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Foreword

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

The prpcedures used to develop this document and those intended for its further maintenancg
are degcribed in the ISO/IEC Directives, Part 1. In particular, the different approval .criterid
needed| for the different types of document should be noted. This document was drafted ir
accordgnce with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.orggdirectives or
www.idc.ch/members_experts/refdocs).

™

Attenti¢n is drawn to the possibility that some of the elements of this document ‘may be the subjec
of patept rights. ISO and IEC shall not be held responsible for identifying any or all such patent
rights. Petails of any patent rights identified during the development of the'decument will be in thg
Introduction and/or on the ISO list of patent declarations received (see www.is0.org/patents) or the IE(
list of pptent declarations received (see patents.iec.ch).

Any trade name used in this document is information given for the’convenience of users and does nof
constitfite an endorsement.

For an|explanation of the voluntary nature of standards,.the meaning of ISO specific terms and
expresdions related to conformity assessment, as well ‘a5’ information about ISO's adherence t¢
the Wqrld Trade Organization (WTO) principles in«thié Technical Barriers to Trade (TBT) see¢
www.ido.org/iso/foreword.html. In the IEC, see www.ec.ch/understanding-standards.

This dqcument was prepared by Joint Technical,"Committee ISO/IEC JTC 1, Information technology,
Subconfmittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

This seyenth edition cancels and replaces.the sixth edition (ISO/IEC 14496-12:2020), which has been
technicglly revised.

The majn changes care as follows;

— re-prganization of all the introductory material, such that it the material needed by a specific
audience or applying to specific aspects is brought together;

— terminology with réspect to timing is more consistent and simpler;

— repllacing the word 'metadata’ as describing the structural data, as the word metadata is also used
with another,meaning, and the dual use was confusing;

— providing better wording for the TrackHeader flags;

— other minor editorial Improvements.
Alist of all parts in the ISO/IEC 14496 series can be found on the ISO and IEC websites.

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

The ISO base media file format is designed to contain timed media information for a present

022(E)

ation in

a flexible, extensible format that facilitates interchange, management, editing, and presentation of

the media. This presentation may be ‘local’ to the system containing the presentation, or may
network or other stream delivery mechanism.

be via a

The file structure is object-oriented; a file can be decomposed into constituent objects very simply, and

the structure of the nhjprfq inferred directly from their type

support for them in general.

[he [SO base media file format is a base format for media file formats.

Commission (IEC) draw attention to the fact that it is claimed that compliangeWvith this docum
nvolve the use of patents.

SO and IEC take no position concerning the evidence, validity and scope of these patent rights

['he holders of these patent rights have assured ISO and IEC that'they are willing to negotiate

nformation may be obtained from the patent database available at www.iso.org/patents.

Attention is drawn to the possibility that some of the elements of this document may be the
bf patent rights other than those in the patent database. ISO and IEC shall not be held respong
dentifying any or all such patent rights.

[he file format is designed to be independent of any particular network protocol while enabling’éfficient

[he International Organization for Standardization (ISO) and International Electrotgchnical

bnt may

icences

inder reasonable and non-discriminatory terms and conditions\with applicants throughout th¢ world.
n this respect, the statements of the holders of these patent rights are registered with ISO gnd IEC.

subject
ible for

© ISO/IEC 2022 - All rights reserved
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Information technology — Coding of audio-visual
objects —

Part 12:

A

Scope

for a number of other more specific file formats. This format contains the timing; Structure, an
nformation for timed sequences of media data, such as audio-visual presentations.

2 Normative references

[he following documents are referred to in the text in such acway that some or all of their

indated references, the latest edition of the referenced docurent (including any amendments)

SO 639-2, Codes for the representation of names of languages — Part 2: Alpha-3 code

dentifiers

SO/IEC 10646, Information technology — ‘Universal coded character set (UCS)

nformation — Part 2: Video
SO/IEC 14496-1, Information.technology — Coding of audio-visual objects — Part 1: Systems

SO/IEC 14496-10:2014 Anformation technology — Coding of audio-visual objects — Part 10: A
Video Coding

SO 15076-1, Imagge technology colour management — Architecture, profile format and data stru
Part 1: Based omi6C.1:2010

SO/1EG:23001-1, Information technology — MPEG systems technologies — Part 1: Binary MPEG fo
XKML

SO/IEC 13818-2:2013, Information technology — Generic coding of moving pictures and associatg

SO/IEC 15938-1, Information technology — Multimedia content description interface — Part 1: S)

[his document specifies the ISO base media file format, which is a general formab forming the basis

1 media

content

constitutes requirements of this document. For dated refererices, only the edition cited applies. For

hpplies.

TU-T X.667/ ISO/IEC 9834-8, Information technology'— Procedures for the operation of object identifier
registration authorities - Part 8: Generation of universally unique identifiers (UUIDs) and their use in object

d audio

lvanced

ture —

stems

'mat for

SO/TEC~23002-3, Injormation technology — MPEG video technologies — Part 3: Represent
auxiliary video and supplemental information

tion of

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

ITU-T H.265 [ ISO/IEC 23008-2, Information technology — High efficiency coding and media delivery in

heterogeneous environments — Part 2: High efficiency video coding

ISO/IEC 23091-2, Information technology —Coding-independent code points — Part 2: Video
ISO/IEC 23091-3, Information technology — Coding-independent code points — Part 3: Audio
IETF RFC 1951, DEFLATE Compressed Data Format Specification version 1.3

© ISO/IEC 2022 - All rights reserved
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IETF RFC 2045, Multipurpose Internet Mail Extensions (MIME) Part One: Format of Internet Message
Bodies

IETF RFC 2046, Multipurpose Internet Mail Extensions (MIME) Part Two: Media Types
IETF RFC 3629, UTF-8, a transformation format of ISO 10646

IETF RFC 3711:2004, The Secure Real-time Transport Protocol (SRTP)

[ETF RFC 5052, Forward Error Correction (FEC) Building Block

IETF RFC 5905, Network Time Protocol Version 4: Protocol and Algorithms Specification
ITU-R TF.460-6:2002, Standard-frequency and time-signal emissions

ITU-R HS.1770-4, Algorithms to measure audio programme loudness and true-peak audio level
IETF B(QP 47, Tags for Identifying Languages

IETF RFC 4122, A Universally Unique IDentifier (UUID) URN Namespace

IETF RFC 3061, A URN Namespace of Object Identifiers

W3C Rpcommendation, Extensible Markup Language (XML) 1.0 (Fifth “Edition), 26 November 2008
https:/iwww.w3.org/TR/2008/REC-xml-20081126/

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions
For the[purposes of this document, the following ternis and definitions apply.
ISO and [EC maintain terminology databases for.use in standardization at the following addresses:

— IS Online browsing platform: availableat https://www.iso.org/obp

— IE(JElectropedia: available at httpstt/www.electropedia.org/

3.1.1
box
object-griented building blogkydefined by a unique type identifier and length

Note 1 tp entry: Called ‘atgm*in some specifications, including the first definition of MP4

3.1.2
chunk
contiguous set of'samples for one track

3.1.3
clean aperture
part of a decoded video image from which undesirable pixels introduced for coding purposes such as
having integer number of coding blocks have been removed for presentation

3.14
container box
box whose sole purpose is to contain and group a set of related boxes

Note 1 to entry: Container boxes are normally not derived from FullBox

3.1.5
file level
byte position in an ISO base media file not contained in a Box structure

2 © ISO/IEC 2022 - All rights reserved
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3.1.6
full aperture

decoded video image as output by the decoder which may contain undesirable pixels for presentation

3.1.7
hint track

special track which does not contain media data, but instead contains instructions for packaging one or

more tracks into a streaming channel

3.1.8

hinter

btreaming

8.1.9
ndex file
SO base media file containing only segmentIndexBox

8.1.10

SO base media file

file conforming to the file format described in this document (eithe'a movie file, a metadat|
segment file or an index file)

B.1.11
tem
Hata which does not require timed processing, as opposéd to sample data

8.1.12

eading sample

sample associated with a random access point,(RAP) that precedes the RAP in composition or
mmediately follows the RAP or another leading sample in decoding order, and which possibly
be correctly decoded when decoding starts from the RAP

8.1.13

eaf subsegment

fubsegment that does not containjany indexing information that would enable its further divis
bubsegments

8.1.14
mod
modulo operator: (xmed y) = x-y floor (x/y)

8.1.15
media databex
box which.can hold the actual media data for a presentation ('mdat ')

8.1.16
metadata file

fool that is run on a file containing only media, to add one or more hint tracks to the file and-so facilitate

a file, a

der and
cannot

on into

SObase media file containing a top-level MetaBo

Note 1 to entry: A Movie File may also be a Metadata File, and vice-versa.

3.1.17
movie box
container box whose sub-boxes define the structure-data for a presentation (' moov")

3.1.18
movie file
[SO base media file containing a MovieBox
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3.1.19

movie fragment
fragment of the information contained in a MovieBox, defined by a MovieFragmentBox and its contents

3.1.20

structure-data
data that provides the location, size, timing, and characteristics of the media data (e.g. the coded frames
of audio and video)

3.1.21

movie-
signalli
fragme

TrackFfagmentHeaderBoxe€S

Note 1t

than ong¢ track run (either in the same or several tracks).

3.1.22

open random access point

sample

following the random access point in decoding order and preceding *the random access point iy
compodition order need not be correctly decodable

Note 1 tlo entry: For example, an intra picture starting an open group,of‘pictures can be followed in decoding

order b

possiblyl cannot be correctly decoded if the decoding starts from theintra picture, they are not needed.

3.1.23
pixel a
scaling

Note 1t
hasasp

3.1.24

presen]tlation

one or

3.1.25
presen
timelin

edit lislapplied to the cobmposition timestamps

3.1.26

timeline
monotdnic linear representation of times with respect to a zero origin point

3.1.27
timesc

fragment relative addressing
hg of offsets for media data in movie fragments that is relative to the start of those movid
hts, specifically setting the flags base-data-offset-present to 0 and default-base-is-moof te 1 ix

b entry: Setting the default-base-is-moof flag to 1 is only relevant for movie fragments thatcontain more

after which all samples in composition order can be correctly decoded, but some samples

i (bi-)predicted pictures that however precede the intra pictufe in composition order; though they

spect ratio
required to be applied to the output pixel of adecoder to produce a non-distorted image

b entry: The term "Sample Aspect Ratio" is sometimes used for this term, but "sample" in this standarg
bcific meaning.

ore motion sequences, possibly combined with audio

tation time
b of a track that aligns with the timelines of other tracks established by an explicit or implied

IT

number of timestamp values that represent a duration of one second

3.1.28

timestamp

integer

coded value representing an instant of time on an associated timeline
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3.1.29
decoding timestamp
timestamp on the media timeline such that samples are decoded in decoding timestamp order

Note 1 to entry: The decoding timestamps primarily define the required decoding order; systems may decode
at a time of their choosing; in the case of signed composition offsets, decoding timestamps do not necessarily
precede composition timestamps.

3.1.30

composition timestamp
fimestamp on the media timeline such that samples are presented in composition timestamprrder and
rhat establishes their relative composition timing

8.1.31

sample duration
lifference between the decoding timestamp of the following sample (wWhen know#) and the decoding
fimestamp of this sample

8.1.32

Fandom access point
RAP

sample in a track that starts at the ISAU of a SAP of type 1 or 2 or“3; informally, a sample, from which
(when decoding starts, the sample itself and all samples following in composition order can be correctly
lecoded

Note 1 to entry: SAP types are defined in Annex I.

8.1.33

random access recovery point
fample in a track with presentation time equakto the TSAP of a SAP of type 4; informally, a sample,
that can be correctly decoded after having deécoded a number of samples that is before this sample in
lecoding order, sometimes known as gradual'decoding refresh

Note 1 to entry: SAP types are defined in Annex I.

8.1.34
sample
h1]l the data associated with«a'single time

Note 1 to entry: No two samples within a track can share the same decoding timestamp; no two samples can
thare the same composition timestamp.

Note 2 to entry: Innon-hint tracks, a sample is, for example, an individual frame of video, a series of vide frames
n decoding orden or a compressed section of audio in decoding order; in hint tracks, a sample deffines the
ormation of 6e"or more streaming packets.

8.1.35
sample description
structure which defines and describes the format of some number of samples in a track

3.1.36

sample entry type

four-character code that is either a format value of a samplekntry directly contained in
SampleDescriptionBox Or d data format value OfOriginalFormatBox

3.1.37

untransformed sample entry type

sample entry type of the track that would apply if no transformations had been performed to a
transformed media track

Note 1 to entry: This is the sample entry type that would be the format value in a SampleEntry directly contained
in the SampleDescriptionBox.
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3.1.38
sample number
ordinal index number of a given sample where the first sample has sample number 1

3.1.39
sample table
packed directory for the timing and physical layout of the samples in a track

3.1.40
sync sample
samplefin a track that starts at the ISAU of a SAP of type 1 or 2

Note 1 tp entry: SAP types are defined in Annex I.

Note 2 t entry: Informally, a media sample that starts a new independent sequence of samples; if decoding starts
at the sync sample, it and succeeding samples in decoding order can all be correctly decoded, and the resulting
set of ddcoded samples forms the correct presentation of the media starting at the decoded sample that has thg
earliest fomposition time; a media format may provide a more precise definition of a sync sample for that format

3.1.41
segment
portion| of movie file, consisting of either (a) a MovieBox, with its associated media data (if any) and
other apsociated boxes or (b) one or more MovieFragmentBoxes, with their‘associated media data, ang
other agsociated boxes

Note 1 fo entry: The associated media data can be found by following\byte offsets, but the process of finding
associated boxes is not given in this standard and may be derived by other specifications.

3.1.42
segment file
[SO basg media file containing one or more segment(s)

3.1.43
subsegment
time inferval of a segment formed from MoviérragmentBoxes, that is also a valid segment

3.1.44
thumbnail image
smallerfresolution representatiopof'an image

3.1.45
top-leviel box
box conftained at file level

3.1.46
track
timed spquenceof related samples (q.v.) in an ISO base media file

Note 1 tp entry: For media data, a track corresponds to a sequence of images or sampled audio; for hint tracks, §
track cotresponds to a streaming channel.

3.1.47
haptic media
timed tactile signals to be presented as part of the media presentation

3.1.48
volumetric visual media
timed visual media defining a visual coding in a three-dimensional space

Note 1 to entry: In contrast to video media, which defines a planar coding.
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3.2 Abbreviated terms

ALC asynchronous layered coding
AVC advanced video coding

FD file delivery

FDT file delivery table

FEC forward error correction

FLUTE  file delivery over unidirectional transport

ANA internet assigned numbers authority
ETF internet engineering task force
.CT layered coding transport

MBMS multimedia broadcast/multicast service

MVC multiview video coding
5VC scalable video coding

JUID universally unique identifier (as defined;in IETF RFC 4122 and ISO/IEC 9834-8)

i Object-structured file organization

1.1 File structure

Files are formed as a series of @bjects, called boxes in this document. All data is contained iy
there is no other data within the file. This includes any initial signature required by the spe(
format.

All object-structured._ files conformant to Clause 4 (all object-structured files) shall co
'ileTypeBox.

n this document, top-level boxes (boxes not contained in other boxes) are indicated as being
evel, with th@notation “Container: File”.

1.2 Objéct structure

MIME multipurpose internet mail extensions (as defined in {ETF RFC 2045 and IETF RFC 2046)

boxes;
ific file

htain a

at ‘file’

271  Object syntax conventions

The definitions of objects are given in the syntax description language (SDL) defined in ISO/IEC 1

NOTE Comments in the code fragments in this document are informative.

4496-1.

The fields in the objects are stored with the most significant byte first, commonly known as network
byte order or big-endian format. When fields smaller than a byte are defined, or fields span a byte
boundary, the bits are assigned from the most significant bits in each byte to the least significant. For
example, a field of two bits followed by a field of six bits has the two bits in the high order bits of the

byte.
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In the SDL, the notation ‘=" indicates that in this object, the field read from the bitstream (whose name
and type are given in the left hand-side part) is expected to match the value given in the right hand-side

part.

The following basic field types are defined. In these definitions, null-terminated means that the last
character of a string is Unicode NUL, and hence an empty string is represented by a single Unicode NUL.

Some fields using these types may restrict the characters permitted.

Name Semantics

utf8stfring UTF-8 string as defined in [ETF RFC 3629, null-terminated.

utfstrfing null-terminated string encoded using either UTF-8 or UTF-16.
If UTF-16 is used, the sequence of bytes shall start with a byte order mark (BOM)-aid the
null termination shall be 2 bytes set to 0.

utfg8lipt null-terminated list of space-separated UTF-8 strings

base64ptring null-terminated base64 encoded data

4.2.2 |[Object definitions

An object in this terminology is a box.

Boxes sgart with a header which gives both size and type. The header permiits compact or extended size

(32 or 64 bits) and compact or extended types (32 bits or full universal unique identifiers, i.e. UUIDs)

The standard boxes all use compact types (32-bit) and most boxes) will use the compact (32-bit) size

Typical

To pern
range (
ISO/IEC

of the fifld are placed in order in the file. Other fieldssmay also use this 32-bit representation, referred tq

asa ‘fo
in Anne

The siz
This fad

User ex
aligne
unsj

uns]
if

y, only the MediaDataBox needs the 64-bit size.

hit ease of identification, the 32-bit compact type cah'be expressed as four characters from thg
020 to 007E, inclusive, of ISO/IEC 10646 (technically identical to the Unicode standard[28]) o
8859-1[34], Each character is hence expressible in a single byte. The four individual byte values

r-character code’ (4CC). The maintenanceof four-character codes used in the format is defined
x D.

E is the entire size of the box, including the size and type header, fields, and all contained boxes
ilitates general parsing of the file.

tensions use an extended box'type; in this case, the type field is set to 'uuid'.

(8) class BoxHeader

nsigned int (32) haoxtiype,

ptional unsigned«int (8) [16] extended type) {
gned int (32) di=me;

gned int (32)€ type = boxtype;

size==1) {

nsigned _int(64) largesize;

se 1f «(8ize==0) {

/ box ‘eXtends to end of file

iLE: =i £ L Q

}

boxtype=="uuid') {
: T

TSEHESRee—FHRTt

aligned(8) class Box (
unsigned int (32) boxtype,
optional unsigned int(8) [16] extended type) {
BoxHeader (boxtype, extended type);
// the remaining bytes are the BoxPayload

}

The semantics of these two fields are:

siz

e is an integer that specifies the number of bytes in this box, including all its fields and contained
boxes; if size is 1 then the actual size is in the field 1argesize; if size is 0, then this box shall be
in a top-level container, and be the last box in that container (typically, a file or data object
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delivered over a protocol), and its payload extends to the end of that container (normally only

used for a MediaDataBox)

type identifies the box type; user extensions use an extended type, and in this case, the type field is

setto 'uuid"'.

BoxPayload is defined as all the bytes in a Box, included by the size or 1argesize field (as appropriate),

following the BoxHeader.

Boxes with an unrecognized type shall be ignored and skipped.

Many objects also contain a version number and flags field:
hligned (8) class FullBoxHeader (unsigned int (8) v, bit(24) f)

unsigned int (8) version = v;
bit (24) flags = £;

bligned (8) class FullBox (unsigned int (32) boxtype,
unsigned int(8) v, bit(24) f£f,

optional unsigned int(8) [16] extended type)
extends Box (boxtype, extended type)

FullBoxHeader (v, f);
// the remaining bytes are the FullBoxPayload

[he semantics of these two fields are:
version is an integer that specifies the version of this‘format of the box.

flags is a map of flags

SOxPayloadOfaEvllBox HuﬂudingtheFullBoxHeader}
['he payload (contents) of a box aré\#d11BoxPayload for a FullBox and BoxPayload for all boxes.

fullBoxes with an unrecognized version shall be ignored and skipped.

he most significant bytefirst.

#.2.3 Extensibility of object definitions

four character compact code as defined in 4.2.

[o.permit user extension of the format, to store new object types, and to permit the inter-oper]
thefiles formatted to this documentwith certain distributed computing environments, there ar

FullBoxPayload is defined as all the bytes in\a“fullBox, included by the size or largesize flield (as
hppropriate), following the FullBoxHeader.(Since BoxPayload is defined for any box extending from
Box, FullBox has both BoxPayload and Fuil'BoxPayload defined, the former including the lattgr (with

NOTE This document-and derived specifications describe the different flags defined for a box extending
rom FullBox as hexadecimal values (e.g. 0x000001); these values correspond to 24-bit unsigned integers with

[he normative objects defined in this document are identified by a 32-bit value, which is normally a

ation of
P a type

mapping and a type extension mechanism that together form a pair.

Commonly used in distributed computing are vuips (universal unique identifiers), which are 16 bytes.
Any normative type specified here can be mapped directly into the vutp space by composing the four
byte type value with the twelve byte ISO reserved value, 0xxxxxxxxx-0011-0010-8000-00AA00389B71.
The four character code replaces the xxxxxxxx in the preceding number. These types are identified to

[SO as the object types used in this document.

User objects use the escape type 'uuid'. They are documented above in subclause 6.3. After the size

and type fields, there is a full 16-byte UUID.

Systems which wish to treat every object as having a UUID could employ the following algorithm:
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size := read uint32();
type := read uint32();
if (type=='uuid')
then uuid := read uuid()
else uuid := form uuid(type, ISO 12 bytes);

Similarl

y when linearizing a set of objects into files formatted to this document, the following is applied:

write uint32( object size(object) );
uuid := object uuid type (object);
if (is_ISO uuid(uuid) )

write uint32( ISO type of (uuid) )

elsd
A file cq
UUID ig
and an

4.3 Fjle-type box

4.3.1

Box Ty
Containy

Mandatory: Yes
Quantitly: Exactly one (but see below)

Files cd

this dogument, files may be conformant to this document and“hot contain a FileTypeBox. Files with

No Filg
versiof

A medig-file structured to this document may be compatible with more than one detailed specification
and it is therefore not always possible to speak .of’a single ‘type’ or ‘brand’ for the file. This meang

that thd

somewhat reduced.

This bg
any sig
which 9
of othel
read fil
incomp
conforn

The mi
determ
specifid

T write uint3Z('uuid'),; write uuid(uuid); J
ntaining boxes from this document that have been written using the 'uuid' escape and the-ful
not compliant; systems are not required to recognize standard boxes written using the-unid
SO UUID.

Definition

e:'"ftyp'
er:Fﬂe,OrOriginalFileTypeBox

nformant to Clause 4 shall contain a FileTypeBox. For compatibility with an earlier edition of

TypeBox should be read as if they contained a FileTybeBox with Major brand='mp41', minor |
=0, and the single compatible brand 'mp41".

utility of the file name extension and multipurpose internet mail extension (MIME) type are

x shall be placed as early as possible in the file (e.g. after any obligatory signature, but beforg
hificant variable-size boxes such/as a MovieBox, MediaDataBox, OI FreeSpaceBox). It identifieg
pecification is the ‘best use’‘ef the file, and a minor version of that specification; and also a se

specifications to which thefile complies. Readers implementing this format should attempt td
s that are marked as campatible with any of the specifications that the reader implements. Any
htible change in a spécification should therefore register a new ‘brand’ identifier to identify filed
hant to the new specification.

hor version js\informative only. It does not appear for compatible-brands, and is not used tq
ne the conformance of a file to a standard. It may allow more precise identification of the majo
ation, fof inspection, debugging, or improved decoding.

Files w

‘best udelfmajor brand), or the brand that the author believes will provide the greatest compatibility.

uld normally be externally identified (e.g. with a file extension or mime type) that identifies the

This subclause does not define any brands. However, see subclause 6.3 for brands for files conformant
to the whole document and not just this subclause. All file format brands defined in this document are
included in Annex E with a summary of which features they require.

4.3.2 Syntax
aligned(8) class GeneralTypeBox (code) extends Box(code) {
unsigned int (32) major brand;
unsigned int (32) minor_version;
unsigned int (32) compatible brands[]; // to end of the box
}
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aligned(8) class FileTypeBox extends GeneralTypeBox ('ftyp')
{}

4.3.3 Semantics
This box identifies the specifications to which this file complies.
Each brand is a four character code, registered with ISO, that identifies a precise specification.

major brand - is abrand identifier

minor version - isan informative integer for the minor version of the major brand

compatible brands - is alist, to the end of the box, of brands
1.4 Extended type box

14.4.1 Definition

Box Type: 'etyp’

:Ontainer:Fﬂe,ItemPropertyContainerBox, Or OriginalFileTypeBox
Mandatory: No

Quantity: Zero or more in file, zero or one per an item

Box Type: 'tyco'

Container: ExtendedTypeBox
Mandatory: Yes

Quantity: One or more

[he ExtendedTypeBox may be placed after the rigre€TypeBox, any segmentTypeBox, Or any TrackT
br used as an item property to indicate that a reader should only process the file, the segment, th
br the item, respectively, if it supports the processing requirements of all the brands in atleast o
contained TypeCombinationBoxes, or at least one brand in the preceding FileTypeBox, SegmentT
DI' TrackTypeBox, OF in the BrandProperty’/associated with the same item, respectively.

[he TypeCombinationBox expresses-that the associated file, segment, track, or item may cont
hoxes or other code points required to be supported in any of the brands listed in the Typecombina
hind that the associated file, segment, track, or item complies with the intersection of the consty
the brands listed in the TypatombinationBox.

NOTE Effectively, if\the compatible brands in the FileTypeBox are labeled c[1], cC[2], etc,
tompatible brandginthe first TypeCombinationBox D[1,1], D[1,2],andthesecondD[2,1], D[2
50 on, then a readet-has to support:

C[1]

br C[2]

b ...

br ( D¥*y 1] and D[1,2] and ..)
br 4 P[2,1] and D[2,2] and ..)

ypeBox,
e track,
e of the

ypeBox,

ain any
ionBox
aints of

4.4.2 Syntax

aligned(8) class TypeCombinationBox extends Box ('tyco') {
unsigned int (32) compatible brands[]; // to end of the box

}
aligned (8) class ExtendedTypeBox extends Box('etyp') {
TypeCombinationBox compatible combinations[]; // to end of the box

}
4.4.3 Semantics

compatible brands is a list of brands.
compatible combinations is a list of TypeCombinationBoxes.
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5 Structure of this document
Clause 4 defines object-structured files; files that are built from boxes.

Clause 6 gives the core concepts and data-types for time-based presentations, called 'movies' in this
document.

Clause 8 defines the boxes used by time-based presentations, and other formats.

Clause 9 defines the hint track formats used to support some streaming protocols.

Clause 10 builds on the concept of sample groups as defined in 8.9 and defines some sample groups:
Clause 11 defines how to base a file format on this specification.

Clause |2 builds on the general concepts of tracks as defined in Clause 8, and defines track formats foy
various general types of media (video, sound, etc.).

Annex A provides an informative introduction to time-based presentations, which may be of assistancsg
to firsttime readers and implementers.

Annex B provides guidance on writing derived specifications.
Annex € provides the syntax for uniform resource identifier (URI) fragments.
Annex P documents how identifier values defined externally to thisxdocument are managed.

Annex E defines brands that may be used to identify the confermance and reader requirements to thg
structufres defined in this document for time-based presentations.

Annex F contains the formal IANA registration of segmefits.

Annex (: defines some forms used for labelling metadata with uniform resource identifier (URI) labels.
Annex H provides an overview of the use of hinttracks for RTP streams and RTP stream reception.
Annex | contains the formal definitions of the types of stream access points in timed media streams.
Annex ] contains examples of the use of the segmentIndexBox defined in 8.16.3.

Annex K defines the MIME parameters that may be used to annotate MIME types for time-based
presentfations based on Clause 6.

6 IS(Q base media'file organization

6.1 Fjles, segments, and streams
This documeéntsupports the exchange of presentations in three principle ways:
1y

2) Asaseries of segments, preceded by an initialization segment.

3) Transformed by supporting structures, called hint tracks, into a streaming protocol such as the
[ETF real-time protocol RTP [[ref]] or an MPEG-2 transports stream [[ref]].

A presentation file logically includes all its segments.

The file format supports transformation of media data into a streaming protocol as well as local playback.
The process of sending protocol data units is time-based, just like the display of time-based data, and is
therefore suitably described by a time-based format. A file or ‘movie’ that supports streaming includes
information about the data units to stream. This information is included in additional tracks of the file
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called “hint” tracks. Hint tracks may also be used to record a stream; these are called Reception Hint
Tracks, to differentiate them from plain (or server, or transmission) hint tracks.

6.2 Presentation structure

6.2.1 Object structure of a presentation

The presentation file is an object-structured file as defined in Clause 4 (and hence contains a
71 leTypeBox); some of these objects may contain other objects

Presentation files contain data that structures, orders, times, and describes the media.datd| that is
passed to decoders. This non-media data is called structure-data here.

['he sequence of objects in a presentation shall contain exactly one MovieBox. It is usually closp to the
peginning or end of the file, to permit its easy location. The other objects found-atthis level include a
“ileTypeBox,FreeSpaceBox(es),MovieFragmentBox(es),aI%etaBox,OrMediaDataBox(esl

b.2.2 Meta data and media data

['he structure-data is contained within a structure-data wrapper (thé)MovieBox Or MovieFragmgntBox);
'he media data is contained either in the same file, within MediapafdBox(es), or in other files. The media
lata is composed, for example, of images or audio data; the media data containers, or media ddta files,
may contain other un-referenced information.

[he file containing the presentation structure-data maj/also contain all the media data, whgreupon
[he presentation is self-contained. If the media data isiexternally referenced in other files, they|are not
Fequired to be formatted to this document; they are*used to contain media data, and may also [contain
inused media data, or other information. This deeUrnent concerns the structure of the presentation file
bnly. The format of the media-data files is constrained by this document only in that the mediafdata in
'he media files needs to be capable of description by the structure-data defined here.

[hese other files may be ISO files, image files, or other formats. Only the media data itself, such as
PEG 2000 images, is stored in these.other files; all timing and framing (position and size) information
s in the ISO base media file, so the:ancillary files are essentially free-format.

.3 Structure-data (objects)

6.3.1 Box

[ype fields not défirled here are reserved. Private extensions shall be achieved through the| 'uuid’
'ype. In additigh,the following types are not and will not be used, or used only in their existing sense,
n future editions of this document, to avoid conflict with existing content using earlier pre-standard
Persions of this format:

clip, crgn, matt, kmat, pnot, ctab, load, imap;

these track reference types (as found in the reference type of a TrackReferenceBox):

tmcd, chap, sync, scpt, ssrc.

A number of boxes contain index values into sequences in other boxes. These indexes start with the
value 1 (1 is the first entry in the sequence).

6.3.2 Data types and fields

In a number of boxes in this document, there are two variant forms: version 0 using 32-bit fields, and
version 1 using 64-bit sizes for those same fields. In general, if a version 0 box (32-bit field sizes) can
be used, it should be; version 1 boxes should be used only when the 64-bit field sizes they permit, are
required. Values for counters, offsets, times, durations etc. in this format do not ‘wrap’ to 0 when the

© ISO/IEC 2022 - All rights reserved 13


https://standardsiso.com/api/?name=2dd6b158ce2ae084dbcf17d7d656a904

ISO/IEC 14496-12:2022(E)

maximum value that can be stored in their field is reached; appropriately large fields must be used for
all values.

For convenience during content creation there are creation and modification times stored in the
file. These can be 32-bit or 64-bit numbers, counting seconds since midnight, Jan. 1, 1904, which is a
convenient date for leap-year calculations. 32 bits are sufficient until approximately year 2040. These
times shall be expressed in Universal Time Coordinated (UTC) as defined in ITU-R TF.460-6:2002,
Annex [, and therefore may need adjustment to local time if displayed.

power n 2. For example a 30 2 fixed- pomt number is formed by dividing a 32 bit 1nteger by 4,

Fields dhown as “template” in the box descriptions are fields which are coded with a default valug
unless 3 derived specification defines their use and permits writers to use other values than the default
If the field is used in another specification, that use must be conformant with its definition here, ang
the spegification must define whether the use is optional or mandatory. Similarly, fields)imarked “pre
defined” were used in an earlier edition of this document. For both kinds of fields, if a\field of that king
is not uped in a specification, then it should be set to the indicated default value. If the\field is not used if
shall bg copied un-inspected when boxes are copied, and ignored on reading.

Matrix walues which occur in the headers specify a transformation of vidéo)jimages for presentation
Not all flerived specifications use matrices; if they are not used, they shallje set to the identity matrix

If a matfrix is used, the point (p,q) is transformed into (p’, q') using the matrix as follows:
(p g 1) * b u | = (mn z)
d v |

|
|
I y w I

X Qo

m = ap|+ cg + x; n =bp +dg + y; z = up + vqg + W,

p' = mfz; gq' = n/z

The coprdinates {p,q} are on the decompressed frame, and {p’, q'} are at the rendering output
Therefdre, for example, the matrix {2,0,0, 0,2,0, 0,0;1} exactly doubles the pixel dimension of an image
The codrdinates transformed by the matrix are@ot normalized in any way, and represent actual samplg
locations. Therefore {x,y} can, for example, bé considered a translation vector for the image.

The coqrdinate origin is located at the upper left corner, and X values increase to the right, and Y values
increasp downwards. {p,q} and {p’,q’} are to be taken as absolute pixel locations relative to the uppej
left hand corner of the original image (after scaling to the size determined by the track header's width
and height) and the transformed frendering) surface, respectively.

Each track is composed using-its matrix as specified into an overall image; this is then transformed ang
compogded according to the'matrix at the movie level in the MovieHeaderBox. It is application-dependen{
whethelr the resultingimage is ‘clipped’ to eliminate pixels, which have no display, to a vertica
rectangular region within a window, for example. So for example, if only one video track is displayed
and it has a translation to {20,30}, and a unity matrix is in the MovieHeaderBox, an application may
choose hot to display the empty “L’ shaped region between the image and the origin.

All the yalues in a matrix are stored as 16.16 fixed-point values, except for u, v and w, which are stored
as 2.30 fixed-point values.

The values in the matrix are stored in the order {a,b,u, c,d,v, x,y,w}.

6.3.3 URIs as type indicators

When URIs are used as a type indicator (e.g. in a sample entry or for un-timed metadata), the URI shall
be absolute, not relative and the format and meaning of the data must be defined by the URI in question.
This identification may be hierarchical, in that an initial sub-string of the URI might identify the overall
nature or family of the data (e.g. urn:oid: identifies that the metadata is labelled by an ISO-standard
object identifier).
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The URI should be, but is not required to be, de-referencable. It may be string compared by readers with

the set of URI types it knows and recognizes. URIs provide a large non-colliding non-registere
for type identifiers.

If the URI contains a domain name (e.g. it is a URL), then it should also contain a month-date in t

d space

he form

mmyyyy. That date shall be near the time of the definition of the extension, and it must be true that
the URI was defined in a way authorized by the owner of the domain name at that date. (This avoids

problems when domain names change ownership).

b.5.4 boxorder

An overall view of the normal encapsulation structure is provided in the following informative
n the event of a conflict between this table and the prose, the prose prevails. The order,of'boxes
ts container is not necessarily indicated in Table 1.

['he table shows those boxes that may occur at the top-level in the left-most colummn; indentation
[0 show possible containment. Thus, for example, a TrackieaderBox (tkhd) is found in a TrackBo
Which is found in a MovieBox (moov). Not all boxes need to be used in all files; the mandatory bq
marked with an asterisk (*). See the description of the individual boxes for:a’discussion of what
hssumed if the optional boxes are not present.

Dbjects using an extended type may be placed in a wide variety pf\centainers, not just the top l¢

n order to improve interoperability and utility of the files, the following rules and guidelines
followed for the order of boxes:

|) The FileTypeBox shall occur before any variableslength box (e.g. movie, free space, medi
Only a fixed-size box such as a file signature, if required, may precede it.

P) Itis strongly recommended that all header boxes be placed first in their container: these b
the MovieHeaderBox, TrackHeaderBox, MediaHeaderBox, and the specific media headers ins
MediaInformationBox (€.g. the videoMediaHeaderBox).

B) Any movie fragment boxes should be in sequence order (see subclause 8.8.5).

1) It is recommended that the boxes within the sampleTableBox be in the following
SampleDescriptionBox, TimeToSampleBox, SampleToChunkBox, SampleSizeBox, ChunkOffsetB

5) It is strongly recommended that the TrackrReferenceBox and EditBox (if any)

DataInformatieniéx should precede the sampleTableBox.
b) Itis recommended that userbataBoxes be placed last in their container.
/) Itis recommended that the MovieFragmentRandomAccessBox, if present, be last in the file.

B) [t isrécommended that the ProgressivebownloadInfoBox be placed as early as possible in f
maximum utility.

