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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.
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Introduction

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

Several MPEG specifications have been adopted for much of the video delivered over the internet and other
[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 dg

CMAF
adapti
encod

Claussd
the hy
multin

The s
assum
such 4
Clause
combi
additi
organ

CMAF
profile
explar

ardduptication of Tdemnticat content i shightty different formmats, which results i increased s
livery costs.

ve streaming over HTTP (DASH), can reference and a common media format that allows a
bd multimedia presentation to be used by many applications.

nedia presentations.

e an understanding of Clause 6. Clause 7 specifies ISO Base Media’File Format boxes and strul

| 11 contain details specific to encryption, audio, video, and subtitle tracks. Clause 12 specif

zations.

presentation profiles and CMAF media profiles:are specified in annexes to allow the addition

ations and recommendations on specific tepics.

orage

provides a common media specification that application specifications, such as MPEG dynamic

single

| 6 provides a description of the objects and terminology specified, the CMAF object modg¢l, and
pothetical application model, which defines how these objects can be combined to form adaptive

pecifications in Clauses 7 through Clause 12 are terse to facilitate) development and testing and

ctures

s movie fragments and tracks that are used to construct all CMAF media objects. Clause 8 through

es the

hation of CMAF tracks and media profiles into CMAF presentations. It also recommends how to gpecify
bnal CMAF media profiles and presentation profiles, which can be specified by other documenits and

bf new

s without changing the core document. Additionial informative annexes have been added to pfovide
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Information technology — Multimedia application format
(MPEG-A) —

Co
me

1 Sq

Part 19:

lia

fope

This document specifies the CMAF multimedia format, which contains segmented.inedia objects opti

for st

CMAF
object

CMAF
multip
the sa

CMAF

eaming delivery and decoding on end user devices in adaptive multimedia-presentations.

specifies a track format derived from the ISO base media file format, then derives addressable
5 from CMAF tracks that can be used for storage and delivery.

specifies sets of tracks that share encoding and packaging constraints that enable the selec
le tracks to form a multimedia presentation and allow seamless’switching of alternative encod
me content at different bit rates, frame rates, resolution, etc.

specifies a hypothetical application model that determines how tracks in a CMAF presentati

intended to be combined and synchronized to form a multimedia presentation. The model abstracts dg

to allg
CMAF
hypot

CMAF
enable

CMAF
medial

CMAF
and id

2 N

w any delivery method. The hypothetical applicdtion model assumes a manifest and play
does not specify a manifest, player, or delivery protocol, with the intent that any that suppc
hetical application model can be used.

specifies media profiles and brands thabconstrain media encoding and packaging of CMAF tr4
seamless adaptive switching of tracks and allow devices to identify compatible content by its b

specifies presentation profiles that conditionally require sets of CMAF tracks conforming to sp
profiles and allow content creators and devices to identify compatible multimedia presentatior

enables extensibility by-specifying how new media profiles and presentation profiles can be sp
entified and includes,guidelines for those specifications.

prmative references

The fo
requi

lowing doéuiments are referred to in the text in such a way that some or all of their content cons
ments-of this document. For dated references, only the edition cited applies. For undated refe

the latlest edition of the referenced document (including any amendments) applies.

mized

media

fion of
ngs of

bn are
livery
br, but
rt the

cks to
rand.

pcified
S.

beified

ritutes
ences,

[SO/IHC14496-1, 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

abstra

ction 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

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

[SO/IHC 23008-3:2022, Information technology — High efficiency coding and media delivery in heterogeneous
enviropnments — Part 3: 3D audio

ISO/IHC 23009-1, Information technology — Dynamic adaptive streaming over HTTP (DASH) — Part 1:|Media
preserftation description and segment formats

ISO/IHC 23091-3, Information technology — Coding-independent code points — Part 3! Audio

ISO/IHC 23090-3, Information technology — Coded representation of immersive ntedia — Part 3: Versatilg video
coding

ISO/IHC 23094-1, Information technology — General video coding — Paxt 1: Essential video coding
IETF RFC 5234, Augmented BNF for Syntax Specifications: ABNFY
IETF RFC 6381, The ‘Codecs’ and ‘Profiles’ Parameters for “Buéket” Media Types?)

ITU-R|Recommendation BT.709, Parameter values for theHDTV standards for production and internqtional
progrdmme exchange

ITU-R[Recommendation BT.1886, Reference electta-optical transfer function for flat panel displays ysed in
HDTYV studio production

ITU-R[Recommendation BT.2035, A reference viewing environment for evaluation of HDTV program mputerial
or completed programmes

ITU-T Recommendation X.667:2014;.Information technology — Open Systems Interconnection — Procedures
for theg operation of OSI Registrdtion Authorities: Generation and registration of Universally Unique Identifiers
(UUID}) and their use as ASN.1'abject identifier components3)

ANSI/BCTE 214-1, MPEG‘DASH for IP-Based Cable Services Part 1: MPD Constraints and Extensions, hftps:
www.kcte.org/standards/library/catalog/scte-214-1-mpeg-dash-for-ip-based-cable-services-part{l-mpd

-constiraints-and-extensions/

W3C IMSC1, RTML Profiles for Internet Media Subtitles and Captions 1.0.1, https://www.w3.org/TR/ttml
-imsc]|

W3C IMSC1.1, TTML Profiles for Internet Media Subtitles and Captions 1.1, https://www.w3.org/TR/ttml
-imsc1t

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-profile-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.

ISO an

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

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

— IE

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

3.1 Media objects

3.1.1
CMAF
encod

3.1.2
CMAF

sequelce of CMAF constrained ISO BMFF boxes that do not reference any media_ samples (3.3.15), b

associ

3.1.3
CMAF
CMAF

Note 1
(3.1.1),
sequen

3.1.4

CMAF
CMAF
(3.1.1)
(3.39)

3.1.5

CMAF
CMAF
the sa

Note 1

3.1.6
CMAF

one CMAF track (3.2 4)stored consecutively in a single ISO BMFF file with the earliest CMAF fragment

constrj

3.1.7
CMAF
CMAF

fragment
bd [SO BMFF media segment conforming to CMAF constraints

header

hted with a CMAF track (3.2.1) and necessary for the decoding of its CMAF fragments (3.1.1)

addressable media object
media object packaged for storage or delivery

to entry: Examples include a CMAF track file (3.1.6) containing’a CMAF header (3.1.2) and CMAF frq
or a CMAF segment (3.1.5) containing one or more CMAF fragments; or a CMAF chunk (3.1.4) containing a
ce of the media samples (3.3.15) of a CMAF fragment.

chunk
media object that contains a consecutive subset of the media samples (3.3.15) of a CMAF frd
where only the first CMAF chunk of a CMA¥F fragment is constrained to be an adaptive sw
point

segment
addressable media object (3.1.3).consisting of one or more consecutive CMAF fragments (3.1.1
me CMAF track (3.2.1)

to entry: A “CMAF segment™is conformant to an “ISO BMFF segment” and a “DASH segment”.

track file

ained to startat decode time zero

prineipal header
header (3.1.2) that includes sufficient information to initialize the media decoder and decrypt

ut are

gments
partial

lgment
tching

) from

(3.1.1)

on for

all CM,

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

3.2 Logical structure

3.2.1
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
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switching set

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

3.2.3

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

CMAF

switching set

3.2.4
CMAF

set of pne or more CMAF switching sets (3.2.2), where each CMAF switching set encodes an alternative

of the pame presentation over the same time period, only one of which is intended to be played at a tin
an altgrnative language or codec

3.2.5

CMAF|presentation

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

3.2.6

CMAF| media profile

encoding constraint on a CMAF track (3.2.1) and its contained medig samples (3.3.15) associated
CMAF|structural brand

3.2.7

CMAF|presentation profile

requirlement on the CMAF media profiles (3.2.6) containedin a CMAF presentation (3.2.5)

3.2.8

required media profile

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

3.29

maniflest

docunjent describing one or more CMAFpresentations (3.2.5)

Note 1|to entry: Manifest formats are 1ot specified in this document.

3.2.10

audio[programme

complgte collection of all'audio programme components and, if present, a set of accompanying preset:
3.2.11

audio|programme component

smallg

3.2.12

selection set

st addressable unit of an audio programme

hspect
he, e.g.

media

with a

CMAF

cnpplpmpnfal 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),
reque§ting resources, and rendering a CMAF presentation (3.2.5)

3.3.3
late binding
selectipn (3.3.8) and synchronization of separately stored CMAF tracks (3.2.1) by a player (3:3:2) resulfing in
a synchronized multimedia presentation

3.34
CMAF|presentation timeline
timeline shared by all CMAF tracks (3.2.1) in a CMAF presentation (3.2.5), starting-at CMAF presentation time
zero, Which is coincident with the earliest media samples (3.3.15) intended for‘presentation

3.3.5
presentation time offset
earlie§t presentation time of each CMAF track (3.2.1) at the start ofa CMAF presentation (3.2.5)

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

3.3.6
CMAF/fragment duration
sum [jof the media sample (3.3.15) durations* documented in the TrackFragmentRunBox pf all
MoviefragmentHeaderBoxes in the CMAFfragment (&)

3.3.7
CMAF|presentation duration
sum of the CMAF fragment durations (3.3.6) of the longest CMAF track (3.2.1) in a CMAF presentation ([3.2.5),
starting from its earliest presentation-time on the CMAF presentation timeline (3.3.4)

3.3.8
selection
choicelof a CMAF track (3:2.1) from alternatives in a selection set (e.g. selecting an audio track by language),
possibly by user action‘erstored user preference

3.39
switching
chang|ng to @ different CMAF track (3.2.1) during presentation, including adaptively switching between
CMAF fragments (3.1.1) in a CMAF switching set (3.2.2)

3.31
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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initialization 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 identifier

extern

ally 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,

strea;ln access point
medialsample (3.3.15) random access property

3.3.15
medis
media

Note 1
and in
by a dg

“sample” is frequently used in ISO BMFF to refer to objects and parameters suchras a “sample entry”, “sampl
etc., and those terms are used without modification in this document.

3.3.14
audio
digita
3.3.17
video

quant
dimen

3.3.18

subsampling

video
being
withot

4 A

AAC
ABNF
ADIF
ADTS

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

to entry: The term “sample” is often used in the context of video to refer to the Spdtial samples of an
the context of audio to refer to PCM waveform samples. In this document, each jtype of sample is ide
fined term. A media sample defined by ISO BMFF is always identified by the'\term “media sample”. Th

» o«

PCM sample
sample quantizing the amplitude of an audio waveformdat regular and frequent intervals, e.g. 4

spatial sample
zed values representing the colour and brightness of an area of an image corresponding to
sional spatial tessellation of the image

encoding using a smaller number of video spatial samples (3.3.17) than the source video, that n

it position shift or picture aspectratio distortion

bbreviated terms

advaneed-audio coding
aughented backus-naur form
dudio data interchange format

audio data transport stream

image
ntified
e word
e size”,

8 kHz

n two-

imber

hn integer submultiple that can pe'scaled to the source video size based on video stream paramneters

AOT
ASC
AU

AVC
CCE

audio object type

audio specific configuration
access unit

advanced video coding

coupling channel element
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CDN
CMAF
CPE
CVS

DASH
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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

DRC
DRM
DSE
DTV
EBU
EOTF
EVC
GOP
HDMI
HDR
HDTV
HEVC
HLG
HRD
IDR
IMDCT
[PF
[SO BNIFF
KID
LFE

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 madified discrete cosine transform
immediate playout frames

ISObase media file format, defined in ISO/IEC 14496-12
key identifier, defined in ISO/IEC 23001-7

low frequency enhancement

LKFS
MAE
MHAS
MIME

MPD

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 resource locator
unifonfhresource 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.

™

Decodfing requirements can be inferred from encoding constraints and the hypothetical appli Qtion

al specifig
addressable
CMAF tracks,

Figurd 1 illustrates the media objects that are specified by CMAF, starting '\}the encoded CMAF frag
Négack encoding constraint
&

CMAF addressable media objects that can package encoded C fragments or their media s

model
source

ations
media
CMAF

ments
5, then
mples

for stgrage and delivery. <<
o\
/ »N \
f CMAF CMAF CMAF CMAF CMAF
Header Fragment Fragment Fragment Fragment
CMAF Track (a sequence of Encoded CMAF Media Objects)

P
< CMAF Logical
5 Media Objects

B
% CMAF Tracks
B Switching Set Switching Set

151

g _ ./ CMAF Aligned Switching Sets
< K ﬁ\ : CMAF Selection Set

o
CMAF Addressabl O _____________________ 1 CMAF CMAF CMAF Track
i Medlaob]ects \é e Header Segment File
J
= Q__Q
Lo
3E S ?\
23 o= Q Manlfests Resources ‘
©
Fig uﬁé% Media objects specified in CMAF and presented by externally specified applicatitlms,

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 deter
by each track’s source content and CMAF track encoding constraints, e.g. that CMAF tracks belong

mined
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.

Figurd 2 illustrates the relationship between CMAF and streaming specifications that can define b pping
&le

betwekn their manifest and resource formats, and CMAF presentations and the CMAF addr media
objectp they include. -
CMAF Specified Not CMAF Specified ()
@l’anifest
CMAF Presentation Manifest A ({}bapping SIERAL

) ,J Manifest

CMAF Selection Set
Mapping Spec B
. CMAF U e
CMAF Video Addressable e Content
Switching Sets Reference to Manifest A description

Video Objects ¢ Media Profiles

e Encoding

CMAF Resources
Addressable

CMAF Selection Set

Media Objects Parameters
. CMAF e Encryption
ngl\féiiﬁuigs Addressable Parameters
° Audio Objects e License
Information
CMAF Selection Set ¢ Media Object
Information 1
CMAF Manifest B o Resource

Addressable Resources
Subtitle Objects Addressable

— Media Objects
N

Figure 2 — CMAF hypothetical appg%ation model using externally defined manifests that des¢ribe
th@MAF presentations and media objects

O

6.2 [MAF content pr%@s’sing model
N\

Identification

CMAF Subtitle
Switching Sets

The CMAF content ssing model is shown in Figure 3. Each CMAF presentation is composed of pne or
more media conte mponents from different source material, for example, audio components in different
langugges, vide ponents with different views of the same subject, subtitles with different langudges or
functipns, etc: pical presentation includes audio, video, and subtitles. Presentations are also possibjle that

only ir ch;ge dio components, or include multiple audio components, or include multiple video sourcks, e.g.
side-by- 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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CMAF Presentation

CMAF Selection Set

. Encapsulation Packaging (CMAF CMAF Video
Vid . . Sub 1
Subs;neiolin Video Encoding Eﬁcrsan;poi (Header & Files, Segments, Switching Sets
S o Fragments) Chunks)

As illustrated in Figure 3, video media components are often preproG@Sed (e.g. subsampled) and er
tiple media streams, typically different in bit rate and egio@d resolution. Media streams ¢an be

in mu

encrypted and encapsulated into CMAF fragments, which ca

medial

availaple as resources and identified as defined by other meg\ka application specifications.

CMAF

Clausd 7, and inherit CMAF fragment constraints 31& as alignment of media sample sequences w

CMAF
media
addre

objects need not be constructed by packaging complete CMAF fragments as long as the resulting

addre

For liv
conterj
CMAF

6.3

The fe
Thela
are ne

In the
preser

S 1btitle Document

CMAF Selection Set

Encapsulation
(Header &

Fraguienis)

Packaging (CMAF
Files, Segments,

70 SETTRN R
(o TTe)

)

CMAF Audio
Switching Sets

Sample

Audio Editing Encryption

Audio Encoding

Image Encoding Sample Encapsulation Packaging (CMAF ‘
(optional) Encryption (Header & Files, Segments, CMAF Subtitle
g Fragments) Chunks) Switching Sets

Editing

Figure 3 — CMAF presentation content genera@ﬁ

en be packaged as CMAF addre

objects appropriate for one or more delivery methods. addressable media objects can bg

addressable media objects are derived from F fragments and CMAF chunks as specif

fragment, CMAF fragment time alignmen thin a CMAF switching set, CMAF track and
profile constraints, etc. This makes CMA gment encoding and decoding independent of the
sable media objects used to store and\@ansport the CMAF fragments. But CMAF addressable

sable media objects conform to fragment and CMAF track constraints.

e streaming, a CMAF fragment in each CMAF track can be encoded simultaneously from each
t source component, and CMAF fragment packaged and made available as soon as possib
addressable media obj ch as a CMAF segment or a CMAF chunk.

.

.ate binding C%@Otrack synchronization

ature of syn nizing separately stored CMAF tracks during playback is referred to as late b
fe binding timing model and accurate recording of CMAF fragment presentation times during en
cessary. @ nchronize late bound CMAF tracks during delivery and presentation.

coded

ssable
made

ied in
thin a
CMAF
CMAF
media
CMAF

media
le as a

inding.
roding

C ?hypothetical application model, all CMAF tracks in a CMAF presentation share the same

t@}jon timeline, which has a value of zero at the earliest media sample intended for presentati

CMAF
n. All

CMAF

tracKks 1n a LMAF presentation also share a common track decode timeline origin. A medila 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 frztment

and simultaneously presenting selected audio and subtitle CMAF tracks at their presentation time €gtjvalent
to thepresentation time of the earliest video media sample. If an audio or subtitle CMAF fragment contains
medial samples with earlier presentation times than the earliest video media sample, the leading [media
samples are not expected to be presented. If a CMAF presentation contains no video, then the starting| CMAF
preserntation time can be the earliest audio media sample.

A CMAF track’s presentation time at the start of the CMAF presentation can be)specified in a manifest
presentation time offset so long as the equivalent offset is specified for all' CMAF tracks in a |[CMAF
presentation. For instance, each period in a DASH manifest is considered’,a CMAF presentation. The
requirement that CMAF presentations share a common presentationtimeline origin means that all
presentation time offsets in a DASH Period will be equivalent values.

6.4 Adaptive switching of CMAF tracks in CMAF switching sets

CMAFitracks are contained in CMAF switching sets. Only CMAFtracks encoded from the same media cpntent
compdnent can belong to the same switching set, but CMAF tracks encoded from the same media sour¢e may
also bp grouped into different switching sets that each have different encoding constraints necessary for
seamless adaptive switching.

CMAF|tracks in a CMAF switching set have the following characteristics.

— Tle CMAF tracks are alternative encodings)of a single media content component and media type, ¢.g. the
same audio or video source.

— Tle CMAF tracks are perceptually equivalent, e.g. the same aspect ratio, colour space, duratiop, etc.,
tylpically resulting from encoding.the same media source, i.e., master file or input stream.

— Tlhe CMAF tracks conform-te.a common CMAF media profile.

— Tle CMAF tracks are'seamlessly switchable based on the general constraints on CMAF tracks and
erfcoding constraints defined by each CMAF media profile in the CMAF switching set.

Track pwitching refers’'to the presentation of decoded media samples of one CMAF track up to a preserjtation
time t)and presefitation of decoded media samples of another CMAF track from time ¢t onwards. For ingtance,
this could be-accomplished using two decoders, downloading overlapping portions of any two streams,
decod|ng beth streams, and switching on any decoded media sample. Track switching could be user injtiated
or progrdmmatic.

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

6.5.1

Object derivation and interoperability code points

Common media application format specifies track formats and media formats for encoding multimedia and
metadata derived from the fragmented ISO base media file format and various audio, video, and subtitle

media

formats.

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

— (I

— (]
to

— (]
fr

CMAF
media
indepe
CMAF
media

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

identified interoperability points called profiles.

IAF addressable media objects are derived by packaging CMAF headers, CMAF (cliunks, and
hgments as [SO BMFF data structures available for storage and delivery.

addressable media objects inherit the properties of encoded media objects, their profiles, and

IAF specifies profiles that determine the specific encoding constraints on media objectsthat’cqnform

CMAF

ogical

object and set constraints, and make the process of encoding and decoding of CMAF fragments
ndent of the delivery method and packaging. Different delivery speeifications can map thg same
addressable media objects to their different manifests to enable interoperability. CMAF addrgssable
objects, such as CMAF chunks and CMAF segments, are logically~derived from CMAF fragmenits, but

it is up to implementations whether to physically derive them from €MAF fragments by post procesging or

encod

6.5.2
— CN

e and package them directly.

Encoded media objects

IAF specifies CMAF headers and CMAF fragments that form CMAF tracks that conform to

mledia profiles. These are the encoded objects from which all other objects are derived.

6.5.3

— CN
of]
si
er]

— (]
ar
se
er

Logical media object sets

IAF specifies CMAF switching sets. that logically group CMAF tracks that are alternative enc

mplify seamless switching betweén tracks by requiring time-aligned CMAF fragments, const
coding parameters, and shared-encryption keys.

IAF specifies aligned GMAF switching sets that logically group multiple CMAF switching se

coded with different characteristics, such as different codecs or encryption keys.

— (]

a

— C

IAF specifiés“EMAF selection sets that logically group alternative CMAF switching sets ba
eir content'and encoding constraints, e.g. alternative languages or codecs. At most, one CMAF t
ime isdnteénded to be selected from each CMAF selection set in a CMAF presentation.

AF spec1f1es CMAF presentatlons that loglcally group CMATF tracks contammg related synchr

playback to render a multlmedla presentatlon

6.5.4

Addressable media objects

CMAF

bdings

the same content constrained to-endble seamless switching. A CMAF switching set is constrained to

rained

ts that

e alternative encodings of the same content with time-aligned CMAF fragments. Some playejrs can
amlessly switch between time-aligned CMAF fragments in different CMAF switching sets tHat are

ted on
rack at

bnized
ived on

— 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.

— CMATF 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 andoptional
fulnctionality including random access and seamless adaptive switching specified as CMAF switchjng set
cdnstraints. CMAF also specifies guidelines for the specification of CMAF media profiles and maltching
bifands to enable other specifications to define CMAF media profiles that conform téogeneral |CMAF
rejquirements. See Table A.1, Table B.1, Table A.2, and Table A.3.

— CMAF specifies CMAF presentation profiles and identifiers that conditionally require inclusion of|CMAF
tracks conforming to specific CMAF media profiles. CMAF presentations conforming to the |CMAF
pilesentation profiles in A.1 are intended to be compatible with most mediaplayback devices.

6.5.5.2 CMAF presentation profile identifiers

CMAF|presentation profile identifiers identify CMAF presentations containing CMAF tracks conforming to
CMAF|media profiles that are conditionally required by the presentation profile. Players can rely pn the
availapility of required CMAF tracks based on the presentation profile identifier. Other CMAF switching sets
and miedia profiles can also be included in the CMAF presentation to enable additional features that{might
not bg supported by all players conforming to the CMAE presentation profile. A CMAF presentation may
conforim to and signal multiple presentation profiles if all the required CMAF tracks for each preserjtation
profilg are available. Presentation profile conformancg includes start alignment and synchronization of all
CMAF|tracks.

6.5.5.3 CMAF media profiles and ISO BMFFE brands

CMAF|file and media profile brands identify a CMAF track’s file and media conformance to CMAH track
and media profile constraints. Each media profile defines codec-specific properties in addition to| those
requirjed by all CMAF tracks, such as'the CMAF header sample entry, media sample format, CMAF fragment
constraints, media sample preséntation synchronization, scaling, mixing, layering, random access and
encod|ng constraints such as-'‘codec profiles and levels. CMAF media profiles can specify constraints
betwegen multiple CMAF tracksin a CMAF switching set, and thereby imply player requirements necgssary
to seamlessly switch between CMAF fragments in those CMAF switching sets.

6.5.5.4 Signalling'of supplemental data in CMAF tracks

CMAF|defines brands, called "supplemental data brands" to identify the presence of additional information
in a CMAF traek that is not required by the CMAF media profile of that track. For example, NAL| units,
SEI mpssages, ISO BMFF Boxes can be added to an otherwise conformant CMAF track file, whete this
supplgmental data does not make the CMAF track file non-conformant. Slgnalllng its presence may be(useful
during production workftow, and to decoders for track Selection and decoder initiatization.

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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6.5.5.6 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.

— Ch
— Ch
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IAF presentation profiles are specified in Clause A.1.

IAF media profiles and CMAF supplemental data are specified in Clauses A.2, A.3, A.4, and/B.5.

pnal CMAF media profiles can be specified if they conform to the general CMAF track require
y and register ISO BMFF brands, and define codec-specific CMAF track formats, codec constrain
al CMAF switching set constraints for seamless switching following the guidelihes in 12.1.

ments,
ts, and

pnal CMAF presentation profiles can be specified if they conform to the general CMAF requirgments

ecify a URL that identifies the conditionally required media profiles, asidescribed in 12.2.
CMAF media object model

CMAF fragments

CMAF hypothetical application model, CMAF fragments are the media objects that are encod¢d and

bd.

MAF media profile further constrains CMAF fragments and media sample data.

MAF media profiles in Annex A and their réferenced track formats constrain CMAF fragments to be
hble independently of each other; for example, NAL structured video CMAF fragments contajin one
‘e complete coded video sequences to ‘fnake them randomly accessible and independently decqdable.
CMAF fragments contain a sequence of audio access units, and subtitle CMAF fragments contain a

subtitle document in a media sample, constrained so that each CMAF fragment is randomly acc
bcodable. Common Encryption can also signal the necessary decryption parameters in each
ent to make it independently-decryptable, in combination with an associated CMAF header and

bssible
CMAF
keys.

LF fragment 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 CMAF

ch CMAF chunk contains a consecutive subset of the CMAF fragment’s media samples.
illustrated in Eigure 4.
Media Samples
A

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
) )

Movie
Fragment Box
(‘moof”)

Movie
Fragment Box

Media Data
Box (‘mdat’)

Media Data

Header Box (‘mdat’)

Figure 5 — CMAF track data structure

See Clauses 7 through 11 for additional details on the construction of CMAF fragments and CMAF trgcks of
differgnt 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 ffile. A CMAF track file is a stored CMAF track with the folowing constraints.

— Itstarts with a CMAF header.

