMAF sw
5 and the decoding process each enables. Those two processes and bitstreams are de
ialization track switching” and “multiple initialization track switching”.

pd of single initialization track switching relies on a “egmmon” CMAF header co
CMAF headers only once per CMAF track. Consequently, new video parameter sets a

b a player. Another method relies on parameter sets’delivered in-band when those para
luded in the initially downloaded CMAF header.or differ between CMAF tracks.

hire contained in the audio media samples.and CMAF fragments.

MAF tracks are typically not adaptively switched, and therefore have a single CMAR
ching set.

r details on CMAF switching:sets.

Single Initialization Switching Process

by specific
If a CMAF
fore every
forming to
h to other

itching set
scribed as

aining all

n|
sample entries and decoding parameters in the CMAE switching set. It is assumed tlﬁat players

hd indexes

by portions of a CMAF track encoded after the CMAF header has been downloaded wq¢uld not be

meter sets

\F switching sets typically only require single initialization because parameters that afre allowed

track per

Track 1 Segment N Segment N+1 Segment N+2 | Segment N+3 Segment N+4
Header Track 1 Track 2 Track 2 Track 3 Track 3

Multiple Initialization Switching Process

Track 2

Segment N

Segment N+1| Track3 |SegmentN+2|SegmentN+3| Track4 J'Segme

nt N+4

Track 1 Header Track 2 Header Track 2 Track R 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 video spatial samples
and colour subsamples output by a decoder to 32-bit or 48-bit RGB pixels in a size, colour space, resolution,
and refresh rate appropriate for a specific display.
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Adaptive switching, enabled by CMAF media profile constraints, allows a player’s decoder 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 tracks 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 CMAF 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 if decoding
an change
stores the
e and track
[ial sample
iformation
switching

t pa | s Hp | P | 43 1ot CMANATL & ] pa | s £l ot
parametensattaparanreter maexesare ot raentrcaroetweeir Civirrtr atKsS; ana paranrecers—tiat

are not signalled in each CMAF fragment. This is often the case when each video CMAF track

hat makes
that CMAF

Multiple ipitialization switching can be used to process all CMAF\switching sets, but may [not result

in seamlegs presentation when a system processes the entire CMAF header rather than just
parameterjs allowed to change in a CMAF switching set, such a$height, width, and cropping p
Multiple initialization adaptive switching is necessary for-aNAL structured video CMAF sw

the video
hrameters.
tching set

unless it c¢nforms to single initialization constraints specified by its CMAF media profile.

A CMAF hdader of a CMAF video track only needs to be.processed once for a CMAF switching set gonforming

to single ipitialization constraints. There could be several ways to achieve this functionality that can be

specified Hy each CMAF media profile.

Two methqds of specifying single initializatiof’constraints are the following.

a) A common CMAF header and sample«entries for a CMAF switching set
In thig case, each CMAF header.and its sample table contain all parameter sets and sample entries
used tp encode CMAF fragments in the CMAF switching set. All the parameter indexes are ynique and
corregpond to the index walues encoded in the video NAL slice headers. There would be h different
samplg entry for each different subsampling used in the CMAF switching set.

b) Gener]c CMAF headersand parameter sets stored in each CMAF fragment
In thig 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 igformation

used f

pr decoding is stored and indexed within each coded video sequence and CMAF frag

ment. The
ach CMAF

initial

zation information is sufficient for the CMAF media profile identified by brand in ¢

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 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.
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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 and signal in-
band parameters in each CMAF fragment.

6.6.7 CMAF selection sets and late binding

A CMAF selection set is a set of CMAF switching sets, where each CMAF switching set encodes an alternative
aspect of the same presentation over the same presentation time, for example, different audio languages,
video camera angles, video formats, or codecs.

CMAF players are expected to select one CMAF switching set from each CMAF selection set at the start of
playback ha ibhili : applicati may switch
between QMAF switching sets in a CMAF selection set during playback, but seamless prese

- QINnNna a2 2lale - prelrerence a Dld ap K ale ale
tation is not
quse CMAF

expected, pither because the content differs (e.g. a different language or camera view) or-be
fragment time alignment and decoding are not constrained to decode seamlessly. ‘1,
Aligned C

AF switching sets are encodings of the same source content with time-ali '\ed CMAF|fragments
to enable ¢gompatible players to seamlessly switch between tracks in different b ned CMAH switching
sets that cpntain CMAF tracks that do not conform to all the constraints of a sing?IMAF switching set.

For examp‘Le, in Figure 11, the SD, HD, and UHD10 CMAF media profile CM (S}Nitching sets could|be aligned
CMAF switching sets, and some players could seamlessly switch be n them. In one casg, only the
encryption key might be different between the SD, HD and UHD CMAF @tching sets. In another case, codecs
could differ. Each CMAF switching set individually conforms to nor constraints for its media profile, and
each playef can determine if it can process the differences betwe igned CMAF switching sets yeamlessly.

Late bindipg allows CMAF tracks to be encoded once and u@ in different combinations. See 6.B for more
informatidn.

—

English AAC stereo CMAF Switching Set (single Track)

g&uldicz French AAC stereo CMAF Switching Set (single Track)
electi ~
Set English multichannel CMAF Switching Set (single Track)

French multichannel CMAF Switching Set (single Track)

Subtitl English WebVTT description CMAF Switching Set (single Track)
S:let;:i English TTML descristion CMAF Switching Set (single Track)
Set French WebVT1 dub CMAF Switching Set (single Track)

French TTML dub CMAF Switching Set (single Track)
N

SD Media Profile CMAF Switching Set (multiple Tracks)

Video s\ |
Selecti iID Media Profile CMAF Switching Set (multiple Tracks)
Set

UHD10 Media Profile CMAF Switching Set (multiple Tracks)

Figure 11 — Example of CMAF selection sets

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.
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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 (ISO BMFF tracks with lower layer numbers overlay higher layer numbered tracks)
and video CMAF tracks may be packaged with layer zero, or values relative to subtitles per the content
creator’s intended effect.

6.6.8 CMAF presentation timing model

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

Zero.

Comm

All CMAF

TrackFrag
presentati
The result
origin. Thg

The timeli

a) Track
any m

of the

Global realtime timelines with different origins

UTC Date + Time, International Atomic Time
NTP and PTP Time (relative to midnight January 1, 1900)

Unix Time (relative to midnight January 1, 1970)

4+—

The start of a live CMAF Presentation is synchronized to realtime time

Track Presentation time . . . A .
* offsol g Origin = zero CMAF Presentation Timeline

CMAF Video Track baseMediaDecodeTime, media samples in decode order

< Decode time origin

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

< Decode time origin

n decode time origin L'#—— audio presentation'time offset edit list, if needed to subtract decoder

Figure 12 — CMAF timelines and synchronization model

racks in a CMAF presentationate specified in Clause 7 to measure baseMediaDecode]
hentBaseMediaDecodeTimeBex-from the same timeline origin and adjust each medi
bn time relative to its decode time using composition offsets and offset edit lists, when
ing presentation timelines and decode timelines all reference the same (coinciden
timelines and theirtelationships are illustrated in Figure 12.

1€S are:

decode time — Is determined by the storage sequence and duration of each media sam
bdia sanmple, equals the sum of all prior media sample durations added to the baseMediar
first CMAF fragment.

b) Track

CMAF Audio Track, earliest presentation time is CMAF Presentation time zer

nes

ime in the
h sample’s
necessary.
[) timeline

ble, and for
ecodeTime

composition time — Is determined by each sample’s composition offset in the T

ackRunBox

relative to its decode time and is used to reorder video media samples to their presentation order.

media

d)

sample’s composition time, as shown for a CMAF audio track in Figure 12.

Track presentation time — I[s determined by applying any offset edit list in the CMAF header to each

CMAF presentation timeline — Is 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.

Wall clock time — This timeline is important for live presentations, e.g. UTC time at the time of CMAF

chunk availability. A wall clock timestamp may be stored in a ProducerReferenceTimeBox in a CMAF
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chunk or fragment, and that timestamp linked to a media sample decode time. Manifests can indicate
the wall clock time that coincides with the start of a CMAF presentation so a player can determine 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 ISO BMFF file. But CMAF tracks can start at a non-zero
decode time (baseMediaDecodeTime) stored in the earliest video CMAF fragment. The CMAF presentation
timeline starts at zero, coincident with the earliest media sample presentation time, and is equivalent to the

[ISO BMFF

movie timeline.

As illustrated in Figure 13, CMAF tracks with audio CMAF fragments that overlap the earliest video media
sample are intended to start presenting simultaneously with the earliest video media sample. Audio CMAF
track presentation time is determined by the value of baseMediabecodeTime recorded in each CMAF chunk or

fragment,
header.

ISO BMFF
sample du
a decode t

stored in n

ackFragme
sample du

CMAF trad

the CMAF

Manifests
presentati
be the ear

audio medjia sample. To maintain audio, video, and subti
the preser]
equal pred
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different t
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Qv
Hefines files and requires that the decode time of each media sample is the s (Jf all p
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jme of zero. Movie fragmentation is optional. In contrast, all media sa s in CMAF
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htBaseMediaDecodeTimeBox. The decode time of each media sample éB
Fations in the CMAF track added to the baseMediabDecodeTime @e first CMAF fragn
k. The decode time of each media sample also equals the su rior media sample d
fragment that contains it added to the CMAF fragment'’s bas@diaDecodeTime.

d
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CMAF Video Fragment

Audio Samples

\

Audio Samples
A

Audio Samples
A

CMAF Audio Fragment

CMAF Audio Fragment

Each fragment contains complete video or audio media sample sequences or sync samples

Star

t alighment, Fragment alignment, Fragment duration, and Sample duration often differ between Selection Sets

Figure 13 — Audio/video synchronization and start alignment

CMAF Audio Fragment s

CMAF tracks containing video can use negative composition offsets where necessary to reorder media
samples without adding composition delay, so that the earliest composition time and presentation time
of each CMAF fragment equal its earliest decode time (with the optional exception of CMAF track files,
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mentioned above). The baseMediabecodeTime in the TrackFragmentBaseMediaDecodeTimeBox is the earliest
media sample presentation time of each CMAF fragment, and the baseMediabDecodeTime of the earliest video
CMAF fragment is the presentation time offset of the CMAF track at CMAF presentation time zero.

CMAF tracks, illustrated in Figure 6, can also be encoded using positive composition offsets and packaged
with an edit list in the CMAF header to remove composition delay.

During random access and “trick play” (fast forward, reverse, slow motion, jump, etc.), the TrackFragmentBas
eMediaDecodeTimeBox and the TrackrRunBox can be used to determine each media sample decode time relative
to the CMAF fragment baseMediaDecodeTime, then any edit list present in the associated CMAF header can be
used to calculate the presentation time offset relative to each media sample’s composition time.

Decode time discontinuities between CMAF fragments can result from starting a new CMAF presentation in
a playlist, for example, In sequenced programs or programs Interspersed with prerecorded ads. A manifest
can locatethe new CMAF presentation on its manifest presentation timeline and adjust CMAF\switching set
presentatipn time offsets accordingly.

However, in cases where a decode time discontinuity results from one or more missingor damdged CMAF
fragments| in a continuous CMAF presentation, players can use the baseMediabegodeTime oOf the next
available JMAF fragment to resume presentation synchronized to the current preséentation timgline. Error

concealment could include repeating video frames and skipping over missing content in the case of
or buffered media, but all CMAF tracks have to skip the same duration to maintain A/V synchron

In order td indicate timeline discontinuities caused by gaps, a manifest.should signal the existen
Content with gaps is not strictly compliant to CMAF, conformance cap only be guaranteed for the
parts between gaps.

6.6.9 Manifest information

Although CMAF does not define the form or the contentof the manifest, it does define its role.
is a document that describes one or more CMAF presentations, e.g. an MPEG DASH Media Py

independeptly packaged CMAF tracks grouped™in CMAF switching sets and selection sets
synchronifed multimedia presentation.

A manifest provides the player with infermation to select, initialize, start align, and synch
CMAF tradk(s) to be played and identify CMAF media objects as resources to access and possibly
them. CMAF tracks and CMAF fragments contain sufficient information to enable decryption
and preseptation scheduling. A manifest can also provide information on delivery protoco
managemdnt, authorization, license acquisition, etc., in addition to resource identification and pr
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 present
sequence, f manifestcan indicate to a player that the CMAF switching set conforms to a CMAF mg

and CMAF|switching'set constraints, so a player can select and initialize compatible CMAF trac
switch seamlessly-between those CMAF tracks, reinitializing only when necessary.

bn demand
zation.

ce of a gap.
fontinuous

A manifest
esentation

(MPD). A manifest is responsible for’/describing the combination and synchronization of

to form a

ronize the
download
decoding,
, hetwork
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ationsin a
dia profile
ks and can

CMAF headers, CMAF chunks, and CMAF fragments can be packaged and referenced as CMAF addressable
media objects for storage and delivery. Each CMAF addressable media object can be referenced as a resource
as specified by an external specification, e.g. MPEG DASH (ISO/IEC 23009-1).

External specifications can define resource identifiers and the CMAF addressable media objects they
identify so that servers, CDNs, and manifests can access CMAF addressable media objects and sequence
them for decoding and presentation. A common example is a CMAF addressable media object packaged as
the body of an HTTP response and identified as a resource by a unique segment URL. A CMAF track file can
be segmented during delivery by adding a byte range to each HTTP request for the file’s URL, using byte
ranges matching one or more CMAF fragments or the CMAF header of the CMAF track file.
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Use of the same URI per CMAF addressable media object is recommended to improve efficiency in content
distribution networks and caches, even when different manifests or delivery protocols are used. The use of
different URIs for the same CMAF addressable media object causes duplicate storage and delivery of the same
CMAF media objects. For example, in cases where the same CMAF segments can be delivered over broadcast,
multicast, and unicast, a CMAF player can request a CMAF segment with a single resource identifier and
retrieve it from the player’s cache regardless of which network path and encapsulation delivered it.

7 CMAF track format

7.1 Overview
tracly fovrinat 1o darivuad fram +ha IS haca ymaadia £fila formaat 10 thic ~slayicn and cdvar ot
track-formatis-derivedfromthe 1SO base mediafile formatinthis-clauseand struet

bd. At this point, the 'cnfc' and the 'cmf2' CMAF structural brands are defined. The, Ve
tricts the 'cmfc' brand.

ral brands
nf2' brand

The CMAF,
are specifi
further reg

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

7.2 CMAF brands

Clause 7 defines the requirements and constraints that apply to all CMAF tracks:

A CMAF t
with Clau

Fack should include all structural CMAF brands that it conforms to, indicating co

The file b

e 7 and Clause 8 (specifying file format and optional ,ehcryption, but not media
Fands also declare that boxes specified in common enceyption (ISO/IEC 23001-7)

nhformance
encoding).
and DASH

(ISO/IEC 23009-1) may be present.

The comm

pn constraints of all structural file type brands are described in subclause 7.3.2.2.

iles and their brands may specify additional box requirements and CMAF track constrpints, such
\F media profiles that reference the NAL structured video CMAF track format defined in Clause 9,
ing boxes specified in ISO/IEC 14496-15,and AAC audio CMAF track format specified inf Clause 10,
ing boxes specified in ISO/IEC 14496:3.

Media pro
as the CM4
incorporat
incorporat

tracks and
hble media

CMAF als( specifies addressable media objécts in subclause 7.3.3 that are derived from CMAF
have segment type brands that may be.ificluded in a segmentTypeBox prepended to an address
object to identify its type (see Table 1)

Table 1 — CMAF brands

Brand Location Conformance requirements
cmfc FileTypeBox and SegmentTypeBox 7.6
cmf2 FileTypeBox and SegmentTypeBox 7.7
cmff s SegmentTypeBox 7.3.3.1
cmfl SegmentTypeBox 7.3.3.2
cmff € SegmentTypeBox 7.3.2.3
cmfr SegmentTypeBox 7.3.2.4

An ISO brand, such as 'is09', that indicates the ISO BMFF boxes actually present in each CMAF track should
be listed in compatible brands to improve interoperability with file readers. The 'isox' brand (where “X”
represents a number or letter) specified in each new edition of ISO/IEC 14496-12 determines what box
versions are allowed in CMAF tracks, unless specifically constrained by the common constraints of CMAF
structural brands as specified in this clause.
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If any of the structural CMAF brands is the major brand, the minor version shall be set to 0, and file names
should use the file extensions in Table 2. Otherwise, file names should use the file extension and Internet
Media Type specified to match the major brand, e.g. * .mp4, *.3gp, *.uvv and *.uva.

NOTE It is expected that file readers read possible future versions of CMAF that increment the minor version
number.
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Table 2 — Common media application format file extensions

Track type File extension Internet media type (MIME type)
Video .cmfv video/mp4
Audio .cmfa audio/mp4
Text (subtitle) .cmft application/mp4

Each CMAF track has a CMAF header associated with it, although the CMAF header and CMAF fragments
might not be stored as an ISO BMFF file, and might not be stored at all, i.e., only existing temporarily as

streams.

7.3 CMAF media objects

731 C

CMAF tradks shall include the following ISO BMFF boxes with nesting, optionality, and,cardinalit

in Table 3

“Specification” column that reference ISO/IEC 14496-12, ISO/IEC 23001-7, or ISO/IEG23009-1.

Some boxgs are additionally constrained by CMAF, as specified by clauses int this document ref

the “Const

shall confdrm to the versions and flags of the same boxes as defined by tlie”'iso9' brand unless a
constraingd by this document.

CMAF add

fragment flecorded media objects and specify additional box cegnstraints in subclause 7.3.3.

Additional

audio, vidgo, and subtitle formats (see subclause 7.4.4).

In Table 3,

AF boxes

through Table 5, with box definitions incorporated by reference to thesclauses lig

raints” column of Table 3 through Table 5. The versions and flags of boxes used in a C

Fessable media objects are derived from the CMAF track, CMAF header, CMAF chunk,

boxes and constraints are specified by CMAF track formats and CMAF media profiles {

Table 4, and Table 5 the “Format Req.” column indicates the number of boxes that are 1

be present

wxn me

“«,n

+ e

“1" inC

MCR" i
media

y specified
ted in the

erenced in
MAF track
Hditionally

and CMAF

or specific

equired to

in a CMAF track, where:
Qns “zero or more” may be present;

ans “one or more” shall be present;

icates one box shall‘be present;

“0/1” indicates only one box may.be present, and it is optional;

Table 3 — CMAF header boxes

hdicates that abox’'is conditionally required as specified in the CMAF track format o1
profile and shall'be present under those conditions (see “Constraints” column).

a specific

NL O | NE,A7| NL 2 | NL 3 | NL 4 NL 5 F‘[’{;gat Specification Constraints Déscription
ISO/IEC 14496-12 CMAF 7.2 File type and
ftyp 1 Compatibility
ISO/IEC 14496-12 Container for
moov 1 functional
metadata
mvhd 1 ISO/IEC 14496-12 CMAF 7.5.1 Movie header
trak 1 ISO/IEC 14496-12 Container for each
track
tkhd 1 ISO/IEC 14496-12 CMAF 7.5.4 Track header
edts CR ISO/IEC 14496-12 CMAF 7.5.13 Edit box
elst 1 ISO/IEC 14496-12 CMAF 7.5.13 Editlist box
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Table 3 (continued)

NL NL 1 NL 2 NL 3 NL 4 NL 5 F(l){:(;at Specification Constraints Description
. ISO/IEC 14496-12 Track media
mdia 1 . .
information
mdhd 1 ISO/IEC 14496-12 CMAF 7.5.5 Media header
ISO/IEC 14496-12 Declares the
hdlr 1 media handler
type
elng 0/1 ISO/IEC 14496-12 Fxtended
anguage tag
ISO/IEC 14496-12 Media
minf 1 information con-
ta'mf:r
ISO/IEC 14496-12 CMAF 7.5.6 eq media
vmhd CR (\C% .
smhd CR ISO/IEC 14496-12 CMAF 7.5.7 q R Sounfl media
’\ head¢r
1SO/IEC 14496-12 QQ' Null thedia header,
amhd CR Q overdll informa-
(b tion (some tracks
"]/ only)
sthd R 1SO/IEC 14496-12 \_J|CMAF 7.5.8 Subtifle media
A head¢r
Ging L 1SO/IEC 14496312 Data
\\% informnation box
lSO/Ié\14496-12 CMAF 7.5.9 Data feference
dref 1 box, declares
Q sourde of media
AO data In track
\\‘ ISO/IEC 14496-12 CMAF 7.5.12 Sample table box,
stbl ,b contdiner for the
n‘\ time/space map
\\'\‘U ISO/IEC 14496-12 CMAF 7.5.10 Sample
sts r 1 descijiptions (see
$ Table) 4 for addi-
\’\\Q tiona| details)
Ostts 1 ISO/IEC 14496-12 CMAF 7.5.12 Decofling, time to
T samplle
RX stsc 1 ISO/IEC 14496-12 CMAF 7.5.12 Sample-to-chunk
O stsz/ L 1SO/IEC 14496-12 CMAF 7.5.12 sam]le size box
o 1o stz2
\)
f'& stco 1 ISO/IEC 14496-12 CMAF 7.5.12 Chunk offset
C)\J ISO/IEC 14496-12 CMAF 7.5.18 Sample group
sgpd CR o
\. descifiption box
OB\‘ stss CR  |ISO/IEC 14496-12 CMAF 7.5.12 Sync fample box
(udta 0/1  |ISO/IEC 14496-12 User Hata box
C N cprt * ISO/IEC 14496-12 Copytlight box
\<</ kind * ISO/IEC 14496-12 CMAF 7.5.3 TracH kind box
mv‘ex T [SO/TEC14496-12 Movie extends box
mehd 0/1 ISO/IEC 14496-12 CMAF 7.5.1 }I\:Iome extends
eader
trex 1 ISO/IEC 14496-12 CMAF 7.5.14 Track extends box
ISO/IEC 23001-7 CMAF 7.4.3 Protection system
pssh * specific header
box

© ISO/IEC 2024 - All rights reserved

28



https://iecnorm.com/api/?name=88128ccf09ef6c55cea17e5aa1fea70c

ISO/IEC 23000-19:2024 (en)

Table 4 — CMAF header protected sample entry boxes

Form irs e . —
NL 5 NL 6 NL 7 NL 8 (;{eqat Specification Constraints Description
stsd 1 ISO/IEC 14496-12 Sample description box
. ISO/IEC 14496-12 CMAF 7.5.11 Protection scheme
sinf CR . .
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 Tabl¢ 41s a continuation of Table 3 showing nesting levels 5 to 8 separately to reduce table width.
Table 5 — CMAF chunk, CMAF fragment, CMAF segment, and CMAF track file boxes
NLO | NL1 | NL2 |NL3 | NLA4 | NLSG5 F‘l;re“;at Specification Constraints Degcription
styp 0/1 ISO/IEC 14496-12 Segmert type
ISO/IEC 14496-12 Producgr
prit /1 referenfe time
emsg * ISO/IEC 23009-1 CMAF 7.4.5 Event njessage
moof + ISO/IEC 14496-12 Movie fragment
W Fhd 1 ISO/IEC 14496*12 Movie fragment
header
ossh * ISO/1EC23001-7 CMAF 7.4.3 Protectfion system
I specifid header box
traf 1 {SO/IEC 14496-12 Track ffagment
tfhd 1 ISO/IEC 14496-12 CMAF 7.5.16 Track fragment
header
ISO/IEC 14496-12 Track fragment base
tfdt 1 media
decodeftime
£ ISO/IEC 14496-12 CMAF 7.5.17 Track ffagment run
run 1 box
senc 0/1 ISO/IEC 23001-7 CMAF8.2.2.1 g::\)r)'(nple encryption
ISO/IEC 14496-12 CMAF8.2.2.1 Samplejauxiliary
saio CR informgtion
offsets pox
saiz CR ISO/IEC 14496-12 CMAF8.2.2.1 Sample. auxi_liaryin-
formation sizes box
sbgp * ISO/IEC 14496-12 Sample|to group box
AN % ISO/IEC 14496-12 CMAF 7.5.17 Sample|group
9P description box
subs CR ISO/IEC 14496-12 CMAF 7.5.19 _Sub—sample
informgtion box
1SOAHEEH445642 EMAFF5A8 Mediadata
mdat + container for
media samples

7.3.2 CMAF track media objects

7.3.2.1 CMAF header
A CMAF header as defined in 3.1.2 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 optionality
listed.
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b) Each CMAF header shall form a valid CMAF track, as specified in subclause 7.3.2.2, when followed by a
continuous sequence of associated CMAF fragments in decode order.

9

and requirements.

iy
2)
3)
4)

The CMAF header shall start with a FileTypeBox.
The CMAF header shall include exactly one MovieBox.

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

A CMAF header shall be conformant with ISO/IEC 14496-12 and the following additional constraints

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

N

5) T

file contains MovieFragmentBoxes.

6)
SO
bd

If the

media
width
values
and re

d)

7.3.2.2

A CMAF t
constraint

a) A CMA
Table

The MovieExtendsBox may contain a MovieExtendsHeaderBox, as defined inISO/IEC 1449¢

LMAF header requires sample entries with a decoder configuration-record, as specified

ndering systems to render all CMAF fragments in the CMAF track.

TE Timed metadata tracks can be provided as separate CMAF tracks in a separate selection |

e MovieBox shall contain a MovieExtendsBox, as defined in ISO/IEC 14496-12, toindica

shall provide the overall duration of the CMAF track. If the durationdsdinknown, thi
omitted.

profile, with decoding and rendering parameter limits, such.as-codec profile, level, im
etc., then the first sample entry shall contain parameterstequal or greater than the
contained in all CMAF fragments in the track to enable a:single initialization of medi

IMAF track

Table 6 — CMAF track structure

CMAF
constraints

Format

NE Req.

0 Specification Description

CMAF
Header

CMAF 7.3.2.1 CMATF header

CMAF
Fragment

1+ CMAF 73.2.4 CMAF fragment

rack as defined in 8.2.1 has the structure shown in Table 6 and conforms to thd
5.

A\F track shall\conform to at least one structural CMAF brand and contain the set g
B, Table 4,@hd Table 5, with the conditions and optionality listed.

The cd
order

b)

ncatenation of a CMAF header and all CMAF fragments in the CMAF track in consecut]
hall-be a valid fragmented ISO BMFF file, with the exception that the first CMAF fra

et.

te that the

h-12, and if
s box shall

by a CMAF
hge height,
maximum
h decoding

following

f boxes in

ive decode
pment in a

CMAF

track may have a non-zero baseMediaDecodeTime.

Each CMAF fragment in a CMAF track shall have baseMediabecodeTime equal to the sum of all prior

CMAF fragment durations added to the first fragment’s baseMediabDecodeTime. A CMAF fragment
duration is the sum of the media sample durations, documented in the TrackFragmentRunBox in the
MovieFragmentHeaderBox.

NOTE

d)

Valid CMAF tracks do not have media time discontinuities resulting from missing media samples
or fragments. Gaps in decode time can result in audio-video synchronization errors. For recommendations on
handling missing media samples and missing CMAF fragments, see Annex F.

constraints specified in subclause 7.3.2.1.
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Additional constraints specific for encryption, video, audio, and subtitle CMAF tracks are specified in
Clauses 8, 9, 10 and 11, respectively, and are derived from the general CMAF track format specified in this

clause.

7.3.2.3 CMAF chunk

CMAF chunks as defined in 3.1.4 are the smallest CMAF media object that can be encoded, and they can be
referenced as addressable media objects.

Table 7 — CMAF chunk structure

Each CMA

NL 0 F(!){;g?t Specification cerf:snt/léli;‘nts Description
styp 0/1 ISO/IEC 14496-12 CMAF 7.2 Segment type
signalling compatibility.to
CMAF chunk
prft 0/1 ISO/IEC 14496-12 Producer reference'time
emsg * ISO/IEC 23009-1 CMAF 7.4.5 Event message
moof 1 ISO/IEC 14496-12 CMAF Table 5 |Movie fragment box and
the boxes'it contains
ISO/IEC 14496-12 CMAF 7.5.19 Me@ia data container for
mdat 1 :
media samples

F chunk conforms to the following constraints:
F chunk shall contain the boxes in Table 7 with the conditions and optionality indicate

bvieFragmentBox Shall conform to the constraints of the structural CMAF brand d
ed in Table 5, such as containing only one TraskFragmentBox that contains only one Tr3

Since there is only one TrackRunBox perMovieFragmentBox, all media samples of a CMA
in a single track run in one MediaDataBox.

the TrackrunBox in byte order,

dia samples in a CMAF chunk shall be addressed by byte offsets in the TrackRunBg
e to the first byte of the MpvieFragmentBox. See ISO/IEC 14496-12.

F chunk shall contaiira consecutive subset of the media samples of a CMAF fragment.