Table 1.
within

isused
k (trak),
Xes are
must be

vel.

shall be
A data).
Xes are

ide the

order:
X,

should

precede the MediaBex, and the HandlerBox should precede the MediaInformationBox, and the

iles, for

Table 1 — Box types, structure and cross-reference

Box types, structure, and cross-reference

ftyp * 1423 file type and compatibility
otyp 8.19.5 |original file-type
pdin 8.1.3 progressive download information
moov * 18.2.1 container for all the structure-data
mvhd * 8.2.2 movie header, overall declarations
meta 8.11.1 metadata
trak * 1831 container for an individual track or stream
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Table 1 (continued)

Box types, structure, and cross-reference

tkhd *  18.3.2 track header, overall information about the track
tref 8.3.3 track reference container
trgr 8.3.4 track grouping indication
edts 8.6.5 edit list container
elst 8.6.6 an edit list
meta 8.11.1 metadata
mdia * 184 container for the media information in a track(\q/v
mdhd * 4.2 media header, overall information about tl}q%‘fi’ia
hdlr * |184.3 handler, declares the media (handler) gy[,]ésv
elng 8.4.6 extended language tag kq\o
minf * 1844 media information container N b‘\x
vmhd 12.1.2  |video media header, overall infqr'rqa?ion (video track only)
smhd 12.2.2  |sound media header, ove@n\formation (sound track
only) le)
hmhd 12.4. hint media header, m@z‘ﬁ information (hint track only)
sthd 12.6.2 subtitle media l@der, overall information (subtitle
track only) <
nmhd 8.4.5.2 |Null med@\dder, overall information (some tracks only)
dinf * 18.71 datq y&)r;nation box, container
dref |* 8.7.2 %’\‘éference box, declares source(s) of media data
hintrack
stbl * 8_51A$ ;ample table box, container for the time/space map
stsd |* \4 sample descriptions (codec types, initialization etc.)
stts |* 48.6.1.2 |(decoding) time-to-sample
ctts \C\)J; 8.6.1.3 |(composition) time to sample
cs l£\\ 8.6.1.4 |composition to decode timeline mapping
sg\éc * 1874 sample-to-chunk, partial data-offset information
. Stsz .7.3.2  |sample sizes (framing)
A\) stz2 8.7.3.3 |compact sample sizes (framing)
<h stco |* |8.75 chunk offset, partial data-offset information
PR » co64 8.7.5 64-bit chunk offset
2y stss 8.6.2 sync sample table
(\?“ stsh 8.6.3 shadow sync sample table
e\/ padb 8.7.6 sample padding bits
r« - stdp 8.7.6 sample degradation priority
® dtp 364 independent and dispasable samples
sbgp 89.2 sample-to-group
sgpd 8.9.3 sample group description
subs 8.7.7 sub-sample information
saiz 8.7.8 sample auxiliary information sizes
saio 8.79 sample auxiliary information offsets
udta 8.10.1 user-data
cprt 10.2 copyright etc.
tsel 8.10.3  |track selection box
kind 8.10.4 track kind box

16
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Table 1 (continued)

Box types, structure, and cross-reference

strk 8.14.3  |sub track box
stri 8.14.4  |sub track information box
strd 14. sub track definition box
ludt 12.2.7  |audio stream loudness
mvex 8.8.1 movie extends box
mehd 8.8.2 movie extends header box o)
trex * 18.8.3 track extends defaults (\‘V'
leva 8.8.13  |level assignment n’( .l/v
udta 8.10.1  |user-data _ ,'\V
cprt 8.10.2  |copyright etc. kOSo
Mmoo f 8.8.4 movie fragment N b‘\x
mfhd * 18.8.5 movie fragment heagder N
meta A1.1 metadata \\<(/v
traf 8.8.6 track fragm,e.r@\ )
tfhd * 18.8.7 trackfra@t?k?t header
trun 8.8.8 traclyfr@r\nent run
sbgp 8.9.2 sg\@-to-group
sgpd 8.9.3 ~Q\&nple group description
subs 8.7.7 5\0 sub-sample information
saiz M sample auxiliary information sizes
saio @ﬁ sample auxiliary information offsets
tfdt :\\6 8.8.12  |track fragment decode time
meta %O 111 metadata
udta | (.\‘va 8.10.1 |user-data
udta \)\V 8.10.1 user-data
mfra N ¢ 8.89 movie fragment random access
tfra N 8.8.10 |track fragment random access
mfro " @) * 18.8.11 |movie fragment random access offset
mdat b ) 8.2.2 media data container
free Ao)\" 8.1.2 free space
skip CN 8.1.2 free space
N ; ; ; ; y)
imda \AQV 8.1.4 Lnge;c(lju‘zm tj;fc{; Z?:g}reliz rflggst contains an identiffer to be
meta o 8.11.1 |metadata
%\ hdlr * 1843 handler, declares the metadata (handler) type
dinf 8.7.1 data information box, container
dref 8.7.2 data reference box, declares source(s) of metadata items
iloc 8.11.2.3 |item location
ipro 8.11.5 item protection
sinf 2.2 |protection scheme information box
frma 8.12.3  |original format box
schm 8.12.6  |scheme type box
schi 8.12.7  |scheme information box
iinf 8.11.6 |item information
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Table 1 (continued)

Box types, structure, and cross-reference
xml 8.11.2 |XML container
bxml 8.11.2 binary XML container
pitm 8.11.4  |primary item reference
fiin 8.13.2  |file delivery item information
paen 8.13.2  |partition entry
fire 8.13.7  |file reservoir
fpar 8.13.3  |file partition
fecr 8.134 FEC reservoir
segr 8.13.5 |file delivery session group
gitn 8.13.6  |group id to name
idat 8.11.11 |item data
iref 8.11.12 |item reference
styp 8.16.2 segment type
sidx 8.16.3  |segment index
ssix 8.16.4 |subsegment index
prft 8.16.5  |producer reference time
!mov 8.19.6 compressed movie box
'mof 8.19.7 compressed movie fragment box
I'six 8.19.8  |compreéssed segment index box
Issx 8.199 compressed subsegment index box

6.4 Tlime structure overview

Tracks |dentify, in decoding order, of a sequence-of samples. Each sample has a decoding timestamp thaf
is compjuted by adding to the previous sample's decoding timestamp, the previous sample's duration (a
given bl the values in the TimeTosamp1eBox or the equivalent field in movie fragments). The decoding
timestadmp of the first sample is defined as being at time zero. This forms the decoding timeline of 4
track.

In somg coding systems (notably/video) samples are coded in a different order from their presentatior
order. |n this case, each _sample is assigned a composition time (as given by the values in thg
CompositionoffsetBox OF the equivalent field in movie fragments), which is computed by adding 4§
composftion offset to theZdecoding timestamp. This forms the composition timeline, and re-orders thg
samples into compositien order.

The prdsentation, timeline for each track is formed by the concatenation of sections of the compositior
timeling by means of explicit or implicit edit lists.

The prdsentation timelines of all the tracks are aligned at their zero point. This forms the presentatior
timeline for the presentation as a whole. This aligned zero point 1s the nominal time at which
presentation starts and from which movie and track durations are measured.

Composition offsets can be signed or unsigned. When they are unsigned, the composition timeline
and the decoding timeline are related, and the decoding and compositions times can be considered as
enabling a hypothetical system, that is capable of instant decoding, to manage buffering. When they are
signed, the composition timeline and the decoding timeline are disconnected. They can be reconnected
using the compositionToDecodeBox, if needed, though many systems do not use decoding timestamps,
merely decoding in decoding order.
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6.5 Identifiers

The track identifiers used in an ISO file are unique within that file; no two tracks shall use the same
identifier. Under unified identifier handling (see E.18) this uniqueness requirement is extended to other
identifiers.

The next track identifier value stored in next track 1D in the MovieHeaderBox generally contains a
value one greater than the largest identifier value, of the set required to be unique, found in the file.
This enables easy generation of a unique identifier under most circumstances. However, if this value is

nn'\] fr\ oRnes ('2') ]'\H' ||ncln’nnﬂ m'\vn'\f\ than ~ canvrech foar an vnnicnd 11ninana idantifine 1o noar]nj for al]
- 1o

Tt o)t C o o o T T o o oo o C oo a C o o o e ot

.6 Brand identification

[he definitions of the brands that apply to timed presentations are specified in Anex E.

6.7 Uniform resource locators (URLSs)

When a file conformant to this document is identified by URL, a URL fragment (if present) shall follow
the syntax(es) documented in Annex C.

When files are identified by a MIME type, the syntax specified in FETF RFC 6381[22] and Annex K shall
be used for any parameters.
/ Streaming support
begmented streaming is supported by segments as;defined in 3.1.41 and 8.16.

[ransformed streaming into streaming proto¢ols is supported by hint tracks as defined in 12{4, with
specific formats for some protocols in Clausé’®; there is a general overview in A.12.

B Box structures
B.1 File structure and general boxes
B.1.1 Media data box

B.1.1.1 Definition

Box Type: 'mdat/
Container: File
Mandatexy: No
Quantity: Zero or more

['his box contains the media data. In video tracks, this box would contain video frames. A presgntation
may contain zero or more MediaDataBoxes. The actual media data follows the type field; its structure
is described by the structure-data (see particularly the sampleTableBox, subclause 8.5, and the
TtemLocationBox, Subclause 8.11.2.3).

In large presentations, it may be desirable to have more data in this box than a 32-bit size would permit.
In this case, the large variant of the size field, above in subclause 4.2, is used.

There may be any number of these boxes in the file (including zero, if all the media data is in other files).
The structure-data refers to media data by its absolute offset within the file (see subclause 8.7.5, the
ChunkOffsetBox); SO MediaDataBox headers and free space may easily be skipped, and files without any
box structure may also be referenced and used.
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8.1.1.2

Syntax

aligned(8) class MediaDataBox extends Box('mdat') ({
bit (8) datall];

}
8.1.1.3

dat

Semantics

a is the contained media data

8.1.2

8.1.2.1

Box Ty
Contain

Mandatory: No

Quantit

The cor
the pre
to refer

8.1.2.2

aligned
uns]

}
8.1.2.3

frg

8.1.3

8.1.3.1

Box Ty
Contain

Mandatory: No

Quantif]

The prd

of numlbpers (to the end.of the box) specifying combinations of effective file download bitrate in units of

bytes/s

A recei

I 1
rrcc Sspdic DUA

Definition

es: 'free', 'skip'
er: File or other box

y: Zero or more

tents of a FreespaceBox are irrelevant and may be ignored, or the box déleted, without affecting
Sentation. (Care should be exercised when deleting the box, as this may invalidate offsets used
to other data, unless this box is after all the media data).

Syntax

(8) class FreeSpaceBox extends Box (free type) ({
gned int (8) datall;

Semantics

e type shall be 'free' or 'skip'.
Progressive download information box

Definition

es: 'pdial
er: File

y: Zero or One

gressiveDownladdInfoBox aids the progressive download of an ISO file. The box contains pair§

ec and a suggested initial playback delay in units of milliseconds.

ying party can estimate the download rate it is experiencing, and from that obtain an uppej

estimatfe fot 4 suitable initial delay by linear interpolation between pairs, or by extrapolation from the
first or [asbentry.

It is recommended that the ProgressiveDownloadInfoBox be placed as early as possible in files, for
maximum utility.

8.1.3.2 Syntax
aligned(8) class ProgressiveDownloadInfoBox
extends FullBox ('pdin', version = 0, 0) {
for (i=0; ; i++) { // to end of box
unsigned int (32) rate;

unsigned int(32) initial delay;

20
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8.1.3.3 Semantics

rate is a download rate expressed in bytes/second

initial delay is the suggested delay to use when playing the file, such that if download continues at

the given rate, all data within the file will arrive in time for its use and playback should not
stall.

8.1.4 Identified media data box

need to

B.1.4.1 Definition

Box Type: 'imda'
Container: File
Mandatory: No
Quantity: Zero or more

['his box contains the media data. Its semantics are the same as those for Medi aDataBox butitaddi
Contains an identifier that is used in setting up data references to the cofitained media data.

B.1.4.2 Syntax

hligned (8) class IdentifiedMediaDataBox extends Box('imda') {
unsigned int(32) imda identifier;
bit(8) datall; // until the end of the box

B8.1.4.3 Semantics
imda_identifier shall differ from the imda identifier values of the other

IdentifiedMediaDataBoxes of the file.
B.2 Movie structure
B.2.1 Movie box

B3.2.1.1 Definition

Box Type: 'moov'
Container: File
Mandatory: Yes
Duantity: Exactly one

['he structure-data for a presentation is stored in the single MovieBox which occurs at the top-l¢
file. Normally this box is close to the beginning or end of the file, though this is not required.

tionally

rvel of a

B 212 Qynfnv

aligned(8) class MovieBox extends Box ('moov') {

}
8.2.2 Movie header box

8.2.2.1 Definition

Box Type: 'mvhd’
Container: MovieBox
Mandatory: Yes
Quantity: Exactly one
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This box defines overall information which is media-independent, and relevant to the entire
presentation considered as a whole.

The duration of a movie is usually the duration of the longest track (as documented by the duration field
of the TrackHeaderBox); if any track has an indefinite duration, the movie should also have an indefinite
duration. If there are tracks longer than the movie duration, it is recommended that playback terminate
at the movie duration (i.e. that the longer tracks be implicitly trimmed to the movie duration); this can
happen when two media have frame durations that are not exactly divisible, for example.

8.2.2.2[ Syntax

aligned (8) class MovieHeaderBox extends FullBox ('mvhd', version, 0) {
if |version==1) {

nsigned int (64) creation time;
nsigned int (64) modification time;
nsigned int (32) timescale;
nsigned int (64) duration;

} else { // version==0
nsigned int (32) creation time;
nsigned int (32) modification time;
nsigned int (32) timescale;
nsigned int (32) duration;

temgplate int (32) rate = 0x00010000; // typically 1.0

temglate int (16) volume = 0x0100; // typically, full veltme
congt bit (16) reserved = 0;

congt unsigned int (32) [2] reserved = 0;

temglate int (32) [9] matrix =

0x00010000,0,0,0,0x00010000,0,0,0,0x40000000 }%
/ Unity matrix
bit|32) [6] pre defined = 0;
unsigned int (32) next track ID;
}

8.2.2.3| Semantics
version isan integer that specifies the version-of this box (0 or 1 in this document)

creatidn time is an integer that declares the creation time of the presentation (in seconds since
midnight, Jan. 1, 1904, in UTC time)

—_

modifi¢ation time is an integenthat declares the most recent time the presentation was modified (in
secpnds since midnight, Jaf. 1, 1904, in UTC time)

timescqle is an integer thatSpecifies the time-scale for the entire presentation; this is the number of
tine units that pass-in one second. For example, a time coordinate system that measures time i
sixfieths of a second has a time scale of 60.

duratig¢n isan integer that declareslength of the presentation (in the indicated timescale). This property
is derivedsfrom the presentation’s tracks: the value of this field corresponds to the duration of the
longest track in the presentation. If the duration cannot be determined then duration is set to all 1s

b o d ot 16 17 e bne +hot s Aot nc +hn s fnags
rate l A TIACU yUlllL AU LU TIUIITIUCT CITAUT TITUICAdlLU S LIIC lJl CICII

(0x00010000) is normal forward playback

A vraotn +0 1oy +hn pncapnb ol 1 (]
U 1actc Lo ylﬂy CIIC lJl coclIritat LU

volume is a fixed point 8.8 number that indicates the preferred playback volume. 1.0 (0x0100) is full
volume.

matrix provides a transformation matrix for the video; (u,v,w) are restricted here to (0,0,1), hex values
(0,0,0x40000000).

next track IDis a non-zero integer that indicates a value to use for the track 1D of the next track to
be added to this presentation. Zero is not a valid track 1D value. The value of next track 1D shall
be larger than the largest track 1D in use. If this value is equal to all 1s (32-bit maxint), and a new
media track is to be added, then a search must be made in the file for an unused value of track_ 1D.
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8.3 Track structure
8.3.1 Trackbox

8.3.1.1 Definition

Box Type: 'trak’
Container: MovieBox
Mandatory: Yes
Quantity: One or more

[his is a container box for a single track of a presentation. A presentation consists of one o6t mord tracks.
Fach track carries its own temporal and spatial information. Each track will contafin, its asqociated
MediaBox.

[racks are used for a number of purposes, including: (a) to contain media data (media tracks) and (b) to
Contain packetization information for streaming protocols (hint tracks).

[here shall be at least one media track within a MovieBox, and all the nfedia tracks that contrijuted to
fhe hint tracks shall remain in the file, even if the media data withinthem is not referenced by the hint
'racks; after deleting all hint tracks, the entire un-hinted presentatien’shall remain.

B.3.1.2 Syntax

hligned (8) class TrackBox extends Box('trak') {

B.3.2 Track header box

B.3.2.1 Definition

Box Type: 'tkhd'
Container: TrackBox
Mandatory: Yes
Quantity: Exactly one

['his box specifies the characteristics of a single track. Exactly one TrackHeaderBox is contained in a
frack.

n the absence of afedit list, the presentation of a track starts at the beginning of the|overall
bresentation. An ‘elmpty’ edit is used to offset the start time of a track (see 8.6.6).

[he tracks marked with the track in movie flag set to 1 are those that are intended by the fil¢ writer
for direct présentation. Thus a track that is used as input to another track — either before pr after
lecoding = but that is not presented by itself — should have the track in movie flag set to 0f Tracks
navingsthe track in movie flag set are candidates for playback, regardless of whether they ar¢ media
‘racks’or reception hint tracks. A track may be used as input and also have the track in movielflag set
[0-1)

If a track is a member of a group that presents alternatives for presentation, either by using the
alternate_group field in the track header, or by using the TrackcroupBox with a group type that defines
alternatives, then either only the preferred or default choice track should have the track in movie flag
set to 1, or all tracks should have the track in movie flag set to 1 (if no default is to be indicated).

If an 'a1tr' entity group contains entities for playing, track in movie should be equal to 1 in all the
tracks of the entity group.

If in a presentation no tracks have track in movie set, and therefore it appears that there is nothing to
present, then a player may enable a track from each group for presentation; derived specifications can
give further guidance and/or restrictions.
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Tracks that are marked as not enabled (track enabled set to 0) shall be ignored and treated as if
not present. Application environments may offer a way to enable/disable tracks at run-time and
dynamically alter the state of this flag.

The processing of the pixel data from the output of the decoder to its rendering on the screen is not
a conformance point of ISOBMFF. However, several structures enable signaling of such rendering
features. They are based on the following assumptions:

1) Under the 'iso3' brand or brands that share its requirements, the TrackHeaderBox width and

height

br

2) The¢visualsampleEntry documents the expected size of the pixel buffer needed to receive the coded
outiput, possibly cropped by in-stream structures.

EXAMPLE If a video codec works only with multiples of 16 pixels per line or column, atd if the width
and height of the video fed to the encoder is 1000x500, the encoder will typically, internalljuse 64x32 blocs
of fixels, but it is expected to use codec-specific cropping structures, that are not expeoséd at the ISOBMFH
levgl to output a 1000x500 video. The width and height of the VisualSampleEntyy fields in this case wil
be 1000x500.

3) Th¢ rixelaspectRatioBox documents the aspect ratio that should be applied to the pixels output by
theldecoder but does not imply the adjustment. The associated adjustment should be taken care of
by setting scaled values in the TrackHeaderBox.

EXAMPLE If prior to the encoder, the pixels are scaled horizontally by a factor of 1/2, at the output of
theldecoder, the inverse scaling should be applied to present non distorted videos. This is done by setting thg
TrgckHeaderBox height equal to the visualSampleEntry, hedght and the TrackHeaderBox width equa
to the double of the VisualSampleEntry width. Additionally, a PixelAspectRatioBox with a hSpacing
twife bigger than its vSpacing field may be used, if in-streain structures do not carry that information.

4) Addlitionally, a cleanapertureBox may be provided'to further crop the video.
The prqcessing of the decoded pixel is assumedto be as follows:
1) Any cropping documented by a cleanApertureBox is applied on the pixels output by the decoder,

2) Thegn, if a cleanapertureBox is present, the cropped image is then scaled horizontally by the
facfor TrackHeaderBox.width/CeanAperture.width and vertically by TrackHeaderBox.height
ClganAperture.height

3) Otlerwise, if a cleanApeytureBox is not present, the decoded image is then scaled horizontally
by fthe factor TrackHe&GerBox.width/SampleEntry.width and vertically by TrackHeaderBox.height
SanfpleEntry.heights

NOTE1 This.operation is called in previous editions "normalization to track dimensions".
4) Th¢ TrackHeaderBox matrix is then applied

5) Allvisual tracks are superposed in increasing order of the TrackHeaderBox.1ayer value

6) The MovieHeaderBox matrix is then applied to the composition.

NOTE 2  This is a theoretical processing model and concrete implementations following it should avoid
resampling the image, in particular when the combination of the above operations results in the identity
transformation.

The duration field here does not include the duration of following movie fragments, if any, but only of
the media in the enclosing MovieBox. The MovieExtendsHeaderBox may be used to document the duration
including movie fragments, when desired and possible.
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8.3.2.2 Syntax

aligned (8) class TrackHeaderBox
extends FullBox ('tkhd', version, flags) {

if (version==1) {
unsigned int (64) creation time;
unsigned int (64) modification time;
unsigned int (32) track ID;
const unsigned int (32) reserved = 0;
unsigned int (64) duration;

} else { // version==0
unsigned int (32) creation time;
unsigned int (32) modification time;
unsigned int (32) track ID;
const unsigned int (32) reserved = 0;
unsigned int (32) duration;

}

const unsigned int (32) [2] reserved = 0;

template int(16) layer = 0;
template int(16) alternate group = 0;

template int (16) volume = {if track is audio 0x0100 else 0};
const unsigned int (16) reserved = 0;
template int (32) [9] matrix=

{ 0x00010000,0,0,0,0x00010000,0,0,0,0x40000000 };
// unity matrix

unsigned int (32) width;

unsigned int (32) height;

B8.3.2.3 Semantics
lersion isan integer that specifies the version of this.box (0 or 1 in this document)
Flags is a 24-bit integer with flags; the following\values are defined:

track enabled: Flag mask is 0x000001.CThe value 1 indicates that the track is enabled. A disabled
track (when the value of this flag is zero) is treated as if it were not present.

track_in movie: Flag mask is ‘0x000002. The value 1 indicates that the track, or ong of its
alternatives (if any) forms.a-direct part of the presentation. The value 0 indicates that the track
does not represent a direet part of the presentation.

track_in preview: Flagimask is 0x000004. This flag currently has no assigned meaning, pnd the
value should b€ ignored by readers. In the absence of further guidance (e.g. from derived
specifications), the same value as for track_in_movie should be written.

track size (fgvaspect ratio: Flag value is 0x000008. The value 1 indicates that the wigth and
height fields are not expressed in pixel units. The values have the same units but thege units
are_ ot specified. The values are only an indication of the desired aspect ratio. If thd aspect
ratios of this track and other related tracks are not identical, then the respective positipning of
the tracks is undefined, possibly defined by external contexts.

breation time iS an integer that declares the creation time of this track (in seconds since mjdnight,

1 11004 3 HTC &3 al
jall. 1, 1J7U7T, 111 U 1'U \,llllCJ-

modification time isan integer that declares the mostrecent time the track was modified (in seconds
since midnight, Jan. 1, 1904, in UTC time).

track ID is an integer that uniquely identifies this track over the entire life-time of this presentation;
track IDs are never re-used and cannot be zero.

duration is an integer that indicates the duration of this track (in the timescale indicated in the
MovieHeaderBox) This duration field may be indefinite (all 1s) when either there is no edit list
and the MediaHeaderBox duration is indefinite (i.e. all 1s), or when an indefinitely repeated edit
list is desired (see subclause 8.6.6 for repeated edits).. If there is no edit list and the duration is
not indefinite, then the duration shall be equal to the media duration given in the MediaHeaderBox,
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converted into the timescale in the MovieHeaderBox. Otherwise the value of this field is equal to the
sum of the durations of all of the track’s edits (possibly including repetitions).

layer specifies the front-to-back ordering of video tracks; tracks with lower numbers are closer to the
viewer. 0 is the normal value, and -1 would be in front of track 0, and so on.

alternate group is an integer that specifies a group or collection of tracks. If this field is 0 there is
no information on possible relations to other tracks. If this field is not 0, it should be the same for
tracks that contain alternate data for one another and different for tracks belonging to different
such groups ﬂn]y one track within an alternate group should bhe p]qypd or streamed at any one
timle, and shall be distinguishable from other tracks in the group via attributes such as bitrate
codec, language, packet size etc. A group may have only one member.

volume [ is a fixed 8.8 value specifying the track's relative audio volume. Full volume is 1.0‘(0x0100]
and is the normal value. Its value is irrelevant for a purely visual track. Tracks may be composed
by pombining them according to their volume, and then using the overall MovieHedderBox volume
setfing; or more complex audio composition (e.g. MPEG-4 BIFS) may be used.

matrix| provides a transformation matrix for the video; (u,vw) are restricted shere to (0,0,1), he
(0,0,0x40000000).

width gnd height fixed-point 16.16 values are track-dependent as followss:

For texf and subtitle tracks, they may, depending on the coding formdt) describe the suggested size of
thelrendering area. For such tracks, the value 0x0 may also beised to indicate that the data may
be fendered at any size, that no preferred size has been indjcated and that the actual size may be
determined by the external context or by reusing the width and height of another track. For thosg
tragks, the flag track size is aspect ratio may also belused.

For norj-visual tracks (e.g. audio), they should be set to zero.

For all ¢ther tracks, they specify the track's visual presentation size. These need not be the same as the
pixel dimensions of the images, which is documented in the sample description(s); all images in the
sequence are scaled to this size, before anyoverall transformation of the track represented by the
mafrix. The pixel dimensions of the images are the default values.

8.3.3 |Track reference box

8.3.3.1| Definition

Box Type: 'tref!
Containler: TrackBox
Mandatory: No
Quantity: Zero or one

This bdx includes a set of TrackreferenceTypeBoxes, each of which indicates, by its type, that thg
enclosing track has one of more references of that type. Each reference type shall occur at most once
Within each TrackReferenceTypeBox there is an array of track 1Ds; within a given array, a given value
shall occur at most once. Uther Structures in the file formats index through these arrays, index values
startat 1.

Exactly one TrackReferenceBox can be contained within the Trackpox.

If this box is not present, the track is not referencing any other track in any way. The reference array is
sized to fill the reference type box.
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8.3.3.2 Syntax

aligned (8) class TrackReferenceBox extends Box ('tref') {
TrackReferenceTypeBox [];
}
aligned(8) class TrackReferenceTypeBox (unsigned int(32) reference type) extends
Box (reference type) {
unsigned int (32) track IDs[];
}

8.3.3.3 Semantics

[he TrackReferenceBox containsS TrackReferenceTypeBoxes. There shall be at ~mbft one
rackReferenceTypeBox of a given type in a TrackReferenceBox.

track IDs is an array of integers providing the track identifiers of the referenced\tracks or|track
group_id values of the referenced track groups. Each value track 1ps(i], whéggé i is a valid index
to the track_IDs[] array, is an integer that provides a reference from the ccontaining track to the
track with track 1D equal to track 1Ds[i] or to the track group with both track group id equal
to track 1Ds[i] and (flags & 1) of TrackGroupTypeBox equal to 1. When a track group id value
is referenced, the track reference applies to each track of the referénced track group indiyidually
unless stated otherwise in the semantics of particular track reference types. The value 0 shall not
be present. In the array there shall be no duplicated value; however, a track_1D may appedr in the
array and also be a member of one or more track groups fornwhich the track group 1DS|appear
in the array. This means that in forming the list of tracks,@fter replacing track group 10§ by the
track_1Ds of the tracks in those groups, there might be-duplicate track 1Ds. A track group [rDshall
not be used when the semantics of the reference requires that the reference be to a single tiack.

[he reference type shall be set to one of the following values, or a value registered or from a derived
specification or registration:

— ‘'hint! the referenced track(s)-¢ontain the original media for this hint track.

— ‘'cdsc! links a descriptive-or metadata track to the content which it describes

— ‘'font! this track uses;fonts carried/defined in the referenced track.

— ‘'hind’ indicates that the referenced track(s) may contain media data required for decoding

of the:track containing the track reference, i.e., it should only be used if tHe refer-
enced hint track is used. The referenced tracks shall be hint tracks. The 'nina’
dependency can, for example, be used for indicating the dependencies hetween
hint tracks documenting layered IP multicast over RTP.

— ‘'vdep; this track contains auxiliary depth video information for the referenced vidgo track.

— VR this track contains auxiliary parallax video information for the referencdd video
track.

— 'subt’ this track contains subtitle, timed text or overlay graphical information for{the ref-

erenced track or any track in the alternate group to which the track belongs, if any.

— 'thmb': this track contains thumbnail images for the referenced track. A thumbnail track
shall not be linked to another thumbnail track with the 'thmb' item reference.

— lauxl': this track contains auxiliary media for the indicated track (e.g. depth map or alpha
plane for video).

— ‘cdtg': describes the referenced media tracks and track groups collectively; the 'cdtg’
track reference shall only be present in timed metadata tracks.

— 'shsc': links a shadow sync track to a main track; see subclause 8.6.3
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NOTE 1 Atrack with reference type 'aux1' could have a coding dependency; its use is clarified
by specifications that use it.

NOTE 2 When multiple track references would describe an auxiliary video track, derived
specifications might constrain or recommend which track references are used. For example, derived
specifications might constrain or recommend whether to use 'vdep' or 'auxl' or both for auxiliary
depth video track.

NOTE 3 Other structures index through the array of track references and hence position and
order of them can be significant.

NO['E 4 A timed metadata track containing ' cdsc' track reference toa track group_idwalue
dedcribes each track in the track group individually.

8.3.4 |[Track group box

8.3.4.1| Definition

Box Type: 'trgr'
Container: TrackBox
Mandatory: No
Quantity: Zero or one

This box enables indication of groups of tracks, where each groug shares a particular characteristic of
the tragks within a group have a particular relationship. The box contains zero or more boxes, and the
particular characteristic or the relationship is indicated by the box type of the contained boxes. The
contained boxes include an identifier, which can be used to conclude the tracks belonging to the sams
track group. The tracks that contain the same type of a8’¢ontained box within the TrackGroupBox and
have the same identifier value within these contained boxes belong to the same track group.

Track groups shall not be used to indicate dependency relationships between tracks. Instead, thg
TrackRgferenceBox is used for such purposes.

(flags & 1) equal to 1 in a TrackGroupTypeBox of a particular track group type indicates that track |
group 1dinthat TrackGroupTypeBox is not equal to any track 10 value and is not equal to track group |
id of anly other TrackGroupTypeBox With a different track group type. When (f1ags & 1) is equal to 1 in
ad TrackroupTypeBox with particular values Oftrackigroupitype and track group id, (flags & 1) shal
be equzl to 1in all TrackGrouplypeBoxesS of the same values of track group type and track group id
respectively.

8.3.4.2| Syntax

aligned (8) classyidrackGroupBox extends Box ('trgr') {
}
aligneq (8) cdass TrackGroupTypeBox (unsigned int (32) track group type) extends
FullBoj (traCk'group type, version = 0, flags = 0)
{
unsighed int (32) track group id;
// the remaining data may be specified
// for a particular track group_ type

}
8.3.4.3 Semantics

track group type indicates the grouping type and shall be set to one of the following values, or a value
registered, or a value from a derived specification or registration:

"msrc' indicates that this track belongs to a multi-source presentation. Specified in 8.3.4.4.1.

"ster' indicates that this track is either the left or right view of a stereo pair suitable for
playback on a stereoscopic display. Specified in 8.3.4.4.2.
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The pair of track group id and track group type identifies a track group within the file. The tracks
that contain a particular TrackGroupTypeBox having the same value of track group id and track
group type belong to the same track group.

8.3.4.4 Track group definitions

8.3.4.4.1 Multi-source presentation

track group type equal to 'msrc' indicates that this track belongs to a multi-source presentation.
[he tracks that have the same value of track group id within a TrackGroupTypeBox of track|group
vpe 'msrc' are mapped as being originated from the same source. For example, a recordjig,ofla video
relephony call may have both audio and video for both participants, and the value of tvack gtoup id
hssociated with the audio track and the video track of one participant differs front yalue of| track
roup id associated with the tracks of the other participant.

B.3.4.4.2 Stereoscopic pair

B3.3.4.4.2.1 Definition

"rackGroupTypeBox With track group type equal to 'ster' indicates-that this track is either thg left or
Fight view of a stereo pair suitable for playback on a stereoscopic display.

['he tracks that have the same value of track group id withid stereovideoGroupBox form a sterjeo pair,
hind there shall be no more than two of such tracks for the)same value of track group id.

NOTE Usually there are two tracks indicated to be astéereo pair with the stereovideoGroupBox having the
bame value of track group id. However, only one traek can be associated with a stereo pair in speciffic cases.

For example, the file can be edited in a manner that(one of the tracks forming a stereo pair gets remfoved. In
hinother example, only one of the tracks of a stereo.pair is selected for transmission, e.g. using DASH.

8.3.4.4.2.2 Syntax
hligned (8) class StereoVideoGroupBox extends TrackGroupTypeBox ('ster')

unsigned int (1) left_view_flag;
bit (31) reserved;

B8.3.4.4.2.3 Semantics

left view flag equial’to O indicates the right view of a stereo pair, and left view flag equal to 1
indicates théleft view of a stereo pair. When there are two tracks with the same value of track
group_idnthe value of 1eft view flag shall differ.

B.3.5 Track type box

B3.5:1 Definition

Box Type: "ttyp'
Container: TrackBox
Mandatory: No
Quantity: Zero or one

The payload of TrackTypeBox has the same syntax as the payload of FileTypeBox. The content of an
instance of TrackTypeBox shall be such that it would apply as the content of FileTypeBox, if all other
tracks of the file were removed and only the track containing this box, and the tracks it references by
means of track references, remained in the file.

NOTE TrackTypeBox can be used in specifying media profiles or track-specific brands.
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8.3.5.2 Syntax

aligned(8) class TrackTypeBox extends GeneralTypeBox ('ttyp')
{}

8.4 Track media structure

8.4.1 Mediabox

8.4.1.1 — Definition

Box Type: 'mdia’
Contairler: TrackBox
Mandatory: Yes
Quantity: Exactly one

The mefdia declaration container contains all the objects that declare information aboutthe media dat3
within g track.

8.4.1.2| Syntax

aligned (8) class MediaBox extends Box('mdia') {

}
8.4.2 |Media header box

8.4.2.1| Definition

Box Type: 'mdhd"’
Contairjer: MediaBox
Mandatory: Yes
Quantitly: Exactly one

The media header declares overall information that is media-independent, and relevant tq
charactleristics of the media in a track.

8.4.2.2| Syntax

aligned (8) class MediaHeadepBex extends FullBox ('mdhd', version, 0) {
if |version==1) {

nsigned int (64) creation time;

nsigned int (64) modification time;

nsigned int (32) timescale;

nsigned int (%4)) duration;

} else { // vekston==0

nsigned 4wt (32 creation time;

)

nsignedN\int (32) modification time;

nsigned int (32) timescale;

nsdgnied int (32) duration;
}
bit B oarc———0
unsigned int (5) [3] language; // IS0-639-2/T language code
unsigned int (16) pre defined = 0;

}
8.4.2.3 Semantics

version isan integer that specifies the version of this box (0 or 1)

creation time is an integer that declares the creation time of the media in this track (in seconds since
midnight, Jan. 1, 1904, in UTC time).

modification time isaninteger thatdeclaresthe mostrecenttime the media in this track was modified
(in seconds since midnight, Jan. 1, 1904, in UTC time).
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timescale is an integer that specifies the number of time units that pass in one second for this media.
For example, a time coordinate system that measures time in sixtieths of a second has a time scale

of 60.

duration is an integer that declares the duration of this media (in the scale of the timescale) and should

be the largest composition timestamp plus the duration of that sample. If the duration ca
determined then duration is set to all 1s.

nnot be

NOTE The duration of an audio track may be smaller than the duration of the audio samples output by

the decoder. This depends on the decoding process. The decoding of the last ISOBMFF sample of a track may

produce additional audio samples that are not meant to be rendered.

code is confined to being three lower-case letters, these values are strictly positive.
B.4.3 Handler reference box

B.4.3.1 Definition

Box Type: 'hdlr'

Container: MediaBox OI MetaBox
Mandatory: Yes

Ruantity: Exactly one

['his box within a MediaBox declares media type of the track, and thus the process by which the
lata in the track is presented. For example, a format)for which the decoder delivers video wj
stored in a video track, identified by being handled by a video handler. The documentatio
storage of a media format identifies the media type which that format uses.