— The CMAF header is followed by a continuous seguence of one or more CMAF fragments stored in
pilesentation order.

— The first CMAF fragment has a baseMediaDecodeTime of Zero.

Additipnal boxes, such as segmentIndexBoxés, can be present between the CMAF header and the first{CMAF
fragment.

This if illustrated in Figure 6.

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

( \

CMAF |Optional
~index CMAF Fragment N

‘tfdt’ decode time=0

Figure 6 — CMAF track file, addressable media object

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

F presentation.

This is illustrated in Figure 7.

CMAF Fragment N CMAF Fragment N+1

) )

Movie Movie
Fragment Box
(‘moof”)

Media Data Media Data

Fragment Box

Box (‘mdat”) (‘moof’) Box (‘rudat’)

CMAF
segme
strean

Subtit
increa
have 4

6.6.5

CMAF
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delive
the CN
and d
access
CMAF
corres
fragm

Figurg
derive

sampl
and sj
CMAF

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

video fragment durations are typically 2 seconds to 6 seconids for coding efficiency, and
nt durations are typically not greater than 10 seconds to 12,seconds to limit delivery latency
hing and limit bitrate rate adaptation response time.

e segment durations are usually close to video seghmient durations in live presentations to
sing presentation delay. In a prerecorded CMAF presentation, a single subtitle CMAF segme
duration up to the duration of the CMAF track that-contains it.

CMAF chunks

chunks are CMAF addressable media ebjects that contain a consecutive subset of the media sz
MAF fragment. CMAF chunks can berused by a delivery protocol to deliver media samples a
sible during live encoding and sti€aming, i.e., typically less than a second. The same media s§

[AF segment, i.e., typically several seconds. CMAF chunks enable the progressive encoding, d¢g
bcoding of each CMAF fragiment. A MovieFragmentBox at the start of each CMAF chunk pr
to the contained media.samples. Broadcast, unicast, and multicast protocols can deliver and ig
chunks through various methods, including resource IDs that include both a CMAF segment n
ponding to a CMAF-fragment and the number of the CMAF chunk within the fragment to alloy
ent and chunk identification.

8 illustrates-that CMAF chunks inherit the media sample constraints of the CMAF fragment th
d from..In this example of a video CMAF fragment containing a coded video sequence, the first

licing constraints are determined by the CMAF fragment. Boxes that lead the MovieFragmentB
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avoid
nt can

mples
5 soon
mples

red in a CMAF segment containing one or more CMAF fragments would be delayed for the durafion of

livery,
pvides
entify
umber
v both

ey are
media

b of the first CMAF chunkis SAP type 1 or 2, e.g. an IDR picture in an AVC CMAF fragment. The switching

bx In a
bwn in

fragment can also lead the MovieFragmentBox of the first CMAF chunk, although they are not sh

this example.
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Example: CMAF Fragment containing a Coded Video Sequence of 20 samples

\
[ |
HEEN EEEN EEEE EEEN EEEN

‘mdat’ in CMAF Video Fragment
Encoder output time

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

>
I ) B B

encoder encoder encoder encoder )\%()’der
output time output time output time output time Q@rtltput time

Figure 8 — CMAF chunk, addressable media objects (ib

6.6.6 | CMAF switching sets and adaptive switching O\

©
6.6.6.1 Overview Os\
As illuptrated in Figure 9, CMAF switching sets contain time-a‘l/iéé CMAF fragments that start with dtream

access points (SAP type 1 or 2) and timestamps to simplify s\ ching between tracks by sequencing|CMAF
fragments from different CMAF tracks during playback. s\&

CMAF

) CMAF Video Fragment N CMAF Video Fragment
Header :

CMAF Video Fragment

CMAF Video Fragment N CMAF Videoc Fragment CMAF Video Fragment

CMAF
Header

CMAF Video Fragment N CMAF Video Fragment CMAF Video Fragment

CMAF

CMAF Video Fragment N CMAF Video Fragment
deader

CMAF Video Fragment N CMAF Video Fragment

CMAF Video Fragment

CMAF Video Fragment

CMAF

CMAF Video Fragment N CMAF Video Fragment CMAF Video Fragment

Header
2
‘tfdt’=T Q_Q ‘tfdt’=T+duration(N) ‘tfdt’=T+duration(N) CMAF Fragments are time aligned
Qv + duration(N+1) and have continuous duration
&?§ 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

trans

The C
consti
switch
switch
single
CMAF

Figurg
consty
“singlg

OrI't.

MAF track format specifies two types of CMAF switching set processing, determined(by’s
aints on NAL structured video track formats referenced by some CMAF media profiles: If a
ing set conforms to general constraints, a CMAF track’s header is assumed be processéed beforg
to that CMAF track. Additional constraints are specified for a CMAF switching set conforni
initialization constraints that do not depend on processing a new CMAF header’ to switch to
tracks within a CMAF switching set.

| 10 illustrates the player generated bitstreams resulting from the two/types of CMAF switch
aints and the decoding process each enables. Those two processes and*bitstreams are descri
initialization track switching” and “multiple initialization track switching”.

One

ethod of single initialization track switching relies on a “cemmon” CMAF header contain

referepced sample entries and decoding parameters in the CMAFswitching set. It is assumed that
download CMAF headers only once per CMAF track. Consequently, new video parameter sets and ipdexes
referepced by portions of a CMAF track encoded after the CMAF header has been downloaded would
availaple to a player. Another method relies on parameter sets delivered in-band when those paramet

aren

Audio
to cha

Subtit
CMAF

See 7.3

included in the initially downloaded CMAF header ot differ between CMAF tracks.

CMAF switching sets typically only require single initialization because parameters that are a
hge are contained in the audio media samplés/and CMAF fragments.

e CMAF tracks are typically not adaptively switched, and therefore have a single CMAF tra
switching set.

.4 for details on CMAF switching sets.

Single Initialization Switching Process

Track1 Segment N Segment N+1 Segment N+2 | Segment N+3 Segment N+4%
Jeader Track 1 Track 2 Track 2 Track 3 Track 3

Multiple Initialization Switching Process

becific
CMAF
every
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ng set
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br sets

lowed
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Track1 Segment N Track2 J'Segment N+1| Track3 |'SegmentN+2'|SegmentN+3'| Track4 JSegment N+4
Jeader Track 1 Header Track 2 Header Track 2 Track 3 Header Track 3

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 defoding
paranjeters and parameter indexes are not identical between CMAF tracks, and parameters that<an ¢hange
are ndt signalled in each CMAF fragment. This is often the case when each video CMAF trdck stores the
video parameter set(s) for that CMAF track in its CMAF header sample table, e.g. the 'avc1' sample and track
format. In that case, a decoder and display processor need to index the correct encoded video spatial Jample
countg and cropping parameters from a sample entry containing the correct SPS, PPS,'and VUI inforilﬁation
matchjing the parameter index encoded in each video NAL slice header. If CMAF tracksin a CMAF switching
set usg different spatial subsampling, they will have different parameter sets and sample entrigs, and
differgnt CMAF tracks might use the same parameter set ID value for a differentparameter set. That makes
it necdssary to process the CMAF header and sample table of each CMAF trackwhen switching to that|{CMAF
track go that the correct decoding parameters in a sample entry are in effect!

Multifle initialization switching can be used to process all CMAF switching sets, but may not|result
in seajmless presentation when a system processes the entire €EMAF header rather than just the| video
paranjeters allowed to change in a CMAF switching set, such-as height, width, and cropping parameters.
Multigle initialization adaptive switching is necessary for.a ‘NAL structured video CMAF switching set
unlesq it conforms to single initialization constraints specified by its CMAF media profile.

A CMAF header of a CMAF video track only needs to be\processed once for a CMAF switching set confgrming
to single initialization constraints. There could be several ways to achieve this functionality that ¢an be
specifled by each CMAF media profile.

Two nlethods of specifying single initializatieficonstraints are the following.
a) Afrommon CMAF header and samplé-esitries for a CMAF switching set

In| this case, each CMAF header and its sample table contain all parameter sets and sample ¢ntries
uded to encode CMAF fragménts in the CMAF switching set. All the parameter indexes are uniqpie and
cdrrespond to the index waldes encoded in the video NAL slice headers. There would be a different
sample entry for each different subsampling used in the CMAF switching set.

b) Géneric CMAF headérs’and parameter sets stored in each CMAF fragment

In| this case, each’CMAF header contains initialization information in the video configuration record
arjd/or additional boxes as specified in Clause 9 and/or a manifest, but the SPS, PPS, and VUI information
uded for_decoding is stored and indexed within each coded video sequence and CMAF fragment. The
inftialization information is sufficient for the CMAF media profile identified by brand in each|CMAF
hgader; and re- 1n1t1allzat10n is only necessary if switching to a higher CMAF media profile. For example,
w a ile, but
others that only conform to HD proflle a decoder 1n1t1allzed 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.

playbdck based on player compatibility and user preferences. Users or playback applications switch
between CMAF switching sets in a CMAF selection set during playback, but seamless presen% ion|is not
expected, either because the content differs (e.g. a different language or camera view) ause|CMAF
fragment time alignment and decoding are not constrained to decode seamlessly.

CMAF|players are expected to select one CMAF switching set from each CMAF selection set at th;start of

Q
Aligngd CMAF switching sets are encodings of the same source content with time- Qd CMAF fragments
to enaple compatible players to seamlessly switch between tracks in different bu ned CMAF switching

sets that contain CMAF tracks that do not conform to all the constraints of a single CMAF switching sgt.

CMAF|switching sets, and some players could seamlessly switch be n them. In one case, only the
encryption key might be different between the SD, HD and UHD CMAF W ching sets. In another case, ¢odecs
could fliffer. Each CMAF switching set individually conforms to normal constraints for its media profi|e, and
each player can determine if it can process the differences betw %‘ ligned CMAF switching sets seanjlessly.

For expmple, in Figure 11, the SD, HD, and UHD10 CMAF media profile (i@&vitching sets could be dligned

Late binding allows CMAF tracks to be encoded once and u%gln different combinations. See 6.3 for more

infornpation. 5\
B English AAC stereo CMAF Switching Set (single Track)
AJdiO. French AAC stereo CMAF Switching Set (single Track)
S¢lection — - - —— -
Sht English multichannel CMAF Switching Set (single Track)
@l French multichannel CMAF Switching Set (single Track)
) B English WebVTT description CMAF Switching Set (single Track)
gz“llfclgfm IR Fciish TTML description CMAF Switching Set (single Track)
Sdt French WebVT'[' dub CMAF Switching Set (single Track)
W French TT&(I-, dub CMAF Switching Set (single Track)

SD Media Profile CMAF Switching Set (multiple Tracks)

Video Ry
Sglection — tiD Media Profile CMAF Switching Set (multiple Tracks)
Sét >?~

&?§ UHD10 Media Profile CMAF Switching Set (multiple Tracks)

o)

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.

All CM
Track}
preser
The 14
origin

The ti

a)

b)

d)

T
ar
of]

T
re

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 t0 realtime timelines

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

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

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

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

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

Figure 12 — CMAF timelines and synchronization model

AF tracks in a CMAF presentationate specified in Clause 7 to measure baseMediaDecodeTime

tation time relative to its decode time using composition offsets and offset edit lists, when necg
bsulting presentation timelines and decode timelines all reference the same (coincident) ti
The timelines and theif relationships are illustrated in Figure 12.

melines are:

rack decode time— Is determined by the storage sequence and duration of each media sample, §
y media sample, equals the sum of all prior media sample durations added to the baseMediaDeco
the first EMAF fragment.

rack composition time — [s determined by each sample’s composition offset in the Tracki
lative to its decode time and is used to reorder video media samples to their presentation order]

in the

'ragmentBaseMediaDecodeTimeBox/ from the same timeline origin and adjust each media sample’s

bssary.
meline

ind for
eTime

unBox

Track presentation time — I[s determined by applying any offset edit list in the CMAF header to each
media sample’s composition time, as shown for a CMAF audio track in Figure 12.

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 dete
each CMAF fragment or chunk will be available for download.

rmine when

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 1llustrated in Flgure 13, CMAF tracks w1th audio CMAF fragments that overlap the earllest Vldeo media

track resentatlon tlme is determlned by the value OfbaseMedlaDecodeTlme recorded in each CM
fragment, and any presentation time offset in an edit list, if an edit list is present in the CMAF
headef. Q

N
ISO BNIFF defines files and requires that the decode time of each media sample is the sumyof all
sample durations in that track in stored order. The first media sample in each track@

0]CMAF
Afk&ﬁunk or
CMAF

priorjmedia

file therefgre has

a decqde time of zero. Movie fragmentation is optional. In contrast, all media saqﬁys in CMAF tradks are
a

stored in movie fragments, and the first CMAF fragment can have a non-zero ba
ackFrqgmentBaseMediaDecodeTimeBox. The decode time of each media sampl Is the sum of

iaDecodeTime in|the Tr

prior[media

sample durations in the CMAF track added to the baseMediaDecodeTime first CMAF fragment|in the
CMAF|track. The decode time of each media sample also equals the su rior media sample duratjons in

the CMAF fragment that contains it added to the CMAF fragment’s basg\M diaDecodeTime.

Manifg¢sts can specify a presentation time offset for each CMAF&tchmg set to determine the
presentation time at the start of each CMAF presentation. T rt of CMAF presentations is
be the earliest video media sample when video is included in @ CMAF presentation, otherwise

CMAYF track
assumned to
the eprliest

audio media sample. To maintain audio, video, and subti @synchromzatlon encoded in the CMAF fracks,
the priesentation time offset of every CMAF switchin @t in a manifest will be equivalent, which means
equal [presentation time offsets, but possibly differeritinteger values and timescales per CMAF switching
set. Mptching presentation time offsets plus CMA@ﬁ'esentatlon time in each CMAF track being pregented

maintgins the encoded synchronization betweeQ‘a io, video, and text content on playback.

A manfifest can select different start and e mes with presentation time offsets and durations to present

differgnt timespans of the CMAF present\ n timeline to play a portion of a CMAF presentation.

Coded Video Sequepg) Coded Video Sequence Coded Video Sequence CVsS

.

Matching the earliest Presentation time
of each CMAF Track results in A/V sync

Audio Samples Audio Samples Audio Samples

\ \ A

NN | [ | [ |
EEEEEREEEEENEENEEEEENEEEN

CMAF Video Fragment CMAF Video Fragment .

EEEEEEEEEEEEEEEEEEE

CMAF Audio Fragment

CMAF Audlo Fragment CMAF Audlo Fragment

Header

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

Figure 13 — Audio/video synchronization and start alignment

-

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.

Decodp time discontinuities between CMAF fragments can result from starting a new CMAF presentaLion in
a playlist, for example, in sequenced programs or programs interspersed with prerecorded adsCA'manifest
can logate the new CMAF presentation on its manifest presentation timeline and adjust CMAF-switch]ng set
presentation time offsets accordingly.

Howetver, in cases where a decode time discontinuity results from one or more missingyor damaged|CMAF
fragmpnts in a continuous CMAF presentation, players can use the baseMediabegodeTime of the next
availaple CMAF fragment to resume presentation synchronized to the current presentation timeline| Error
concealment could include repeating video frames and skipping over missing content in the case of on d¢mand
or buffered media, but all CMAF tracks have to skip the same duration to maintain A/V synchronizatipn.

In ordpr to indicate timeline discontinuities caused by gaps, a manifest'should signal the existence ofja gap.
Content with gaps is not strictly compliant to CMAF, conformance can-0nly be guaranteed for the contjnuous
parts between gaps.

6.6.9 | Manifest information

Althoygh CMAF does not define the form or the contentyof the manifest, it does define its role. A manifest
is a dpcument that describes one or more CMAF presentations, e.g. an MPEG DASH Media Preserjtation
Description (MPD). A manifest is responsible fort‘describing the combination and synchronization of
indepg¢ndently packaged CMAF tracks groupeduin CMAF switching sets and selection sets to form a
synchronized multimedia presentation.

A manifest provides the player with information to select, initialize, start align, and synchronige the
CMAF|track(s) to be played and identify €MAF media objects as resources to access and possibly download
them. |CMAF tracks and CMAF fragments contain sufficient information to enable decryption, deqoding,
and pfesentation scheduling. A«manifest can also provide information on delivery protocol, ndtwork
management, authorization, license acquisition, etc., in addition to resource identification and presertation
description. The manifest can‘also signal that tracks conform to a CMAF media profile.

In cas¢s where there areumultiple CMAF tracks in a CMAF switching set or multiple CMAF presentatiops in a
sequence, a manifestean’ indicate to a player that the CMAF switching set conforms to a CMAF media profile
and CMAF switching'set constraints, so a player can select and initialize compatible CMAF tracks apd can
switchl seamlessly’between those CMAF tracks, reinitializing only when necessary.

6.6.10 CMAF addressable media objects, resources, and resource identifiers

CMAF hn:\r‘nrc CMAE r‘hnhl{c and CMAE Fraamnnfc can bhe hqu{qonr] and referenced as CMAF addrdssable

media objects for storage and dellvery Each CMAF addressable medla 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 verview

The CMATF track format is derived from the ISO base media file format in this clause and structural brands
are spgcified. At this point, the 'cmfc' and the 'cmf2' CMAF structural brands are defined. The)cmf2 '|brand
furthdr restricts the 'cmfc' brand.

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

7.2 (CMAF brands

Clausq 7 defines the requirements and constraints that apply to all CMAF tragks’

A CMAF track should include all structural CMAF brands that it conforms to, indicating conformance
with (lause 7 and Clause 8 (specifying file format and optional ehcryption, but not media encgding).
The file brands also declare that boxes specified in common encryption (ISO/IEC 23001-7) and|DASH
(ISO/IEC 23009-1) may be present.

The cdmmon constraints of all structural file type brands aredescribed in subclause 7.3.2.2.

Media|profiles and their brands may specify additional box requirements and CMAF track constraintg, such
as the|CMAF media profiles that reference the NAL structured video CMAF track format defined in Clause 9,
incorgorating boxes specified in ISO/IEC 14496-15,;and AAC audio CMAF track format specified in Clayise 10,
incorgorating boxes specified in ISO/IEC 14496-3:

CMAF|also specifies addressable media objects in subclause 7.3.3 that are derived from CMAF tracks and
have gegment type brands that may be:ificluded in a segmentTypeBox prepended to an addressable [media
object]|to identify its type (see Table 1)(

Table 1 — CMAF brands

Brand Location Conformance requirements
cmfe EieTypeBox and SegmentTypeBox 7.6
cmf2 EileTypeBox and SegmentTypeBox 7.7
cmfs SegmentTypeBox 7.3.3.1
cmfl SegmentTypeBox 7.3.3.2
cmff SegmentTypeBox 7.3.2.3
emfr 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
7.3.1 | CMAF boxes
CMAF|tracks shall include the following ISO BMFF boxes with nesting, optionality, andcardinality specified
in Table 3 through Table 5, with box definitions incorporated by reference to the.clauses listed [in the
“Specification” column that reference ISO/IEC 14496-12, ISO/IEC 23001-7, or ISO/IEC23009-1.
Some poxes are additionally constrained by CMAF, as specified by clauses if<this document referenced in
the “Cpnstraints” column of Table 3 through Table 5. The versions and flags,of boxes used in a CMAK track
shall donform to the versions and flags of the same boxes as defined by the"iso9' brand unless additionally
constrjained by this document.
CMAF|addressable media objects are derived from the CMAF traek, CMAF header, CMAF chunk, and|CMAF
fragment recorded media objects and specify additional box canstraints in subclause 7.3.3.
Additipnal boxes and constraints are specified by CMAF track formats and CMAF media profiles for specific
audio,|video, and subtitle formats (see subclause 7.4.4).
In Table 3, Table 4, and Table 5 the “Format Req.” coltmn indicates the number of boxes that are required to
be present in a CMAF track, where:
—  “*I'means “zero or more” may be present;
— “+’ means “one or more” shall be present;
— “0f1” indicates only one box may be present, and it is optional;
— “1’ indicates one box shallbepresent;
— “0R” indicates that a-box is conditionally required as specified in the CMAF track format or a specific
mgdia profile and shall be present under those conditions (see “Constraints” column).
Table 3 — CMAF header boxes
NL ( NISE NL 2 NL 3 NL 4 NL 5 F(I){r;;at Specification Constraints Descrigtion
fry 1 1SO/IEC 14496-12 CMAF 7.2 El(}fn tpyali?beill?gy
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 1SO/IEC 14496-12 CMAF 7.5.13 Edit box
elst 1 ISO/IEC 14496-12 CMAF 7.5.13 Edit list box
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Table 3 (continued)

NL NL 1 NL 2 NL 3 NL 4 NL 5 Format Specification Constraints Description
Req
ndia 1 ISO/IEC 14496-12 Track media
information
mdhd 1 ISO/IEC 14496-12 CMAF 7.5.5 Media header
ISO/IEC 14496-12 Declares the
hdlr 1 media handler
type
eln 0/1 ISO/IEC 14496-12 Extended
g language tag
ISO/IEC 14496-12 Media %
minf 1 1nfor h con-
vmhd CR ISO/IEC 14496-12 CMAF 7.5.6 (5 c‘(o medja
eader
smhd cr |1SO/IEC 14496-12 cMAF2.5.7. Y {Sound medja
(-\c ) header
\
ISO/IEC 14496-12 (]/ Null medialheader,
overall infqrma-
nmhd CR , C) tion (some fracks
</ only)
ISO/IEC 14496-1 \ CMAF 7.5.8 Subtitle mgdia
sthd CR ZO pubtith
Ging L 1SO/IEC 1449\\2 Data
informatiop box
150/@44496 12 |cMAF 759 Data referdnce
dref 1 box, declarps
source of njedia
. § datain tra¢k
Q)'\"ISO/IEC 1449612  |CMAF 7.5.12 Sample tabje box,
stbl \Q\ container fpr the
\\. time/spacd map
) Q’ ISO/IEC 14496-12 CMAF 7.5.10 Sample
\) descriptions (see
sts 1
Table 4 for pddi-
\O tional detalls)
. C\)J‘;tts X 1SO/IEC 14496-12 CMAF 7.5.12 Decoding, fime to
f'\s\ sample
. A stsc 1 ISO/IEC 14496-12 CMAF 7.5.12 Sample-to-chunk
@ stsz/ 1 ISO/IEC 14496-12 CMAF 7.5.12 Sample siz¢ box
stz2
7~
A\) stco 1 ISO/IEC 14496-12 CMAF 7.5.12 Chunk offsgt
) ISO/IEC 14496-12 CMAF 7.5.18 Sample graup
N sgpd CR d intiod b
~ escriptior} box
<\V stss CR ISO/IEC 14496-12 CMAF 7.5.12 Sync sample box
V
| Sta 0/1  |ISO/IEC 14496-12 User data Hox
e\l cprt * 1SO/IEC 14496-12 Copyright hox
= kind * 1SO/IEC 14496-12 CMAF 7.5.3 Track kind|pox
Aavex 1 |ISO/IEC 14496-12 Movie extefids box
] M ISO/IEC 14496-12 CMAF7.5.1 Movie extehds
JuiSIsio] U7t
header
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
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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 bgx
NOTE [Table 4 is 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
NL ( NL 1 NL 2 NL 3 NL 4 NL 5 F(l;ren(;at Specification Constraints Description
styy 0/1 ISO/IEC 14496-12 Segment typ{
prt 0/1 ISO/IEC 14496-12 Eggilé;iz ke
emsd * ISO/IEC 23009-1 CMAF 7.4.5 Event message
moof + ISO/IEC 1449612 Movie fragm¢nt
mfhd 1 ISO/IEC 14496-12 Movie fragmg¢nt
header
pssh * ISOAEC23001-7 CMAF 7.4.3 Protection sylstem
I specific headpr box
traf 1 ISO/IEC 14496-12 Track fragment
tfhd { ISO/IEC 14496-12 CMAF 7.5.16 'tl;rack fragment
eader
ISO/IEC 14496-12 Track fragment base
tfdt 1 media
decode time
£ ISO/IEC 14496-12 CMAF 7.5.17 Track fragment 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 Sample auxilfary
saio CR information
offsets box
saiz CR ISO/IEC 14496-12 CMAF8.2.2.1 Sample. auxi_l,aryin-
formation sizes box
sbgp * ISO/IEC 14496-12 Sample to grgup box
AN % ISO/IEC 14496-12 CMAF 7.5.17 Sample grouy
9P description bjox
subs CR ISO/IEC 14496-12 CMAF 7.5.19 _Sub—sample
information hox
ISO/IEC 14496-12 CMAF 7.5.18 Media data
mda{ + container for
media samplés

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.

c¢) A CMAF header shall be conformant with ISO/IEC 14496-12 and the following additional constraints
and requirements.

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

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

4) The movieBox shall contain exactly one track containing media data as specified in subclause 71.3.2.2.

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

5) The MovieBox shall contain a MovieExtendsBox, as defined in ISO/IEC 14496-12, tolindicate that the
file contains MovieFragmentBoxes.

6)| The MovieExtendsBox may contain a MovieExtendsHeaderBox, as defined inJSO/IEC 14496-12] and if
so, shall provide the overall duration of the CMAF track. If the duration.is unknown, this bok shall
be omitted.

d) Ifghe CMAF header requires sample entries with a decoder configuration record, as specified by alCMAF
media profile, with decoding and rendering parameter limits, suchaS’codec profile, level, image height,
wldth, etc., then the first sample entry shall contain parameters.equal or greater than the magimum
vdlues contained in all CMAF fragments in the track to enabl€.a single initialization of media degoding
arnjd rendering systems to render all CMAF fragments in the €MAF track.