F chunk shall ¢ontain a TrackFragmentbDecodeTimeBox containing the baseMediabecode
edia sample;

lence of\CMAF chunks that spans the decode time and duration of a CMAF fragment
media samples shall contain all the media samples in the CMAF fragment, without dup
chuniks in a CMAF track shall not overlap or have gaps in decode time.

o

onstraints
ckRunBox.

F chunk are

diaDataBox shall contain all mediasamples referenced by the TrackrunBox and should immmediately

x that are

rime of the

containing
icates, i.e.,

er the sample is contained in a CMAF chunk or a CMAF fragment.

both have the same baseMediaDecodeTime.

The decode time and CMAF track presentation times of a media sample in a CMAF track shall not change

Because the CMAF fragment and the first CMAF chunk both start with the same media sample, they

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 'cmf1'
and may include any valid compatible brands listed in the FileTypeBox of the CMAF track’s CMAF

a) ACMA
b) The u
specif
NOTE 1
located
c) Thewd
follow]
d) All mg
relatiyj
e) ACMA
f) ACMA
first nf
g) A sequ
those
CMAF
h)
wheth
NOTE 2
i)
header.
j)

be pre

pended when they are formatted as CMAF addressable media objects.
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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 when
located within a CMAF addressable media object, i.e., not prepended to the first CMAF chunk in a CMAF segment.
The SegmentTypeBox is specified by ISO/IEC 14496-12 to be the first box of an ISO BMFF segment and can be
ignored in other locations.

NOTE 4

A SegmentTypeBox prepended to CMAF chunks or fragments at the time of encoding can be useful as

a media object delimiter and identifier. It allows indexing and packaging operations to rapidly locate and identify
CMAF chunks and fragments within a CMAF track without deep inspection of elementary streams or other clues
to identify CMAF fragment boundaries and preceding boxes intended to be part of each media object.

7.3.2.4 CMAF fragment

A CMAF f1
present in
chunk may

agment as defined in 3.1.1 contains one or more CMAF chunks, therefore CMAF chun

be referenced as a CMAF addressable media object (see subclause 7.3.3.2).

Table 8 — CMAF fragment structure

ks may be

CMAF addressable media objects, including CMAF segments and CMAF track filesyand a CMAF

NL O

CMAF
constraints

Format

Req. Specification

Description

styp

0/1 ISO/IEC 14496-12 CMAF 7.2 Segment type

Signalling compatibility to CMAF fr{

gment

prft

0/1 ISO/IEC 14496-12 Producer reference time

emsg

*

CMAF 7.4.5

ISO/IEC 23009-1 Event message

CMAF Chy

nk 1+ CMAF 7.3.2.3 CMAF chunk

Each CMA

a)
b)

A CMA

Each (
shall d
when

NOTE
changg
Track]

The fij
remai

and/of

Messa

A CMA
fragm
track’s

F fragment conforms to the following constraints:
F fragment shall contain the boxes in Table,8, with the conditions and optionality indic

MAF fragment, in combination with its associated CMAF header and optional decrypf
ontain sufficient metadata to enable’the CMAF fragment to be decoded, decrypted, anc
tis independently accessed.

| For example, if sample groups and sample group descriptions are used to signal enc}
s, then a SampleGroupDg&¢triptionBox and SampleToGroupBox probably need to be pre
ragmentBox to make the'€MAF fragment randomly accessible and decryptable.

st CMAF chunk in-a’CMAF fragment may be preceded by other boxes as long as the CMA
s conformant,including one segmentTypeBox and/or one or more ProducerReferenceT
DASHEventMessageBox(es). (See subclause 7.4.5 and Annex E for more informatior

bes).

F fragment with a segmentTypeBox preceding the first MovieFragmentBox should includg
bnt brand 'cmff' and may include any compatible brands listed in the FileTypeBox of
CMAF header.

ated.

ion key(s),
displayed

yption key
sent in the

F fragment
imeBox(eS)
on Event

the CMAF
the CMAF

includes the CMAF segment brand 'cmfs' to identify the start of the CMAF segment.

NOTE 2

A CMAF fragment can be referenced as a CMAF segment and may have a segmentTypeBox prepended that

It is 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 contains multiple
CMAF chunks can be identified by including both the 'cmff' and 'cmfl' brands, whereas subsequent CMAF
chunks in the CMAF fragment would only include the 'cmf1' brand.

NOTE 3

As noted in subclause 7.3.2.3, only a Segment TypeBox at the start of a CMAF addressable media object

is expected to be processed by players, whereas a SegmentTypeBox located within a CMAF addressable media
object is expected to be ignored by players.
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f) Each CMAF fragment in a CMAF track should have a duration of at least one second, with the possible

except

NOTE 4

ion of the first and last CMAF fragments of the CMAF track.

Annex A and Annex B.

Additional constraints specific to video, audio, and subtitle media types are specified in Clauses 9, 10,

Figure 14 illustrates the box sequence (left to right) and containment (top to bottom) of a CMAF fragment.

——

Media Data

('mdat")

agmentBox

hk (‘moof’,

mbination
hunks, i.e.

y )]
1 11 1
I 1! Producer || |
| Segment ¥ i :: Event |
 Type |, eeTeilr.r?zC 11 Message | Movie Fragment (‘moof’)
1 (e » « »
. (styp) ! U eprry | Cemse) !
! 1 11 !
L [ VU J
. Lkl . Protection
EggonE] Specific I
Hi.;ader e Track Fragment ('traf')
(0):¢ 1 h'
('mfhd") (pssh)
~ samp
i el |
Offsets e Descripti
Box sbgp') ons Box
(saio) | (P8P || (sgpar)
Lower boxgs indicate containment in the box above. The sequence of boxes contained in the TrackFs
("traf') i only recommended. Light shaded boxes are always optional. Light boxes in the bottgm row are
required of conditionally required when encryption is used. This example contains one CMAF chu
'mdat ') in|the CMAF fragment.
Figure 14 — CMAF fraginent box sequence and containment
7.3.2.5 (MAF random access chunk
CMAF chupks are defined in sub¢lause 7.3.2.3. If chunks fulfil certain requirements, then in ca
with the JMAF header, the CMAF track can be randomly accessed at CMAF Random Access (
the chunk|carries sufficientinformation to access the media in the stream, e.g. all necessary eng

combinatipn with the CMAE Header.

F RandomAceess Chunk shall conform to the following constraints:

F Random Access Chunk shall conform to a CMAF chunk as defined in subclause 7.3.2.3.

ryption in

unk shall contain a position Ig,p such that the SAP type for this position is of type

1, 2, or 3

accordingto 14496-12-

Each CMA

a) ACMA
b) The C}Il
9]

A CMAF Random Access 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 'cmfr' and may include any valid compatible brands listed in the rileTypeBox of the CMAF
track’s CMAF header.

Note that any CMAF Fragment conforms to a CMAF Random Access Chunk.
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7.3.3 CMAF addressable media objects

7.3.3.1 CMAF segment

Table 9 — CMAF segment structure

Each CMA
a)
b)
9

A CMA
A CMA

A CMA
the fir|
d) A CM/
Segme]]
brand

NOTE
prepen
to a CN
media
ISO/IE

7.3.3.2

A CMAF chunk is specified as a data structure within a CMAF fragment in subclause 7.3.2.3, b

chunk may

There is 1
inheritanc
CMAF med
ina CMAF

Adaptive

Format P CMAF o
NL 0 Reg. Specification constraints Description
styp 0/1 |ISO/IEC 14496-12 Segment type
Signalling
compatibility to
CMAF segment
prft 0/1 |ISO/IEC 14496-12 Producer reference time
emsg * ISO/IEC 23009-1 |CMAF 7.4.5 |Event message
CMAF Fragment 1+ CMAF 7.3.2.4 CMAF fragment

F segment as defined in 3.1.5 conforms to the following constraints.
F segment shall include the boxes in Table 9, with the conditions and@ptionality listed
F segment shall contain one or more complete and consecutive CMAF fragments in dec

F segment may include a ProducerReferenceTimeBox and/Qf PASHEventMessageBox(es)
5t MovieFragmentBox

\F segment may include a segmentTypeBox preceding all other boxes in the CMAF seg
tTypeBox should include the CMAF segment brand 'cmfs' and may include any cd
listed in the FileTypeBox of the CMAF track’s GMAF header.

Preceding boxes can be prepended to CMAF chunks or CMAF fragments at time of ¢
ded to CMAF segments at time of delivery. It/is expected that players will process the boxeg
[AF addressable media object, but they will\ignore these boxes when located within a CMAF
bbject, i.e., not prepended to the first CMAF chunk in a CMAF segment. The SegmentTypeBox is
C 14496-12 to be the first box of an ISOBMFF segment and can be ignored in other locations.

[MAF chunk

also be referenced as‘a CMAF addressable media object, e.g. for low latency live strearn

o direct restriction on the SAP type of the first media sample in a CMAF chunk,
b of CMAF fragment media sample constraints specified by a CMAF media profile. Bec
ia profiles typically constrain the initial media sample type to be SAP 1 or 2, the first C]
fragmentinherits that media sample constraint.

bwitChing in players is normally limited to the earliest CMAF chunk in a CMAF

Prependin

agegmentTypeBox to each CMAF chunk with appropriate brands can indicate the start

CAN AL

ode order.

preceding

ment. The
mpatible

ncoding or
prepended
hddressable
specified by

ut a CMAF
ning.

except by
Ause video
MAF chunk

fragment.
of a CMAF

RS 1 c
chunk thatis-atsothestartof=a

£ +
CUIVIAT T dgIIITIIL.

A SegmentTypeBox,ProducerReferenceTimeBox,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 as defined in 3.1.6 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 segmentTypeBox within a
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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

NL 0 F(I){r:;:a\t Specification cor::sl\tqlil;nts Description
CMAF Header 1 CMAF 7.3.2.1 CMAF 7.2 CMATF header
sidx 0/1 |ISO/IEC 14496-12 Segment index
CMAF Fragment 1+ CMAF 7.3.2.4 CMAF 7.3.2.4 |CMAF fragments

Each CMAF track file conforms to the following constraints:

a) ACMA
b) Additi
CMAF
C) If segn
fragm
d) Avide
e) A vidé
compd
baseMd
an off3

7.3.4 CMAF switching sets

7.3.4.1

These gen
that the C
players.

Each CMA

a) ACMA

of the
b)
9

A CMA

All CM
durati

d) AllCM

F track file shall include the boxes in Table 10, with the conditions and optionality tiste

fragment.

entIndexBoxes exist, each subsegment referenced in the segment IndexBex Shall be a si
bnt contained in the CMAF track file.

b CMAF track may use an offset edit list as specified in subclauses 7.5.13 and 10.2.6.

o CMAF track may use vl TrackRunBoxes using negativeycomposition offsets to
sition time of the earliest presented video media sample in each CMAF fragm
diaDecodeTime and the earliest video media sample in'the CMAF track file to zero, wit
et edit list.

heneral constraints on a CMAF switching'set

bral CMAF switching set constraints,\plus specific constraints defined by a CMAF me
MAF switching set conforms to, aré’intended to enable seamless adaptive switching

F switching set as defined.in 3:2.2 conforms to the following constraints.

F switching set shall contain one or more CMAF tracks, each of which is a synchronize
same source contenty

F switching sef shall contain CMAF tracks of only one media type, i.e., audio or video o

AF tracksdn.a CMAF switching set shall have the same duration (computed from the me
pns, optionally stored in a MovieExtendsHeaderBox).

AF trdcks in a CMAF switching set shall contain the same number of CMAF fragments.

d.

pnal boxes, such as segmentIndexBox (es), may be present between the CMAF header and the first

hgle CMAF

adjust the
ent to its
hout using

dia profile

by typical

1 encoding

I subtitles.

dia sample

e)

For any LMAF fragment 1n one CMAF track 1n a CMAF switching set, there shall be a CMA

with the same decode time in all other CMAF tracks.

f)

fragment

All CMAF tracks in a CMAF switching set shall have the same value of baseMediabecodeTime in the first

CMAF fragment’s TrackFragmentBaseMediaDecodeTimeBox, measured from the same timeline origin.

g)

shall be equal.

h)

alternative encodings of the same source media samples.
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NOTE1 These constraints do not prohibit different frame rates in different CMAF tracks in a CMAF switching
set. However, these constraints restrict the combinable frame rates to those that result in identical CMAF
fragment durations for alternative CMAF fragments.

i) All CMAF tracks in a CMAF switching set shall conform to one CMAF media profile. However, CMAF
tracks included in a CMAF switching set may contain different CMAF media profile brands that all
conform to one CMAF media profile. See subclause 12.1 for additional CMAF switching set constraints
specified by CMAF media profiles.

NOTE2  CMAF media profiles specify the maximum limits for encoding parameters, so subset or lower media
profiles that can be decoded by a higher media profile decoder conform to the higher media profile.

j) CMAF header parameters shall not differ between CMAF tracks, except as allowed in Table 11. CMAF
mediaprofilesmay specifyadditional constraints,-asnotedinthe table.

k) Additipnal CMAF header boxes specified in Table 3 and Table 4 that are not listed in Table-l L'njay contain
differgnt boxes and information.

Table 11 — General constraints on CMAF header boxes in CMAF switching sets
Box General CMAF header constraints in a CMAF switehing set
ftyp Shall be identical except for media profile brands [see i}in stbclause 7.3.4.1
mvhd Shall be identical except for creation time anddddification time
tkhd Shall be identical except for width, height, creation time,@idmodification time.Se¢ NOTE 1.
trex Identical
elst Shall be identical except for video CMAF track files with a different composition offsdt
mdhd Shall be identical except for creatioh *time and modification time
mehd Idéntical
meta May contain’different boxes and data
udta May contdin different boxes and data
cprt Identical
kind Identical
elng Identical
hdlr Identical
vmhd Identical
smhd Identical
sthd Identical
dref Identical
stsd Sampleentries shall have the same codingname (four-character code) and conform to other QMAF track
format and media profile specified constraints. See NOTE 2.
sgpd May differ
pssh Identical
sinf Fenticat
schi Identical
schm Identical
frma Identical
tenc Shall be identical except for initialization vector values

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
[SO BMFF track format, and its CMAF switching set constraints. A sample description can contain multiple sample entries.
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There are two functional types of CMAF switching set initialization constraints:

1y

2)

Multiple initialization — CMAF switching sets conforming to the general constraints above may rely on
decoding parameters stored in each CMAF track’s header to decode a CMAF fragment from that CMAF
track. This implies that a player needs to access and process the CMAF header for each CMAF track it
switches to.

Single initialization — If CMAF headers are constrained to be equivalent within a CMAF switching set, or
CMAF tracks only change parameters that are stored in each CMAF fragment, then a player only needs
to access one CMAF header and each CMAF fragment to find all the necessary decoding and rendering
parameters. A player only needs to initialize the CMAF switching set once, then it can continue decoding

CMAF

fragments from any CMAF track in the CMAF switching set.

The two ty]

7.3.4.2

Encoding ¢
of the CMA
track form

In general,

a “con
param

“inbar
used t

typically the case for audio and can be specified for inband video parameter media sample fo}

as 'av

acom
the co
necesy

NOTE
encodings d
contributio
header is p3

7.3.4.3

The identifier "urn:mpegbcmat:siss" may be used to signal CMAF switching set conformanc

initializati

7.3.4.4

Aligned EMAF switching set constraints

pes of LMAF switching set constraints and processing are 1llustrated 1n rigure 10.

LMAF switching set single initialization constraints

f CMAF tracks in a CMAF switching set can be further constrained to allow one-time in
F switching set using a single CMAF header (see Figure 10). Each CMAF media profile o1
at it references can specify single initialization CMAF switching set constraints.

single initialization constraints can be specified by:

hmon CMAF header” in all CMAF tracks containing all decoding, decryption, and
eters required by any CMAF fragment in the CMAF switching’set;

d parameter sets” stored and referenced in each CMAKfragment, where CMAF heade
p initialize decoding and display with the appropriate codec, profile, level, resolution,

-3 sample entry;

ination of both CMAF header and CMAF fragment stored parameters, but with the cons
bination of any CMAF header in the EMAF switching set and CMAF fragment will ¢
ary decoding parameters.

Enabling changes in inband parameters over time is useful for live streaming, where content frd
an be sequenced in a CMAF presentation, such as programs and ads in a live “channel”, or when

h feed is received containing inband parameters that change and are not known in advance w
ckaged and delivered to a player.

LMAF switching set single initialization constraints identifier

pbn constraints:

Aligned Cl

tialization

the CMAF

rendering

s are only
ptc. This is
'mats such

traint that
ontain the

m different
alive video
hen a CMAF

b to single

IF tracks of

IAF switching sets are defined in 3.2.3 to be a “set of CMAF switching sets, the CMA

A

which all
CMAF trac

o 1e 43 - £l £ £ 3 1 d CNAL £
Uit diir aitCT IIatIveTITCUUTITS S UT HITIC SATITCT SUUT LT LUTITCTIU TIT TIHTCT AT S TICTU GIVIAT TT A gTIT

ks do not conform to a single CMAF switching set”.

Aligned CMAF switching sets conform to the following constraints:

nts, but all

a) Analigned CMAF switching set shall contain two or more CMAF switching sets.

b) Aligned CMAF switching sets shall contain CMAF switching sets 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 number of CMAF fragments in every CMAF track.
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e) Aligned CMAF switching sets shall contain CMAF fragments in every CMAF track with matching

NOTE

baseMediaDecodeTime and duration, for each CMAF fragment in a CMAF track.

aligned, such as CMAF switching sets with different encryption keys and their associated DRM license(s).

7.3.4.5 CMAF principal header

A CMAF Principal Header for a CMAF Switching Set conforms to the following constraints:

a)
b)

d)

7.3.5 CMAF selection sets

CMAF selertion sets as defined in 3.2.4 conform to the followihg constraints.

a)
b)

)

d)

f)

7.3.6 CMAFpresentations

It shall conform to a CMAF Header.

Some CMAF players can seamlessly switch between CMAF tracks in different CMAF switching sets that are

The CMAF Header and the first sample entry shall contain parameters that are sufficient to enable a

singlenitiatizationof media decoding, decryption and rendering Systems to decode, decrypt
all CMAF fragments in all CMAF Tracks of this CMAF Switching Set.

If the CMAF Principal header requires sample entries with a decoder configuration recderd, a
by a OMAF media profile, with decoding and rendering parameter limits, such as.codec pr
image|height, width, etc., then the first sample entry shall contain parameters equal or great
maxinium values contained in all CMAF fragments in all CMAF track of the Switching Set tq
initial

of the CMAF Switching.

A medjia profile may define additional requirements for a CMAF Principal Header.

A CMAF selection set shall contain one or more CMAF switching sets.

All CMAF switching sets within a CMAF selection set shall be of the same media type, e.g. ay
or subtitles.

All swlitching sets within a CMAF selection set shall be of the same duration, within a toler:
longedt CMAF fragment duration of any~CMAF track in the selection set.

Differ¢nt CMAF switching sets thatiencode the same content with different codecs or video fo
be contained within a CMAF selection set to enable a player to select the most compatible cod
formaf and the CMAF switching’set that contains it.

A CMAF selection set miay contain multiple aligned CMAF switching sets, which encode
conter)t in different GMAF switching sets that have time-aligned CMAF fragments, but wit
keys, qodecs, etc.

One CMAF trackyshould be presented from each selection set in a presentation, e.g. one audio,
and one subtitle selection set.

nd render

s specified
bfile, level,
br than the

enable an

zation of media decoding and rendering systems to render all CMAE{ragments in all CNMAF tracks

dio, video,

hnce of the

rmats may
bc or video

the same
h different

one video,

A CMAF presentation as defined in 3.2.5 conforms to the following constraints.

a)
b)

All CMAF tracks in a CMAF presentation shall have the same timeline origin.

Different CMAF switching sets may use different CMAF track timescale values. In

that case,

baseMediaDecodeTime integer values will be different even if the corresponding ISO BMFF samples

would have the same presentation time.

All CMAF tracks in a CMAF presentation containing a video switching set shall be start aligned with
CMAF presentation time zero equal to the earliest video media sample presentation start time in the

earliest CMAF fragment (see subclause 6.6.8).
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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 audio media sample presentation start time in the
earliest CMAF fragment.

presentation time zero should not be presented.

Media samples in audio and subtitle CMAF tracks with earlier presentation times than CMAF

Media samples in audio and subtitle CMAF tracks whose durations overlap the earliest video media

sample presentation time should be partially presented, starting at the earliest video media sample
presentation time.

d)

e)

f)

g)

h) CMAF
the lo

NOTE

to a comm

baseMedia

rely on extg
intended td
where the
sample pre

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

7.4.1 Tn

The Track
might be e
as 'cenc'

track. See |

7.4.2 Sample Encryption Box ('senc')

When Com

it shal

the sa

See Clause|

7.4.3 Pr

The Pprot
(ISO/IEC 2
informatio

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

NA

v, Cl
duration.

gest video CMAF fragment
'he CMAF hypothetical application model synchronizes media samples by presentation tin
on timeline origin. CMAF track presentation time is determined by each CMAP fragmg
rnally stored presentation time offsets. This means that audio, video and subtitle’'media samp
be played simultaneously in a CMAF presentation need to have overlapping presentation t

resentation time range starts at the media sample presentation time (subé€lause 6.2) and ends ¢
entation time plus the media sample duration.

ack Encryption Box (' tenc')

hcrypted using a specific scheme of Common Encryption, identified by a four-character
r 'cbes'. The TrackEncryptionBox containsiparameters and default values that apply t
[lause 8 for additional information.

mon Encryption sample auxiliary information is used:
be present in each CMAF ffagment;
pleEncryptionBox should be used to store sample auxiliary information.

|8 for more information.

otection System Specific Header Box ('pssh')

bctionSystemSpecificHeaderBox is specified in the Common Encryption sp
3001-7) for the storage of content protection system information such as license
n.and DRM licenses. This box was primarily designed to store license information in|

plerance of

hes relative
nt’s stored

pecodeTime and any composition or edit list offsets present. Synchronization duxinglate binding does not

les that are
me ranges,
t the media

EncryptionBox ('tenc') specified in ISO/IEC 23001-7 indicates that media samples in the track

code, such
D an entire

ecification
hcquisition
download

files. Eithe

VETSIO 1 0T VETSION Zero ndy be Used, as constrained im Clause 8-

CMAF streaming applications should signal license acquisition information in the manifest and should not
duplicate the information in this box in CMAF headers.

CMAF fragments may contain DRM information in this box intended for delivery to all players during

playback.

See Clause

8 for more information.
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7.4.4 Media profile specific boxes

Audio and video track formats typically derive sample entries and define decoder configuration boxes that
can be required by one or more CMAF media profiles. For example, the avcconfigurationBox is defined in
[SO/IEC 14496-15 and required by the NAL structured video CMAF track format specified in Clause 9 and
referenced by the CMAF video media profiles specified in Annex A. Other CMAF media profiles may specify

boxes that are required by a conformant CMAF track that also conforms to the CMAF media profile brand.

7.4.5 Event Message Box ('emsg')

The enhanced pasHEventMessageBox ('emsg') described in this clause is version 1 of the bAsHEventMessageBox,
specified in ISO/IEC 23009-1.

Version 1
of box loci
addressab

presentat

timeline, ih the timescale declared in its MovieHeaderBox.

message d
owner of {

ition in the CMAF track. Version 1 should be used for event messages in CMAE-frag
e media objects.

lon_time provides the presentation time of the event measured on the CMAF track’s pr

bta is the body of the event message. The syntax and semantics ofythis field are defi
he scheme identified in the scheme id uri field. Message schemies may be defined f

pf this box adds the field presentation time, which makes event message timing independent

ments and

esentation

hed by the
or specific

applicationns and users, or standardized for global use, such as SCTE<35 advertisement and program

segmentat

NOTE 1
media streg
to trigger nj

A DASHEve]
the timesc

If version

presentati
presentati
segment.”
the event 1

NOTE 2
earliest pre

See Annex

7.5 Con

7.5.1 Mg¢vie Header Box ('mvhd')

In the Mov

ion markers.

DASHEventMessageBoxes can be included in CMAF fragments\to indicate ad insertion pointg
m, then other DASHEventMessageBoxes added to CMAF segments or CMAF chunks at time of ¢
anifest updates.

\tMessageBox in @ CMAF track shall contain theWvalue in its timescale field equal to t
ble field in the MediaHeaderBox of the CMAF¢track that contains it.

is used, then DASH defines the timing:of-an Event Message related to the earliest me
bn time of a DASH segment using the field presentation time delta, which “provides
bn time delta of the media presentation time of the event and the earliest presentation t
For CMAF fragments, the presentation time delta shall equal the media presentati
hinus the earliest presentation.time of the following CMAF fragment.

[he earliest decode time in-al€MAF track file is zero (defragmented or not), and if an edit list is
sentation time is the earliest media sample composition time adjusted by the edit list offset.

E for more information on the use of event messages.

Straints on ISO Base Media File Format boxes

| eHeaderBox, the value of the duration field should be set to zero to indicate that th

, etc. in the
elivery, e.g.

he value of

dia sample
the media
ime in this
on time of

bresent, the

P MovieBox

contains n

NOTE

0 Tedia samptes and therefore as o duration.

The duration field in the MediaHeaderBox ("mdhd') applies to the TrackBox (' trak'), which contains no

media samples in a CMAF track. The duration of a CMAF track can optionally be stored in the fragment duration
field of the MovieExtendsHeaderBox ('mehd'), which is equal to the sum of all CMAF fragment durations in the CMAF

track. If the

duration is unknown, this box is omitted.

The fields rate, volume, and matrix shall be set to their default values.

7.5.2 Metadata Boxes

Metadata, carried in either userbpataBox Or MetaBoxes, may be present. When present, they shall not occur at

file level, i.

e., they can only be contained in another box, as permitted by ISO/IEC 14496-12.
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7.5.3 Kind Box ('kind')

The kindBox (*kind') may be used to store the role of a CMAF track. The kindBox is stored in the UserbataBox
of the TrackBox, as documented in the ISO Base media file format (ISO/IEC 14496-12).

Any track can be labelled with role information describing the intended purpose of the track. This
information can be captured at the time of encoding and later copied to a manifest describing the CMAF
tracks in a selection set so that a user or an automatic algorithm can make an appropriate selection.

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

— the DASH specification ISO/IEC 23009-1, as identified by the schemeURI "urn:mpeg:dash:role:2011"
(without the quotation marks);

the W

Where mu

BC HTMLS5 specification of track 'kind', as identified by the schemeURI "about :html-ki

tiple schemes define the same concepts, the DASH role scheme should be used.

7.5.4 Trjack Header Box (' tkhd')

CMAF Tra

7.5.5

The fi
the tr

The fig
orient

The fq
othery

T

t

affer horizontal scaling has been applied. See subclause 9.2.3 for normalized width 3

bckBox ('trak').

bld duration shall be set to a value of zero ('0'), indicating no media samples are refere

nd".

kHeaderBoxes shall conform to ISO/IEC 14496-12 with the following @dditional constraints.

nced from

ld matrix shall be setto their default values as defined in ISOAIEC 14496-12, except to indjicate video
htion (i.e., portrait or landscape orientation relative to the‘captured scene). See subclau

se 9.2.3.

llowing fields shall be set to default values as defined in ISO/IEC 14496-12, unles
vise in this document.

e layer field should equal 0 or greater for nérmally presented video tracks.

The width and height fields for a non4visual track (e.g. audio) shall be 0.

Ag defined in ISO/IEC 14496-12,the width and height fields for a CMAF video track sh

5 specified

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

all specify

track’s normalized presentation size as fixed-point 16.16 values expressed in squareriixels after
ddcoder cropping, and in the'case of video encoded with a non-square video spatial sa

cdllculation.

Sy
en
in
As
ar

btitle tracks maySet width and height to an intended layout size, in which case the

plementatioh dependent).

definedin ISO/IEC 14496-30, subtitle tracks encoded as text may use relative position c
d font'sizes so that the text layout engine can adjust glyph and layout size to match the

di

splay aperture without relying on image scaling. For such tracks, the value of zero

ple shape,
nd he ight

fext layout

gine or graphics engine can scale the width and height to match the video display aperttyire (player

bordinates
final video
width and

height should be used to indicate that the data can be rendered at any size, and the layout size may
be determined by matching the size of the video display aperture.

Media Header Box ('mdhd')

For scalable text and subtitle tracks, the fiag track size is aspect ratio may also be used.

The CMAF MediaHeaderBoxes shall conform to ISO/IEC 14496-12 with the following additional constraints.

— The value of the duration field should be set to a value of zero (' 0') (see subclause 7.5.1).

— Where possible, the value of the timescale field should be chosen such that when the frame rate is
constant, the value of the media sample duration may also be constant.
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— All tracks that are language-specific should identify the language as precisely as possible (e.g. a text
track whose language can be written in different scripts should identify which script is used). When the
language is not relevant or not known, the 'und' (undetermined) language tag should be used.