['his box when present within a MetaBox, declares the structure or format of the MetaBox conten

[here is a general handler for metadata)streams of any type; the specific format is identified
sample entry, as for video or audio, for-example.

B.4.3.2 Syntax

bligned (8) class Handl€rBox extends FullBox ('hdlr', version = 0, 0) {
unsigned int (32) pre defined = 0;
unsigned int (32) handler type;
const unsigned~int (32) [3] reserved = 0;

utf8string name;

B.4.3.3 Semantics
[ersionniS’an integer that specifies the version of this box

handier type

| anguage declares the language code for this media, as a packed three-character code’ defined in
ISO 639-2. Each character is packed as the difference between its ASCII value and)0x60. Since the

media-
ould be
1 of the

LS.

by the

— when present in a MediaBox, contains a value as defined in Clause 12, or a value from a derived

specification, or registration.

— when present in a MetaBox, contains an appropriate value to indicate the format of the
MetaBox contents. The value 'nul1' can be used in the primary MetaBox to indicate that it is

merely being used to hold resources.

name gives a human-readable name for the track type (for debugging and inspection purposes).
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8.4.4 Mediainformation box

8.4.4.1 Definition

Box Type: 'minf’
Container: MediaBox
Mandatory: Yes
Quantity: Exactly one

This bo . U— trrtdect 1 e tieif . - PR -

8.4.4.2| Syntax

aligned (8) class MedialInformationBox extends Box ('minf') {

}
8.4.5 [Media information header boxes

8.4.5.1| Definition

There i$ a different media information header for each track type (correspofiding to the media handler
type); the matching header shall be present, which may be one of those fefined in Clause 12, or one
defined|in a derived specification.

The tyre of media header is used is determined by the definition 6f\the media type and shall match thg
media handler.

8.4.5.2| Null media header box

8.4.5.2{1 Definition

Box Types: 'nmhd’

Contairler: MediaInformationBox

Mandatory: Yes

Quantitly: Exactly one specific media header shall be present

Stream§ for which no specific mediatheader is identified use a Nul1MediaHeaderBox, as defined here.

8.4.5.2]2 Syntax

aligned (8) class NullMed¥aHeaderBox
extg¢nds FullBox (Jnmukd', version = 0, flags) {

}
8.4.5.2)3 Semantics

verlsion s an integer that specifies the version of this box.

fl4gs—is a 24-bit integer with flags (currently all zero).

8.4.6 Extended language tag

8.4.6.1 Definition

Box Type: 'elng’
Container: MediaBox
Mandatory: No
Quantity: Zero or one
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The ExtendedLanguageBox represents media language information, and shall contain a code in
conformance with IETF BCP 47. It is an optional peer of the MediaHeaderBox, and shall occur after the
MediaHeaderBox.

The extended language tag can provide better language information than the language field in the
MediaHeaderBox, including information such as region, script, variation, and so on, as parts (or subtags).

The ExtendedLanguageBox is optional, and if it is absent the media language should be used. The
extended language tag overrides the media language if they are not consistent.

For best compatibility with earlier players, if an extended language tag is specified, the most conjpatible
anguage code should be specified in the language field of the vediaHeaderBox (for example, leng" if the
extended language tag is "en-UK"). If there is no reasonably compatible tag, the packed)form fof 'und'
fan be used.

B.4.6.2 Syntax

bligned (8) class ExtendedLanguageBox extends FullBox('elng', 0, 0) {
utf8string extended language;

B.4.6.3 Semantics

bxtended language contains a IETF BCP 47 compliant language‘tag string, such as "en-US", "fi+FR", or
"zh-CN".

B.5 Sample tables
B.5.1 Sample table box

B.5.1.1 Definition

Box Type: 'stbl"

Container: MediaInformationBox
Mandatory: Yes

Quantity: Exactly one

['he sample table contains@llthe time and data indexing of the media samples in a track. Using thie tables
nere, it is possible to loCate samples in time, determine their type (e.g. I-frame or not), and defermine
their size, container, and offset into that container.

f the track thatCeontains the sampleTableBox references no data, then the sampleTableBox does not
heed to contaih any sub-boxes (this is not a very useful media track).

f the track'that the sampleTableBox is contained in does reference data, then the following sup-boxes
e required: SampleDescriptionBox, SampleSizeBox (OI' CompactSampleSizeBox), SampleToCHunkBox,
hnd«Chiinkof fsetBox (Or ChunkLargeOffsetBox). Further, the samplebescriptionBox shall containatleast
briesentry. A sampleDescriptionBox is required because it contains the data reference index field which
Tdicates whith DataEntry to USE to retrieve the media samptes- Without the sampTeDescript TonBox, it
is not possible to determine where the media samples are stored. The syncsampleBox is optional.

The syncsampleBox should be present in the sampleTableBox if some samples in the track, including any
track fragments, are non sync samples, but the flag sample is non sync sample of samples in track
fragments is valid and describes the samples, even if the syncsamp1eBox is not present. If the track is not
fragmented and the syncsampleBox is not present, all samples in the track are sync samples.

A9 provides a narrative description of random access using the structures defined in the
SampleTableBox.
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8.5.1.2 Syntax

aligned(8) class SampleTableBox extends Box('stbl') {
}

8.5.2 Sample description box

8.5.2.1 Definition

Box Types: 'stsd’
Contain]er: SampleTableBox
Mandatory: Yes

Quantity: Exactly one

The sample description table gives detailed information about the coding type used; and any
initialiZation information needed for that coding. The syntax of the sample entry used is determined by
both the format field and the media handler type.

The infprmation stored in the samplebescriptionBox after the entry-count is both track-type specifid
as docymented here, and can also have variants within a track type (e.g. different codings may use
different specific information after some common fields, even within a video-track).

Which type of sample entry form is used is determined by the media, handler, using a suitable form
such as|one defined in Clause 12, or defined in a derived specification, ot*registration.

Multiplg descriptions may be used within a track.

NOTE 1| Though the count is 32 bits, the number of items is usually much fewer, and is restricted by the fac
that the|reference index in the sample table is only 16 bits

If the “format’ field of a sampleEntry is unrecognized,\neither the sample description itself, nor thg
associafed media samples, shall be decoded.

NOTE 2| The format field ofa SampleEntry isrestricted in this document not to contain the character "' (dot)
Derived|specifications are encouraged to avoid using it as well as any character that requires encoding of thg
"codecs'| parameter; see Annex K.

Derived specifications deriving Sample Entry classes listed in the table of 8.12.1 should be extremely
careful{ Derivation by adding boxes at the end of the class should be preferred as it preserves Samplg
Entry fdarsing and does not requine a new 'encx' value. Adding a new field to a class will not allow
for the pse of the associated 'enéx' scheme for parsing reasons. A new 'encx' scheme will have to bg
defined| for signaling encrypted stream based on that derived class.

The deffinition of samplé€ntries specifies boxes in a particular order, and this is usually also followed iy
derived specifications»For maximum compatibility, writers should construct files respecting the ordet
both within specifieations and as implied by the inheritance, whereas readers should be prepared tq
accept gny box order.

All samplefintry boxes may contain “extra boxes” not explicitly defined in the box syntax of this o1
derived specifications. When present, such boxes shall follow all defined fields and should follow any
defined contained boxes. Decoders shall presume a sample entry box could contain extra boxes and
shall continue parsing as though they are present until the containing box length is exhausted.

An optional BitRateBox may be present in any sampleEntry to signal the bit rate information of a
stream. This can be used for buffer configuration.

All string fields shall be of type ut f8string and null-terminated, even if unused. “Optional” means there
is at least one null byte.

Entries that identify the format by MIME type, such as a TextSubtitleSampleEntry,
TextMetaDataSampleEntry, OF SimpleTextSampleEntry, all of which contain a MIME type, may be used to
identify the format of streams for which a MIME type applies. A MIME type applies if the contents of the
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string in the optional configuration box (without its null termination), followed by the contents of a set
of samples, starting with a sync sample and ending at the sample immediately preceding a sync sample,
are concatenated in their entirety, and the result meets the decoding requirements for documents of that
MIME type. Non-sync samples should be used only if that format specifies the behaviour of ‘progressive
decoding’, and then the sample times indicate when the results of such progressive decoding should be
presented (according to the media type).

NOTE 3 The samples in a track that is all sync samples are therefore each a valid document for that MIME
type.

n some classes derived from sampleEntry, namespace and schema location are used both tq |dentify
the XML document content and to declare “brand” or profile compatibility. Multiplesnamespace
dentifiers indicate that the track conforms to the specification represented by each of the identifiers,
some of which may identify supersets of the features present. A decoder should be able to'decodg all the
hamespaces in order to be able to decode and present correctly the media associated with this[sample
Entry.

NOTE 4  Additionally, namespace identifiers might represent performance constraints, such as limits on
Hocument size, font size, drawing rate, etc., as well as syntax constraints, such as features that are not pgrmitted
b1 ignored.

B.5.2.2 Syntax

bligned (8) abstract class SampleEntry (unsigned int (32) “format)
extends Box (format) {

const unsigned int(8) [6] reserved = 0;

unsigned int (16) data reference index;

Flass BitRateBox extends Box ('btrt') {
unsigned int (32) bufferSizeDB;
unsigned int (32) maxBitrate;
unsigned int (32) avgBitrate;

bligned (8) class SampleDescriptionBox ()
extends FullBox ('stsd', version$™~0) {

int i ;
unsigned int (32) entry county
for (i =1 ; 1 <= entry ceunht ; i++){
SampleEntry () ; /7. an instance of a class derived from SampleEntry

}

B.5.2.3 Semantics

fersion is set tozero. A version number of 1 shall be treated as a version of 0.
ntry count{is.an integer that gives the number of entries in the following table
bampleEat Py iS the appropriate sample entry.

até feference index iS an integer that contains the index of the pataEntry to use to retrieve
data associated with samples that use this sample description. Data entries are stpred in
DataReferenceBoxeS. The index ranges from 1 to the number of data entries.

buffersizeDB gives the size of the decoding buffer for the elementary stream in bytes.

maxBitrate gives the maximum rate in bits/second over any window of one second; this is a measured
value for stored content, or a value that a stream is configured not to exceed; the stream shall not
exceed this bitrate.

avgBitrate gives the average rate in bits/second of the stream; this is a measured value (cumulative
over the entire presentation) for stored content, or the configured target average bitrate for a
stream.
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8.5.3

8.5.3.1

Degradation priority box

Definition

Box Type: 'stdp"
Container: sampleTableBox
Mandatory: No.

Quantity: Zero or one.

This b
each sa

Specifidations derived from this define the exact meaning and acceptable range of the priority field

8.5.3.2 Syntax

aligned (8) class DegradationPriorityBox
extg¢nds FullBox ('stdp', version = 0, 0) {
int|i;
for|(i=0; i < sample count; i++) {

nsigned int (16) priority;

}

}

8.5.3.3| Semantics

version -1is an integer that specifies the version of this box.

prilority -isinteger specifying the degradation priority for each sample.

8.5.4
This bo

8.6 Track time structures

8.6.1

8.6.1.1

The co
the tim
TimeTo{
timesta
the com
timesta
Compos]

The Tiy

X CONtAINS tire degradation priority of eacir sampie: T e vatuesare stored i the tabie; ome fo
nple. The size of the table, sample count is taken from the sample count in the samplesizeBox

Sample scale box

ik has been deprecated and is no longer defined in this document.

Time to sample boxes

Definition

mposition timestamps +(CT) and decoding timestamps (DT) of samples are derived fron
e to sample boxesi-of which there are two types. The decoding timestamp is defined by thd
ampleBox, which-documents the sample duration, that is, the difference between the decoding
mp of the following sample and the sample at hand. The composition timestamps are defined ir
bositionOfifsetBox as time offsets from decoding timestamps. If the composition and decoding
mps are‘identical for every sample in the track, then only the TimeTosampleBox is required; thg
tion@ffsetBox shall not be present and all composition offsets are defined to be zero.

dPpsampleBox shall give non-zero durations for all samples with the possible exception of thg

last one. Durations in the TimeToSampleBox are Strictly posItive (NON-ZeroJ, exceptior the very last entry,
which may be zero. This rule derives from the rule that there shall not be two samples in a stream with
the same decoding timestamp. Great care must be taken when adding samples to a stream, that the

sample
this rul

that was previously last may need to have a non-zero duration established, in order to observe
e. One approach in the case where the the duration of the last sample is indeterminate is to use

an arbitrary small value and a ‘dwell’ edit.
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Some coding systems may allow samples that are used only for reference and not output (e.g. a non-
displayed reference frame in video). When any such non-output sample is present in a track, the
following applies:

1) A non-output sample shall be given a composition timestamp which is outside the time-range of the
samples that are output.

2) An editlist shall be used to exclude the composition times of the non-output samples.

3) When the track includes a compositionOffsetBox,

a) version 1 of the compositionoffsetBox shall be used,
b) the value of sample offset shall be set equal to the most negative number pogssible (for 32-bit
values, -231) for each non-output sample,
¢) the compositionToDecodeBox should be contained in the sampleTableBox-0f the track, and
d) when the compositionToDecodeBox is present for the ‘“track, the value of
leastDecodeToDisplayDelta field in the box shall be equal to the smiallest composition ¢ffset in
the compositionoffsetBox excluding the sample offset valuesfor non-output sampleg.
NOTE Thus, 1eastDecodeToDisplayDelta is greater than -231,
n the example in Table 2 and Table 3, there is a sequence,of‘}] P, and B frames, each with a|sample
Juration of 10. The samples are stored as follows, with the indicated values for their sample dyrations
hind composition time offsets (the actual composition timestamp, CT, and decoding timestamp,|DT, are
piven for reference). The re-ordering occurs because the predicted P frames must be decoded before
'he bi-directionally predicted B frames. The value of DT for a sample is always the sum of the dyrations
bf the preceding samples. Thus, in the absence ofccomposition offsets, the total of the sample dyrations
s the duration of the media in this track.
Table 2°— Closed GOP example
GOP e N 2 e O O e E
11 P4 B2 B3 pP7 B5 B6 |I8 P11 (B9 |B10 |P14 |B12 ||B13
DT 0 10 20 30 40 50 60 70 80 90 100 [110 (120 ({130
CT 10 |40 20 30 70 50 60 80 110 |90 100 [140 (120 ({130
Duration 10 \.J10 10 10 10 10 10 10 10 10 10 10 10 10
Composition offset 410/ (30 |0 0 30 |0 0 10 30 |0 0 30 |0 0
Table 3 — Open GOP example
GOP P20 S S C SO N V2SN CUO O O o
I3 B1 B2 P6 B4 B5 19 B7 B8 P12 |B10 |B11
DT 0 10 20 30 40 50 60 70 80 90 100 |110
T 30 106 20 60 40 50 90 70 g0 120—100—110
Duration 10 10 10 10 10 10 10 10 10 10 10 10
Composition offset|30 0 0 30 0 0 30 0 0 30 0 0
8.6.1.2 Decoding time to sample box
8.6.1.2.1 Definition
Box Type: 'stts"
Container: sampleTableBox
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Mandatory: Yes
Quantity: Exactly one

This box contains a compact version of a table that allows indexing from decoding timestamp to sample
number. Other tables give sample sizes and pointers, from the sample number. Each entry in the table
gives the number of consecutive samples with the same sample duration, and that sample duration. By
adding the sample durations a complete time-to-sample map may be built.

The TimeTosampleBox contains sample durations, the differences in decoding timestamps (DT):

DT[n+1] = DT[n] + sample delta[n]

The sample entries are ordered by decoding timestamps; therefore all the values of sample delgg.shal
be non-hegative.

The DT| axis has a zero origin; DT[i] = SUM[for j=0 to i-1 of sample delta[j]], and in the absence of
compodition offsets, the sum of all sample durations gives the duration of the media in the track (nof
mapped to the overall timescale, and not considering any edit list).

8.6.1.212 Syntax

aligned (8) class TimeToSampleBox

extgnds FullBox ('stts', version = 0, 0) {

unsigned int (32) entry count;
int 1i;

for|(i=0; i < entry count; i++) {
nsigned int (32) sample count;
nsigned int (32) sample delta;

}
}
For example with Table 2, the entry would be:

Sample count Sample-delta
14 10

8.6.1.213 Semantics

version -1isan integer that specifie$ithe version of this box.

entry ¢ount - is an integer that'gjves the number of entries in the following table.

sample [count - is an integerthat counts the number of consecutive samples that have the given duration

sample [delta - is andnteger that gives the difference between the decoding timestamp of the nex{
sample and thisiéng, in the time-scale of the media.

8.6.1.3| Compesition time to sample box

8.6.1.3{1"D Definition

Box Type: 'ctts’
Container: sampleTableBox
Mandatory: No

Quantity: Zero or one

This box provides the offset between decoding timestamp and composition timestamp. In version 0
of this box the decoding timestamp must be less than the composition timestamp, and the offsets are
expressed as unsigned numbers such that if CT is the composition timestamp, CT[n] = DT[n] + sample
offset[n].
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In version 1 of this box, the composition timestamp is still derived from the decoding timestamp
offsets are signed. It is recommended that for the computed composition timestamps, there is
one sample with the value 0 (zero), and that no sample have a composition timestamp less than

022(E)

, but the
exactly
Zero.

NOTE the presentation of samples with a composition timestamp less than 0 is undefined, as time 0 is
the start time of the presentation across all tracks; nor can edit lists refer to samples with such composition

timestamps.

Composition cannot happen before actual decoding. If negative offsets are used such that the

composition timestamp of a sample becomes smaller than its decoding timestamp: eit

her the

Hecoding timestamp is ignored (for systems that only need decoding order, for example) or ifd
fimestamps are needed, the decoding timeline must be offset to ensure that decoding happens
['he compositionToDecodeBox can be used to give advice on what offset may be needed.

Composition timestamp for two samples in the same track shall never be the same;

might display the first frame for longer, or a suitable fill colour).

[0 relate the composition and decoding timelines. When backwardszcempatibility or compatibil

D, and the first media sample does not have a composition~timestamp of 0, an edit list may be
shift’ the media to time 0.

[he composition time to sample table is optional and.shall only be present if DT and CT differ
tamples.

For example in Table 2

Sample count Sample_offset
10
30
0
30
0
10
30
0
30
0

N[N Rr (R[N R[N[R |-

B6.1.3.2 Syntax

bcoding
in time.

For either version of the box, each sample shall have a unique composition timestamp, that is, the

t may be true that there is no frame to compose at time 0; the handling of this’is unspecified (§ystems

When version 1 of this box is used, the compositionTobecodeBox may,alsobe present in the sample table

ty with

hn unknown set of readers is desired, version 0 of this box should be used when possible. I either
Version of this box, but particularly under version 0, if it is de§ired that the media start at tralck time

used to

for any

aligned(8) class CompositionOffsetBox
extends FullBox('ctts', version, 0) {
unsigned int (32) entry count;
int 1i;
if (version==0) {
for (i=0; i < entry count; i++) {

unsigned int (32) sample count;
unsigned int (32) sample offset;
}
}
else 1if (version == 1) {
for (i=0; i < entry count; i++) {
unsigned int (32) sample count;
signed int (32) sample offset;
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}
8.6.1.3.3 Semantics

version -1isan integer that specifies the version of this box.
entry count is an integer that gives the number of entries in the following table.

sample count is an integer that counts the number of consecutive samples that have the given offset.

sample |offset is an integer that gives the offset between CT and DT, such that CT[n] = DT[n]+ sampi &/
offlset[n].

8.6.1.4| Composition to decode box

8.6.1.4/1 Definition

BOXTy[e:‘cslg'

Contairler: sampleTableBox Or TrackExtensionPropertiesBox
Mandatory: No

Quantitly: Zero or one

When sjgned composition offsets are used, this box may be used to rélate the composition and decoding
timelings, and deal with some of the ambiguities that signed{composition offsets introduce. This
box is ¢nly advisory; it documents values that could be calculdted by inspecting the track. There i
no norrhative processing associated with this box. Readers.that want to assure that, for example, al
decoding timestamps precede composition timestamps might subtract a value equal to or larger thar
composjtionToDTsshift from the decoding timestamps:iti*the stream (note that this may yield negativg
decodinjg timestamps).

All thege fields apply to the entire media (not just that selected by any edits). It is recommended thaf
any edifs, explicit or implied, not select any pertion of the composition timeline that does not map to 4
sample{ For example, if the smallest compogition timestamp is 1000, then the default edit from 0 to theg
media dluration leaves the period from0‘te 1000 associated with no media sample. Player behaviour
and what is composed in this interval, isindefined under these circumstances. It is recommended that
the smgllest computed CTS be zero, gr match the beginning of the first edit.

The composition duration of thejlast sample in a track might be (often is) ambiguous or unclear; thg
field for composition end tifne ‘can be used to clarify this ambiguity and, with the composition star
time, eqtablish a clear comiposition duration for the track.

When tlhe compositidnTobecodeBox is included in the sampleTableBox, it documents the composition
and defoding time.felationships of the samples in the MovieBox only, not including any subsequent
movie fragmentS. When the compositionTobDecodeBox is included in the TrackExtensionPropertiesBox
it documents the composition and decoding time relationships of the samples in all movie fragmentg
following the™MovieBox.

not fit into 32 bits).

NOTE in the absence of this box when signed composition offsets are used, correct decoding timestamps
cannot in general be re-computed, even with complete inspection of all the samples. Hence, in order to
enable converting ISOBMFF content to formats that do not support negative composition offsets, the
CompositionToDecodeBox may be necessary.

8.6.1.4.2 Syntax

class CompositionToDecodeBox extends FullBox('cslg', version, 0) {
if (version==0) {
signed int (32) compositionToDTSShift;
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signed int (32) leastDecodeToDisplayDelta;
signed int (32) greatestDecodeToDisplayDelta;
signed int (32) compositionStartTime;
signed int (32) compositionEndTime;

} else {
signed int (64) compositionToDTSShift;
signed int (64) leastDecodeToDisplayDelta;
signed int (64) greatestDecodeToDisplayDelta;
signed int (64) compositionStartTime;
signed int (64) compositionEndTime;

B.6.1.4.3 Semantics

ompositionToDTsshift: if this value is added to the composition timestamps (as calculatéd by
offsets from the DTS), then for all samples, their CTS is guaranteed to be greater than ¢
to their DTS, and the buffer model implied by the indicated profile/levelswill be hono
leastDecodeToDisplayDelta is positive or zero, this field can be 0; otherwisé€ it should be
(- leastDecodeToDisplayDelta)

| castDecodeToDisplayDelta: the smallest composition offset in the comfgsitionoffsetBox in th

reatestDecodeToDisplayDelta: the largest composition offset im the compositionoffsetBox
track

bompositionStartTime: the smallest computed compositiofivtimestamp (CTS) for any sampld
media of this track

bompositionEndTime: the composition timestamp plusthe composition duration, of the sample ¥
largest computed composition timestamp (CTS)"in the media of this track; if this field ta
value 0, the composition end time is unknowt:

B.6.2 Sync sample box

B.6.2.1 Definition

Box Type: 'stss’
Container: sampleTableBox
Mandatory: No

Quantity: Zero or one

['his box provides@-eompact marking of sync samples within the stream. The table is arra
strictly increasing.order of sample number.

fthe syncsampieBox is not present, every sample is a sync sample.

Fragments), only that samples so marked actually be sync samples.

the CTS
r equal
ured; if
at least

is track

in this

 in the

vith the
kes the

hged in

NOTE it is not required that every sync sample be marked by this table (or the equivalent flag in Movie

aligned (8) class SyncSampleBox
extends FullBox('stss', version = 0, 0) {
unsigned int (32) entry count;
int i;
for (i=0; i < entry count; i++) {
unsigned int (32) sample number;
}
}

8.6.2.3 Semantics

version -isan integer that specifies the version of this box.
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entry count isan integer that gives the number of entries in the following table. If entry_count is zero,
there are no sync samples within the stream and the following table is empty.

sample number gives, for each sync sample in the stream, its sample number.
8.6.3 Shadow sync

8.6.3.1 Shadow sync support

There dre two forms of support for shadow sync; the sample table box in this subclause, and the use-o
the shaflow sync track reference type in 8.3.3.

A tracK containing an 'shsc' track reference is called a shadow sync sample track, and the.tracks
pointed to by the 'shsc' track reference are called main tracks.

The shddow sync sample track provides an optional set of sync samples that can be usedwhen seeking
to a podition or for similar operations performed to any of the associated main tracks.

When an 'shsc' track reference is present, the following constraints shall be obeyed:
— Alljsamples of the shadow sync sample track shall be sync samples.

— Eadh main track shall have a sample that is aligned in decoding time*with each sample of the shadow
syrlc sample track.

— A cpncatenation of the following samples in the following order“shall conform to the sample entry of
thelmain track:

— | Any selected sample of the shadow sync sample t¥ack, with the sample duration of the samplg
of the main track that is aligned in decoding tifme with the selected sample of the shadow syn(
sample track.

— | Samples of the main track following the sample of the main track that is aligned in decoding
time with the selected sample of the, shadow sync sample track.

An 'shkc' track reference indicates that the decoded samples resulting from the concatenatior
specifigd above have acceptable quality for playback.

NOTE The samples in the main track that are aligned in decoding time with the samples in the shadow
sync sample track are "switchable")samples that are constrained so that no samples preceding a "switchable]
sample in decoding order are used as a prediction reference for any sample following the "switchable" sample iy
decoding order.

8.6.3.2( Shadow syne’sample box

8.6.3.2{1 Definition

Box Type+'stsh'
ContainerZsampleTableBo
Mandatory: No

Quantity: Zero or one

The shadow sync table provides an optional set of sync samples that can be used when seeking or for
similar purposes. In normal forward play they are ignored.

Each entry in the shadowsyncsampleBox consists of a pair of sample numbers. The first entry (shadowed-
sample-number) indicates the number of the sample that a shadow sync will be defined for. This should
always be a non-sync sample (e.g. a frame difference). The second sample number (sync-sample-
number) indicates the sample number of the sync sample (i.e. key frame) that can be used when there is
a need for a sync sample at, or before, the shadowed-sample-number.
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The entries in the shadowsyncsampleBox shall be sorted based on the shadowed-sample-number field.

The shadow sync samples are normally placed in an area of the track that is not presented

during

normal play (edited out by means of an edit list), though this is not a requirement. The shadow sync
table can be ignored and the track will play (and seek) correctly if it is ignored (though perhaps not

optimally).

The ShadowSyncSample replaces, not augments, the sample that it shadows (i.e. the next sample sent
is shadowed-sample-number+1). The shadow sync sample is treated as if it occurred at the time of the

‘nmp]p it shadows, hnving the duration of the cnmp]p it shadows

Hinting and transmission might become more complex if a shadow sample is used also as partofi
blayback, or is used more than once as a shadow. In this case the hint track might need separate
syncs, all of which can get their media data from the one shadow sync in the media track, to a
the different timestamps etc. needed in their headers.

B.6.3.2.2 Syntax

bligned (8) class ShadowSyncSampleBox
extends FullBox('stsh', version = 0, 0) {
unsigned int (32) entry count;
int i;
for (i=0; i < entry count; i++) {
unsigned int (32) shadowed sample number;
unsigned int (32) sync_sample number;

B.6.3.2.3 Semantics

lersion -1is an integer that specifies the version'ofthis box.

entry count - IS an integer that gives the number of entries in the following table.

bhadowed sample number - gives the numiber of a sample for which there is an alternative sync s

kync_sample number - gives the nuniber of the alternative sync sample.
B.6.4 Independent and disposable samples box

B.6.4.1 Definition

Box Types: 'sdtp'
Container: samplé€ZableBox
Mandatory: No

Quantity: Zero or one

[his optional table answers three questions about sample dependency:

normal
shadow
low for

hmple.

|)~does this sample depend on others (e.g. is it an I-picture)?

2) do no other samples depend on this one?

3) does this sample contain multiple (redundant) encodings of the data at this time-instant (possibly

with different dependencies)?

In the absence of this table:

1) the sync sample table (partly) answers the first question; in most video codecs, I-pictures are also

sync points,

2) the dependency of other samples on this one is unknown.
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3) the existence of redundant coding is unknown.

When performing ‘trick’ modes, such as fast-forward, it is possible to use the first piece of information
to locate independently decodable samples. Similarly, when performing random access, it may be
necessary to locate the previous sync sample or random access recovery point, and roll-forward from

the syn
While r

The val
redund
availab

A leadi
immedj
A leadi
a decod
and de
needed
depend

For tra
sample |
unless

can be ﬁiscarded, and its duration added to the duration of the precéding one, to maintain the timing of

subseq

The siZ

CompacH

8.6.4.2

aligne
extd
for

8.6.4.3

is lea

¢ sample or the pre-roll starting point of the random access recovery point to the desired point.
olling forward, samples on which no others depend need not be retrieved or decoded.

ue of sample is depended on is independent of the existence of redundant codings. However, a
ant rnding may have different dpppndpn(‘ipc from the primnry rnding; if redundant rndingc are

e, the value of sample depends on documents only the primary coding.

ng sample (usually a picture in video) is defined relative to a reference sample, which)is’ thg
ately prior sample that is marked as sample depends on having no dependency (an [ picture)
ng sample has both a composition timestamp before the reference sample, and possibly alsd
ing dependency on a sample before the reference sample. Therefore if, for example, playback
oding were to start at the reference sample, those samples marked as leading would not bd
and might not be decodable. A leading sample itself shall therefore not be marked as having nd
ENCy.

ks with a handler type that is not 'vide', 'soun', 'hint' or 'aufv), if another sample with
[depends on=2 or another sample tagged as a “Sync Sample” has-dlready been processed and
pecified otherwise, a sample tagged with sample depends on=2fand sample has redundancy=]

ent samples.

e of the table, sample count, is taken from the sample count in the SamplesizeBox Ol
SampleSizeBox

Syntax

(8) class SampleDependencyTypeBox
nds FullBox ('sdtp', version = 0, Q)){
(i=0; i < sample count; i++) {

nsigned int(2) is leading;

nsigned int(2) sample depends jon;
nsigned int (2) sample is depehded on;
nsigned int (2) sample has\redundancy;

Semantics
ing takes one of-the following four values:
the leading nature of this sample is unknown;

this sample is a leading sample that has a dependency before the referenced I-picture (and is
therefore not decodable);

2:

this samnle is naot a leadine samnle:
)t 5 s

3:

this sample is a leading sample that has no dependency before the referenced I-picture (and is
therefore decodable);

sample depends on takes one of the following four values:

0:
1:
2:

44

the dependency of this sample is unknown;
this sample does depend on others (not an I picture);

this sample does not depend on others (I picture);
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3: reserved

sample is depended on takes one of the following four values:
0: the dependency of other samples on this sample is unknown;
1: other samples may depend on this one (not disposable);

2: no other sample depends on this one (disposable);

S—reserved

bample has redundancy takes one of the following four values:

0: itis unknown whether there is redundant coding in this sample;
1: thereis redundant coding in this sample;

2: there is no redundant coding in this sample;
3

reserved
B.6.5 Edit box

B.6.5.1 Definition

Box Type: 'edts'
Container: TrackBox
Mandatory: No
Quantity: Zero or one

An EditBox maps the presentation timeline tothe media timeline as it is stored in the file. The
s a container for the edit lists.

[he EditBox is optional. In the absence of this box, there is an implicit one-to-one mapping
rimelines, and the presentation ofiatrack starts at the beginning of the presentation. An emptj
1sed to offset the start time of a'track.

B.6.5.2 Syntax

bligned (8) class EditBox extends Box('edts') {
B.6.6 Edit listbox

B.6.6.1 _Definition

Box Type: 'elst’
Contalner: EditBox

FditBox

f these
y edit is

Vlnndqfnry- No
Quantity: Zero or one

This box contains an explicit timeline map. Each entry defines part of the track timeline: by mapping
part of the composition timeline, or by indicating ‘empty’ time (portions of the presentation timeline
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that map to no media, an ‘empty’ edit), or by defining a ‘dwell’, where a single time-point in the media is
held for a period.

NOTE 1 Edits are not restricted to fall on sample times. This means that when entering an edit, it can be
necessary to (a) back up to a sync point, and pre-roll from there and then (b) be careful about the duration of
the first sample — it might have been truncated if the edit enters it during its normal duration. If this is audio,
that frame might need to be decoded, and then the final slicing done. Likewise, the duration of the last sample in
an edit might need slicing. The length of the whole track in an EditListBox might be the overall duration of the
whole movie excluding fragments of a fragment movie. Since edit lists cannot occur in movie fragments, there is
an implied edit at the end of the current explicit or implied edit list, that inserts the new media material and the
presentation of fragments starts after the presentation of the movie in the MovieBox.

Starting offsets for tracks (streams) are represented by an initial ‘empty’ edit.

A non-‘¢mpty’ edit may insert a portion of the media timeline that is not present in the initial movie, and
is presdnt only in subsequent movie fragments.

Edit lis{s may be repeated; this is indicated with the repeatrdits flag. When this flagis equal to 0 the
edit lisf is not repeated, while the value 1 specifies that the edit list is repeated. When an EditListBos
indicat¢s the playback of zero samples or one sample, rRepeattdits shall be’equal to 0. When thg
TrackHgaderBox duration is not indefinite (all 1s), then the edit list is repeated’R times such that the
total dyration of the edit list multiplied by R equals the TrackHeaderBox duration (R is not necessarily
an integer). If the TrackHeaderBox duration is indefinite, then the edit lististepeated indefinitely.

NOTE 2| When the edit list is repeated, media at time 0 resulting fromi,the edit list follows immediately the
media hpving the largest time resulting from the edit list. In other words, the edit list is repeated seamlessly.

When 4 movie is fragmented, and does not contain any MovieExtendsHeaderBox, the last entry in 3
track edlit list may be a non-empty entry with a media duration field set to 0; in this case, readers shal
interpret this media duration as being the accumulated~duration of all samples defined in the initia
movie and any further movie-fragments. If there is:\a MovieExtendsHeaderBox, the last entry in the
edit lis§ should be adjusted such that the total duration of all edits corresponds to the duration in thg
MovieEgtendsHeaderBox.

It is recommended that such an edit be used.to establish a presentation time of 0 for the first presented
sample| when composition offsets are used.

In the chse of a fragmented movie, starting offsets for tracks (streams) are also represented by an initia
‘empty’|edit, followed by a non-‘empty’ edit.

NOTE 3| Thefieldedit duration usedtobe called segment duration in previous editions of this document

8.6.6.2| Syntax

aligned (8) class Ed*tListBox extends FullBox('elst', version, flags) {
unsigned int (82 entry count;
for|(i=1; 4\g= entry count; i++) {

1f (version==1) {

dngigned int (64) edit duration;

ant (64) media time;

.l L 2 =0

+ £ rodon
unsigned int(32) edit duration;
int (32) media time;

}
int (16) media rate integer;
int (16) media rate fraction;

}
8.6.6.3 Semantics

version is an integer that specifies the version of this box (0 or 1)

flags the following values are defined. The values of f1ags greater than 1 are reserved.
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RepeatEdits 1
entry count is an integer that gives the number of entries in the following table

edit duration is an integer that specifies the duration of this edit in units of the timescale in the
MovieHeaderBox

media_ time iS an integer containing the starting time within the media of this edit entry (in media time
scale units, in composition time). If this field is set to -1, it is an empty edit. The last edit in a track
shall never be an empty edit. Any difference between the duration in the MovieHeaderBox, and the
track’s duration is expressed as an implicit empty edit at the end.

edia_rate specifies the relative rate at which to play the media corresponding to this)edit ¢ntry. If
this value is 0, then the edit is specifying a ‘dwell: the media at media-time is pnesented| for the
edit duration. This is expressed as a 16.16 fixed-point integer (16 bits each for the integer and
fractional part). The normal value, indicating normal-speed forward play, is ::0-(integer part equal
to 1, fraction part equal to 0).

B.6.6.4 Edit list examples

[0 play a track from its start for 30 seconds, but at 10 seconds into'the presentation, we hlave the
following edit list:

entry_count = 2

edit_duration = 10 seconds
media_time = -1
media_rate=1

edit_duration = 30 seconds (could be the length of the whole track)
media_time = 0 seconds
media_rate = 1

As an example of correcting for a nofi;zero initial composition timestamp, if the composition timestamp
pf the first composed frame is 20, then the edit that maps the media time from 20 onwards t movie
fime 0 onwards, would read:

entry_count=1

edit_duration =0
media_time = 20
media_raté -1

As an exdmple of an initial offset, to play a track from its start for 0 seconds, but at 2 seconds |nto the
bresentation, we have the following edit list:

entry_count = 2
cdit_durationmr =2 Secomnds
media_time = -1
media_rate =1
edit_duration = 0 seconds
media_time = 0 seconds
media_rate=1
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8.7 Track data layout structures
8.7.1 Data information box

8.7.1.1 Definition

Box Type: 'dinf"

Container: MediaInformationBox O MetaBox

Mandatary: Yes (required within MediaTnformationBax) and No (optional within MetaRox)
Quantitly: Exactly one

The patlaInformationBox contains objects that declare the location of the media information in atrack.