7.3.2.2 CMAF track

Table 6 — CMAF track structure

Format ies e CMAF -
NL 0 Reg. Specification constraints Description
CHAE 1 CMAF 7.3.2.1 CMAF header
Header
CHMAF 1+ CMAF 73.2.4 CMAF fragment
Fragment

A CMAF track as defined in(3:2.1 has the structure shown in Table 6 and conforms to the following
constrfaints.

a) A|CMAF track shall conform to at least one structural CMAF brand and contain the set of bdxes in
Tdble 3, Table 4,and Table 5, with the conditions and optionality listed.

b) The concatendtion of a CMAF header and all CMAF fragments in the CMAF track in consecutive decode
orfder shall'be a valid fragmented ISO BMFF file, with the exception that the first CMAF fragmept in a
CMAE track may have a non-zero baseMediaDecodeTime.

2 prior
CMAF fragment duratlons added to the flrst fragments baseMediaDecodeTime. A CMAF fragment
duration is the sum of the media sample durations, documented in the TrackFragmentRunBox in the
MovieFragmentHeaderBox

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

d) Each CMAF track contains a single ISO BMFF track and TrackBox, as determined by CMAF header
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.

Each JMAF chunk conforms to the following constraints:

b)

h)

Table 7 — CMAF chunk structure

Format PR CMAF o
NL 0 Reg. Specification constraints 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 referefice-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/t contains
ISO/IEC 14496-12 CMAF 7.5.19 Mediadata container for
mdat 1 )
media samples

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

The MovieFragmentBox shall conform to the constraints of the structural CMAF brand consfraints
sgecified in Table 5, such as containing only one Txac¥FragmentBox that contains only one TrackrfinBox.

NQTE 1 Since there is only one TrackRunBox perMovieFragmentBox, all media samples of a CMAF chynk are
lo¢ated in a single track run in one MediaDataBos:

The MediaDataBox shall contain all media'samples referenced by the TrackrunBox and should immedliately
follow the TrackrRunBox in byte order,

All media samples in a CMAF chunk shall be addressed by byte offsets in the TrackrunBox tHat are
dlative to the first byte of theMovieFragmentBox. See ISO/IEC 14496-12.

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

A CMAF chunk shall €ontain a TrackFragmentDecodeTimeBox containing the baseMediabecodeTimd of the
fifst media samplé.

Alsequence of €MAF chunks that spans the decode time and duration of a CMAF fragment containing
thiose mediasamples shall contain all the media samples in the CMAF fragment, without duplicatks, i.e.,
CMAF chunks in a CMAF track shall not overlap or have gaps in decode time.

Thedecode time and CMAF track pres ample in a CMAF track shall not ¢hange
whether-the-sample-isecontainedina sHert:

NOTE 2  Because the CMAF fragment and the first CMAF chunk both start with the same media sample, they
both have the same baseMediaDecodeTime.

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
header.

CMAF chunks may be referenced as CMAF addressable media objects, and optional file level boxes may
be prepended when they are formatted as CMAF addressable media objects.
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NOTE 3 Preceding boxes indicated in Table 7 can be prepended to CMAF chunks at time of encoding or
prepended to CMAF chunks and CMAF segments at time of delivery. It is expected that players will process the
boxes prepended to the start of each CMAF addressable media object, but they will ignore these boxes 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.

NOTE4 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.

A CMAF fragment as defined in 3.1.1 contains one or more CMAF chunks, therefore CMAF chuks rhay be
present in CMAF addressable media objects, including CMAF segments and CMAF track files,’and a|CMAF

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

Table 8 — CMAF fragment structure

NL O F(l)‘l:g?t Specification cor::sl\tar‘:li:nts Description
sftyp 0/1 ISO/IEC 14496-12 CMAF 7.2 Segment type
Signalling compatibility to CMAF fragmejnt
pfrft 0/1 ISO/IEC 14496-12 Produeer reference time
epusg * ISO/IEC 23009-1 CMAF 7.4.5 Event message
CMAF| Chunk 1+ CMAF 7.3.2.3 CMAF chunk

Each JMAF fragment conforms to the following constraints:

a)
b)

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

E4ch CMAF fragment, in combination with its'associated CMAF header and optional decryption key(s),
sHall contain sufficient metadata to enable’the CMAF fragment to be decoded, decrypted, and displayed
when it is independently accessed.

NQTE1 For example, if sample groups and sample group descriptions are used to signal encryptipn key
chlanges, then a SampleGroupDegcriptionBox and SampleToGroupBox probably need to be present|in the
TydackFragmentBox to make the CMAF fragment randomly accessible and decryptable.

The first CMAF chunk ina'€MAF fragment may be preceded by other boxes as long as the CMAF fralgment
remains conformant including one segmentTypeBox and/or one or more ProducerReferenceTimeRox(es)
arjd/or DAsHEventMessageBox(es). (See subclause 7.4.5 and Annex E for more information on|Event
MEpssages).

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

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

NOTE 2 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  Asnoted in subclause 7.3.2.3, only a SegmentTypeBox 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
exception of the first and last CMAF fragments of the CMAF track.

NOTE 4

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.

anTmTe ) ¢ ) ¢ )
| | | 11 1
I 1! Producer || |
| | 11 1
Segment | Event _
|
i Type ! : %‘e,fs_l:fc :: Message : Movie Fragment (‘moof’) M(re'dlaADz;ta
I (s T T ; ) il ems 1 L inaac |
PP ety 1 CTRE
! ) 11 ]
LU R S I\ ___ J
. Lkl . Protection
ragmen Specific I
- Track Fragment (‘traf
Hi‘;adel Header Box J ( )
(0):¢ 1 i
ssh
('mfhd") (pssh)
Sample || Samp! Sample
Encrypti Aux@ Saglple Group
izes oB;c()up Descripti
Box ('sbgp’) ons Box
(saio) | 8P| (sgpd)
Lower|boxes indicate containment in the box above. The sequence of boxes contained in the TrackFragm¢ntBox
("traf]') is only recommended. Light shaded boxes are alWways optional. Light boxes in the bottom r¢w are
requirjed or conditionally required when encryption is useéd. This example contains one CMAF chunk ('|moof ",
'mdat |) in the CMAF fragment.

Figure 14 — CMAF fragment box sequence and containment

7.3.2.5 CMAF random access chunk

CMAF

chunks are defined in subelause 7.3.2.3. If chunks fulfil certain requirements, then in combi

with the CMAF header, the CMAF track can be randomly accessed at CMAF Random Access Chun
the chunk carries sufficientinformation to access the media in the stream, e.g. all necessary encryp

combi

hation with the CMAF-Header.

Each (MAF RandomAgeess Chunk shall conform to the following constraints:

a) A

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

b) T
a

cording to 14496-12.

e chunk shall contain a position Ig,p such that the SAP type for this position is of type 1, ]

nation
ks, i.e.
fion in

P, or 3

C) A CMAF Random Access chunk may Include a SegmentTypeBox Preceding the MovierFragmentBox 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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CMAF addressable media objects

7.3.3.1 CMAF segment

Table 9 — CMAF segment structure

Each (
a) A
b) A
g A

Format P CMAF o
NL 0 Reg. Specification constraints Description
styp 0/1 |ISO/IEC 14496-12 Segment type
Signalling
tompatibitity 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

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

CMAF segment may include a producerReferenceTimeBox and/or DASHEventMessageBox(€es) pre

thie first MovieFragmentBox.

d A
S
b1
N
pr
to
m
IS

7.3.3.1

A CM/

chunk

There

inheri

CMAF

CMAF segment may include a segmentTypeBox precedingall other boxes in the CMAF segmer
gmentTypeBox should include the CMAF segment brand* 'cmfs' and may include any compa
ands listed in the FileTypeBox of the CMAF track’s CMAF header.

TE Preceding boxes can be prepended to CMAF chunks or CMAF fragments at time of encoq
epended to CMAF segments at time of delivery. It\is expected that players will process the boxes pre
a CMAF addressable media object, but they willignore these boxes when located within a CMAF addr
bdia object, i.e., not prepended to the first CMAE chunk in a CMAF segment. The SegmentTypeBox is speci
D/IEC 14496-12 to be the first box of an ISO'BMFF segment and can be ignored in other locations.

P CMAF chunk

\F chunk is specified as a data structure within a CMAF fragment in subclause 7.3.2.3, but a
may also be referenced a§ a CMAF addressable media object, e.g. for low latency live streaming

is no direct restricfion on the SAP type of the first media sample in a CMAF chunk, exc
fance of CMAF fragment media sample constraints specified by a CMAF media profile. Becausq
media profilestypically constrain the initial media sample type to be SAP 1 or 2, the first CMAF

in a CMIAF fragmentinherits that media sample constraint.

Adapt
Prepe
chunk

ve swit€hing in players is normally limited to the earliest CMAF chunk in a CMAF frag
nding &s&gmentTypeBox to each CMAF chunk with appropriate brands can indicate the start of a
that i$ also the start of a CMAF fragment.

order.

reding

t. The
fible

ling or
bended
bssable
fied by

CMAF

ept by
video
chunk

rment.
CMAF

A Seqr

SNt TypPeBo%, PTOOUCETREIeTenceTineBox, dlll/0l DASHEVENtMessageBox (€5) dy De prepernd

d 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

Format oo L CMAF -
NL 0 Reg. Specification constraints Description
CMAF Header 1 CMAF 7.3.2.1 CMAF 7.2 CMAF 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 (JMAF track file conforms to the following constraints:

a) ALCMAF track file shall include the boxes in Table 10, with the conditions and optionality listed.

b) Additional boxes, such as segmentIndexBox (es), may be present between the CMAF header and the first
CMAF fragment.

¢) IfkegmentIndexBoxes exist, each subsegment referenced in the segmentIndexHdxShall be a single]CMAF
fragment contained in the CMAF track file.

d) Apideo CMAF track may use an offset edit list as specified in subclausgs\7.5.13 and 10.2.6.

e) A|video CMAF track may use vl TrackRunBoxes using negative ‘composition offsets to adjust the
cdmposition time of the earliest presented video media sample in each CMAF fragment |to its
biseMediabDecodeTime and the earliest video media sample in-the CMAF track file to zero, without using
aif offset edit list.

7.3.4 | CMAF switching sets

7.3.4.1 General constraints on a CMAF switching:set

These|general CMAF switching set constraints, plus specific constraints defined by a CMAF media profile

that the CMAF switching set conforms to, ate’intended to enable seamless adaptive switching by typical

players.

Each JMAF switching set as defined in'3.2.2 conforms to the following constraints.

a) A[CMAF switching set shall contain one or more CMAF tracks, each of which is a synchronized enfoding
of{the same source contert.

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

c) All CMAF tracksdnaCMAF switching set shall have the same duration (computed from the media 4ample
dyrations, optignally stored in a MovieExtendsHeaderBox).

d) All CMAFtracks in a CMAF switching set shall contain the same number of CMAF fragments.

e) Fqr any'CMAF fragment in one CMAF track in a CMAF switching set, there shall be a CMAF frajgment
with-the same decode time in all other CMAF tracks. a|g

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

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

h) Alternative CMAF fragments in a CMAF switching set with the same baseMediabecodeTime shall contain

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 1i1,|CMAF
mgdia profiles may specify additional constraints, as noted in the table.

k) Additional CMAF header boxes specified in Table 3 and Table 4 that are not listed in TableZtl.may cpntain
different boxes and information.

Table 11 — General constraints on CMAF header boxes in CMAF switching sets
Bpx General CMAF header constraints in a CMAF switching set
fYyp Shall be identical except for media profile brands [see i) in stbclause 7.3.4.1
myhd Shall be identical except for creation time andmoéification time
tHhd Shall be identical except for width, height, creation time,Aandmodification time.See NOTE 1.
tdex Identical
ellst Shall be identical except for video CMAF track-files with a different composition offset
mdhd Shall be identical except for creation time and modification time
mghd Idertical
mdta May containdifferent boxes and data
udta May contain different boxes and data
chrt Identical
kilnd Identical
ellng Identical
hdlr Identical
vnthd Identical
snthd Identical
stfhd Identical
ddef Identical
<dsa Sample.entries shall have the same codingname (four-character code) and conform to other CMAF|track
format and media profile specified constraints. See NOTE 2.
sdpd May differ
pdsh Identical
sinf Identical
sdh¥ 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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are two functional types of CMAF switching set initialization constraints:

1) 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.

2) 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

C

The t

7.3.4.

Encod
of the

u§

ty)
as

— a

thle combination of any CMAF header in the. GMAF switching set and CMAF fragment will cont3

neg

NOTE

encodi
contrilj
headern

7.3.4.]
The id
initial
7.3.4.4
Aligne

which
CMAF

o types of CMAF switching set constraints and processing are illustrated in Figure 10.

CMAF switching set single initialization constraints

ng of CMAF tracks in a CMAF switching set can be further constrained to allowohe-time initiali
MAF switching set using a single CMAF header (see Figure 10). Each CMAF media profile or the
ormat it references can specify single initialization CMAF switching set constfaints.

pral, single initialization constraints can be specified by:

“common CMAF header” in all CMAF tracks containing all decoding, decryption, and ren
rameters required by any CMAF fragment in the CMAF switching set;

(band parameter sets” stored and referenced in each CMAF)fragment, where CMAF headers af
ed to initialize decoding and display with the appropriate codec, profile, level, resolution, etc.
pically the case for audio and can be specified for inband video parameter media sample format
'avc3' sample entry;

fombination of both CMAF header and CMAF fragment stored parameters, but with the constrai

cessary decoding parameters.

hgs can be sequenced in a CMAF preséntation, such as programs and ads in a live “channel”, or when a liv
ution feed is received containing inband parameters that change and are not known in advance when 3
is packaged and delivered to a player.

8 CMAF switching set single initialization constraints identifier

entifier "urn:mpegiemat:siss" may be used to signal CMAF switching set conformance to
zation constraints.

I Aligned;CMAF switching set constraints

d CMAF-switching sets are defined in 3.2.3 to be a “set of CMAF switching sets, the CMAF tr3
allcontain alternative encodings of the same source content in time-aligned CMAF fragments,

zation
CMAF

dering

e only
[his is
s such

nt that
in the

Enabling changes in inband parameters over time is useful for live streaming, where content from different

e video
CMAF

single

cks of
but all

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

Aligne

d CMAF switching sets conform to the following constraints:

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) Al

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

NOTE Some CMAF players can seamlessly switch between CMAF tracks in different CMAF switching sets that are
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) Itshall conform to a CMAF Header.

b) Tllne CMAF Header and the first sample entry shall contain parameters that are sufficient to ‘erjable a
sihgle initialization of media decoding, decryption and rendering systems to decode, decryptand render
al] CMAF fragments in all CMAF Tracks of this CMAF Switching Set.

c) Iftthe CMAF Principal header requires sample entries with a decoder configuration record, as specified
byf a CMAF media profile, with decoding and rendering parameter limits, such a§’¢odec profile} level,
image height, width, etc., then the first sample entry shall contain parameters equal or greater thlan the
mpximum values contained in all CMAF fragments in all CMAF track of the Switching Set to engble an
inftialization of media decoding and rendering systems to render all CMAEfragments in all CMAF [tracks
of{the CMAF Switching.

d) Amedia profile may define additional requirements for a CMAF Principal Header.

7.3.5 | CMAF selection sets
CMAF[selection sets as defined in 3.2.4 conform to the following constraints.
a) A[CMAF selection set shall contain one or more CMAF switching sets.

b) All CMAF switching sets within a CMAF selection set shall be of the same media type, e.g. audio,|video,
o1| subtitles.

c) All switching sets within a CMAF selectien set shall be of the same duration, within a tolerance|of the
lohgest CMAF fragment duration of any CMAF track in the selection set.

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

e) A|CMAF selection set_may contain multiple aligned CMAF switching sets, which encode theg same
cdntent in different GMAF switching sets that have time-aligned CMAF fragments, but with different
kdys, codecs, etc.

f) Ome CMAF trackshould be presented from each selection set in a presentation, e.g. one audio, one{video,
arfd one subtitle selection set.

7.3.6 | CMAF presentations

A CMAEpresentationas definedin 32 5 conformstothe Fn]]nuring constraints

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

b) 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.

c) 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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d) 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.

e) Media samples in audio and subtitle CMAF tracks with earlier presentation times than CMAF
presentation time zero should not be presented.

f) 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.

g)
h) C

NOTE
to ac

AF tracks in a CMAF presentation shall equal the CMAF presentation duration, within a golerd
e longest video CMAF fragment duration.

The CMAF hypothetical application model synchronizes media samples by presentation times 1
bmmon timeline origin. CMAF track presentation time is determined by each CMAE fragment’s

nce of

elative
stored

baseMg¢diaDecodeTime and any composition or edit list offsets present. Synchronization duringlate binding dpes not
rely on| externally stored presentation time offsets. This means that audio, video and subtitle’ media samples that are

intend
where

sampld presentation time plus the media sample duration.

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

7.4.1

The TyackEncryptionBox ('tenc') specified in ISO/IEC 23001-7 indicates that media samples in the
be encrypted using a specific scheme of Common Encryption, identified by a four-character codg, such

might
as 'ce
track.

7.4.2
When

— it

— thle sampleEncryptionBox shiould be used to store sample auxiliary information.

See Clause 8 for more information.

7.4.3

The
(1SO/1

information.aind DRM licenses. This box was primarily designed to store license information in dov
files. Hithér version 1 or version zero may be used, as constrained in Clause 8.

CMAF
duplic

the presentation time range starts at the media sample presentation time (subclairse 6.2) and ends at the

Track Encryption Box (' tenc')

hc' or 'cbes'. The TrackEncryptionBox containsparameters and default values that apply to an
See Clause 8 for additional information.

Sample Encryption Box ('senc')
Common Encryption sample auxiliary information is used:

chall be present in each CMAF fragment;

Protection System Specific Header Box ('pssh')

brotectionSystemSpecificHeaderBox 1S specified in the Common Encryption specifi

ed to be played simultaneously in a CMAF presentation need to have overlapping presentation time fanges,

media

track

entire

cation

EC 23001-7) for the storage of content protection system information such as license acqujisition

nload

Streaming applications snould signal 1ICENSE acquisition information in the manitest and snou
ate the information in this box in CMAF headers.

Id not

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

See Clause 8 for more information.

© ISO/IEC 2024 - All rights reserved

39


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

ISO/IEC 23000-19:2024 (en)

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 pAsHEventMessageBox,
specifled in ISO/IEC 23009-1.

Version 1 of this box adds the field presentation time, which makes event message timing-indep¢ndent
of box location in the CMAF track. Version 1 should be used for event messages in CMAFfragmenfts and
addregsable media objects.

preseftation time provides the presentation time of the event measured on the CMAK track’s presertation
timeline, in the timescale declared in its MovieHeaderBox.

message data is the body of the event message. The syntax and semantics of this field are defined py the
ownet| of the scheme identified in the scheme id uri field. Message schemieés'may be defined for specific
applicptions and users, or standardized for global use, such as SCTE:=35 advertisement and prpgram
segmentation markers.

NOTE] DASHEventMessageBoxes can be included in CMAF fragments to indicate ad insertion points, etc| in the
media ptream, then other DASHEventMessageBoxes added to CMAF ségments or CMAF chunks at time of delivgry, e.g.
to trigger manifest updates.

A pAsHEventMessageBox in @ CMAF track shall contain the value in its timescale field equal to the value of
the timescale field in the MediaHeaderBox of the CMAF trdack that contains it.

If versiion 0 is used, then DASH defines the timing¢fan Event Message related to the earliest media Jample
presentation time of a DASH segment using the-field presentation time delta, which “provides the media
presentation time delta of the media presentation time of the event and the earliest presentation timelin this
segment.” For CMAF fragments, the presédtation time delta shall equal the media presentation time of
the event minus the earliest presentationtime of the following CMAF fragment.

NOTE?2  The earliest decode time inva CMAF track file is zero (defragmented or not), and if an edit list is pres¢nt, the
earliesf presentation time is the earliest media sample composition time adjusted by the edit list offset.

See Annex E for more information on the use of event messages.
7.5 (Constraints on’lSO Base Media File Format boxes

7.5.1 | Movie Header Box ('mvhd')

In the|MoviefeaderBox, the value of the duration field should be set to zero to indicate that the MoyieBox
contairs no media samples and therefore has no duration.

NOTE The duration I1eld 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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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:

— th

DASH specification ISQ/IEC 23009-1, as identified hy the schemelIRT "nrn-mpeg:-dash:role:

2011"

(W

— the W3C HTMLS5 specification of track 'kind’, as identified by the schemeURI "about :html<kind".

Wherg

7.5.4
CMAF

rithout the quotation marks);

— T
t

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

Track Header Box (' tkhd')

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

e field duration shall be set to a value of zero ('0'), indicating no media'samples are reference
TrackBox (' trak').

1l from

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

(04

— The following fields shall be set to default values as defined in ISO/IEC 14496-12, unless sp
herwise in this document.

ot

ientation (i.e., portrait or landscape orientation relative tothe captured scene). See subclause 9

2.3.

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

beified

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

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

As defined in ISO/IEC 14496-12;the width and height fields for a CMAF video track shall gpecify

the track’s normalized presentation size as fixed-point 16.16 values expressed in square pixel
decoder cropping, and in the case of video encoded with a non-square video spatial sample

s after
shape,

after horizontal scaling-has been applied. See subclause 9.2.3 for normalized width and feight

calculation.

Subtitle tracks may-set width and height to an intended layout size, in which case the text

layout

engine or graphics engine can scale the width and height to match the video display aperture (jplayer

implementatiofl dependent).

As definedin ISO/IEC 14496-30, subtitle tracks encoded as text may use relative position coordinates

and font’sizes so that the text layout engine can adjust glyph and layout size to match the fina
display aperture without relying on image scaling. For such tracks, the value of zero wid

height should be used to indicate that the data can be rendered at any size, and the layout siz
Ko datarminmad by oot ol g thn cion Af b n v das dicnlayy o friven

video
th and
e may

7.5.5

DOt T T TIC OOy TITa et g Crrc - STZC-OT ot e e o Uropray aptrourcs

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

Media Header Box ('mdhd')

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

subcla

use 9.2.2.

7.5.7

Sound Media Header Box (' smhd')

The sd
The fig

7.5.8

The
ISO/IH

NOTE

7.5.9

DataRqg
constr

— Tlhe patarReferenceBox shall contain a single entry with the entry f1ags field set to 0x000001

m

7.5.10
The s4

the following additional constraints.

— §4

thle existing sample entry with the appropriate four-character-code listed in ISO/IEC 14496-1

in
— Cq
— Cq
— Cq

NOTE

7.5.11

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

bld balance shall equal O (centre).
Subtitle Media Header Box ('sthd')
C 14496-30.
Subtitle media uses the 'subt' handler type inthe HandlerBox in theM&giaHeaderBox.

Data Reference Box ('dref')

ferenceBoxes in a CMAF track shall conform to ISO/IEC¢14496-12 with the following add
aints.

pans that the media data is in the same file as the MovieBox containing this data reference).
Sample Description Box ('stsd')

mpleDescriptionBox in @ CMAF track shatlhconform to version 0 as defined in ISO/IEC 14496-1

mple entries for encrypted tracks.(those containingany encrypted mediasample data) shall encap

clude a ProtectionSchemeTnfoBox ('sinf') that conforms to ISO/IEC 14496-12 and subclause 7.

ubtitleMediaHeaderBox shall conform to ISO/IEC 14496-12 with constraints specified in

itional

which

P with

sulate
2 and
b.11.

nstraints on visual sample’entries are specified in subclause 9.2.4.

nstraints on audiossample entries are specified in subclause 10.2.5.

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

A CMAFE sampleDescriptionBox can contain multiple sample entries.

Protection Scheme Information Box ('sinf')

CMAF

shall 1se commaon encryption (IQOI/IFF 7?001-7) for CMAF tracks containing one or more enc

'ypted

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 Track 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.

© ISO/IEC 2024 - All rights reserved

42


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

ISO/IEC 23000-19:2024 (en)

The following boxes therefore shall have an entry count of zero:

— TimeToSampleBox (' stts' );

— SampleToChunkBox (' stsc ');

— ChunkOffsetBox (' stco ');

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

— SsyncSampleBox ('stss'), if present.

NQTET The presence of an empty SyncsampleBox I a CMAF header indicates that not all media sa
the CMAF track are sync samples.

N
e

7.5.1
If the
— T
— T

— T
£1]

— The value of the segment_duration field shall be set to 0;

Such conditions define an offset edit or offset edit list.

NOTE

ISO/IEL 14496-12, movie fragments implicitly extend’any edit represented by an edit list in the MovieBo

means
sample

Accordling to ISO BMFF, samples with a.sum of movie presentation time and duration less than zero 3

meant]
Using
equivd
preser

— ay

— vi

7.5.14

ATrad

TE2  Media sample size, duration, and dependency information can be found in the TrackRunBox
h CMAF fragment or CMAF chunk.

Edit List Box ('elst')
dit List Box (*e1st ') is present, the following conditions apply:
e £EditBox shall contain a single EditListBox.
e value of entry count field in the £dit1nistBox shall be setto 1.

e value of the media rate integer field shall be set to 1 and'‘the value of the media rate fr
eld shall be set to 0.

Since there is no media in the MovieBox,the duration in the edit is zero. However, as nd

to be presented.

offset edits to set the presentation time of the earliest presented sample of each CMAF tracK
lent CMAF track presentation time enables synchronization of all CMAF tracks to a common
tation timeline. Addjtional constraints specific to certain media types are in the following subcl

dio edit lists in subclause 10.2.6;

Heo edit listsinSubclause 9.2.7.

Track-Extends Box (' trex')

ples in

es) in

ction

ted in
k<. This
that any offset edit list in the CMAF header is‘applied to the composition times of all samples to determine each

's presentation time.

re not

to an
CMAF
auses:

kExtendsBox shall be presentina CMAF track sinceitisafragmented file as defined in ISO/IEC 144196-12.

7.5.15 Movie Fragment Header Box ('mfhd')

A Movi

NOTE

eFragmentHeaderBox in @ CMAF track shall conform to ISO/IEC 14496-12.

The sequence number integer value is not required to be unique within a CMAF track nor to increase with
decode time.
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Track Fragment Header Box (' tfhd')

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

constr

aints.