7.5.6 Video Media Header Box ('vmhd')

The videoMediaHeaderBox shall conform to ISO/IEC 14496-12 with the constraints specified in
subclause 9.2.2.

7.5.7 So

und Media Header Box (' smhd')

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

The field b

7.5.8 Supbtitle Media Header Box ('sthd')

The subt
ISO/IEC 14

NOTE

7.5.9 D4

DataRefer
constraint

The b3
meang

7.5.10 Sample Description Box ('stsd')

ThESampl

the following additional constraints.

Sampl
the ex
includ

Constj
Constj
Constj

NOTE

y

b 1ance shall equal O (centre).

i tleMediaHeaderBox shall conform to ISO/IEC 14496-12 with cofstraints sp
496-30.

bubtitle media uses the 'subt' handler type inthe HandlerBox in theMegiaHeaderBox.

ta Reference Box ('dref')

tnceBoxes in a CMAF track shall conform to ISO/IEC. 14496-12 with the following
5.

taReferenceBox shall contain a single entry with _the entry f1ags field set to 0x000
that the media data is in the same file as the MovieBox containing this data reference).

tDescriptionBox in @ CMAF track shalhconform to version 0 as defined in ISO/IEC 144

e entries forencrypted tracks (those containingany encrypted media sample data) shalle
isting sample entry with the appropriate four-character-code listed in ISO/IEC 144

ecified in

additional

01 (which

D6-12 with

hcapsulate
96-12 and
be 7.5.11.

P 2 ProtectionSchemeInfoBox ('sinf') that conforms to ISO/IEC 14496-12 and subclau
aints on visual sample entries are specified in subclause 9.2.4.

aints on audioSample entries are specified in subclause 10.2.5.

aints on subtitle sample entries are specified in ISO/IEC 14496-30.

\ CMAE-sampleDescriptionBox can contain multiple sample entries.

7.5.11 Pn

otection Scheme Information Box ('sinf')

CMAF shall use common encryption (ISO/IEC 23001-7) for CMAF tracks containing one or more encrypted
CMAF fragments and use Scheme Signalling as defined in ISO/IEC 23001-7. An encrypted CMAF track
shall include at least one ProtectionSchemeInfoBox ('sinf') containing a TrackEncryptionBox ('tenc')
identifying a scheme specified in ISO/IEC 23001-7.

7.5.12 Tr

ack contained media sample information boxes

All boxes in the sampleTableBox have a sample count of 0 because CMAF does not reference media samples
from the TrackBox. The mandatory boxes of ISO/IEC 14496-12 are mandatory, even if they document no

samples.
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ing boxes therefore shall have an entry count of zero:

TimeToSampleBox (' stts');

SampleToChunkBox (' stsc');

ChunkOffsetBox (' stco ');

SampleSizeBox O CompactSampleSizeBox (' stsz' Or 'stz2 ');

SyncSampleBox ('stss'), if present.

AF track are sync samples.

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

NOTE 2

each C

7.5.13 Ed
If the Edit
The E(
The v

The v
field

The v4

Such conditions define an offset edit or offset edit list.

NOTE

ISO/IEC 14
means that
sample’s pr

According
meanttob

Using offs
equivalent]
presentati

audio

video

7.5.14 Trn

Media sample size, duration, and dependency information can be found in the TrackRuh
MAF fragment or CMAF chunk.

it List Box ('elst')

List Box ('elst') is present, the following conditions apply:
itBox shall contain a single EditListBox.

lue of entry count field in the EditListBox shall be set to 1.

ilue of the media rate integer field shall be set to 1 andthe value of the media rate
Khall be set to 0.

lue of the segment _duration field shall be set to 0«

bince there is no media in the MovieBox,(the duration in the edit is zero. However, 4
196-12, movie fragments implicitly extend>any edit represented by an edit list in the Mov
any offset edit list in the CMAF header is@applied to the composition times of all samples to detd
psentation time.

to ISO BMFF, samples with a sum of movie presentation time and duration less than z
e presented.

bt edits to set the presentation time of the earliest presented sample of each CMAF t
bn timeline. Additiohal constraints specific to certain media types are in the following s

bdit lists in stitbelause 10.2.6;

pdit listsin*subclause 9.2.7.

ack Extends Box (' trex')

Box (es) In

_fraction

s noted in
| eBox. This
rmine each

P10 are not

rack to an

CMAF track presentation time enables synchronization of all CMAF tracks to a common CMAF

ubclauses:

ATrackExtendsBox shallbe presentina CMAF tracksinceitisafragmented file as defined in ISO/IEC 14496-12.

7.5.15 Movie Fragment Header Box ('mfhd')

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

NOTE

decode time.
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7.5.16 Track Fragment Header Box (' tfhd')

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

The base-data-offset-present flag (in the t£ f1ags field) shall be set to zero.

The default-base-is-moof flag (in the t£ flags field) shall be set to one.

The track 1D field shall contain the same value as the track 1D in the associated CMAF header.

EVEI‘y TrackFragmentBox shall contain a TrackFragmentBaseMediaDecodeTimeBox, as defined in

ISO/IEC 14496-12, to provide the decode time of the first media sample in the track fragment.

NOTE

7.5.17 Tn
A TrackRu
The ve

When
sampl
decod

The a4
offset
the sta

NOTE

depen

first|

sS4

an

N

Sy
of

which media samples-are sync samples, since the header contains no media samples and the Synd

th

7.5.18 Sample Group Description Box ('sgpd')

As require
SampleGro

Within a CMAF track, any TrackrunBox that descgibes any non-sync media samples shall ident

[he baseMediaDecodeTime of the first available CMAF fragment in a CMAF track can be non-ze

ack Run Box (' trun')
hBox in a CMAF track shall conform to ISO/IEC 14496-12 with the following-additional c
rsion field shall be set to either '0' or '1',

the version field is set to '1', the sample composition time offéet of the first presery
e in a CMAF fragment shall be such that its composition timeds equal to the first me
e time (baseMediaDecodeTime).

ta-offset-present flag(inthetf flagsfield)shallbesettotrueinordertoindicatethg
field is present and contains the byte offset from the start of this fragment’s MovieFrag
rt of the first media sample in the following Medi @bt aBox.

This is called movie fragment relative addressing'in ISO/IEC 14496-12.

Hency with the CMAF chunk and CMAF\fragment using a combination of the sample
| sample flags fields and default values in the TrackFragmentHeaderBox:

mple is non_sync sample shall be 0 for SAP type 1 or 2, and 1 otherwise;

empty syncsampleBox shall\be present in the track.

TE ISO/IEC 14496-12 spedifies that absence of the SyncSampleBox indicates that all media
nc samples in the track, which allows a reader to know that all subsequent CMAF fragments will

sync samples. If a-SyhcSampleBox is present, then dependency flags in each CMAF fragmg

brefore lists ne media samples.

d_by_ISO/IEC 14496-12, when sample group descriptions can change within a CM4

ro.

bnstraints.

ited media
lia sample

tthedata
mentBox tO

ify sample
|flags and

amples are
Also consist
bnt indicate
SampleBox

\F track, a

LpDescriptionBox 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, it may
be stored in a sampleGroupDescriptionBox in the CMAF header sampleTableBox ('stbl'). Either version 1 or
2 may be used (version 0 is deprecated by ISO BMFF).

EXAMPLE

Pre-roll sa

When common encryption is used and KID values can change per CMAF fragment, a SampleToGroupBox
stored in each TrackFragmentBox will reference a sampleGroupDescriptionBox containing the KID for that sample
group, and both are stored in the TrackFragmentBox in order to support random access.

mple groups can be used for some audio as described in subclause 10.3.3.1.
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7.5.19 Media Data Box ('mdat')

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

Each MediaDataBox in a CMAF chunk shall be immediately preceded by the MovieFragmentBox that references

the media

samples it contains.

7.5.20 Sub-sample Information Box ('subs')

Each CMAF fragment in a TTML image subtitle track of CMAF media profile 'im1i', as specified in
subclause 11.3.4, shall contain a subSampleInformationBox in the TrackFragmentBox that indexes any images

contained

in the subtitle media sample. The field entry count shall equal 1.

When one
1 for the fi

When no i

Version 0 g
in which c

The fields

7.6 The

A CMAF tr
defined in

7.7 The

7.7.1 Ge

A CMAF tr
structural

7.7.2 Ed
For video

For video
constraint

7.7.3 Tr

A TrackRu
additional

pr more images are present in the subtitle media sample, the value of subsample cdunt
st image sub-sample, and the subsample count of the TTML document shall equal-0.

nages are present in the subtitle media sample, the value of subsample countishall equ

fthis box should be used, unless subsample size exceeds a 16-bit byte address size (65
hse version 1 should be used.

subsample priority, discardable, and codec_specific parametges are undefined.

Structural CMAF Brand 'cmfc’

hck conforming to the CMAF structural brand 'emfc ' shall conform to the CMAF track ¢
subclauses 7.1, 7.2, 7.3, 7.4, and 7.5..

structural CMAF Brand 'cmf2'

neral

ack conforming to the CMAF structural brand 'cmf2' shall conform to constraints of
brand 'cmfc' and all remaining constraints in subclause 7.7.

it List Box ('elst')
[MAF Tracks, the £ditBox and in particular the £ditListBox shall not be present.

[MAF Track files@$ well as any other media types, the EditListBox may be present fol
5 in subclause 7.5.13.

ack RunBox (' trun')

hBox in a CMAF track shall conform to the constraints in subclause 7.5.17 with the
constraints:

shall equal

al 0.
kibibytes),

onstraints

the CMAF

[owing the

following

For video CMAF Tracks not contained in Track Files, Version 1 shall be used.

default sample flags, sampleiflagsand first sample flags ShallbesetintheTrackFragmentHeaderBox

and/or TrackRunBox to provide sample dependency information within each CMAF chunk and CMAF
fragment.

chunk

NOTE

'S TrackRunBox and/or TrackFragmentHeaderBox.

Default values or per sample values of sample duration and sample size shall be stored in each CMAF

Default flags and sample parameters (duration, size, or sample description index) 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 CMAF header.
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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 x1Didentifies the key and license required, and a registered systemID as defined in
ISO/IEC 23001-7 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 ProtectionSystemSpecificHeaderBox, a

manifest, or an application in order to assist players in requesting a license to decrypt a CMAF track.

A single keyamdticensemay bestuffictenttoaccessatt-tracksimapresentatiomor-highvatue o
use differgnt keys for audio and video tracks, since the audio path may be less secure. A contet]
may also use different keys and possibly licenses for different qualities, such as SD, HD and-UHD.

ntent may
t provider

When str¢gaming, 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 enab

esa CMAF

player application to parse license acquisition information one time, rather than each time the CMAF header

is processéd for adaptive switching purposes.

Manifest sjgnalling makes it easier to:

— add orjchange license information without editing media files;

— offer different types of licenses for the same CMAF presentatién,e.g. subscription, rental, ownership, SD,
HD, UKD, etc.;

— support different distribution channels and license seryers with the same media;

— request a license before the live media becomes ayailable to authorize or purchase playback|rights and
download a license in advance.

8.2 Tra¢k encryption

8.2.1 Gqgneral requirements

Encrypted media sample data in a-CMAF track shall use an encryption scheme defined in ISO/IHC 23001-7.

CMAF pregentation profiles can constrain the allowable schemes in that CMAF presentation profile. See A.1.

Encrypted| NAL structuredvideo tracks shall use a media subsample encryption scheme specified in

ISO/IEC 23001-7, which defines partial encryption of NAL units in a video media sample to alloy access to

unencrypted video NALheaders and slice headers in an encrypted NAL structured video elementdry stream.

Encrypted| non-video ‘tracks shall use the schemes specified in ISO/IEC 23001-7, which define a|full media

sample en¢ryption'method for each scheme.

Conditiondl\requirements are defined in ISO/IEC 23001-7 and subclause 8.2.2.1 in this dofument to

include a SampleAuxiliaryInformationOffsetsBox and a SampleAuxiliaryInformationSizesBox in the
TrackFragmentBox. As specified in ISO/IEC 14496-12, both boxes have a default aux info type of 'cenc'.

The sampleEncryptionBox ('senc') for storage of sample auxiliary information in encrypted CMAF tracks is
documented in subclause 7.4.2 and its use specified in subclause 8.2.2.1.

The TrackEncryptionBox version 1 or zero for signalling CMAF track encryption parameters and their

defaults is

The follow

documented in subclause 7.4.1 and its use specified in subclause 8.2.2.2.

ing 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
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according to ITU-R Recommendation X.667. A UUID shall be stored in the KID field as 16 bytes, sequenced

accord

ing to the binary representation as specified in ITU-R Recommendation X.667.

— Ax1pvalue may be represented in text form as a hyphenated hexadecimal string, using the hexadecimal

repres

entation as specified in ITU-T Recommendation X.667.

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 subclause 7.4.2. Sample auxiliary

informati
suchasa

For encryj
contain a
defined in

The Sampld

a) The e
the sa

of the

b) CMAF
in the
firstb

sampl

The Sampl4
sample wi

1) If subs

NOTE
inform|

2) If subg
the sif
the a4
instea
3) If Per_
there Y

ation

NOTE 2

1 e g 1. 11 L - LOMNAL 1 1.2 OCANAL L &
T ay be storea nrany vana boxX withimra CIMAT CiiunK s or CVIAT (ragment s Movier T
buid' box.

pted CMAF fragments that contain sample auxiliary information, each TrackFtagmer
SampleAuxiliaryInformationOffsetsBox with an aux_info type value or default of|
[SO/IEC 23001-7 to provide access to sample auxiliary information data.

bAuxiliaryInformationOffsetsBox Shall conform to the following comstraints.

try count field of the SampleAuxiliaryInformationOffsetsBox shall equal 1. Therefd
hpleEncryptionBox or other sample auxiliary information storage box shall be contigy
mmedia samples in the movie fragment.

movie fragments use movie fragment relative addressing where no base data offset i
track fragment header. Therefore, the offset field is-calculated as the difference bg
yte of the containing MovieFragmentBox and the firStbyte of the first nitializationve
e quxiliary information.

tAuxiliaryInformationSizesBox may specifythe size of the sample auxiliary data for ¢
h atype of 'cenc’, as defined in ISO/IEC-23001-7, with the following constraints.

ample encryption is not used, the sanpleruxiliaryInformationSizesBox may be omitt
P y

| For full media sample encryption with an IV per media sample, the size of the samp
ation equals default Per Samphe” IV Size inthe TrackEncryptionBox (see ISO/IEC 23001

ample encryption is usediand all the media samples have the same number of subsan
e of the sample auxiliary’information will be the same for all of the media samples. Iy

d of storing a siz€ per media sample.

vould be ne-sample auxiliary information, and the sampleEncryptionBox, SampleAuxili
izesBox, dNd SampleAuxiliaryInformationOffsetsBox Should be omitted.

Sample auxiliary information is located by movie fragment byte offsets stored in the Samp]

gmentBox,

tBox shall

'cenc' as

re, data in
tous for all

5 provided
tween the
-tor in the

ach media

ed.

e auxiliary
7).

hples, then
that case,

fault sample infg\size of the samplenuxiliaryInformationSizesBox ('saiz') may be used

[sample 1V Siwee is also zero (because the scheme uses constant [Vs and no subsamiples), then

aryInform

eAuxiliar

yInfoj

mationOffsetsBox, and in some cases, by size information stored in the SampleAuxiliaryIy

formation

SizesBox. Sample auxiliary information, such as per-sample initialization vectors and subsample byte ranges, is
not intended to be read directly from the SampleEncryptionBox or other storage box. The SampleAuxiliaryInf
ormationOffsetsBox should always be used to locate sample auxiliary information.

8.2.2.2 Track Encryption Box ('tenc')

A TrackEncryptionBox specified in subclause 7.4.1 shall be present in a CMAF header if any media samples in

the track a

re encrypted.

© ISO/IEC 2024 - All rights reserved

47


https://iecnorm.com/api/?name=88128ccf09ef6c55cea17e5aa1fea70c

ISO/IEC 23000-19:2024 (en)

8.2.2.3 Protection System Specific Header Box ('pssh')

Common encryption specifies version zero and version one ProtectionSystemSpecificHeaderBox. Pro
tectionSystemSpecificHeaderBoxes can be used to store licenses in downloaded files, signal in CMAF
headers whether license downloads may be needed, and deliver licenses, keys, and usage information in
CMAF fragments. ProtectionSystemSpecificHeaderBoxes contain a SystemlID 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 dow
event that v
of the first

The follow

Prote
and m

A com
es in (
from t|
nSystd
Prote
Recon

ectiof

loading any CMAF headers. [t 1S particularly userul to acquire licenses in advance of a large v
rould resultin alarge number of synchronized license requests when triggered by the simulta
[MAF headers or CMAF fragments. Purchases, etc. can be completed prior to media avajlabilityj]

ing constraints apply to ProtectionSystemSpecificHeaderBox.

tionSystemSpecificHeaderBoxes should notbe presentin CMAF headers, exceptasallo
by be ignored if present.

mOon ProtectionSystemSpecificHeaderBox and addjﬂonalProtectionSystemSpecific
MAF header may be used with presentation-specific playback.applications that can re
he common 'pssh' and implement application-specific licenséymanagement. A common,
mSpecificHeaderBox is defined by W3C Encrypted Media EXtension specification as a yj
tionSystemSpecificHeaderBox with a SystemlID value setto "org.w3.clearkey" as defir
mendation Encrypted Media Extension, and the track’s’default_KID listed in the versig
SystemSpecificHeaderBox KID array, but it contains no data in the data[] array.

Versio

one ProtectionSystemSpecificHeaderBoxes\may be present in CMAF fragments for

8.2.3 Encryption.constraints

8.2.3.1

protedtion system information, such as encrypted-keys in licenses, for use by the DRM syst
SystermnID matching the ProtectionSystemSpesifi cHeaderBox SystemlID.

Multifjle ProtectionSystemSpecificHeadetBoxes with different SystemIDs may be present
differgnt protection systems on different'devices.

For example, version one ProtectionSystemSpecificHeaderBoxes in CMAF fragments can
deliver the same encrypted licenses to all players by a streaming or broadcast service, but
who have purchased and downloaded an entitlement license bound to their particular
decrypt the licenses in the CMAF fragments and decrypt media samples with the keys in
licens¢s. Since one license*decrypts the other, they are said to be “chained”, and chained
combipation with keychanges can periodically verify that each player has a valid entitlemen
decrypt the inbandtlicenses and continue the presentation (this process is often called “key r

eneral

P streaming
bous arrival

wed below,

HeaderBox
ad the KID
Protectio
ersion one
ed in W3C
N one Prot

delivering
em with a

to enable

be used to
only users
player can
the inband
licenses in
[ license to
btation”).

For a given k1p, initialization vectors and counter values shall follow the guidelines outlined in

[SO/IEC 23001-7, including the requirement that the combination of values only be used on
block.

one cipher

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
presentation.

NOTE It is possible for two different KIDs to reference the same key value.
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— All CMAF tracks in a CMAF switching set shall use the same default k1D and key value. Any additional
keys described by sample groups may be stored in version 1 protectionSystemSpecificHeaderBoxes in

CMAF

fragments, identifying the contained KID(s), protected by DRM specific methods.

It is recommended that any textual representation of KID and SystemID (e.g. in manifests) uses the

hexadecimal string representation specified in ITU-T Recommendation X.667, derived from the 16 byte
binary representation specified in ITU-T Recommendation X.667 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.

subsample encryption, as required by ISO/IEC 23001-7.

This const

— Video |[VCL data shall be protected by subsample encryption, with bytesofProtectedbData S|
complgte 16-byte blocks in the VCL slice data.

— 'cenc| scheme bytesofProtectedData shall be a multiple of 16 bytes.

This constfaint is recommended in CENC, but required in CMAF.

— 'cbes| scheme bytesofProtectedbata shall start on the first complete byte of video data fol
slice hpader and end on the end of the last complete 16-byte blockoof slice data in the video N4

These are fonstraints that are recommended in CENC, but required it CMAF.

8.2.3.2 (lear samples within an encrypted CMAF track

In an enciypted track, the isprotected flag in the TradkEncryptionBox shall be set to 1, indi

all media pamples are protected by default. Sample groups may indicate unprotected media s

specified i

Each CMA
mix.

8.2.4 CMAF presentation encryption

It is recom
protected
video deco

Premium
interfaces,
different k

Standard
be sold se

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

raint is recommended in CENC, but required in CMAF.

h [SO/IEC 23001-7.

 fragment shall be constrained to média samples that are all protected or all unprote

mended that encryption Keys not be shared between audio and video CMAF switchir]
CMAF presentationsAudio decoding and decryption systems may have lower key sec
ding systems so shotild not use and expose a key also used for video.

JHD/HDR contént may require hardware security for keys, a secure video path, sec
etc. onlyavdilable on some devices and DRM systems. Lower resolution video co
eys could enable playback on devices that are less secure.

lefinition, high definition, and/or ultra-high definition content in one CMAF presen

anning all

lowing the
AL unit.

fating that
amples, as

cted, not a

g setsin a
urity than

ire output
htent with

tation can

barately or accessed on different devices with different DRM licenses, keys, and DRN

1 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 subclause 7.3.4.4.

9 Video CMAF tracks

9.1 Ove

rview

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

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.
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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:

seamless adaptive switching of video;

single

NAL structured video constraints for CMAF switching sets;

initialization constraints for NAL structured video CMAF switching sets;

general constraints on a video CMAF track, in addition to conforming to a structural CMAF brand;

general constraints on multiple CMAF tracks conforming to a CMAF switching set intended to enable

constrj

AVC v
Claussd

The CMAH
defined in

Some CMA
video form
and level t
transfer fu

Video CMA
profile (i.d
profile. Fo
HD (high d
profile if i

Other CMA
to CMAF ¢
profiles m
switching

An additio

For additid
9.2 Gen|

9.2.1 G¢

Video CMA
general CM

aints between aligned CMAF switching sets containing NAL structured video;

ideo CMAF track constraints, used to derive the AVC video CMAF media profiles
[A.2.

track format for NAL structured video is derived from ISO/IEC 1449615 and requ
that specification.

F video media profiles using the AVC codec are specified in Annex“A. They define w
ats, such as SD, HD, and UHD, by specifying codec parameters, sich’as the maximum co
hat can be encoded, and video parameters such as maximum-resolution, frame rate
nction, colour space, colour subsampling, etc.

F tracks that carry a brand indicating parameter limits-that also conform to a higher C}
., a lower codec profile and level) are considered<to also conform to that higher CM
I example, a CMAF track with an SD (standard-definition) AVC brand also conforms

efinition) AVC media profile. In general, a media profile is considered contained in ano
can always be decoded and rendered by allidecoders conforming to the containing me

LF media profiles for video codecs may be'defined in other specifications, as long as the
rack constraints specified in Clausesy/ and 8 and recommendations in Clause 12. Vi
hy optionally specify CMAF track cefistraints for CMAF switching sets to enable seamles
hnd may optionally specify single thitialization CMAF switching set constraints.

hal CMAF media profile for,scalable HEVC (SHVC) is defined in Annex H.

nal information, see Clause 12 and Annex A.

leral video CMAF track format

neral video 'CMAF track structure and constraints

F traeksshall conform to at least one structural CMAF brand as specified in Clauses 7
[AF video track constraints specified in subclause 9.2.

defined in

ires boxes

idely used
dec profile
bit depth,

NAF media
IAF media
to a CMAF
Ther media
lia profile.

y conform
deo media
s adaptive

and 8 and

9.2.2 Video Media Header ('vmhd')

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

additional

— The fo

opcolor={0,

constraints.

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

version=0;

graphicsmode=0;

0, 0}.
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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

The values of width and height (specified in ISO/IEC 14496-12 as the decoded and cropped image size in

video spatial samples measured on a uniformly sampled square grid) in a CMAF TrackHeaderBox shall be
normalized to width and height of the encoded video, as defined below:

— The normalized presentation height shall be the number of vertical video spatial samples after

9.2.4

N
samples after cropping.

The normalized presentation width shall be the number of horizontal video spatial sar
cddec cropping parameters are applied, then multiplied by the video spatial sample aspec
vi
erftry, or by a codec specific method.

N
samples after cropping, not the value of the track header width field.

N
chj
fu
th
reptrictions are expected to be documented.

The cleanapertureBox should not be present (sinice the cropped aperture is defined to bg

The vglue of the matrix field signals the videg-orientation. Non-identity matrices shall be r
multigles of 90 degrees.

://vvl:en video is not rotated, matrix shall be {0x00010000, 0, 0, 0, 0x00010000, 0, 0, 0, 0x4(

0

Whhen video should be rotated 180 degrees for display, matrix should be {0xFFFF0O0
04

codec cropping parameters are applied.

TE1 The height field of the visual sample entry is the number of encoded verticaly

Heo spatial sample aspect ratio is defined by the PixelaspectRatioBox{ if-present in {
The width field in the visual sample entry is the number ©f encoded horizontal v

TE 2

TE3 Thewidth and height field do notrestrict the eneoding resolution to fixed values

hctionalities such as adaptive resolution changes, if the codec and media profile do not explic
s. If an application would require fixed width and height of the encoded and decoded signal

FFFF0000, 0, 0, height<<16, 0, 0x40000000}.

FFFF0000, 0, width<x16, height<<16, 0x40000000}.

en video should be rotated 90'degrees clockwise for display, matrix should be {0, 0x0(

en video should be rotated 90 degrees counter-clockwise for display, matrix shd
04FFFF0000,9,,0x00010000, 0, 0, 0, width<<16, 0x40000000}.

deo spatial

hples after
[ ratio. The
he sample

ideo spatial

Resolution

anges in one CMAF Track can occur, for example using multiple sample entries or using codlec-internal

tly prohibit
, additional

“clean”).

btations in

000000}
010000, 0,

D0, 0, 0, 0,

uld be {0,

ght) of the

b scale, and

seamless playback without size, shape, or location errors.

Sample Description Box ('stsd')

fo maintain

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

— widthand 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;

— 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.
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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 vide
a)

o tracks shall either

contain version 1 TrackRunBoxes in CMAF video fragments with composition offsets (negative

composition offsets where necessary) to adjust the earliest media sample presentation time in each CMAF
fragment to equal the earliest media sample decode time, which is equal to the baseMediabecodeTime
field of the TrackFragmentBaseMediaDecodeTimeBox, OI

b)
positiy
versio

A video tr4

9.2.6 Vi

— Within a video CMAF track, any TrackrRunBox that describes any non-sync,pictures shall ident]

depen
the co

Sd

Sd

sS4

9.2.7 Vi

When unsigned composition offsets are used inversion zero TrackrRunBoxes in a CMAF track file, t

video med
samples at

The earlie
edit list, a
is not zero
presented

9.2.8 Ge

a) Thefi

and a

format.

contalpn an offset edit l1st In the associated CMAF header to subtract the composition delay

re composition offsets, if and only if the CMAF track is contained in a CMAF track(ile

n 0 TrackRunBoxes.

ck shall not use both signed composition offsets and an EditListBox.

leo media sample dependencies

Hencies using a combination of the sample flagsand first samfple flags fields, or def3
"responding TrackFragmentHeaderBox:

mple is non sync sample shall be O for SAP type 1 or 2, aiid 1 otherwise;
mple depends on should be 1 or 2 (the value 2 identifies I pictures);

mple is depended on should be 2 for disposablédpictures.

leo edit lists

a sample will normally have a compésition time that is greater than zero (wWhenever v
e reordered).

bt video media sample in a EMAF track file is defined to have presentation time zero, s
specified in subclauser7.5:13, shall be used when the earliest media sample’s compo
In this case, the value of the media time field shall be set to the composition time of
video media sample.in the CMAF track file.

neral video CMAF fragment random access constraints

'st media~sample shall be Stream Access Point (SAP) type 1 or 2, as defined in ISO/IE(
video-CMAF media profile that specifies these SAP types for a specific video codec

' added by
containing

ify picture
ult flags in

he earliest
deo media

0 an offset
sition time
he earliest

14496-12
and track

NOTE

SAPtype Tor 2 means that video media samptes ima coded video SEqUENTE tam be decod

d in stored

order from the start of the CMAF fragment and presented with the correct presentation timing and ordering.

b)
possib

ly in combination with its CMAF header and separately delivered decryption keys.

9.2.9 Additional random access pictures within CMAF video fragments

Each video CMAF fragment shall contain sufficient metadata to be decrypted and correctly displayed,

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,
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and resumption of normal playback, while improving visual uniformity and lowering bit rate relative to
groups of pictures with type 1 o 2 SAPs limited to the equivalent random access duration.