8.7.1.2| Syntax

aligned (8) class DataInformationBox extends Box('dinf') {

}
8.7.2 |Data reference box

8.7.2.1| Definition

Box Type: 'dref"

Contairjer: bataInformationBox
Mandatory: Yes

Quantitly: Exactly one

Box Ty1: es: 'url ', 'urn '

Contairler: bataReferenceBox

Mandatfory: Yes (at least one of 'url ' or 'urn ' shallbe present)
Quantify: One or more

Box Type: 'imdt"'

Contairler: bataReferenceBox
Mandatfory: No.

Quantify: Zero or more.

Box Type: 'snim'

Contairjer: bataReferenceBox
Mandatory: No.

Quantify: Zero or more.

The datfa reference object contains a table of data references (normally URLs) that declare the location(s]
of the npedia data gsed within the presentation. The data reference index in the sample description ties
entries|in this table to the samples in the track. A track may be split over several sources in this way.

If the flhg iS set indicating that the data is in the same file as this box, then no string (not even an empty
one) shallbe supplied in the entry field.

The entry_count in the patareferenceBox shall be 1 or greater.

NOTE Though the count is 32 bits, the number of items is usually much fewer, and is restricted by the fact
that the reference index in the sample table is only 16 bits

When a file that has data entries with the flag set indicating that the media data is in the same file,
is split into segments for transport, the value of this flag does not change, as the file is (logically)
reassembled after the transport operation.

The pataEntryImdaBox identifies the TdentifiedMediaDataBox containing the media data accessed
through the data reference index corresponding to this pataEntryImdaBox. The DataEntryImdaBox
contains the value of imda_identifier of the referred 1dentifiedMediaDataBox. The media data offsets
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are relative to the first byte of the payload of the referred 1dentifiedvediabDataBox. In other words,
media data offset 0 points to the first byte of the payload of the referred rdentifiedMediabDataBox.

The pataEntrySegNumImdaBox identifies the IdentifiedMediaDataBox containing the media data
accessed through the data reference index corresponding to this pDataEntrySeqNumImdaBox. When
a data reference index included in a sample entry refers to DataEntrysegNumImdaBox, each sample
referring to the sample entry shall be contained in a movie fragment, and media data offset 0 points
to the first byte of the payload of the IdentifiedMediabDataBox that has imda identifier equal to
sequence_number Of the MovieFragmentHeaderBox of the movie fragment containing the sample.

B.7.2.2 Syntax

hligned (8) class DataEntryBaseBox (entry type, bit(24) flags)
extends FullBox (entry type, version = 0, flags) ({

hligned (8) class DataEntryUrlBox (bit(24) flags)
extends DataEntryBaseBox ('url ', flags) {
utf8string location;

hligned (8) class DataEntryUrnBox (bit(24) flags)
extends DataEntryBaseBox ('urn ', flags) {
utf8string name;

utf8string location;

hligned (8) class DataEntryImdaBox (bit(24) flags)
extends DataEntryBaseBox ('imdt', flags) {

unsigned int (32) imda ref identifier;

h1igned (8) class DataEntrySegNumImdaBox (bit (24)N\flags)
extends DataEntryBaseBox ('snim', flags) {

h1ligned (8) class DataReferenceBox

extends FullBox ('dref', version = 0, Q) {

unsigned int (32) entry count;

for (i=1; i <= entry count; i++) f{
DataEntryBaseBox (entry type,, €ntry flags) data entry;

}

B.7.2.3 Semantics
[ersion is an integer that-specifies the version of this box
entry count isan integer that counts the actual entries

entry flags isa24-bitinteger with flags; one flagis defined (x000001) which means that the me¢ia data
is in the same-file as the Box containing this data reference. If this flag is set, the pataEntryuriBox
shall be G5€ed and no string is present; the box terminates with the entry-flags field.

ata_entxy isan instance of a class derived from pataEntryBaseBox.

ham@.iS @ URN, and is required in a URN entry

ocation IS a URL, and is required in a URL entry and optional in a URN entry, where it gives a location
to find the resource with the given name. The URL type should be of a service that delivers a file
(e.g. URLs of type file, http, ftp etc.), and which services ideally also permit random access. Relative
URLs are permissible and are relative to the file that contains this data reference.

imda ref identifier identifies the IdentifiedMediaDataBox containing the media data accessed
through the data reference index corresponding to this DataEntryImdaBox. The referred
IdentifiedMediaDataBox contains imda identifier thatisequalto imda ref identifier
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8.7.3 Sample size boxes

8.7.3.1 Definition

Box Type: 'stsz’, 'stz2'

Container: sampleTableBox

Mandatory: Yes

Quantity: Exactly one variant shall be present

This b '
media data itself to be unframed. The total number of samples in the media is always indicated inthe
sample|count.

There qre two variants of the sample size box. The first variant has a fixed size 32-bit lfield fo
represdnting the sample sizes; it permits defining a constant size for all samples in a tracksThe second
variant|permits smaller size fields, to save space when the sizes are varying but small.’One of these
boxes shall be present; the first version is preferred for maximum compatibility.

NOTE A sample size of zero is not prohibited in general, but it must be valid and-defined for the coding
system, ps defined by the sample entry, that the sample belongs to.

8.7.3.2| Sample size box

8.7.3.2]1 Syntax

aligned (8) class SampleSizeBox extends FullBox('stsz',\wersion = 0, 0) {
unsigned int (32) sample size;
unsigned int (32) sample count;

if |sample size==0) {
for (i=1; i <= sample count; i++) {
nsigned int (32) entry size;

}
8.7.3.2]2 Semantics

version isan integer that specifies the.version of this box

sample [size isinteger specifyingthe default sample size. If all the samples are the same size, this field
cortains that size value. If this field is set to 0, then the samples have different sizes, and those sizes
arelstored in the sample-size table. If this field is not 0, it specifies the constant sample size, and nd
arrpy follows.

sample |count is an4{unteger that gives the number of samples in the track; if sample-size is 0, then it i
alsp the number-of entries in the following table.

entry gize isan integer specifying the size of a sample, indexed by its number.

8.7.3.3 f‘nmpnri‘ c:\mplp size box

8.7.3.3.1 Syntax

aligned(8) class CompactSampleSizeBox
extends FullBox ('stz2', version = 0, 0) {
unsigned int (24) reserved = 0;
unsigned int (8) field size;
unsigned int (32) sample count;
for (i=1; i <= sample count; i++) {
unsigned int (field size) entry size;

}
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8.7.3.3.2 Semantics

version isan integer that specifies the version of this box

field size is an integer specifying the size in bits of the entries in the following table; it shall take the
value 4, 8 or 16. If the value 4 is used, then each byte contains two values: entry[i]<<4 + entry[i+1];

if the sizes do not fill an integral number of bytes, the last byte is padded with zeros.

sample count is an integer that gives the number of entries in the following table

Entry size 1S an integer specifying the size of a sample, indexed by its number.
B.7.4 Sample to chunk box

B.7.4.1 Definition

Box Type: 'stsc'
Container: sampleTableBox
Mandatory: Yes

Quantity: Exactly one

bamples within the media data are grouped into chunks. ChunkS’can be of different sizes,

h sample, its position, and the associated sample description

same characteristics. By subtracting one entry here front the previous one, it is possible to comp

tamples-per-chunk.

B.7.4.2 Syntax

bligned (8) class SampleToChunkBox

extends FullBox('stsc', versimmn = 0, 0) {
unsigned int (32) entry count;
for (i=1; i <= entry count;)i++) |
unsigned int (32) first chunk;
unsigned int (32) samples per chunk;
unsigned int (32) sample description index;

B.7.4.3 Semantics
lersion is aminteger that specifies the version of this box

entry cdunt is an integer that gives the number of entries in the following table

hnd the

samples within a chunk can have different sizes. This table cante used to find the chunk that dontains

['he table is compactly coded. Each entry gives the index<«f the first chunk of a run of chunks With the

ite how

many chunks are in this run. This can be convertedto-a sample count by multiplying by the appiopriate

Fizét{chunk is an integer that gives the index of the first chunk in this run of chunks that share the
same samples-per-chunk and sample-description-index; the index of the first chunk in a trfack has

the value I (the ftirst_chunk field In the first record of this box has the value 1, identifying
first sample maps to the first chunk).

samples per chunk is an integer that gives the number of samples in each of these chunks

that the

sample description index iS an integer that gives the index of the sample entry that describes
the samples in this chunk. The index ranges from 1 to the number of sample entries in the

SampleDescriptionBox
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Chunk offset box

Definition

Box Type: 'stco’, 'co64’

Container: sampleTableBox

Mandatory: Yes

Quantity: Exactly one variant shall be present

The ch ;
permitfing the use of 32-bit or 64-bit offsets. The latter is useful when managing very large
presenffations. At most one of these variants will occur in any single instance of a sample table.
When the referenced data reference entry is not batakEntryImdaBox O DataEntrySegNumImdaBosx; offsets
are file|offsets, not the offset into any box within the file (e.g. MediabataBox). This permits referring
to medja data in files without any box structure. It does also mean that care mustybe taken wher
constrycting a self-contained ISO file with its structure-data (MovieBox) at the front,ias the size of thg
MovieBdx Will affect the chunk offsets to the media data.
When the referenced data reference entry is pataEntryImdaBox OI DataEntrySeqNumImdaBox, Offsets
are reldtive to the first byte of the payload of the 1dentifiedMediabataBesxcorresponding to the datg
referenfe entry. This permits reordering file-level boxes and receiving a.stbset of file-level boxes buf
could re¢quire traversing the file-level boxes until the referenced rdentdfiedvediabataBox is found.
8.7.5.2| Syntax
aligned (8) class ChunkOffsetBox
extgnds FullBox('stco', version = 0, 0) {
unsigned int (32) entry count;
for|(i=1; i <= entry count; i++) {
nsigned int (32) chunk offset;
}
}
aligned (8) class ChunkLargeOffsetBox
extgnds FullBox ('co64', version = 04"00) {
unsigned int (32) entry count;
for|(i=1; i <= entry count; i++).{
nsigned int (64) chunk offset;
}
}
8.7.5.3| Semantics
version isan integer thatspecifies the version of this box
entry ¢ount is an integer that gives the number of entries in the following table
chunk ¢ffset_isa’32 or 64 bit integer that gives the offset of the start of a chunk. If the referenced
datja referénce entry is DataEntryTImdaBox O DataEntrySegNumImdaBox, the value of chunk offset
is 1elative to the first byte of the payload of the 1dentifiedMediabDataBox corresponding to the
dat rpﬁwpnrppnfry ﬂfhprmﬁqp1hp\nﬂnpnfnhnnk_mFF ot is relative to the start of the containing
media file.
8.7.6 Padding bits box
8.7.6.1 Definition

Box Type: 'padb'
Container: sampleTableBox

Mandat
Quantit

52

ory: No
y: Zero or one
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In some streams the media samples do not occupy all bits of the bytes given by the sample size, and are
padded at the end to a byte boundary. In some cases, it is necessary to record externally the number of
padding bits used. This table supplies that information.

8.7.6.2 Syntax

aligned (8) class PaddingBitsBox extends FullBox ('padb', version = 0, 0) {

unsigned int (32) sample count;
int 1i;
for (i=0; i < floor ((sample count + 1)/2); i++) {
bit (1) reserved = 0;
bit (3) padl;
bit (1) reserved = 0;
bit (3) pad2;

B.7.6.3 Semantics
sample count counts the number of samples in the track; it should match the count in other tabjles
badl is a value from 0 to 7, indicating the number of padding bits at the'end of sample (i*2)+1.

bad2 is a value from 0 to 7, indicating the number of padding bits atthe end of sample (i*2)+2
B.7.7 Sub-sample information box

B.7.7.1 Definition

Box Type: 'subs'

Container: SampleTableBox O TrackFragmentBoX
Mandatory: No

Quantity: Zero or more

['his box is designed to contain sub-sample information.

A sub-sample is a contiguous range of bytes of a sample. The specific definition of a sub-sample shall
pbe supplied for a given coding system (e.g. for ISO/IEC 14496-10:2014, Advanced Video Coding). In the
hbsence of such a specific definition, this box shall not be applied to samples using that coding system.

f subsample count is 0€or any entry, then those samples have no subsample information and rjo array
follows. The table is Sparsely coded; the table identifies which samples have sub-sample strudture by
recording the differénce in sample-number between each entry. The first entry in the table recqrds the
sample number-0fithe first sample having sub-sample information.

NOTE It5Is possible to combine subsample priority and discardable such that when subgample
briority(i§ smaller than a certain value, discardable is setto 1. However, since different systems may use
lifferenit-scales of priority values, separating them is safer, to have a clean solution for discardable sub-shmples.

Nhen more than one SubSampleInformatlonBox is present in the same container box the value Of flags
S i e-supplied

for a given codlng system. If f1ags have no semantlcs for a given codmg system the flags shall be 0.

8.7.7.2 Syntax

aligned(8) class SubSampleInformationBox

extends FullBox('subs', version, flags) {
unsigned int (32) entry count;
int 1,73;
for (i=0; i < entry count; i++) {

unsigned int (32) sample delta;

unsigned int (16) subsample count;

if (subsample count > 0) {

for (3j=0; j < subsample count; j++) {
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if (version == 1)
{

unsigned int (32) subsample size;
}
else
{

unsigned int (16) subsample size;
}
unsigned int (8) subsample priority;
unsigned int (8) discardable;
unsigned int (32) codec specific parameters;

}
8.7.7.3] Semantics

version is an integer that specifies the version of this box (0 or 1 in this document)
entry ¢ount is an integer that gives the number of entries in the following table.

sample [delta is an integer that indicates the sample having sub-sample structure. It is coded as thg
difference, in decoding order, between the desired sample numbey, ‘and the sample numbe;
indicated in the previous entry. If the current entry is the first €abry in the track, the value
indiicates the sample number of the first sample having sub-samplé.information, that is, the value
is the difference between the sample number and zero (0). If thecurrent entry is the first entry
in g track fragment with preceding non-empty track fragments, the value indicates the difference
betjween the sample number of the first sample having sub-sample information and the samplg
nuinber of the last sample in the previous track fragment:If the current entry is the first entry ir
a track fragment without any preceding track fragments, the value indicates the sample numbel
of ghe first sample having sub-sample information,that is, the value is the difference between the
sample number and zero (0). This implies that the sample delta for the first entry describing the
firgt sample in the track or in the track fragmentiis always 1.

subsampple count is an integer that specifies the/number of sub-sample for the current sample. If therg
is rlo sub-sample structure, then this field-takes the value 0.

subsamgple size isan integer that specifiés the size, in bytes, of the current sub-sample.

subsampple priority is an integerispecifying the degradation priority for each sub-sample. Highei
valpes of subsample prioxity, indicate sub-samples which are important to, and have a greatej
impact on, the decoded guality.

discardable equal to Q-means that the sub-sample is required to decode the current sample, while
equal to 1 means(the sub-sample is not required to decode the current sample but may be used
for|enhancements; e.g., the sub-sample consists of supplemental enhancement information (SEI]
mefpsages.

codec gpeci®ie parameters is defined by the codec in use. If no such definition is available, this field
shallbe'set to 0.

8.7.8 Sample auxiliary information sizes box

8.7.8.1 Definition

BOXType:'saiz'
Container:SampleTableBox:OrTrackFragmentBox
Mandatory: No

Quantity: Zero or More

Per-sample sample auxiliary information may be stored anywhere in the same file as the sample
data itself; for self-contained media files, this is typically in a MediaDataBox or a box from a derived
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specification. It is stored either (a) in multiple chunks, with the number of samples per chunk, as well
as the number of chunks, matching the chunking of the primary sample data or (b) in a single chunk for
all the samples in a movie sample table (or a movie fragment). The Sample Auxiliary Information for
all samples contained within a single chunk (or track run) is stored contiguously (similarly to sample
data).

Sample Auxiliary Information, when present, is always stored in the same file as the samples to which
it relates as they share the same data reference ('dref') structure. However, this data may be located
anywhere within this file, using auxiliary information offsets (*saio') to indicate the location of the

J o4
dtd.

Whether sample auxiliary information is permitted or required may be specified by the brands or the
coding format in use. The format of the sample auxiliary information is determined by aux_inflo_type.
faux_info_type and aux_info type parameter are omitted then the implied value of. al’x_info| type IS
pither (a) in the case of transformed content, such as protected content, the scheme(tgpe included in the
ProtectionSchemeInfoBox O ScrambleSchemeInfoBox, or otherwise (b) the sample entry typd. In the
rase of tracks containing multiple transformations, aux_info type and aux ino type parametler shall
hot be omitted. The default value of the aux info type parameter is 0. Some‘values of aux info type
may be restricted to be used only with particular track types. A track/mray have multiple strgams of
sample auxiliary information of different types. The types are managed‘according to Annex D.

While aux_info type determines the format of the auxiliary inforxmation, several streams of atixiliary
nformation having the same format may be used when their valye of aux_info type parameter|differs.
[he semantics of aux_info type parameter for a particular aux info type value shall be specified
hlong with specifying the semantics of the particular aus\info type value and the implied ayixiliary
nformation format.

['his box provides the size of the auxiliary information for each sample. For each instance of this box,
there shall be a matching sampleauxiliaryInforationoffsetsBox with the same values of auk info
type and aux_info type parameter, providingthe offset information for this auxiliary information.

NOTE For discussions on the use of sample auxiliary information versus other mechanisms, see Anrjex B.8.

B.7.8.2 Syntax

hbligned (8) class SampleAuxilIeryInformationSizesBox
extends FullBox('saiz' version = 0, flags)

if (flags & 1) {
unsigned int (32%“aux info type;
unsigned int{(32) aux info type parameter;
}
unsigned intA8) default sample info size;
unsigned fn®(32) sample count;
if (defawlt sample info size == 0) {
unsdigrned int (8) sample info size[ sample count ];

}

B/7.8:3 Semantics

aux_info type is an integer that identifies the type of the sample auxiliary information. At most one
occurrence of this box with the same values for aux_info type and aux_info_type parameter shall
exist in the containing box.

aux_info type parameter identifies the “stream” of auxiliary information having the same value of
aux_info type and associated to the same track. The semantics of aux_info type parameter are
determined by the value of aux_info type.

default sample info_ size is an integer specifying the sample auxiliary information size for the case
where all the indicated samples have the same sample auxiliary information size. If the size varies
then this field shall be zero.
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sample count is an integer that gives the number of samples for which a size is defined. For a samp1ea

uxiliaryInformationSizesBox appearing in the sampleTableBox this shall be the same as, or less
than, the sample count within the samplesizeBox Or CompactSampleSizeBox. FOr a sampleAuxilia
ryInformationSizesBox appearing in a TrackFragmentBox this shall be the same as, or less than,
the sum of the sample count entries within the TrackrunBoxes of the track fragment. If this is less
than the number of samples, then auxiliary information is supplied for the initial samples, and the
remaining samples have no associated auxiliary information.

sample info size gives the size of the sample auxiliary information in bytes. This may be zero to

8.7.9 ([Sample auxiliary information offsets box

8.7.9.1| Definition

Box Type: 'saio"’
Contairer:SampleTableBox:OrTrackFragmentBox
Mandatory: No

Quantify: Zero or More

For an ntroduction to sample auxiliary information, see the definition ofth€ sampleauxiliaryInforms
tionSigesBox

This bok provides the position information for the sample auxiliaryinformation, in a way similar to thg
chunk affsets for sample data.

8.7.9.2| Syntax

aligned(8) class SampleAuxiliaryInformationOffsetsBox

{

}

8.7.9.3| Semantics

aux_info type and,aux_info_type_parameter are defined as in the SampleAuxiliaryInformationSizd

entry ¢ofiat gives the number of entries in the following table. For a sampleauxiliaryInformationOffs

: dli 4 1 sela ratad - H o 43
n CAtT S dIIIPITS WITtITN' IO d5S5ULTATCTU AU A TITAT y TITTOT TIIATTUTT.

extg¢nds FullBox('saio', version, flags)

if [|flags & 1) {
nsigned int (32) aux info type;
nsigned int(32) aux info type pakameter;

unsigned int(32) entry count;
if version == 0 ) {

nsigned int(32) offset[«entry count ];

elsg {
nsigned int (64) offset[ entry count ];

sBQx

et seoxappearingtmraSample Table Box thisshaltbeequattooneortothe valweof theermcry—om
field in the chunkoffsetBox Or ChunkLargeOffsetBox. FOr a SampleAuxiliaryInformationOffsetsB
ox appearing in a TrackFragmentBox, this shall be equal to one or to the number of TrackrunBoxes in
the TrackFragmentBox.

offset gives the position in the file of the Sample Auxiliary Information for each Chunk or Track

56

Fragment Run. If entry count is one, then the Sample Auxiliary Information for all Chunks or Runs
is contiguous in the file in chunk or run order. When in the samp1eTableBox, the offsets are relative
to the same base offset as derived for the respective samples through the data reference index
of the sample entry referenced by the samples. In a TrackFragmentBox, this value is relative to the
base offset established by the TrackFragmentHeaderBox in the same track fragment (see 8.8.14).
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8.8 Movie fragments
8.8.1 Movie extends box

8.8.1.1 Definition

Box Type: 'mvex"
Container: MovieBox
Mandatorv: No

ISO/IEC 14496-12:2022(E)

Quantity: Zero or one

ogically added to that found in the Movie Box.

movies, as documented by Table 4.

[here is a narrative introduction to movie fragments in Annex A.

Table 4 — Equivalences between fragmented and fien-fragmented movies

['his box warns readers that there might be MovieFragmentBoxes in this file. To knowcof-all gamples
n the tracks, these MovieFragmentBoxes must be found and scanned in order, and their information

[here are functional equivalences between structures and fields in fragmented and non-fragimented

Movie Fragment

Non-Fragmented Movie

MovieExtendsHeaderBox: fragment duration

TrackHeaderBox:duration

TrackExtendsBox:default sample flags
TrackFragmentHeaderBox:default sample flags

TrackRunBox: (first sample flags, sample
flags)

:is leading

SampleDependencyTypeBox:1is leading

:sample depends on

SampleDependencyTypeBox:sample depends on

:sample is depended on

SampleDependencyTypeBox:sample is
depended on

:sample has redundancy

SampleDependencyTypeBox:sample has
redundancy

:sample padding value

PaddingBitsBox: (padl, pad2)

:sample is non sypne\sample

- present (SyncSampleBox:sample numbern

:sample degradagdioll priority

DegradationPriorityBox:priority

index

TrackFragmentieaderBox:sample description
index

TrackExtendsBox:@efault sample description

SampleToChunkBox:sample description index

TrackExtenhdsBox:default sample duration

TrackPFragmentHeaderBox:default sample
dauration

TimeToSampleBox:sample delta

LT TAdCKRUIIBOX T 54lllPpLe duratiomn

TrackExtendsBox:default sample size
TrackFragmentHeaderBox:default sample size

TrackRunBox:sample size

SampleSizeBox: (sample size , entry size)

CompactSampleSizeBox:entry size

TrackRunBox:sample composition time offset

CompositionOffsetBox:sample offset

8.8.1.2 Syntax

aligned (8) class MovieExtendsBox extends Box ('mvex') {

}
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8.8.2

8.8.2.1

Movie extends header box

Definition

Box Type: 'mehd’
Container: MovieExtendsBox

Mandat

ory: No

Quantity: Zero or one

The ma
fragme
fragme

Ifthe du
should
and the]

8.8.2.2

aligne
if

} el

}
}

8.8.2.3
fragmery
fra
the

sug
thi

8.8.3

8.8.3.1

Box Ty
Contain

Mandatory: Yes

Quantif]

This se
comple

vie extends header 15 optional, and provides the overath duratiorn, inctading fragments,; of
hted movie. If this box is not present, the overall duration must be computed by examining eacH
nt.

ration fieldsinall tracks are 0,and movie fragments are present, the duration in MovieHedderBoy

be set to indefinite or 0. If movie fragments are present but there is no MediaExtendsHeaderBoy
movie duration is 0, the movie duration should be interpreted as indefinite duration.
Syntax
(8) class MovieExtendsHeaderBox extends FullBox ('mehd', versdieh, 0) {
version==1) {
nsigned int (64) fragment duration;
se { // version==
nsigned int (32) fragment duration;
Semantics

t_duration is an integer that declares length of glié presentation of the whole movie including
bments (in the timescale indicated in the MovietieaderBox). The value of this field corresponds td
duration of the longest track, including moyie fragments. If an MP4 file is created in real-time
h as used in live streaming, it is not likely-that the fragment duration is known in advance and
b box may be omitted.

Track extends box

Definition

e: "trex'

er: MovieExtendsBex

y: Exactly onefor-each track in the MovieBox

Ls up default-values used by the movie fragments. By setting defaults in this way, space and
Kity can‘be’saved in each TrackFragmentBox.

The salele flagsfieldinsample fragments (default sample flagshereandinaTrackFragmentHeaderBox
and safplé flags and first sample flags in @ TrackRunBox) is coded as a 32-bit value. It has thg

following structure:

bit (4) reserved=0;

unsigned int(2) is leading;

unsigned int(2) sample depends on;
unsigned int(2) sample is depended on;
unsigned int(2) sample has redundancy;

bit (3) sample padding value;
bit (1) sample is non sync sample;
unsigned int (16) sample degradation priority;

The is leading, sample depends on, sample is depended on and sample has redundancy values are
defined as documented in the sampleDependencyTypeBox.
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The flag sample is non sync sample provides the same information as the sync sample table

[8.6.2].

When this value is set to 0 for a sample, it is the same as if the sample were not in a movie fragment and
marked with an entry in the sync sample table (or, if all samples are sync samples, the sync sample table

were absent).

The sampleipaddingivalueis defined as for the PaddingBitsBoxﬂThe sampleidegradationipriorityiS

defined as for the pegradationPriorityBox.

8.8.3.2 Syntax

bligned (8) class TrackExtendsBox extends FullBox('trex', 0, 0){
unsigned int (32) track ID;

unsigned int (32) default sample description index;
unsigned int (32) default sample duration;

unsigned int (32) default sample size;

unsigned int (32) default sample flags;

8.8.3.3 Semantics
rrack 1D identifies the track; this shall be the track 1D of a track in theWovieBox

efault sample description_ index: indicates the index of the sample entry that describes, by
the samples in the track fragments

efault sample duration:indicates the default duration of the samples in the track fragments

efault sample size:indicates the default size of the samples in the track fragments

8.8.7 for the possible values)
B.8.4 Movie fragment box

3.8.4.1 Definition

Box Type: 'moof"’
Container: File
Mandatory: No
Quantity: Zero or more

[he movie fragments’/extend the presentation in time. They provide the information that
breviously have peerf in the MovieBox. The actual samples are in MediabataBoxes, as usual, if the
'he same file. The-data reference index is in the sample description, so it is possible to build incr¢
bresentatioris'where the media data is in files other than the file containing the MovieBox.

[he MoyieFragmentBox is a top-level box, (i.e. a peer to the MovieBox and MediaDataBoxes). It col
lovidBragmentHeaderBox, and then one or more TrackFragmentBoxe€S.

default,

efault sample flags: indicate the default flags yalies for the samples in the track fragmenis. (See

would
y are in
bmental

htains a

NOTE There is no requirement that any particular movie fragment extend all tracks present in th

e movie

header, and there is no restriction on the location of the media data referred to by the movie fragments. However,

derived specifications may make such restrictions.

8.8.4.2 Syntax

aligned(8) class MovieFragmentBox extends Box ('moof') {

}
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8.8.5 Movie fragment header box

8.8.5.1 Definition

Box Type: 'mfhd’

Container: MovieFragmentBox
Mandatory: Yes

Quantity: Exactly one

The mgviefragment treader CoMtains a SEqUEICE UIDET, a5 d Saiety CeCK. T e SEqUEICE TTUIDE
usually|starts at 1 and increases for each movie fragment in the file, in the order in which they oecun
This allows readers to verify integrity of the sequence in environments where undesired re-ordering
might occur.

8.8.5.2| Syntax

aligned (8) class MovieFragmentHeaderBox
extends FullBox ('mfhd', 0, 0){
unsigned int (32) sequence_ number;

}
8.8.5.3| Semantics

seduence number anumber associated with this fragment
8.8.6 [Track fragment box

8.8.6.1| Definition

Box Type: 'traf’

Contairler: MovieFragmentBox
Mandatory: No

Quantitly: Zero or more

Within the movie fragment there is a set ofitrack fragments, zero or more per track. The track fragments
in turn [contain zero or more track runs;-each of which documents a contiguous run of samples for that
track. Within these structures, many.fields are optional and can be defaulted.

It is possible to add 'empty tingeto a track using these structures, as well as adding samples. Empty
insertscan be used in audiotracks doing silence suppression, for example. These are referred to in this
documgnt as ‘empty’ edits(fportions of the presentation timeline that map to no media).

8.8.6.2| Syntax

aligned (8) cla&s)'TrackFragmentBox extends Box ('traf') {

}
8.8.7 [Track fragment header box

8.8.7.1 Definition

Box Type: 'tfhd"

Container: TrackFragmentBox
Mandatory: Yes

Quantity: Exactly one

Each movie fragment can add zero or more fragments to each track; and a track fragment can add zero
or more contiguous runs of samples. The track fragment header sets up information and defaults used
for those runs of samples.
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The data origin that the base data offset is relative to and the value of base data offset, when not

present, are inferred as follows:

— Ifthe base-data-offset-present flagis equal to 0 and the default-base-is-moof flagis equal to 1,
base data offsetisinferredtobeequalto0andisrelative to the firstbyte of the MovieFragmentBox

containing this box.

— Otherwise, if base-data-offset-present flag is equal to 0 and the default-base-is-moof flag is
equal to 0 and this TrackFragmentBox is not the first TrackFragmentBox of the same track in the

r‘nnfnining MovieFragmentBox base data cffset s inferred to be pqnn] to 1 and is relativ

end of the data defined by the preceding track fragment of the same track.

— Otherwise, if base-data-offset-present flag is equal to 0 and the default-base-{$>moof
equal to 0 and the referenced data reference entry is batakEntryImdaBox OF DataEntfysegNum]
base data offset is inferred to be equal to 0 and is relative to the first byte of.the payloa
IdentifiedMediaDataBox corresponding to the data reference entry.

— Otherwise, if the referenced data reference entry is bataEntryImdaBox 0F'\DataEnt rySeqNum]]
the base data offset is relative to the first byte of the payload of the 1dentifiedMedia
corresponding to the data reference entry.

— Otherwise, the base data offset is relative to the file identifiéd, by the referenced data r¢
entry.

[he following flags are defined in the tf f1ags:

x000001 Dbase-data-offset-present: indicates the presence of the base-data-offset fiel
provides an explicit anchor for the data offsets ineach track run (see below).

x000002 sample-description-index-present:ifdicates the presence of this field, which over-I
this fragment, the default set up in the TragkExtendsBox.

x000008 default-sample-duration-present
x000010 default-sample-size-presént
x000020 default-sample-flags—present

x010000 duration-is-empty: this_ihdicates that the duration provided in either default-
duration, Or by the defaultbtsemple-duration in the TrackExtendsBox, iS empty, i.e. that thi
no samples for this time interval. It is an error to make a presentation that has both edit list
MovieBox, and empty-duration fragments.

x020000 default-base>fs-moof: if base-data-offset-present is 1, this flagis ignored. Suppor
default-base-gs=moof flagis required under the 'iso5' brand, and it shall not be used in b
compatible brands earlier than 'isos'.

file format, because it sets the anchor point for offset calculation differently than earlier. There
defablt-base-is-moof flag cannotbe set when earlier brands are included in the FileTypeBox.

Movie-fragment relative addressing is controlled by the values of the base-data-offset-pres

e to the

F flag is
mdaBox,

d of the

mdaBox,
pbataBox

ference

d. This

rides, in

Fample-—
ere are
s in the

F for the
ands or

NOTE The use of the default-base-is-moof flag breaks the compatibility to earlier brandls of the

fore, the

bnt and

lefault-base-is-moof flags. When both the base-data-offset-present flag and the default-b

hse—-1s-

moof flagare equalto 0, the value of data reference indexshallbeequalinthis TrackFragmentHeaderBox

and in the previous TrackFragmentHeaderBox of the same track.
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8.8.7.2 Syntax

aligned(8) class TrackFragmentHeaderBox
extends FullBox ('tfhd', 0, tf flags) {
unsigned int (32) track ID;
// all the following are optional fields
// their presence is indicated by bits in the tf flags
unsigned int (64) base data offset;

unsigned int (32) sample description index;
unsigned int (32) default sample duration;
unsigned int (32) default sample size;
unsigned int (32) default sample flags;

}
8.8.7.3] Semantics

base dqta offset the base offsetto use when calculating data offsets

sample |description_index, default sample duration, default sample size, defaultxSample flags

see8.8.3.3
8.8.8 [Track fragment run box

8.8.8.1| Definition

Box Type: 'trun'

Contairler: TrackFragmentBox
Mandatory: No

Quantitly: Zero or more

Within fhe TrackFragmentBox, there are zero or more Tr{ekrunBoxes. If the duration-is-empty flag is sef
in the tff flags, there are no track runs. A track run decuments a contiguous set of samples for a track.

The number of optional fields is determined from\the number of bits set in the lower byte of the flags
and the|size of a record from the bits set in the'se¢ond byte of the flags. This procedure shall be followed
to allow for new fields to be defined.

If the data-offset is not present, then thée data for this run starts immediately after the data of the
previoys run, or at the base-data-offset defined by the track fragment header if this is the first run in g
track frpgment, If the data-offsetgis\present, it is relative to the base-data-offset established in the track
fragment header.

The following flags are allowed to be setin the tr f1ags:
0x000001 data-offse€typresent.

0x000004 first=sample-flags-present; this overrides the default flags for the first sample only
deflined in 8.8:3.1. This makes it possible to record a group of frames where the first is a key and thg
rest aredifference frames, without supplying explicit flags for every sample. If this flag and field
arelused, sample-flags-present shall not be set.

0x000100 sample-duration-present: indicates that each sample has its own duration, otherwise the
default is used.

0x000200 sample-size-present: each sample has its own size, otherwise the default is used.
0x000400 sample-flags-present; each sample has its own flags, otherwise the default is used.
0x000800 sample-composition-time-offsets-present; each sample has a composition time offset.

The composition offset values in the composition0OffsetBox and in the TrackRunBox may be signed
or unsigned. The recommendations given in the compositionoffsetBox concerning the use of signed
composition offsets also apply here.
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8.8.8.2 Syntax

aligned (8) class TrackRunBox
extends FullBox('trun', version, tr flags) {

unsigned int (32) sample count;

// the following are optional fields
signed int (32) data offset;

unsigned int (32) first sample flags;

// all fields in the following array are optional
// as indicated by bits set in the tr flags
{

unsigned int (32) sample duration;
unsigned int (32) sample size;
unsigned int (32) sample flags
if (version == 0)
{ unsigned int (32) sample composition time offset; }
else
{ signed int (32) sample composition time offset; }

}[ sample count ]

B.8.8.3 Semantics

bample count the number of samples being added in this run; also the;number of rows in the fo
table (the rows can be empty)

ata offset is added to the implicit or explicit data offset established in the track fragment h

First sample flags provides a set of flags for the first sample only of this run.
B.8.9 Movie fragment random access box

B.8.9.1 Definition

30X’Eype:'mfra'
Container: File
Mandatory: No
Duantity: Zero or one

[he MovieFragmentRandomAcéessBox provides a table which may assist readers in finding sync §
n a file using movie fragmeiits. It contains a TrackFragmentRandomAccessBox for each track fo

file; the last box withinythe MovieFragmentRandomaccessBox provides a copy of the length field f
llovieFragmentRandemAccessBox. Readers may attempt to find this box by examining the last 31

he file, or scanning backwards from the end of the file for a MovieFragmentRandomAccessOffset
1sing the sizesinformation in it, to see if that locates the beginning of a MovieFragmentRandomacd

Jefinitive. It is recommended that readers take care in both locating and using this box as modif

neorrect.

llowing

bader.

amples

r which
nformation is provided (Which may not be all tracks). It is usually placed at or near the end of the
fom the
 bits of
Box and

essBox.

[his box provides only a hint as to where sync samples are; the movie fragments themselves are

cations

[0 the(file after it was created may render either the pointers, or the declaration of sync samples,

8.8.9.2 Syntax

aligned (8) class MovieFragmentRandomAccessBox
extends Box ('mfra')

{

}
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8.8.10 Track fragment random access box

8.8.10.1 Definition

Box Type: 'tfra’

Container: MovieFragmentRandomAccessBox
Mandatory: No

Quantity: Zero or one per track

Eache
the tradk needs to be listed in the table.