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

— Thepase-data-offset-present flag (in the t£ flags field) shall be set to zero.

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

— Every TrackFragmentBox shall contain a TrackFragmentBaseMediaDecodeTimeBox, aSs defined in

NOTE

7.5.17
A Trac

— The version field shall be set to either '0' or '1’,

— W

sample in a CMAF fragment shall be such that its composition time-is-€qual to the first media §

deq

— Thedata-offset-present flag(inthetf flagsfield)shallbesettotrueinordertoindicatethatthe

of]

thle start of the first media sample in the following MediapataBox.

N

— Within a CMAF track, any TrackrRunBox that describes any non-sync media samples shall identify s

de
£1

7.5.18

As red
Sampld
descri

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

The baseMediaDecodeTime of the first available CMAF fragment in a CMAF track can be non-zero.

Track Run Box (' trun')

kRunBox in a CMAF track shall conform to ISO/IEC 14496-12 with the followingadditional const

hen the version field is set to '1', the sample composition time offset of the first presented

code time (baseMediaDecodeTime).

fset field is present and contains the byte offset from the-start of this fragment’s MovieFragment

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

pendency with the CMAF chunk and CMAFfragment using a combination of the sample fla
rst _sample flags fields and default values in the TrackFragmentHeaderBox:

sample is non_sync_ sample shall\be O for SAP type 1 or 2, and 1 otherwise;
an empty syncsSampleBox shallbe present in the track.

NOTE ISO/IEC 14496-12 specifies that absence of the SyncSampleBox indicates that all media samp
sync samples in the track which allows a reader to know that all subsequent CMAF fragments will also
of sync samples. If a_SyrcSampleBox is present, then dependency flags in each CMAF fragment i
which media samples dre sync samples, since the header contains no media samples and the SyncSamj
therefore lists nonnedia samples.

Sample Group Description Box ('sgpd')

juired by~ ISO/IEC 14496-12, when sample group descriptions can change within a CMAF ti
GroupBescriptionBox shall be stored in each CMAF fragment that references that sample
ptionh. If sample group information is the same for all CMAF fragments in a CMAF switching set,

raints.

media
ample

data
Box to

ample
s and

les are
consist
hdicate
leBox

ack, a

group
it may

be sto

2 may

EXAMPLE

be used (version 0 is deprecated by ISO BMFF).

Feddin a SampleGrouplescriptionBo inthe CMAF header SampleTableBo (' £l ') Either version 1 or

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.

Pre-roll sample groups can be used for some audio as described in subclause 10.3.3.1.

© ISO/IEC 2024 - All rights reserved

44


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

ISO/IEC 23000-19:2024 (en)

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 TT1-3-4; shall contain a SubSampleInformationBox IN tNE TrackFragmentBox that Indexes any jJmages
contaipned in the subtitle media sample. The field entry count shall equal 1.

When fone or more images are present in the subtitle media sample, the value of subsample ceunt¥shall equal
1 for the first image sub-sample, and the subsample count of the TTML document shall equal®.

When[no images are present in the subtitle media sample, the value of subsample count.shall equal 0.

Version 0 of this box should be used, unless subsample size exceeds a 16-bit byte address size (65 kibibytes),
in whigh case version 1 should be used.

The fi¢lds subsample priority,discardable, and codec_specific parametieks are undefined.

7.6 The Structural CMAF Brand 'cmfc’

A CMAF track conforming to the CMAF structural brand 'cmfc '-$hall conform to the CMAF track cons{raints
defined in subclauses 7.1, 7.2, 7.3, 7.4, and 7.5..

7.7 The structural CMAF Brand 'cmf2’

7.7.1 | General

A CMAF track conforming to the CMAF structural brand 'cmf2' shall conform to constraints of the|CMAF
structpral brand 'cmfc' and all remainingdonstraints in subclause 7.7.

7.7.2 | EditList Box ('elst')

For Vireo CMAF Tracks, the £diBpx and in particular the EditListBox shall not be present.

For vigleo CMAF Track filesas well as any other media types, the edit1istBox may be present following the
constraints in subclause %5.13.

7.7.3 | Track Run’Bex ('trun')

A Tra¢krRunBosiin'a CMAF track shall conform to the constraints in subclause 7.5.17 with the following
additipnal constraints:

— Fqr&ideo CMAF Tracks not contained in Track Files, Version 1 shall be used.

— default sample flags, sampleiflagsandfirstisampleiflagsShallbesetintheTrackFragmentHeaderBox
and/or TrackRunBox to provide sample dependency information within each CMAF chunk and CMAF
fragment.

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

NOTE 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

manif‘"" aran anlisabi oy 10 A A b Socict sl avnec 3 A ctin g A 1l cn b Aoyt o CANIAD o0l
oL, Ul dIll ul.ll.}llbuLlUll II1T ' UIUulTl tU doo1ou lJlDl] CloIlirnx L/Llu\/;)t.llls A TICCITIOU LU UL U1l ] l.lL A GIVITAT CI ACUIN,.

A singfle key and license may be sufficient to access all tracks in a presentation, or high value ¢ontent may
use different keys for audio and video tracks, since the audio path may be less secure. A content prpvider
may also use different keys and possibly licenses for different qualities, such as SD, HD and UHD.

When| streaming, it is recommended that any license acquisition information usé€dto acquire |CMAF
decryption key(s) be signalled in a manifest or application, and not in the CMAF header.’This enables a| CMAF
playerjapplication to parse license acquisition information one time, rather than eachtime the CMAF header
is progessed for adaptive switching purposes.

Manifg¢st signalling makes it easier to:
— add or change license information without editing media files;

— offer different types of licenses for the same CMAF presentatiox, e.g. subscription, rental, ownersHip, SD,
HD, UHD, etc.;

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

— request a license before the live media becomes av@ilable to authorize or purchase playback rights and
ddwnload a license in advance.

8.2 Track encryption

8.2.1 | General requirements

Encrypted media sample data in atCMAF track shall use an encryption scheme defined in ISO/IEC 23001-7.
CMAF|presentation profiles cansconstrain the allowable schemes in that CMAF presentation profile. Spe A.1.

Encrypted NAL structured-video tracks shall use a media subsample encryption scheme specified in
ISO/IHC 23001-7, which defines partial encryption of NAL units in a video media sample to allow acgess to
unenclypted video NAL freaders and slice headers in an encrypted NAL structured video elementary sfream.

Encrypted non-video-tracks shall use the schemes specified in ISO/IEC 23001-7, which define a full jmedia
sample encrypgion method for each scheme.

Conditionalrequirements are defined in ISO/IEC 23001-7 and subclause 8.2.2.1 in this documgent to
includp a SampleAuxiliaryInformationOffsetsBox and a SampleAuxiliaryInformationSizesBox [N the
TracklradmentBox. AS Qppr‘ifipd in IQOI/IPF 14496-12 both hoxeshave a default aux info type 0f 'cdnc'.

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

The following additional constraints apply to all encrypted CMAF tracks.

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

Sampl
should

be stored in a sampleEncryptionBox ('senc') as described in subclause 7.4.2. Sample_au

e auxiliary information, such as per media sample initialization vectors and suhsample hyte ranges,

kiliary

information may be stored in any valid box within a CMAF chunk’s or CMAF fragment’s MovieFRragmndntBox,

such a

For er]

contain a sampleAuxiliaryInformationOffsetsBox With an aux info type value or default of 'ce

define

The s3

a) '215 entry count field of the SampleAuxiliaryInformationOffsetsBox shall equal]“'Fherefore,(

t
of]

b) C]
in
fix

sdmple auxiliary information.

The ss

sampl
1) If
N
mn
2) If

3) If

thiere would be io)sample auxiliary information, and the sampleEncryptionBox, SampleAuxiliary

ag

N
v
S
nd

5a 'uuid' box.
crypted CMAF fragments that contain sample auxiliary information, each TrackpragmentBo

d in ISO/IEC 23001-7 to provide access to sample auxiliary information data.

mpleAuxiliaryInformationOffsetsBox shall conform to the following constraints.

SampleEncryptionBox Or other sample auxiliary information stofage box shall be contiguous
the media samples in the movie fragment.

IAF movie fragments use movie fragment relative addressing where no base data offset is pr
the track fragment header. Therefore, the offset field/is\calculated as the difference betwe
st byte of the containing MovieFragmentBox and the first byte of the first Tnitializationvectoq

mpleAuxiliaryInformationSizesBox may specifyrthe size of the sample auxiliary data for each
e with a type of 'cenc?, as defined in ISO/IEC.23001-7, with the following constraints.

subsample encryption is not used, the sampleauxiliaryInformationSizesBox may be omitted.

TE1 For full media sample encryption with an IV per media sample, the size of the sample ay
formation equals default Per Sample” IV Sizeinthe TrackEncryptionBox (see ISO/IEC 23001-7).

subsample encryption is used and all the media samples have the same number of subsample

stead of storing a sizg per media sample.

Per Sample IV @ize is also zero (because the scheme uses constant IVs and no subsamples

ionSizesBexfand SsampleAuxiliaryInformationOffsetsBox Sshould be omitted.

TE 2 Sample auxiliary information is located by movie fragment byte offsets stored in the SampleAu;
nforfationOffsetsBox, and in some cases, by size information stored in the sampleauxiliaryInfory
zesBox. Sample auxiliary information, such as per-sample initialization vectors and subsample byte ra

k shall
hc' as

lata in

for all

bvided
en the
in the

media

xiliary

5, then

tEE size of the sample auxiliaty information will be the same for all of the media samples. In that case,
the default sample infd size of the sampleauxiliaryInformationSizesBox ('saiz') may bg
in

used

, then

Inform

kiliar
hation
nges, is

tintended to be read directly from the SampleFncryptrionkox or other storage hox. The Sampleanxi i

ryInf

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 are encrypted.
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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
before
eventt

A player can download all licenses that will be needed for playback as soon as it parses a manjfg
downloading any CMAF headers. It is particularly useful to acquire licenses in advance of a large live str
hat would resultin a large number of synchronized license requests when triggered by the simultaneous

of the flirst CMAF headers or CMAF fragments. Purchases, etc. can be completed prior to media availability.

The following constraints apply to ProtectionSystemSpecificHeaderBox.

— PhotectionSystemSpecificHeaderBoxes Should notbe presentin CMAF headers)exceptas allowed

— A

arjd may be ignored if present.

common ProtectionSystemSpecificHeaderBox and additional ProtectionSystemSpecificHea

ed in CMAF header may be used with presentation-specific playbacklapplications that can read t}

fr

bm the common 'pssh' and implement application-specific license management. A common pro

ndystemSpecificHeaderBox is defined by W3C Encrypted Media Extension specification as a versi

PrlotectionSystemSpecificHeaderBox with a SystemlID value-sét to "org.w3.clearkey"” as defined i
R¢commendation Encrypted Media Extension, and the track’s’default_KID listed in the version on

edtionsystemspecificHeaderBox KID array, but it containis no data in the data[] array.

bst and
baming
arrival

below,

erBox
he KID
tectio
PN one
h W3C
€ Prot

— Vdrsion one protectionSystemSpecificHeaderBoxesdnay be present in CMAF fragments for delivering
prjotection system information, such as encrypted-keys in licenses, for use by the DRM system

— M
di

SyistemID matching the ProtectionSystemSpecificHeaderBox SystemlID.

hltiple ProtectionSystemSpecificHeadexBoxes with different SystemIDs may be present to
fferent protection systems on different'devices.

Fqr example, version one ProtectigrnsSystemSpecificHeaderBoxes in CMAF fragments can be u

ddliver the same encrypted licenses to all players by a streaming or broadcast service, but only

w

de

ho have purchased and dewnloaded an entitlement license bound to their particular play

lidenses. Since one license-decrypts the other, they are said to be “chained”, and chained licer]
cdmbination with key-changes can periodically verify that each player has a valid entitlement licg

de

8.2.3

8.2.3.

Encryption constraints

|  General

with a

cnable

sed to
users
br can

crypt the licenses in the\CMAF fragments and decrypt media samples with the keys in the inband

ses in
nse to

crypt the inbangd-licénses and continue the presentation (this process is often called “key rotatjon”).

— Fqr“a given k1p, initialization vectors and counter values shall follow the guidelines outli
[SO/TEC 23001-7, including the requirement that the combination of values only be used on one cipher

bl

ned in

ock.

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

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

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

© ISO/IEC 2024 - All rights reserved

48


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

ISO/IEC 23000-19:2024 (en)

— 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.

— S

cahandare NAT +una haadare NAT cign haadare and All man vgidoan NAT e chall ha yynmancrounta
Tt T o Ty oy Pttt o T I S e o Ot oot o v 1o T o oS o TIIC T

using

sy
This c

— Vi
(ofe

— 'C
This c

— 'C
sl

These

8.2.3.7

In an
all me
specif

Each (
mix.

8.2.4

It is rq
proted
video

Premi
interf:
differg

Stand:
be sol
requir

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

bnstraint is recommended in CENC, but required in CMAF.

mplete 16-byte blocks in the VCL slice data.
enc' scheme bytesofProtectedData shall be a multiple of 16 bytes.

bnstraint is recommended in CENC, but required in CMAF.

ce header and end on the end of the last complete 16-byte block.ofslice data in the video NAL u

are constraints that are recommended in CENC, but requiredsin CMAF.

P Clear samples within an encrypted CMAF track

ed in ISO/IEC 23001-7.

CMAF presentation encryption

ted CMAF presentation~Audio decoding and decryption systems may have lower key securit
lecoding systems so should not use and expose a key also used for video.

im UHD/HDR content may require hardware security for keys, a secure video path, secure
ces, etc. only available on some devices and DRM systems. Lower resolution video conten
nt keys could’enable playback on devices that are less secure.

ird definition, high definition, and/or ultra-high definition content in one CMAF presentati

entents. Separate CMAF switching sets for SD, HD and UHD may be functionally combined and p

seaml

pssly switched using aligned CMAF switching sets, as specified in subclause 7.3.4.4.

9 Video CMAF tracks

9.1 Overview

CMAF

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

deo VCL data shall be protected by subsample encryption, with bytesofProtectedbata spanniing all

bes' scheme bytesOofProtectedbata shall start on the first completebyte of video data following the

nit.

encrypted track, the isprotected flag in the TragkEncryptionBox shall be set to 1, indicating that
dia samples are protected by default. Sample ‘groups may indicate unprotected media samplles, as

MAF fragment shall be constrained to media samples that are all protected or all unprotected, not a

commended that encryptionikeys not be shared between audio and video CMAF switching sefts in a

y than

butput
[t with

n can

l separately or accessed on different devices with different DRM licenses, keys, and DRM pldyback

ssibly

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

derive

d 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:

— 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

se

amless adaptive switching of video;

— NAL structured video constraints for CMAF switching sets;

— si
— C

— A

The C
define

Some
video
and le
transf]

Video
profilg
profilg
HD (h
profilg

Other
to CM
profilg
switch

gle initialization constraints for NAL structured video CMAF switching sets;
nstraints between aligned CMAF switching sets containing NAL structured video;

C video CMAF track constraints, used to derive the AVC video CMAF media profiles defi

MAF track format for NAL structured video is derived from ISO/IEC 144965 and requires
d in that specification.

CMAF video media profiles using the AVC codec are specified in Anne%XA. They define widel
formats, such as SD, HD, and UHD, by specifying codec parameters, stich'as the maximum codec
vel that can be encoded, and video parameters such as maximum-tesolution, frame rate, bit
br function, colour space, colour subsampling, etc.

CMAF tracks that carry a brand indicating parameter limits that also conform to a higher CMAF

(i-e., a lower codec profile and level) are considered tQ also conform to that higher CMAF
. For example, a CMAF track with an SD (standard definition) AVC brand also conforms to a
gh definition) AVC media profile. In general, a media profile is considered contained in another
if it can always be decoded and rendered by all/decoders conforming to the containing media g

CMAF media profiles for video codecs may be defined in other specifications, as long as they cd
AF track constraints specified in Clauses-7*and 8 and recommendations in Clause 12. Video
s may optionally specify CMAF track cehstraints for CMAF switching sets to enable seamless ad
ing and may optionally specify single-initialization CMAF switching set constraints.

For a

9.2

9.2.1

Video
generd

9.2.2

An a(ZEtional CMAF media profile for scalable HEVC (SHVC) is defined in Annex H.

itional information, see Clause 12 and Annex A.

eneral video CMAF track format

General video €MAF track structure and constraints

CMAF tracks-shall conform to at least one structural CMAF brand as specified in Clauses 7 and
1 CMAFwvideo track constraints specified in subclause 9.2.

Video Media Header (' vmhd')

ned in

boxes

y used
brofile
depth,

media
media
CMAF
media
rofile.

nform
media
aptive

8 and

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

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

version=0;
graphicsmode=0;

opcolor={0, 0, 0}.
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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 neight shall be the number of vertical videa spatial samples after

codec cropping parameters are applied.

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

The normalized presentation width shall be the number of horizontal video spatial sample
codec cropping parameters are applied, then multiplied by the video spatial sample aspect rat
video spatial sample aspect ratio is defined by the pixelaspectratioBosx)ifpresent in the
entry, or by a codec specific method.

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

NOTE 3 Thewidth and height field do notrestrict the enceding resolution to fixed values. Res
changes in one CMAF Track can occur, for example using multiple sample entries or using codec-i
functionalities such as adaptive resolution changes, if the codecr’'and media profile do not explicitly p
this. If an application would require fixed width and height of the encoded and decoded signal, adg
restrictions are expected to be documented.

The cleanapertureBox should not be present (sitiée the cropped aperture is defined to be “cle

— The value of the matrix field signals the video-orientation. Non-identity matrices shall be rotati

m

hitiples of 90 degrees.

When video is not rotated, matrix shall be {0x00010000, 0, 0, 0, 0x00010000, 0, 0, 0, 0x40000

When video should be rotated90.degrees clockwise for display, matrix should be {0, 0x00010
0xFFFF0000, 0, 0, height<<16, 0, 0x40000000}.

When video should be(rotated 180 degrees for display, matrix should be {0xFFFF000O,
0xFFFF0000, 0, width<x16, height<<16, 0x40000000}.

When video shgduld be rotated 90 degrees counter-clockwise for display, matrix should
0xFFFF0000, 0,,0x00010000, 0, 0, 0, width<<16, 0x40000000}.

NOTE 4 A player is expected to adapt the picture aspect ratio (track header width/height)
decodedand cropped video image to the size and shape of the current display. The player can frame th
aperture with letterbox bars, pillarbox bars, crop to fit, size to a window, etc. A player needs to sc3
possibly rotate, all CMAF fragments from a CMAF switching set to the selected video aperture to m
seamless playback without size, shape, or location errors.

spatial

5 after
0. The
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blution
hternal
rohibit
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D00, 0,
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be {0,
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hintain

9.2.4

Sample Description Box ('stsd')

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 fragm

ents 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
CMAF

Video CMAF fragment presentation time

video tracks shall either

a) contain version 1 TrackrRunBoxes 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

fi
b) cq
pq
Ve

Avide

9.2.6

— Wiithin a video CMAF track, any TrackrunBox that describes any non-sync'pictures shall identify y

de

thle corresponding TrackFragmentHeaderBox:

9.2.7

When
video
sampl

The e4
edit li
is not
preset|

9.2.8

a) The first media@sample shall be Stream Access Point (SAP) type 1 or 2, as defined in ISO/IEC 144

an
fo

N
or|

tdofthe TrackFragmentBaseMediaDecodeT1meBox, OI

sitive composition offsets, if and only if the CMAF track is contained in a CMAF track-file’cont
rsion 0 TrackRunBoxes.

p track shall not use both signed composition offsets and an EditListBox.

Video media sample dependencies

pendencies using a combination of the sample flagsand first sampie flags fields, or default f|

sample is non_sync sample shall be O for SAP type 1 or 25.and 1 otherwise;
sample depends on should be 1 or 2 (the value 2 identifies I pictures);

sample is depended on should be 2 for disposablépictures.

Video edit lists

unsigned composition offsets are used in version zero TrackRunBoxes in a CMAF track file, the e
media sample will normally have a composition time that is greater than zero (whenever video
bs are reordered).

rliest video media sample in a CMAF track file is defined to have presentation time zero, so an
bt, as specified in subclause %5:13, shall be used when the earliest media sample’s compositio
zero. In this case, the valueof the media time field shall be set to the composition time of the e
ted video media samplé inthe CMAF track file.

General video.CMAF fragment random access constraints

d a video CMAF media profile that specifies these SAP types for a specific video codec and
Fmat.
TE SAP type 1 or 2 means that video media samples in a coded video sequence can be decoded in

ntain an offset edit list in the associated CMAF header to subtract the composition delay, d@ddled by

@ining

icture
lags in

arliest
media

offset
h time
arliest

196-12
track

stored

derfrom the start of the CMAF fragment and presented with the correct presentation timing and orderi

hg.

b) Each video CMAF fragment shall contain sufficient metadata to be decrypted and correctly displayed,
possibly in combination with its CMAF header and separately delivered decryption keys.

9.2.9

Additional random access pictures within CMAF video fragments

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

For longer coded video sequences and resulting CMAF fragment durations, additional type 3 SAPs (“open
GOP” independently decodable pictures) enable independent picture decoding for fast forward, fast reverse,
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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

a) 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.

b) 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.

c) Degcoder cropping parameters shall be encoded in the video stream to remove video spatial samples ina
pdrtially filled coding block that are not intended for presentation.

d) E3ch video CMAF fragment in a CMAF track or CMAF switching set may be encoded «with different

vgrtical and horizontal video spatial sample counts (and different corresponding sample entries or
inpand parameters), so devices are expected to scale each CMAF fragment to the same display apgerture
arjd maintain the correct picture aspect ratio, size, and position of each CMAF fragment during playback
of| CMAF switching sets.

NOTE Each player and display system is expected to frame the decoded and crepped video spatial samples to a
player determined video display aperture using methods such as scaling, stretching, cropping, padding with letterbox
or pillgqrbox bars, framing in a window, etc.

9.2.11 General video CMAF switching set constraints

9.2.11.1 Video CMAF switching set constraints

a) CMAF tracks in a CMAF switching set shall be enceded with the same display aspect ratio, aljhough
sample aspect ratio and size may differ. All video-CMAF fragments within a CMAF switching get are
intended to be displayed with the same height;;width, and position.

b) Video tracks in a CMAF switching set shall conform to the general CMAF switching set constrajnts in
sybclause 7.3.4 that require each CMAF switching set to be encoded from the same source content and
w]th the same visual characteristics.Such as transfer function, colour volume, colour primaries, |colour
sybsampling, dynamic range, brightness, bit depth, and presentation timing, which would typically be
thie result of encoding from a single video master.

ideo tracks in a CMAF switching set shall conform to initialization constraints specified by the| CMAF
dia profile they conferm to, so a player and decoder can determine when CMAF headers need to be

itching between-CMAF tracks at the start of CMAF fragments in a video CMAF switching set $hould
ult in continuous presentation and appearance when the CMAF fragments are scaled to theg same

Alignes witehingsetseanenableplaye A betw witching
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, applying the different keys and licenses as needed.

9.2.11.3 Multiple initialization switching of video tracks

A CMAF header from each track in the switching set need only be downloaded once (it is assumed they do
not chpnge unless a new CMAF presentation is started, e.g. a DASH period).

CMAF|switching sets conforming to general constraints or single initialization constraints)can be adaptively
switched using multiple initialization, meaning that the CMAF header of a CMAF track'is processed pefore
decod|ng the first CMAF fragment from that track on every track switch. Therdyhamic reinitialijzation
behavjour of parsers, decoders, and display systems is rarely specified and may(noet be seamless.

It is spmetimes possible for players that have full control over both switehing and decoding to evlaluate
changes in CMAF header parameters when switching and leave most parameters unchanged to mipimize
presentation disruption. In playback environments, such as web browsers using an HTML5 media $ource
extengion (MSE) buffer, appending a new CMAF header can cause playback interruption when the jmedia
pipeline is fully reinitialized when each CMAF header is appended:

9.2.11.4 Single initialization switching of video tracks

CMAF|switching sets containing video CMAF tracks that‘onform to single initialization constraints fan be
decodgd and displayed by sequencing CMAF fragments from the same CMAF switching set after initializing
once With a CMAF header.

Paramjeters that are allowed to change withina CMAF track or between CMAF tracks in a CMAF switching
set cap be contained in each CMAF fragment so that full reinitialization with a CMAF header is avoi¢gled on
track pwitches. Parameters allowed tosghange are typically vertical and horizontal video spatial Jample
count |and cropping, so changes in decoder configuration, display buffer sizes, etc. that might interrupt
presentation can be avoided.

In a single initialization switching set with hierarchically nested CMAF media profiles, a CMAF hegder is
sufficient to decode any CMAF tracks with equal or lower CMAF media profiles and resolutions thpn the
initialjzed CMAF media pfefile and CMAF track.

Singlejinitialization ¢owstraints for NAL structured video are specified in subclause 9.3.7.
9.3 NAL structured video CMAF tracks

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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For NAL structured 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  The height field of the visual sample entry is also the number of encoded vertical video spatial samples
after cropping.

— Thenormalized presentation width shall be the number ofhorizontal video spatial samples after sequence
pdrameter set NAL VUI cropping parameters are applied, then multiplied by the video spatial dample
agpect ratio. The sample aspect ratio is specified by aspect ratio idc (and if applicable by the sar
wildth/sar height ratio) in SPS VUI parameters and the pixelaAspectRatioBox if present in the §ample
erftry.

NOTE 2  The width field of the visual sample entry is the number of encoded horizontalwideo spatial spmples
affer cropping.

— Tle cleanapertureBox should not be present, since the cropped aperture is-defined to be active|image
(“¢lean”) in a video CMAF track.

9.3.2.2 Sample Description Box ('stsd')

The sgmpleDescriptionBox in a video track shall contain one or more’ visual sample entries confornjing to
ISO/IHC 14496-12 and ISO/IEC 14496-15.