9.2.10 Image framing and encoding constraints

CMAF video tracks shall only encode video spatial samples intended for presentation. Image padding

used to adjust the picture aspect ratio, such as letterbox and pillarbox bars, should not be encoded.

The video spatial samples intended for presentation should be upper left justified and only one row and/

or one column of partially filled coding blocks encoded if the image height or width is not a multiple of
the coding block size.

Decoder cropping parameters shall be encoded in the video stream to remove video spatial samples in a

partially filled coding block that are not intended for presentation.

vertical and horizontal video spatial sample counts (and different correspondingysample

a)

b)

0

d) Each
inban
and m
of CM

NOTE

player dete

or pillarbox

9.2.11 Ge¢

9.2.11.1 Video CMAF switching set constraints

CMAF
sampl
intend

a)

b) Video

subclause 7.3.4 that require each CMAEswitching set to be encoded from the same source ¢

with t

subsampling, dynamic range, brightness, bit depth, and presentation timing, which would t

there

Video
media
proceg

Switch
result
devicd

d)

ideo CMAF fragment in a CMAF track or CMAF switching set may be encoded-wit
parameters), so devices are expected to scale each CMAF fragment to the same displa

\F switching sets.
Each player and display system is expected to frame the decoded and cropped video spatial s

'mined video display aperture using methods such as scaling, stretching; cropping, padding wi
bars, framing in a window, etc.

neral video CMAF switching set constraints

tracks in a CMAF switching set shall be encoded with the same display aspect ratic
b aspect ratio and size may differ. All video~CMAF fragments within a CMAF switch
ed to be displayed with the same heightywidth, and position.

tracks in a CMAF switching set shall*conform to the general CMAF switching set con
he same visual characteristics.suich as transfer function, colour volume, colour primat

bult of encoding from a single video master.

tracks in a CMAF switching set shall conform to initialization constraints specified by
profile they conforni to, so a player and decoder can determine when CMAF headers
sed during adaptive switching.

ing between-CMAF tracks at the start of CMAF fragments in a video CMAF switching
in contintous presentation and appearance when the CMAF fragments are scaled tq
determined display aperture.

92.11.2 A_].i.g_n.e_d_\Li.d.eg_CMAF switching set constraints

h different
entries or
y aperture

hintain the correct picture aspect ratio, size, and position of each CMAF fragment durinlg playback

amples to a
th letterbox

, although
ng set are

straints in
bntent and
ies, colour
ypically be

the CMAF
need to be

set should
the same

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 subclause 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, bit
rate, frame rate, default key ID, etc.
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A common example of aligned video CMAF switching sets is one CMAF switching set containing CMAF tracks
conforming to the CMAF HHD8 media profile, and another CMAF switching set containing CMAF tracks
conforming to the CMAF UHD8 media profile, both encoded from the same source, using the same codec,
with time aligned CMAF fragments. Because of different content protection requirements for high definition
and ultra-high definition content, in this example, the high definition and ultra-high definition CMAF tracks
are encrypted with different keys and digital rights management system playback rules.

An HHDS8 capable player could select and play the HHD8 CMAF switching set normally. A UHD8 capable
player could select and seamlessly switch both the UHD8 and HHD8 CMAF tracks in aligned CMAF switching

sets, apply

ing the different keys and licenses as needed.

9.2.11.3 Multiple initialization switching of video tracks

A CMAF he
not changg

CMATF swif
switched U
decoding {
behaviour

It is somef
changes in
presentati
extension
pipeline is

9.2.11.4 §

CMAF swi
decoded a
once with

Parameter
set can be
track swit
count and
presentati

In a singlé
sufficient
initialized

Single initj

9.3 NAL

unless a new CMAF presentation is started, e.g. a DASH period).

ching sets conforming to general constraints or single initialization constrairits can be
sing multiple initialization, meaning that the CMAF header of a CMAF track'is proces
he first CMAF fragment from that track on every track switch. The(dynamic rein
of parsers, decoders, and display systems is rarely specified and maymet be seamless.

imes possible for players that have full control over both switching and decoding ]
CMAF header parameters when switching and leave most parameters unchanged tq
bn disruption. In playback environments, such as web browsers using an HTML5 me
(MSE) buffer, appending a new CMAF header can cause ‘playback interruption when
fully reinitialized when each CMAF header is appended:

ingle initialization switching of video tracks

ching sets containing video CMAF tracks that.conform to single initialization constra
nd displayed by sequencing CMAF fragments'from the same CMAF switching set after
h CMAF header.

s that are allowed to change withinva'CMAF track or between CMAF tracks in a CMAHR
contained in each CMAF fragment 5o that full reinitialization with a CMAF header is
ches. Parameters allowed to ‘change are typically vertical and horizontal video spat
cropping, so changes in_decoder configuration, display buffer sizes, etc. that migh
bn can be avoided.

initialization switching set with hierarchically nested CMAF media profiles, a CMA}
o decode any CMAF tracks with equal or lower CMAF media profiles and resolution
CMAF media pfofile and CMAF track.

alization ¢onstraints for NAL structured video are specified in subclause 9.3.7.

structured video CMAF tracks

bader from each track in the switching set need only be downloaded once (it is assumed they do

adaptively
sed before
tialization

o evaluate
minimize
dia source
the media

nts can be
nitializing

switching
hvoided on
ial sample
[ interrupt

K header is
s than the

9.3.1 Overview

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

9.3.2 CMAF track format constraints for NAL structured video

9.3.2.1 Track Header Box ('tkhd')

ISO/IEC 14496-12 specifies that the values of width and height are set to the decoded image size on a

uniformly

sampled square grid.
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ructured video CMAF tracks, the values are additionally constrained as follows.

The values of width and height shall be normalized to the width and height of the NAL structured video, as
defined below.

— Thenormalized presentation height shall be the number of vertical video spatial samples in the sequence
parameter set NAL VUI after cropping parameters are applied.

NOTE 1

after cropping.

The height field of the visual sample entry is also the number of encoded vertical video spatial samples

Thenormalized presentation width shall be the number ofhorizontal video spatial samples after sequence

parameter set NAL VUI cropping parameters are applied, then multiplied by the video spatial sample

)
<

aspec
width
entry.

NOTE 2

after c

The c1

(“clean”) in a video CMAF track.

q

N

9.3.2.2

The Sampl
ISO/IEC 14

The first v
vertic
NALs

should
VUI arx

and ca

shall include widtnh and neight field values that equal or exceed the largest cropped hori

oot ES

ratia-Tha camnla acnact ratino ic cnacifiad hyu (and if annlicahla
Fao—e-SapieaSpecIatdeiS—Specieasy—= e pprieadne

sar height ratio) in SPS VUI parameters and the pixelAspectRatioBox if present.iid

The width field of the visual sample entry is the number of encoded horizontal video spat
fopping.

eanApertureBox should not be present, since the cropped aperture is'defined to be ag

ample Description Box ('stsd')

bDescriptionBox in a video track shall contain one or more visual sample entries con
496-12 and ISO/IEC 14496-15.

i sualSampleEntry in the SampleDescriptionBox:

] video spatial sample counts in any sequeétice parameter set referenced by a video ¢
ructured video track;

contain no more than one NAL paraiteter set of each type, e.g. for AVC video, one SPS
d one PPS NAL in the AVCDecoderGonfigurationRecord;

ntain a decoder configuration record that:

5}

== Z

ould signal the lowest godec profile, level, height and width values that are equal to
n the values required for all the CMAF fragments in the CMAF track. See general con
bclause 9.2.4;

ould set LengtHsizeMinusone field to the value "3" (to indicate 4 bytes) to address largg
d simplify eonversion of elementary streams between MPEG-2 TS bytestreams with
d ISO/IEC\14496-15 with NAL length headers;

TE 1 The size of the NAL header length field defined in video tracks conforming to ISO
ig’stored in the field LengthSizeMinusOne in the corresponding decoder configuration rec
Cvideo in the AvCDecoderConfiqurationRecord.

y the sar
he sample

ial samples

tive image

forming to

vontal and
lice in the

NAL with

or greater
straints in

VCL NALSs
startcodes

IEC 14496-
prd, e.g. for

shall contain one or more colorInformationBoxes With sub-type 'nclx' and a PixelAspectRatioBox

'pasp', as documented in ISO/IEC 14496-12, if the first sample entry contains no SPS NAL with VUI

in

NOTE 2

the decoder configuration record.

A decoder configuration record without a parameter set is valid for a sample description such

as 'avc3' or 'hevl' thatcan store the parameter set NALs necessary for decoding and display in each CMAF
fragment.

Any subsequent sample entries in the samplebescriptionBox:

— should contain one parameter set including VUI in each visual sample entry’s decoder configuration box,
e.g. for AVC, the 'avcc' box;
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— may be unreferenced by media samples in this CMAF track or other CMAF tracks in a CMAF switching

set;

See subclause 9.3.6.

NOTE 3

may be constrained by dependency on other CMAF tracks and CMAF headers in a CMAF switching set.

CMAF headers can contain VisualSampleEntries intended for use by other CMAF tracks in a CMAF

switching set or for the purpose of initializing decoding and display, but not referenced by any slice header in a
media sample.

9.3.3

NAL structured video access units contained in media samples

Each media sample shall contain one NAL structured video access unit for one presentation time and

duration, 4

NOTE
ignored. Inj

y

Access uni
entry codi

Each acces

Each acce
fragment.

Access units conforming to sample descriptions with inband parameters, such as 'avc3' and '}

retain fille
decoder bi

The filler ¢

9.3.4 NA

Each CMA
codec. Con
as specifie

NAL struc
contain all
video seqy
units, if pr

If sample ¢
set indexe
decoder cg

9.3.5 El

s defined 1n [SO/IEC 14496-15 and I150/1EC 14496-12.

\s specified in ISO/IEC 14496-15, timing information provided within a video elementary
tead, media sample timing in the TrackRunBox determines picture presentation time and durs

Es shall conform to a sample description specified in ISO/IEC 14496-15 andsignalled in
ngname field.

s unit may start with an access unit delimiter NAL.

s unit shall be stored as a media sample in a MediaDataBox{in a CMAF chunk ang

r data (NAL units or SEI messages) and SEI messages-that might change hypothetica
Lstream conformance if removed.

ata and SEI messages may be retained if HRD-conformance is desired.

L structured video coding sequences.corresponding to CMAF fragments

F fragment shall contain one or more:complete coded video sequences, as specified by
sequently, the first media sample.inall NAL structured video CMAF fragments is SAP t
d in [SO/IEC 14496-12.

fured video sample descriptions that allow inband parameter sets (e.g. 'avc3' and 'h
SPS and PPS NAL units(referenced by a coded video sequence in the first access unit of
ence, immediately following the access unit delimiter NAL unit, if present; followed h
bsent; followed by-the VCL NAL unit(s) of the first access unit.

ntries also exist’in the CMAF tracks’ CMAF header using the same sample entry and
5 as an inpand parameter set, then they shall contain the same SPS and PPS NAL un
nfiguration record as the inband parameter set.

praentary stream constraints

¥ stream is
tion.

the sample

Jor CMAF

hevl', may
reference

' the video
ype 1 or 2,

bv1 ') shall
that coded
y SEI NAL

parameter
ts in their

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 characteristics,
colour parameters, and grading. See Clause A.2.

For all video media profiles, unless signalled otherwise by a mechanism defined in that video media profile,
default transfer characteristics and grading shall be assumed. Default grading is defined as a viewing
environment that shall comply with ITU-R Recommendation BT.2035 for presentation on a display which
uses the electro-optic transfer function specified in ITU-R Recommendation BT.1886 with a peak luminance
of 100 cd/m?2.
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Video may be graded for presentation on a display which uses an electro-optic transfer function not specified
in ITU-R Recommendation BT.1886 and/or with a peak luminance greater than 100 cd/m?, in which case
the grading profile should be signalled by VUI and/or SEI messages contained in the sample entry decoder
configuration box, or other mechanism defined in the video media profile.

9.3.5.2 Caption data in SEI messages

CTA 608/708 caption data (ANSI/CTA-608-E, ANSI/CTA-708-E) may be stored in video SEI messages defined
by the associated video codec specification (see subclause 11.4). When stored in this manner it shall be done

according to ANSI/SCTE 214-1.

NOTE

There can be other SEl-based encodings, but those are not addressed here.

Video embh
compatiblg
data in sud

brand in the CMAF header, as specified in Clause A.4.

For NAL s
in SEI mes
ITU-T Recq

registere

edded captions are not considered a CMAF subtitle track, and it is expected thatym
players will ignore these messages in video CMAF tracks. The presence of CTA 608/7|
h SEI messages is CMAF supplemental data and should be indicated by the addition of

fructured video, CTA 608/708 caption data (ANSI/CTA-608-E, ANSI/CFA-708-E) may
sages in coded video sequences in CMAF fragments described as usen data register
mmendation T.35, with SEl payloadType = 4 and the registered identifier in the field ¢
i itu t t35.See ISO/IEC 23008-2 for supplemental enhancement information user daf

Captions i

tended for CMAF applications should be carried in subtitle GMAF tracks to make delive

any CMAF
08 caption
the 'ccea’

be stored
ed by Rec.

ser data
d.

'y optional

and selectable by each player, to allow several alternative languages reles, etc. without duplicatinjg the same

video tracks with different SEI messages. Subtitle tracks also efiable parsing and presentation
applications when a device does not contain a built-in subtitle decoder.

9.3.6 G¢

Each CMA
(NAL struy
subclause

9.3.7 Single initialization CMAF switching set constraints for NAL structured video tracks

media prd

NAL struc
NAL struc
below.

Single initj
a) Shall ¢

b) Shall
decod

neral CMAF switching set constraints for NALStructured video

F track in a CMAF switching set containing NAL structured video conforming to ISO/IE
ctured video track format) shall conform to general CMAF switching set cong
/.3.4 and general video CMAF switching set requirements in subclause 9.2.11.

files

fured video CMAF switehing sets conforming to the general CMAF switching set cons
tured video in subclause 9.3.6 may also conform to single initialization constraint

alization NAL stpuctured video CMAF switching sets:

onform tathe general single initialization constraints in subclause 9.2.11.4.

rovide-parameter sets (SPS and PPS NAL units) that are referenced by coded slice NA
ng and display, using parameter sets stored in:

by player

L 14496-15
traints in

and

traints for
b specified

L units for

1y

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 'avci' 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 subclause 9.3.4. Parameter set indexes shall be valid within
each coded video sequence but need not be valid within other CMAF fragments or CMAF tracks.
ISO/IEC 14496-15 allows 'avc3' and 'hevl' sample descriptions to use inband parameter sets
storage, as additionally constrained in this clause;
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3) a combination of sample entry parameter sets storage (1) and inband parameter sets storage (2)
may be used for 'avc3' and 'hev1' sample description CMAF tracks. In that case, each sample entry
and slice NAL parameter set ID shall identify the same parameter set if stored in both locations. In
addition, any CMAF header shall provide all the sample entries referenced by any CMAF fragment in

e CMAF switching set.

The first visual sample entry in each CMAF header shall be sufficient to initialize decoding, 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

parameter set (e.g. SPS and PPS in 'avcc') conforming to c), or

the first sample entry in the CMAF header shall contain a decoder configuration record containing a

hy contain a sample entry without NALs that shall include one or more colorInf6yrms
th sub-type 'ncix' and a PixelAspectRatioBox, as specified in ISO/IEC 14496-12:

MAF header shall be sufficient to initialize the CMAF switching set once and decodge

profile brands.

MAF header with a specific CMAF media profile brand shall be sufficient to initializ
b the other CMAF tracks with the same CMAF media profile brahd;or CMAF media pro
nform to the brand initialized, if all CMAF tracks in the CMAF switching set contain C}
brands.

\ manifest can reference a common CMAF header for every GMAF track in the CMAF switching
different CMAF header for each CMAF media profile in¢he CMAF switching set when each C]
CMAF media profile brand. In the second case, a playér tan initialize once and play a subset d
conform to the initialized media profile. If it initializes the highest signalled CMAF media pr
MAF fragments in the CMAF switching set.

th
c)
can be:
1)
2) m
w
d) AnyC
fragm
medial
e) AnyC
decod
that cq
profile
NOTE )
reference a
contains a
tracks that
decode all (
9.4 AVC

9.4.1 Storage of AVC elementary streams

9.4.1.1 ¢

AVC video
specificati

9.4.1.2

The syntaj
("avc3')as

AVC Visual Sample Entry

video CMAF tracks

lonformance

tracks shall conform te/the NAL structured video format specified in subclause 9.
bn [SO/IEC 14496-10:and constraints specified below.

k and valuesfor visual sample entry shall conform to avcsampleEntry ("avcl') or AvCSa

tionBoxes

all CMAF

ents in the CMAF switching set, if the CMAF tracks in the CMAF switching §ef do not contain CMAF

b once and
file brands
NAF media

et, oritcan
VIAF header
f the CMAF
ofile, it can

3, the AVC

mpleEntry
1se 9.3.2.2.

definedin ISO/IEC 14496-15 and the general video sample entry requirements of subcla

9.4.2 anstraints on AVC elementary streams

9.4.2.1 Picture type

All picture

s shall be encoded as frames and shall not be encoded as fields.
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9.4.2.2 Sequence parameter sets (SPS)

9.4.2.2.1 SPS field constraints

Sequence parameter set NAL units that occur in an AVC video CMAF track shall conform to ISO/IEC 14496-10
with the following additional constraints.

— The following fields have pre-determined values as follows:
— frame mbs only flagshall besetto 1;

— vui parameters present flag shall be set to 1;

— gdps In Trame num value allowed TI1agshould besetto -
— The vqlues of the following fields shall not change throughout a CMAF track.
— cHroma format idc
— Dbilt depth luma minus8
— Dbilt depth chroma minus8
— The mpximum values of the following fields are specified by CMAF médid profiles in A.2.
— profile idc
— 1lgvel idc
— pijc width in mbs minusl
— pilc height in map units minusl

— The following fields may change per CMAF fragment within a CMAF track. Changes in these garameters
shall require a different sample entry, if the SPS NALs referenced are stored in sample entrieg.

— pilc width in mbs minusl

— pilc height in map units minusl
— frame crop right offset

— frame crop bottom ofifset

— mgx num ref frameS

9.4.2.2.2 | Visual usability information (VUI) parameters

VUI paranpeterstthat occur within a CMAF AVC video track shall conform to ISO/IEC 14496-1D with the
following addjtienal constraints.

The following fields have pre-determined values as follows:

— wvideo signal type present flagshould be setto 1, and the value of video full range flag when not
present shall be assumed to be 0.

NOTE1 Thisindicates normal black “setup”, i.e., black level is 16 for 8-bit video.

— aspect ratio info present flagshall be setto 1.aspect ratio idc shall not be setto 0 (unknown).
NOTE 2 These parameters refer to the video spatial sample aspect ratio, not picture aspect ratio. Always
setting the value distinguishes between content that omitted the value because it intended the default or just

failed to set it properly.

— overscan_info present_ flag, if present, shall be set to 0.
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adaptive scaling during adaptive switching.

NOTE 4

aspect _ratio_idc shall be setto 1.

primaries, transfer characteristicsandmatrix coefficients fields are present.

matrix coefficients shall be set to the values used in the AVC video CMAF track.

Exact scan encoding of the active image is used for reliable image framing by devices and precise

IfVideo_signal_type_present_flag issetto 1, colour description present flag should be set to 1.

As defined in ISO/IEC 14496-10, if the colour description present flagis setto 1, the colour

Ifcolouridescriptionipresentiflag issetto 1, then colour primaries,transfer characteristics and

If colour description present flag is set to 0, the following values shall be assumed in AVC video

CMAF

The p1
19

C(Q

ma

tracks:

lour primaries = 1;

ansfer characteristics =1;

trix coefficients = 1.

esence and values of the following fields shall not change in a CMAF track.
w delay hrd flag

lour primaries

ansfer characteristics

trix coefficients

9.4.2.3

icture cropping

Any pictute cropping needed due to partially filled coding blocks shall be indicated by the SP
parameter|s frame crop bottom offset OF fram&‘'crop right offset.See Annex C for examples.

NOTE
omitted),
column of
divisible by

9.5 AVC

9.5.1 Ay

The video
parameter

he NAL structured video CMAF track format fixes top and left cropping values to zero (d
hich means the image is upper Teft justified within the coded blocks, and there is at most o
artially filled and padded blecks below and/or to the right of the image if the image size ig
the coded block size.

video Internet Media Type parameters

C signalling of " codecs" parameters

codec profile and level of each AVC track and CMAF switching set should be signg
s conforming to IETF RFC 6381 and ISO/IEC 14496-15.

b cropping

bfault when
ne row and
not evenly

llled using

9.6 Videé

The follow

\%4

ing video media profiles are defined:

Clause A.2 specifies packaging and codec constraints for CMAF media profiles using the AVC video codec.

Systems claiming conformance to CMAF using AVC shall conform to the provisions of Clause A.2.

— Annex B specifies packaging and codec constraints for CMAF media profiles using the HEVC video codec.
Systems claiming conformance to CMAF using HEVC shall conform to the provisions of Annex B.

— Annex H specifies the CMAF media profile for scalable HEVC (SHVC). Systems claiming conformance to

CMAF

using scalable HEVC shall conform to the provisions of Annex H.
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Annex M specifies packaging and codec constraints for some CMAF media profiles using the VVC video

codec. Systems claiming conformance to CMAF using VVC shall conform to the provisions of Annex M.

Annex N specifies packaging and codec constraints for some CMAF media profiles using the EVC video

codec. Systems claiming conformance to CMAF using EVC shall conform to the provisions of Annex N.

10 Audio CMAF tracks

10.1 Overview

This clause specifies CMAF audio tracks derived from the CMAF track format, with additional constraints

specific to

CMAF audio tracks and audio CMAF media profiles

Additional

Annex|

Annex

See subcla

This Claus

constrj

constr
specif

and r3
varian

an “A/
fragm
bit rat

10.2 Gengeral audio CMAF track format

10.2.1 De

Audio CM/
specified i

The gener
profile.

Annex | for multichannel AAC, and

an“AACCore” CMAF mediaprofilethatspecifies constraintson AACCMAF trackstoenableinter

CMAF media profiles are defined in:

] for MPEG-H 3D audio,
| K for MPEG-D USAC.
1se 12.1 for guidelines on specification and registration of CMAF'media profiles.

b 10 includes:

aints that apply to all audio CMAF tracks;

aints that apply to the audio track format and encoding of AAC audio using the sy
ed in ISO/IEC 14496-14;

ndom access of CMAF switching sets containing a single CMAF track encoded with o1
ts of AAC in stereo or mono;

\C adaptive” CMAF media profile &hat specifies additional constraints on CMAF A
ents, media samples, and metadata to allow seamless switching between alternative
es in an AAC adaptive CMAF switching set.

rivation

\F tracks shall-conform to at least one CMAF structural brand and to the CMAF tr
h Clause Zand Clause 8 and the general audio CMAF track constraints specified in Clau

1 CMAF~audio track format applies to all audio CMAF tracks, regardless of audio code

stem layer

bperability
he of three

AC tracks,
tracks and

hck format
se 10.

c or media

10.2.2 Tr

ack Header Box (' tkhd')

For audio tracks, the fields of the TrackHeaderBox shall be set to the values specified below. Other fields may
be set per ISO/IEC 14496-12.

flags

layer

=0x000007
=0

volume = 0x0100
matrix ={0x00010000, 0, 0, 0, 0x00010000, 0, 0, 0, 0x40000000} // unity matrix
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0

height =0

duration=10

und Media Header Box (' smhd')

The syntax and values for the soundMediaHeaderBox shall conform to ISO/IEC 14496-12 with constraints
specified in subclause 7.5.7.

10.2.4 Sample Description Box ('stsd')

As specifiled in ISO/IEC 14496-12, the SampleDescriptionBox contains the AudioSampleEnt]

AudioSamp

10.2.5 Ay

For all aud
defined in

Each audi
codec-speg

10.2.6 Au

An offset
subclause

| eEntryVl box.

dioSampleEntry

io media profiles in CMAF, the value of the samplesize parameter in th& 2udiosampid
[SO/IEC 14496-12 shall be set to 16.

bSampleEntry O AudioSampleEntryVl shall contain a " (codingnamespecific)Box"
ific information.

dio offset edit list

bdit list in a CMAF audio track shall conform to €oenstraints specified on EditListE
7.5.13.

If audio 1
presentati
CMAF trad

10.3 AAC

10.3.1 Oy

AAC audio
audio CMA
are used t
Clause A.3

Table 12 li

nedia sample composition times differ from"their intended presentation times i
bn, then an offset edit list shall be included:in that audio CMAF track to adjust to th
k presentation time.

audio CMAF tracks

erview

CMAF tracks containing/AAC audio as defined in ISO/IEC 14496-3 shall conform to t
F track constraints in subclause 10.2 and the AAC constraints in subclause 10.3. These d

5ts the AAG profiles allowed.

Table 12 — AAC profiles

vy box or

tEntry box

containing

oxes In in

n a CMAF
e intended

he general
onstraints

derive the AAC audio media profiles specified in subclause 10.4 and subclause 10.5 and listed in

AAC profile codingname SampleEntry Type
MPEG-4 AAC (AAC-LC) mp4a MP4AudioSampleEntry
MPEG-4 high efficiency AAC (HE-AAC) mp4a MP4AudioSampleEntry
MPEG-4 high efficiency AAC v2 (HE-AACv2) mp4a MP4AudioSampleEntry

The sampleEntry formatin the sampleDescriptionBox is the same for each AAC audio profile.

10.3.2 "codecs" parameter signalling

The signalling of the MIME "codecs" parameter shall be per IETF 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 IETF 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 mp4a.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

The AAC cpdec uses audio frames of a fixed length and a transform which applies over two, frameg
correct auglio from a frame, both frames in the transform are needed, and hence the priorencoded|

the curre
and may b

A full reco
access uni
audio sign

In practicg
signal. Thi
implement

10.3.3.2 Presentation delay compensation using an edit list

The most ¢

header.

In the cass

the length

is a comm¢@n example for AAC.

If an edit
subclause

verview of AAC presentation timing

encoded frame need to be decoded to output the first frame. This is sometimes called
e signalled using the 'ro11' sample group.

Instruction of the first encoded audio frame is sometimes not possible since there is n
. To still achieve a full reconstruction, a common practice is toladd silence to the begin
hl. A more detailed explanation of this approach can be foundin ISO/IEC TR 14496-24.

, an encoder might prepend an arbitrary amount of (invalid) audio waveform sam]
s portion of the audio signal is sometimes called “enlcoder delay” and varies depend
ation.

ommon approach to compensate for inserted extra audio is to add an offset edit list tq

where padding has been added tothe start of an audio stream, the media time in the
(in audio samples, as measured by the timescale of the track) of the inserted audio san

10.2.6.

10.3.3.3 1

If the cont

10.3.3.4 1
Ifthe SBR 4

Delay compensation before encapsulation

ent has beeh generated according to Clause G.5, no EditListBox is present.

Delay compensation when using additional AAC coding tools

. To obtain
frame and
“priming”

0 previous
ning of the

bles to the
ing on the

the CMAF

edit list is
Iples; 2112

list is used, a single(EditristBox shall be recorded in the CMAF header, as specified in

nd PS coding tools are present, they shall not he considered for the purpose ofdelay co

pensation.

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.
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The audio encoder should generate DRC metadata for light compression encoded in the dyn rng ct1 and
dyn rng sgn fields of dynamic range info () in the FIL element and DRC metadata for heavy compression in

the compre

NOTE

ssion value field of MPEG4 ancillary data() inthe data stream element (DSE).

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

AAC n]nmnnfary stream access units as media camp]nc within a CMAFE track shall conform to the

CMAF aud
The follow]
Alla
All A

The v{
the co

10.3.4.2 AAC audio sample entry

10.3.4.2.1

The syntaj
ISO/IEC 14

The sampl

10.3.4.2.2

As defined
ESDBox, WH

10.3.4.2.3

The synta
Descripto

strea

URL_F]

1:]:() media samples shall consist of one AAC audio access unit.

o track format specified in subclause 10.2.

ing additional constraints also apply.

access units in a CMAF track shall be encoded with one of AAC-LC, HE-AAC or HE-AA

lues given in AudioSampleEntry, DecoderConfigDescriptor, and DecoderSpecificInfo §
'responding values in the AAC audio bitstream.

Field values

t and values of the AudiosampleEntry shall conform to MP4AudioSampleEntry ('mp4a’) ay
496-14.

e entry and fields specified in subclause 2073.4.2 shall not change within a CMAF track.

ESDBox

in ISO/IEC 14496-14, the MP4addioSampleEntry in the SampleDescriptionBox shall
ich contains an Es_Descriptor.