The abdence of this box does not mean that all the samples are sync samples. Random access informatior
inthe 'frun', 'traf' and 'trex' shall be set appropriately regardless of the presence of thisrthox.

8.8.10.2 Syntax

aligned (8) class TrackFragmentRandomAccessBox
extends FullBox ('tfra', version, 0) {
unsjgned int (32) track ID;
congt unsigned int (26) reserved = 0;
unsigned int (2 length size of traf num;
unsigned int (2 length size of trun num;
unsjigned int (2) length size of sample num;
unsigned int (32) number of entry;
for|i=1; i <= number of entry; i++) {
1f (version==1) {

unsigned int (64) time;

unsigned int (64) moof offset;
else{

unsigned int (32) time;

unsigned int (32) moof offset;
nsigned int ((length size of traf num«l) * 8) traf number;
nsigned int ((length size of trun ndm+l) * 8) trun number;
nsigned int ((length size of sample“num+l) * 8) sample delta;

}
8.8.10.8 Semantics

track 1D is an integer providingthe track identifier for which random access information is provided
length[size of traf numindicates the length in bytes of the traf number field minus one.
length[size of trun,smumindicates the length in bytes of the trun number field minus one.
length”sizeiof*sampleinumindH}HeSthelengﬂ)HlbyteSOfthesampleinumberfkﬂdlninusone.

number |of entry is an integer that gives the number of the entries for this track. If this value is zero, i
indlicatesithat every sample is a sync sample and no table entry follows.

. 3 2 LAl 3aad oot 3o d: rs £l ot 43 £11 1o 3 o Jd o€ Jd3
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the MediaHeaderBox of the associated track.

NOTE Presentation times are usually expressed in movie timescale, except for the specific case of
TrackFragmentRandomAccessBox where it is expressed in media timescale.

moof offset isa 32 or 64 bits integer that gives the offset of the 'moof' used in this entry. Offset is the
byte-offset between the beginning of the file and the beginning of the 'moof".

traf number indicates the 'traf' number that contains the sync sample. The number ranges from 1
(the first 'traf' isnumbered 1) in each 'moof".
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trun_number indicates the 'trun' number that contains the sync sample. The number ranges from 1 in
each 'traf'.

sample delta indicates the sample number of the sync sample. It is coded as one plus the desired sample
number minus the sample number of the first sample in the TrackrunBox.

8.8.11 Movie fragment random access offset box

8.8.11.1 Definition

Box Type: 'mfro’

Container: MovieFragmentRandomAccessBox
Mandatory: Yes

Ruantity: Exactly one

[he MovieFragmentRandomAccessOffsetBox provides a copy of the size field~from the enclosing
lovieFragmentRandomAccessBox. It is placed last within that box, so that the size field is also lagt in the
EHCIOSng MovieFragmentRandomAccessBox. When the MovieFragmentRanddmAccessBox is also ladt in the
file this permits its easy location. The size field here shall be correct. Hotwever, neither the presence of
fhe MovieFragmentRandomAccessBox, nOr its placement last in the fileyare assured.

B8.8.11.2 Syntax

hligned(8) class MovieFragmentRandomAccessOffsetBox
extends FullBox ('mfro', wversion, 0) {
unsigned int (32) parent size;

B.8.11.3 Semantics

barent_size isanintegerthatgivesthe numberofbytes ofthe enclosingMovieFragmentRandomActessBox
box. This field is placed last in the enclosing box to assist readers scanning from the end of{the file
in finding the MovieFragmentRandop&gcessBox.

B.8.12 Track fragment decode-time box

B.8.12.1 Definition

Box Type: 'tfdt’

Container: TrackFradmeéntBox
Mandatory: No

Quantity: Zero-or-oene

[he TrackFpagmentBaseMediaDecodeTimeBox provides the absolute decoding timestamp, measyired on
the deceding timeline, of the first sample in decoding order in the track fragment. This can bd useful,
for example, when performing random access in a file; it is not necessary to sum the sample dyrations
bf all.preceding samples in previous fragments to find this value.

he TrackFragmentBaseMediaDecodeTimeBox, 1f present, shall be positioned after the
TrackFragmentHeaderBox and before the first TrackrRunBox.

NOTE1 The decoding timeline is a media timeline, established before any explicit or implied mapping of
composition time to presentation time, for example by an edit list or similar structure. See.6.4

If the time expressed in the TrackFragmentBaseMediaDecodeTimeBox exceeds the sum of the sample
durations of the samples in the preceding movie and movie fragments, then the duration of the last
sample preceding this track fragment is extended such that the sum now equals the time given in this
box. In this way, it is possible to generate a fragment containing a sample when the time of the next
sample is not yet known, by assigning it a small or even zero sample duration, that is then overriden by
the time expressed in this box in the following fragment.
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If no samples were present in the preceding movie and movie fragments for this track, the time
expressed in the TrackFragmentBaseMediaDecodeTimeBox defines the decoding timestamp of the first
sample in this track.

Players may choose to skip over an initial empty media range in tracks where the first decoding
timestamp is defined by a TrackFragmentBaseMediaDecodeTimeBox with non-zero time.

In particular, an empty track fragment (with no samples, but with a track fragment decode time box)
may be used to establish the duration of the last sample.

NOTE 2| If fragments are delivered out-of-order, file readers might need additional information to determing
if the dyration of the last sample of the last fragment needs to be extended using the track decode time df|ths
next fragment to come, or if it should wait until all fragments have been received (also indicated by outsof-bang
means) fo do that operation. Derived specifications are permitted to require specific handling of the seguence |
number pfthe MovieFragmentHeaderBox, for example (e.g. that sequence numbers start at and increment by 1).

8.8.12.2 Syntax

aligned (8) class TrackFragmentBaseMediaDecodeTimeBox
extgnds FullBox ('tfdt', wversion, 0) {
if |version==1) {
nsigned int (64) baseMediaDecodeTime;
} else { // version==0
nsigned int (32) baseMediaDecodeTime;
}
}

8.8.12.3 Semantics
version isan integer that specifies the version of this box (0.or 1 in this document).

baseMediaDecodeTime isan integer equal to the sum of the decode durations of all earlier samples in the
meflia, expressed in the media's timescale. It dges not include the samples added in the enclosing
tragk fragment.

8.8.13 |Level assignment box

8.8.13.1 Definition

Box Type: '1eva’

Contairjer: MovieExtendsBox
Mandatory: No

Quantitly: Zero or one

Levels $pecify subsets\of the file. Samples mapped to level n may depend on any samples of levels m
where 1n <= n, andshall not depend on any samples of levels p, where p > n. For example, levels can bd
specifigd according to temporal level (e.g., temporal_id of SVC or MVC).

Levels ¢anfot be specified for the initial movie. When the rLevelassignmentBox is present, it applies td
all movjefragments subsequent to the initial movie.

For the context of the LevelassignmentBox, a fraction is defined to consist of one or more
MovieFragmentBoxes and the associated MediaDataBoxes, possibly including only an initial part of the
last MediaDataBox. Within a fraction, data for each level shall appear contiguously. Data for levels within
a fraction shall appear in increasing order of level value. All data in a fraction shall be assigned to levels.

NOTE In the context of DASH (ISO/IEC 23009-1[21]), each subsegment indexed within a Subsegment IndexBox
is a fraction.

The LevelassignmentBox provides a mapping from features, such as scalability layers, to levels. A
feature can be specified through a track, a sub-track within a track, or a sample grouping of a track.
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padding flag is equal to 1 this indicates that a conforming fraction can be formed by

concatenating any positive integer number of levels within a fraction and padding the last MediabataBox
by zero bytes up to the full size that is indicated in the header of the last MediaDataBox. The use of
padding flag is deprecated.

8.8.13.2 Syntax

aligned (8) class LevelAssignmentBox extends FullBox('leva', 0, 0)

{

un

iagned int (8) level count:

8.8.13

for (3=1; j <= levelicoant; J++) |

.3 Semantics

level
than or equal to 2.

Frack

unsigned int (32) track ID;
unsigned int (1) padding flag;
unsigned int (7) assignment type;
if (assignment type == 0) {
unsigned int (32) grouping type;
}
else if (assignment type == 1) {
unsigned int (32) grouping type;
unsigned int (32) grouping type parameter;
}
else if (assignment type == 2) {}
// no further syntax elements needed
else if (assignment type == 3) {}
// no further syntax elements needed
else if (assignment type == 4) ({
unsigned int (32) sub_ track ID;
}

// other assignment type values are reserved

count specifies the number of levels.éach fraction is grouped into. 1evel count shall be|greater

1D for loop entry j specifies thetrack identifier of the track assigned to level j.

badding flag equal to 1 indicates that a conforming fraction can be formed by concatenatjng any
positive integer number of levels within a fraction and padding the last MediapataBox by zerfo bytes
up to the full size thatvs'indicated in the header of the last MediaDataBox. When padding|flag is
equal to 0 this is not asSured.

hssignment type indicates the mechanism used to specify the assignment to a level. assignmeft type
values greaté€rthan 4 are reserved, while the semantics for the other values are specified as follows.
The sequence of assignment_types is restricted to be a set of zero or more of type 2 or 3, fpllowed
by zeroe.ot more of exactly one type.

0¥ sample groups are used to specify levels, i.e., samples mapped to different sample group
description indexes of a particular sample grouping lie in different levels within the identified
track; other tracks are not affected and shall have all their data in precisely one level;

1: as for assignment_type 0 except assignment is by a parameterized sample group;

2, 3:level assignment is by track (see the subsegment IndexBox for the difference in processing of
these levels)

4:therespective level contains the samples for a sub-track. The sub-tracks are specified through
the subTrackBox; other tracks are not affected and shall have all their data in precisely one level;

grouping type and grouping type parameter, if present, specify the sample grouping used to
map sample group description entries in the sampleGroupbDescriptionBox to levels. Level n
contains the samples that are mapped to the sampleGroupDescriptionEntry having index n in
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the SampleGroupDescriptionBox having the same values of grouping type and grouping type
parameter, if present, as those provided in this box.

sub_track_ ID specifies that the sub-track identified by sub_track 1D within loop entry j is mapped to
level j.

8.8.14 Sample auxiliary information in movie fragments

When sample auxiliary information (8.7.8 and 8.7.9) is present in the MovieFragmentBox, the offsets in the
Samplebu 111arylnriormatlonulrsetsbox dIT tl Cdtcd thc 0dIIIC dS5 thc ddta_OlLLSel ill thc 1T TaCKRUNBO
that is, they are relative to any base data offset established for that track fragment.

If only lone offset is provided, then the Sample Auxiliary Information for all the track runs in the
fragment is stored contiguously, otherwise exactly one offset shall be provided for each track run.

If the field default sample info size isS non-zero in one of these boxes, then the size, 6f\the auxiliary
informdtion is constant for the identified samples.

In addition, if:

— this box is present in the MovieBox,

— and default sample info size is non-zero in the box in the MovieBox;

— and the sampleAuxiliaryInformationSizesBox is absent in a moyie fragment,

then the auxiliary information has this same constant size for every sample in the movie fragment also
it is thep not necessary to repeat the box in the movie fragmeht.

8.8.15 | Track Extension Properties box

8.8.15.1 Definition

Box Type: 'trep’

Contairjer: MovieExtendsBox

Mandatory: No

Quantitly: Zero or more. (Zero or oneper track)

This box can be used to documenht’or summarize characteristics of the track in the subsequent movig
fragments. It may contain apy.number of child boxes.

8.8.15.2 Syntax

class TrackExtensionPropertiesBox extends FullBox('trep', 0, 0) {
unsigned ing«32) track ID;
// Any numbe¥ of boxes may follow

}
8.8.15.8B CSemantics

track_ 1D indicates the track for which the track extension properties are provided in this box.
8.8.16 Alternative startup sequence properties box

8.8.16.1 Definition

Box Type: 'assp'

Container: TrackExtensionPropertiesBox
Mandatory: No

Quantity: Zero or one
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This box indicates the properties of alternative startup sequence sample groups in the subsequent
track fragments of the track indicated in the containing TrackExtensionPropertiesBox.

Version 0 of the AlternativeStartupSequencePropertiesBox shall be used if version 0 of the
sampleToGroupBox is used for the alternative startup sequence sample grouping. Version 1 of the a1ter
nativeStartupSequencePropertiesBox Shall be used if version 1 of the sampleToGroupBox is used for the
alternative startup sequence sample grouping.

8.8.16.2 Syntax

flass AlternativeStartupSequencePropertiesBox extends FullBox('assp', version, O0)'{

if (version == 0) {
signed int (32) min initial alt startup offset;
}
else 1if (version == 1) {
unsigned int (32) num_entries;
for (j=1; Jj <= num entries; j++) {
unsigned int (32) grouping type parameter;
signed int (32) min initial alt startup offset;

B.8.16.3 Semantics

in initial alt startup offset: No value of sample_offsetll | of the referred sample group
description entries of the alternative startup sequefice sample grouping shall be smaller than
min_initial_alt_startup_offset. In version 0 of this box, the alternative startup sequence|sample
grouping using version 0 of the Sample to Group-box is referred to. In version 1 of this box, the
alternative startup sequence sample grouping using version 1 of the samp1eToGroupBox is feferred
to as further constrained by grouping type patameter.

hum_entries indicates the number of alterpative startup sequence sample groupings documgnted in
this box.

rouping type parameter indicatesswhich one of the alternative sample groupings this loop entry
applies to.

B.8.17 Metadata and user._data in movie fragments

When MetaBoxes occur (inyMovieFragmentBoxeS O TrackFragmentBoxes, the following applies. [Che file
bhall have been fragmented such that any metadata needed in the movie or track fragment is|formed
‘rom the union of.tlie metadata in the MovieBox and the fragment, not considering or using mletadata
n any other fragment. Metadata in a movie or track fragment is logically ‘arriving late’ but is valid for
the entire track/When a file is de-fragmented, the metadata in the movie or track fragments fnust be
merged into-the movie or track boxes, respectively. This process allows for ‘just in time’ deljvery of
bupportfesources, and bandwidth management, while preserving the essentially atemporal nature of
Iintimed metadata. If metadata truly changes over time, a timed metadata track may be needed

fduring this merge, there are either (a) metadata items with the same item 1D or (b) user-data items
with the same type, then the following applies:

a) all occurrences of the data (user-data box or metadata item) must be ‘true’ for the entire movie
including all fragments;

b) the occurrences in higher-numbered movie fragments (‘later’ occurrences) may be more accurate
or ‘preferred’;

c) in particular, data in an empty initial MovieBox may be only estimates or ‘not to exceed’ values, and
data in a final otherwise empty movie fragment may be the ‘final’ or most accurate values.

Consequently, for MetaBox, the redefinition of an item with the same item 1D in a subsequent MetaBox is
equivalent to an item replacement, the new item applying for the entire track or file. For userbataBox,
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there may be multiple occurrences of a user data of a given type (for example copyrightBox with
different languages), and these occurrences may be delivered in different movie fragments or in the
initial movie. Readers should be careful when attempting at removing duplicates of such boxes in a
defragmentation process, since checking the type of the user data for removal might not be sufficient;
the language or other fields specific to the type of user-data may need inspection.

8.9 Sample group structures

8.9.1 Overview

This clquse specifies a generic mechanism for representing a partition of the samples in a tracksA
sample grouping is an assignment of each sample in a track to be a member of one sample group,|based
on a grguping criterion. A sample group in a sample grouping is not limited to being contiguous/samples
and may contain non-adjacent samples. As there may be more than one sample grouping for.the sampleg
in a track, each sample grouping has a type field to indicate the type of grouping. For‘example, a filg
might cpntain two sample groupings for the same track: one based on an assignment df.sample to layers
and angther to sub-sequences.

Sample|groupings are represented by two linked data structures: (1) a samp}éPoGroupBox represents
the assignment of samples to sample groups; (2) a sampleGroupDescriptionBok contains a sample group
entry fdr each sample group describing the properties of the group. There ay be multiple instances of
the sampleToGroupBox and sampleGroupDescriptionBoxes based on different grouping criteria. Thesg
are disfinguished by a type field used to indicate the type of grouping.

A grouping of a particular grouping type may use a parameter.indhe sample to group mapping; if so, the
meaninjg of the parameter must be documented with the group.,An example of this might be documented
the synf points in a multiplex of several video streams; the.grroup definition might be ‘Is an I frame’, and
the grofip parameter might be the identifier of each streah. Since the sampleToGroupBox occurs once foj
each stream, it is now both compact, and informs the reader about each stream separately.

One exgmple of using these tables is to representthe assignments of samples to layers. In this case each
sample[group represents one layer, with an instance of the samp1eToGroupBox describing which layer 3
sample|belongs to.

In genefal it is not required that a sample.to group mapping mark every sample for which the associated
sample|group description applies, only that the mapping be correct for samples so mapped; however
this gerjeral principle may be over=ridden by specific sample groups.

NOTE There might not—~be& a SampleToGroupBox of a given grouping type corresponding
to a PampleGroupDescript+onBox with the same grouping type because references to the

Sample@roupDescriptionBex (in particular to its entries) might be provided by specific constructs in derived
specificqitions.

8.9.2 |Samplecto'group box

8.9.2.1| Definition

Box Type: "sbgp"

Container: SampleTableBox OI' TrackFragmentBox
Mandatory: No

Quantity: Zero or more.

This table can be used to find the group that a sample belongs to and the associated description of that
sample group. The table is compactly coded with each entry giving the index of the first sample of a run
of samples with the same sample group descriptor. The sample group description ID is an index that
refers to a sampleGroupDescriptionBox, which contains entries describing the characteristics of each
sample group.

70 © ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=2dd6b158ce2ae084dbcf17d7d656a904

ISO/IEC 14496-12:2022(E)

There may be multiple instances of this box if there is more than one sample grouping for the samples in
atrack or track fragment. Each instance of the samp1eToGroup box has a type that distinguishes different
sample groupings. Within a track, whether declared in the sampleTableBox Or in TrackFragmentBox,
there shall be at most one instance of this box with a particular grouping type, and, if present, a
grouping type parameter. The associated sampleGroupDescriptionBox  shall indicate the same
value for the grouping type. When there are multiple sampleToGroupBoxes with a particular value
of grouping type in a container box, the version of all the sampleToGroupBoxes shall be 1. When the
version of a sampleToGroupBox is 0, there shall be only one occurrence of sampleToGroupBox with this
grouping type in a container box.

Version 1 of this box should only be used if a grouping type parameter is needed. When the\gppuping

type parameter is not explicitly defined in this standard, its semantics may be overriddénby derived
bpecifications.

For a sampleGroupDescriptionBox Wwith a given grouping type, there may(beé more thlan one
bampleToGroupBox with the same grouping type if and only if each sampleToGrotipBox has a different
ralue of grouping type parameter; there may also be no SampleToGroupBox with the given grpuping
type if no samples are mapped to a description of that grouping type, or/if all samples are mapped to
'he default entry identified by the sampleGroupbescriptionBox.

B.9.2.2 Syntax

bligned (8) class SampleToGroupBox
extends FullBox('sbgp', version, 0)

unsigned int (32) grouping type;
if (version == 1) {
unsigned int (32) grouping type parameters
}
unsigned int (32) entry count;
for (i=1; 1 <= entry count; i++)
{
unsigned int (32) sample count;
unsigned int (32) group descfiption index;

B.9.2.3 Semantics
lersion is an integer thatspecifies the version of this box, either 0 or 1.

rouping type is an-intéger that identifies the type (i.e. criterion used to form the sample groups)
of the sample grouping and links it to its sample group description table with the same value for
grouping typewAt most one occurrence of this box with the same value for grouping typd (and,
if used, gnouping type parameter) shall exist for a track.

rouping~type parameter isan indication of the sub-type of the grouping

Entryscount is an integer that gives the number of entries in the following table.

safiple count is an integer that gives the number of consecutive samples with the same samplpe group
descriptor. It is an error for the total in this box to be greater than the sample count documented
elsewhere, and the reader behaviour would then be undefined. If the sum of the sample count in
this box is less than the total sample count, or there is no sampleToGroupBox that applies to some
samples (e.g. it is absent from a track fragment), then those samples are associated with the group
identified by the default group description index in the SampleGroupDescriptionBox, if any, or
else with no group.

group description_index isan integer that gives the index of the sample group entry which describes
the samples in this group. The index ranges from 1 to the number of sample group entries in the
SampleGroupDescriptionBox, or takes the value 0 to indicate that this sample is a member of no
group of this type.
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8.9.3

8.9.3.1

Sample group description box

Definition

Box Type: 'sgpd’
Container: sampleTableBox OI TrackFragmentBox

Mandat

ory: No

Quantity: Zero or more, with exactly one for each grouping type in a sampleToGroupBox.
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SCTiption table givesimformation about tie characteristics of sampte groups. T e descriptive
ition is any other information needed to define or characterize the sample group. The synta#
ample group description entry used is determined by both the grouping type and the-mediz

type.

hay be multiple instances of this box if there is more than one sample grouping for the'samples in
Each instance of the sampleGroupbescriptionBox has a type that distinguishes different samplg
gs. There shall be at most one instance of this box with a particular grouping type in a track
nedina SampleTableBox Or TrackFragmentBox).

s field of the sampleGroupbescriptionBox shall be zero when the box'is.in a TrackFragmentBox
he box is in a sampleTableBox, either or both of the two lowest bits may be set:

tic_group description, with value 1: when set to 1, this flag indicates that there are nd
pleGroupDescriptionBoxes Of this grouping type in any TraokFragmentBox of this track.

tic mapping, with value 2: when set to 1, this flag indicates that there are no samp1eToGroupBoxes
his grouping type in this track (in neither the samp1emalyleBox nor any TrackFragmentBox Of thig
rk); all samples therefore map to the default.

the static mapping flag is only useful when default group description index is non-zero
e default value of default group descriptionsindex is 0, indicating no mapping.

lags may be used in combination with the version of the sampleGroupbescriptionBox to signa
possibilities.

tic group description withoutstatic mapping:
sample group definitions are'only in the MovieBox, but samples can map to any of them.
tic mapping without static group description:

rythinginafragmentmapstoatmostone group; there maybenew sampleGroupDescriptionBoxes
this type in fragmients; depending on their version, the sampleGroupbescriptionBoxes cal
htify a default’'sample group, or that samples are unmapped.

h statig/group description and static mapping:

th

ry sample maps to the default indicated in the sampleGroupbescriptionBox in the MovieBox
SanmpleGroupDescriptionBox can indicate a default sample group or indicate that all samples

Armanpned denanding an 1+c vynrcina

are

U11111u}li.l\.u, O PCIIOTITS U oS v C T STUTE

The information is stored in the sampleGroupDescriptionBox after the entry-count. An abstract entry

type is
sample

NOTE 2

defined and sample groupings shall define derived types to represent the description of each
group.

In version 0 of the entries the base classes for sample group description entries are neither boxes

nor have a size that is signalled. For this reason, use of version 0 entries is deprecated. When defining derived

classes,
implied
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ensure either that they have a fixed size, or that the size is explicitly indicated with a length field. An
size (e.g. achieved by parsing the data) is not recommended as this makes scanning the array difficult.
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8.9.3.2 Syntax

// Sequence Entry

abstract class SampleGroupDescriptionEntry (unsigned int (32) grouping type)

{

}

abstract class VisualSampleGroupEntry (unsigned int (32) grouping type) extends
SampleGroupDescriptionEntry (grouping type)

{

}

abstract class AudioSampleGroupEntry (unsigned int (32) grouping type) extends
bampleGroupDescriptionEntry (grouping type)

hbstract class HintSampleGroupEntry (unsigned int (32) grouping type) extends
bampleGroupDescriptionEntry (grouping type)

hbstract class SubtitleSampleGroupEntry (unsigned int (32) grouping type)~ extends
bampleGroupDescriptionEntry (grouping type)

hbstract class TextSampleGroupEntry (unsigned int (32) groupingztybe) extends
bampleGroupDescriptionEntry (grouping type)

hbstract class HapticSampleGroupEntry (unsigned int (32) (grouping type) extends
bampleGroupDescriptionEntry (grouping type)

hbstract class VolumetricVisualSampleGroupEntry Nfunsigned int (32) grouping type) exfends
bampleGroupDescriptionEntry (grouping type)

hbligned (8) class SampleGroupDescriptionBox )
extends FullBox('sgpd', version, flags) {
unsigned int (32) grouping type;
if (version>=1) { unsigned int (32y default length; }
if (version>=2) {
unsigned int (32) default, group description_ index;
}
unsigned int (32) entry couwmt;
int i;
for (i =1 ; 1 <= enkry* count ; i++){
if (version>=1) -1
if (default Yength==0) {
unsignéd) int (32) description length;
}
}
Sample@rgupDescriptionEntry (grouping type);
// arf\gnstance of a class derived from SampleGroupDescriptionEntry
//~ghat is appropriate and permitted for the media type

B.9.3:.3 Semantics

version is an integer that specifies the version of this box.

grouping type is an integer that identifies the sampleToGroupBox that is associated with this sample
group description.

default group description index: specifies the index of the sample group description entry which
applies to all samples in the track for which no sample to group mapping is provided through a
SampleToGroupBox. The default value of this field is zero (indicating that the samples are mapped to
no group description of this type).

entry count is an integer that gives the number of entries in the following table.
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default length indicates the length of every group entry (if the length is constant), or zero (0) if it is
variable

description length indicates the length of an individual group entry, in the case it varies from entry to
entry and default length is therefore 0

NOTE The field default group description index used to be called default sample
description index in previous editions of this document.

8 9 4, Ranrecantation-of n'vn"n structures inmoviefracmants
T e preseitdtion-o+ HP-5 tHresHHhRoeve i agments

Supporf for sample group structures within movie fragments is provided by the use of. the
sampleToGroupBox with the container for this box being the TrackFragmentBox. The definition, $yntas
and semantics of this Box is as specified in subclause 8.9.2.

The sanjpleToGroupBox can be used to find the group that a sample in a track fragment®elongs to and
the asspciated description of that sample group. The table is compactly coded with each entry giving
the indgx of the first sample of a run of samples with the same sample group descriptor. The samplg
group description ID is an index that refers to a sampleGroupbescriptionBox,Mhich contains entrieg
describjng the characteristics of each sample group and present in the samp1efakieBox.

There hay be multiple instances of the sampleToGroupBox if there is more the one sample grouping
for the amples in a track fragment. Each instance of the sampleToGroupBox has a grouping type, ang
possibly grouping type parameter, that distinguishes different sample groupings. The associated
SampleGroupDescriptionBox Shall indicate the same value for thelg¥ouping type.

The total number of samples represented in any sampleToGroupBox in the track fragment shall match the
total nymber of samples in all the track fragment runs. Each*SampleToGroupBox documents a different
grouping of the same samples.

Zero oI more SampleGroupDescriptionBoxe€S may- also be present in a TrackFragmentBox. Thesd
definitipns are additional to the definitions provided in the sampleTableBox of the track. Group
definitipns within a movie fragment can only(be referenced and used from within that same movie
fragment.

Within [the sampleToGroupBox in that m@vie fragment, the group description indexes for groups defined
within the same fragment start at Qx10001, i.e. the index value 1, with the value 1 in the top 16 bits
This m¢ans there must be fewer thiah 65536 group definitions for this track and grouping type in thg
SampleTableBox of the track.

When dhanging the size of-movie fragments, or removing them, these fragment-local group definitions
will negd to be merged-into the definitions in the MovieBox, or into the new movie fragments, and
the indgx numbers in(the sampleToGroupBox(es) adjusted accordingly. It is recommended that, in this
procesd, identical (@nd-hence duplicate) definitions not be made in any sampleGroupbescriptionBox, bul
that duplicates beymerged and the indexes adjusted accordingly.

When & sampleGroupbescriptionBox “A”, declaring a default group description index, iS presentin 3
TrackFfagméntBox, that default group description index shall indicate either:

— 00r 0x10000, if no default sample group description is defined for that track fragment

— theindex ofasample group description entryinasampleGroupbescriptionBox ofthe same grouping
type declared in the sampleTableBox of the track

— the index incremented by 0x10000 of the entry of that sampleGroupbescriptionBox “A”.
The index value for the first entry in a SampleGroupbescriptionBox is 1.

For any track fragment, the default sample group description entry for a given grouping type is the
one indicated by the default group description index of the sampleGroupbDescriptionBox of the same
grouping_ type declared in that track fragment, if any; otherwise by default group description index
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of the sampleGroupbescriptionBox of the same grouping type declared in the sampleTableBox of the

track, if any; otherwise, no default entry is used for that grouping type.

The default sample group identified in a sampleGroupDescriptionBox in the sampleTableBox shall

identify a group within that box, i.e. the index value of the default is less than 0x10000.
8.9.5 Compact sample to group box

8.9.5.1 Definition

Box Type: 'csgp’
:Ontainer:SampleTableBox(H‘TrackFragmentBox
Mandatory: No

Quantity: Zero or more.

broups of a particular type.

middle of the-pattern.

blseywith no group.

[he compact sample to group box provides a more compact way to represent thexmapping from|sample
[0 group, especially in the cases where there are repeating patterns, and when there are few|sample

['he design uses a vector of concatenated patterns each of which is used once by a mapping array, which
hssociates runs of samples with repeats of that pattern. This is illustrated by the following example. In

the following, each letter represents a different sample group description index value (possibly|0).
fa track has the following associations, starting from the fifst sample:
abcb abcb abcxx abcb abdb
'hose associations might be represented by the following:
1. pattern length=4; sample count=11;
2. pattern length=1; sample count=2;
3. pattern length=4; sample count=6;
4. pattern length=2; sample count=2/
pattern=][
abcb // pattern 1 «f length 4
x // pattern 200f length 1
abchb // patterfi 2 of length 4
d b // pattern 4 of length 2
] // the\pattern length is thus 4+1+4+2=11
When sample count[i] i§équaltopattern length([i],the pattern is notrepeated.
When sample count(iy-* is greaterthan patternilength[i],the sample group descriptiop index
Palues of the i-th pattern are used repeatedly to map the sample count[i] values. It is not necgssarily
the case that safple count[i] is a multiple of pattern length[i]; the cycling may terminat¢ in the

When thé total of the sample count[i] values for all values of i in the range of 1 to pattery count,
nclusive; is less than the total sample count, the reader should associate the samples that have no
pxplicit group association with the default group defined in the samplebescriptionGroupBox, if any, or

It is an error for the total of the sample count[i] values to be greater than the total count o

f actual

samples described by the encompassing TrackBox or TrackFragmentBox, and the reader behaviour

would then be undefined.

The 24-bit flag field is defined as follows:

unsigned int
unsigned int
unsigned int

(16) reserved = 0;
(1
(1
unsigned int (2
(2
(2

6
) index msb indicates fragment local description;
) grouping type parameter present;

) pattern size code;
) count size code;
) index size code;

unsigned int
unsigned int
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8.9.5.2

Syntax

unsigned int (8) function f (unsigned int (2) index) {
switch (index) {
case 0: return 4;

case 1l: return 8;
case 2: return 16;
case 3: return 32;

}

aligned(8) class CompactSampleToGroupBox
extends FullBox('csgp', version, flags)

{

uns}
if

}
uns
totq
for

for
1

}
8.9.5.3

versior

groupif
san

typ
(an

groupif

index 1
ins
1,i
nof
gra
the
fro

field {
the

gned int (32) grouping type;

grouping type parameter present == 1) {
nsigned int (32) grouping type parameter;

gned int (32) pattern count;

lPatternLength = 0;

(i=1; i <= pattern count; i++) {

nsigned int (f (pattern size code)) pattern length([i];
nsigned int (f (count size code)) sample count([i];

(j=1; J <= pattern count; j++) {
or (k=1; k <= pattern length[j]; k++) {
unsigned int (f(index size code))
sample group description index[]j] [k];
// whose msb might indicate fragment local or global

Semantics
is an integer that specifies the version of this\box, currently 0.

g_type is an integer that identifies the typg'(i.e. criterion used to form the sample groups) of thg
iple grouping and links it to its sample.group description table with the same value for grouping
e. At most one occurrence of either the '"csgp' or 'sbgp' with the same value for grouping typd
d, if used, grouping type parametér) shall exist for a track.

g_type parameter is an indigation of the sub-type of the grouping.

sb_indicates_ fragmeng- ldcal description is a flag that shall be zero when this box appears
de a TrackBox but may be 0 or 1 when this box appears inside a TrackFragmentBox. When it is
[ indicates that the-mest significant bit (MSB) of every sample group description index doeg
form part of the ifidex number but instead indicates which sampleGroupbescriptionBox thg
up description isto be found in: if the MSB is 0, the index identifies a group description from
TrackBox'S.SémpleGroupDescriptionBox; if the MSB is 1, the index identifies a group descriptior
1lthE'TrackFragmentBox3 SampleGroupDescriptionBox.

ize ®ode, pattern size code, index size code are integers specifying the size in bits of
entries in the array of the pattern length, sample count and sample group description |

v lec racnactivunly. thoa syt ~ndn valiine o +n +hn cionc. ~nadn N i dinatnc o A4 Wit cion

ind

VOIaT o TCopPTTTIveTy, thiC ottt g CoOOT v arat o o p tU Tt STIZC S5 CoutoTmantatt s o 1 UTe 51T

code 1 an 8-bit size, code 2 a 16-bit size, and code 3 a 32-bit size. If the field size 4 is used for the

pat

tern_size, then it shall also be used for the count_size (to maintain byte alignment), though this

is probably rarely useful; if it is used for sample group description index, then each byte contains
two values: entry[i]<<4 + entry[i+1]; if the sizes do not fill an integral number of bytes, the last
byte is padded with zeros.

pattern count indicates the length of the associated pattern in the pattern array that follows it. The
sum of the included samp1e count values indicates the number of mapped samples.

pattern length[i] corresponds to a pattern within the second array of sample group description
index[j] values. Each instance of pattern length[i] shall be greater than 0.
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sample count[i] specifies the number of samples that use the i-th pattern. sample count[i] shall be
greater than zero, and sample count[i] shall be greater than or equal to pattern length[i].

sample group description index[j][k] is an integer that gives the index of the sample group entry
which describes the samples in this group. The index ranges from 1 to the number of sample group
entries in the sampleGroupbDescriptionBox, inclusive, or takes the value 0 to indicate that this
sample is a member of no group of this type.

8.10 User data

B.10.1 User data box

B.10.1.1 Definition

Box Type: 'udta’
:Ontainer:MovieBox,TrackBox,MovieFragmentBox,OrTrackFragmentBox
Mandatory: No

Quantity: Zero or one

[his box contains objects that declare user information about the containing box and its data
[presentation or track).

[he User Data Box is a container box for informative user-data:-This user data is formatted as|a set of
boxes with more specific box types, which declare more precisely their content. The contained boxes
hre normal boxes, using a defined, registered, or UUID extension box type.

[he handling of user-data in movie fragments is described in 8.8.17.

B.10.1.2 Syntax

hligned(8) class UserDataBox extends -Box ('udta') {
B.10.2 Copyright box

3.10.2.1 Definition

Box Type: 'cprt'
Container: UserDataBox
Mandatory: No
Quantity: Zero or-more

[he copyrightBox contains a copyright declaration which applies to the entire presentation, when
fontained.within the MovieBox, or, when contained in a track, to that entire track. There may be thultiple
copyrightboxes using different language codes.

31.0.2.2 Syntax

aligned(8) class CopyrightBox
extends FullBox('cprt', version = 0, 0) {
const bit(l) pad = 0;
unsigned int (5) [3] language; // IS0-639-2/T language code
utfstring notice;

}
8.10.2.3 Semantics
language declares the language code for the following text, in the form of a packed three-character

code from ISO 639-2. Each character is packed as the difference between its ASCII value and 0x60.
The code is confined to being three lower-case letters, so these values are strictly positive.
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notice gives a copyright notice.
8.10.3 Track selection box

8.10.3.1 Overview

A typical presentation stored in a file contains one alternate group per media type: one for video, one
for audio, etc. Such a file may include several video tracks, although, at any point in time, only one of
them should be played or streamed. This is achieved by assigning all video tracks to the same alternate
group. (See subclause 8.3.2 for the definition of alternate groups.)

All tracks in an alternate group are candidates for media selection, but it may not make sense taswitch
betweeh some of those tracks during a session. One may for instance allow switching betwégn vided
tracks at different bitrates and keep frame size but not allow switching between tracks of different

available for switching during a session. Different switch groups representydifferent operation points
such as|different frame size, high/low quality, etc.

For the|case of non-scalable bitstreams, several tracks may be in€luded in a switch group. The sams
also applies to non-layered scalable bitstreams, such as traditionalMAVC streams.