The first visualSampleEntry in the sampleDescriptionBox:

— shall include width and heignht field values that eqmal or exceed the largest cropped horizontpl and
vertical video spatial sample counts in any sequence parameter set referenced by a video slice|in the
NAL structured video track;

— sHould contain no more than one NAL parameter set of each type, e.g. for AVC video, one SPS NAL with
VUI and one PPS NAL in the AVCDecoderCoiifigurationRecord,

— and contain a decoder configuratipmnrécord that:

—{ should signal the lowest_codec profile, level, height and width values that are equal to or greater
than the values requiredyfor all the CMAF fragments in the CMAF track. See general constrajfints in
subclause 9.2.4;

—{ should set LengthsizeMinusone field to the value "3 (to indicate 4 bytes) to address large VCIL, NALs
and simplify c¢onversion of elementary streams between MPEG-2 TS bytestreams with starfcodes
and [SO/IEC\14496-15 with NAL length headers;

NOTE 1 The size of the NAL header length field defined in video tracks conforming to ISO/IEC 14496-
15 iscstored in the field LengthSizeMinusOne in the corresponding decoder configuration record, .g. for
AVCExideo in the AvCDecoderConfigurationRecord.

—_shall contain one or more colorInformationBoxes With sub-type 'ncix' anda pixelaspectRatioBox
'pasp', as documented in ISO/IEC 14496-12, if the first sample entry contains no SPS NAL with VUI
in the decoder configuration record.

NOTE 2 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;

— may be constrained by dependency on other CMAF tracks and CMAF headers in a CMAF switching set.
See subclause 9.3.6.

NOTE 3

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 Jnedia sample shall contain one NAL structured video access unit for one presentation~tin

durati

NOTE
ignore

pn, as defined in ISO/IEC 14496-15 and ISO/IEC 14496-12.

As specified in ISO/IEC 14496-15, timing information provided within a video elementary str
1. Instead, media sample timing in the TrackRunBox determines picture presentation time-and duration

Accesg units shall conform to a sample description specified in ISO/IEC 14496-15 andsignalled in the s

entry

bodingname field.

Each dccess unit may start with an access unit delimiter NAL.

Each gccess unit shall be stored as a media sample in a MediabataBag~in a CMAF chunk and/or

fragm

ent.

Accesg units conforming to sample descriptions with inband parameters, such as 'avc3' and 'hevi

retain
decod

filler data (NAL units or SEI messages) and SEI messages\that might change hypothetical ref
br bitstream conformance if removed.

The filler data and SEI messages may be retained if HRD conformance is desired.

9.3.4

NAL structured video coding sequences corresponding to CMAF fragments

Each (MAF fragment shall contain one or more complete coded video sequences, as specified by thg

codec,
as spe

NAL s

Consequently, the first media sample inrall NAL structured video CMAF fragments is SAP type
cified in [SO/IEC 14496-12.

fructured video sample descriptions that allow inband parameter sets (e.g. 'ave3' and 'hevl®

contaip all SPS and PPS NAL unitsweferenced by a coded video sequence in the first access unit of that|

video
units,

sequence, immediately following the access unit delimiter NAL unit, if present; followed by SH
f present; followed by the VCL NAL unit(s) of the first access unit.

If sample entries also exiSt'in the CMAF tracks’ CMAF header using the same sample entry and parg

set ing
decod

9.3.5

9.3.5.

br configuratioh'record as the inband parameter set.

Elementary stream constraints

e and

eam is

ample

CMAF

', may
brence

video
1 or 2,

) shall
coded
] NAL

meter

lexes as an inband parameter set, then they shall contain the same SPS and PPS NAL units ip their

| ““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

Video
compd

data ip such SEI messages is CMAF supplemental data and should be indicated by the additiefi of the

brand

For N/
in SEI
ITU-T

regisf

Captidns intended for CMAF applications should be carried in subtitle GMAT tracks to make delivery of

and se
video

applic
9.3.6

Each (
(NAL

subclause 7.3.4 and general video CMAF switchingset requirements in subclause 9.2.11.

9.3.7
medid

NAL s
NAL s
below.

Single
a) SH

b) Sh
de

1y

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

embedded captions are not considered a CMAF subtitle track, and it is expected that-many
tible players will ignore these messages in video CMAF tracks. The presence of CTA 608/708 ¢

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

AL structured video, CTA 608/708 caption data (ANSI/CTA-608-E, ANSI/CFA-708-E) may be

messages in coded video sequences in CMAF fragments described as user‘data registered H
Recommendation T.35, with SEIl payloadType = 4 and the registered idéntifier in the field user|
ered itu t t35.See ISO/IEC 23008-2 for supplemental enhancement.information user data.

lectable by each player, to allow several alternative languages, roles, etc. without duplicating th{
tracks with different SEI messages. Subtitle tracks also ertgble parsing and presentation by
htions when a device does not contain a built-in subtitle deceder.

General CMAF switching set constraints for NAL‘structured video

MAF track in a CMAF switching set containing NAL structured video conforming to ISO/IEC 144
structured video track format) shall copform to general CMAF switching set constrai

Single initialization CMAF switching set constraints for NAL structured video tracks and
profiles

fructured video CMAF switching sets conforming to the general CMAF switching set constrai
tructured video in subclause 9.3.6 may also conform to single initialization constraints sp

initialization NAL stiuctured video CMAF switching sets:

all conform to(the general single initialization constraints in subclause 9.2.11.4.

all provideparameter sets (SPS and PPS NAL units) that are referenced by coded slice NAL un]
coding and display, using parameter sets stored in:

one'or more sample entries in a CMAF header, in which case one CMAF header shall contain {

CMAF
aption
ccea'

stored
y Rec.
|data

tional
P same
player

196-15
nts in

nts for
beified

its for

ample
pntain

entries sufficient to decode and display every CMAF trackin the CMAF switching set, or shall c

2)

sample entries sufficient to decode and display every CMAF track with a CMAF header cont

aining

the same CMAF media profile brand in its FileTypeBox. ISO/IEC 14496-15 requires 'avci' and

'hvcl' sample descriptions to use sample entry storage;

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

the CMAF switching set.

c¢) 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
can be:

an A 3

iy

2)

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

may contain a sample entry without NALs that shall include one or more colorInformatioj
with sub-type 'ncix' and a PixelAspectRatioBox, as specified in ISO/IEC 14496-12.

d) Any CMAF header shall be sufficient to initialize the CMAF switching set once.-and decode all

fr
m

hgments in the CMAF switching set, if the CMAF tracks in the CMAF switching Setdo not contain
pdia profile brands.

e) Ay CMAF header with a specific CMAF media profile brand shall be sufficient to initialize on

de
th

P

NOTE
referer

at conform to the brand initialized, if all CMAF tracks in the CMA¥ Switching set contain CMAF
ofile brands.

A manifest can reference a common CMAF header for every{CMAF track in the CMAF switching set, o
ce a different CMAF header for each CMAF media profile in the CMAF switching set when each CMAF

contaips a CMAF media profile brand. In the second case, a playerican initialize once and play a subset of thg

tracks
decodsd

9.4
9.4.1

9.4.1.

AVC v
specif

9.4.1.]
The sy

(ravc3

9.4.2

that conform to the initialized media profile. If it initializes the highest signalled CMAF media profile
all CMAF fragments in the CMAF switching set.

AVC video CMAF tracks
Storage of AVC elementary streams

|  Conformance

deo tracks shall conform-fo*the NAL structured video format specified in subclause 9.3, th
cation ISO/IEC 14496-10 and constraints specified below.

P AVC Visual Samnple Entry

ntax and values)for visual sample entry shall conform to AvcsampleEntry ("avcl') or AvVCSampls

ninga

hBoxes

CMAF
CMAF

re and

code the other CMAF tracks with the same CMAF media profile brafid) 'or CMAF media profile hrands

media

it can
header
CMAF
it can

e AVC

PEntry
3.2.2.

) asdefinedin1SO/IEC 14496-15 and the general video sample entry requirements of subclause ¢

Constraints on AVC elementary streams

9.4.2.1

All pic

Picture tvne
=eture-type

tures 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;

. Y lLaoallls A S |
Ul pdrdllietel s Presclilt L 1d4dg slidil e S5CL LU 61,

—| gaps_in frame num value allowed flag should be setto 0.
— Tle values of the following fields shall not change throughout a CMAF track.
— chroma format idc
— bit depth luma minus8
—| bit depth chroma minus8
— The maximum values of the following fields are specified by CMAF media profiles in A.2.
— profile idc
— level idc
— pic width in mbs minusl
— pic height in map units minusl

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

— pic width in mbs minusl

— pic height in map units mipuel
— frame crop right offset

— frame crop bottom offset

— max num ref frameas

9.4.2.2.2 Visual usability information (VUI) parameters

VUI parameters\that occur within a CMAF AVC video track shall conform to ISO/IEC 14496-10 with the
followfing additional constraints.

The follpwing 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.

— aspect ratio idc shall be setto 1.

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.

NOTE 4

primaries, transfer characteristicsandmatrix coefficients fields are present.

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

— Ifcolour description present flagissettol,thencolour primaries, transfer characteristicsand
matrix coefficients shall be set to the values used in the AVC video CMAF track.

— If
Cl

colour description present flag is set to 0, the following values shall be assumed in AVC
NAF tracks:

colour primaries = 1;
transfer characteristics=1;

matrix coefficients = 1.

— Tle presence and values of the following fields shall not change in a CMAF«{rack.

9.4.2.]

Any p
param

NOTE
omitte

low delay hrd flag
colour primaries
transfer characteristics

matrix coefficients

3 Picture cropping

cture cropping needed due to partially filled coding blocks shall be indicated by the SPS cr
eters frame crop bottom offset Or frame ‘crop right offset.See Annex C for examples.

The NAL structured video CMAF track format fixes top and left cropping values to zero (defaul
1), which means the image is upper'left justified within the coded blocks, and there is at most one r

column of partially filled and padded bloeks below and/or to the right of the image if the image size is not

divisib

e by the coded block size.

9.5 AVCvideo Internet Media Type parameters

9.5.1

The v
parami

9.6

AVC signalling of "codecs" parameters

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

Videa media profiles

video

pping

[ when
w and
evenly

using

The fo

towing video media profitesare defimed:

— 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 c[ause specifies CMAF audio tracks derived from the CMAF track format, with additional consf
specif]c to CMAF audio tracks and audio CMAF media profiles.

Additipnal CMAF media profiles are defined in:

— Annex I for multichannel AAC, and

— Annex ] for MPEG-H 3D audio,

— Amnex K for MPEG-D USAC.

See supclause 12.1 for guidelines on specification and registration of CMAFmedia profiles.
This Clause 10 includes:

— cdnstraints that apply to all audio CMAF tracks;

— cqnstraints that apply to the audio track format and enceding of AAC audio using the systen
secified in ISO/IEC 14496-14;

— an“AACCore” CMAFmediaprofilethatspecifies constraintson AACCMAF trackstoenableinteroper
anjd random access of CMAF switching sets containing a single CMAF track encoded with one o
vgriants of AAC in stereo or mono;

— an “AAC adaptive” CMAF media profile(that specifies additional constraints on CMAF AAC {
fragments, media samples, and metaddta to allow seamless switching between alternative trac
bif rates in an AAC adaptive CMAFE.switching set.

10.2 General audio CMAF traek format

10.2.1 Derivation

Audio|CMAF tracks shallconform to at least one CMAF structural brand and to the CMAF track

specif]ed in Clause 7<ahd Clause 8 and the general audio CMAF track constraints specified in Clause 10.

The ggneral CMAF audio track format applies to all audio CMAF tracks, regardless of audio codec or
profilg.

10.2.2 (Frack Header Box (' tkhd')

raints

layer

ability
three

racks,
ks and

ormat

media

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 =0x000007

— layer=0

— volume = 0x0100

— matrix ={0x00010000, 0, 0, 0, 0x00010000, 0, 0, 0, 0x40000000} // unity matrix
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— width=0

— height=0

— duration=0

10.2.3 Sound Media Header Box ('smhd')

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

10.2.4

Sample Description Box ('stsd')

As spgcified in ISO/IEC 14496-12, the SampleDescriptionBox contains the AudioSampleBntry box or
Audio$ampleEntryvl box.
10.2.5 AudioSampleEntry
For all audio media profiles in CMAF, the value of the samplesize parameter in the-AudioSampleEntfy box
defined in ISO/IEC 14496-12 shall be set to 16.
Each pudioSampleEntry Or AudioSampleEntryvl shall contain a " (codimgnamespecific)Box" containing
codecqspecific information.
10.2.4 Audio offset edit list
An offset edit list in a CMAF audio track shall conform to_censtraints specified on EditListBoxes in in
subcl‘]use 7.5.13.
If audlio media sample composition times differ frond their intended presentation times in a |[CMAF
presentation, then an offset edit list shall be included-in that audio CMAF track to adjust to the intended
CMAF|track presentation time.
10.3 AAC audio CMAF tracks
10.3.1 Overview
AAC apdio CMAF tracks containing ' AAC audio as defined in ISO/IEC 14496-3 shall conform to the general
audio CMAF track constraintsinsubclause 10.2 and the AAC constraints in subclause 10.3. These cons{raints
are usgd to derive the AAC audio media profiles specified in subclause 10.4 and subclause 10.5 and listed in
Clausq A.3.
Table 12 lists the AAE-profiles allowed.
Table 12 — AAC profiles

AAC profile codingname SampleEntry Type
MPEG{4AAC (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

10.3.3

The A}
corred
the cu
and m

A full
access
audio

Considerations for AAC audio encoding

.1 Overview of AAC presentation timing

AC codec uses audio frames of a fixed length and a transform which applies over two)frames. To
t audio from a frame, both frames in the transform are needed, and hence the priorencoded frar
Frent encoded frame need to be decoded to output the first frame. This is sometimes called “pr
by be signalled using the 'ro11' sample group.

reconstruction of the first encoded audio frame is sometimes not possible since there is no pr
unit. To still achieve a full reconstruction, a common practice is to-add silence to the beginning
signal. A more detailed explanation of this approach can be found ' ISO/IEC TR 14496-24.

In prakctice, an encoder might prepend an arbitrary amount of (invalid) audio waveform samples

signal

This portion of the audio signal is sometimes called “encoder delay” and varies depending

implenentation.

10.3.3
The m

header.

In the
the ler
isaco

If an

.2 Presentation delay compensation using an €dit list
ost common approach to compensate for insekited extra audio is to add an offset edit list to the
case where padding has been added to-the start of an audio stream, the media time in the edif

gth (in audio samples, as measured by the timescale of the track) of the inserted audio sampled
mmon example for AAC.

subclause 10.2.6.

10.3.3
If the

10.3.3
Ifthe §

.3 Delay compensation before encapsulation

ontent has beenygenerated according to Clause G.5, no EditListBox is present.

.4 Delay compensation when using additional AAC coding tools

BRandPS coding tools are present, they shall not be considered for the purpose of delay compen

pbtain
ne and
ming”

Fvious
of the

to the
on the

CMAF

list is
;2112

edit list is used, a singlesEditListBox shall be recorded in the CMAF header, as speciffied in

ation.

10.3.

.0 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 compression value field of MPEG4 ancillary data() inthe data stream element (DSE).

NOTE

to ISO/

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

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 elementary stream access units as media samples within a CMAF track shall conform
CMAF|audio track format specified in subclause 10.2.

The following additional constraints also apply.
— All audio media samples shall consist of one AAC audio access unit.
— AJl AAC access units in a CMAF track shall be encoded with one of AAC-LC, HE-AAC or HE-AACv2.

— The values given in AudioSampleEntry, DecoderConfigDescriptor, and DecQderSpecificInfo shall

t
10.3.4

10.3.4

The sy
ISO/IK

The s3

10.3.4

As def
ESDBoJ

10.3.4
The s}

Descr]
— s{
— UH
— 0d

— s

corresponding values in the AAC audio bitstream.
.2 AAC audio sample entry

.2.1 Field values

ntax and values of the audioSampleEntry shall conforim to MP4AudioSampleEntry ('mp4a') as defi
C 14496-14.

mple entry and fields specified in subclause 10:3.4.2 shall not change within a CMAF track.

.2.2 ESDBox

ined in ISO/IEC 14496-14, the MBRaAddioSampleEntry in the SampleDescriptionBox shall cont
, which contains an Es_Descriptok.

.2.3 ES_Descriptor

ntax and values for s Descriptor shall conform to ISO/IEC 14496-1, and the fields of t}
ptor shall be set té-the following values:

reamDependenteFlag =0
L Flag =0

RstreamFlag = 0

to the

match

ned in

ain an

le ES_

réamPriority =0

— decConfigDescr = DecoderConfigDescriptor

— slConfigDescr = sLConfigDescriptor, predefined type 2

The ES_ID 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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10.3.4.2.4 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.

10.3.4
The sy

The fol
for ex

10.3.4

The s
GASpe

10.3.5

10.3.5

AAC e
profilg

decoderSpecificInfo shall be used and ProfileLevelIndicationIndexDescriptor shall NOT be used.

objectTypelIndication = 0x40 (audio)

streamType = 0x05 (audio stream)

upStream = 0

dqg

ay

ch

e

GH

cSpecificInfo = AudioSpecificConfig

.2.5 AudioSpecificConfig
ntax and values for AudioSpecificConfig shall conform to ISO/IEC 14496-3.

[lowing fields of Audiospecificconfig shall be set to AAC audio CMAF media profile specified {
imple, see subclause 10.4.

dioObjectType
annelConfiguration
tensionAudioObjectType

SpecificConfig

.2.6 GASpecificConfig

yntax and values for caspecificConfig shall” conform to ISO/IEC 14496-3, and the fig
ificconfig shall be set to the following valdes.

ameLengthFlag =0 (1024 lines IMDCT)
pendsOnCoreCoder =0

tensionFlag =10
AAC elementary streamr'constraints

.1 General encoding constraints

ementary stneams shall conform to ISO/IEC 14496-3 and the constraints of an audio CMAF
it conforms-to, for example, see Clause A.3.

T
C

e elententary stream shall be a raw data stream, i.e.,, ADTS and ADIF headers shall not be prese

AE fragments containing HE-AAC shall start with a type 1 SAP. Notably, the SBR configu

ralues,

lds of

media

nt.

ration

. o 111 TS | £ 4 1
INTOTTITATTIOIT SITd1l D€ 11T CIIE [1TSC PdCRCL.

The transform length of the IMDCT for AAC shall be 1024 audio PCM samples for long blocks and 128 audio
PCM samples for short blocks.

The following parameters shall not change within the elementary stream:

— audio object type;

— sampling frequency;

— channel configuration.
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2 AAC elementary stream syntactic elements

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:

— CO

upling_channel_element (CCE).

If the program conflg element (PCE) element is present then it shall only llst aset of channels correspondmg

to onero attons—spec
the dufration of the track

10.3.5
The sy
Syntag
— <9
—  <(

NOTE

10.3.5

The sy
fields

— g4

10.3.5.

The m
requin
the m{

10.4

AAC c

— Ed
Le

— W
to,

.2.2 Arrangement of syntactic elements

ntax and values for syntactic elements shall conform to ISO/IEC 14496-3.

tic elements shall be arranged in the following order for the channel configurations below.
CE>, <optional additional elements>, <TERM>... for HE-AACv2 and mone HE-AAC or AAC-LC.
PE>, <optional additional elements>, <TERM>... for stereo HE-AAC or AAC-LC.

Angled brackets (<>) are used above to indicate separate syntactie elements, not stream syntax.

.2.3 individual_channel_stream

fntax and values for individual channel stream shall*conform to ISO/IEC 14496-3. The foll
shall be set as defined:

in control data present = 0.
2.4 Maximum bit rate
aximum bit rate of AAC elementarystreams shall be calculated in accordance with the AAC

iximum bit rate (system-layer descriptors are excluded).

AAC core audio CMAE-media profile

ch AAC elementary stream shall be encoded using MPEG-4 AAC-LC, HE-AAC Level 2, or HE-]
vel 2. Use gfthe MPEG-4 HE-AACv2 is recommended for 32 kbps or lower.

hen using HE-AAC and HE-AACv2 bitstreams, explicit backwards compatible signalling shall b
indicate the use of the SBR and PS coding tools.

bre audio CMAF media profile shall conform to the AAC CMAF track format specified in 10.3.4,
the following constraints,

ange for

owing

buffer

ements as defined in ISO/IEC 14496-3. Only the raw data stream shall be considered in determining

with

AACv2

e used

— A}

AC core CMATF tracksshati motexceed two audio chanmnels.

— AAC core elementary streams shall not exceed 48 kHz sampling rate.

— The AAC core rileTypeBox brand shall be 'caac' and should be used to indicate CMAF tracks that
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

recom

mendations 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.

— Ch
C]

See Cl

10.5.2

To engble seamless switching between AAC CMAF tracks in a CMAF switching séet, the AAC CMAF frag

compr
proces

IAF tracks conforming to AAC adaptive CMAF media profile and brand shall conform to the AAJC core

IAF media profile specified in subclause 10.4 and the constraints specified in subclause 40.5.

huse A.3 for the table of AAC audio CMAF media profiles and their brands.

CMAF fragment encoding constraints

ising each CMAF track are encoded and packaged for random access’ and seamless splicin
s of encoding the AUs (Access Units) requires periodic generation of stream access points (SAl

are ti

SAPs. racks that belong to the same CMAF switching set can be generated from different encoder inst
but shpll conform to the same CMAF switching set constraints.

All CMAF tracks in an AAC CMAF switching set shall have AAGSAPs at CMAF fragment boundaries (i

first
decod

Video
or 2. K
define
descri

10.5.3
The fo
— au

— ch

— sampling frequency.

The fi
either

The se
re-cor

e aligned between CMAF tracks, and encapsulation requires CMAF fragment alignment to|

in each CMAF fragment), and corresponding CMAF:fragments in alternative CMAF tracks sl
e time aligned and presentation time aligned.

frames usually have well-defined SAP types, such as an IDR frame that always equals SAP

or audio, frame SAP types are not usually specified. In MPEG-4 AAC, there is no special fram
d for random access. Nevertheless, audio SAPs of type 1 can be generated by applying the const
bed in the following clauses and are referred to as an “SAP” frame, since there is only one type.

General considerations and requirements
[lowing values shall not change within a CMAF switching set:
dio object type (AOT);

annel configuration;

st point means that all the CMAF tracks within a CMAF switching set share the same AOT, i.¢
use AACSLC, HE-AAC or HE-AACV2.

cond ‘and third constraints enable the output PCM to remain constant and not require, for exaf
figuration of the audio device or sound card. A constant sampling frequency assures that AUS

ments
c. The
P) that
those
ances,

e., the
nall be

rype 1
e type
raints

., they

nple, a
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 h short overlap for the window sequence (i.e., a long start or short window sequence) is reconimiended
in the|last frame of a CMAF fragment. This allows for the use of either a short or stop Window Sequégnce in
the SAP frame (i.e., first frame in the next CMAF fragment). This concept is exemplified in Figure 15.

time
arpplitude

cdrrect window sequence

oo < X

inforrect window sequence

F

]

bure 15 — Correctand incorrect windowing sequence at fragment boundaries for seamldss
switching of AAC-LC CMAF tracks

10.5.5 Constraints for HE-AAC

10.5.5.T-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.

© ISO/IEC 2024 - All rights reserved

68


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

ISO/IEC 23000-19:2024 (en)

3 | 4
Y
A fXL
Y
B

~
s}
<

AW N R > < X
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the SH
transrj
To all

access unit

frequency (bQ
switch without bandwidth adjustment in AU i-1 ‘]/
switch with increased core bandwidth in AU i-1 Q/C)

\

core O
SBR \%

gap (@)
SAP <<
QO

low bit rate stream, cross-over frequency fy; \\
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Figure 16 — Illustration of core ba@d%mdth adjustment for HE-AAC switching points

igment matching the highest AAG/SBR crossover frequency of the supported stream configurat

frame
on. To

[ly encode the additional b@wdth extra bits are necessary and the bit reservoir control shauld be

d accordingly. QO

.3 SBR header ar}%@ﬁe differential coding

the SBR de r needs additional configuration parameters. These parameters are transmif
R heade W‘hich may not be contained in every access unit. The MPEG-4 standard recomm
hission interval of 500 ms or whenever an instantaneous change of header parameters is req

ration
ted in
bnds a
uired.
h each

w amless switching of HE-AAC encoded tracks, an SBR header shall be transmitted i

or frames containing the SBR header the MPEG 4 audlo conformance forbids the use o

f tools

header is forbldden and hence thlS restrlctlon 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 Audio media profiles
The following audio media profiles are defined:

— Clpuse A.3 specifies packaging and codec constraints for CMAF media profiles using the AAC audio|codec.
Syjstems claiming conformance to CMAF using AAC shall conform to the prowisions of Clause A.3.

— Annex I specifies the CMAF media profile for multichannel AAC. Systems'¢claiming conformance to|CMAF
ugding multichannel AAC shall conform to the provisions of Annex I.

— Annex ] specifies the CMAF media profile for MPEG-H audio. Systems claiming conformance to|CMAF
uding MPEG-H shall conform to the provisions of Annex |.

— Annex K specifies the CMAF media profile for MPEG-D USAC. Systems claiming conformance to|CMAF
uding MPEG-D USAC shall conform to the provisions of Ahnex K.

11 Swybtitles and captions

11.1 Pverview

CMAF|defines the following formats for carrying subtitles and captions:

— WS3C WebVTT subtitle CMAF tracks;

—  W3C IMSC1 subtitle CMAF tracks;

— ANSI/CTA-608/ANSI CTA-708 captions embedded in video CMAF tracks.

An additional media profile for W3C IMSC 1.1 CMAF tracks is defined in Annex L.