ES_Descriptor

k and values for BS Descriptor shall conform to ISO/IEC 14496-1, and the fields

OCRst1

Cv2.

hall match

defined in

rontain an

of the Es

- shall be set to\the following values:
Dependen®éFlag =0

ag =0

eantlag = 0

The ES_ID

streamPriority = 0
decConfigDescr = DecoderConfigbDescriptor

slConfigDescr = SLConfigDescriptor, predefined type 2

flag of the ES_Descriptor should be set to 0.

Descriptors other than those specified in subclause 10.3.4.2.4 through subclause 10.3.4.2.6 shall not be used.
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DecoderConfigDescriptor

The syntax and values for becoderconfigbescriptor shall conform to ISO/IEC 14496-1, and the fields of this

descriptor

shall be constrained to the following values.

objectTypelIndication = 0x40 (audio)
streamType = 0x05 (audio stream)
upStream = 0

decSpecificInfo = AudioSpecificConfig

decoderSpecificInfo shall be used and ProfileLevelIndicationIndexDescriptor shall NOT be used.

10.3.4.2.5
The syntaj

The follo
for examp

— audio
channd

exteny

GASpe

10.3.4.2.6

The syntg
GASpecifi

framel

depen

exten

10.3.5 A/

10.3.5.1 (

AAC eleme
profile it c

The el

AudioSpecificConfig

c and values for AudioSpecificConfig shall conform to ISO/IEC 14496-3.

e, see subclause 10.4.
bjectType
1lConfiguration
ionAudioObjectType

ificConfig

GASpecificConfig

x and values for caspecificconfig shall conform to ISO/IEC 14496-3, and the
config shall be set to the following values.

engthFlag=0 (1024 lines IMDCT)
sOnCoreCoder =0

ionFlag = 0
.C elementary stream constraints

heneral encoding constraints

ntary streéams shall conform to ISO/IEC 14496-3 and the constraints of an audio CN
bnforms.to, for example, see Clause A.3.

ing fields of Audiospecificconfig shall be set to AAC audio CMAF mediaprofile specified values,

fields of

1AF media

bmentary stream shall be a raw data stream, i.e.,, ADTS and ADIF headers shall not be plresent.

information shall be in the first packet.

PCM samples for short blocks.

The following parameters shall not change within the elementary stream:

— audio object type;

— Sa

mpling frequency;

— channel configuration.
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10.3.5.2 AAC elementary stream syntactic elements

10.3.5.2.1

Syntax and values of syntactic elements

The syntax 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:

— coupling_channel_element (CCE).

[f the program_config_element (PCE) element is present, then it shall only list a set of channels corresponding
to one of the fixed channel configurations specific in ISO/IEC 14496-3, and the element shall not change for
the duration of the track.

10.3.5.2.2
The syntaj
Syntactic ¢
<SCE>

<CPE+

NOTE

y

10.3.5.2.3

The synta
fields shall

gain

10.3.5.2.4

The maxir
requireme)

the maximum bit rate (system-layer.descriptors are excluded).

10.4 AAC
AAC core 4

Arrangement of syntactic elements
¢ and values for syntactic elements shall conform to ISO/IEC 14496-3.

lements shall be arranged in the following order for the channel configurations below.

<optional additional elements>, <TERM>... for stereo HE-AAC or&AC-LC.

individual_channel_stream

k and values for individual channel stream shall conform to ISO/IEC 14496-3. The
be set as defined:

ontrol data present = 0.

Maximum bit rate

hum bit rate of AAC elementary streams shall be calculated in accordance with the /
nts as defined in ISO/IEC 14496-3. Only the raw data stream shall be considered in d¢

core audio CMAF.media profile

the following constraints.

Each AAC elementary stream shall be encoded using MPEG-4 AAC-LC, HE-AAC Level 2, or
Level 2. Use.ofithe MPEG-4 HE-AACv2 is recommended for 32 kbps or lower.

When |usihg HE-AAC and HE-AACv2 bitstreams, explicit backwards compatible signalling sh

iudio CMAF media/profile shall conform to the AAC CMAF track format specified in 1

<optional additional elements>, <TERM>... for HE-AACv2 and mone HE-AAC or AAC-LC

Angled brackets (<>) are used above to indicate separate syntactic elements, not stream syntay.

following

AAC buffer
ptermining

0.3.4, with

HE-AACv2

hll be used

: d AR | £41 QRD 1 Dg 1. 4 1
to indicatetneuseof the SBRanma S COUIIIE LtOUILS.

AAC core CMAF tracks shall not exceed two audio channels.

AAC core elementary streams shall not exceed 48 kHz sampling rate.

conform to this media profile.

See Clause

A.3 for the table of AAC audio CMAF media profiles and their 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. Subclause 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 brand shall be 'caaa' and should be used to
indicate CMAF tracks that conform to this CMAF media profile.

e AAC core

CMAF

tracks conforming to AAC adaptive CMAF media profile and brand shall conform to th

CMAF

See Clause|

10.5.2 CMAF fragment encoding constraints

To enable 5
comprisin
process of
are time 3
SAPs. Trac
but shall ¢

All CMAF {
first AU in|
decode tin

Video fran

or 2. For audio, frame SAP types are not usually spé¢ified. In MPEG-4 AAC, there is no special f{

defined fo
described

10.5.3 Gd
The follow

audio

chann

sampl

The first p
either use

media profile specified in subclause 10.4 and the constraints specified in subclause 10

|A.3 for the table of AAC audio CMAF media profiles and their brands.

eamless switching between AAC CMAF tracks in a CMAF switching set;the AAC CMAF
b each CMAF track are encoded and packaged for random access|and seamless sp
encoding the AUs (Access Units) requires periodic generation of'stream access points
ligned between CMAF tracks, and encapsulation requires CMAF fragment alignmer
ks that belong to the same CMAF switching set can be generated from different encoder
bnform to the same CMAF switching set constraints.

racks in an AAC CMAF switching set shall have AAG SAPs at CMAF fragment boundari
each CMAF fragment), and corresponding CMAEfragments in alternative CMAF trac
e aligned and presentation time aligned.

nes usually have well-defined SAP types, stich as an IDR frame that always equals S

random access. Nevertheless, audio SAPs of type 1 can be generated by applying the g
n the following clauses and are referred to as an “SAP” frame, since there is only one ty

neral considerations and requirements

ing values shall not chapge-within a CMAF switching set:
bbject type (AOT);

b configuration;

ng frequency:

oint means that all the CMAF tracks within a CMAF switching set share the same AO
AAC-LC, HE-AAC or HE-AACV2.

5.

fragments
icing. The
(SAP) that
It to those
instances,

es (i.e., the

ks shall be

AP type 1
rame type
onstraints

'pe.

T, i.e., they

H o A s caonctn anahblatha At b DONA £0 ooy coacdb ot o d b s ey

The secon
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xample, 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 subclause 10.3.3.2 or decode time compensation specified
in subclause 10.3.3.3.
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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 sequence) is recommended

in the last framreof a €MAFfragnrent—Thisaltowsfor theuseofettherashortorstop-Winmdow-Sequence in
the SAP frame (i.e., first frame in the next CMAF fragment). This concept is exemplified in Figure:[L5.
Y
1
A
0
X
B
X
Key
X time
Y amplithde
A correct window sequence
B  incorrgct window sequence
Figurg 15 — Correct.and incorrect windowing sequence at fragment boundaries for seamless
switching of AAC-LC CMAF tracks
10.5.5 C(1nstraints for HE-AAC

10.5.5.1 General

Since HE-AAC is based on AAC-LC, the restrictions described in subclause 10.5.4 apply also here. In addition,
the following restrictions apply to the spectral band replication (SBR) tool.

10.5.5.2 Core bandwidth 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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Fjgure 16 — Illustration of core b idth adjustment for HE-AAC switching points
A\

To avoid this gap in the frequency ran ,’ft.cps recommended to have the AAC core bandwidth of thellast frame
of a fragmé¢nt matching the highest A BR crossover frequency of the supported stream confighration. To

properly epcode the additional b@idth, extra bits are necessary and the bit reservoir contro| should be
adapted aqcordingly. @ .

10.5.5.3 $BR header an{@w differential coding
In contrasf to the &onﬁguration that is completely signalled inside the audio specific configuration
(ASC), the[SBR de r needs additional configuration parameters. These parameters are transmitted in
the SBR haadeé.:()e ich may not be contained in every access unit. The MPEG-4 standard recommends a
transmissionvinterval of 500 ms or whenever an instantaneous change of header parameters i$ required.
To allow f13 amless switching of HE-AAC encoded tracks, an SBR header shall be transmitIcll in each
SAP frame. For frames containing the SBR header, the MPEG-4 audio conformance forbids the use of tools
that rely on preceding frames. In other words, time differential coding of parameters contained in the SBR
header is forbidden and, hence, this restriction guarantees that SAP frames can be completely decoded and
processed.

10.5.5.4 SBR frame class

If the SBR frame class is “VARVAR” or “FIXVAR”, the SBR envelope for this particular frame could reach over
the frame borders. To make sure all necessary information is self-contained in the SAP frame, so that it can
be fully decoded, the SAP shall always start with a “FIX” border (“FIXVAR” or “FIXFIX”). Consequently, the
last frame in a fragment (the frame before the SAP) shall also end with a “FIX” border (“FIXFIX” of “VARFIX").
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10.5.6 Constraints for HE-AACv2

Since HE-AACv?2 is based on HE-AAC, the restrictions described in subclause 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 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.

10.6 Audlio media profiles

The followling audio media profiles are defined:

hdio codec.
A.3.

| A.3 specifies packaging and codec constraints for CMAF media profiles using the AAC aq
s claiming conformance to CMAF using AAC shall conform to the provisions of Clause

Claussd
Systen

Annex re to CMAF

using

[ specifies the CMAF media profile for multichannel AAC. Systemgs-laiming conforman
multichannel AAC shall conform to the provisions of Annex I.

Anney | specifies the CMAF media profile for MPEG-H audio. Systems claiming conformance to CMAF

using MPEG-H shall conform to the provisions of Annex |.

| K specifies the CMAF media profile for MPEG-D USAC. Systems claiming conformange to CMAF

MPEG-D USAC shall conform to the provisions of Annex K.

Annex
using

11 Subtitles and captions

11.1 Ovefview

CMAF defipes the following formats for carrying subtitles and captions:

W3C WebVTT subtitle CMAF tracks;

W3C IMSC1 subtitle CMAF traeks;

— ANSI/LTA-608/ANSI CTFA-708 captions embedded in video CMAF tracks.

An additiohal media profile for W3C IMSC 1.1 CMAF tracks is defined in Annex L.

The term
graphics t
impaired |

subtitlesin this document is used to mean a CMAF track for the visual presentatior]
hat is<syrnichronized with video and audio for purposes including “closed captions” f
Fiewding. Subtitles are presented for various purposes such as dialogue language t

of text or
or hearing
ranslation,

localized t

jtlés; commentary, lyrics, and descriptive captions for hearing impaired viewers or pr

esentation

situations where audio is unavailable or inappropriate.

ANSI/CTA-708 (608) “closed captions” embedded in video elementary streams are also described, in
part, to distinguish them from CMAF subtitle tracks. Closed captions are commonly used in North
America to broadcast descriptive text and dialogue, primarily intended for hearing impaired viewers. See
subclause 9.3.5.2. Embedded closed captions have limited flexibility because they cannot be independently
created, selected, and delivered without duplicating every video track, and they require low level processing
of video elementary streams to decode. Closed captions may be present in CMAF video tracks and can be
ignored by players that only process subtitle CMAF tracks.

A CMAF presentation can offer the same subtitle content in more than one CMAF track and format to reach
players with different decoding capabilities. Because each CMAF track can have different qualities, it is
recommended that manifests indicate the preferred CMAF tracks in the selection set.
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11.2 WebVTT

WebVTT is a subtitle format that is supported by several web browsers. It can also be used to render
subtitles in other types of media presentation applications. In CMAF, a WebVTT document is encapsulated
in a CMAF fragment contained in a CMAF track. WebVTT CMAF fragments may be sequentially downloaded,
synchronized, and presented the same as audio and video CMAF fragments.

The content for a WebVTT document shall conform to W3C WebVTT.

The encapsulation and format of WebVTT documents in ISO Base Media movie fragments and tracks shall
conform to ISO/IEC 14496-30, to Clause 7, and to the 'cwvt' media profile listed in Clause A.4.

As specified in ISO/IEC 14496-30, each WebVTT document is contained in a single ISO BMFF movie fragment.

To conforymto CMAF, WebVTT ovie fragments—stattatsotonformtothe €EMAF fragmment g

specified i

One CMAH
or multipl
durations
latency du

WebVTT s

codingnanpe of 'wvtt'. WebVTT subtitle tracks store a WebVTT documentas-a@'media sample contj

or more W
sample an

h Clause 7.

fragment and WebVTT document may span the entire duration of a prerecorded pr
e CMAF fragments may sequentially span the duration of the presentation with CMAI
cimilar to audio and video CMAF fragments, which is necessary to approXimate audio
Fing live encoding and streaming.

ubtitle tracks are specified in ISO/IEC 14496-30 using a track handler type of 'te

[ebVTT cues with presentation times contained within the presentation timespan of
d CMAF fragment that contains it. WebVTT subtitle CMAE fragments are synchroni

onstraints

bsentation,
F fragment
and video

kt' with a
nining zero
the media
red during

playback Hased on each CMAF fragment’s presentation time and, duration, and WebVTT cues afte decoded
and presernted within the CMAF fragments presentation time interval based on their WebVTT timestamps.
By design |n ISO/IEC 14496-30, no media sample can contaifi @ WebVTT cue with a presentation tfime 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 fragiment ends, that duration determined by tHe duration
of the media sample contained in the CMAF fragment). ISO/IEC 14496-30 specifies how to splif cues into
multiple WebVTT documents and media samples td.avoid this case.

NOTE Forced titles are supported in TTML/IMSC1, but not WebVTT. A workaround is to create tyo WebVTT
tracks, one [with only the forced titles and the other with both forced and regular subtitles. A player would then play
the forced-¢nly track by default, and switch té.the forced + subtitles track when subtitles are selected.

11.3 IMS[ text and image tracks

11.3.1 General

W3C IMS(Q1 is a profilewof-the timed text markup language (TTML) for subtitle and caption delivery. W3C
IMSC1 defines a text-only profile and an image-only profile.

An IMSC1 text trackis a CMAF track that conforms to the provisions of subclauses 11.3.2 and 11.3.3.

An IMSC1 [nfage track is a CMAF track that conforms to the provisions of subclauses 11.3.2 and 11.3.4.
11.3.2 Common constraints

The IMSC1 CMAF track shall conform to W3C IMSC1 and ISO/IEC 14496-30.

The namespace field of the xvML.subtitlesampleEntry box shall contain one instance of the string "nttps://
www.w3.org/ns/ttml".

NOTE 1

reference to an external web page.

NOTE 2

of profile signalling. The CMAF media profile brand can be used to determine the profile.
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The xMLSubtitlesampleEntry shall contain a MIMEBox as specified in ISO/IEC 14496-12 and its content_type
field shall be constrained as follows.

— The type shall be "application”.

— The subtype shall be "t tm1+xm1".

— The codecs parameter shall be present and set according to subclauses 11.3.3 and 11.3.4.

The media

type of the CMAF track, as specified in IETF RFC 6381, shall conform to the following.

— The type shall be "application”.

The subtype shall be "mp4".

The cd

11.3.3 IM
All subtitlg

The codec
(see subcls

decs parameter shall be present.

SC1 text track constraints
media samples of the CMAF track shall conform to the text profile specified in W3C IM

s parameter of the content type field of the MIME box within thexmZsubtitlesampls
use 11.3.2) shall contain the value "im1t", which signals that an IMSC1 text processor i

as specifie

NOTE 1
text profile

EXAMPLE 1
text track a

The codec
TTML prof

EXAMPLE 72
track.

EXAMPLE 3
CMAF tracK

NOTE 2

11.3.4 IM
All subtitlg
The codeca

d in the W3(C, TTML media type definition and profile registry.

\ document that conforms to EBU-TT-D, as specified in EBU TE€H-3380, also generally conforn]
"application/ttml+xml;codecs=imlt|etdl" sighals that the documents contained i

so conform to EBU TECH 3380.

parameter of the media type of the CMAF track shall contain the value "stpp.ttml.iq
iles the track conforms to may be additionally listed in the codecs parameter.

"application/mp4;codecs=stpp.ttml.imlt" is the media type of an IMSC1 text sul

@mimeType="application/mp4™ and Gcodecs="stpp.ttml.imlt" signal an IMSC1 t
in a DASH manifest.

Clause A.4 specifies a file brahd that signals that a track is an IMSC1 text subtitle CMAF track.

SC1 image track censtraints
media samples_df the CMAF track shall conform to the image profile specified in W3C

s parameter of the content type field of the MIME box within the xmMLsubtitless

box (see stibclause.11.3.2) shall contain the value "im1i", which signals that an IMSC1 image p

required, 4

EXAMPLE 1

s specified in the W3C TTML media type definition and profile registry.

[SC1.

LEntry box
5 required,
hs to IMSC1
h an IMSC1
1t". Other

title CMAF

bxt subtitle

[MSC1.

mpleEntry
Focessor is

fan IMSC1

"application/ttml+xml;codecs=imli" is a possible value for the content_tvype field

image track.

EXAMPLE 2

"application/mp4;codecs=stpp.ttml.imli" is the mediatype of an IMSC1 image track.

The codecs parameter of the media type of the CMAF track shall contain the value "stpp.ttml.im1i".

EXAMPLE 3

DASH manifest.

@mimeType="application/mp4" and @codecs="stpp.ttml.imli" signal an IMSC1 image track in a

Each smpte:backgroundImage attribute shall be a URN as specified in ISO/IEC 14496-30 that may conform to
the following bg-image-urn syntax which shall conform to IETF RFC 5234.

bg-image-urn

"urn:mpeg:14496-30:subs:" 1*DIGIT
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NOTE1 Since W3C IMSC1 requires images to conform to W3C PNG, the auxiliary mime types field of the
XMLSubtitleSampleEntry box includes one instance of the media type "image/png" if any image is used.

NOTE 2  Clause A.4 specifies a file brand that signals that a track is an IMSC1 image subtitle CMAF track.

11.4 CTA-608 and CTA-708

ANSI/CTA-608 and ANSI/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 Clause A.4 specifies a CMAF supplemental data brand that signals that a video track contains ANSI/CTA
608/708 captions in SEI messages and can be included in addition to the video CMAF media profile brand.

11.5 Metpdata for subtitles
Text tracks should be labelled with their role. See subclause 7.5.3.

Text tracks should be tagged with their language. See subclause 7.5.5.

11.6 Sparsity in Subtitle Tracks

When thete is no active content during parts of a track carrying subtitles in a CMAF presenfation, this
should be explicitly signalled using samples appropriate to the subtitle)or timed text format, cdntained in
one or moffe CMAF addressable objects.

IMSC1 and WebVTT tracks shall conform to ISO/IEC 14496-30aceordingly.

Padding tHe subtitle track to align with the duration of the.CMAF presentation timeline and avoidl gaps may
be necessqry at any time in a track. However, it is especially likely at the beginning and end of g track that
carries suptitles. Therefore, preparation of CMAF conapliant subtitle tracks should always take this into
account.

11.7 11.7 Subtitle media profiles
The followjing subtitle media profiles are«defined:

— Clausq A.4 specifies packaging and’codec constraints for CMAF media profiles using the Web{TT, IMSC1
text, apd IMSC1 image. Systems/claiming conformance to CMAF using any of these subtitle technologies
shall donform to the provisions of Clause A.4.

— Annex L specifies the"CMAF media profile for IMSC 1.1. Systems claiming conformance to CMAF using
IMSC 1.1 shall confaxrnito the provisions of Annex L.

12 CMAF mediaprofiles and CMAF presentation profiles

12.1 CMAEmedia prnfilpc

12.1.1 General guidelines for specifying CMAF media profiles

12.1.1.1 CMAF media profile CMAF track format

All CMAF media profiles should specify a CMAF track format, either derived directly from a CMAF structural
brand and format specified in Clause 7 or from a video or audio CMAF track format specified in Clause 9 or
Clause 10. The media profile’s CMAF track format should specify any requirements and constraints on CMAF
headers and CMAF fragments.
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12.1.1.2 Codecs, profiles and levels

All CMAF media profiles should specify codec specific features and operating points, such as profiles and
levels, that are necessary to determine encoder/decoder interoperability. The maximum features and
limits allowed in content should be specified. When related media profiles are specified, subset/superset
relationships between those media profiles should be specified based on the ability of a decoder conforming
to superset media profile being able to reliably decode content conforming to a subset media profile.

12.1.1.3 Media access unit mapping to media samples

All CMAF media profiles should specify one or more media access unit formats that are addressed as media

samples in a CMAF track. In addition, all CMAF media profiles should specify the sample entry code point for
the media c:\mp]nc ina CMAE track

12.1.1.4 Media access unit sequence mapping to CMAF fragments

All CMAF media profiles should specify any limitation on storing sequences of media samples [in a CMAF
fragment in order to conform to the general random access and timing constrairnts” of CMAF fragments.
If all medja samples are sync samples, there are no additional constraints. If~sequential medlia sample
dependendies are caused by codec prediction, media sample reordering transforms that oveflap media
samples, spmple group and layer dependencies, etc., then media sample sequences should be spgcified that
allow CMAF fragments to be randomly accessed and optionally, adaptively-switched (if the meldia profile
defines adaptive switching functionality and CMAF switching set constraints).

12.1.1.5 CMAF track constraints for CMAF switching sets

CMAF medlia profiles that support adaptive switching of multiple CMAF tracks in a CMAF swijtching set
should spdcify the constraints between CMAF tracks in a CMAF switching set. CMAF media profjles should
specify subset/superset relationships with compatible:XCMAF media profiles, e.g. a higher lgvel of the
same codgc. A CMAF media profile should specify initialization constraints on CMAF switchinlg sets and
constraintp related to the adaptive switching process-enabled.

12.1.1.6 CMAF media profile internet mediatype

All CMAF media profiles should specify ahinternet media type and associated parameters, file ¢xtensions,
etc. for thif media profile in a CMAF traek or more generally in an ISO BMFF file.

12.1.1.7 CMAF media profile brand

All CMAF media profiles should specify a brand and register that brand in accordance with the process
specified in ISO/IEC 14496-12. The brand registry should reference a CMAF media profile specification
conforming to subclause12.1.1.

12.1.2 Guyidelines 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 Audio track format

Audio CMAF media profiles should be derived from the general CMAF audio track format specified in
subclause 10.2 or the AAC audio CMAF track format specified in subclause 10.2.
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12.1.2.3 Loudness and dynamic range control

Audio CMAF media profiles should specify loudness and dynamic range control information.

12.1.2.4 Audio parameters

Audio CMAF media profiles should specify which parameters (such as loudness, dynamic range control
information, channel configuration, etc.) are allowed and if they can change within a CMAF track or between

CMAF trac

ks in a CMAF switching set.

12.1.2.5 Audio presentation time adjustment

Audio CM

E medi

9 nrofiles should snecifuv anv nrocentation time adiustment relative to d
d+—pretHes—Sshota—SpecHyahRy—presenadol—+tHne dajusSaenttreaty +o—6-

code time

necessary
12.1.3 Gu

12.1.3.1 (

Video cod
characteri
profiles ug
every codg
video CMA

T—rireor

on decoding, preferably without using media sample composition offsets in the Trackr
idelines for video CMAF media profiles

heneral

Ktics, that present options for implementers. In order to increase jinteroperability, CN

c offers its own set of choices, this subclause presents guidg¢lines for what should be sj
F media profiles in the form of testable assertions.

12.1.3.2 Video CMAF track format

Video CM/
subclause

\F media profiles should be derived from the<general CMAF video track format s
D.2 or NAL structured video CMAF track format specified in subclause 9.3.

12.1.3.3 Video image coding characteristics

Video CMA
primaries,
height and]

F media profiles should specify alléwed options and constraints for image coding, suc
transfer functions, colour and luminance matrix, colour spatial subsampling, bit depth,
width, frame rate limitations,etc.

12.1.3.4 Video rendering information

Video CMA
necessary

F media profiles shotld specify any metadata in the video stream and CMAF track for
for accurate videe-rendering.

12.1.3.5

ideo presentation time adjustment

Video CMAF media profiles should specify media sample composition offsets and any other
align the gresentation time of each coded video sequence to the earliest media sample decode t

sequence,

hnBox.

ecs often define features and performance limits, such as piofiles, levels, video image

1AF media

ually limit some encoding options and specify an identifier for eonforming CMAF tracks. While

pecified by

becified in

h as colour
maximum

mat that is

means to
me in that

referably 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 conform
to the video CMAF media profile. Only CMAF media profiles that support multiple CMAF tracks in a CMAF
switching set should specify these CMAF switching set constraints. Seamless switching constraints should
result in perceptually equivalent images when adaptive switching occurs.
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12.1.3.7 Video decoder and display initialization

Video CMAF media profiles should specify CMAF track constraints and associated initialization process
necessary to render a video CMAF track. If a video media profile also supports adaptive switching, it should
specify CMAF switching set constraints and associated initialization process necessary to adaptively switch
and seamlessly render a video CMAF switching set.

12.2 CMAF presentation profiles

12.2.1 General

Each CMAF presentation profile defines conditionally required media profiles for CMAF tracks that are

required t

Required 1
profiles m

be avallable In a CLMAF presentation that conforms to the presentation proriie.

hedia profiles are aminimum constraint. CMAF presentations containing the requitedCMAF media
1y also include additional CMAF media profiles and remain conformant. A CMAF presentation may

conform t

media profiles.

CMAF prepentation profiles may be specified in specifications other than CMAF by entities

more than one presentation profile if it contains CMAF tracks in all the conditionall

required

bther than

MPEG. Extlernally specified CMAF presentation profiles should be identified by a URI in the namespace of

the specifying entity. If a URL is defined, it should resolve to the specification document that ¢
conditionadlly required media profiles of the presentation profile.

See Clause|

12.2.2 CMAF profile conformance

CMAF def
media objg

CMAF objd

a) CMAF
with a
within
packa
b) Gener
can bq
subtit
Clausd
ISO/IE
specif
media

CMAF

|A.1 for CMAF presentation profiles defined in the CMAF specification.

nes several conformance points including CMAF fragments, CMAF tracks, CMAF a
cts, CMAF media profiles, CMAF switching sets, CMAF selection sets, and CMAF preser

cts and conformance points are hierare¢hieal.

tracks are the conformance point.for 1ISO BMFF box, track, and file format constraints

CMAF structural ISO BMFF brand:CMAF headers, CMAF fragments, and CMAF chunks

the CMAF track structure. CMAF track conformance provides basic compatibility bg

bers, players, parsers, and decryptors, independent of media encoders and decoders.

hl CMAF media track formats for audio, video, and subtitles are conformance p
b referenced by CMAF media profiles. The general CMAF track formats for audio,

es and specific CMAF track formats for NAL structured video and AAC audio are s
s 7 through 11, which are derived from ISO/IEC 14496-2, ISO/IEC 14496-3, ISO/IEC
C 14496-15.and ISO/IEC 14496-30. Conformance to one of these media track form
ed by a CMAF media profile and that conformance indicated by the media profile br
track formats support CMAF adaptive multimedia presentations.

meédia profiles are conformance points for encoded media data stored in a specified G

lefines the

ddressable
itations.

associated
hre objects
tween file

oints that
video, and
becified in
14496-14,
hts can be
hnd. CMAF

MAF track

forma

rmance of

[. A'CMAF media profile brand indicates encode/decode and adaptive switching confg

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
headers, and optimized for external reference, storage, and delivery. They inherit the structure and
media constraints of the CMAF track and media profile they contain, and constrain the structure of the
CMAF addressable media object independent of the CMAF media. CMAF addressable media objects are a
conformance point for streaming protocols and systems that is independent of the manifest format and
delivery method used.
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e) CMAF switching sets are a conformance point for a group of CMAF tracks that share content and
encoding constraints defined by the CMAF track format and a CMAF media profile to enable seamless
adaptive switching. Single initialization CMAF switching set constraints and an associated identifier
are defined to indicate CMAF switching set functional conformance to single initialization constraints,
the syntax of which is specified by a CMAF media profile. Conformance for content pertains to a set of
CMAF tracks, and conformance for decoders pertains to decoding and seamlessly rendering sequences
of consecutive CMAF fragments selected from any of the CMAF tracks.