By labelling tracks with attributes it is possible to charactérize them. Each track can be labelled with
a list of attributes which can be used to describe tracks in a particular switch group or differentiatg
tracks tghat belong to different switch groups.

8.10.3.2 Definition

Box Type: 'tsel"’

Contairler: userbataBox of the corresponding TrackBox
Mandatory: No

Quantitly: Zero or One

The trafk selection box is contained in the user data box of the track it modifies.

8.10.3.3 Syntax

aligned (8) class TrackSelectionBox
extgnds FullBokA+tsel', version =
template int($2) switch group = 0;
unsigned ing (B2) attribute list[];

0, 0) {

// to end of the box
}

8.10.3.4 -Semantics

switch group isan integer that specifies a group or collection of tracks. If this field is 0 (default value)
or if the TrackselectionBox is absent there is no information on whether the track can be used for
switching during playing or streaming. If this integer is not 0 it shall be the same for tracks that can
be used for switching between each other. Tracks that belong to the same switch group shall belong
to the same alternate group. A switch group may have only one member.

attribute 1list is a list, to the end of the box, of attributes. The attributes in this list should be used
as descriptions of tracks or differentiation criteria for tracks in the same alternate or switch
group. Each differentiating attribute is associated with a pointer to the field or information that
distinguishes the track.
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8.10.3.5 Attributes

The following attributes are descriptive:

Name Attribute Description

Temporal scalability = 'tesc' The track can be temporally scaled.

Fine-grain SNR scala- 'fgsc' The track can be scaled in terms of quality.

bility

(‘nnrcp-gr:\in SNRscal- 'cgsc' The track can be scaledin terms of n‘nn]ify

ability

Spatial scalability 'spsc' The track can be spatially scaled.
Region-of-interestscal- 'resc' The track can be region-of-interest scaled.

ability

View scalability 'vwsc' The track can be scaled in terms of numberfwviews.

[he following attributes are differentiating:

Name Attribute Pointer

Codec 'cdec! Sample Entry (in SampleDescriptionBox of media track)

Screen size 'scsz! Width and height fields of v'sualsampleEntry.

Max packet size 'mpsz’ Maxpacketsize field inRtpHintSampleEntry

Media type 'mtyp' Handlertype in HandlerBox (of media track)

Media language 'mela’ Language field intMediaHeaderBox

Bitrate 'bitr' Total size ofithe samples in the track divided by the duration
in the Tr&tkHeaderBox

Frame rate 'frar' Numberof samples in the track divided by duration in the
TraekHeaderBox

Number of views 'nvws' Number of views in the track

Descriptive attributes characterizel the tracks they modify, whereas differentiating attributes
lifferentiate between tracks that:bélong to the same alternate or switch groups. The pointer of a
lifferentiating attribute indicates’ the location of the information that differentiates the tra¢k from
bther tracks with the same attribute.

B.10.4 Track kind

B.10.4.1 Definition

Box Type: ' kind"

Container:UserbataBox of the corresponding TrackBox
Mandatory: No

Quantity: Zero or more

he'xindrox labels a track with its role or kind

It contains a UR], possibly followed by a value. If only a URI occurs, then the kind is defined by that URIL;
if a value follows, then the naming scheme for the value is identified by the URI.

More than one of these may occur in a track, with different contents but with appropriate semantics
(e.g. two schemes that both define a kind that indicates sub-titles).

8.10.4.2 Syntax

aligned (8) class KindBox extends FullBox('kind', version = 0, 0) {
utf8string schemeURI;
utf8string value;
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8.10.4.3 Semantics

schemeURT declares either the identifier of the kind, if no value follows, or the identifier of the naming
scheme for the following value.

value is a name from the declared scheme

8.11 Metadata support

8.11.1 |MetaBox

8.11.1.1 Definition

Box Type: "meta’

Container: File, Segment, MovieBox, TrackBox, MovieFragmentBox OI
TrackFfagmentBox

Mandatjory: No

Quantitly: Zero or one (in File, MovieBox, and TrackBox),

Zero or one (in Segment, MovieFragmentBox OKTrackFragmentBox)

A common base structure is used to contain general untimed metadata:ZThis structure is called thg
MetaBos as it was originally designed to carry metadata, i.e. data that is-dnnotating other data. However
it is now used for a variety of purposes including the carriage of data that is not annotating other data
especiallly when present at ‘file level. The handling of metadata in' movie fragments is described if
8.8.17.

The MetaBox is required to contain a HandlerBox indicating the structure or format of the MetaBos
contents.

All othqr contained boxes are specific to the formatspecified by the Hand1lerBox.

The other boxes defined here may be defined as optional or mandatory for a given format. If they arsg
used, then they shall take the form specifiedhére. These optional boxes include a pataTnformationBox
which documents other files in which metadata values (e.g. pictures) are placed, and an TtemLocationBox
which documents where in those files each item is located (e.g. in the common case of multiple pictures
stored In the same file).

At mosf one MetaBox may occur-ateach of the file level, segment, movie level, or track level.

If an T{emProtectionBox @écurs, then some or all of the metadata, including possibly the primary
resourde, may have been\protected and be un-readable unless the protection system is taken intd
account.

NOTE The MetaBex is unusual in that it is a container box yet extends FullBox, not Box.

Metadafa itenisare identified by item 1D. Within a given MetaBox, a given item 1D shall uniquely refet
to a singleiteém. When an item is updated in movie fragments, the item_ 1D refers to the latest received
version

Derived specifications may further restrict the criteria for uniqueness: unique among the item 1Ds in
both file and movie-level boxes, or unique within that set extended with the track 1D of the tracksina
movie box. The item 1D value of 0 should not be used, and shall not be used when the set is extended to
include track_1Ds.

There are three scopes for item 1Ds: file and segments; MovieBox and MovieFragmentBox; and TrackBox
and TrackFragmentBox. In other words, there shall be only one item with a given item 1D within a given
scope (e.g. in the TrackBox and all TrackFragmentBox with the same track 1D).

8.11.1.2 Syntax
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aligned(8) class MetaBox (handler type)

extends FullBox('meta', version = 0, 0) {

HandlerBox (handler type) theHandler;

PrimaryItemBox primary resource; // optional
DataInformationBox file locations; // optional
ItemLocationBox item locations; // optional
ItemProtectionBox protections; // optional
ItemInfoBox item infos; // optional
IPMPControlBox IPMP control; // optional
ItemReferenceBox item refs; // optional
ItemDataBox item data; // optional
BO otirer Poxes Tty OpCIonat

B.11.1.3 Semantics

['he structure or format of the metadata is declared by the handler. In the case that the ‘primary
identified by a primary item, and that primary item has an item information'entry with a
type, the handler type may be the same as the item type.

B.11.2 XML boxes

B.11.2.1 Definition

Box Type: 'xml ' Or 'bxml'
Container: MetaBox
Mandatory: No

Quantity: Zero or one

When the primary data is in XML format as defined*by the W3C Recommendation, Extensible
L.anguage (XML) and it is desired that the XML beStored directly in the MetaBox, one of these for
be used. The BinaryxMLBox may only be used.when there is a single well-defined binarizatio
XML for that defined format as identified by &he handler.

[he use of the xMLBox in new specifications is deprecated. The preferred technique is to use §
dentify it as a primary item, and identify its precise XML format in the 1temInfoBox.

Previous edition of this standard.did not mandate the XML data to be null-terminated, while this
Hoes. Writers conformant to this edition shall use a null termination character. Readers should
boxes missing this null teymination character.

B.11.2.2 Syntax

h1ligned (8) clas&s)XMLBox
extends EWllBox ('xml ', version = 0, 0) {
utfstring™xml;

b1ligned\(8) class BinaryXMLBox
extends FullBox ('bxml', version = 0, 0) {
Gn$igned int (8) datal]: // to end of box

datais
N item

Markup
ms may
n of the

In item,

edition
folerate

8.11.2.3 Semantics
xml is a zero-terminated string containing the XML data.

data contains the encoded XML data.
8.11.3 Item location box

8.11.3.1 Definition

Box Type: "iloc'
Container: MetaBox
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Mandatory: No
Quantity: Zero or one

The TtemLocationBox provides a directory of resources in this or other files, by locating their container,
their offset within that container, and their length. Using byte offsets and lengths enables common
handling of this data, even by systems which do not understand the particular metadata system
(handler) used. For example, a system might integrate all the externally referenced metadata resources
into one place, re-adjusting offsets and references accordingly.

The bos

base of
These V

The cor

i) fi1
ref

ii) id4
ind

i) itd

onlly used (currently) by this construction method. (construction method == 2).

The itd

the item) reference with referenceType 'iloc' linked from this jtem. If index sizeis 0, then the value 1

is impli

Items 1
subset
specifig

length may be implied:

— Ift
0) i

— Ift

Reflerences into the same file as\this structure-data, or items divided into more than one extent|

sha
the

The siz
NOTE 1
The off

1) wh
ang
Mo

: starts with three or four values Qppr‘ifying the size in hyfpc of the crrser field, length field
fset field, and, in versions 1 and 2 of this box, the item reference index fields, respectivély
alues shall be from the set {0, 4, 8}.

struction method field indicates the ‘construction method’ for the item:

e offset: by absolute byte offsets into the file or the payload of TdentifiedMddiaDataBos
erenced by data reference index; (construction method == 0)

t offset: by byte offsets into the 1temDataBox in the same MetaBox; neitherthe data reference |
ex NOI item reference index fields are used; (construction method ==1)

m offset: by byte offset into the items indicated by the item reference index field, which is

m_reference index is only used for the method item offsét; it indicates the 1-based index of

0d; the value 0 is reserved.

hay be stored fragmented into extents, e.g. to enable interleaving. An extent is a contiguoug
Df the bytes of the resource; the resource is forfied by concatenating the extents in the ordej
d in this box. If only one extent is used (extent count = 1) then either or both of the offset and

he offset is not identified (the field has*aJength of zero), then the beginning of the source (offset
s implied.

he length is not specified, or specified as zero, then the entire length of the source is implied

uld have an explicit offsetand length, or use a MIME type requiring a different interpretation of
file, to avoid infinite recursion.

e of the item is the Sum of the extent lengths.
Extents can be)interleaved with the chunks defined by the sample tables of tracks.
bets are relative to a data origin. That origin is determined as follows:

bn theMetaBox is in a Movie Fragment, and the construction method specifies a file offset
the. data reference indicates ‘same file’, the data origin is the first byte of the enclosing

ieFragmentBox (as forthe default-base-is-moof flag inthe TrackFragmentHeaderBox):

2) when the construction method specifies a file offset and the data reference indicates

Dat
cor

aEntryImdaBox OF DataEntrySeqNumImdaBox, the data origin is the first byte of the payload of the
responding IdentifiedMediaDataBox;

3) in all other cases when the construction method specifies a file offset, the data origin is the
beginning of the file identified by the data reference;

4) when the construction method specifies offsets into the TtembataBox, the data origin is the
beginning of data[] in the ItembataBox;

82

© ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=2dd6b158ce2ae084dbcf17d7d656a904

ISO/IEC 14496-12:2022(E)

5) when the data reference specifies another item, the data origin is the first byte of the concatenated
data (of all the extents) of that item;

NOTE 2  There are offset calculations in other parts of this file format based on the beginning of a box
header; in contrast, item data offsets are calculated relative to the box payload.

The data reference index may take the value 0, indicating a reference into the same file as this
structure-data, or an index into the data references in the pataInformationBox in the containing
MetaBox, with value 1 indicating the first entry in the data reference list.

bome referenced data may itself use offset/length techniques to address resources within it (e-g.Jan MP4
file might be ‘included’ in this way). Normally such offsets in the item itself are relative to the|béginning
pf the containing file. The field ‘base offset’ provides an additional offset for offset calculationq within
that contained data. For example, if an MP4 file is included within a file formatted to)this do¢ument,
fhen normally data-offsets within that MP4 section are relative to the beginning of file; the bage offset
hdds to those offsets.

f an item is constructed from other items, and those source items are protected, the offset and length
nformation apply to the source items after they have been de-protected. That is, the target iten} data is
formed from unprotected source data.

For maximum compatibility, version 0 of this box should be uséd-in preference to version|1 with
bonstruction method==0, or version 2 when possible. Similarly; version 2 of this box should jonly be
iIsed when support for large item 1D values (exceeding 65535)is required or expected to be required.

NOTE3  When construction method 2 is used and one itemvneeds to have an offset of 0 into another item,
he base offset field is setto 0.

8.11.3.2 Syntax

bligned (8) class ItemLocationBox extendsfFullBox('iloc', version, 0) {

unsigned int (4) offset size;

unsigned int (4) length size;

unsigned int (4) base offset size;

if ((version == 1) || (versionl== 2)) {
unsigned int (4) index size;

} else {
unsigned int (4) reserved;

}

if (version < 2) {

unsigned int (1€ item count;
} else if (versiyon.== 2) {
unsigned int(32) item count;

}
for (i=0; A<item count; i++) {
if (versdion < 2) {

unsdigned int (16) item ID;
} &lse if (version == 2) {
Gnsigned int (32) item ID;
}
if ((version == 1) || (version == 2)) {
unsigned int (12) reserved = 0;
unsigned int (4) construction method;
}
unsigned int (16) data reference index;
unsigned int (base offset size*8) base offset;
unsigned int (16) extent count;
for (3=0; j<extent count; j++) {
if (((version == 1) || (version == 2)) && (index size > 0)) {
unsigned int (index size*8) item reference index;
}
unsigned int (offset size*8) extent offset;

unsigned int (length size*8) extent length;
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8.11.3.3 Semantics
offset size is taken from the set {0, 4, 8} and indicates the length in bytes of the offset field.
length_size is taken from the set {0, 4, 8} and indicates the length in bytes of the 1engtn field.

base offset size is taken from the set {0, 4, 8} and indicates the length in bytes of the base offset
field.

index size is taken from the set {0, 4, 8} and indicates the length in bytes of the item reference index
field.

item cqunt counts the number of resources in the following array.
item T1is an arbitrary integer ‘name’ for this resource which can be used to refer to it (e.g. in aURL).
constriction method is taken from the set 0 (file), 1 (idat) or 2 (item)

data-rqference-index is either zero ('this file') or an index, with value 1 indicating'the first entry, intd
theldata references in the pataInformationBox.

base offset provides a base value for offset calculations within the refereniced data. If base offset |
sige is 0, base offset takes the value 0, i.e. it is unused.

extent [count provides the count of the number of extents into which)the resource is fragmented; i
shdll have the value 1 or greater

item reference index provides an index as defined for the construction method

extent [offset provides the absolute offset, in bytes fromthe data origin of the container, of this exten{
dat&IfoffsetisizeiS0,extentioffsettakesthevahkf0

extent [length provides the absolute length in bytés of this metadata item extent. If 1ength size is 0
extlent length takes the value 0. If the value is'0, then length of the extent is the length of the entirg
referenced container.

8.11.4 |Primary item box

8.11.4.1 Definition

Box Type: 'pitm'
Container: MetaBox
Mandatory: No
Quantify: Zero or one

For a gjven handlef, the primary data may be one of the referenced items when it is desired that it bg
stored glsewhere; or divided into extents; or the primary metadata may be contained in the MetaBos
(e.g. in an xiBox). Either this box shall occur, or there shall be a box within the MetaBox (e.g. an xMLBox]
containfing;the primary information in the format required by the identified handler.

8.11.4.2 Syntax

aligned(8) class PrimaryItemBox
extends FullBox('pitm', version, 0) {

if (version == 0) {

unsigned int (16) item ID;
} else {

unsigned int (32) item ID;

}
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8.11.4.3 Semantics

item 1D is the identifier of the primary item, which shall be the identifier of an item in the MetaBox
containing the primaryItemBox. Version 1 should only be used when large item 1D values (exceeding
65535) are required or expected to be required.

8.11.5 Item protection box

8.11.5.1 Definition

30X’Eype:'ipro'
Container: MetaBox
Mandatory: No
Quantity: Zero or one

[he TtemProtectionBox provides an array of item protection information, for use:by the TtemInfoBox.

B.11.5.2 Syntax

h1ligned (8) class ItemProtectionBox
extends FullBox ('ipro', version = 0, 0) {
unsigned int (16) protection count;
for (i=1; i<=protection count; i++) {
ProtectionSchemeInfoBox protection informatiafy;

}
B.11.6 Item information box

B.11.6.1 Definition

Box Type: "iinf"’
Container: MetaBox
Mandatory: No
Quantity: Zero or one

[he ItemInfoBox provides extra information about selected items, including symbolic ('file") names. It
may optionally occur, but ifitidoes, it shall be interpreted, as item protection or content encoding may
nave changed the format ef’'the data in the item. If both content encoding and protection are indicated
for an item, a reader,should first un-protect the item, and then decode the item’s content encqding. If
more control is needed, an [IPMP sequence code may be used.

[his box contains’an array of entries, and each entry is formatted as a box. This array is sorted by
ncreasing i€gm”1D in the entry records. The item_name shall be a valid URL (e.g. a simple name,|or path
name) and shall not be an absolute URL.

Four versions of the item info entry are defined. Version 1 includes additional information to [version
D as'specified by an extension type. For instance, it shall be used with extension type 'fde1' fqr items
[hat are referenced by the FilepartitionBox, which is defined for source file partitionings and|applies
to file delivery transmissions. Versions 2 and 3 provide an alternative structure in which metadata
item types are indicated by a 32-bit registered or defined code (typically a four character code); two of
these codes are defined to indicate a MIME type or metadata typed by a URI. Version 2 supports 16-bit
item 1D values, whereas version 3 supports 32-bit item 1D values.

If no extension is desired, the box may terminate without the extension type field and the extension;
if, in addition, content encoding is not desired, that field also may be absent and the box terminate
before it. If an extension is desired without an explicit content encoding, a single null byte, signifying
the empty string, shall be supplied for the content encoding, before the indication of extension type.

If file delivery item information is needed and a version 2 or 3 ItemInfoEntry is used, then the file
delivery information is stored as a separate item of type 'fdel' thatis also linked by an item reference
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from the item, to the file delivery information, of type 'fdel'. There shall be exactly one such reference
if file delivery information is needed.

It is possible that there are valid URI forms for MPEG-7 metadata as defined in ISO/IEC 15938-1 (e.g.
a schema URI with a fragment identifying a particular element), and it may be possible that these
structures could be used for MPEG-7. However, there is explicit support for MPEG-7 in ISO base media
file format family files, and this explicit support is preferred as it allows, among other things:

a) incremental update of the metadata (logically, I/P coding, in video terms) whereas this draft is
‘I-frame nn]y';

b) binprization and thus compaction;

c) theluse of multiple schemas.

Therefdre, the use of these structures for MPEG-7 is deprecated (and undocumented).
Information on URI forms for some metadata systems can be found in Annex G.

Version| 1 of TtemInfoBox should only be used when support for a large number/of itemInfoEntries
(exceeding 65535) is required or expected to be required.

The £14gs field of T1temInfoEntry with version greater than or equal to 2.is’8pecified as follows:
— (f1kgs & 1) equal to 1 indicates that the item is not intended to be a‘part of the presentation. .

— (f1hgs & 1) equal to 0 indicates that the item is intended to be a part of the presentation.

8.11.6.2 Syntax

aligned (8) class ItemInfoExtension (unsigned int (3%) extension type)
{
}
aligned (8) class FDItemInfoExtension () extends ItemInfoExtension ('fdel') {

utf§string content location;

utf§string content MD5;

unsjgned int (64) content length;

unsjgned int (64) transfer length;

unsigned int(8) entry count;

for|(i=1; i <= entry count;«if+)
nsigned int (32) group (1d;
}
aligned (8) class ItemInfoEntry
¢xtends FullBox ('dnfe', version, flags) {
if |(version == 0)~N* (version == 1)) {
nsigned int (¥6)~/item ID;
nsigned ing () item protection index;
tf8stringiyiktem name;
tf8stridfigy‘content type;
tf8steing content encoding; //optional

if [version == 1) {
nsidgned int (32) extension type; //optional
ItemInfoExtension (extension type); //optional

if (version >= 2) {

if (version == 2) {
unsigned int (16) item ID;
} else if (version == 3) {

unsigned int (32) item ID;
}
unsigned int (16) item protection index;
unsigned int(32) item type;
utf8string item name;
if (item type=='mime') {
utf8string content type;
utf8string content encoding; //optional
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} else if (item type == 'uri ') {
utf8string item uri type;
}
}
}
aligned (8) class ItemInfoBox
extends FullBox ('iinf', version, 0) {

if (version == 0) {
unsigned int (16) entry count;
} else {

unsigned int (32) entry count;

i
ItemInfoEntry[ entry count ] item infos;

B.11.6.3 Semantics
the item for which the following information is defined.

the first entry, into the ItemProtectionBox defining the protectiow applied to this item (4
box in the TtemProtectionBox has the index 1).

i tem name iS the symbolic name of the item (source file for file delivetry transmissions).

such as 'mime"

bontent type is the MIME type of the item. If the itemis.content encoded (see below), then the
type refers to the item after content decoding.

i tem uri_type is an absolute URI, that is used as\a type indicator.

bontent encoding optionally indicates that.the binary file is encoded and needs to be decoded
interpreted. The values are as defined for Content-Encoding for HTTP/1.1. Some possible va

» o«

“gzip”, “compress” and “deflate”. An-empty string indicates no content encoding. Note that t
is stored after the content encoding has been applied.

bxtension type is a four character code that identifies the extension fields of version 1 with re
version 0 of the Item infermation entry.

Fontent location contaihs the URI of the file as defined in HTTP/1.1 (IETF RFC 2616[8]).
Fontent MD5 contdinis an MD5 digest of the file. See HTTP/1.1 (IETF RFC 2616!8]) and IETF RFC
bontent lengfh )gives the total length (in bytes) of the (un-encoded) file.

Fransfer~iéngth gives the total length (in bytes) of the (encoded) file. Transfer length is ¢
conterit length if no content encoding is applied (see above).

tntry count provides a count of the number of entries in the following array.

i tem 1D contains either O for the primary resource (e.g., the XML contained in anxM1.80x) or the ID of

i tem protection index contains either O for an unprotected item, or the index, with value 1 indlicating

he first

i tem type isa 32-bit value, typically 4 printable charactersy/that is a defined valid item type indicator,

content

before
ues are
he item

bpect to

1864[7].

qual to

group 1D indicates a file group to which the file item (source file) belongs. See 3GPP TS 26.346[2] for

more details on file groups.

8.11.7 Additional metadata container box

This box has been deprecated and is no longer defined in this document.

8.11.8 Metabox Relation box

This box has been deprecated and is no longer defined in this document.
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8.11.9 URL forms for MetaBoxes

When a MetaBox is used, then URLs may be used to refer to items in the MetaBox, either using an absolute
URL, or using a relative URL.

When interpreting data that is in the context of a MetaBox, the items in the MetaBox are treated as
shadowing files in the same location as that from which file containing the metaBox (the 'container file")
came, i.e. the contents of the item is the same as the file located at the URL obtained by resolving an
absolute URL from the absolute container file URL used as base URL and from the item name (if not

empty) used-asrelative URIL _This chnr‘]nurihg meansthat areforenceto annfhprfﬂp inthe same location

as the container file may be resolved to an item within the container file itself.

Items cpn be addressed within the container file by appending a fragment to the URL for the containet
file itse|f as specified in Annex C.

Considdgr the following example:

<http:[/a.com/d/v.qrv#item name=tree.html*branchl>.

We assyime that v.qgrv is a file with a MetaBox at the file level. First, the client strips the fragment and
fetches|v.qrv from a.com using HTTP. It then inspects the top-level MeraBéx and adds the items in
it, logicplly, to its cache of the directory “d” on a.com. It then re-forms the URL as <http://a.com/d
tree.hyml#branchl>. See that the fragment has been elevated to a fullyfile name, and the first “*” has
been transformed back into a “#”. The client then either finds an itém named tree.html in the MetaBox
or fetcljes tree.ntml from a.com, and it then finds the anchor“branch1” within tree.ntml. If within
that htil, a file was referenced using a relative URL, e.g. “flqwer.gif”, then the client converts this
to an apsolute URL using the normal rules: <http://a.comyd/flower.gif> and again it checks to seg
if flowdr.qgif is a named item (and hence shadowing a separate file of this name), and then if it is not
fetches|flower.gif froma.com.

8.11.1(Static metadata

8.11.1Q.1 General
This supclause defines the storage of static (un-timed) metadata in the ISO file format family.

Reader[support for metadata in¢general is optional, and therefore it is also optional for the formats
defined here or elsewhere, unléss made mandatory by a derived specification.

8.11.10.2 Simple textual

There i§ existing support for simple textual tags in the form of the user-data boxes; currently only ong
is definpd - the copyright notice. Other metadata is permitted using this simple form if:

a) itukes aregistered box-type or it uses the UUID escape (the latter is permitted today);

b) it yses a registered tag, the equivalent MPEG-7 construct must be documented as part of thg
registration.

8.11.10.3 Other forms

When other forms of metadata are desired, then a MetaBox as defined above may be included at the
appropriate level of the document. If the document is intended to be primarily a metadata document per
se, then the MetaBox is at file level. If the metadata annotates an entire presentation, then the vMetaBox is
at the movie level; an entire stream, at the track level.
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8.11.10.4 MPEG-7 metadata

When MPEG-7 metadata as defined in ISO/IEC 15938-1 is stored in MetaBoxes the requirements of this
clause apply.

1) When the handler-type is 'mp7t' the metadata shall be in textual form, shall conform to
ISO/IEC 15938-1, and shall use the encoding defined in ISO/IEC 10646 (technically identical to the
Unicode standard(28]),

2) When the handler-type is 'mp7b' the metadata shall be in binary form compressed in the BIM
format as specified in ISO/IEC 23001-1. In this case, the BinaryxmMLBox contains the configuration
information immediately followed by the binarized XML.

B)  When the format is textual, there shall be either another box in the MetaBox, calléd, *xm1 1, which
contains the textual MPEG-7 document, or there shall be a primaryItemBox identifying the item
containing the MPEG-7 XML.

) When the format is binary, there shall be either another box in the MetaBox, called 'bxm1 |, which
contains the binary MPEG-7 document, or a primaryItemBox identifying the item contairjing the
MPEG-7 binarized XML.

) If an MPEG-7 box is used at the file level, then the brand ¢wmp71' should be a membef of the
compatible-brands list in the FileTypeBox.

B.11.111tem data box

8.11.11.1 Definition

Box Type: 'idat"
Container: MetaBox
Mandatory: No
Quantity: Zero or one

['his box contains the data of metaddta-items that use the construction method indicating that ajp item’s
Hata extents are stored within this:box.

B3.11.11.2 Syntax

hligned (8) class ItemDataBox extends Box('idat') {
bit (8) datall;

3.11.11.3 Semantics

data istthe contained metadata

B.11.12Item reference box

aY

44 47 4 I £ -
Al 141 DCIIIIUII

Box Type: "iref"
Container: MetaBox
Mandatory: No
Quantity: Zero or one

The 1temReferenceBox allows the linking of one item to others via typed references. All the references
for one item of a specific type are collected into a SingleItemTypeReferenceBox, whose type is the
reference type, and which has a from item 1D field indicating which item is linked. The items linked to
are then represented by an array of to_item 1Ds; within a given array, a given value shall occur at most
once. Other structures in the file formats index through these arrays; index values start at 1.
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All these single item type reference boxes are then collected into the ItemreferenceBox. The reference
types defined for the track reference box defined in 8.3.3 may be used here if appropriate, or other
registered reference types. Version 1 of TtemReferenceBox With SingleItemReferenceBoxLarge should
only be used when large from item ID or to item 1D values (exceeding 65535) are required or
expected to be required.

NOTE1 This design makes it fairly easy to find all the references of a specific type, or from a specific item.

An item reference of type ' font' may be used to indicate that an item uses fonts carried/defined in the
referenced item

NOTE 2| Other structures index through the array of item references and hence position and order of them caT
be significant.

8.11.13.2 Syntax

alignedq(8) class SingleltemTypeReferenceBox (referenceType) extends Box (referenceType) {
unsigned int(16) from item ID;
unsigned int (16) reference count;
for|(3=0; j<reference count; j++) {

nsigned int(16) to item ID;

}

aligned (8) class SingleltemTypeReferenceBoxLarge (referenceTypelk extends Box (referenceType)

unsigned int(32) from item ID;
unsjigned int (16) reference count;
for|(3=0; j<reference count; j++) {
nsigned int(32) to item ID;

aligned (8) class ItemReferenceBox extends FullBo%(' iref', wversion, 0) {
if |version==0) {

$ingleItemTypeReferenceBox references|[];
} else if (version==1) {
ingleItemTypeReferenceBoxLarge ré&ferences|[];

8.11.13.3 Semantics
reflerence type contains andndication of the type of the reference
frdm item ID containsthe.item 1D of the item that refers to other items
reflerence count isthe’number of references

to |litem 1D comfainsthe item 1D of the item referred to

8.11.13 Auxiliary'video metadata

An aux]liary video track used for depth or parallax information may carry a metadata item of typsg

'auvd’ fanvﬂv)rn "1r1nn r]ncrrnnf—nr\ the r‘]-)f-:\ nF Hnaf H-nm c]'\-:\” ]f\n nvar‘flw one-—si—rbcoe{)as cpnrﬂﬁar

...... TPtO—+1E Tty B Al A W A

in ISO/IEC 23002 3. (Note that si_rbsp () is externally framed, and the length is supplied by the item
location information in the file format). There may be more than one of these metadata items (e.g. one
for parallax info and one for depth, in the case that the same stream serves).

8.11.14Item properties box

8.11.14.1 Definition

BOX'pre:‘iprp'
Container: MetaBox ('meta')
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Mandatory: No
Quantity: Zero or one

The 1temPropertiesBox enables the association of any item with an ordered set of item properti
properties are small data records.

es. [tem

The TtemPropertiesBox consists of two parts: TtemPropertyContainerBox that contains an implicitly
indexed list of item properties, and one or more ItemPropertyAssociationBox(es) that associate items

with item properties.

Fach item property is a Box or FullBox. The boxtype of the item property specifies the proper
[he FreespaceBox may occur in the TtemPropertyContainerBox; it has no meaning, and should
hssociated with any item.

NOTE Item Properties are based on the box format documented in 4.2 which means that boxes
extended type and the type field setto 'uuid' are permissible as item properties.

Fach property association may be marked as either essential or non-essential. A reader s}
brocess an item that is associated with a property that is not recognized ornot supported by thg
hind that is marked as essential to the item. A reader may ignore an associated item property
marked non-essential to the item.

bpecifications deriving from this document may specify property types and the respecti
broperty box definitions as well as constraints and requirements for the property associations.

When defining item properties, it is recommended that they/be small. When large data records
be associated with an item, a separate item and item refefence are more suitable.

Hach TtemPropertyAssociationBox shall be ordered by increasing item 1D, and there shall be
bne occurrence of a given item 1D, in the setof\ItemPropertyAssociationBox boxes. The vd
thould be used unless 32-bit item 1D values are needed; similarly, f1ags should be equal to (

[temPropertyAssociationBox with a givenpair of values of version and flags.

B.11.14.2 Syntax

hligned (8) class ItemProperty(property type)
extends Box (property Lyge)

hligned (8) class AbemFullProperty(property type, version, flags)
extends FullBexA{property type, version, flags)

h1ligned (8)Yclass ItemPropertyContainerBox
extehd$ Box ('ipco')

Box properties|[]; // boxes derived from

[y type.
| not be

with an

nall not
reader
that is

e item

need to

At most
rsion 0
unless

there are more than 127 properties in thé ItempropertyContainerBox. There shall be at mpst one

// ItemProperty or ItemFullProperty, or FreeSpaceBox (es)
to f1ll the box

}

aligned (8) class ItemPropertyAssociationBox
extends FullBox ('ipma', version, flags)
{

unsigned int (32) entry count;

for(i = 0; 1 < entry count; i++) {
if (version < 1)
unsigned int (16) item ID;
else
unsigned int (32) item ID;

unsigned int (8) association count;
for (i=0; i<association count; i++) {
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}

bit (1) essential;
if (flags & 1)

unsigned int (15) property index;
else

unsigned int (7) property index;

aligned(8) class ItemPropertiesBox
extends Box ('iprp') {

Iter
Itern
}

8.11.14
item I}

essent]
nofj

propert

be

prdperty box in the TtemPropertyContainerBox contained in the sameTtemPropertiesBox.
8.11.13Brand item property
8.11.13.1 Definition
Box Type: 'brnd’
Property Type: Descriptive item property:
Contairer:ItemPropertyContainerBox
Mandatory (per an item): No
Quantitly (per an item): Zero or one
The payload of Brandproperty has the syntax of the GeneralTypeBox.

The co
FileTyq

— All
— All

— Wh

(CLOPSL L bUllLdillCLDU PLOPEL Lyipuuuaiuej_,
PropertyAssociationBox association[];

3 Semantics
identifies the item with which properties are associated

al when set to 1 indicates that the associated property is essential to the itent, otherwise it is
-essential

y_index is either 0 indicating that no property is associated (the esséntial indicator shall alsd
0), or is the 1-based index (counting all boxes, including rreespaée)boxes) of the associated

htent of an instance of Brapdbroperty shall be such that it would apply as the content of
eBoy, if the following modifications were made to the file:

tracks of the file are removed.
items except the folowing are removed:
The item associated with this Brandproperty, referred to as currltem.

The itents,referred to as referencedItemsList, that curritem directly or indirectly references to
as indicated in the ItemReferenceBox.

enthe current primary item is not a member of the set including currltem and referencedItems

rlHdam ic catta bhatha nyriraarg a1 +ha o

cur

d T n
e T ST T toO o C—TICprorl y O i o £ oty + coo

8.11.15.2 Syntax

aligned(8) class BrandProperty extends GeneralTypeBox ('brnd')

{1}
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8.12 Support for protected streams

8.12.1 Overview

This subclause documents the file-format transformations which are used for protected content. These
transformations can be used under several circumstances:

— They shall be used when the content has been transformed (e.g. by encryption) in such a way that it
can no longer be decoded by the normal decoder;

— They may be used when the content should only be decoded when the protection.'system is
understood and implemented.

[he transformation functions by encapsulating the original media declarations. Thesencapgulation
thanges the four character-code of the sample entries, so that protection-unaware readers |see the
media stream as a new stream format.

Because the format of a sample entry varies with media-type, a different encapsulating four character-
code is used for each media type (audio, video, text etc.). They are shown.in Table 5.

Table 5 — Protected sample-entry.codes

Stream (Track) Type |Sample-Entry Code |SampleEntry Class

Video encv Visual&ampleEntry

Audio enca AudVoSampleEntry or
AbdroSampleEntryVvl

Metadata encm MetaDataSampleEntry

Text enct SimpleTextSampleEntry

Subtitle encu XMLSubtitleSampleEntry

System? encs

Font encf FontSampleEntry

Haptics encp HapticSampleEntry

Volumetric visual ent3 VolumetricVisualSampleEntry

a  System streams are defined in ISO/IEC 14496-14[22],

[he transformed sample‘entry type shall only be used with the indicated sample entry clafpses, or
classes derived from them that add only boxes (but not fields).

A protected sampleentry is defined as using one of the preceding sample entry codes, and the following
rransformation procedure:

1) The four<character code of the sample description is replaced with a four character code indlicating
protection encapsulation: these codes vary only by media-type. For example, 'mp4v' is replaced
with 'encv' and 'mp4a’ is replaced with 'enca’.

DY A protectionSchemeInfoBox (defined below) is added to the sample description, leaving afll other
boxes unmodified.

3) Theoriginal sample entry type (four character code) is stored within the protectionSchemeInfoBox,
in a new box called the originalFormatBox (defined below);

There are then three methods for signalling the nature of the protection, which may be used individually
or in combination.

1) When MPEG-4 systems is used, then IPMP shall be used to signal that the streams are protected.

2) IPMP descriptors may also be used outside the MPEG-4 systems context using boxes containing
IPMP descriptors.
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3) The protection applied may also be described using the scheme type and information boxes.

When I
the Mov

NOTE

'encv'

PMP is used outside of MPEG-4 systems, then a ‘global’ 1PMPControlBox may also occur within
ieBox.

When MPEG-4 systems is used, an MPEG-4 systems terminal can effectively treat, for example,
with an original format of 'mp4v' exactly the same as 'mp4v', by using the IPMP descriptors.

8.12.2 Protection scheme information box
8.12.2.1 Definition
Box Types: "sinf'

Containler: Protected Sample Entry, or TtemProtectionBox
Mandatory: Yes
Quantify: One or More

The pPrdtectionschemeTInfoBox contains all the information required both to understand the encryptior
transfofm applied and its parameters, and also to find other information such ds'the kind and location
of the key management system. It also documents the original (unencrypted) format of the media
The PrdtectionschemeInfoBox is a container Box. It is mandatory in a sample entry that uses a codsg
indicating a protected stream.