The tdrm “subtitles? in this document is used to mean a CMAF track for the visual presentation of fext or
graphics that is_Syfichronized with video and audio for purposes including “closed captions” for hearing
impaired viewing. Subtitles are presented for various purposes such as dialogue language tranglation,
localized titles, commentary, lyrics, and descriptive captions for hearing impaired viewers or preserjtation
situatjons'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 speicified in ISO/IEC 14496-30, each WebVTT document is contained in a single ISO BMFF movie ftagment.
To copform to CMAF, WebVTT movie fragments shall also conform to the CMAF fragmentconstraints
specifijed in Clause 7.

One CMAF fragment and WebVTT document may span the entire duration of a prerecorded presentation,
or multiple CMAF fragments may sequentially span the duration of the presentation with CMAF fragment
duratipns similar to audio and video CMAF fragments, which is necessary to approximate audio and video
latency during live encoding and streaming.

WebVTT subtitle tracks are specified in ISO/IEC 14496-30 using a track hafidler type of 'text' With a
codingname of 'wvtt'. WebVTT subtitle tracks store a WebVTT document 4s'a2 media sample containirg zero
or mofe WebVTT cues with presentation times contained within the présentation timespan of the [media
sample and CMAF fragment that contains it. WebVTT subtitle CMAF\fragments are synchronized fluring
playbdck based on each CMAF fragment’s presentation time and duration, and WebVTT cues are dgcoded
and prjesented within the CMAF fragments presentation time interwval based on their WebVTT timestdmps.

By dedign in ISO/IEC 14496-30, no media sample can containta WebVTT cue with a presentation time [that is
outside or crosses the media sample and CMAF fragment presentation time interval (i.e., starts befqre the
CMAF|fragment starts and/or ends after the CMAF fragnient ends, that duration determined by the dyration
of the|media sample contained in the CMAF fragment). ISO/IEC 14496-30 specifies how to split cu¢s into
multigle WebVTT documents and media samples to,avoid this case.

NOTE Forced titles are supported in TTML/IMSC1, but not WebVTT. A workaround is to create two WebVTT

tracks)one with only the forced titles and thesgther with both forced and regular subtitles. A player would then play
the forfed-only track by default, and switch.to.the forced + subtitles track when subtitles are selected.

11.3 [MSC text and image tracks

11.3.1 General

W3C IMSC1 is a profileef-the timed text markup language (TTML) for subtitle and caption delivery. W3C
IMSC1] defines a textzonly profile and an image-only profile.

An IMBC1 text tragk is a CMAF track that conforms to the provisions of subclauses 11.3.2 and 11.3.3.

An IMPBC1 image track is a CMAF track that conforms to the provisions of subclauses 11.3.2 and 11.3.4;

11.3.24 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".

NOTE1 The string " https://www.w3.org/ns/ttml" is a string providing a reference to a namespace and not a
reference to an external web page.

NOTE2  The schema location field of the XMLSubtitleSampleEntry boxis not expected to be set for the purpose
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”.

— Tle subtype shall be "mp4".

— T

11.3.3

All subtitle media samples of the CMAF track shall conform to the text profile specified in W3C IMSC1}

The ¢
(see sy

e codecs parameter shall be present.

IMSC1 text track constraints

decs parameter of the content type field of the MIME box within the/&subtitlesampleEnt
bclause 11.3.2) shall contain the value "im1t", which signals that an IMSC1 text processor is req

as spe

NOTE
text pr

EXAM]
text trg

The cq
TTML

EXAM]
track.

EXAM]
CMAF

NOTE %

11.3.4

All subtitle media samplés-pf the CMAF track shall conform to the image profile specified in W3C IMS

The ¢
box (s
requin

EXAMI
image

cified in the W3C, TTML media type definition and profile registry:

| A document that conforms to EBU-TT-D, as specified in EBU TEGH3380, also generally conforms to|

Dfile.
PLE1  "application/ttml+xml;codecs=imlt|etdl" sighals that the documents contained in an
ick also conform to EBU TECH 3380.

decs parameter of the media type of the CMAF track shall contain the value "stpp.ttml.imlt"
profiles the track conforms to may be additionally listed in the codecs parameter.

LE2 "application/mp4;codecs=stpp.tta@.imlt" is the media type of an IMSC1 text subtitle

LE3 @mimeType="application/mp4®* and @codecs="stpp.ttml.imlt" signal an IMSC1 text 3
rack in a DASH manifest.

Clause A.4 specifies a file brand that signals that a track is an IMSC1 text subtitle CMAF track.

IMSC1 image track constraints

pdecs parameter of the content type field of the MIME box within the xMLsubtitleSampl{
be subclause<I1.3.2) shall contain the value "im1i", which signals that an IMSC1 image proce

ed, as specified in the W3C TTML media type definition and profile registry.
PLE 1 \~"application/ttml+xml;codecs=imli" is a possible value for the content type field of an
rack:

ry box
uired,

IMSC1

IMSC1

Other

CMAF

ubtitle

C1.
PEntry

5SOT IS

IMSC1

EXAMPLE 2  "application/mp4;codecs=stpp.ttml.imli" isthe 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 fol

lowing 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
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

of the

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
elementary stream’s SEI messages.

video

NOTE Chause A specifies a CMAF supplementatdata brand that sigmats thata video track contaims AN
608/7(08 captions in SEI messages and can be included in addition to the video CMAF media profile brand.

11.5 Metadata for subtitles
Text tracks should be labelled with their role. See subclause 7.5.3.

Text tacks should be tagged with their language. See subclause 7.5.5.

11.6 Pparsity in Subtitle Tracks

When|there is no active content during parts of a track carrying subtitles in a CMAF presentatio
should be explicitly signalled using samples appropriate to the subtitle‘or timed text format, contai
one orjmore CMAF addressable objects.

IMSC1fand WebVTT tracks shall conform to ISO/IEC 14496-304ccordingly.

I/CTA

n, this
ned in

Padding the subtitle track to align with the duration of the.CMAF presentation timeline and avoid gaps may
be nedessary at any time in a track. However, it is especially likely at the beginning and end of a tragk that

carriep subtitles. Therefore, preparation of CMAF compliant subtitle tracks should always take th
accouft.

11.7 11.7  Subtitle media profiles
The following subtitle media profiles are-defined:

— Clpuse A.4 specifies packaging and codec constraints for CMAF media profiles using the WebVTT,

s into

[IMSC1

tekt, and IMSC1 image. Systefs claiming conformance to CMAF using any of these subtitle technglogies

sHall conform to the provisiens of Clause A.4.

— Amnex L specifies the-EMAF media profile for IMSC 1.1. Systems claiming conformance to CMAH using

IMSC 1.1 shall confernt to the provisions of Annex L.

12 CMAF media profiles and CMAF presentation profiles

12.1 CMAF media profiles

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
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 pdint for
the m¢dia samples in a CMAF 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 constraints’of CMAF fragments.
If all media samples are sync samples, there are no additional constraints. If sequential media Jample
depenflencies are caused by codec prediction, media sample reordering transforms that overlap jmedia
samples, sample group and layer dependencies, etc., then media sample sequences should be specifi¢d that
allow CMAF fragments to be randomly accessed and optionally, adaptivély) switched (if the media profile
definefs adaptive switching functionality and CMAF switching set constraints).

12.1.1.5 CMAF track constraints for CMAF switching sets

CMAF|media profiles that support adaptive switching of multiple CMAF tracks in a CMAF switching set
should specify the constraints between CMAF tracks in a CMAF switching set. CMAF media profiles $hould
specify subset/superset relationships with compatible2CMAF media profiles, e.g. a higher level |of the
same fodec. A CMAF media profile should specify initialization constraints on CMAF switching sefts and
constraints related to the adaptive switching process‘enabled.

12.1.1.6 CMAF media profile internet mediatype

All CMAF media profiles should specify.aivinternet media type and associated parameters, file extensions,
etc. for this media profile in a CMAF track 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
specifled in ISO/IEC 14496-12. The brand registry should reference a CMAF media profile specification
conforiming to subclause)12.1.1.

12.1.2 Guidelinesfor audio CMAF media profiles

12.1.2.1 General

Audiolcaodecs often define features and other details that present options for imp]pmnnfnrc 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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.3 Loudness and dynamic range control

CMAF media profiles should specify loudness and dynamic range control information.

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

12.1

tracks in a CMAF switching set.

5 Audio presentation time adjustment

Audio
necess

12.1.3

12.1.3

Video
charag
profilg
every
video

12.1.3
Video

subclause 9.2 or NAL structured video CMAF track format'specified in subclause 9.3.

12.1.3
Video

prima
height

12.1.3

Video
necess

12.1.3

Video
align

sequelce, preferably using TrackrunBox composition offsets to reorder media samples without cre3

preser

CMAF media profiles should specify any presentation time adjustment relative to decod
ary on decoding, preferably without using media sample composition offsets in the TradkBunBo

Guidelines for video CMAF media profiles

.1 General

codecs often define features and performance limits, such as pgrofiles, levels, video
teristics, that present options for implementers. In order to increase interoperability, CMAF
s usually limit some encoding options and specify an identifier for;eonforming CMAF tracks.
codec offers its own set of choices, this subclause presents guidelines for what should be specif
CMAF media profiles in the form of testable assertions.

.2 Video CMAF track format

CMAF media profiles should be derived from the‘general CMAF video track format specif

.3 Video image coding characteristics

CMAF media profiles should specify alléwed options and constraints for image coding, such as
Fies, transfer functions, colour and liitminance matrix, colour spatial subsampling, bit depth, ma3
and width, frame rate limitations;etc.

.4 Video rendering information

CMAF media profiles shaiild specify any metadata in the video stream and CMAF track format
ary for accurate vidéo rendering.

.5 Video presentation time adjustment

CMAF media profiles should specify media sample composition offsets and any other me
he presentation time of each coded video sequence to the earliest media sample decode time

tation time delay.

b time

image
media
While
ied by

ied in

colour
(imum

that is

ans to
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1ting a

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 (MAF presentation profile defines conditionally required media profiles for CMAF tracks that are

requirjed to be available in a CMAF presentation that conforms to the presentation profile.

Required media profiles are aminimum constraint. CMAF presentations containing the required CMAF|media
profilgs may also include additional CMAF media profiles and remain conformant. A CMAFE presentatign may
confoym to more than one presentation profile if it contains CMAF tracks in all the cénditionally required

media|profiles.

CMAF|presentation profiles may be specified in specifications other than CMAF by entities other than
MPEG] Externally specified CMAF presentation profiles should be identified\By a URI in the namespace of
the speecifying entity. If a URL is defined, it should resolve to the specifi€ation document that defires the

conditfionally required media profiles of the presentation profile.

See Clause A.1 for CMAF presentation profiles defined in the CMAE specification.

12.2.7 CMAF profile conformance

CMAF|defines several conformance points including CMAF fragments, CMAF tracks, CMAF addrgssable
medialobjects, CMAF media profiles, CMAF switching s€ts, CMAF selection sets, and CMAF presentatipns.

CMAF|objects and conformance points are hierarchical.

b)

d)

CMAF tracks are the conformance point.fos ISO BMFF box, track, and file format constraints assdciated
th a CMAF structural ISO BMFF brand. CMAF headers, CMAF fragments, and CMAF chunks are gbjects
thin the CMAF track structure. EMAF track conformance provides basic compatibility betwelen file
pdckagers, players, parsers, and deciyptors, independent of media encoders and decoders.

G¢neral CMAF media trackSformats for audio, video, and subtitles are conformance pointls that
cdn be referenced by CMAE/ media profiles. The general CMAF track formats for audio, videp, and
sybtitles and specific EMAF track formats for NAL structured video and AAC audio are specified in
Clauses 7 through 1&-which are derived from ISO/IEC 14496-2, ISO/IEC 14496-3, ISO/IEC 14496-14,
ISP/IEC 14496-15Cand ISO/IEC 14496-30. Conformance to one of these media track formats ¢an be
sgecified by a CMAF media profile and that conformance indicated by the media profile brand.|CMAF

CMAF medid profiles are conformance points for encoded media data stored in a specified CMAF track
fofmat\A"CMAF media profile brand indicates encode/decode and adaptive switching conformgnce of
diadata, as well as a CMAF track format. CMAF media profile conformance enables encoding and

- H a )
C UU 2 U CUlda c |J1IT v d c Ul A ) Ul T U U U

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.

f) 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

0
S
a
S
g) C
t
C

(0]

tepted against the CMAF hypothetical application model, which providés a common underst3
bdtween content creators and players as to the intended and expected result. A CMAF preser
pifofile constrains the media profiles, CMAF switching sets, track. fepmats, etc. that it contains
intended to identify basic content/device compatibility. A player that claims compatibility with a
pilesentation profile is expected to decode all the required EMAF media profiles and implemg
CMAF hypothetical application model to late bind CMAF traeks,'synchronize them, decrypt them,

t
in
C)

A CMA
confor
media

EXAM]
media
confor
colour
are no
switch

A CM4
CMAF
preser
requin
are op
CMAF

A pre

encoding. Since CMAF tracks contain a single media type (audio, video, or subtitles), multiple
ection sets are necessary to compose a multimedia presentation using the CMAF hypot
plication model and late binding. Conformance indicates that all CMAF tracks are correctly gr
nchronized, and have approximately the same duration to form a CMAF presentation.

AF presentation profiles are conformance points for a group of conditionally required CMAF
t conform to required media profiles and form a synchronized multimediaypresentation.

CMAF
hetical
buped,

tracks
What

ntent and timing are appropriate for a multimedia presentation is not specified by CMAF amnd can

ly be tested based on a presentation author’s intended result. However,(CMAF presentations

m, and perform seamless adaptive switching, if appropriate. If optional CMAF media profil
cluded in a CMAF presentation, a player can select these instead, if that player supports the o
IAF media profile.

LF media profile that falls within the maximum encoding constraints of a higher CMAF media
ms to the higher CMAF media profile and do€s not need to indicate compatibility with a second
profile brand, since it is an intrinsic propekty of those media profiles.

PLE Standard definition video confornring to the CMAF SD media profile also conforms to the CM
profile because it will decode on an HD compatible system. It could be included in a CMAF switching s

spaces or transfer functions, do‘not conform to a single CMAF switching set or media profile becau
considered the same sourcescgntent and would not provide seamless adaptive switching in the samg
ng set and CMAF media profile.

LF presentation shall conform to one or more CMAF presentation profiles by containing one o}
tracks for each_conditionally required media profile in the CMAF presentation profile. A
tation can conform to multiple CMAF presentation profiles by containing all the conditi
ed CMAF tracks and CMAF media profiles. Additional CMAF media profiles in a CMAF preser]
tional by default when they are not conditionally required in a CMAF presentation profile th
presentation conforms to.

sentation profile may specify a single encryption scheme to be used on every encrypted

switch

ingset that is conditionally required in the presentation.

can be
inding
tation
and is
CMAF
nt the
render
es are
tional

brofile
CMAF

AF HD
et that

ms to the HD media profile. CMAF(tracks and media profiles with different source formats, such as different

be they
CMAF

- more
CMAF
onally
tation
at the

CMAF

13 Timed metadata tracks

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 sa:kaples are sync samples. In addition, no knowledge of a prior sample should be required to.coefrectly
interpfet the metadata carried in an ISO 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

A1l1

This ¢
identif
requin
NOTE
Theref]
anothe

to sele
incomf

A.1.2

The CI
wides
preser|

Requi
— Pr

— If
pr
— If
m
— If
in

— C}
se

— Al CMAF tragks shall not contain encrypted media samples or a TrackEncryptionBox.

A1.3

Overview

lause defines some CMAF presentation profiles and their associated CMAF preséntation
iers. The CMAF presentation profiles below differ only by the common encryption scheme
e (ISO/IEC 23001-7).

In the current market, two encryption schemes, 'cenc' and 'cbcs’, are widely deployed on popular pla
bre, this document currently defines one presentation profile for each of these encryption schem
r for unencrypted CMAF presentations. By defining multiple presentation pfefiles, a mechanism is pr

Ct a given encryption scheme by presentation profile within a given deployment. This identifies the pd
atibilities between content and deployments conforming to similar but different CMAF presentation pr

CMFHD presentation profile

MFHD presentation profile is intended to provide basic interoperability of unprotected content
range of Internet video devices in use today. Other CMAF media profiles that are not required
tation profile are considered optional.

rements of CMAF presentation profile CMFHD
esentation profile ID= “urn:mpeg:cmaf:presentation_profile:cmfhd:2017”

containing video, it shall include at least one CMAF switching set constrained to the 'cfhd"
ofile in Clause A.2.

containing audio, it shall include/at least one audio CMAF switching set constrained to the
edia profile defined in ClauséA.3.

the 'im1t' media profile defined in Clause A.4.

lection sets with CMAF switching sets containing required media profiles.

The’€EMFHDc presentation profile

brofile
s they

forms.
es and
ovided
tential
files.

on the

in this

media

caac'

containing subtitle tracks;-it shall include at least one CMAF switching set for each language and role

AF tracks containing optional CMAF media profiles in CMAF switching sets should be included in

The C

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”

— If containing video, it shall include at least one CMAF switching set constrained to the 'cfhd' media
profile in Clause A.2.
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— If containing audio, it shall include at least one audio CMAF switching set constrained to the 'caac’
media profile defined in Clause A.3.

— If containing subtitle tracks, it shall include at least one CMAF switching set for each language and role

in

the 'im1t' media profile defined in Clause A.4.

— CMAF tracks containing optional CMAF media profiles in CMAF switching sets should be included in

se

lection sets with CMAF switching sets containing required media profiles.

— Atleast one CMAF switching set shall be encrypted. Any CMAF switching set that is encrypted shall be
available in 'cenc' common encryption scheme specified in Clause 8.

video
n (see
idered

media

caac'

hall be

rofiles
h both

A.1.4| The CMFHDs presentation profile

The CMFHDs presentation profile is intended to provide interoperability with a large portien of]

devicgs in use today that support content protection using the 'cbcs' scheme of common.encryptid

subclause 8.2.3). Other CMAF media profiles that are not required in this presentation profile are cons

optional.

Requirements of CMAF presentation profile CMFHDs

— Pijesentation profile ID= “urn:mpeg:cmaf:presentation_profile:cmfhds:2017”

— If|containing video, it shall include at least one CMAF switching s€t-¢onstrained to the 'cfhad’
pijofile in Clause A.2.

— If|containing audio, it shall include at least one audio CMAE Switching set constrained to the
media profile defined in Clause A.3.

— Iffcontaining subtitle tracks, it shall include at least one EMAF switching set for each language and role
in[the 'im1t' media profile defined in Clause A.4.

— CMAF tracks containing optional CMAF mediasprofiles in CMAF switching sets should be included in
sellection sets with CMAF switching sets contdining required media profiles.

— At least one CMAF switching set shall besencrypted. Any CMAF switching set that is encrypted s
available in 'cbes' common encryptieiischeme specified in Clause 8.

A.1.5| Protected CMAF presentations

Manif¢sts that include equivalent CMAF presentations in CMFHDc and CMFHDs presentation p

can dgclare both presentation_profile IDs to indicate that all CMAF switching sets are available wit

encryption schemes.

Presentations conformying to the CMFHD presentation profile are not protected by common encryp

media
encryj

A2

sample data;but do not preclude encryption during delivery by methods such as HTTPS or en
ption that dre'removed on arrival, prior to media processing of the unencrypted presentation.

AVC video CMAF media profiles and brands

tion of
velope

A set

fAVC video CMAF media profites 15 defined together with an ISO BMFF brand and constra

Table A.1.

For a CMAF track to comply with one of the media profiles in Table A.1, it

— shall conform to subclause 9.4,

— shall not exceed the profile or level listed in the table,

nts in

— shall conform to ITU-R Recommendation BT.709 colour primaries, transfer characteristics and
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 CMAF 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 fefers to the same specification as the colour primaries is normally used

See Anjnex C for detailed encoding examples.

Table A.1 — AVC video CMAF media profiles

Medid Codec Profile Level colour_ transfer_ matrix_ Max Max Max (MAF
profile primaries characteristics coefficients frame .| frame | frame File
field in VUI field in VUI field in VUI height' | width rate Brand
SD AVC High 3.1 1 (BT.709) 1 (BT.709 OETF) |1 (BT.709) 576 864 60 '¢fsd’
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 AVC High 4.0 1 (BT.709) 1 (BT.709 OETF) |1 (BT.Z09) 1080 1920 60 '¢fhd’
HDHF AVC High 4.2 1 (BT.709) 1 (BT.709 OETF) 1 (BT.709) 1080 1920 60 '¢hdf'

See Clause 9 and Annex C for general requirements and constraints on CMAF video tracks.

A.3 Audio CMAF media profiles and brands

The AJAC audio CMAF media profiles in Table A2 are specified in subclauses 10.4 and 10.5. Tahle A.2
summaprizes key parameters and specifies thefour-character code that can be used as an ISO BMFF brjand to
identify the CMAF media profile in CMAF tracks and CMAF media objects.

The AAC adaptive switching audio CMAF,media profile (' caaa') is a constrained subset of the AAC cor¢ audio
CMAF|[media profile (*caac'), so 'caza' CMAF tracks always conform to the 'caac' CMAF media profile.

NOTE AAC adaptive CMAF media profile is AAC core constrained for adaptive switching.

Table A.2 — AAC audio CMAF media profiles

M Ed.la Codéc Profiles Levels Number of File brand
prpfile channels
AAC core AXAC |AAC-LC, HE-AAC or HE-AACv2 2 Mono or stereo 'cqgac'
AAC aflaptive AAC |AAC-LC, HE-AAC or HE-AACV2 (see 2 Mono or stereo 'cgaa’
NOTE)
See Clause—40-for-general-constraintsonatndto-CMATtracks-and-subelaused21-2for-the-speeifieation 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
Supplemental Format Notes Target CMAF File Hrand
data tracks
CTA cqptions CTA-608 and CTA-708 |Caption data is embedded in SEI \Wideo media 'ccea’
Specified in messages in video track; multipte|profiles, including
subclause 11.4 closed caption streams may.bes |AVC and HEVC.
present.
NOTE |The 'ccea' brand can be included in addition to a video CMAF media profile brand to indicate the presence of cjptions
embedfed in 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 Jnnex defines HEVC video tracks and specific CMAF media profiles with HEVC elementatiy s

consti
can ei
also s
'cmf2

HEVC

B.2

B.2.1

HEVC
specif

B.2.2
The s

entriep

B.2.3

The sy
('hevl

The ux

— sh
SH
— sh
V3

— sh
if

aint sets. Applications that do not conform to the HEVC video track or any of these CMAF media p,
her specifiy their own HEVC video track definition or CMAF media profile or both. Applicatio
gnal brand conformance to just a CMAF structural brand defined in this document (e.g. 'cn

).

fracks shall conform to subclause 9.3, as additionally constrained in this annex-

HEVC video track constraints

HEVC video CMAF switching set constraints

ed in subclause 9.3.6 or subclause 9.3.7.

Sample Description Box ('stsd')

mple Description Box ('stsd') shall conformito subclause 9.2.4 and contain one or more {

D .

Visual sample entry

ntax and values of a visual sampleéntry shall conform to HEVCSampleEntry ("hvcl') Or HEVCSampls
') sample entries as defined in ISO/IEC 14496-15 and constrained as follows.

VCSampleEntry

all contain an HEVCConf *glirationBox (*hveC') box containing an HEVCDecoderConfigurationRec
ecified in ISO/IEC 14496-15;

all set sample-entry fields consistent with the sequence parameter set and picture parame
lues in the video track as specified in ISO/IEC 14496-15 and constrained by Clause B.3;

Hefaultvalues are not encoded, as required in subclause 9.3.5.1;

tream
rofiles
ns can
fc' Or

video CMAF switching set shall conform to constraints for, NAL structured video CMAF switching sets

ample

bEntry

pbrd, as

fer set

ould contain SEI messages containing colour and dynamic range mastering and rendering inforation

ioBox

— sh

allhcontain a colourInformationBox ('colr') with colour type 'nclx' and PixelAspectRa

('pasp') when required per subclause 9.3.5.1.

NOTE
inform

B.2.4

The ColourInformationBox with colour type 'nclx' and PixelAspectRatioBox provide equ
ation to SPS VUI and are expected to be present when SPS VUI is not presentin an 'hev1' sample entry.

HEVCDecoderConfigurationRecord colour and dynamic range information

ivalent

— 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

© ISO/IEC 2024 - All rights reserved

83


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

ISO/IEC 23000-19:2024 (en)

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

— Alternative transfer characteristics in an SEI message can be used to optimize rendering bf
log gamma transfer function video on high dynamic range displays while using SPS signalled g

r

— ALCMAF player can pass MaxFALL, MaxCLL, and other SEI message data to a display.aover a digita
inferface, as specified in ANSI/CTA 861-G, to enable colour and transfer function(optimization w

CQ

— Ch
ar
se

B.2.5
The re
NOTE

sample
media

B.3

4 units and media samples shall conform to subclause 9.3.

4 units shall conform to the requirements of a media sample of the indicated description (' hv

dering on standard range displays.

mpatible UHD/HDR display.

IAF switching sets shall be constrained to include identical SEI NALs @nd’SPS VUI colour mag
t to provide consistent initialization and calibration.

Track Header Box (' tknd')
quirements of subclause 9.2.3 apply.
Normalized width and height can be derived from thetrack’s visual sample entry for 'hvcl' vided

s (see subclause 9.3.2.2) or from a sequence parametenset NAL in each coded video sequence for 'hevil
samples. See subclauses 9.3.3 and 9.3.4 for the storage.and semantics of video sequence parameter sets.

Media sample and CMAF fragment'constraints

Storage of HEVC elementary.stréams

video tracks shall comply with.ISO/IEC 14496-15 and subclause 9.3.

Access units

) as specifiedin’/ISO/IEC 14496-15.

fragments) containing access units identified by the 'hevi' sample description shall contain
S NALsreferenced from a coded video sequence in the first access unit of that sequence, imme
ingAts first access unit delimiter NAL, if an access unit delimiter NAL is present.

hybrid
amma

video
thin a

tering

d dynamic range information in the first sample entry of every CMAE \header in the CMAF switching

media
video

cl' Or

1l SPS
liately

sages)

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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Constraints on HEVC elementary streams

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.
When

B.3.3.