CMAF selection sets are conformance points for a group of synchronized CMAF switching sets that

share related content, timing and media type. For instance, alternative audio CMAF switching sets in
a CMAF selection set can cover the same presentation timespan with synchronized alternative content
or encoding. Since CMAF tracks contain a single media type (audio, video, or subtitles), multiple CMAF

f)
selecti
applic
synch
g) CMAF

that c
conter
only b
tested
betwe
profile
intend
preser
CMAF
them,
includ
CMAF

A CMAF media profile that falls within the maximum éncoding constraints of a higher CMAF me

conforms {
media pro

EXAMPLE

media prof
conforms t
colour spad
are not conl
switching s

A CMAF pi
CMAF tra
presentati
required (
are option|
CMAF pre{

‘onized, and have approximately the same duration to form a CMAF presentationy

presentation profiles are conformance points for a group of conditionally required CN
pbnform to required media profiles and form a synchronized multimedia presenta
t and timing are appropriate for a multimedia presentation is not spécified by CMA
e tested based on a presentation author’s intended result. However,(€MAF presentati
against the CMAF hypothetical application model, which provides'a common und
en content creators and players as to the intended and expected result. A CMAF pr
constrains the media profiles, CMAF switching sets, track fofmats, etc. that it cont
ed to identify basic content/device compatibility. A player that claims compatibility w
tation profile is expected to decode all the required CMAF media profiles and imp
hypothetical application model to late bind CMAF tracks;synchronize them, decrypt th

bd in a CMAF presentation, a player can select those instead, if that player supports tk
media profile.

o the higher CMAF media profile and do€snot need to indicate compatibility with a sec
ile brand, since it is an intrinsic property of those media profiles.

Standard definition video conforming to the CMAF SD media profile also conforms to th

the HD media profile. CMAF\tracks and media profiles with different source formats, such
es or transfer functions, dg-hot conform to a single CMAF switching set or media profile b
sidered the same source content and would not provide seamless adaptive switching in the
et and CMAF media profile.

esentation shall‘conform to one or more CMAF presentation profiles by containing o1
ks for each conditionally required media profile in the CMAF presentation profile
bn can conform to multiple CMAF presentation profiles by containing all the co
MAF tracks and CMAF media profiles. Additional CMAF media profiles in a CMAF pr

entation conforms to.

WMWMWMMMMp
htion model and late binding. Conformance indicates that all CMAF tracks are correct]

othetical
grouped,

1AF tracks
ion. What
F and can
bns can be
brstanding
esentation
hins and is
th a CMAF
ement the
em, render

and perform seamless adaptive switching, if appropriate. If optional CMAF media profiles are

le optional

dia profile
ond CMAF

e CMAF HD

le because it will decode on an HD)compatible system. It could be included in a CMAF switchliing set that

as different
bcause they
tame CMAF

he or more
. A CMAF
hditionally
esentation

al by defdult when they are not conditionally required in a CMAF presentation profile that the

- £ [ . .
A presentatiom profite may specify a singteencryption schemeto be used o every erncryp

switching set that is conditionally required in the presentation.

13 Timed metadata tracks

ted CMAF

Timed metadata tracks carry information relating to the CMAF presentation, such as programme metadata
or geo-location information.

CMAF timed metadata tracks shall conform timed metatracks as defined in ISO/IEC 14496-12 and shall
adhere to the CMAF track structure defined in Clause 7.
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CMAF timed metadata tracks use the null media header (' nmhd') and MetasampleEntry is used to declare the
type of metadata the track. The urRIMetasampleEntry can be used to signal a specific timed metadata scheme
by a URI in ur1Box.

Each ISO BMFF sample in a timed metadata track encloses metadata relevant to the presentation interval of
that sample as as defined in ISO/IEC 14496-12.

Metadata applying to other intervals may be present if this is supported by a metadata scheme, however such
metadata should also be carried in an ISO BMFF sample with an overlapping presentation time interval (if
such sample is present). In other words, metadata should be repeated in all samples during which it applies,
otherwise players may miss metadata in case of random access to the metadata track.

All samples are sync samples. In addition, no knowledge of a prior sample should be required to correctly
interpret tfie metadata carried in an 15O BMFF sample.

Timed metadata track files may use the filename extension 'cmfm®.
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Annex A
(normative)

CMAF presentation profiles, media profiles and supplemental data

A.1 CMAF presentation profiles

A.1.1 Overview

This claus
identifiers
require (I

NOTE

Therefore,
another fon
to select a §
incompatib

e defines some CMAF presentation profiles and their associated CMAF preséentat

O/IEC 23001-7).
n the current market, two encryption schemes, 'cenc' and 'cbcs’, are widely deployed on popula
this document currently defines one presentation profile for each of theseé encryption sd

unencrypted CMAF presentations. By defining multiple presentation profiles, a mechanism

lities between content and deployments conforming to similar but different CMAF presentatio

Al12 C

The CMFHP presentation profile is intended to provide basic interoperability of unprotected con

widest ra
presentati

Requiremg

If cont
profile

If cont
media

If cont
in the

CMAF

Presentation profile ID= “urn:mpeg:cmaf:presentation_profile:cmfhd:2017”

FHD presentation profile

ge of Internet video devices in use today. Other CMAF media profiles that are not requ
bn profile are considered optional.

nts of CMAF presentation profile CMFHD

aining video, it shall include at léast one CMAF switching set constrained to the 'cf
in Clause A.2.

aining audio, it shall include-at least one audio CMAF switching set constrained to
profile defined in Clause A:3.

aining subtitle tracks, it shall include at least one CMAF switching set for each languag
"im1t' media prdfile defined in Clause A.4.

select

A.1.3 ThHe'CMFHDc presentation profile

All CMAF tracks shall not contain encrypted media samples or a TrackEncryptionBox.

tracks containing optional CMAF media profiles in CMAF switching sets should be i
on sets with-CMAF switching sets containing required media profiles.

on profile

The CMAF presentation profiles below differ only by the common encryption schemes they

I platforms.
hemes and
is provided

biven encryption scheme by presentation profile within a given deployment. This identifies the potential

n profiles.

tent on the
red in this

hd' media

the 'caac!

re and role

ncluded in

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
subclause 8.2.3). Other CMAF media profiles that are not required in this presentation profile are considered

optional.

Requirements of CMAF presentation profile CMFHDc

— Presentation profile ID= “urn:mpeg:cmaf:presentation_profile:cmfhdc:2017”

profile in Clause A.2.
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profile defined in Clause A.3.

'im1t' media profile defined in Clause A.4.

selection sets with CMAF switching sets containing required media profiles.

available in 'cenc' common encryption scheme specified in Clause 8.

A.1.4 The CMFHDs presentation profile

If containing audio, it shall include at least one audio CMAF switching set constrained to the 'caac®

If containing subtitle tracks, it shall include at least one CMAF switching set for each language and role

CMAF tracks containing optional CMAF media profiles in CMAF switching sets should be included in

At least one CMAF switching set shall be encrypted. Any CMAF switching set that is encrypted shall be

The CMFH
devices in
subclause

optional.

Requiremg

If cont
profile

If cont
media

If cont
in the

CMAF

Ds presentation profile is intended to provide interoperability with a large pontio,
use today that support content protection using the 'cbcs' scheme of commopn‘encry
B.2.3). Other CMAF media profiles that are not required in this presentation proefil€ are

nts of CMAF presentation profile CMFHDs

Presentation profile ID= “urn:mpeg:cmaf:presentation_profile:cmfhds:2017”

aining video, it shall include at least one CMAF switching setconstrained to the 'cf
in Clause A.2.

aining audio, it shall include at least one audio CMAF<switching set constrained to
profile defined in Clause A.3.

aining subtitle tracks, it shall include at least oig EMAF switching set for each languag
"im1t' media profile defined in Clause A.4.

tracks containing optional CMAF media @rofiles in CMAF switching sets should be i

selection sets with CMAF switching sets containing required media profiles.

At leas
availa

A.1.5 Pr

Manifests
can declar
encryptior

Presentati
media san]
encryptiot]

t one CMAF switching set shall béencrypted. Any CMAF switching set that is encrypt
ble in 'cbcs' common encryption scheme specified in Clause 8.

ptected CMAF presentations

that include equivalent CMAF presentations in CMFHDc and CMFHDs presentatid
e both presentation-profile IDs to indicate that all CMAF switching sets are available
schemes.

bns conforming to the CMFHD presentation profile are not protected by common enc
ple data;-but do not preclude encryption during delivery by methods such as HTTPS 9
that areremoved on arrival, prior to media processing of the unencrypted presentati

|r1 of video
'ption (see
ronsidered

nd' media
the 'caac!
re and role
ncluded in

ed shall be

n profiles
with both

ryption of
r envelope
n.

A.2 AV(Cwvideo-€EMA

A set of AVC video CMAF media profiles is defined together with an ISO BMFF brand and constraints in

Table A.1.

For a CMAF track to comply with one of the media profiles in

shall c

Table A.1, it

onform to subclause 9.4,

shall not exceed the profile or level listed in the table,

matrix coefficients values from the options listed in the Table ,
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— shall not exceed the width, height or frame rate listed in the table, even if the AVC level would permit
higher values, and

should include the CMATF file brand in its CMAF header.

NOTE1 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 are within the constraints for the SD profile (the HD profile has higher dimension constraints and codec
level) and the colour primaries, transfer characteristics and matrix coefficients are values which are

common to both profiles.

NOTE 2

In Table A.1, values 1 and 6 for transfer characteristics are functionally equivalent, but the value
which refers to the same specification as the colour primaries is normally used

See Annex|C for detailed encoding examples.
Table A.1 — AVC video CMAF media profiles
Media (odec Profile Level colour_ transfer_ matrix_ Max Max Max CMAF
profile primaries characteristics coefficients frame ~{\frame | frame File
field in VUI field in VUI field in VUI height\\{Jwidth rate Brand
SD AjC High 3.1 1(BT.709) 1(BT.709 OETF) |1 (BT.709) 576 864 60 "cfsd’
5 (BT.601-7 PAL/ |6 (BT.601-7 OETF) |5 (BT.601-7 PAL/
SECAM) (see NOTE) SECAM)
6 (BT.601-7 NTSC) 6 (BT.601-7
NTSC)
HD AjC High 4.0 1(BT.709) 1(BT.709 OETF) |1 (BT.709] 1080 1920 |60 "cfhd'
HDHF  |AjC High 4.2 1 (BT.709) 1(BT.709 OETF) |1 (BF:709) 1080 1920 |60 "chdf'
See Clause]9 and Annex C for general requirements and constraints on CMAF video tracks.
A.3 Audio CMAF media profiles and brands
The AAC @udio CMAF media profiles in Table A»2 are specified in subclauses 10.4 and 10.5| Table A.2
summarizes key parameters and specifies the four-character code that can be used as an ISO BMHF brand to
identify the CMAF media profile in CMAF tracks and CMAF media objects.
The AAC aglaptive switching audio CMAF media profile (' caaa') is a constrained subset of the AAC|core audio
CMAF media profile (*caac'), so 'caasd? CMAF tracks always conform to the 'caac' CMAF media profile.
NOTE PAC adaptive CMAF media profile is AAC core constrained for adaptive switching.
Table A.2 — AAC audio CMAF media profiles
Med_la Codéc 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 (see Mono or stereo 'caaa’
NOTE)

See Clause 10 for general constraints on audio CMAF tracks and subclause 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.
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Table A.3 — Subtitle and caption CMAF media profiles

Media profile Format Notes File brand
WebVTT Specified in subclause 11.2 ISO/IEC 14496-30 'cwvt!
TTML IMSC1 text Specified in subclause 11.3.3 IMSC1 text profile "imlt'
TTML IMSC1 image Specified in subclause 11.3.4 IMSC1 image profile "imli!
TTML IMSC1.1 text Specified in Clause L.2 IMSC1.1 text profile "im2t'
TTML IMSC1.1 image |Specified in Clause L.3 IMSC1.1 image profile "im2i!

See Clause 11 for more details on subtitle CMAF track formats.
A.5 CMAF supplemental data
CMAF supplemental data is shown in Table A.4.
Table A.4 — CMAF supplemental data
Supplet'lental Format Notes Target CMAF Hile brand
dafa tracks
CTA captiohs CTA-608 and CTA-708 |Caption data is embedded in SEl {Video media 'ccea'
Specified in messages in video track; multiple/ profiles, including
subclause 11.4 closed caption streams maybe* |AVC and HEVC.
present.
NOTE The | ccea' brand can be included in addition to a video CMAF media-profile brand to indicate the presenc¢ of captions
embedded ip the video elementary stream.
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Annex B
(normative)

HEVC video CMAF track format and CMAF media profiles

B.1 HEVC video CMAF tracks

This anne;

x defines HEVC video tracks and specific CMAF media profiles with HEVC elementary stream

constraint
can either
also signa
'cmf2 ').

HEVC trac

B.2 HE\

B.2.1 HHK

HEVC vide
specified i

B.2.2 Sample Description Box ('stsd')

The samplf Description Box ('stsd') shall conform“to subclause 9.2.4 and contain one or m

entries.

B.2.3 Visual sample entry

The syntay and values of a visual sample entry shall conform to HEvCSampleEntry (*hvel') Or HEVCSS

("nev1') sgmple entries as defined in [SO/IEC 14496-15 and constrained as follows.

The nEVCS mpleEntry:

— shall cpntain an HEVCCop£igurationBox ('hveC') box containing an HEVCDecoderConfiguratio
specifjed in ISO/IEC 14496-15;

— shall 4et sample~entry fields consistent with the sequence parameter set and picture par
valuegin the video track as specified in ISO/IEC 14496-15 and constrained by Clause B.3;

— should cortain SEI messages containing colour and dynamic range mastering and rendering iy
if defapltdralues are not encoded, as required in subclause 9.3.5.1;

("pasp

NOTE

specifiy their own HEVC video track definition or CMAF media profile or both. Applig
brand conformance to just a CMAF structural brand defined in this document {e.g.

ks shall conform to subclause 9.3, as additionally constrained in this annéx:

[C video track constraints

VC video CMAF switching set constraints

p CMAF switching set shall conform to constraints for NAL structured video CMAF swi
h subclause 9.3.6 or subclause 9.3.7.

') when required per subclause 9.3.5.1.

sets. Applications that do not conform to the HEVC video track or any of these CMAF nedlia profiles

ations can

'cmfc' Or

tching sets

re sample

mpleEntry

hRecord, as

hmeter set

1formation

shall contain a colourInformationBox ('colr') with colour type 'nclx' and PixelAspectRatioBox

The ColourInformationBox with colour type 'nclx' and PixelAspectRatioBox provide equivalent

information to SPS VUI and are expected to be present when SPS VUI is not present in an 'hev1' sample entry.

B.2.4 HEVCDecoderConfigurationRecord cOlour and dynamic range information

— As specified in subclause 9.3.5.1, video captured or colour graded with characteristics other than ITU-R
Recommendation BT.709 defaults should include one or more SEI NAL units with additional transfer
characteristics or colour volume information stored in the HEVCDecoderConfigurationRecord to enable
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colour and dynamic range calibration during decoder and display initialization. This may include the
following SEI messages specified in ISO/IEC 23008-2:

— SEl payloadType 137, mastering_display_colour_volume;

— 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.

Alter

tive transfer characteristics in an SEI message can bhe used to optimize rendering

of hybrid

log ga
rendel

A CMA
interf4
comp3

CMAF
and dy
set to

B.2.5 Tr

The requit]

NOTE
samples (se

mma transfer function video on high dynamic range displays while using SPS signall
ing on standard range displays.

ed gamma

F player can pass MaxFALL, MaxCLL, and other SEI message data to a display.over a digital video

ce, as specified in ANSI/CTA 861-G, to enable colour and transfer function eptimizatid
tible UHD/HDR display.

switching sets shall be constrained to include identical SEI NALs and’SPS VUI colour
mamic range information in the first sample entry of every CMAF header in the CMAF
brovide consistent initialization and calibration.

ack Header Box (' tkhd')
ements of subclause 9.2.3 apply.

Normalized width and height can be derived from the track’s visual sample entry for 'hvcl' y
e subclause 9.3.2.2) or from a sequence parameter.set NAL in each coded video sequence for '}

media samples. See subclauses 9.3.3 and 9.3.4 for the storage.and semantics of video sequence parameter

B.3 Media sample and CMAF fragment.constraints

B.3.1 St¢rage of HEVC elementary streams

HEVC vide

B.3.2 Ag

p tracks shall comply with ISO/IEC 14496-15 and subclause 9.3.

cess units

Access uni

Access un
"hevl') as

s and media samples shall conform to subclause 9.3.

s shall conferm to the requirements of a media sample of the indicated description
specified\in 1SO/IEC 14496-15.

n within a

mastering
switching

rideo media
tevl' video
ets.

(' hvecl' Or

ain all SPS

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 'hvc1' 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 Clause 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 Video parameter sets (VPS)

When there are multiple VPSs within a CMAF HEVC track, they shall have the same content.

B.3.3.3 §

B.3.3.3.1

Sequence parameter set NAL units that occur within a CMAF HEVC track shall conform™to ISO/IH
with the fq

The value

another throughout a CMAF HEVC track:

B.3.3.3.2

VUI param]

additional

The following fields shall have pre-determined values as follows.

vy

generd
generg
geners3

generd

The following fields shall have pre-determined values as follows.
as
vil
The followingfields have the following values.

C(Q

equence parameter sets (SPS)

SPS fields

llowing additional constraints.

i parameters present flagshall besetto 1.

for each of the following fields in the active SPS shall not chahge from one coded video s

1_profile_space
1_profile_idc
1_tier_flag

l level idc

Visual usability information (VUI) parameters

eters that occur within a CMAF HEVC track shall conform to ISO/IEC 23008-2 with thg
constraints.

pect ratio infowpresent flag shall be setto 1.

deo full xange flag shall be setto 0.

1ldwr, description present flag should be set to 1.

C23008-2

pquence to

e following

NOTE Asdefined in ISO/IEC 23008-2, if the colour_description_present_flag is set to 1, the colour_primaries,
transfer_characteristics and matrix_coefficients fields are present in the VUI.

Ifcolour_description_present_flag issetto 1, then colour primaries, transfer characteristics

and matrix coefficients shall be set to one of the values permitted for the media profile (see
Table B.1).

assumed:

colour primaries =1;

transfer characteristics = 1;
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— matrix coefficients = 1.

— overscan_info present flag shall be setto 0, therefore overscan_appropriate shall not be present,

— as

lo

(e]e]

(e]e]

pect ratio idc shall be setto 1.

w _delay hrd flag
lour description present flag

lour primaries, when present

The values of the following fields shall not change throughout a CMAF track and CMAF switching set.

ty
mal
The v4
vy

vy

B.3.3.4 H
The frame

provided i

B.4 Vid

B.4.1 HH

Presentati
switching

B.4.2 Im

When necg¢
offset ang

win top o

B.5 HE\

A set of HE
Table B.1.

ansfer characteristics, when present

trix coeffs, when present

lues of the following fields should not change throughout a CMAF track.
i time scale

i num units in tick

rame rate in the elementary stream
timing, including frame rate, is determined by the media sainple presentation times ang

N the TrackRunBox (es) in each CMAF fragment.

20 codec parameters

VC signalling of "codecs" parameters

bn applications should signal video,codec profile and levels of each HEVC track
ket using parameters conforming toAETF RFC 6381 and ISO/IEC 14496-15.

age cropping parameters

ssary, picture cropping-shall be indicated by setting SPS cropping parameters conf wi
|/or conf win right offéet to remove video spatial samples not intended for display,
Ffset and conf win left offset setto zero.

'C video CMAF media profiles and brands

VC CMAF)video media profiles are defined, together with an ISO BMFF brand and con

durations

hnd CMAF

n bottom
and conf

straints in

All picture

s'shall be encoded as coded frames and shall not be encoded as coded fields.

For a CMAF track to comply with one of the CMAF media profiles in Table B.1, it:

shall have pre-determined values in each active VPS and each active SPS as follows:

— general progressive source flag shall be setto 1;

— general frame only constraint flag shall be setto 1;

— general interlaced source flag shall besetto 0.

shall c

onform to subclause 9.3 NAL structured video CMAF tracks;

shall not exceed the tier, profile or level listed in the table;
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shall conform to the colour primaries, transfer characteristics and matrix coefficients values

from the optionslisted in Table B.1accordingto ITU-R Recommendation BT.709 or ITU-R Recommendation
BT.2100 appropriately with the values defined in ISO/IEC 23008-2;

NOTE 1

parameters.

higher values;

shall not exceed the bit depth of the HEVC profile listed;
should include the CMAF File Brand listed in its CMAF header.

ISO/IEC 23091-2 can be consulted for additional details on the exact details of the values of these

shall not exceed the width, height or frame rate listed in Table B.1, even if the HEVC level would permit

NOTE2 A CMAF tracks can conform to more than one CMAF media profile. For example, a CMAF frack would
conform to|both the HHD8 and UHD8 media profiles if its dimensions were within the constraints for the HHD8
profile (thelUHD8 profile has higher dimension constraints and codec level) and the colour primaries,|transfer
characterfstics and matrix coefficients are values which are common to both profiles(HHD8 al§o conforms
to UHD10 Hecause an HEVC Main10 decoder can decode the HEVC Main 8-bit content with ITU-R Recomimendation
BT.709 vidgo characteristics.
See Annex|C for detailed encoding examples.
Table B.1 — HEVC video CMAF media pr.ofiles
Media Cddec |Profile Level |colour transfer matrix” Max Max Max CMAF
Profile primaries |characteristics|coefficients |Frame |Frame |Frame| |fijle
in VUI in VUI in VUI Height |Width |Rate Brand
HHD8 |HEVC |Main 4.1 1(BT.709)¢ |1 (BT.709 OETF)d 1(BT.709)4 1080 1920 60 'chhd'
MainTier
8-bit
HHD10 |HEVC |Mainl0  [4.1 1(BT.709)¢ |1 (BT.709 OETF)d 1 (BT.709)4 1080 1920 60 "chhl'
MainTier
10-bit
UHD8 |HEVC |Main 5.0 1(BT.709)¢ |1 (BT.709.0ETF)d 1 (BT.709)4 2160 3840 60 'cud8'
MainTier
8-bit
UHD10 |HEVC |Main10 5.1 1(BT.709)¢ [1(BT.709 OETF)d 1 (BT.709)d 2160 3840 60 "cudl'
MainTier 9 (BT.2020)&e - 14 (BT.2020 OETF)a,e |9 (BT.2020
10-bit Table 6 Y'C'BC'R)g
HDR10 |[HEVC Main10 5.1 9 (BT.2100)¢ |16 (BT.2100 9 (BT.2100 2160 3840 60 'chdl'
MainTier Table 4 PQ EOTF) ¢,f |Table 6 Y'C'BC'R)g
10-bit
HLG10 HEVC Main10 5.1, 9 (BT-2100)¢ |18 (BT.2100 Table 5 9 (BT.2100 2160 3840 60 'clgl'
MainTier HLG OETF) h Table 6 Y'C'BC'R)g
10-bit 14 (BT.2020 OETF) b
a Values 1 qnd 14 for the zfansfe richaracteristics field are functionally equivalent. However, it is normal to use the value whikch refers to the

same specificaf

b When the

and the alt
characterq

ion asthe cOMOUr primaries beingused.

HLG OETE function specified by BT.2100 is used, the transfe r_characteri stics syntax elementin the VUI can be set
errigtive transfer characteristics SEI message ISO/IEC 23008-2 included with the preferred |
i's &4 cs syntax element of that SEI message set to 18 (HLG) to enable both legacy and HDR-capable clients to display the content.

to 14 (BT.2020)
transfer

c

d

e

HDR10 can optionally include dynamic range metadata such as ST-2086,[11] MaxFALL and MaxCLL.

This value is equivalent to the definitions in ITU-R BT.709. For details refer to ISO/IEC 23008-2.

This value is also equivalent to the definitions in ITU-R BT.2020.[2%] For details refer to ISO/IEC 23008-2.

This value is also commonly also known as ITU-R BT.2100[12] PQ EOTF. For details refer to ISO/IEC 23008-2.

This value is commonly also known as ITU-R BT.2020[2] non-constant luminance. For details refer to ISO/IEC 23008-2.

This value is equivalent to the definition in ITU-R BT.2100[19] HLG OETF. For details refer to ISO/IEC 23008-2.

B.6 High frame rate HD

HEVC Levels 5.0 and 5.1 support greater than 60 Hz, e.g. when the resolution is not at the maximum. These
profiles relax the frame rate constraints of Table B.1 profiles “UHD8”, UHD10”, “HDR10”, and “HLG10” to
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allow what Levels 5.0 and 5.1 permit. The profiles defined in Table B.2 are identical to the corresponding
Table B.1 CMAF media profiles, except for the “Max Frame Rate” column in Table B.1. These new profiles
can support the maximum resolution or maximum frame rate but not both concurrently due to HEVC level

constraints.
Table B.2 — HEVC video CMAF media profiles - High frame rate
Media profile Corresponding Table B.1 Max frame rate CMAF file brand
media profile
UHD8H UHDS8 120 'cud9’
UHD10H UHD10 120 'cud2’
HDR10H HDR10 120 'chd2'
HLG10H HLG10 120 'c1g2]

B.7 Intgrlaced

B.7.1 Overview

The interlaced media profile (INT10) uses 'cint' as the interlaced CMAF file brand. The following general
constraints apply to all interlaced video in CMAF HEVC elementary streams. Interlaced content is field-
coded. Intgrlaced content is limited to SDTV and HDTV such as those identified in Table C.1.

B.7.2 Prpfile, tier, level syntax

For the profile_tier_level syntax contained in VPS and SPS/information, the syntax shall conform to
ISO/IEC 23008-2 with the following additional constraints.

The followjing fields shall have pre-determined valuesasfollows for interlaced content:
— generdl progressive source flag shall be setto 0;

— generdl frame only constraint flag shallbe setto 0;

— genergl interlaced source flag shall be set to 1.

NOTE [he Picture Timing SEI message is carried with each AU and additional interlaced informatioh is carried
within the pic_struct element.

The valueq of the following fields shall not change within CMAF tracks or between CMAF tracks|in a CMAF
switching pet, and are constrained as follows:

— generdl profile ;space = 0;
— genergl profile idc = 2 (Main 10);

— genergl Aier flag = 0 (Main Tier);

— general level 1dc <= 123 (level 4.1).

B.7.3 Video parameter sets (VPS)

Each HEVC video media sample in the CMAF track shall reference the VPS in the CMAF header sample entry.
VPS shall not change within CMAF tracks or between CMAF tracks in a CMAF switching set. A CMAF HEVC
track shall conform to ISO/IEC 23008-2 with the additional constraints in the profile_tier_level syntax
indicated in subclause B.7.2.
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B.7.4 Sequence parameter sets (SPS)

B.7.4.1 General

A CMAF HEVC track shall conform to ISO/IEC 23008-2 with the additional constraints in the profile tier
level syntax in the SPS as indicated in subclause B.7.2. This information shall not change within CMAF

tracks or b

B.74.2 S

etween CMAF tracks in a CMAF switching set.

PS fields

Sequence parameter set NAL units that occur within a CMAF HEVC track shall conform to ISO/IEC 23008-2
with the following additional constraints.

The follow

vui p4g

bit de
for 10
B.7.4.3 V

VUI param
additional

The follow

aspect
— video|
The follow]
colouj
colouj
transi

matriy

overs
preser

aspect

NOTE 1

primaries

y

ing fields shall have pre-determined values as follows:
rameters present flag shall besetto 1;

pth luma minus8 and bit depth chroma minus8 shall be set identically to either 0 for
bit encoding.

[isual usability information (VUI) parameters

eters that occur within a CMAF HEVC track shall conform to ISO/IEC 23008-2 with thg
constraints.

ing fields shall have pre-determined values as follows:
_ratio info present flagshall besetto 1;

[full range flag shall besetto 0.

ing fields have the following values:

_description present flag shall besetto 1;
_primaries = 1;

er characteristics =1;

_coefficients =1;

an_info present.$¥ldg shall be set to 0, therefore, overscan appropriate flag sh
t,

_ratio iddishall be setto 1.

trafsfer characteristicsandmatrix coeffs fields are presentin the VUI.

- 8-bit or 2

e following

all not be

\s defined’in ISO/IEC 23008-2, if the colour description present flag is set to 1, the colour

NOTE 2

[his'value corresponds toTU-R Recommendation BT.709.

The values of the following fields shall not change throughout a CMAF track and CMAF switching set:

low delay hrd flag;

colour description present flag;
colour primaries;

transfer characteristics;

matrix coeffs, when present.
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The values of the following fields should not change throughout a CMAF track:
— wvul time scale;

— wvul num units_in tick.
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Annex C
(informative)

Soure formats

rce formats of display resolution operating point sets and frame rate

operating point sets

Tables C.1

hnd C.2 list commonly used display resolution operating point sets and frame rate opér

sets used in television distribution. CMAF media profiles addressing the broadcast industry(aré e

support ar
level indic

d scale to a subset of these resolution and frame rate combinations depending-oir the
htion of the stream and the intended production format.