When ysed in a protected sample entry, this box shall contain the driginalFormatBox to document the

origina
applied

a) MP

arelused;

b) Scheme signalling: a schemeTypeBox and schemglnformationBox, when these are used (either both
shall occur, or neither).

At least one protectionSchemeInfoBox shallloccur in a protected sample entry. When more than one

occurs,
to proc

8.12.2.

aligne
Ori

Schd
Schd
}

8.12.3

8.12.3.

format. At least one of the following signalling methods,shall be used to identify the protectior]

[EG-4 systems with IPMP: no other boxes, when IPMP descriptors in MPEG-4 systems streamg

they are equivalent, alternative, deseriptions of the same protection. Readers should choose ong
ESS.

P Syntax

(8) class ProtectiohSchemeInfoBox (fmt) extends Box ('sinf') {

inalFormatBox (fmt) original format;

meTypeBox scheme type box; // optional

meInformatddnBox info; // optional

Original format box

| “Definition

Box Types: "frma'

Container: ProtectionSchemeInfoBox, RestrictedSchemeInfoBox, O
CompleteTrackInfoBox

Mandatory: Yes when used in a protected sample entry, in a restricted sample entry, or
in a sample entry for an incomplete track.

Quantity: Exactly one.

The or
descrip

94

iginalFormatBox contains the four character code of the original un-transformed sample
tion.
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8.12.3.2 Syntax

aligned(8) class OriginalFormatBox (codingname) extends Box ('frma') {
unsigned int (32) data format = codingname;
// format of decrypted, encoded data (in case of protection)
// or un-transformed sample entry (in case of restriction
// and complete track information)

}
8.12.3.3 Semantics

ata format IS the four character code of the original un-transformed sample entry (e.g. 'mpa{' if the
stream contains protected or restricted MPEG-4 visual material).

B3.12.4 IPMPInfoBox

['his box has been deprecated and is no longer defined in this document.

B.12.5 IPMP control box

['his box has been deprecated and is no longer defined in this document,
B.12.6 Scheme type box

B.12.6.1 Definition

Box Types: 'schm'

Container: ProtectionSchemeInfoBox, RestrictedSchémeInfoBox,
Or SRTPProcessBox

Mandatory: No

Duantity: Zero or one in 'sinf', depending onthe protection structure; Exactly one in 'rinf' apd
srpp'

['he schemeTypeBox identifies the protection or restriction scheme.

3.12.6.2 Syntax

hligned (8) class SchemeIypeBox extends FullBox('schm', 0, flags) {
unsigned int (32) sgcheme type; // 4CC identifying the scheme
unsigned int (32) scbleme version; // scheme version
if (flags & 0x000901) {

utf8string (sgheme uri; // browser uri

}

B.12.6.3 Semantics

scheneStype is the code defining the protection or restriction scheme, normally expressed a$ a four
character code;

TR | : £ 1 c 1. P | " PR
scheme_version IS5 UIC VEISIUIT U1 LIIE SCIICHIC (USCU L0 LT E4LE LIIC COIILTIIL)

scheme URT is an absolute URI allowing for the option of directing the user to a web-page if they do not
have the scheme installed on their system.

8.12.7 Scheme information box

8.12.7.1 Definition
Box Types: "schi'

Container: ProtectionSchemeInfoBox, RestrictedSchemeInfoBox,
Or SRTPProcessBox
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Mandatory: No
Quantity: Zero or one

The schemeInformationBox is a container Box that is only interpreted by the scheme being used. Any
information the encryption or restriction system needs is stored here. The content of this box is a series
of boxes whose type and format are defined by the scheme declared in the schemeTypeBox.

8.12.7.2 Syntax

qr
[ON
P

-

aligneg+3 +ess—Sehemetrrformotront
Box scheme specific datal];

}
8.12.8 [|Scramble Scheme Information Box

8.12.8.1 Definition

Box Types: "scrb!

Contairler: Sample entry or TtemPropertyContainerBox

Mandatjory: Yes, if the media sample(s) associated with the sample entry or the‘@ssociated item(s)
us¢ a scrambling scheme

Quantitly: One or More

In the dontext of this document, a scrambling operation on media stream is the process of modifying
binary [patterns in a compressed media stream without modifying the media bitstream syntax (i.e
decodinjg without reverting the scramble is syntactically correct)) The scrambleschemeInfoBox containg
all the information required both to understand the scramblinig operation applied and its parameters
and alsp to find other information such as the kind and lo¢ation of the key management system. The
ScrambleSchemeInfoBox iS a container box.

It is maphdatory in a sample entry for which media safples use a scrambling scheme resulting in medi3
content| compliant with the requirements of the media format identified by the sample entry type of
the tragk, if the track is not a transformed medija track, or by the untransformed sample entry type
otherwijse.

For an ftem consisting of media using a’s¢rambling scheme resulting in media content compliant with
the reqpiirements of the media format identified by the item type, this property shall be present in thd
ItemPrdpertyContainerBox and the\protected item shall have this property listed as a non-essentia

property.

This bgx shall not be used.for any scrambling scheme resulting in a cyphered media stream nof
compatfble with the requirements of the media format identified by the sample entry type or item type

NOTE The scrambleSchemeInfoBox is identical to the ProtectionSchemeInfoBox except that (a) it useq
the fourtcharacter code 'scrb' and (b) does not contain an OriginalFormatBox.

8.12.8.2 Syntax

aligned (8) class ScrambleSchemeInfoBox extends Box('scrb') {
SchemeTypeBox scheme type box;
SchemeInformationBox info; // optional

}
8.13 File delivery format support

8.13.1 Overview

Files intended for transmission over ALC/LCT or FLUTE are stored as items in a top-level MetaBox. The
TtemLocationBox specifies the actual storage location of each item within the container file as well as
the file size of each item. File name, content type (MIME type), etc., of each item are provided by version
1 of the T1temInfoBox.
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Pre-computed FEC reservoirs are stored as additional items in the MetaBox. If a source file is split
into several source blocks, FEC reservoirs for each source block are stored as separate items. The
relationship between FEC reservoirs and original source items is recorded in the pPartitionEntry
located in the FDItemInformationBox.

Pre-composed File reservoirs are stored as additional items in the container file. If a source file is
split into several source blocks, each source block is stored as a separate item called a file reservoir.
The relationship between File reservoirs and original source items is recorded in the partitionEntry
located in the FDItemInformationBox.

bee subclause 9.2 for more details on the usage of the file delivery format.
B.13.2 FD item information box

B.13.2.1 Definition

Box Type: 'fiin'
Container: MetaBox
Mandatory: No
Quantity: Zero or one

[he FDTtemInformationBox is optional, although itis mandatory forfiles using FD hint tracks. It provides
nformation on the partitioning of source files and how FD hint’tracks are combined into FD sg¢ssions.
Fach partition entry provides details on a particular file partitioning, FEC encoding and associdted File
hind FEC reservoirs. It is possible to provide multiple entties for one source file (identified by iffs item
(D) if alternative FEC encoding schemes or partitionings are used in the file. All partition entfies are
mplicitly numbered and the first entry has number 1.

B.13.2.2 Syntax

hligned(8) class PartitionEntry extends Box ('paen') {
FilePartitionBox blocks and symbols;
FECReservoirBox FEC symbol locations; //optional
FileReservoirBox  File symbelilocations; //optional

hligned (8) class FDItemInformationBox

extends FullBox ("£&£Xin', version = 0, 0) {
unsigned int (16) entfry count;
PartitionEntry partition entries[ entry count ];
FDSessionGroupBbox session_info; //optional
GroupIdToNameBox group_id to name; //optional

8.13.2.3 Semantics
entxy ount provides a count of the number of entries in the following array.

[he‘sémantics of the boxes are described where the boxes are documented.

8.13.3 File partition box

8.13.3.1 Definition

Box Type: ' fpar’
Container: PartitionEntry
Mandatory: Yes

Quantity: Exactly one

The FilepartitionBox identifies the source file and provides a partitioning of that file into source blocks
and symbols. Further information about the source file, e.g., filename, content location and group IDs, is
contained in the TtemInfoBox, where the TtemInfoEntry corresponding to the item 1D of the source file
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is of version 1 and includes a FDItemInfoExtension. Version 1 of FilepartitionBox should only be used
when support for large item 1D or entry count values (exceeding 65535) is required or expected to be
required.

8.13.3.2 Syntax

aligned(8) class FilePartitionBox
extends FullBox ('fpar', version, 0) {

if (version == 0) {

insigned int (16) item ID;
} else {

nsigned int (32) item ID;

}

unsigned int (16) packet payload size;
unsigned int (8) reserved = 0;
unsjgned int (8) FEC encoding ID;
unsijgned int (16) FEC_instance_ID;
unsigned int (16) max source block length;
unsigned int (16) encoding symbol length;
unsjgned int (16) max number of encoding symbols;
basg64string scheme specific info;
if [version == 0) {

nsigned int (16) entry count;
} else {

nsigned int (32) entry count;

for|(i=1; i <= entry count; i++) {
nsigned int (16) block count;
nsigned int (32) block size;

}
8.13.3.B Semantics

item T1p references the item in the TtemiocationBogthat the file partitioning applies to.

packet |payload size gives the target ALC/LLGT or FLUTE packet payload size of the partitioning
algprithm. Note that UDP packet payloads are larger, as they also contain ALC/LCT or FLUTH
hedders.

FEC endoding ID shall identify the FEC encoding scheme using a "Reliable Multicast Transporf
(RMT) FEC Encoding ID" degelared at IANA, as defined in IETF RFC 5052. Note that i) value zerd
corresponds to the "Compact-No-Code FEC scheme" also known as "Null-FEC" (IETF RFC 3695(6])
ii) yalue one corresponds.\to the “MBMS FEC” (3GPP TS 26.346[2]); iii) for values in the range of (
to 127, inclusive, the FEC scheme is Fully-Specified, whereas for values in the range of 128 to 255
inclusive, the FEC s¢héme is Under-Specified.

FEC ingtance ID _Shall provide a more specific identification of the FEC encoder being used for ar
Undler-Specified FEC scheme. This value should be set to zero for Fully-Specified FEC schemes and
shdll be ignered when parsing a file with FEC encoding 1D in the range of 0 to 127, inclusive. FEc |
indtance/ 1D is scoped by the FEC _encoding 1D.See IETF RFC 5052 for further details.
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encoding symbol length gives the size (in bytes) of one encoding symbol. All encoding symbols of one
item have the same length, except the last symbol which may be shorter.

max_number of encoding symbols gives the maximum number of encoding symbols that can be
generated for a source block for those FEC schemes in which the maximum number of encoding
symbols is relevant, such as FEC encoding ID 129 defined in [ETF RFC 5052. For those FEC schemes
in which the maximum number of encoding symbols is not relevant, the semantics of this field is
unspecified.

scheme specific info is the scheme-specific object transfer information (FEC-OTI-Scheme-Specific-
Info). The definition of the information depends on the FEC encoding ID.
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entry count gives the number of entries in the list of (block count, block size) pairs that provides a
partitioning of the source file. Starting from the beginning of the file, each entry indicates how the

next segment of the file is divided into source blocks and source symbols.

block count indicates the number of consecutive source blocks of size b1ock size.

block size indicates the size of a block (in bytes). A block_size that is not a multiple of the encoding_
symbol_length symbol size indicates with Compact No-Code FEC that the last source symbols
includes padding that is not stored in the item. With MBMS FEC (3GPP TS 26.346[2]) the padding

may extend acrass mn]fip]p Qymhnlc but the size of pndding should never be more than en

symbol_length.
B.13.4 FEC reservoir box

B.13.4.1 Definition

Box Type: 'fecr'
Container: PartitionEntry
Mandatory: No

Quantity: Zero or One

[he FECReservoirBox associates the source file identified in the®iverartitionBox with FEC reg
stored as additional items. It contains a list that starts with the first FEC reservoir associat
the first source block of the source file and continues sequéntially through the source block
bource file. Version 1 of FECReservoirBox should only béused when support for large item 11
hind entry count (exceeding 65535) is required or expected to be required.

8.13.4.2 Syntax

bligned (8) class FECReservoirBox
extends FullBox ('fecr', versiona\0®) {

if (version == 0) {

unsigned int (16) entry couht’
} else {

unsigned int (32) entryncount;

}

for (i=1; i <= entry ceunt; i++) {

if (version == 0)_%
unsigned int (16) item ID;
} else {
unsigned int{(32) item ID;
}
unsigned (it (32) symbol count;

B.13.4.3¢Semantics

Entzy\Count gives the number of entries in the following list. An entry count here should m4d
total number of blocks in the corresponding rFilerartitionBox.

oding_

ervoirs
bd with
5 of the
values

tch the

item 1D indicates the location of the FEC reservoir associated with a source block.

symbol count indicates the number of repair symbols contained in the FEC reservoir.
8.13.5 FD session group box

8.13.5.1 Definition

Box Type: 'segr'
Container: FDItemInformationBox
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Mandatory: No
Quantity: Zero or One

The FpsessionGroupBox is optional, although it is mandatory for files containing more than one FD hint
track. It contains a list of sessions as well as all file groups and hint tracks that belong to each session.
An FD session sends simultaneously over all FD hint tracks (channels) that are listed in the FD session
group box for a particular FD session.

Only one session group should be processed at any time. The first listed hint track in a session group
speciﬁpc the base channel If the server has no prpfprpnrn between the session grnnpc’fhp default
choice ghould be the first session group. The group IDs of all file groups containing the files referenéed
by the Qint tracks shall be included in the list of file groups. The file group IDs can in turn be translated
into fild group names (using the group ID to name box) that can be included by the server in FDTs.

8.13.5.2 Syntax

aligned (8) class FDSessionGroupBox extends Box ('segr') {
unsigned int (16) num session groups;
for|i=0; i < num session groups; i++) {

nsigned int (8) entry count;

for (j=0; j < entry count; j++) {

unsigned int (32) group ID;

nsigned int(16) num channels in session group;

for (k=0; k < num channels in session group; k++) {
unsigned int (32) hint track ID;

}
8.13.5.B Semantics

num_segsion groups Sspecifies the number of session-groups.

entry ¢ount givesthe number of entries in thefollowing list comprising all file groups that the sessior
graup complies with. The session group“contains all files included in the listed file groups as
spdcified by the item information entry of each source file. The FDT for the session group shoulg
only contain those groups that are listed in this structure.

group_ 1D indicates a file group thatthe session group complies with.

num chgnnels in session growps specifies the number of channels in the session group. The value of
nun] channels in_ sessilon groups shall be a positive integer.

hint tfack ID specifiesthe track identifier of the FD hint track belonging to a particular session group
Note that one FDyhint track corresponds to one LCT channel.

8.13.6 |Group ID/to name box

8.13.6.1 CDefinition

Box Type: 'gitn'

Container: FDItemInformationBox
Mandatory: No

Quantity: Zero or One

The GroupTdToNameBox associates file group names to file group IDs used in the version 1 item
information entries in the ItemInfoBox.

8.13.6.2 Syntax

aligned(8) class GroupIdToNameBox
extends FullBox('gitn', version = 0, 0) {
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unsigned int (16) entry count;
for (i=1; 1 <= entry count; i++) {

unsigned int (32) group ID;
utf8string group name;

}
8.13.6.3 Semantics

entry count gives the number of entries in the following list.

group_ 1D Indicates afile group:

group name is the file group name.
B.13.7 File reservoir box

B.13.7.1 Definition

Box Type: 'fire"
Container: partitionEntry
Mandatory: No

Quantity: Zero or One

[he rileReservoirBox associates the source file identified intherilerartitionBox with File reg
stored as additional items. It contains a list that starts withthe first File reservoir associated yj
first source block of the source file and continues sequentially through the source blocks of thd
file. Version 1 of FileReservoirBox should only be usedwhen support for large item IDoOrentr
Values (exceeding 65535) is required or expected to be'required.

B8.13.7.2 Syntax

h1ligned (8) class FileReservoirBox
extends FullBox ('fire', versitm, 0) {

if (version == 0) {

unsigned int (16) entry. €Qunt;
} else {

unsigned int (32) enfry count;

}

for (i=1; i <= entry~count; i++) {

if (version == 0)~A
unsigned int¢Lo) item ID;
} else {
unsigned”_int (32) item ID;
}
unsigned)int (32) symbol count;

B.13.7:3"Semantics

cAtry count gives the number of entries in the following list. An entry count here should m4

ervoirs
vith the
source
y count

tch the

total number or blocKs 1n the corresponding FilePartitionBox.
item 1D indicates the location of the File reservoir associated with a source block.

symbol count indicates the number of source symbols contained in the file reservoir.
8.14 Sub tracks

8.14.1 Overview

Sub tracks are used to assign parts of tracks to alternate and switch groups in the same way as

(entire)

tracks can be assigned to alternate and switch groups to indicate whether those tracks are alternatives
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to each other and whether it makes sense to switch between them during a session. Sub tracks are
suitable for layered media, e.g., SVC and MVC, where media alternatives often are incommensurate with
track structures. By defining alternate and switch groups at sub-track level it is possible to use existing
rules for media selection and switching for such layered codecs. The over-all syntax is generic for all
kinds of media and backward compatible with track-level definitions. Sub-track level alternate and
switch groups use the same numbering as track level groups. The numberings are global over all tracks
such that groups can be defined across track and sub-track boundaries.

In order to define sub tracks, media-specific definitions are required. Definitions for SVC and MVC are
SPECifi dHinrthe AvVcfite format (ISC/IEC 4496 15[E]) Anrothet way tstodefine ocuup}c groups atrd raf

them tq sub tracks using the subTracksampleGroupBox defined here. The syntax can also be extended td
include|other media-specific definitions.

For eadh sub track that shall be defined a SubTrackBox shall be included in the UserDataBox of the
corresgonding track. The SubTrackBox contains objects that define and provide information about 2
sub tra¢k in the same track. The TrackselectionBox for this same track is already located here.

8.14.2 |Backward compatibility

The deffault is to assign alternate and switch groups to 0 (zero) for (entire)-tracks, which means that
there i$ no information on alternate and/or switch groups for those (entire) tracks. However, filg
readerq that are aware of sub-track definitions will be able to find substrack information on alternatsg
and swjtch groups even if the track indication is set to 0. This way,it@s possible to indicate that a filg
can be fised by legacy readers by including the appropriate brand inthe rileTypeBox. A file creator thaf
requirefs a reader to be aware of sub-track information should not include legacy brands.

The sathe method of assigning sub track information can alse be applied if all parts of a track except
a sub track belong to the same alternate or switch group¢Then the overall definitions can be made oy
track lgvel as usual and specific assignments can be made at sub-track level. For sub tracks withouf
specifid assignments, track level assignments applyby default. As before, if a file creator requires 3
reader fo be aware of sub-track information it should’'not include legacy brands (which would otherwiseg
indicat¢ that sub track information can be skipped).

8.14.3 [Sub track box

8.14.3.1 Definition

Box Type: 'strk’

Contairler: userbataBox of the corresponding TrackBox
Mandatory: No

Quantitly: Zero or more

This bo contains objects that define and provide information about a sub track in the present track.

8.14.3.2 Syntax

aligned (8) class SubTrackBox extends Box('strk') {

}
8.14.4 Sub track information box

8.14.4.1 Definition

Box Type: 'stri’
Container: subTrackBox
Mandatory: Yes
Quantity: One
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aligned (8) class SubTrackInformationBox

extends FullBox('stri', version = 0, 0){

template int (16) switch group = 0;

template int (16) alternate group = 0;

template unsigned int (32) sub track ID = 0;

unsigned int (32) attribute list[]; // to the end of the box

}
8.14.4.3 Semantics

022(E)

or switch group.

['he following attributes are descriptive:

httribute list isalist, to the end of the box, of attributés. The attributes in this list should be
descriptions of sub tracks or differentiating criteria for tracks and sub tracks in the same alternate

switch group 1S an integer that specifies a group or collection of tracks and/or sub tracks Af this field
is 0 (default value), then there is no information on whether the sub track can be used for’switching
during playing or streaming. If this integer is not 0 it shall be the same for tracks and/or sulp tracks
that can be used for switching between each other. Tracks that belong to the sante switch group
shall belong to the same alternate group. A switch group may have only one member.

hlternate group iS an integer that specifies a group or collection of tracks and/or sub tracksg. If this
field is O (default value), then there is no information on possible relations to other tracks/sub-
tracks. If this field is not 0, it should be the same for tracks/sub-tracks‘that contain alterngte data
for one another and different for tracks/sub-tracks belonging te.different such groups. Only one
track/sub-track within an alternate group should be played orstreamed at any one time.

sub_track ID is an integer. A non-zero value uniquely identifies the sub track locally within thle track.
A zero value (default) means that sub_track 1D is notassigned.

used as

Name Attribute

Description

Temporal scalability — "tesc'’

Fine-grain SNR scala- 'fgs&d

bility

Coarse-grain SNRscal- t\cgsc'
ability

Spatial scalability: 'spsc'

Region-of-interestscal- 'resc'
ability

View scalability "vwsc'

The sub-track can be temporally scaled.

The sub-track can be scaled in terms of quality.
The sub-track can be scaled in terms of quality.

The sub-track can be spatially scaled.

The sub-track can be region-of-interest scaled.

The sub-track can be scaled in terms of number of views.

['he following attributes are differentiating:

Name Attribute Pointer

Bitrate 'bitr! Total size of the samples in the sub track divided by the
duration In the TrackHeaderBox

Frame rate "frar' Number of samples in the sub track divided by duration in
the TrackHeaderBox

Number of views 'nvws' Number of views in the sub track

8.14.5 Sub track definition box

8.14.5.1 Definition

Box Type: 'strd"
Container: subTrackBox
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Mandatory: Yes
Quantity: One

This box contains objects that provide a definition of the sub track.

8.14.5.2 Syntax

aligned (8) class SubTrackDefinitionBox extends Box('strd') {

}

8.14.6 [Sub track sampie group box

8.14.6.1 Definition

Box Type: 'stsg’

Contairler: subTrackDefinitionBox
Mandatory: No

Quantitly: Zero or more

This box defines a sub track as one or more sample groups by referring to thé/corresponding samplg
group descriptions describing the samples of each group.

8.14.6.2 Syntax

aligned (8) class SubTrackSampleGroupBox
extgnds FullBox('stsg', 0, 0){
unsigned int (32) grouping type;
unsjigned int (16) item count;
for|i = 0; i< item count; i++)
nsigned int (32) group description index;

}
8.14.6.B Semantics

groupifjg type is an integer that identifies the.sample grouping. The value shall be the same as in theg
CorrespondingSampleToGroupBonHuiSampleGroupDescriptionBox

item cdunt counts the number of sample’groups listed in this box.

group_description index is an integer that gives the index of the sample group entry which describes
the|samples in the group.

8.15 Post-decoder requirements on media

8.15.1 |General

In ordef to handle situations where the file author requires certain actions on the player or renderer
this subclause-specifies a mechanism that enables players to simply inspect a file to find out such
requirements for rendering a bitstream and stops legacy players from decoding and rendering files thaf
requlre further nrnrncc1nn The mechanism annhnc to any fvnn of videocodec.In narhr‘n]ar it annhn
to AVC and for thls case spec1f1c signalling is deflned in the AVC file format (ISO/IEC 14496- 15[16])
that allows a file author to list occurring SEI message IDs and distinguish between required and non-
required actions for the rendering process.

The mechanism is similar to the content protection transformation where sample entries are hidden
behind generic sample entries, 'encv', 'enca’, etc., indicating encrypted or encapsulated media.
The analogous mechanism for restricted video uses a transformation with the generic sample entry
'resv'. The method may be applied when the content should only be decoded by players that present it
correctly.
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8.15.2 Restricted sample entry transformation

Arestricted sample entry is defined as a sample entry on which the following transformation procedure

has been applied:

1) The four character code of the sample entry is replaced by a new sample entry code 'resv' meaning

restricted video.

2) ARestrictedSchemeInfoBox isadded to the sample description, leaving all other boxes unm

odified.

) The original sample entry type 1s stored within an oOriginalFormatBox contained
RestrictedSchemeInfoBox.

A RestrictedSchemeInfoBox is formatted exactly the same as a ProtectionSchemeInfoBo¥, €XC
s uses the identifier 'rinf' instead of 'sinf' (see below).

[he original sample entry type is contained in the originalFormatBdx located
RestrictedSchemeInfoBox (in an identical way to the protectionschemeInforoxfor encrypted n

['he exact nature of the restriction is defined in the schemeTypeBox, and the.data needed for that
s stored in the schemeInformationBox, again, analogously to protection\information.

Restriction and protection can be applied at the same time. The«otder of the transformations
‘rom the four-character code of the sample entry. For instaneg, if the sample entry type is
indoing the above transformation may result in a sample entry type 'encv', indicating that th
s protected.

f the file author only wants to provide advisory information without stopping legacy playe
blaying the file, the RestrictedSchemeInfoBox may be placed inside the sample entry
fransforming the four character code. In this case’it’is not necessary to include an originalForn

B.15.3 Restricted scheme information bex

B8.15.3.1 Definition

Box Types: "ot

Container: Restricted Sample Entry or Sample Entry
Mandatory: Yes in Restricted-Sample Entry, no otherwise
Quantity: Zero or one

[he RestrictedSchemelnfoBox contains all the information required both to understand the res
scheme applied and its parameters. It also documents the original (un-transformed) sample ent
bf the media. TheRestrictedSchemeInfoBox is a container Box. It is mandatory in a sample en
Ises a code indicating a restricted stream, i.e., 'resv'.

briginal'sample entry type and a schemeTypeBox. A SchemeInformationBox may be required dej
pn-the restriction scheme.

in the

ept that

in the
nedia).

scheme

follows
'resv’,
b media

s from
Wwithout
atBox.

triction

ry type
(ry that

When used in a restricted sample entry, this box shall contain the originalFormatBox to docunpent the

pending

8.15.3.2 Syntax

aligned (8) class RestrictedSchemeInfoBox (fmt) extends Box ('rinf') {

OriginalFormatBox (fmt) original format;
SchemeTypeBox scheme type box;
SchemeInformationBox info; // optional
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8.15.4 Scheme for stereoscopic video arrangements

8.15.4.1 General

When stereo-coded video frames are decoded, the decoded frames either contain a representation
of two spatially packed constituent frames that form a stereo pair (frame packing) or only one view
of a stereo pair (left and right views in different tracks). Restrictions due to stereo-coded video are
contained in the stereovideoBox.

The SchemmeType—stw (Stereoscopic video) s Used:
8.15.4.2 Stereo video box

8.15.4.2.1 Definition

Box Type: 'stvi'

Contairler: schemeInformationBox

Mandatory: Yes (when the SchemeType is 'stvi')
Quantity: One

The st¢reovideoBox is used to indicate that decoded frames either cortain a representation of twq
spatiallly packed constituent frames that form a stereo pair or contain one of two views of a stereo pair
The stdreovideoBox shall be present when the SchemeType is 'stvi/.

When the value of stereo indication type indicates the €émiporal interleaving frame packing
arrangg¢ment and the display system in use presents two.views simultaneously, readers should
implicitly set the composition timestamp for constituent picture 0 to coincide with the compositior]
timestdmp for constituent picture 1.

8.15.4.2.2 Syntax

aligned (8) class StereoVideoBox extends ekfiends FullBox('stvi', version = 0, 0)

{

temgplate unsigned int (30) reserved(='0;

unsjigned int (2) single view allqwed;

unsigned int (32) stereo scheme;

unsjgned int (32) length;

unsigned int (8) [length] Shereo indication type;

Box|] any box; // optional
}

8.15.4.2.3 Semantics

single|view allowed\jis an integer. A zero value indicates that the content may only be displayed or
stereoscopic displays. When (single view allowed & 1) is equal to 1, it is allowed to display the
right view gn a' monoscopic single-view display. When (single view allowed & 2)is equal to 2, it s
allawed to-display the left view on a monoscopic single-view display.

stereo |deheme is an integer that indicates the stereo arrangement scheme used and the stereq
indication type according to the used scheme. The following values 0T stereo_scheme are specitied:

1: the frame packing scheme as specified by the Frame packing arrangement Supplemental
Enhancement Information message of ISO/IEC 14496-10:2014,

2: the arrangement type scheme as specified in ISO/IEC 13818-2:2013, Annex D

3: the stereo scheme as specified in ISO/IEC 23000-11[3%] for both frame/service compatible and
2D/3D mixed services.

4: avalue of VideoFramePackingType as defined in ISO/IEC 23091-2.

Other values of stereo scheme are reserved.
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length indicates the number of bytes for the stereo indication type field.

stereo indication type indicates the stereo arrangement type according to the used stereo indication
scheme. The syntax and semantics of stereo _indication type depend on the value of stereo
scheme. The syntax and semantics for stereo indication type for the following values of stereo

scheme are specified as follows:

stereo scheme equal to 1: The value of length shall be 4 and stereo indication type shall
be unsigned int(32) which contains the frame_packing_arrangement_type value from

IQOI/IFF 14496-10:2014 Table D 8 (‘npfinifinn of Frqmp_pquing_qrrqngpmpnf_fypp’)

stereo scheme equal to 2: The value of 1ength shall be 4 and stereo indication Eype {
unsigned int (32) which contains the type value from ISO/IEC 13818-2:2013, T4
(‘Definition of arrangement_type’).

stereo scheme equal to 3: The value of 1ength shall be 2 and stereo inddcation tyj
contain two syntax elements of unsigned int (8). The first syntax element shall conf
stereoscopic composition type from ISO/IEC 23000-11:2009[30], Tablé 4. The least sig
bit of the second syntax element shall contain the value of i 1eft first as sped
ISO/IEC 23000-11:2009!39], subclause 8.4.3, while the other bifslare reserved and sha
to 0.

stereo_ scheme equal to 4: The value of length shall be%2“and stereo _indication tyj
contain two syntax elements of unsigned int (8),The first syntax element shall cg
VideoFramePackingType from ISO/IEC 23091-2(The least significant bit of the second
element shall contain the value of QuincunxSamplingFlag as specified in ISO/IEC 2
while the other bits are reserved and shall be set to 0. PackedContentInterpretati
specified in ISO/IEC 23091-2 is inferred to be.equal to 1.

stereo_ scheme equal to 5: The value of length shall be 3 and stereo indication type shall
three syntax elements of type unsigned int (8). The first syntax element shall cg
VideoFramePackingType from ISO/IEC 23091-2. The least significant bit of the second
element shall contain the valu€ of QuincunxSamplingFlag as specified in ISO/IEC 2
while the other bits are reserved and shall be set to 0. The third syntax element shall
the PackedContentInterpretationType from ISO/IEC 23091-2.

['he following applies when the stereovideoBox is used:
— Inthe TrackHeaderBex

— width and phéight specify the visual presentation size of a single view after unpacking.
— In the sampieDescriptionBox

— framé count shall be 1, because the decoder physically outputs a single frame. In other
the'constituent frames included within a frame-packed picture are not documented by
count.

hall be
ble D.1

e shall
ain the
nificant
ified in
I be set

e shall
ntain a
syntax
3091-2,

bnType

contain
ntain a
syntax
3091-2,
contain

words,
frame

counts

— width and height document the pixel counts of a frame-packed picture (and not the pixe

of a singte view within a frame-packed picture)-

— the PixelaspectRatioBox documents the pixel aspect ratio of each view when the

view is

displayed on a monoscopic single-view display. For example, in many spatial frame packing
arrangements, the pixel aspect ratio box therefore indicates 2:1 or 1:2 pixel aspect ratio, as the
spatial resolution of one view of frame-packed video is typically halved along one coordinate

axis compared to that of the single-view video of the same format.
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8.15.5

Compatible scheme type box

8.15.5.1 Definition

Box Type: 'csch’
Container: RestrictedSchemeInfoBox

Mandat
Quantit

ory: No
y: Zero or more

Compat]
and thd
values

type vallues among the schemeTypeBox and the instances of compatibleSchemeTypeBox withinthe’same

Restri

Parsers
any ins
all the |

8.15.5.

aligned
// 1
uns
uns
if

}
}

8.15.5.

The seq
same n

8.16 S

8.16.1

Media
HTTP s
necessd

When t
8.16.2

8.16.2.

GIeSchemeTypeBox Therntifies a scheme type tirat the track conforms to. The Scheme TypeBo
instances of CompatibleSchemeTypeBox provide the possibility to indicate several scheme ¢ypd
or the same track. The track conforms to all the constraints imposed by all indicated s¢heme |

tedSchemeInfoBox

that are capable of processing any indicated scheme type value among the se¢hiéneTypeBox O
fance of compatibleSchemeTypeBox are allowed to process the track provided that they procesd
oxes contained in the schemeInformationBox.

P Syntax

(8) class CompatibleSchemeTypeBox extends FullBox ('cscht, N0, flags) {
dentical syntax to SchemeTypeBox

gned int (32) scheme type; // 4CC identifying €£he scheme
gned int (32) scheme version; // scheme version

flags & 0x000001) {

tf8string scheme uri; // browser uri

B Semantics

hantics of the syntax elements are identical to the semantics of the syntax elements with thé
ime in SchemeTypeBox.

pgments

Overview

bresentations may be_divided into segments for delivery, for example, it is possible (e.g. in
treaming) to form files that contain a segment - or concatenated segments - which would not
rily form ISO basé.media file format compliant files (e.g. they do not contain a movie box).

he MIME forifireégistered in Annex F is used, it shall refer to a segment as defined here.

Segmenttype box

| CDefinition

Box Type: 'styp"'
Container: File
Mandatory: No
Quantity: Zero or more

If segments are stored in separate files (e.g. on a standard HTTP server) it is recommended that these
‘segment files’ contain a segment-type box, which shall be first if present, to enable identification of

those fi

les, and declaration of the specifications with which they are compliant.

A segmentTypeBox has the same formatasa rileTypeBox [4.2.3], except that it takes the box type 'styp'.
The brands within it may include the same brands that were included in the rFileTypeBox that preceded

108

© ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=2dd6b158ce2ae084dbcf17d7d656a904

ISO/IEC 14496-12:2022(E)

the MovieBox, and may also include additional brands to indicate the compatibility of this segment with
various specification(s).

Valid segment type boxes shall be the first box in a segment. Segment type boxes may be removed if
segments are concatenated (e.g. to form a full file), but this is not required. Segment type boxes that are
not first in their files may be ignored.

8.16.2.2 Syntax

12 <l
—SHReS

}
B.16.3 Segment index box

LON | lal
T oS =

e

B.16.3.1 Definition

Box Type: 'sidx"
Container: File
Mandatory: No
Quantity: Zero or more

[he segmentTndexBox provides a compact index of one media stream-within the media segment tp which
t applies. It is designed so that it can be used not only with media formats based on this document (i.e.
segments containing sample tables or movie fragments), but also other media formats (for ekample,
MPEG-2 transport streams in ISO/IEC 13818-1[13]). For this reason, the formal description of fthe box
biven here is deliberately generic, and then at the endiof"this subclause the specific definitjons for
begments using movie fragments are given.

Fach segmentIndexBox documents how a (sub)segmient is divided into one or more subsegmentg (which
may themselves be further subdivided using segméntIndexBoxes).

A subsegment is defined as a time intervaliefthe containing (sub)segment, and corresponds to p single
range of bytes of the containing (sub)segment. The durations of all the subsegments sum to the duration
bf the containing (sub)segment.

Fach entry in the segment TndexBéx,contains a reference type that indicates whether the referencg points
lirectly to the media bytes of'a referenced leaf subsegment, or to a segmentIndexBox that dgscribes
now the referenced subsegment is further subdivided; as a result, the segment may be indeyed in a
hierarchical’ or ‘daisy-chain’ or other form by documenting time and byte offset information for other
begment IndexBoxes applying to portions of the same (sub)segment.

Hach segmentIngexBéx provides information about a single media stream of the Segment, referred
[0 as the referenee stream. If provided, the first segmentindexBox in a segment, for a given media
stream, shallldocument the entirety of that media stream in the segment, and shall precede any other
begment IndexBox in the segment for the same media stream.

f a segment index is present for at least one media stream but not all media streams in the s¢gment,
heinormally a media stream in which not every access unit is independently coded, such as yideo, is
selected to be indexed. For any media stream for which no segment index is present, referred tolas non-
indexed stream, the media stream associated with the first segmentIndexBox in the segment serves as
areference stream in a sense that it also describes the subsegments for any non-indexed media stream.

NOTE 1  Further restrictions can be specified in derived specifications.

Segment IndexBoxes may be inline in the same file as the indexed media or, in some cases, in a separate
file containing only indexing information.