B.3.3.

Seque

with the following additional constraints.
— The following fields shall have pre-determined values as follows.
—| vui parameters present flag shall be setto 1.

The vdlue for each of the following fields in the active SPS shall not chaiige from one coded video seque
anothér throughout a CMAF HEVC track:

— gdneral_profile_space
— gdneral_profile_idc
— gdneral_tier_flag

— gdneral level idc

B.3.3.

VUI parameters that occur within a CMAF HEVC track shall conform to ISO/IEC 23008-2 with the foll

additi

— The following fields shall have pre-determined values as follows.
— aspect ratio infk_present flagshall be setto 1.
—| video full xzafye flagshall besetto 0.

— The following fields have the following values.

— colou® description present flag should be set to 1.

2 Video parameter sets (VPS)

thore are mn]fip]n V/PSs withina CMAE HEVC frnr](' fhny shall have the same content

B Sequence parameter sets (SPS)

B.1 SPS fields

hce parameter set NAL units that occur within a CMAF HEVC track shall confofmto ISO/IEC 23

B.2 Visual usability information (VUI) parameters

nal constraints.

tftansfer characteristics and matrix coefficients fields are present inthe VUI

008-2

nce to

owing

NOTE As defined in ISO/IEC 23008-2, if the colour_description_present_flagis set to 1, the colour_primaries,

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;

© ISO/IEC 2024 - All rights reserved

85

If colour description present flag is set to 0, this shall indicate the following values are to be


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

B.3.3.4 Frame rate in the elementary stream

The

provided in the TrackrRunBox (es) in each CMAF fragment.

B.4

B.4.
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— matrix coefficients=1.
— overscan_info present flag shall be setto 0, therefore overscan_appropriate shall not be present,
— aspect ratio idc shall be setto 1.
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, WHEN Present

—| transfer characteristics, when present

— matrix coeffs, when present

The values of the following fields should not change throughout a CMAF track.
— vul time scale

— vuil num units in tick

frame timing, including frame rate, is determined by the mediasamiple presentation times and durations

Video codec parameters

1| HEVC signalling of "codecs" parameters

Presentation applications should signal video.codec profile and levels of each HEVC track and [CMAF

switching set using parameters conforming to BETF RFC 6381 and ISO/IEC 14496-15.

B.4.

2| Image cropping parameters

When [necessary, picture cropping shall be indicated by setting SPS cropping parameters conf win b¢ttom
offsef and/or conf win right oftfset to remove video spatial samples not intended for display, and [ conf

win t¢p offset and conf win( 1&ft offset setto zero.

B.5

HEVC video CMAF media profiles and brands

A set ¢f HEVC CMAF-video media profiles are defined, together with an ISO BMFF brand and constrajfints in

Table B.1.
All pidtures;shall be encoded as coded frames and shall not be encoded as coded fields.

For a (MAF 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 conform 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
fromthe optionslistedin Table B.1 accordingto ITU-R Recommendation BT.709 or ITU-R Recommendation
BT.2100 appropriately with the values defined in ISO/IEC 23008-2;

NOTE1 ISO/IEC 23091-2 can be consulted for additional details on the exact details of the values of these
parameters.

shall not exceed the width, height or frame rate listed in Table B.1, even if the HEVC level would permit
higher values;

shall not exceed the bit depth of the HEVC profile listed;

sHould include the CMAF File Brand listed in its CMAF header.

NOTEZ2 A CMAF tracks can conform to more than one CMAF media profile. For example, a CMARK\track{ would
conforjn to both the HHD8 and UHD8 media profiles if its dimensions were within the constraints for thef HHD8
profile|(the UHD8 profile has higher dimension constraints and codec level) and the colour primacries, trapsfer
charadteristics and matrix coefficients are values which are common to both profiles..HHD8 also copforms
to UHI}10 because an HEVC Main10 decoder can decode the HEVC Main 8-bit content withdTU-R Recommerndation

BT.709|video characteristics.

See Annex C for detailed encoding examples.

Table B.1 — HEVC video CMAF media profiles

Media Codec |Profile Level |colour transfer matrix - Max Max Max CMAF
Profile primaries |characteristics|coefficients |Frame |Frame |Frame |Fjje
in VUI in VUI in VU1 Height |Width |Rate Brand
HHD8 HEVC Main 4.1 1 (BT.709)4 1 (BT.709 OETF)d 1TBT.709)d 1080 1920 60 '£hhd'
MainTier
8-bit
HHD10| |HEVC Main10 4.1 1 (BT.709)d 1 (BT.709 OETE)4 1 (BT.709)d 1080 1920 60 'thhl’
MainTier
10-bit
UHDS8 HEVC Main 5.0 1 (BT.709)4 1 (BT.709-0ETF)4 1 (BT.709)d 2160 3840 60 'tud8’
MainTier
8-bit
UHD10| |HEVC Main10 5.1 1 (BT.709)4 1-(BT.709 OETF)d 1 (BT.709)d 2160 3840 60 'cudl’
MainTier 9 (BT.2020). 14 (BT.2020 OETF)a,e |9 (BT.2020
10-bit Table 6 Y'C'BC'R)g
HDR10| [HEVC Main10 5.1 9 (BR2100)¢ |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 '£lgl!
MainTier HLG OETF) h Table 6 Y'C'BC'R)g
10-bit 14 (BT.2020 OETF) b

a

b

c

d

e

same spqcification as the c6LOUr primaries beingused.

and the] alterpnabdve transfer characteristics SEI message ISO/IEC 23008-2 included with the preferred transfer
charafpterisid cs syntax element of that SEl message set to 18 (HLG) to enable both legacy and HDR-capable clients to display the content.

Valhes 1 and 14 for the zfansfe richaracteristics field are functionally equivalent. However, it is normal to use the value which refgrs to the

When the HLG OETF function specified by BT.2100 is used, the trans fe r_characteri stics syntax elementin the VUI can be set to 14 (BT.2020)

HDR1@-cah.optionally include dynamic range metadata such as ST-2086,[11] MaxFALL and MaxCLL.

fro sl dofio e et PR RT 700 Do dos ] fapta lCO/IDC 22000 9
Ho-tre-aertteR s oot —or-aetarSrererte oo s Sacacacay-m

Thik-vafueisequivaten

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’
HHDB1oH HHDB16 126 geivieray
HDR10H HDR10 120 'chd2"
HLG10H HLG10 120 'c1GR)
B.7 Interlaced
B.7.1| Overview
The interlaced media profile (INT10) uses 'cint' as the interlaced CMAF file brand. The following general

constiy
coded

B.7.2

For th
ISO/IH

The fo

NOTE
within

The v
switch

— g4
— g9
— g9

— g4

aints apply to all interlaced video in CMAF HEVC elementary stréams. Interlaced content is
Interlaced content is limited to SDTV and HDTV such as those identified in Table C.1.

Profile, tier, level syntax

e profile_tier_level syntax contained in VPS and SPS<information, the syntax shall confo
C 23008-2 with the following additional constraints.

[lowing fields shall have pre-determined values as'follows for interlaced content:
neral progressive source flag shall be setto 0;

neral frame only constraint flag shall be setto 0;

neral interlaced source flag shallbe set to 1.

The Picture Timing SEI message’is carried with each AU and additional interlaced information is
the pic_struct element.

lues of the following fields’shall not change within CMAF tracks or between CMAF tracks in a
ing set, and are constrained as follows:

neral profile @pace = 0;
neral profilfe idc = 2 (Main 10);
neral tier flag = 0 (Main Tier);

nefal’ level idc <= 123 (level 4.1).

field-

rm to

rarried

CMAF

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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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 between CMAF tracks in a CMAF switching set.

B.7.4.2 SPS fields

Seque
with t

The fo

— Dbi
fo

B.7.4.

VUI p4d
additi

The fo

— OV

P
— as

NOTE

primal

NOTE %

ildeo full range flag shall besetto 0.

nce paramnfnr set NAL units that occurwithin a CMAFE HEVC track shall conform to IQnI/IpF 23008-2

he following additional constraints.
[lowing fields shall have pre-determined values as follows:
i parameters present flag shall be setto 1;

t depth luma minus8 and bit depth chroma minus8 shall be set identically to either O for 8-b
I 10-bit encoding.

B Visual usability information (VUI) parameters

rameters that occur within a CMAF HEVC track shall conform to JSO/IEC 23008-2 with the foll
bnal constraints.

[lowing fields shall have pre-determined values as follows;

pect ratio info present flag shall be setto 1;

[lowing fields have the following values:

lour description present flag shall besetto 1;
lour primaries = 1;

ansfer characteristics=1;

trix coefficients = 1;

esent,
pect ratio idc-shall be setto 1.

| As defined in ISO/IEC 23008-2, if the colour description present flag is set to 1, the c
ies, tradsfer characteristicsandmatrix coeffs fields are presentin the VUI.

This'value corresponds toTU-R Recommendation BT.709.

it or 2

owing

erscan_info present fliag shall be set to O, therefore, overscan appropriate flag shall not be

lour

The va

lues 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

C.1 Source formats of display resolution operating point sets and frame rate

oper

Tables
setsu

suppo
level i1

Ating point sets

|C.1 and C.2 list commonly used display resolution operating point sets and frame rate opérating
ed in television distribution. CMAF media profiles addressing the broadcast industry‘aye expe
Ft and scale to a subset of these resolution and frame rate combinations depending.on'the prof
idication 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

r point
ted to
le 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 120/1.002 Hz

Spatial and temporal subsampling and scaling of video

Spatia] and temporal subsampling are encoding methods)commonly used to reduce bit rate during ad
streaming while optimizing video quality.

— Spatial subsampling encodes a fraction of the’number of spatial samples in the source video 3
thle source video is an exact integer multiple: For example, a subsample fraction of 50 % of the sq
cropped vertical and horizontal spatial Sample count, where the number of source samples is a
nymber, or a multiple of four when line;pair cropping is required. See Clause C.3.

— Tdmporal subsampling encodes a fraction of the frames in the source video, e.g. 50 % of 24 Hz to

in

lo

In or
adapti
const

— T
a

vest frame rate.

er for CMAF switching sets to be presented to viewers with minimal visible disturbance
e bit rate switching, encoding and playback of all the alternative tracks, CMAF specifies the foll
aints, which-are summarized, but not defined here.

acks ira*CMAF switching set are alternative encodings of the same source content (same active
ea,/colour encoding, source spatial sampling, etc.).

aptive

o that
urce’s
h even

result

a 12 Hz track with half the.media samples, each of twice the duration, but the same CMAF fragment
dyrations and start times, A CMAF switching set can include CMAF tracks at different frame rat
13 Hz and 30 Hz (and perhaps 60 Hz and 120 Hz for UHD), but only if they are all exact multiples

S, e.g.
of the

Juring
owing

video

samples in the active area of the source 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.

— Players are expected to scale the decoded and cropped samples in all tracks in a CMAF switching set to
the same display aperture.

— 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.

C3

patial subsampling

Spatia] subsampling can be a helpful tool for improving coding efficiency of a video elementary|strea
achievied by reducing the resolution of the coded picture relative to the source picture, while adjusting the
video fpatial sample aspect ratio if necessary to compensate for any difference in the ratie-of horizont
verticgl subsampling. For example, by reducing the horizontal resolution of the coded-picture by 50 %

incre

ing the sample aspect ratio from 1:1 to 2:1, the number of encoded video spatial samples is re

by half. While this does not necessarily correspond to a 50 % decrease in the ameunt of encoded |

data,

The w
combi

— A\

he decrease can nonetheless be significant.

idth and height in active image video spatial samples in a coded video'sequence are specified
hation of the following sequence parameter set fields in the video‘€lementary stream or sample

(C, ISO/IEC 14496-10:

pic width in mbs minusl, which defines the number ¢f horizontal video spatial samples;
pic height in map units minusl, which defines the number of vertical video spatial sample
aspect_ratio_ide, which defines the aspect ratio of each video spatial sample;

frame crop left offset, cropping paramiéter in SPS;

frame crop right offset, croppingparameter in SPS;

frame crop top offset, cropping-parameter in SPS;

frame crop bottom offset, Cropping parameter in SPS.

EVC, ISO/IEC 23008-2:

pic _width in luma_skamples, which defines the number of horizontal video spatial samples;
pic height an‘luma samples, which defines the number of vertical video spatial samples;
aspect rafio idc, which defines the aspect ratio of each video spatial sample;
confewin left offset, cropping parameter in SPS;

cohf win right offset, cropping parameter in SPS;

m. [t is

al and
while
duced
icture

by the
entry.

A

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
multiplying 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] sample counts and has to be accurately encoded in the VUI information in sequence parameter sets
in each fragment of every track. MPEG decoder models include an undefined display processer thdt uses
SPS NAL and VUI information to convert decoded 4:2:0 numerical values to a scaled image-with the SAR,
transfpr function and colour space indicated in VUL This annex further defines how_multiple tracks in a
CMAF|[switching set are scaled to a common display aperture with a fixed picture aspectratio. The SAR and
croppeéd video spatial sample counts are defined to equal the same picture aspect ratio as the source yideo.

The extent of subsampling applied to a track can be characterized by a subsample factor in each |of the
horizdntal and vertical dimensions, defined as follows.

— The horizontal subsample factor is defined as the ratio of the number.ofcolumns of the luma video $patial
sample array in the source frame after video spatial sample cropping has been applied, divided |py the
nymber of columns of the luma video spatial sample array aftér video spatial sample cropping hafs been
agplied in subsampled CMAF track. For example, a 1920 wide'sgurce image subsampled to 960 horizontal
vifeo spatial samples in a subsampled track would have a horizontal subsample factor of 0.5.

— The vertical subsample factor is defined as the ratio, of the number of rows of the luma video $patial
sample array in the source frame after video spatial sample cropping has been applied, divided |py the
nymber of rows of the luma video spatial sample array after video spatial sample cropping hag been
agplied in a subsampled CMAF track. For exarple, 1088 vertical video spatial samples cropped tp 1080
in[the source, subsampled to 544 video spatial samples cropped to 540 in a subsampled track would have
a Yertical subsample factor of 0.5.

C.5 Examples of single dimension subsampling

Ifa 1920 x 1080 square pixel (SAR1:1) source picture is horizontally subsampled and encoded at a res¢lution
of 1440 x 1080 (SAR 4:3), which corresponds to a 1920 x 1080 square pixel (SAR 1:1) picture, then the
horizgntal subsample factoris'1440 + 1920 = 0.75, while the vertical subsample factor is 1.0 since there is no
changg in the vertical ditnénsion.

Similafly, if a 1280-%_720 (SAR 1:1) source picture is vertically subsampled and encoded at a resglution
of 1280 x 540 (SAR 3:4), which corresponds to a 1280 x 720 (SAR 1:1) picture size, then the horizontal
subsainple facton'is 1.0 since there is no change in the horizontal dimension, and the vertical subgample
factorlis 540720 = 0.75.

1 £ . 3 1 1
C.6 AdIIPIT U1 HIIXCU SUDSAIIPIIITG

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.

© ISO/IEC 2024 - All rights reserved

94


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

ISO/IEC 23000-19:2024 (en)

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 ljke 4:3 or 16:9 (i.e., letterbox bars or pillarbox bars) needs to be removed before encoding inyof

allow

Since

boundary employed by the video elementary stream, additional cropping parameters are ‘used to f
define| the dimensions of the coded picture. It is a normative requirement of AVC and-HEVC that de
perforjm cropping as signalled in sequence parameter sets (SPS NALSs).

C.8

When(spatial subsampling is applied, additional cropping parameters are often needed to compens
the mjsmatch between the coded picture size and*the macroblock (ISO/IEC 14496-10)/coding tre

(ISO/IEC 23008-2) boundaries. The specific relationship between theses mechanisms is defined as follows.

c9

The fallowing example shows a typical movie picture aspect ratio that was padded and encode

ayfc (ISO/IEC 14496-10):
— “Macroblocks” define the video spatial sample coding unit boundary\(and are 16 x 16 blocks)
uevc (ISO/IEC 23008-2):

— "Coding Tree Units" define the video spatial sample coding unit boundary (and are 64 x 64 |

—3

ard cropping fields, defined in the sequence parameter set corresponding to that picture’s coded
sequence.

mhptch, etc. For example;to output the video to an HDTV, the decoded image might need to be sc4
t

input format. A newer TV or projector might accept this picture aspect ratio directly without pad

levices to accurately frame the active picture area.

the subsampled picture area might not always fall exactly on the video spatial sample“codin

32 x 32 blocks, or 16 x 16 blocks). See Clause C.3.

Relationship of cropping and subsampling

gch picture is decoded using the codingparameters, including horizontal and vertical sample

lhe display aperture is detefimined by the CMAF player, and each fragment scaled to fill that ap
ding the same method to ‘maintain registration, e.g. common sides, common top and bottom

display aperturednidth, then additional letterbox matting applied to match a valid HDMI telg

Example encoding and decoding process

der to

g unit
urther
roders

blocks,

hte for
e unit

tounts
video

erture
exact
hled to
vision
ling.

letterlpox bars to f1t a 16 9 TV display. The active 1mage is extracted, subsampled encoded and p
filled ara para s—fo 2

detalled in 1gure C
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Source Video

Source frame 1 920x1 080
Active image 1 920x818

Horizontal
Subsample
75%

Frame 1 440x1 080
Active image 1 440x818

Encoded in

array

nearest block ‘

Cropped to
visible spatial
samples

Encoded 1 440x832
Active image 1 440x818

Cropped 1 440x818

Active image 1 440x818

Sample aspect ratio 1.0

Sample aspect ratio 4/3

Sample aspect ratio 4/3

Sample aspect ratio 4/3

Table

NOTE
1SO/IR

conf ¢

NOTE
Codin

Figure C.1 — Example encode and decode process for letterboxed source content

.3 shows the parameter values used.

1 As chroma format idc is 1, subWidthC and subHeightcC are set to 2(per ISO/IEC 14496-]
C 23008-2. This results in a doubling of frame crop parameters (So fiéme crop bottom offs

bin bottom offset both equate to 14 pixels in the above example).

2 As ISO/IEC 23008-2 Mincbsizey is 16 and log2 min luma%coding block size minus3 is
b Tree Unit size is 16 x 16 (matching the ISO/IEC 14496-10 mactoblock size of 16 x 16).

Table C.3 — Subsample and cropping values for 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
height 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_offset 7

0 and
-t and

1, the
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Table C.3 (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 1440
pic_height_in_luma_samples 832

The dg

In this

£ CHN | £1
COIIOT AT _WIITAOW_T1dg

conf_win_left_offset

™
Qv

T

0
conf_win_right_offset 0 q
conf_win_top_offset 0
conf_win_bottom_offset ‘7\6'

09\’

coding and display process for this content is illustrated in Figure C.2.

example, the decoded picture dimensions are 1440 x 818, one line 1 than the original

picturg area. This is due to a limitation in the cropping parameters to crop I\ even pairs of lines. Cr

active

bpping
mative

the soprce picture to 816 lines and 51 macroblocks might be more pra but makes a less inforti
example.
Output full screen for
2.35 4 K display
i —
Decoded and Tor 11 samplosand 235, e
;rgosppe 1ma§eR — picture aspect ratio, at @Q framing Output Letterboxed
(2.35 source ) player selected SIZQ\ and for 16:9 2 K display
xO scaling
~ —|
Decoded frame 1 440x818 Scaled fr. 920x818 Output zoomed and
Active image 1 440x818 Active @ e 1440x818 cropI;)ed for 16:9 2 K
Sample aspect ratio 4:3 S‘@)’le aspectratio 1:1 full screen display
/'
Figure C.2 ié;ample display process with and without letterbox bars added
Figurg C 111ustra@9)oth subsampling and cropping applied to the horizontal dimension while en

pillarh

oxed co
=~
S

roding
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Source Image Cropped to
4:3 aspect Subsampled

Encoded visible
ratio 75 % Blocks - spatial
Pillarboxed horizontally samples

Source frame 1 920x1 080 Source frame 1 920x1 080 Source frame 1088x1 088 Coded image 1 080x1 080
Active image 1 440x1 080 Active image 1 080x1 080 Active image 1 080x1 080 DATIPIE dSPELLTAUD 0
Sample aspect ratio 1:1 Sample aspect ratio 4:3 Sample aspect ratio 4:3

The o
1920

pictur
size of
spatia
dimen|

Figure C.3 — Example encode and decode process for pillarboxed source.content

Figinal source picture content is first subsampled horizontally from a1:1Vsample aspect r
1080 to a video spatial sample aspect ratio of 4:3 at 1440 x 1080, then the 1080 x 1080 pixel
p area of the subsampled image is encoded. However, the actual coded\video spatial samples

1088 x 1088 samples due to the coding unit boundaries do not falling on even multiples of 16
samples in this example. Therefore, cropping parameters are provided in both horizontal and v
sions. The parameters are shown in Table C.4.

Table C.4 — Subsample and cropping values’'for example in Figure C.3

Object Fiéld 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
frame_crop_bottom_offset 4

htio at
active
have a
video
ertical
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Decoded and
cropped image .

Scaled x 4/3 horizontally
for 1:1 samples and 4:3
picture aspect ratio, at

player selected size

Decoded frame
1 080x1 080
Sample aspect ratio 4:3

Scaled frame 1 440x1 080
Sample aspect ratio 1:1

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
ToTformance_window_fiag T
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

Display
specific

framing
and
scaling

Output
Pillarboxed

for 16:9 2K
display

Output zoomed and
cropped for 16:9 2 K
full screen display

The pr

As in {
sampl

If this
video

P aspect ratio.

ocess for reconstructing the video for display is shown in Figure C.4.

Figure C.4 — Example display process with and without pillarbox bars

he previous example, thedecoded picture has to be scaled back up to the original 1:1 video

content is to be displayed on a 4:3 display, no further addition of pillarboxes is necessary to disp

mage full screer:-A user might elect to zoom the image to full width on a 16:9 display while cr

the top and bottom,.Eull frame 1.85 aspect ratio film often “protects” the 1.78 aspect ratio area (16:9)

the top and bottomi‘can be cropped when displayed full width on HDTVs without loss of significant co

C.10 CMAF-switching set video encoding considerations

bpatial

ay the
pping
bo that
htent.

C.10.1 Generat

Some of the variables that should be considered when designing a CMAF switching set for an application 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 compression efficiency of the codec and encoder;

e compression difficulty of each content source;

e number of CMAF tracks per CMAF switching set;

e bit rate difference (“gradient”) between adjacent bit rate CMAF tracks;

e frequency of adaptive switching;

j) longer CVSs for better compression efficiency;

) t
m) st

Some
priorif

C.10.7

Them
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Netwd
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AACs
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C.10.3

Priorif
of finit
switch
Somey
rate f1

propo

have approximately the same quality difference on all track switches.

This 13
player
adapti
averag
makeg

k) sIrter CVSsand CMAF fragments for [ower tatency;

size of the installed base for different codecs and media profiles;
Fucturing CMAF switching sets and aligned CMAF switching sets for content protectignirequire

oeneral design choices and two different use cases can illustrate some of thé€“tradeoffs bajf
izing these parameters.

. General configuration

bximum bit rate thatis optimal for a CMAF switching set will depend 0nythe intended display resd
Heo quality, as well as encoder and codec efficiency, and difficulty.ofthe source material.

rk and device characteristics may determine the lowest bitrrate and resolution of interest. Bi
all screens on variable cellular connections could be muchlower than what would look acce
pnnected UHD TV. Some codecs and CMAF media profiles would limit the installed base of ¢
brs, unless the CMAF presentation also includes “fallback” CMAF media profiles such as HD A\
ereo, which are almost universally supported. Content protection and DRM tend to limit the n
jpatible devices at UHD and HDR media profilesbecause they typically have higher device sd
ements. Alternative CMAF switching sets encodéd with different CMAF media profiles providd
ht the cost of more encoding, storage, content;ihanagement, caching, player intelligence, etc.

g Use case 1 — High volume “video:on demand” of long form content, e.g. movies

ization of efficient CDN caching favours fewer tracks per CMAF switching set for better CDN utilj
e edge cache storage and highercache hit ratio with fewer alternative choices. Fewer tracks per
ing set means a larger bit rate gradient between tracks for a given maximum and minimum b

om each track to the nextlower track). Video subsampling should reduce encoded resolution in
tion to the bit rate reduction to optimize video quality. The bit rate gradient should be consis

rge a gradient will probably result in noticeable quality differences between tracks, so along du
buffer (e.g>2+ min) and low bit rate startup sequence to fill that buffer can be used with
ve switehing algorithm to avoid frequent switching without risking buffer underrun (a long buf

itless critical to avoid processing a CMAF header on each track switch, which might result in

ments.

ed on

lution

[ rates
ptable
hpable
/C and
lumber
curity
b more

zation
CMAF
t rate.

vhere around 40 % to 50 %)gradient is a typical tradeoff (“gradient” is the percentage reduction in bit

rough
fent to

ration
h slow
fer can

e outanetwork throughput variations without underflowing the buffer.). Infrequent track switching

frame

drops

ete. 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 av01d underflow and rebuffering, or make 1neff1c1ent use of avallable bandw1dth

if it doe
as frequent as once per CMAF fragment duratlon e.g. every 2 seconds to 4 seconds. If bit rate chang
video guality differences can be kept below a “least noticeable difference”, then frequent switching
done With consistent perceived video quality. A bit rate gradient of around 30 % can approeximate

ssibly
es and
can be
h least

noticepble difference for a typical AVC or HEVC encoder operating in a reasonable bit rate range relafive to

image[size that avoids extreme artefacts due to insufficient bit rate for the encoded reselution.