Table C.1 — Resolution operating point sets

Vertical size Horizontal aspect_ Display Production
(lines) size ratio_idc aspect ratio format
(pixels) (see ISO/IEC
23008-2)

2160 3840 1 16:9 UHDTV1
1080 1920 1 16:9 HDTV
1080 1440 14 16:9 HDTV
720 1280 1 16:9 HDTV
576 704 4 16:9 SDTV
576 704 2 4:3 SDTV
576 544 12 16:9 SDTV
576 544 4 4:3 SDTV
480 720 3 4:3 SDTV
480 720 5 16:9 SDTV
480 704 3 4:3 SDTV
480 704 5 16:9 SDTV
480 640 1 4:3 SDTV

hting point
xpected to
brofile and
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Table C.2 — Frame rate operating point sets

Interlaced or Frame rate
progressive
Progressive 24/1.001 Hz
Progressive 24 Hz
Progressive 25 Hz
Interlaced (encoded as 25 Hz
frames)

Interlaced (encoded as fields) 25 Hz
Progressive 30/1.001 Hz

Interlaced (encoded as 30/1.001 Hz
frames)

Interlaced (encoded as fields) 30/1.001 Hz
Progressive 30 Hz
Progressive 50 Hz
Progressive 60/1.001 Hz
Progressive 60 Hz
Progressive 10 Hz
Progressive 120 Hz
Progressive 120/1.001 Hz

C2 Sp

aI
Spatial an

streaming

the so

cropp
numbg

Tempc
ina 17
durati
15 Hz
lowest

In order f
adaptive b
constraint

Tracky

Spatiall subsampling encodes a fraction of thiexnumber of spatial samples in the source vid

ial and temporal subsampling and scaling of video

temporal subsampling are encoding methods:commonly used to reduce bit rate durin
while optimizing video quality.

irce video is an exact integer multiple® For example, a subsample fraction of 50 % of tl
bd vertical and horizontal spatial $ample count, where the number of source samples
b, or a multiple of four when line,pair cropping is required. See Clause C.3.

ral subsampling encodes-a(fraction of the frames in the source video, e.g. 50 % of 24 H
Hz track with half the(media samples, each of twice the duration, but the same CMA

pns and start times. A’ CMAF switching set can include CMAF tracks at different frame

and 30 Hz (and pefhaps 60 Hz and 120 Hz for UHD), but only if they are all exact mult
frame rate.

br CMAF switching sets to be presented to viewers with minimal visible disturbai
t rate switching, encoding and playback of all the alternative tracks, CMAF specifies th
5, whichiate summarized, but not defined here.

inca CMAF switching set are alternative encodings of the same source content (same a

g adaptive

eo so that
he source’s
is an even

z to result
F fragment

rates, e.g.
ples of the

hce during
e following

rtive video

area,

1 a - P | 1: Y
UIvUul TlILUUIILG, SUUILT D}Jdtldl SAlIPIIls, CtL.J.

samples in the active area of the source video.

The number of video spatial subsamples encoded is an exact sub-multiple of the number of video spatial

The player determines the video display aperture, i.e., the number of vertical and horizontal pixels

rendered. A player can select a display aperture based on the picture aspect ratio of the CMAF tracks
in a CMAF switching set ('tkhd' width/height), the available display shape and size or output signal
formats (such as HDMI EDIDs), as well as application and user preferences in framing the source aspect
ratio within the application determined display area (full screen, windowed, letterboxed, portrait or
landscape device orientation, etc.). Precise subsampling and rescaling are specified in this annex to
avoid visible changes in image size, position, or shape between alternative CMAF tracks and fragments
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in a CMAF switching set. Also, different CMAF switching sets within a selection set need to maintain the
same aspect ratio to prevent visible distortion when selecting, for example, different camera angles.

the same display aperture.

Players are expected to scale the decoded and cropped samples in all tracks in a CMAF switching set to

Players are expected to display all tracks in a CMAF switching set at the same refresh rate. The player

determines a display refresh rate for the CMAF switching set and maintains that by refreshing each
decoded image multiple times if necessary. Frame rate changes are impractical for many video interfaces
to smoothly handle, and they may lack operating points for low frame rates.

C.3 Spa

Spatial sulf
achieved b
video spat
vertical su|
increasing]
by half. W
data, the d

The width

tial subsampling

sampling can be a helpful tool for improving coding efficiency of a video elementary.s
y reducing the resolution of the coded picture relative to the source picture, while'ad
al sample aspect ratio if necessary to compensate for any difference in the ratio of hori
bsampling. For example, by reducing the horizontal resolution of the coded picture by }
the sample aspect ratio from 1:1 to 2:1, the number of encoded video spatial samples
hile this does not necessarily correspond to a 50 % decrease in the @moeunt of encod
ecrease can nonetheless be significant.

and height in active image video spatial samples in a coded video’sequence are speci

combinati¢n of the following sequence parameter set fields in the videp.elementary stream or saf

AVC, 1]

— pil
pil
asg
f

1

1

as

C(Q

bO/1EC 14496-10:

c width in mbs minusl, which defines the number«f horizontal video spatial samples
c height in map units minusl, which defines the'number of vertical video spatial sar
pect ratio_ idc, which defines the aspect ratio of each video spatial sample;

ame crop left offset, cropping parameter in SPS;

ame crop right offset, croppingparameter in SPS;

ame crop top offset, croppifig-parameter in SPS;

ame crop bottom offsetj€ropping parameter in SPS.

ISO/IEC 23008-2:

ifc width in luma~samples, which defines the number of horizontal video spatial sampl

ifc height 4ihMuma samples, which defines the number of vertical video spatial samples

pect ratifo idc, which defines the aspect ratio of each video spatial sample;

nf win left offset, cropping parameter in SPS;

[ream. It is
usting the
zontal and
50 % while
is reduced
ed picture

fied by the
nple entry.

nples;

)

conf win right offset, cropping parameter in SPS;
conf win top offset, cropping parameter in SPS;

conf win bottom offset cropping parameter in SPS.

The presentation size in the video TrackHeaderBox is defined in terms of square pixels (i.e., 1:1 video spatial
sample aspect ratio) in the width and height fields of the TrackieaderBox of the video CMAF track. These
values are used to determine the appropriate picture aspect ratio when displaying a track. The widtn
and height in the sample entry by the cropped sample count, which can be converted to square pixels by

multiplyin

g the ratio indexed by aspect ratio idec.
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All tracks in a CMAF switching set have the same picture aspect ratio, equal to that of the active image area
of the source. A player may ignore the presentation size indicated in each track and scale all fragments to the
player-determined presentation aperture for that CMAF switching set.

C.4 Subsample factor and sample aspect ratio

The original picture aspect ratio is conveyed in NAL-structured video by the video spatial sample aspect
ratio of the source video as well as the cropped horizontal and vertical sample counts (SAR is the enumerated
video spatial sample width to height ratio indexed by the SPS VUI parameter, aspect ratio_idc). The picture
aspect ratio is the cropped width divided by the cropped height times the SAR ratio.

Subsampling may change the encoded video spatial sample aspect ratio when it changes the encoded video

spatial sar
in each frd

hple counts and has to be accurately encoded in the VUl information In sequence par

eter sets

gment of every track. MPEG decoder models include an undefined display processof that uses

SPS NAL and VUI information to convert decoded 4:2:0 numerical values to a scaled image with the SAR,

transfer fu
CMAF swif

ching set are scaled to a common display aperture with a fixed picture aspect ratio. T

cropped video spatial sample counts are defined to equal the same picture aspect ratio as the sou

The exten
horizontal

The hd
sampl
numbé
applie
video

The vd
sampl
numbgé
applie
in the

averti

C.5 Exa

Ifa 1920 x
of 1440 x
horizontal
change in {

Similarly,
of 1280 x
subsamplg

L of subsampling applied to a track can be characterized by a subsaimple factor in €
and vertical dimensions, defined as follows.

rizontal subsample factor is defined as the ratio of the number of columns of the luma vi
b array in the source frame after video spatial sample crepping has been applied, divi

d in subsampled CMAF track. For example, a 1920 wide §ource image subsampled to 960
spatial samples in a subsampled track would have.ahorizontal subsample factor of 0.5.

b array in the source frame after video spatial sample cropping has been applied, divi
r of rows of the luma video spatial sample array after video spatial sample croppin
d in a subsampled CMAF track. For exaniple, 1088 vertical video spatial samples cropp,
source, subsampled to 544 video spatial samples cropped to 540 in a subsampled track v
cal subsample factor of 0.5.

mples of single dimension subsampling

1080 square pixel (SAR 171) source picture is horizontally subsampled and encoded at a
1080 (SAR 4:3), which corresponds to a 1920 x 1080 square pixel (SAR 1:1) pictur
subsample factofis 1440 + 1920 = 0.75, while the vertical subsample factor is 1.0 since
he vertical dimension.

fa 1280-%720 (SAR 1:1) source picture is vertically subsampled and encoded at a
540 (SAR/3:4), which corresponds to a 1280 x 720 (SAR 1:1) picture size, then the
factor~is 1.0 since there is no change in the horizontal dimension, and the vertical

factor is 54

nction and colour space indicated in VUI. This annex further defines how multiple fracks in a

e SAR and
rce video.

ach of the

Heo spatial
ded by the

er of columns of the luma video spatial sample array after'video spatial sample croppinig has been

horizontal

rtical subsample factor is defined as the ratip of the number of rows of the luma video spatial

ded by the
b has been
ed to 1080
vould have

resolution
b, then the
there is no

resolution
horizontal
subsample

0% 720 = 0.75.

C.6 Example of mixed subsampling

Ifa 1280 x 1080 (SAR 3:2) source picture is vertically subsampled and encoded at a resolution of 1280 x 540
(SAR 3:4), corresponding to a 1920 x 1080 square pixel (SAR 1:1) picture size, then the horizontal subsample
factor is 1280 + 1920 = 2/3, and the vertical subsample factor is 540 + 1080 = 0.5. To understand how this
is an example of mixed subsampling, it is helpful to remember that the initial source picture resolution
of 1280 x 1080 (SAR 3:2) can itself be thought of as having been horizontally subsampled from a higher
resolution picture.
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C.7 Cropping to active picture area

CMAF players typically control adaptation of the source image to whatever display environment is currently
in use. Source content like movies, old TV, and videos from cellphones, etc. have a variety of picture aspect
ratios, as do video devices that include phones, tablets, computers, TVs, projectors, and wall displays. In some
cases, display aspect ratios will change dynamically when a device like a tablet is rotated from vertical to
horizontal orientation, or a video is directed to a different display, and the video aperture may be switched
from full screen to a window at any time. A player conforming to the CMAF application model is expected
to adapt the source video size and shape to its display environment by methods such as scaling, padding,
cropping and stretching, and apply the same adaptation to every CMAF fragment in a CMAF switching set,
adjusted for subsampling. Image padding added during production to adapt images to a particular TV aspect
ratio like 4:3 or 16:9 (i.e., letterbox bars or pillarbox bars) needs to be removed before encoding in order to
allow devi

cac t
FCo—t

o-acenraytalrframa tha activa mictiirg aran
ocCoatroctry ottt Tmttrv cpretar oo O

ubsampled picture area might not always fall exactly on the video spatial sample dgoding unit
employed by the video elementary stream, additional cropping parameters are used|to further
dimensions of the coded picture. It is a normative requirement of AVC and HEVC that decoders
opping as signalled in sequence parameter sets (SPS NALSs).

Since the

boundary
define the
perform ci

—  ave (I$0/IEC 14496-10):

“Macroblocks” define the video spatial sample coding unit boundany (and are 16 x 16 blofgks).

— sEvc (JSO/IEC 23008-2):

"Q 64 blocks,

32

oding Tree Units" define the video spatial sample coding unit boundary (and are 64 x
x 32 blocks, or 16 x 16 blocks). See Clause C.3.

C.8 Relationship of cropping and subsampling

ensate for

When spat
the misma3
(ISO/IEC 2

Each
and cr

sequence.

The di
using
match
the di
input f

C.9 Exa

ial subsampling is applied, additional cropping parameters are often needed to comg
tch between the coded picture size ahd the macroblock (ISO/IEC 14496-10)/coding
3008-2) boundaries. The specific relationship between theses mechanisms is defined 3

icture is decoded using the coding parameters, including horizontal and vertical sam
opping fields, defined in the seguience parameter set corresponding to that picture’s c

splay aperture is determined by the CMAF player, and each fragment scaled to fill thg
the same method t@.maintain registration, e.g. common sides, common top and bot
etc. For example;to output the video to an HDTV, the decoded image might need to b
play aperture width, then additional letterbox matting applied to match a valid HDM]
ormat. A newer TV or projector might accept this picture aspect ratio directly without

mpléencoding and decoding process

The follow

b tree unit
s follows.

ple counts
bded video

t aperture
tom, exact
e scaled to
television
padding.

ing“example shows a typical movie picture aspect ratio that was padded and enc

oded with

letterbox bars to fit a 16:9 TV display. The active image is extracted, subsampled, encoded, and partially
filled macroblocks indicated by cropping parameters. AVC and HEVC parameters for the example are
detailed in Figure C.1.
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Source Video

Source frame 1 920x1 080
Active image 1 920x818
Sample aspect ratio 1.0

Horizontal Encoded in
Subsample nearest block
75% array

Cropped to
visible spatial
samples

Frame 1 440x1 080
Active image 1 440x818
Sample aspect ratio 4/3

Encoded 1 440x832
Active image 1 440x818
Sample aspect ratio 4/3

Cropped 1 440x818
Active image 1 440x818
Sample aspect ratio 4/3

Table C.3 5

NOTE 1
1SO/IEC 23

conf win |

NOTE 2
Coding Tr¢

hows the parameter values used.

Figure C.1 — Example encode and decode process for letterboxed source content

AS chroma format idc iS 1, subwidthC and subHeightC are set to 2per ISO/IEC 144
008-2. This results in a doubling of frame crop parameters (so frawe crop bottom q
bottom offset both equate to 14 pixels in the above example).

As ISO/IEC 23008-2 Mincbsizey is 16 and log2 min luma( coding block size minug
e Unit size is 16 x 16 (matching the ISO/IEC 14496-10 macroblock size of 16 x 16).

Table C.3 — Subsample and cropping valuesfor the example in Figure C.1

Object Field Value
Source picture format width 1920
height 1080
Subsample factor horizontal 0.75
vertical 1.0
TrackHeaderBox width 1920
héight 818
ISO/IEC 14496-10 chroma_format_idc 1 (4:2:0)
parameter values aspect_ratio_idc 14 (4:3)
pic_width_in_mbs_minus1 89
pic_height_in_map_units_minus1 51
frame_cropping_flag 1
frame_crop_left_offset 0
frame_crop_right_offset 0
frame_crop_top_offset 0
frame_crop_bottom_olfset 7
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Table C.3 (continued)

The decod

In this ex3

Object Field Value
ISO/IEC 23008-2 chroma_format_idc 1 (4:2:0)
parameter values MinCbSizeY 16
log2_min_luma_coding_block_size_minus3 1
aspect_ratio_idc 14 (4:3)
pic_width_in_luma_samples 1440
pic_height_in_luma_samples 832
conformance_window_flag 1
conf win left offset 0
conf win_right_offset 0 nb‘
conf_win_top_offset 0 nQV
conf win_bottom_offset ]Q Y
N

ng and display process for this content is illustrated in Figure C.2.

QQ'

mple, the decoded picture dimensions are 1440 x 818, one line l r than the orig

inal active

picture ar¢a. This is due to a limitation in the cropping parameters to crop even pairs of line§. Cropping
the source picture to 816 lines and 51 macroblocks might be more pra(‘\ , but makes a less ipformative
example.
Output full screenffor
) | 2354 Kdisplay
I ecodg('i and S%(C)ille :le;/riplllg; 1aZr?dn 5815115y d specific T
;:rosppe lm?}‘fR — picture aspect ratio, at\\g\ framing - Output Letterboxed
(2.35 source PAR) player selected sm& and for 16:9 2 K dispjay
\Q scaling
I
Decdded frame 1 440x818 Scaled fra 920x818 Output zoomed ahd
Actife image 1 440x818 Active ithage 1440x518 —) b _
. cropped for 16:9 P K
Sample aspect ratio 4:3 Sa spectratio 1:1 :
full screen display
N ¢
N
Figure C.2 —(Bxample display process with and without letterbox bars added
Figure C.3|illustr both subsampling and cropping applied to the horizontal dimension while encoding
pillarboxedl co

N
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Source Image
4:3 aspect

ratio
Pillarboxed

Source frame 1 920x1 080
Active image 1 440x1 080
Sample aspect ratio 1:1

Source frame 1 920x1 080
Active image 1 080x1 080
Sample aspect ratio 4:3

Subsampled
75 %
horizontally

Encoded
Blocks

Source frame 1 088x1 088
Active image 1 080x1 080
Sample aspect ratio 4:3

Cropped to
visible
spatial

samples

—

Coded image 1 080x1 080
Sample aspect ratio 4:3

Figure C.3 — Example encode and decode process for pillarboxed sourcé content

The original source picture content is first subsampled horizontally from a_T:1-sample aspect ratio at
1920 x 1080 to a video spatial sample aspect ratio of 4:3 at 1440 x 1080, themthe 1080 x 1080 pixel active
picture arg¢a of the subsampled image is encoded. However, the actual coded video spatial samples have a
size of 1048 x 1088 samples due to the coding unit boundaries do not falling on even multiples ¢f 16 video
spatial samples in this example. Therefore, cropping parameters are prpovided in both horizontal apd vertical

dimension|

5. The parameters are shown in Table C.4.

Table C.4 — Subsample and cropping values for example in Figure C.3

Object Field Value
Source picture format width 1920
height 1080
Subsample factor horizontal 0.75
vertical 1.0
TrackHeaderBox width 1440
height 1080
ISO/IEC 14496-10 chroma_format_idc 1 (4:2:0)
parameter values aspect_ratio_idc 14 (4:3)
pic_width_in_mbs_minus1 67
pic_height_in_map_units_minus1 67
frame_cropping_flag 1
frame_crop_left_offset 0
frame_crop_right_offset 4
frame_crop_top_offset 0
fratre—erop—bottem—offset 4
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Table C.4 (continued)
Object Field Value
ISO/IEC 23008-2 chroma_format_idc 1 (4:2:0)
parameter values MinCbSizeY 16
log2_min_luma_coding_block_size_minus3 1
aspect_ratio_idc 14 (4:3)
pic_width_in_luma_samples 1088
pic_height_in_luma_samples 1088
conformance_window_flag 1
conf win left offset 0
conf win_right_offset 4
conf_win_top_offset 0
conf_win_bottom_offset 4
Output full
‘ screen for 4:3
display
Scaled x 4/3 horizontally Display o
pecoded and for 1:1 samples and 4:3 specific . utput
cfopped image —) picture aspect ratio, at _ framing ‘ Pillarboxed
player selected size Xl for 16:9 2K
scaling display
Dedoded frame Scaled frame 1 440x1 080 0 d4nd
1 0$0x1 080 Sample aspect ratio 1:1 ) utputdz;)orr;zgc;K
Sanpple aspect ratio 4:3 cropped for o
full screen display

Figure C.4 — Example display process with and without pillarbox bars

The procegs for reconstructing the video for display is shown in Figure C.4.

As in the previous example, the.decoded picture has to be scaled back up to the original 1:1 vigleo spatial

sample aspect ratio.

If this contlent is to be displayed on a 4:3 display, no further addition of pillarboxes is necessary to
video image full screen./A'user might elect to zoom the image to full width on a 16:9 display whi
the top andl bottom. Eull frame 1.85 aspect ratio film often “protects” the 1.78 aspect ratio area (1
the top angl bottom.can be cropped when displayed full width on HDTVs without loss of significaf

lisplay the
cropping

:9) so that

It content.

C.10CM

C.10.1 General

Some of the variables that should be considered when designing a CMAF switching set for an appli

cation are:

a) valid CMAF framing, subsampling, and media profile encoding of multiple tracks from the same source

video to avoid visible framing, position, and scaling errors on track switches;
b) the minimum and maximum bandwidth available for delivery;
c) the resolution of the source video;

d) the resolution and viewing conditions of target devices;
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e) the compression efficiency of the codec and encoder;

f) the compression difficulty of each content source;

g) the number of CMAF tracks per CMAF switching set;

h) the bit rate difference (“gradient”) between adjacent bit rate CMAF tracks;

i) the frequency of adaptive switching;

j) longer CVSs for better compression efficiency;

k) shorter CVSs and CMAF fragments for lower latency;

1) the sije of the installed base for ditferent codecs and media profiles;

m) structpring CMAF switching sets and aligned CMAF switching sets for content protectignyeq
Some gengral design choices and two different use cases can illustrate some of the tradeoffs
prioritizing these parameters.

C.10.2 Ggneral configuration

The maxinqum bit rate that is optimal for a CMAF switching set will dependon-the intended displayj
and video fjuality, as well as encoder and codec efficiency, and difficulty of'the source material.

Network ajnd device characteristics may determine the lowest bit tate and resolution of interes
for small 4creens on variable cellular connections could be much-lower than what would look
on a conng¢cted UHD TV. Some codecs and CMAF media profiles would limit the installed base
decoders,
AAC stereg, which are almost universally supported. Contént protection and DRM tend to limit t
of compatible devices at UHD and HDR media profiles.because they typically have higher devig
requiremepnts. Alternative CMAF switching sets encoded with different CMAF media profiles prq
reach at thie cost of more encoding, storage, content.management, caching, player intelligence, etc

C.10.3 Use case 1 — High volume “videp‘on demand” of long form content, e.g. movie

Prioritizatfon of efficient CDN caching faveurs fewer tracks per CMAF switching set for better CDN
of finite edige cache storage and higher cache hit ratio with fewer alternative choices. Fewer tracky
switching ket means a larger bit rate gradient between tracks for a given maximum and minimu
Somewherje around 40 % to 50 % gradient is a typical tradeoff (“gradient” is the percentage redu
rate from ¢ach track to the néxtlower track). Video subsampling should reduce encoded resolutid
to the bit ratereduction to optimize video quality. The bit rate gradient should be co
ximately theisame quality difference on all track switches.

gradientwill probably result in noticeable quality differences between tracks, so a lon
er (egx2+ min) and low bit rate startup sequence to fill that buffer can be used w
itching algorithm to avoid frequent switching without risking buffer underrun (a long

Lirements.

based on

resolution

t. Bit rates
cceptable
of capable

inless the CMAF presentation also includes “fallback” CMAF media profiles such as HD AVC and

he number
e security
vide more

S

utilization
per CMAF
m bit rate.
ction in bit
n in rough

nhsistent to

g duration
ith a slow
buffer can

average oytuietwork throughput variations without underflowing the buffer.). Infrequent track

switching

makes it less critical to avoid processing a CMAF header on each track switch, which might result in frame

drops, etc. on some systems.

An additional option is to package CMAF track files and store them near edge caches, then use byte range
addressing to request portions of each track file for delivery (large CMAF segments). The byte ranges should

not be cached because the responses typically duplicate content with slightly different start and

end points

so do not provide reuse and do not need to be cached because each byte range can be copied from one local

track file without waiting for new segments from an origin server.

C.10.4 Use case 2 — Low latency live streaming

Prioritization of low latency live delivery can limit the duration of coded video sequences and CMAF
fragments at the cost of coding efficiency or maintain efficient long duration coded video sequences, but
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reduce encoder removal and packaging delay by delivering short CMAF chunks whenever, for example, a
half-second sequence of video media samples has been encoded and packaged in a half-second CMAF chunk.
A half-second CMAF chunk can be delivered in less than a half second and can immediately start decoding
(assuming the first CMAF chunk contains the first media samples of a CMAF fragment).

A player needs to start up with a time delay relative to the live edge and buffer size that is sufficient to avoid
buffer underflow for the entire presentation (possibly with ad insertion, etc.), so a few seconds of buffer and
delay from live may still be required.

To maximize bit rate for a given network, the rate adaptation algorithm needs to respond quickly to
shrinking buffer fullness to avoid underflow and rebuffering, or make inefficient use of available bandwidth
if it does not switch up when it can. Maintaining a short buffer results in frequent track switching, possibly
as frequent as once per CMAF fragment duration, e.g. every 2 seconds to 4 seconds. If bit rate changes and
video qualjity differences can be kept below a “least noticeable difference”, then frequent switching can be

done with
noticeable
image size

A smaller
CMAF swi
servers, pd

node or pdth that would not be noticed under typical high latency deliveryfe;g. several tens of s¢
be streaming interruption when operating at low latency. Early tequests either are to lpe avoided,

would cau
or queued
origin sery

Live encod

bit rate gradient for a given minimum and maximum bit rate requiressmore CMAF
Lching set. Reliability for low latency delivery may require redundantyorigin servers

consistent perceived video quality. A bit rate gradient of around 30 % can approxim
difference for a typical AVC or HEVC encoder operating in a reasonable bit rate Tange
that avoids extreme artefacts due to insufficient bit rate for the encoded resoluition.

ssibly with multiple encoders and source streams to avoid latency@nd jitter on a sing

and handled, to avoid HTTP 400 errors such as “not found” or “not ready”, that woul
er.

ing work flow often involves the splicing of independently encoded signal feeds, ads

ate a least
relative to

tracks per
and edge
e network
conds, but

1 flood the

and other

ing CMAF
hn process
decoding

fontent and M2TS signal feeds that can change~ehcoding parameters in any resulf
CMAF switching sets with inband parametersé@nd single initialization constraints c
bments without needing to download and process a new CMAF header with new
S.

recorded

fragment.
CMAF fra
parameter]

Encoding qtrategy, network distribution strategy,‘and player optimization need to be combined fofr optimum

results.
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Annex D
(informative)

Hypothetical player model

D.1 Overview

Player imy

lementers should note that CMAF provides the fnllnwing affordances

A CMA
sampl

Each (

entBa
arbitr
offset.

The CI
refere
preser

CMAF
time (
device

The in
reducg
CMAF

CMAF
transfi

CMAF
seaml

The uj
key dé

The pj
eventy
preser

s that covers a short duration that can be downloaded relatively quickly.

eMediaDecodeTimeBox, Which allows individual CMAF segments and CMAFtracks that

VIAF header, associated with a CMAF track, and the MovieFragmentBox and the media s
hced from it contain everything necessary to render the media\samples at the correct p
tation timeline.

late bound”), thus allowing each player to customiz€ different CMAF track combinatio
, network, and user.

dependently decodable picture at the start.of each video CMAF fragment can be obt
d download size for fast forward or fast reverse streaming, using a byte range request f
segment, or some other protocol.

er content that it does not intend to play.
pssly presented through-assingle video decoder.

e of Common Encryption supports access to the same encrypted content by multiple
livery systems.

tationswijthout requiring frequent manifest downloads.

D.2 Ada

ptive streaming playback examples

F segment is well-suited to network transfer because it is a compact, self-containéd s

MAF segment contains a media timestamp in the form of baseMediabecode™ime in a 1

Wy timestamps to be synchronized to a presentation timeline using a-manifest present

tracks can be separately selected and delivered by, a(player, then synchronized at pr

switching sets allows alternative bit rate and resolution encodings of the same cor

L SHEventMesshgeBox allows CMAF addressable media objects to signal application-def
with low’latency on CMAF addressable media objects already being downloaded dluring live

bt of media

rackFragm
start with
ation time

nmple data
lace on the

esentation
hs for each

hined with
br a partial

selection sets allow alternative content to be offered for playback without requiring the player to

tent to be

lecryption

ined track

To play an

or aud

adaptive streaming presentation, a player typically:

io/video/subtitles/picture in picture, etc.);

parses the manifest and selects selection sets of media types it can present on that device (e.g. audio only,

compares CMAF switching set information, such as the CMAF media profile, to player, decoder, display,

DRM, etc. capabilities to determine the compatible CMAF switching sets in those selection sets;

stored user preferences (language, accessibility, rating, stereo or multichannel audio, etc.);
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bandwidth, rapid start heuristics, display size, etc.;

selects aninitial CMAF track from each selected CMAF switching set, usually based on estimated network

sequentially downloads the CMAF addressable media objects that CMAF track is packaged in;

initializes, decodes, synchronizes, and presents the selected CMAF tracks and automatically switches the

nextrequested CMAF track and bit rate if needed to maintain continuous playback within the limitations
of network throughput.

D.3 Live streaming

Live CMAF presentation streaming is typically optimized for low latency by a player that only buffers a few

seconds ofreacirsetected-CMATFtrack-tominimize presentationdetay retative tothetinmreconten
the encodgr. A player can select a different bit rate for each CMAF segment if necessary to pney
in the player while maximizing media quality. In addition, some servers and,playe
short CMAF chunks as CMAF addressable media objects to receive media samples from the er
fraction of|the time necessary for the encoder to complete a coded video sequence andunake it g
a CMAF segment. Bit rate switching is still limited to CMAF fragment boundaries, j.e.ythe first C}
of a CMAF|fragment. A player can reduce average bit rate in order to allow a short;low latency b
avoiding uhderflow during network and content variations, or increase the buffer’duration and pr
latency to pperate with more buffer underflow safety margin or higher bit rate.

Once a plajer selects the live presentation delay and buffer duration, the\delay cannot be chang

arrives at
rent buffer
I's can use
coder in a
vailable in
NAF chunk
1 ffer while
esentation

bd without

halting plgyback and rebuffering, or decoding at a speed faster or slower than normal, which is isually not

possible of acceptable. Measurements of network latency, jitter, throughput rate, throughput
CMAF segment duration variation, and server/client clock synchronization can help a player
optimal presentation delay and next CMAF segment bit rate{to request. Each measurement ¢
throughput made by a player is influenced by variable faetors, such as local network congestion

devices p
on a local
of networ
duration f

Another f3
Players ar¢
shows. If 4
presentati
television

different s
player nee
and the CM
in order td
alternativg
delays are
can happe
during ad

iodically downloading data or media segments at the same time, CMAF segments be
DN node or not, variations in wireless netwerk reception, etc. Some players can take
aware servers that can provide each player data to help those players optimize bit rate
r reliable low latency playback.

ctor in low latency streaming is tli€ sequencing of multiple CMAF presentations in 3
 often required to insert short yideo advertisements in longer video presentations, like
player uses a single buffer.and decoder for all CMAF selection sets of one media typ
bn delay and buffer duratidgnwnecessary for ads could be much larger than that needed
thow and harder to detérmiine in advance. That is particularly true when ads are delive
brver and are selected during playback based on the viewer, device, location, etc. In th
s to select presentation delay and buffer duration sufficient for the worst-case ad deli
AF fragments in the television show need to be time aligned to the duration of each adv
resume the live show on the start of a CMAF fragment without changing presentatio

is to use/geparate buffers and decoders for the show and ads, in which case the pr
decoupled. Prerecorded ads can be prefetched well in advance, and the return to the
h onany frame by switching the view, since the show can be continuously buffering an
blayback.

variation,
select an
f network
e.g. other
ing cached
advantage
and buffer

| manifest.
television
e, then the
for the live
red from a
S case, the
very delay,
brtisement
h delay. An
esentation

live show
1 decoding

To minimize visible changes between CMAF segments encoded at different bit rates, live CMAF switching
sets may include more tracks with smaller bit rate differences, for instance, a decrease of 30 % to the next
lower bit rate track. If changes in video quality between adjacent CMAF tracks in a CMAF switching set are
kept below a “just noticeable difference”, then a player can use frequent bit rate switching and it will not be
apparent to viewers.

In practice, a player processing a CMAF header on each bit rate switch is often not seamless because of the
different behaviour and response times in Web browsers, decoders, etc. when processing a CMAF header and
reinitializing some or all decoding and display parameters. CMAF switching sets with single initialization
constraints provide more reliable seamless switching, so are particularly useful for low latency live
streaming applications where frequent bit rate switching is used.
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D.4 Video on demand streaming

A player can optimize video on demand (pre-recorded media) CMAF presentation playback with infrequent
switching while still achieving infrequent rebuffering. Players can accumulate several minutes of buffered
media on startup by selecting lower bit rate CMAF segments or CMAF track file byte ranges that can be
downloaded faster than they are decoded. Once sufficient buffer time has accumulated, an optimum bit rate

can be selected and maintained. Players that retain startup settings optimized for each device an
can make better and faster decisions as to the optimum CMAF switching set and bit rate to selec
mobile phone vs. a high definition TV display.

d network
t for, e.g. a

With video on demand CMAF presentations, a player can switch tracks infrequently because the long

player buffer duration averages short term changes in network throughput and variation in CMA

F segment

duration. Because bit rate switches are less frequent and therefore less noticeable, fewer CMAF tracks in a
CMAF swifching set with larger bit rate differences can be considered acceptable, for instance, p decrease
of 50 % fr¢m one CMAF track to the next lower bit rate CMAF track in a CMAF switching set. Th¢ fewer the

CMAF tradks in a CMAF switching set, the more likely the CMAF segments will remain cached at 3
of a given gize.

When players adaptively switch CMAF video tracks, they rescale the decoded and-cropped im

CDN node

age to the

player selgcted display aperture. Lower bit rate CMAF tracks in a CMAF switchingset are typically encoded

at lower r¢solutions (subsampled) corresponding to their bit rate. Subsampling improves videg

quality at

lower bit rjates by allocating less bits to coding block structures and more ‘toimage coding and ¢orrection.
Longer codled video sequences allow more efficient temporal prediction.anid compression, and there is no

issue with|encoder delay in the case of prerecorded CMAF presentations)
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Annex E
(informative)

Event messages

Event messages are used to associate sparse metadata to presentation times in the CMAF track, such as
program segments, ratings, user interface data, advertisement identification, or availability splice points
where video advertisements can be inserted. pAsHEventMessageBoxes do not need to be repeated, but can
be repeateds—e 5-seecondsbefore-the-eventto-alow playerstuninginte-alive stream to
receive at least one copy of the event message.

ees—at10 cocandc and
dtTo-SeecenasSahna

Each pasnu
and defind
DASHEvent

FventMessageBox contains a schemeTdUri that functions as a URN message schieme
s the payload of the message (defined in subclause 7.4.5). CMAF has specified versi
lessageBox that allows events timing to be specified by a CMAF traek’s present

regardless of the delivery time or method.

Some sche
case, ad ar
scheme us|
a handler

Message p

d program segmentation splicing and signalling. But any application provider can defi
ing a URL they control and may locate a specification at that"URL if they choose. If a
for the scheme, that is the only component that needs to_understand the payload an
hrsing and routing are generic.

Example yses include delivering sports scores, interactive/components, presentation chaini
redirection, sparse content description metadata, etc. An event message scheme can store any i

including 4 URL, in the message stored in the message date«[]section of the box. The message caj
URL intendled to trigger a player request. That allows a server to determine a response that can b
based on dlock time, the player, the device, its location,etc. To reduce CMAF track bit rate, it is a
deliver a URL when the response is large or not relevant to a significant fraction of players. Deliy
in the pasj

especially for live streaming.

Because eyent messages are contained in‘or attached to CMAF segments that are already being
e.g. for auflio playback, the player’s normal adaptive segment downloading behaviour will aut
transfer them. Event messages canhalso be duplicated in a manifest to provide random access
message hjstory for VOD playback;-or live random access within a time shift buffer. Manifest sign
allows players to detect event messages by frequently requesting updated manifests.

DASHEventlMessageBoxes dre added prior to a MovieFragmentBox. They can be appended during
or delivery without needing to reformat the CMAF fragment MovieFragmentBox O MediaDat
DASHEventMessageBoxAhcludes a time offset relative to the time recorded in the TrackFragment
DecodeTimgBox inthe following MovieFragmentBox and an optional duration. They are primaril

identifier
n 1 of the
htion time

mes such as urn:scte:scte3s are standardized by SDOs and consortia for interoperability, in this

ne its own
player has
] protocol.

g, server
formation,
h contain a
e different
lvisable to
ering data

EventMessageBox has the advantage.of low latency and avoiding additional download requests,

requested,
omatically
and event
alling also

r encoding
hBox. Each
BaseMedia
y intended
dia. Event
player can

complete 4 3 A 3 advisable to
insert DASHEventMessageBoxes on all tracks w1th1n a selectlon set (e. g audlo) so the message will be read
regardless of the track selected.

A manifest can notify a player of the event message schemes that will be sent in a presentation so that the
player can register a handler for each scheme id uri that can parse and process that event message scheme.
Schemes can be specified for private or public use, with a scheme id uri that is unique for that scope of use
and specified and managed accordingly.
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Annex F
(informative)

Error handling for missing media

Valid CMAF tracks do not allow media time discontinuities resulting from missing media samples or
fragments. Gaps in decode time would result in audio-video synchronization errors because the ISO base
media file format calculates decode and presentation times as the sum of prior media sample durations in a

track.

Atpresent

there is no generally supported semantic to represent “missing” media in a track. Fhe T4

ackRunBox

may assigi a single image media sample the duration of the track run to fill the time interyal. A@dio media

samples h{

If audio oy
duration o

Long gaps
continuou
tracks on :
so they ret

Player han
but the T
presentati

A DASH 1
SegmentT

baseMedia

It is recom
to avoid a

jve internal time structure, so a single media sample’s duration cannot be extended.

video frames are unavailable during recording, recorded media samples may be e
 filled with media data such as silent audio or repeated pictures.

and gaps synchronized across all media streams can be recorded as two sequenti

CMAF tracks and presentations that can be sequenced by aimanifest. A manifest c
| presentation timeline to remove a time gap or maintain a presentation gap between
hain in sync with other tracks.

dling of delivery errors that result in invalid CMAF, fragment sequences is out of scop
tackFragmentBaseMediaDecodeTimeBox in each fragment enables synchronization t
bn time following a gap in media delivery, trick play, etc.

hanifest can represent missing segments¢in a CMAF switching set as duration
meline element that contains a list .6f) segments and their durations, but ca
becodeTime of a segment that follows a gap in the accumulated segment durations.

mended to provide either a manifest indication of a missing segment or a “dummy” r¢

consideri

no media. Players would then be able®o download a segment, but would still need special error K
continue pfresentation without media to decode.

The most preferred method te-handle missing media at ingest, encode, or packaging is to provide

media suc
players.

“404 Not Found” error when a-missing segment is requested. The ISO BMFF systen
how best to construct a CMAF fragment and segment that contains the expected du

as arepeated video frame or slate and silent audio so downloading and decoding can q

i

ktended in

, but non-
sequence
fwo tracks

e of CMAF,
manifest

gaps in a
h indicate

placement
S group is
ration but
andling to

substitute
ontinue in
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Annex G
(informative)

Recommendations for AAC CMAF switching set encoding

G.1 General recommendation

If the vide

bit rate is qignifirantlv highpr than the andio bit rate it is more efficient to offer mult

iple tracks

at various
be perceiv
if possible
instead a

share of th|

G.2 Selection of AAC profiles and bit rates

G.2.1 Ge

Even wher
and correg
HE-AAC an

G.2.2 Use of HE-AAC as default

In service
profile can
For stereo
more bits,
the most c
rate to hig

by followimg the requirements described in subclause 10.5.5.

e total media bit rate or the service is audio-only should audio CMAF switching sets be g

video bit rates (i.e., to enable bit rate adaptation) and keep the audio bit rate constant

For many video services, it might be enough to use a single CMAF track for audio a
CMAF switching set for video to enable bit rate adaptation. Only if audio ocecupies a

neral

a single audio track is sufficient, the service provider still'has to select the preferred A
ponding bit rate. The following clause provides some reecommendations for the usage
d HE-AACv2 profiles.

where low bit rates and bit rate adaptation are important, HE-AAC is preferred. T}
be used over a wide range of bit rates.anid achieves excellent audio quality for mono 4
audio, it provides good quality downto 24 kbit/s and can improve quality consistently
up to 128 kbit/s, at which point the‘@udio quality is excellent even for the most critical
Fitical content, bit rates can even be increased further. Hence, the complete range from
hest quality can be covered witha single CMAF switching set allowing seamless bit rate

G23 U

e of HE-AACv2

Although tlhe “Version 2” (v2)/suffix indicates an advanced technology, the HE-AACv2 profile has
with care pnd is not automatically preferred over HE-AAC (Version 1). The benefit of HE-AACy|
allows eveh lower bit4ates than HE-AAC (v1) by using the Parametric Stereo (PS) tool. As the naf
this tool i$ only applicable for stereo services. Compared to HE-AAC, there is an advantage fq
below 32 kbit/s<=However, it does not scale to excellent audio quality when increasing the bit r3

Audio can

bd as the base layer that is most important for the user experience and should remainundisturbed

hd provide
significant
onsidered.

LAC profile
f the AAC,

ne HE-AAC
ind stereo.
by adding
items. For
lowest bit
switching

to be used
D is that it
ne implies,
r bit rates
ite beyond

48 kbit/s. Therefore, HE-AACv2 is mainly recommended for stereo audio-only streaming services

with strict

bandwidtlf hinitations. For video services and channels with sufficient bandwidth, HE-AAC is recommended

for its greater flexibility and availability in a broad range of platforms and devices.

G.2.4 Use of AAC-LC

The AAC profile is mainly of interest to music streaming services targeting the audiophile community. It may

be considered if channel bit rates above 128 kbit/s can be guaranteed and audio quality beyond
needs is a primary requirement. For most services, however, HE-AAC is the preferred profile.

G.2.5 Typical bit rates

consumer

Table G.1 shows typical stereo bit rates for AAC, HE-AAC, and HE-AACv2 encoded tracks. The bit rates are

suitable for a sampling rate of either 44,1 kHz or 48 kHz. Note that each profile has a sweet spot
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operation (highlighted in italics) but can also be operated at lower and higher bit rates. The lower bit rates
are fallback modes that should only be used temporarily to cope with severe network congestion. The higher
bit rates are saturation modes that may not yield significant gains in quality except for the most critical
content. The bit rates are recommendations only and may be adapted for specific service requirements.

Table G.1 — Typical stereo bit rates for AAC encoded CMAF tracks, with normal operation range

highlighted

Profile

AOT @codecs bit rate [kbit/s] for 44.1/48 kHz

HE-AACv2

2+5+29 mp4a.40.29 18 24 32 48

HE-AAC

2+5 mp4a.40.5 24 32 48 64 96 128

AAC

2 mp4a.40.2 64 96 128 160

256

G.3 Mul

Ifabroad
sets (perh
performin
client may
maintaine
switching
flexibility
by the clie
switching

G.4 Bad

Backward
can also d
sets (see F]

If support
correspon
as the def
AAC-LC de
HE-AACv2
it is recom
equivalent]

In rare c3

compatibility. For example, a content creator may want to offer only a single HE-AACv2 CMAF sw
but still dgsires to@each legacy players supporting only HE-AAC. Even though this is possible in
has certaif drawbacks and should therefore be considered only as a second choice. For the give
this beconjes/pessible through the backward compatibility of the parametric stereo (PS) tool, whi
a mono representation into stereo. Hence, the same bitstream can be decoded by a HE-AACv2

tiple audio switching sets

ange of devices and bit rates need to be covered, it is possible to offer several audio CMA}
hps grouped into a CMAF selection set), each containing a single AAC profile. For instai
b streaming via 3G may use the HE-AACvZ CMAF switching set. When)streaming via
use the HE-AAC CMAF switching set. It is required that the selected CMAF switc
l during the entire course of the current track. Upon playback of a new track, a chang
Ket is possible. Although the use of multiple audio CMAF switghing sets is possible ang
n system design, it has to be done with care as the selectiofi of the “correct” CMAF sw|
ht needs to be well-defined. In general, it is therefore recenmimended to use a single HE-
cet unless there is a compelling reason to do otherwise.

kward compatibility

compatibility can be supported in several ways. Firstly, a client supporting the HE-AA
code HE-AAC and AAC-LC. In this case, tlé content provider can offer multiple CMAF
gure 11) and can be certain that the player will reproduce the intended audio experien

for legacy clients that only support AAC-LC is desired, the content provider needs f{
ling AAC-LC CMAF switching set. As an example, he may offer an HE-AAC CMAF sw
ult but will need to add a separate AAC-LC CMAF switching set for backward comp
vices. The legacy player will then select the AAC-LC CMAF switching set. A client supy
profile in theory does have the choice to select either of the two CMAF switching setg
mended that the client selects the HE-AAC CMAF switching set as it supports lower |
quality and therefore increases stability during network congestion.

ses, it may dbe~desirable to have a single CMAF switching set and still provide

switching
hce, clients
Wi-Fi, the
hing set is
e of CMAF
| increases
itching set
AAC CMAF

Cv2 profile
switching
ce.

o create a
itching set
atibility to
orting the
. However,
bit rates at

backward
itching set
rinciple, it
h example,
'h expands

decoder to

stereo or by a legacy HE-AAC decoder, with the drawback that the player will only produce a mono signal.
Hence, different users will experience different behaviour depending on the capabilities of their clients
(some hear stereo while some hear mono). The preferred alternative would be to offer a second HE-AAC
CMAF switching set with stereo as described in the paragraph above.

G.5 Enc

oder delay compensation

The basic concept of this approach is to drop a certain number of encoded AUs, right after encoding, before
ISO BMFF encapsulation. Since the sum of encoder and decoder delay usually does not fall on audio frame
boundaries, audio PCM samples (usually silent) have to be prepended to the beginning of the audio signal,

before enco

ding.
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The number of prepended audio PCM samples is defined in the following formula:

dpadding = fAAC - [(denc + ddec) mod fAAC] dencddecfAAC mod
where d,,. denotes the encoder delay in audio PCM samples, d4.. denotes decoder delay in samples, fy 5 is
the specific frame size of AAC in samples, and mod f, 5. is the modulo operation.

Figure G.1 illustrates this approach.

——Encoder delay —{Decoder delay- AAC frame
size

Source 1 2 3 A 5

——Encoder delay—{Decoder delay-
Padding
Pladded source 0 1 2 3 4 5 Q
9,
Encodgr
Cqded bitstream AU 1 AU 2 AU 3 [}U 6\ AU S5 AU 6
Vi
—Encoder + decoder delay + padding —
Encapsulption

ISOBMFF | ISOBMFF | ISOBMFF

Encapsulated bitstream el | cub? | ewned

Figyre G.1 — Example of padding and trimming AAC access units for delay compensation

With this §pproach, a reconstruction of the first ISO BMFF media sample is only partially possilhle and the
decoder wijll fall back to a fade-in. The fade-in will be observable whenever a decoder joins a livgstream or
trick play, p.g. skipping, is(applied.
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Annex H
(normative)

Scalable HEVC media profile and track format

H.1 Dependent CMAF tracks

Dependen

CMAF tracks can only be processed with the availability of one or maore other CM

AF tracks.

Specificall
correspon
not depend

In a hypot
expected 4}

A manifes
dependent]

H.2 Sca

Scalable H
constraint

, CMAF fragments of dependent CMAF track can only be decoded and/or rende
ling CMAF fragment of all of the CMAF tracks it depends on are available. CMAF-trac
lent CMAF tracks are regular CMAF tracks.

hetical CMAF receiver, the corresponding CMAF fragments of CMAF tracks depend
p be available prior to the CMAF fragments of the dependent CMAF track:

offering CMAF presentations with dependent CMAF tracks is expécted to provide si
and required CMAF tracks.
able HEVC CMAF tracks

EVC CMAF tracks shall conform to Clauses 7, 8, 9, and 12, and shall additionally conf]
5 specified in this Annex.

Each scalaple HEVC CMAF track that does not contain ¥CL NAL units with nuh layer id and 1

both equa
Clause H.1
dependent]

to 0 is a dependent CMAF track and the¢constraints specified for dependent CMA]
shall apply. It is expected that the manifest provides signalling to express the depen
CMAF track on another CMAF track, for example, using the @dependencyrpina DASH M

H.3 CMAF switching set constraints for scalable HEVC CMAF tracks and mediz

profiles

H.3.1 Ge

Subclause

neral

Each (
specif

Each
BMFF

D.2.3 applies, and.additionally the following constraints apply:

MAF track with-sample entry 'hev1' shall conform to the HEVC media profile and tracl
ed in Annex'B.

MAF traek containing a scalable HEVC bitstream or part thereof shall contain exact
track.

red if the
ks that are

led on are

pnalling of

brm to the

emporallD
 tracks in
dency of a
[PD.

|

k format as

ly one ISO

When

i linla CMAE traclec nrn nencan + for caveyin
Harapre-orrAr—traeksSafre-presentror-earryih

BMFF tracks shall use distinct track IDs.

shall ¢

onform to single initialization CMAF switching set constraints.

onding ISO

CMAF switching sets containing a media profile listed in Clause H.6 with sample entry 'hev2' and '1hel"

Each coded video sequence in a scalable HEVC bitstream shall contain the necessary sequence parameter set
and picture parameter set NAL units to signal decoding parameters changes allowed between CMAF tracks
in the same switching set.

H.3.2 Sample Description Box ('stsd')

Subclauses 9.2.4 and 9.3.2.2 shall apply with the following additional restrictions:
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A decoder configuration record:

— shall signal other sequence parameter set and picture parameter set fields used by the video track as
specified in ISO/IEC 14496-15:2022, subclause 8.3.3.1,

For a visual sample entry with codingname 'hev1', 'hev2',and '1he1' shall contain one or more decoding

parameter sets (containing VPS, SPS, and PPS NALs for HEVC video). Each video sample in the CMAF
track shall reference a parameter set in the sample entry.

may containadditional SEINALunits tosignal colourencodingandrendering,suchasmastering display_

colour volume, SEI payloadType=137 (ISO/IEC 23008-2), Or alternative transfer characteristics,
SEI payloadType =147 (ISO/IEC 23008-2).

H.3.3 Tr

The requit]
NOTE

coded vided
of video sed

H.3.4 Ag

Subclause

ACK Header Box (tKhd')
ements of subclause 7.5.4 apply.

Normalized width and height can be derived from a sequence parameter set NAL in each s
sequence for 'hevl', 'hev2',and '1hel' video samples. See 9.3.3 and 9.3.4 for thé storage an
uence parameter sets.

cess units

D.2.6 applies.

Access unifts shall conform to the requirements of a sample of the indicated description ('hev1’,

"lhel') as

CMAF frag
and PPS N

NOTE

y

messages that would change hypothetical reference decoder bitstream conformance if such conformance i

such as the

H.3.5 De¢

Subclause

specified in ISO/IEC 14496-15.

ments containing samples identified by the 'hewl ™ hev2', or '1hel’ type shall cont

\ccess units of type 'hevl', 'hev2',and ' Lhed" can retain filler data (NAL units or SEI messa

case where bitstreams are to be repackaged and conformance tested in MPEG-2 transport stre

coding of adaptively switched scalable HEVC CMAF tracks

generated
applies for

by concatenating segments from different tracks among which the switching occurs
each of the multiple tracks carrying a scalable bitstream, with the only difference be

bgment and
H semantics

"hev2', OT

ain all SPS

ALs referenced by a coded video sequence in the first access unit of that sequence, immmediately
following ifs first access unit delimiter NAL (if any).

res) and SEI
b necessary,
ams.

6.6.6 applies to switchingsbetween single-layer bitstreams, wherein a “conceptual” track is

The same
ng that, in

this case multiple “conceptual®tracks are generated by concatenation of CMAF fragments. Once tlhe multiple

“conceptud
bitstream

H.4 Sample and CMAF fragment constraints

11" tracks are generated, the process specified in ISO/IEC 14496-15 is applied to cor
fo be decoded by the video decoder.

H.4.1 Storage of scalable high efficiency video coding elementary streams

struct the

H.4.1.1 Conformance

Scalable high efficiency video coding (scalable HEVC) video tracks shall comply with ISO/IEC 14496-15, with

the followi

ng constraints:

Each track shall carry only one layer or only a subset of one layer.

— Aggregators (as defined in ISO/IEC 14496-15) shall not be included in any track.

— The external base layer sample group shall not be included in any track.

The base layer (coded according to HEVC specification) shall be stored as described in subclause B.3.1.
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isual sample entry

The base track’s syntax and values for a visual sample entry shall conform to sample entry 'hevi' as defined

in ISO/IEC

Tempor

subset

14496-15.

al1d greater than 0 only, the sample entry type shall be 'hev2'.

of such a layer, the sample entry type shall be "1ne1".

H.4.1.3 HEVCDecoderConfigurationRecord and LHEVCDecoderConfigurationRecord

For each track that carries a subset of the base layer where the subset contains VCL NAL units with

For each track that carries a layer for which the VCL NAL units have nuh_layer_id greater than 0 or a

The HEVCDS

The rzEVA

coderConfigurationRecord and the HEVC compatible base Iayer shall conform to subclause B.2.4.

DEcoderConfigurationRecord and the enhancement layers shall conform to-Subclg

use B.2.4.

inclusion, fise and passing of SEI messages.

H.4.2 Constraints on scalable HEVC elementary streams

H.4.2.1 (

3

The follow
profile con

H.4.2.2 (
The bi
The bz
The er

The s
horizg

Each 1
sub-la
is only

The v
signal

H.4.2.3 K

The ey

hlue of sub layer 4devel present flag|

eneral

ing constraints apply to all CMAF scalable HEVC elementary:streams. See Clause H.6
straints on tier, profile, level and frame rates.

eneral constraints

kstream shall contain at most two layers, a base ldyer and possibly an enhancement lay

se layer shall conform to HEVC Main 10 profileand main tier.
hancement layer, when present, shall conform to HEVC scalable Main 10 profile and m:

atial resolution of the enhancementiayer shall be equal to X times that of the base

ntally and vertically. The value of ¥shall be 1.5, 2 or 3.

hyer shall contain at most two sub-layers, with Temporalid equal to 0 and 1 when the
yers, and the value of sps_..fiax sub layers minusl of each SPS shall be set equal to 0 o

one sub-layer, the Tempora11d shall be o.

B 4 B 0 1 shall be equal to 1. This constraint re
ing of the level of the sub-layer representation with Temporal1d equal to o.

icture rate related constraints

An enhancement layer shall only be present, if the base layer has constant picture rate.

haneement layer, if present, shall have the same number of sub-layers as the base layei

for media

hin tier.

layer both

re are two
" 1. If there

quires the

When a layer has two sub-layers, the sub-layer representation with Temporal1d equal to 0 shall have a

constant picture rate (as indicated by the presence of elemental duration in tc minus1[ 0 1),and the
picture rate shall be exactly half of that of the entire layer’s picture rate (i.e., elemental duration in

tc min

The en

usl[ 0 11is equalto2 * elemental duration in tc minusl[ 1 ]).

hancement layer, when present, shall have the same picture rate as the base layer.

The vps _vui present flag in each VPS shall be set equal to 1, pic_rate present vps flag shall be set

equal to 1, pic_rate present flag[ i 1[ J ] shall be set equal to 1 and constant pic rate idc[ i ]
[ j 1 shall be setequal to 1 for all i, for all 5.
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— The vui parameters present flagin each SPS shall be set equal to 1, vui_timing info present flagin
each SPSshall be setequal to 1,vui hrd parameters present flagineach SPSshall be setequalto 1,and
fixed pic rate general flag[ i ] shall be setequalto 1 or fixed pic rate within cvs flag[ i ]
shall be set equal to 1 for all values of i in the range of 0 to maxNumSubLayersMinus1, inclusive.

If vps_

num_hrd_parameters is greater than o, the following shall apply:

— For each hrd parameters () syntax structure in the VPS: fixed pic rate general flag[ i ] shall
be set equal to 1 or fixed pic rate within cvs flag[ i ] shall be setequal to 1 for all values of'i

in

the range 0 to maxNumSubLayersMinus1, inclusive.

For each value of i in the range 0 to maxNumSubLayersMinus1, inclusive, the value of the syntax element

elemental duration in tc minusl[ i ] inthehrd parameters () syntaxstructure applicable to the

(S8
mi

N
ca

H.4.2.4 K

All picture
H.4.2.5

H.4.2.5.1

hancement layer shall be equal to the value of the syntax element elemental durat]
nusl[ i ] inthehrd parameters() syntax structure applicable to the base layer.

icture type

s shall be encoded as coded frames, and shall not be encoded as coded fields.
[ideo parameter sets (VPS)

VPS fields

Each scal

a switchin
efficiency

gq
gq
gd
gq
vH
— vp

The c
throug

The following fields shall have values set as follows for each profile_tier_level() structure in j

set. A CMAF scalable HEVC track shall conferm to the multi-layer extensions and sc
/ideo coding specified in ISO/IEC 23008-2with the following additional constraints:

neral progressive source flagShall be setto 1.
neral frame only constraint”flag shall be setto 1.
neral interlaced soufce  flag shall be setto 0.
neral non packedecCOnstraint flag shall besetto 1.
s _extension fllgg shall be setto 1.

s vui_pr&gent flagshall be setto 1.

rhout.an scalable HEVC elementary stream:

on in tc

TE This profile is restricted to equal picture rates on both layers. Implementations-tan, lhowever, be
pable of switching between different picture rates.

ble HEVC video sample in the CMAF track shall4éference the VPS in the CMAF header sample
entry accstding to ISO/IEC 14496-15. VPS shall not changedwithin CMAF tracks or between CMA

F tracks in
hlable high

PS:

nditiensof the following fields for each profile_tier_level() structure in VPS shall ot change

ge

ge

ge

ge

level

neral profile space
neral profile idc
neral tier flag

neral level idc

The value of vps max layers minusl of each VPS shall be set equal to 1.

ide[ 0 ] is different than the value of general level idc.
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