A smalller bit rate gradient for a given minimum and maximum bit rate requires more CMAF trac
CMAF|switching set. Reliability for low latency delivery may require redundant origin servers an
server|s, possibly with multiple encoders and source streams to avoid latency<and jitter on a single ne
node qr path that would not be noticed under typical high latency delivery,e.g. several tens of secon
would|cause streaming interruption when operating at low latency. Early.requests either are to be ay
or qudued and handled, to avoid HTTP 400 errors such as “not found? or “not ready”, that would flo
origin|server.

Live epcoding work flow often involves the splicing of independently encoded signal feeds, ads, and
recorded content and M2TS signal feeds that can change;encoding parameters in any resulting
fragmpnt. CMAF switching sets with inband parametersf‘and single initialization constraints can p

CMAF] fragments without needing to download and _ptocess a new CMAF header with new de¢o

parameters.

Encodjng strategy, network distribution strategy,and player optimization need to be combined for op
results.

ks per
1 edge
twork
s, but
oided,
od the

other
CMAF
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Annex D
(informative)

Hypothetical player model

D.1 Overview

Playerjimplementers should note that CMAF provides the following affordances.

D.2

To play an adaptive streaming presentation, a player typically:

A CMAF segment is well-suited to network transfer because it is a compact, self-contained.set of
mples that covers a short duration that can be downloaded relatively quickly.

ch CMAF segment contains a media timestamp in the form of baseMediabDecodefidme in a Trac
tBaseMediaDecodeTimeBox, Which allows individual CMAF segments and CMABtracks that stay

©C v O T

set.

e CMAF header, associated with a CMAF track, and the MovieFragmentBox and the media samp
erenced from it contain everything necessary to render the mediasamples at the correct place
esentation timeline.

AF tracks can be separately selected and delivered by, a.player, then synchronized at preser
e (“late bound”), thus allowing each player to customizé.different CMAF track combinations fq
vice, network, and user.

QO TR

The independently decodable picture at the start\0f‘each video CMAF fragment can be obtaine
reduced download size for fast forward or fast reyerse streaming, using a byte range request for a
CMAF segment, or some other protocol.

CMAF selection sets allow alternative content to be offered for playback without requiring the pl:
transfer content that it does not intend\te play.

CMAF switching sets allows alternative bit rate and resolution encodings of the same content
mlessly presented through a single video decoder.

Tlhe use of Common Encryption supports access to the same encrypted content by multiple decr
kdy delivery systems.

Tle pasHEEventMessageBox allows CMAF addressable media objects to signal application-defineq

media

kEragm
t with

itrary timestamps to be synchronized to a presentation timeline using a'manifest presentatiojn time

e data
on the

tation
r each

d with
bartial

iyer to

to be

yption

track

events with low latency on CMAF addressable media objects already being downloaded during live

prlesentations‘without requiring frequent manifest downloads.

Adaptive streaming playback examples

parses the manifest and selects selection sets of media types it can present on that device (e.g. audi
or audio/video/subtitles/picture in picture, etc.);

compares CMAF switching set information, such as the CMAF media profile, to player, decoder, d
DRM, etc. capabilities to determine the compatible CMAF switching sets in those selection sets;

o only,

isplay,

selects the most preferred compatible CMAF switching set in each selection set, sometimes based on

stored user preferences (language, accessibility, rating, stereo or multichannel audio, etc.);
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— selectsaninitial CMAF track from each selected CMAF switching set, usually based on estimated network
bandwidth, rapid start heuristics, display size, etc.;

— 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

secondls of each selected CMAF track to minimize presentation delay relative to the time content arrjves at
the encoder. A player can select a different bit rate for each CMAF segment if necessary to prevent|buffer
underflow in the player while maximizing media quality. In addition, some servers andxplayers can use
short CMAF chunks as CMAF addressable media objects to receive media samples from+the encoder in a
fractign of the time necessary for the encoder to complete a coded video sequence and.make it available in
a CMAF segment. Bit rate switching is still limited to CMAF fragment boundaries, i.€;;the first CMAF|chunk
of a CMAF fragment. A player can reduce average bit rate in order to allow a short, low latency buffeq while
avoidipg underflow during network and content variations, or increase the buffer-duration and preserjtation
latency to operate with more buffer underflow safety margin or higher bit rate:

Live EEAAF presentation streaming is typically optimized for low latency by a player that only bufférg a few

Once 4 player selects the live presentation delay and buffer duration, thé-delay cannot be changed wjithout
halting playback and rebuffering, or decoding at a speed faster or slower than normal, which is usually not
ible or acceptable. Measurements of network latency, jitter throughput rate, throughput varfiation,
CMAF|segment duration variation, and server/client clock synchronization can help a player selpct an
optimgl presentation delay and next CMAF segment bit rate“to request. Each measurement of ngtwork
ghput made by a player is influenced by variable factors, such as local network congestion, e.g| other
ds periodically downloading data or media segments at the same time, CMAF segments being ¢ached
cal CDN node or not, variations in wireless network reception, etc. Some players can take advantage
of netyvork aware servers that can provide each player data to help those players optimize bit rate and|buffer
duratipn for reliable low latency playback.

Anothpr factor in low latency streaming is the sequencing of multiple CMAF presentations in a mahnifest.
Playerfs are often required to insert short video advertisements in longer video presentations, like telgvision
shows| If a player uses a single bufferand decoder for all CMAF selection sets of one media type, then the
presentation delay and buffer duratien necessary for ads could be much larger than that needed for the live
televidion show and harder to determine in advance. That is particularly true when ads are delivered from a
differgnt server and are selected during playback based on the viewer, device, location, etc. In this cafe, the
playerineeds to select presentation delay and buffer duration sufficient for the worst-case ad delivery delay,
and the CMAF fragments in'the television show need to be time aligned to the duration of each advertigement
in ordpr to resume the-ive’ show on the start of a CMAF fragment without changing presentation delay. An
alternptive is to use{Separate buffers and decoders for the show and ads, in which case the preserjtation
delayg are decoupled. Prerecorded ads can be prefetched well in advance, and the return to the livg show
can hgppen onany frame by switching the view, since the show can be continuously buffering and degoding
during ad playback.

To minimize visible changes between CMAF segments encoded at different bit rates, live CMAF swi
sets may- z s with smaller bit rate differences for insta 2
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.

0 de maore ack azith sm hi d e 0 0 I nce de 0 0 9% to

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 and network
can make better and faster decisions as to the optimum CMAF switching set and bit rate to select for, e.g. a
mobile phone vs. a high definition TV display.

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 CMAF seljgment
duratipn. Because bit rate switches are less frequent and therefore less noticeable, fewer CMAF tracks in a
CMAF|switching set with larger bit rate differences can be considered acceptable, for instance,-a defrease
of 50 4 from one CMAF track to the next lower bit rate CMAF track in a CMAF switching set)The fewer the
CMAF|tracks in a CMAF switching set, the more likely the CMAF segments will remain cached at a CDIN node
of a giyen size.

When|players adaptively switch CMAF video tracks, they rescale the decoded and-cropped image [to the
player|selected display aperture. Lower bit rate CMAF tracks in a CMAF switchifig set are typically ejcoded
at lowgr resolutions (subsampled) corresponding to their bit rate. Subsamplirig improves video quglity at
lower |pit rates by allocating less bits to coding block structures and moreto image coding and corrg¢ction.
Longef coded video sequences allow more efficient temporal prediction-and compression, and there¢ is no
issue yith encoder delay in the case of prerecorded CMAF presentatiohs.
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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 repeatedyb
be repleated, e.g. at 10 seconds and 5 seconds before the event, to allow players tuning into a live Str¢
receivp at least one copy of the event message.

Each pasHEventMessageBox contains a schemeIduri that functions as a URN message _scheme ide
and d¢fines the payload of the message (defined in subclause 7.4.5). CMAF has specified version 1

ut can
bam to

ntifier
of the

DASHE{entMessageBox that allows events timing to be specified by a CMAF track’s presentation time

regardless of the delivery time or method.

Some gchemes such as urn:scte:scte3s are standardized by SDOs and consortia for interoperability,
case, 4d and program segmentation splicing and signalling. But any application provider can define if

le uses include delivering sports scores, interactive<{components, presentation chaining,

in this
S own
er has
btocol.

server

redirection, sparse content description metadata, etc. An event message scheme can store any inforIIation,

includjng a URL, in the message stored in the message data¥]section of the box. The message can co
URL intended to trigger a player request. That allows aserver to determine a response that can be di
based|on clock time, the player, the device, its location;-etc. To reduce CMAF track bit rate, it is advis
deliver a URL when the response is large or not relevant to a significant fraction of players. Deliverin
in the|pasHEventMessageBox has the advantage-0flow latency and avoiding additional download rec
especifally for live streaming.

Becaupe event messages are contained in‘or attached to CMAF segments that are already being reqy

tain a
ferent
hble to
g data
juests,

ested,

e.g. for audio playback, the player’s nopmal adaptive segment downloading behaviour will automatically

transfer them. Event messages can also be duplicated in a manifest to provide random access and
message history for VOD playbaek;.or live random access within a time shift buffer. Manifest signalliy
allowq players to detect eventymessages by frequently requesting updated manifests.

DASHE{entMessageBoxes @re-added prior to a MovieFragmentBox. They can be appended during en
or deljvery without needing to reformat the CMAF fragment MovieFragmentBox OI MediaDataBox
DASHEYentMessageBok ificludes a time offset relative to the time recorded in the TrackFragmentBas{
Decod¢TimeBox in the following MovieFragmentBox and an optional duration. They are primarily in
to prdvide datanand trigger action that are synchronized to a time or time range in the media.
Messages can-provide notification any time in advance of the event’s presentation time so a play|
complpteactions, such as downloading signalled information or media, e.g. a video ad. It is advisz

event
1g also

roding
. Each
tMedia
ended
Event
er can
\ble to

insert|pasHEventMessageBoxes on all tracks within a selection set (e.g. audio) so the message will b

e read

regardiessof the track setected:

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
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
track.

Atpre
may a
sampl

If aud
durati

Long §

continuous CMAF tracks and presentations that can be sequenced by agnanifest. A manifest can sed

tracks
so the

Player]
but th
preser

A DAS
Segms
baselMd

It is rg

sent, there is no generally supported semantic to represent “missing” media in a track. The-Tracxj
5sign a single image media sample the duration of the track run to fill the time interval. Audio
es have internal time structure, so a single media sample’s duration cannot be extended.

o or video frames are unavailable during recording, recorded media samples may be exten
pn or filled with media data such as silent audio or repeated pictures.

paps and gaps synchronized across all media streams can be recorded as two sequential, by

on a presentation timeline to remove a time gap or maintain a presentation gap between two
 remain in sync with other tracks.

handling of delivery errors that result in invalid CMAF fragment sequences is out of scope of
e TrackFragmentBaseMediaDecodeTimeBox in each fragment enables synchronization to mj
tation time following a gap in media delivery, trick play, etc.

H manifest can represent missing segmentsin a CMAF switching set as duration gap
ntTimeline element that contains a list of segments and their durations, but can in
diaDecodeTime of a segment that follows a;gap in the accumulated segment durations.

commended to provide either a manifest indication of a missing segment or a “dummy” replag

to av

considering how best to construct a CMAF fragment and segment that contains the expected durati
no mefia. Players would then be able to"download a segment, but would still need special error hand

conti

The
media
player

id a “404 Not Found” error when, a-missing segment is requested. The ISO BMFF systems g

e presentation without media to decode.

st preferred method té_handle missing media at ingest, encode, or packaging is to provide sub
such as a repeated video frame or slate and silent audio so downloading and decoding can cont
S.

file format calculates decode and presentation times as the sum of prior media sample duratiohs in a

unBox
media

ded in

t non-
juence
tracks

CMAF,
nifest

5 in a
dicate

ement
oup is
pn but

ling to

stitute
nue in
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Annex G
(informative)

Recommendations for AAC CMAF switching set encoding

G.1 General recommendation
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the mgst critical content, bit rates can evenbe increased further. Hence, the complete range from low
highest quality can be covered witha single CMAF switching set allowing seamless bit rate switching

rate ta
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G.2.3
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Fideo bit rate is significantly higher than the audio bit rate, it is more efficient to offer multiple
ous video bit rates (i.e., to enable bit rate adaptation) and keep the audio bit rate constant-’Aud
ceived as the base layer that is most important for the user experience and should remain-undist

d a CMAF switching set for video to enable bit rate adaptation. Only if audio accupies a sign
hf the total media bit rate or the service is audio-only should audio CMAF switching sets be consi

Selection of AAC profiles and bit rates

General

Vhen a single audio track is sufficient, the service provider still has to select the preferred AAC
rresponding bit rate. The following clause provides some{ecommendations for the usage of th
C and HE-AACv2 profiles.

Use of HE-AAC as default

yices where low bit rates and bit rate adaptation are important, HE-AAC is preferred. The H

can be used over a wide range of bit rates and achieves excellent audio quality for mono and ¢
breo audio, it provides good quality down-to'24 kbit/s and can improve quality consistently by
bits, up to 128 kbit/s, at which point the\audio quality is excellent even for the most critical iter

pwing the requirements described in subclause 10.5.5.

Use of HE-AACv2

gh the “Version 2” (v2) suffix indicates an advanced technology, the HE-AACv2 profile has to b
are and is not automatically preferred over HE-AAC (Version 1). The benefit of HE-AACv?2 is
even lower bitrdtes than HE-AAC (v1) by using the Parametric Stereo (PS) tool. As the name iy
ol is only applicable for stereo services. Compared to HE-AAC, there is an advantage for bi

48 kbi
band

for its|gréater flexibility and availability in a broad range of platforms and devices.

32 kbit/s. Hewever, it does not scale to excellent audio quality when increasing the bit rate H
/s. Therefore, HE-AACv2 is mainly recommended for stereo audio-only streaming services with
idth timitations. For video services and channels with sufficient bandwidth, HE-AAC is recomm

ible. For many video services, it might be enough to use a single CMAF track for.audio and pLovide

tracks
io can
urbed

ificant
ered.

brofile
e AAC,

E-AAC
tereo.
ndding
hs. For
est bit

e used
that it
nplies,
[ rates
eyond
strict
ended

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 consumer

needs

G.2.5

is a primary requirement. For most services, however, HE-AAC is the preferred profile.

Typical bit rates

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 for normal
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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 mp4a40:5 2% 32 718 6% 96 128
AAC 2 mp4a.40.2 64 96 128 160 P56

G.3 Multiple audio switching sets

Ifabrgad range of devices and bit rates need to be covered, it is possible to offer several@tdio CMAF switching

sets (perhaps grouped into a CMAF selection set), each containing a single AAC prefile. For instance,
perforiming streaming via 3G may use the HE-AACv2 CMAF switching set. When Streaming via Wi-
client may use the HE-AAC CMAF switching set. It is required that the selected CMAF switching
maintpined during the entire course of the current track. Upon playback pf\a new track, a change of
switchling set is possible. Although the use of multiple audio CMAF switching sets is possible and inc
flexibility in system design, it has to be done with care as the selection of the “correct” CMAF switch
by the|client needs to be well-defined. In general, it is therefore recommended to use a single HE-AAC
switchjing set unless there is a compelling reason to do otherwise:

G.4 Backward compatibility

Backward compatibility can be supported in several ways. Firstly, a client supporting the HE-AACv2

clients
Fi, the
set is
CMAF
reases
ng set
CMAF

brofile

can alfo decode HE-AAC and AAC-LC. In this case, the content provider can offer multiple CMAF swiltching

sets (see Figure 11) and can be certain that the player will reproduce the intended audio experience.

If support for legacy clients that only support AAC-LC is desired, the content provider needs to cy

a monp representation into stereo. Hence, the same bitstream can be decoded by a HE-AACv2 decq

eate a
ng set
lity to

wever,
htes at

kward
ng set
iple, it
hmple,
pands
der to
signal.

or.by a legacy HE-AAC decoder, with the drawback that the player will only produce a mono

(some hear stereo while some hear mono). The preferred alternative would be to offer a second H
CMAF switching set with stereo as described in the paragraph above.

G.5 Encoder delay compensation

The basic concept of this approach is to drop a certain number of encoded AUs, right after encoding,
ISO BMFF encapsulation. Since the sum of encoder and decoder delay usually does not fall on audio
boundaries, audio PCM samples (usually silent) have to be prepended to the beginning of the audio
before encoding.
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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,.

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 4 5
——Encoder delay—{Decoder delay-
Padding
Padded source 0 1 2 3 4 5 QC
LN V4
Encoder
. \ S
Coded bitstream AU1 AU2 AU3 A&@ AUS AU6
—Encoder + decoder delay + padding — @ @ @
Encapsulation

Encapsulated bitstream

With this approach, a reconstruction of the first ISO BMFF media sample is only partially possible a
decoder will fall back to a fade<in. The fade-in will be observable whenever a decoder joins a livestre

trick glay, e.g. skipping, isapplied.

ISOBMFF
sample 1

ISOBMFF
sample 2

ISOBMFF
sample 3

Figure G.1 — Example of padding and trimming AAC access units for delay compensation|

denotes the encoder delay in audio PCM samples, d,.. denotes decoder delay in samples, fy ¢ is

nd the
am or
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Annex H
(normative)

Scalable HEVC media profile and track format

H.1 Dependent CMAF tracks

Depe

Specifjcally, CMAF fragments of dependent CMAF track can only be decoded and/or rendered
corregponding CMAF fragment of all of the CMAF tracks it depends on are available. CMAFtracks th
not dependent CMAF tracks are regular CMAF tracks.

In a h
expecf

A man
depen

H.2

Scalabjle HEVC CMAF tracks shall conform to Clauses 7, 8, 9, and 12, and shall additionally conform

constij

Each {
both ¢
Clausd
depen

H.3
profi

H.3.1

ent CMAF tracks can only be processed with the availability of one or more other CMAF 1

pothetical CMAF receiver, the corresponding CMAF fragments of CMAF tracks depended
ed to be available prior to the CMAF fragments of the dependent CMAF track:

Hent and required CMAF tracks.

Scalable HEVC CMAF tracks

aints specified in this Annex.

calable HEVC CMAF track that does not contain ¥CE NAL units with nuh layer id and Temp
qual to 0 is a dependent CMAF track and the,€onstraints specified for dependent CMAF tra3
| H.1 shall apply. It is expected that the manifést provides signalling to express the dependen
Hent CMAF track on another CMAF track, fordexample, using the edependency1p in a DASH MPD.

CMAF switching set constraints for scalable HEVC CMAF tracks and media
les

General

Subclguse 9.2.3 applies, and additionally the following constraints apply:

— E4
SP
— E3
BI

— W
Bl

ch CMAF track with:sample entry 'hev1' shall conform to the HEVC media profile and track for
ecified in AnnexB.

ch CMAF tgack containing a scalable HEVC bitstream or part thereof shall contain exactly o
MFF track.

hen multiple CMAF tracks are present for carrying a scalable HEVC bitstream, the correspondi
MEE tracks shall use distinct track IDs.

racks.
if the
at are

pn are

ifest offering CMAF presentations with dependent CMAF tracks is expeécted to provide signalling of

to the

rallD
cks in
cy of a

mat as

ne ISO

ng [SO

— CMAF switching sets containing a media profile listed in Clause H.6 with sample entry 'hev2' and '1hel"
shall conform to single initialization CMAF switching set constraints.

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

H.3.2

same switching set.

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,

— Foravisual sample entry with codingname 'hevi', '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.

— maycontainadditional SEINAL unitstosignal colourencodingandrendering,suchasmastering display

colour volume, SEI payloadType=137 (ISO/IEC 23008-2), Or alternative transfer characteristics,
SEreertesarrre—4+-HSOHEC23008-23-

H.3.3
The re
NOTE

coded
of vide

H.3.4

Track Header Box ('tkhd’)

quirements of subclause 7.5.4 apply.

Normalized width and height can be derived from a sequence parameter set NAL\in each segmgnt and
rideo sequence for 'hevl', 'hev2',and '1hel' video samples. See 9.3.3 and 9.3.4 forthe)storage and serantics

D sequence parameter sets.

Access units

Subclguse 9.2.6 applies.

Accesq
"lhel

CMAF

units shall conform to the requirements of a sample of the indicated description (‘hevl', 'he
) as specified in ISO/IEC 14496-15.

fragments containing samples identified by the 'hevay, "hev2', or '1ne1' type shall contain

and PIPS NALs referenced by a coded video sequence in the-first access unit of that sequence, imme

follow

NOTE
messag
such ajg

H.3.5

ing its first access unit delimiter NAL (if any).

Access units of type 'hevl', 'hev2',and '1h&2' can retain filler data (NAL units or SEI messages)

r2', or

1l SPS
liately

nd SEI

res that would change hypothetical reference decader bitstream conformance if such conformance is nedessary,

the case where bitstreams are to be repackaged and conformance tested in MPEG-2 transport streams,

Decoding of adaptively switchied scalable HEVC CMAF tracks

Subclduse 6.6.6 applies to switching between single-layer bitstreams, wherein a “conceptual” track is

geners3
applie
this cg
“concd
bitstre

H.4

H.4.1

ted by concatenating segments from different tracks among which the switching occurs. The same
5 for each of the multiple tracks carrying a scalable bitstream, with the only difference being that, in
se multiple “conceptual“tracks are generated by concatenation of CMAF fragments. Once the multiple
ptual” tracks are generated, the process specified in ISO/IEC 14496-15 is applied to constryct the

am to be decoded by the video decoder.

Sample and CMAF fragment constraints

Storage of scalable high efficiency video coding elementary streams

H.4.1.

Loniormance

Scalable high efficiency video coding (scalable HEVC) video tracks shall comply with ISO/IEC 14496-15, with

the fol

lowing 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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2 Visual 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 14496-15.

— For each track that carries a subset of the base layer where the subset contains VCL NAL units with
TemporalId greater than 0 only, the sample entry type shall be 'hev2'.

— For each track that carries a layer for which the VCL NAL units have nuh_layer_id greater than 0 or a
subset of such a layer, the sample entry type shall be '1he1'.

H.4.1.B

The ugvcDecoderConfigurationRecord and the HEVC compatible base layer shall conform to subglatse

The L
inclus

H.4.2

H.4.2.

The fqgllowing constraints apply to all CMAF scalable HEVC elementarycstreams. See Clause H.6 for
profilg constraints on tier, profile, level and frame rates.

H.4.2.

— T

— The base layer shall conform to HEVC Main 10 profile’and main tier.
— Tle enhancement layer, when present, shall conform to HEVC scalable Main 10 profile and main t

— Tle spatial resolution of the enhancement tayer shall be equal to X times that of the base laye
hgrizontally and vertically. The value of Xshall be 1.5, 2 or 3.

B.2.4.

HEVCDEcoderConfigurationRecord and the enhancement layers shall conform to jsubclause

B.2.4.

on, use and passing of SEI messages.

Constraints on scalable HEVC elementary streams

1 General

P General constraints

e bitstream shall contain at most two layers, a base layer and possibly an enhancement layer.

media

er.

r both

— Egch layer shall contain at most two.sub-layers, with Temporal1d equal to 0 and 1 when there afe two

is

— The value of sub layer feyel present flagl 0 ] shall be equal to 1. This constraint requir

si

H.4.2.
— A

— The enhaticement layer, if present, shall have the same number of sub-layers as the base layer.

only one sub-layer, the Temporal1d shall be o.

bnalling of the level of the sub-layer representation with Temporal1d equal to 0.

B Picture rate.related constraints

enhancenient layer shall only be present, if the base layer has constant picture rate.

héen a layer has two sub-layers, the sub-layer representation with Temporal1d equal to o shall

syb-layers, and the value of sps .m&% sub layers minusl of each SPS shall be set equal to 0 or 1. If there

es the

have a

constant picture rate (as indicated by the presence of elemental duration in tc minusl[ 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 minusl[ 0 ] is equal to2 * elemental duration in tc minusl[ 1 ]).

— The enhancement layer, when present, shall have the same picture rate as the base layer.

— The vps_vui_present flagin 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 set equal 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.

— Ifvps_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.

Earanch ualiin afiin +h
T O Cotirvoarat-orrrr et (=) oo oS raSTrrrer

aranaca o to N Ol T LV 1 dnecluciva thauvaliaafthao cuntaw o nment
TS to TToTV O tirCv oo C-oTrtriCoy treozs ©3C
elemental duration in tc minusl[ i ] inthehrd parameters () syntaxstructure applicablqto the

enhancement layer shall be equal to the value of the syntax element elemental durafigf {n tc
minusl[ i ] inthe hrd parameters() syntax structure applicable to the base layer.

NOTE This profile is restricted to equal picture rates on both layers. Implementatipns can, however, be
capable of switching between different picture rates.

H.4.24 Picture type

All pictures shall be encoded as coded frames, and shall not be encoded as coded fields.
H.4.2.p Video parameter sets (VPS)

H.4.2.p.1 VPS fields

Each dcalable HEVC video sample in the CMAF track shall reference the VPS in the CMAF header Jample
entry pccording to ISO/IEC 14496-15. VPS shall not changé\within CMAF tracks or between CMAF tracks in
a switrhing set. A CMAF scalable HEVC track shall confofim to the multi-layer extensions and scalable high
efficiency video coding specified in ISO/IEC 23008-2 with the following additional constraints:

— Tle following fields shall have values set as_follows for each profile_tier_level() structure in VPS:
— general progressive source flag shall be set to 1.
—| general frame only constrafht' flag shall be setto 1.
—| general interlaced souxde flag shall besetto 0.
— general non packed (constraint flag shall be setto 1.
—| vps_extension_flag shall be setto 1.
—| vps_vui pre&sent flagshall be setto 1.

— The condition™of the following fields for each profile_tier_level() structure in VPS shall not ¢hange
thiroughoutan scalable HEVC elementary stream:

—| Jgeneral profile space

— general profile idc
— general tier flag
— general level idc
— The value of vps max layers minus1 of each VPS shall be set equal to 1.

— The value of sub_layer level present flag[ 0 ] shall be equal to1 only when the value of sub layer
level idc[ 0 ] isdifferent than the value of general level idec.
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