A segmentIndexBox contains a sequence of references to subsegments of the (sub)segment documented
by the box. The referenced subsegments are contiguous in presentation time. Similarly, the bytes
referred to by a segmentIndexBox are always contiguous in both the media file, and the separate index
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segment, or in the single file if indexes are placed within the media file. The referenced size gives the
count of the number of bytes in the material referenced.

NOTE2 A mediasegmentcanbeindexed by more than one “top-level” Segment IndexBox that are independent
of each other, each of which indexes one media stream within the media segment. In segments containing
multiple media streams the referenced bytes can contain media from multiple streams, even though the
SegmentIndexBox provides timing information for only one media stream.

In the file containing the segmentIndexBox, the anchor point for a segmentIndexBox is the first byte
after that box. If there are two files, the anchor point in the media file is the beginning of the top-level
segment (i.e. the beginning of the segment file if each segment is stored in a separate file). The materia
in the flle containing media (which may also be the file that contains the segmentIndexBoxes) starts d
the indjcated offset from the anchor point. If there are two files, the material in the index file starts af
the anchor point, i.e. immediately following the segment IndexBox.

Within [the two constraints (a) that, in time, the subsegments are contiguous, that is, eagi_entry in thg
loop is |consecutive from the immediately preceding one and (b) within a given file \finttegrated file
media file, or separate file containing only index information) the referenced byteS are contiguous
there ate a number of possibilities, including:

1) a reference to a segmentIndexBox may include, in its byte count,\ immediately following
Sedment IndexBoxes that document subsegments;

2) indnintegrated file, using the first offset field, it is possible to s€parate segmentIndexBoxes from
the|media that they refer to;

3) in 4n integrated file, it is possible to locate segmentIndexBoxes for subsegments close to the medig
thely index;

4) whpn a separate file containing segment IndexBoxesis used, it is possible for the loop entries to havs
different reference type values, some to SegmentindexBoxes in the index segment, some to medi3
sullsegments in the media file.

NOTE 3| Profiles can be used to restrict the placement of segment indexes, or the overall complexity of the
indexing.

The sedmentindexBox documents the presence of stream access points (SAPs), as specified in Annex I
in the rpferenced subsegments. Thewannex specifies characteristics of SAPs, such as Ig,y;, Ispp and Tgup
as well fas SAP types, which are athused in the semantics below. A subsegment starts with a SAP wher
the subpegment contains a SAP{aid for the first SAP, I, is the index of the first access unit that follows
Isap angl I, p is contained inthe subsegment.

For segments based on this document (i.e. based on movie sample tables or movie fragments):
— an fccess unit iSa-Sample;

— a spibsegment’is a self-contained set of one or more consecutive movie fragments; a self-contained
set|contains one or more MovieFragmentBoxes with the corresponding MediaDataBox(es), and g
MediaDataBox containing data referenced by a MovieFragmentBox shall follow that MovieFragmentBos
and prn(‘pdp the next MovieFragmentBo r‘nnfqining information about the same track;

— Segment index boxes shall be placed before subsegment material they document, that is, before any
MovieFragmentBox Of the documented material of the subsegment;

— streams are tracks in the file format, and stream IDs are track_1Ds;

— asubsegment contains a stream access point if a track fragment within the subsegment for the track
with track IDpequalto reference IDcontainsa stream access point;

— initialisation data for SAPs consists of the movie box;
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— presentation times are in the presentation timeline, that is they are composition times after the
application of any edit list for the track;

— the Ig,p is a position exactly pointing to the start of a top-level box, such as a movie fragment box
'moof’;

— aSAP oftype 1 or type 2 is indicated as a sync sample, or by sample is non_sync sample equal to 0
in the movie fragment;

— aSAP of type 3 is marked as a member of a sample group of type 'rap ';

— a SAP of type 4 is marked as a member of a sample group of type 'ro11' where the valup of the
roll distance field is greater than 0.

NOTE 4  For SAPs of type 5 and 6, no specific signalling in the [SO base media file format is'supported.

Examples of the use of segment indexes can be found in AnnexJ.

8.16.3.2 Syntax

bligned (8) class SegmentIndexBox extends FullBox('sidx', versiomj; 0) {
unsigned int (32) reference ID;
unsigned int (32) timescale;
if (version==0) {
unsigned int (32) earliest presentation time;
unsigned int (32) first offset;
}
else {
unsigned int (64) earliest presentatiqnbime;
unsigned int (64) first offset;
}
unsigned int(16) reserved = 0;
unsigned int (16) reference count;
for(i=1; i <= reference count; 1+4)

{

bit (1) referencextype;
unsigned int (31) referended size;
unsigned int (32) subsegment duration;
bit (1) starfsywith SAP;
unsigned int (3) SAP: type;

unsigned int (28) SAP delta time;

B.16.3.3 Semantics

Feference 1D provides the stream ID for the reference stream; if this segmentIndexBox is referenced
from a ¢parent” segmentIndexBox, the value of reference 1D shall be the same as the yalue of
referefee 1D of the “parent” segmentIndexBox;

imescale provides the timescale, in ticks per second, for the time and duration fields within this box;
it 1s recommended that this match the timescale of the reference stream or track; for files bpsed on
this document, that is the timescale field of the media header box of the track;

earliest presentation time is the earliest presentation time of any content in the reference stream
in the first subsegment, in the timescale indicated in the timescale field; the earliest presentation
time is derived from media in access units, or parts of access units, that are not omitted by an edit
list (if any);

first offset is the distance in bytes, in the file containing media, from the anchor point, to the first
byte of the indexed material;

reference count provides the number of referenced items;
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reference type: when set to 1 indicates that the reference is to a segmentiIndexBox; otherwise the
reference is to media content (e.g., in the case of files based on this document, to aMovieFragmentBox);
if a separate index segment is used, then entries with reference type 1 are in the index segment,

and entries with reference type 0 are in the media file;

referenced_size: the distance in bytes from the first byte of the referenced item to the first byte of the
next referenced item, or in the case of the last entry, the end of the referenced material;

subsegment duration: when the reference is to segmentIndexBox, this field carries the sum of the

su

thel difference between the earliest presentation time of any access unit of the reference strean]
in the next subsegment (or the first subsegment of the next segment, if this is the last subsegment
of ghe segment, or the end presentation time of the reference stream if this is the last subsegmen{
of the stream) and the earliest presentation time of any access unit of the reference stneam in the
referenced subsegment; the duration is in the same units as earliest presentation Eifne;

starts |[with sAP indicates whether the referenced subsegments start with a SAP\For the detailed
semantics of this field in combination with other fields, see Table 6.

SAP_ tyy
For

SAP del

egment duration fields in that box; when the reference is to a thcpgmpnf, this field carries

e indicates a SAP type as specified in Annex I, or the value 0. Other type values are reserved
the detailed semantics of this field in combination with other fields(see the table below.

ta_time: indicates Tg,p of the first SAP, in decoding order, in théreferenced subsegment for the
reference stream. If the referenced subsegments do not containva'SAP, saP_delta time is reserved
with the value 0; otherwise sap delta time is the differenceybetween the earliest presentatior
timle of the subsegment, and the Tg,p (this difference may be'zero, in the case that the subsegment

stafts with a SAP).

Table 6 — Semantics of SAP and reference type combinations

starts| with SAP SAP type reference, gype Meaning
0 0 Oor1l No information of SAPs is provided.
0 1to6, 0’ (media) The subsegment contains (but may not start|
inclusive with) a SAP of the given sap type and the
first SAP of the given saP_type corresponds
to SAP _delta time.
0 1 to b5 1 (index) All the referenced subsegments contain a SAP
inclusive of at most the given SAP type and none off
these SAPs is of an unknown type.
1 0 0 (media) The subsegment starts with a SAP of an
unknown type.
1 0 1 (index) All the referenced subsegments start with aj
SAP which may be of an unknown type
1 1to 6, 0 (media) The referenced subsegment starts with a SAP
inclusive of the given sAP_type.
1 1to 6, 1 (index) All the referenced subsegments start with aj
inclusive SAP of at mostthe givpn SAR type andnonel
of these SAPs is of an unknown type.

8.16.4 Subsegment index box

8.16.4.1 Definition

Box Type: 'ssix"'
Container: File
Mandatory: No

Quantity: Zero or more
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The subsegmentIndexBox provides a mapping from levels (as specified by the Levelassignmen
byte ranges of the indexed subsegment. In other words, this box provides a compact index for

tBox)tO
how the

data in a subsegment is ordered according to levels into partial subsegments. It enables a client to easily

access data for partial subsegments by downloading ranges of data in the subsegment.

Each byte in the subsegment shall be explicitly assigned to a level, and hence the range count

shall be

2 or greater. If the range is not associated with any information in the level assignment, then any level

that is not included in the level assignment may be used.

There shall be Q or 1 subscgmentIndexBoxes per each segmentIndexiBox that indexes o

any, shall be the next box after the associated segmentIndexBox. A SubsegmentIndexBox d@eum
bubsegments that are indicated in the immediately preceding segmentIndexBox.

'he media format of the entire subsegment.

— Each level shall be assigned to exactly one partial subsegment, i.e. biyte ranges for one level
contiguous.

level order within the subsegment.

present, and care should be taken not to attempt to process such samples.

— The data ranges corresponding to partial subsegments include both MovieFragme
and MediaDataBoxes. The*first partial subsegment, i.e. the lowest level, will correspo

(higher levels) may eorrespond to (parts of) MediaDataBox(es) only.

o cantain both audio and video movie fragments (including all MediaDataBoxes).

nly leaf

bubsegments, i.e. that only indexes subsegments but no segment indexes. A subsegmentIfidgxBox, if

¢nts the

n general, the media data constructed from the byte ranges is incomplete, i.e. it does not conform to

For leaf subsegments based on this document (i.e. based on movie sample tables and movie fragments):

shall be

— Levels of partial subsegments shall be assigned by increasinghumbers within a subsegment, i.e.,
samples of a partial subsegment may depend on any samplés of preceding partial subsegnmients in
the same subsegment, but not the other way around. For&xample, each partial subsegment gontains
samples having an identical temporal level and partial subsegments appear in increasing tgmporal

— When a partial subsegment is accessed in this@ay, for any assignment_type other than 3, the final
MediaDataBox may be incomplete, that is, less data is accessed than the length indication of the
MediaDataBox indicates is present. The length of the MediabDataBox may need adjusting, or padding
used. The padding flag in the LevelAs¥ignmentBox indicates whether this missing data|can be
replaced by zeros. If not, the sample-data for samples assigned to levels that are not accessgd is not

htBoxeS
hd to a

MovieFragmentBox as wellas (parts of) MediaDataBox(es), whereas subsequent partial subsggments

NOTE assignment_type equal to 0 (specified in the LevelAssignmentBox) can be used, for ¢xample,
ogether with the temporal level sample grouping ('tele') when frames of a video bitstream are terpporally
brdered within subsegments; assignment type equal to 2 can be used, for example, when each vjew of a
multiview videp bitstream is contained in a separate track and the track fragments for all the views are cgntained
n a single movie fragment. assignment_type equal to 3 can be used, for example, when audio and vidgo movie
ragments (including the respective MediaDataBoxes) are interleaved. The first level can be specified tg contain
he audiomovie fragments (including the respective MediaDataBoxes), whereas the second level can be dpecified

8.16.4.2 Syntax

aligned (8) class SubsegmentIndexBox extends FullBox('ssix', 0, 0) {
unsigned int (32) subsegment count;
for( i=1; i <= subsegment count; i++)
{
unsigned int (32) range count;
for ( j=1; Jj <= range_ count; Jj++) {
unsigned int (8) level;
unsigned int (24) range size;
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8.16.4.3 Semantics

subsegment count iS a positive integer specifying the number of subsegments for which partial

sub
(i.e.

segmentinformationis specified in this box. subsegment count shallbeequalto reference count
, the number of movie fragment references) in the immediately preceding segment IndexBox.

range count specifies the number of partial subsegment levels into which the media data is grouped.
This value shall be greater than or equal to 2.

range_size indicates the size of the partial subsegment; the value 0 may be used in the last entry to

indjicate the remaining bytes of the segment, to the end of the segment.

level specifies the level to which this partial subsegment is assigned.

8.16.5

8.16.5.1 Definition

Box Ty
Contain

Mandatory: No
Quantify: Zero or more

The pr

fragments. When they are both produced and consumed in redl time, this can provide clients with
informdtion to enable consumption and production to proceéd at equivalent rates, thus avoiding
possibl¢ buffer overflow or underflow.

This bd
any se
MovieFH

The bok contains a time value, expressed using the NTP format, and measured on a clock which
incremgnts at the same rate as a UTC-synchtrenized NTP clock as defined in IETF RFC 5905. This timg

is assod
Note th
sample

Given a
the val
media
used to

For live
set). W
experie
clock ti

Producer reference time box

e: 'prft'
er: File

ducerReferenceTimeBox supplies times corresponding to the production of associated movig

x is related to the next MovieFragmentBox thatMollows it in bitstream order. It shall follow
mentTypeBox OI SegmentIndexBox (if any) i the segment, and occur before the following
agmentBox (to which it refers).

iated with a media time in the range of media times for one of the tracks in the movie fragment
at the media time does not need to match the actual decode or composition timestamp of 3
of that track.

succession of ProducerEeférenceTimeBoxes in the same track with the same flag values (notably
e 8, which promiseS-consistency), a receiver can estimate the drift between the producer'y
lock and real timej-the accuracy and variability of this estimation can depend on the techniqug
establish the tithes, as reported in the flag values.

-captured media, flags may be set to 24 (i.e. the two bits corresponding to value 8 and 16 are
hen the flags have this value, the UTC time shall be at, or close to, the wall-clock-time of thg
nce captured in the media. For example, if the media is a video that shows an accurate publig
med to UTC that displays 09:15, then the UTC time in this box would also read close to 09:15. Thg

receive

" €an then estimate the real-time latency of presentation, from the time the captured experiencg

occurred, to the time 1t 1s presented to the user.

Producer reference times should be associated with at most one track.
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8.16.5.2 Syntax

aligned(8) class ProducerReferenceTimeBox

extends FullBox ('prft', version, flags) {
unsigned int (32) reference track ID;
unsigned int (64) ntp timestamp;
if (version==0) {

unsigned int (32) media time;
} else {

unsigned int (64) media time;

}

B.16.5.3 Semantics
Feference track 1D provides the track_ID for the reference track.
htp timestamp indicates a UTC time in NTP format associated to media_time as follows:

— if flags is set to 0, the UTC time is the time at which the frame belonging'to the reference frack in
the following movie fragment and whose presentation time is media_time was input to the gncoder.

— if flagsissetto 1, the UTC time is the time at which the frame belonging to the reference tragk in the
following movie fragment and whose presentation time is media_time was output from the gncoder.

— if flags is set to 2, the UTC time is the time at which the following MovieFragmentBox was fihalized.
media time is set to the presentation of the earliest frame of the reference track in presgntation
order of the movie fragment.

— if flags is setto 4, the UTC time is the time at which'the following MovieFragmentBox was wiitten to
file. media time issetto the presentation of theearliest frame of the reference track in presgntation
order of the movie fragment.

— if flagsis setto 8, the association between the media time and UTC time is arbitrary but copisistent
between multiple occurrences of this box in the same track

— if f1ags is set to 24 (i.e. the two bits corresponding to value 8 and 16 are set), the UTC tinje has a
consistent, small (ideally zero),offset from the real-time of the experience depicted in the media at

media time
hedia time is expressed in\the time units used for the reference track.

NOTE In most cases.this time will not be equal to the time of the first sample of the adjacent segmept of the
reference track.

B.17 Support for incomplete tracks

B.17.1 ‘General

[his.subclause documents the sample entry formats for tracks that are incomplete. Incomplet¢ tracks
mdy contain samples that are marked empty or not received using the sample format.

Incomplete tracks may result, for example, when subsegments are received partially according to level
assignments and padding flag in the LevelaAssignmentBox indicates that the data in a MediaDataBox
that is not received can be replaced by zeros. Consequently, sample data assigned to non-accessed levels
is not present, and care should be taken not to attempt to process such samples. However, in partially
received subsegments some tracks might remain complete in content while other tracks might be
incomplete and only contain data that is included by reference into the complete tracks.

This subclause specifies support for sample entry formats for incomplete tracks. With this support,
readers can detect incomplete tracks from their sample entries and avoid processing such tracks or
take the possibility of empty or not received samples into account when processing such tracks.
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The support for incomplete tracks is similar to the content protection transformation where sample
entries are hidden behind generic sample entries, such as 'encv' and 'enca'. Because the format of
a sample entry varies with media-type, a different encapsulating four character code is used for
incomplete tracks of each media type (audio, video, text etc.). They are:

Stream (Track) Type Sample-Entry Code
Video icpv
Audio icpa
Text rept
System icps
Hint icph
Haptics icpp
Volumetric visual icp3
Timed Metadata icpm

Sample|data of incomplete tracks may be included into samples of other tracks by reference, and hence
an incomplete track should not be removed as long as any track reference pointsto it.

NOTE 1| The choice of level by the original recording client can vary over time, and at times represen
the comjplete track. The level is not indicated here, and it is not required that\the sample entry change from
‘incomplete’ to ‘complete’ when all levels were, in fact, received, for a period.

NOTE 2| The ‘original format’ might have indicated encryption, if partial reception and decryption works fol
that encfyption format.

8.17.2 | Transformation

The sample entry for a track that becomes incompletee.g. through partial reception, should be modified
as follows:

1) Th¢ four character code of the sample entry, e.g. 'avci’, is replaced by a new sample entry codsg
"idpv' meaning an incomplete track.

2) AcpmpleteTrackInfoBox is added to-the sample description, leaving all other boxes unmodified.

3) The original sample entry type,€.g. 'avcl’, is stored within an originalFormatBox contained in thg
CompleteTrackInfoBox.

After trjansformation, an examiple AVC sample entry might look like:

class IncompleteAVCSampleEntry () extends VisualSampleEntry ('icpv') {
ComppleteTrackImfoBox () ;
AVC(GonfiguratdenBox config;

}
NOTE The'saniple entry type 'avcl' and the AvCConfigurationBox are specified in ISO/IEC 14496-15[16],

8.17.3 |Complete track information box

8.17.3.1 Definition

Box Types: "cinf!

Container: Sample Entry for an Incomplete Track
Mandatory: Yes

Quantity: Exactly one

The completeTrackInfoBox contains, within the originalFormatBox, the sample entry format of the
complete track that was transformed to the present incomplete track. It may contain optional boxes
for example including information required to process samples of the present incomplete track. The
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CompleteTrackInfoBox iS a container box. It is mandatory in a sample entry that uses a code indicating
an incomplete track.

8.17.3.2 Syntax

aligned (8) class CompleteTrackInfoBox (fmt) extends Box('cinf') {
OriginalFormatBox (fmt) original format;

}
8.18 Entity grouping

B.18.1 General

An entity group is a grouping of items, which may also group tracks. The entities in an entity group
bhare a particular characteristic or have a particular relationship, as indicated by the grouping type.

Entity groups are indicated in GroupsListBox. Entity groups specified in GroupsristBox of a f]le-level
letaBox refer to tracks or file-level items. Entity groups specified in GroupstistBox of a moyie-level
letaBox refer to movie-level items. Entity groups specified in GroupsLis€Bex of a track-level jretaBox
refer to track-level items of that track.

GroupsListBox contains EntityToGroupBoxes, each specifying one entity group.
B.18.2 Groups list box

B.18.2.1 Definition

Box Type: 'grpl"
Container: MetaBox
Mandatory: No
Quantity: Zero or One

['he GroupsListBox includes the entity groups specified for the file. This box contains a set of full boxes,
pach called an EntityToGroupBox, with-four-character codes denoting a defined grouping type.

When GroupsListBox is present in/a file-level MetaBox, there shall be no item 1D value in rtemInfoBox in
hny file-level MetaBox that is @qual to the track 1D value in any TrackHeaderBox.

B8.18.2.2 Syntax

hligned (8) class ‘@poupsListBox extends Box('grpl') {
B.18.3 Entify to group box

B.18.31\ Definition

Box Type: As specified below with the grouping type value for the EntityToGroupBox

~ .
ontaineyr: co oo T 2 oD
e  Ea-aa—r-ro =

Mandatory: No
Quantity: One or more

The EntityToGroupBox specifies an entity group.

The box type (grouping type) indicates the grouping type of the entity group. Each grouping type code
is associated with semantics that describe the grouping. The following grouping type value is specified:

'altr': The items and tracks mapped to this grouping are alternatives to each other, and only one
of them should be played (when the mapped items and tracks are part of the presentation; e.g. are
displayable items or tracks) or processed by other means (when the mapped items or tracks are not
part of the presentation; e.g. are metadata). A player should select the first entity from the list of
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entity idvaluesthatit can process (e.g. decode and play for mapped items and tracks that are part
of the presentation) and that suits the application needs. Any entity id value shall be mapped to
only one grouping of type 'altr'. An alternate group of entities consists of those items and tracks
that are mapped to the same entity group of type 'altr'.

NOTE EntityToGroupBox can have grouping type specific extensions.

8.18.3.2 Syntax

aligneg&—et= EntityTolroupBoxdgroupng—tree—verston,—fag5)
extendg FullBox(grouping type, version, flags) ({
unsigned int (32) group id;
unsigned int(32) num entities in group;
for|i=0; i<num entities in group; i++)
nsigned int(32) entity id;
// the|remaining data may be specified for a particular grouping type

}
8.18.3.B Semantics

group_1d is a non-negative integer assigned to the particular grouping that shall’not be equal to any
grdup_id value of any other EntityToGroupBox, any item 1D value of thehierarchy level (file, movie
or frack) that contains the GroupsListBox, or any track 1D value ((when the GroupsListBox i
cortained in the file level).

num enfities in group specifies the number of entity id valuesmadpped to this entity group.

entity|id is resolved to an item, when an item with item. I3 equal to entity id is present in thg
hiefarchy level (file, movie or track) that contains theGroupsiistBox, or to a track, when a track
with track Ipequaltoentity idis presentand the GooupsListBox is contained in the file level.

8.19 Cpompressed boxes

8.19.1 |Overview and processing

A compfressed box is a box that replaces.another box, called original box, at the same top-level order in
the file but whose payload is the BoxpPayidad of that original box, compressed with deflate(), as defined
in IETF RFC 1951. A compressed box can only be defined for a top-level box; hence their container i
always [the file and is omitted in¢their box definitions. Only a subset of existing top-level boxes can beg
compressed.

The type of the box that &epmpressed box replaces is called the replacement type and is defined foj
each cqmpressed box. The content that is compressed comprises all the remaining bytes after the
BoxHedder of the original box.

Unless |stated othérwise, the semantics of fields in the uncompressed payload is the same as the
semantjcs of thesbox with the given replacement type. Especially, when boxes use file offsets within the
containfing{il€; unless stated otherwise these offsets are related to the file that results from expanding
the conjpressed box(es).

All compressed boxes defined in this document share the same syntax as defined in subclause 8.19.3.

The MovieFragmentRandomAccessBox is not supported in files containing compressed boxes and shall
not be present when a compressed box is present.

A reader that supports compressed boxes shall be capable of decompressing boxes and adjusting offsets
in a way that is functionally equivalent to the processing model in subclause 8.19.2.2.
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8.19.2 Processing model

8.19.2.1 File parsing processing model
The processing model when reading compressed boxes is defined as follows:

— the BoxPayload of the compressed box (after the compressed box’s BoxHeader structure) is
decompressed (note that a Ful1Box also has a BoxPayload)

tha hov tuna af tha camnraccad hav ic ra
T Doty PE— o E- o pr eSSt oo

ted—for this

lacad with tha ranlacamant tunag a¢c ¢
ey et e e Pttt ey ptao—>

particular compressed box

— the compressed box size is replaced with the sum of the uncompressed payload|size and the
BoxHeader Size (8 bytes, in the case of a simple 32-bit size)

— the compressed box payload is replaced with the uncompressed payload

o

— the uncompressed box is read from the reconstructed BoxHeader and uncompressed payloa

— the parsing is then resumed at the position of the end of the compre$sed box in the file.

B.19.2.2 File decompression processing model

[he processing model when decompressing a file is defined’as follows: the decompressed file is
nitialized as empty, and for each top-level box in the compressed file:

— if there is an OriginalFileTypeBox, then the FileTypeBox or SegmentTypeBox, and a following
ExtendedTypeBox (if any), are replaced by the cofitents of the OriginalFileTypeBox;

— otherwise, if the box is uncompressed, it is eopied to the decompressed file.

— otherwise, the decompressed box is coniputed as indicated in subclause 8.19.2.1; the decompressed
box is written to the decompressed file*as follows:

— if the decompressed box is a:\MovieBox or MovieFragmentBox, the decompressed box i§ copied
without modifications te-the decompressed file.

— ifthe decompressedbox is a SegmentIndexBox

— the first_offset field is incremented by the number of extra bytes in the decompressed
data betweén the beginning of the SegmentindexBox and the indicated first_dffset in
the compressed file, compared to the number of compressed bytes in that range; (this
necéssarily includes the expansion of the SegmentindexBox itself); this step is|needed
when SegmentindexBox(es) and SubSegmentindexBox(es) are present between the end of
an SegmentindexBox and the first movie fragment following this SegmentIndexBox.

=~ Each reference_size field in the decompressed SegmentindexBox is increased|by the
number of uncompressed bytes minus the number of compressed bytes of all tpp-level
compressed boxes present in the corresponding range in the compressed file. (In |general
itisTIot pussible toupdate a segment InaexBox immmediately o reception, as tire first_offset
and reference_size are updated based on decompression of boxes later in the file.)

— The modified uncompressed box is then copied to the decompressed file.

— if the decompressed box is a SubsegmentindexBox, each range_size field in the uncompressed
box is increased by the number of uncompressed bytes minus the number of compressed bytes
of all top-level compressed boxes starting in the corresponding range in the compressed file.
The modified uncompressed box is then copied to the decompressed file.

NOTE1 Thereis no guarantee that the number of compressed bytes is less than the number of uncompressed

bytes, although it is better that file writers avoid using a compressed box if it is larger than the uncompressed
version. In the above processing model, this means that the number of bytes to add might be negative.
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NOTE 2 In this processing mode, a file decompressor might need to load top-level boxes following the box
currently being decompressed (e.g., Segment IndexBox Or SubsegmentIndexBox) to compute the byte difference
between compressed and uncompressed versions of subsequent boxes referred to by the box currently being
decompressed.

NOTE 3  Since, unless specified otherwise, byte offsets in compressed boxes describe the uncompressed
domain file, a file reader processing a compressed file on-the-fly (without producing a complete uncompressed
file) will need to maintain some correspondence table between byte offsets in the compressed domain and
byte offsets in the uncompressed domain in order to correctly adjust file offsets when fetching data from the
file. File offsets can only be interpreted once the reader is sure that all data preceding that file offset has been
decompfessed. This can be achieved by either (1) loading all that data and decompressing It or (2] kKnowing tha
the only] boxes that precede the given offset, that are permitted to be compressed, have been decompressed
For exammple, in many cases a file is only permitted to contain only a single MovieBox, a MovieFragmentB&x)0r §
MetaBoy and no other compressible box. Derived specification can further restrict the possible set and layout of
compregsed boxes to simplify this process.

NOTE 4| This is a processing model that describes the correspondence between a file containing compressed
boxes alid a hypothetical file containing uncompressed boxes; readers implement decompression as suits thei
processing needs. In particular, if SegmentIndexBoxes are used to guide what data to fetch'and then not used
further, it might not be necessary to recalculate the offsets and sizes that they contain.

8.19.3 | General syntax

aligned (8) class CompressedBox (box type, replacement type)
extgnds Box (box type) {

it (8) compressed datall;// to end of box

}

8.19.4 |General semantics

compregsed data is the compressed payload of a box defined by the replacement type type. This datg
cortains the compressed box payload excluding the BoxHeader field of the uncompressed box.

replacgment type indicates the corresponding uncompressed box type.
8.19.5 | Original file-type box

8.19.5.1 Definition

Box Type: 'otyp’

Contairjer: File or originalFil&T{peBox
Mandatory: Yes (see below)

Quantitly: Zero or More

A file cdnformant tothis specification may have further transformation of its box structure, for example
it may @ise compressed top-level boxes. In this case, the resulting file may no longer be compliant with
the brapd prondises of the original file, as it requires the support for new tools (such as compressed
top-lev¢l boxes). For example, a file using a compressed MovieBox is no longer compliant to any brand
defined prier'to the introduction of compressed boxes.

The originalFileTypeBox is used to encapsulate brand information applying to the original file before
transformation but not valid in the transformed domain. There shall be at mostone originalFileTypeBox
after each FileTypeBox Or SegmentTypeBox. AN OriginalFileTypeBox shall contain the FileTypeBox
and, when present, the ExtendedTypeBox, of the file before transformation. In cases where a file uses
multiple transformations, nested originalFileTypeBox shall be used, and there shall be at most one
OriginalFileTypeBox in each OriginalFileTypeBox.

When present, an originalFileTypeBox shall follow a FileTypeBox Or SegmentTypeBox, with at most an
ExtendedTypeBox and/or FreeSpaceBox(es) in between.

The processing model for a file reader is equivalent to removing both FileTypeBox/segment TypeBox and
OriginalFileTypeBox, and inserting in their place the child boxes of the originalFileTypeBox. In the

120 © ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=2dd6b158ce2ae084dbcf17d7d656a904

ISO/IEC 14496-12:2022(E)

case of compressed top-level boxes, the resulting replacement and decompression of the file shall be a
compliant uncompressed ISOBMFF file.

8.19.5.2 Syntax

aligned(8) class OriginalFileTypeBox extends Box('otyp') {
}

8.19.6 Compressed movie box

B.19.6.1 Definition

Box Type: ' 'mov'

Replacement Type: "moov'
Mandatory: No

Quantity: Zero or One

A CompressedMovieBox contains a compressed version of a MovieBox BoxPaylbad. The replacemégnt type
bf the compressedMovieBox for the algorithm specified in subclause 8.19.1 (s moov'.

[here shall not be both a compressedMovieBox and a MovieBox in a file:

B8.19.6.2 Syntax

h1ligned (8) class CompressedMovieBox
extends CompressedBox ('!mov', 'moov') {

B.19.7 Compressed movie fragment box

B.19.7.1 Definition

Box Type: ' Imof"’

Replacement Type: "moof’
Mandatory: No

Quantity: Zero or One

A CompressedMovieFragmentBox contains a compressed version of a MovieFragmentBox BoxPayldad. The
replacement type of the céripressedvovieFragmentBox for the algorithm specified in subclause $.19.1 is
moof"'.

B.19.7.2 Syntax

bligned (8) glass CompressedMovieFragmentBox
extends~CompressedBox (' !mof', 'moof') {

B.19.8,.Compressed segment index box

170 92 1 Daofinitiaon
O+ O D CIITrcron

Box Type: ' Isix"

Replacement Type: 'sidx'
Mandatory: No

Quantity: Zero or More

A CompressedSegment IndexBox contains a Compressed version of a segmentIndexBox BoxPayload. The
replacement type of the compressedsegmentIndexBox for the algorithm specified in subclause 8.19.1 is
'sidx"'.

The referenced size and first offset fields of the uncompressed SegmentIndexBox payload shall be
expressed in the compressed domain: they document the size and position of the referenced item in the
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file, and the referenced items may contain compressed top-level boxes. This ensures that byte-ranges
computed from the referenced size fields always resolve in one or more top-level boxes of the file,
potentially using box compression.

If a physical version of the decompressed file is to be produced for later consumption, the referenced
size and first offset fields in the uncompressed payload may need to be updated according to the
new size of the referenced items after decompression.

If the segmentIndexBox references an external file using box compression the referenced size and
first offset fields shall also be expressed in the compressed domain for the same reason as stated

above.

8.19.8.2 Syntax

aligned (8) class CompressedSegmentIndexBox
extgnds CompressedBox ('!six', 'sidx') {

}
8.19.9 |Compressed subsegment index box

8.19.9.1 Definition

Box Type: ' Issx'

Replacgment Type: "ssix'
Mandatory: No

Quantity: Zero or More

A com ressedSubsegmentIndexBox contains a compressed version of a SubsegmentIndexBo3
BoxPayload. The replacement type of the Compressedsubségment IndexBox for the algorithm specified in
subclause 8.19.1 is 'ssix".

The rafge size fields of the uncompressed sups€gmentIndexBox payload shall be expressed in the
compressed domain: it documents the size of the partial subsegment in the subsegment, potentially
containfing compressed top-level boxes. This ensures that byte-ranges computed from the range sizd
fields always resolve in one or more top-level boxes of the file, potentially using box compression, or if
a subsef of a MediabDataBox payload.

8.19.9.2 Syntax

aligned (8) class CompressedSubsegmentIndexBox
extdgnds CompressedBox. (! Vssx', 'ssix') {

}

9 Hint track formats

9.1 RTP and:SRTP hint track format

9.1.1 |Overview

This subclause defines a hint track format for RTP; when processed by a server, the hint track shall
yield a stream of RTP packets that conform to IETF RFC 3550([2] and IETF RFC 3551101,

In standard RTP, each media stream is sent as a separate RTP stream; multiplexing is achieved by
using IP’s port-level multiplexing, not by interleaving the data from multiple streams into a single RTP
session. However, if MPEG is used, it may be necessary to multiplex several media tracks into one RTP
track (e.g. when using MPEG-2 transport in RTP, or FlexMux). Each hint track is therefore tied to a set
of media tracks by track references. The hint tracks extract data from their media tracks by indexing
through this table. Hint track references to media tracks have the reference type 'hint"'.
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This design decides the packet size at the time the server hint track is created; therefore, in the
declarations for the hint track, we indicate the chosen packet size. This is in the sample-description.
Note that it is valid for there to be several RTP hint tracks for each media track, with different packet
size choices. Similarly the time-scale for the RTP clock is provided. The timescale of the server hint
track is usually chosen to match the timescale of the media tracks, or a suitable value is picked for the
server. In some cases, the RTP timescale is different (e.g. 90 kHz for some MPEG payloads), and this
permits that variation. Session description (SAP/SDP) information is stored in UserbataBoxes in the
track.

Ssvsimny dot ; ; ; rtHgpr —set it tracks
bstablishes the correct transmission order and timestamps, perhaps using the transmission-ime offset
[0 set transmission times.

Hinted content may require the use of SRTP for streaming by using the hint track format fdr SRTP,
Hefined here. SRTP hint tracks shall form a stream of packets that shall conform te dlETF RFC 3711, and
hre formatted identically to RTP hint tracks, except that:

1) the sample entry name is changed from 'rtp ' to 'srtp' to indicate to the server that SRTP is
required;

P) an extra box is added to the sample entry which can be used to instruct the server in the nature of
the on-the-fly encryption and integrity protection that must beapplied.

D.1.2 Sample description format

D.1.2.1 Structure

RTP server hint tracks are hint tracks (media handler 'nint'), with an entry-format in the|sample
lescription of 'rtp ':

Flass RtpHintSampleEntry () extends Hin#SampleEntry ('rtp ') {
uint (16) hinttrackversion = I%
uint (16) highestcompatibleyie¥rsion = 1;
uint (32) maxpacketsize;

[he ninttrackversion is currently'1; the highest compatible version field specifies the oldest|version
vith which this track is backward-compatible.

['he maxpacketsize indicates the size of the largest packet that this track will generate.

[he additional data.i§ a set of boxes, from the following.

Flass timescaléentry () extends Box('tims') {
uint (32) fimescale;

Flass tumgoffset () extends Box('tsro') {
int (32) offset;

Eess—segrercecffset —extends—PBoxt s —
int (32) offset;

}

The timescale entry is required. The other two are optional. The offsets over-ride the default server
behaviour, which is to choose a random offset. A value of 0, therefore, will cause the server to apply no
offset to the timestamp or sequence number respectively.

An SRTP Hint Sample entry is used when it is required that SRTP processing is required.

class SrtpHintSampleEntry () extends HintSampleEntry ('srtp') {

uint (16) hinttrackversion = 1;
uint (16) highestcompatibleversion = 1;
uint (32) maxpacketsize;
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Fields and boxes are defined as for the RtpHintsampleEntry ("rtp ') of the ISO Base Media File Format.
However, an srTPProcessBox shall be included in an srtpHintSampleEntry as one of the additionaldata
boxes.

9.1.2.2 SRTP process box

BOX'Pype:‘srpp'

Container: SrtpHintSampleEntry
Mandatory: Yes

Quantitly: Exactly one

The srYpPProcessBox may instruct the server as to which SRTP algorithms should be applied.

aligned (8) class SRTPProcessBox extends FullBox('srpp', version, 0) {

unsigned int (32) encryption algorithm rtp;
unsigned int (32) encryption algorithm rtcp;
unsigned int (32) integrity algorithm rtp;
unsigned int (32) integrity algorithm rtcp;
SchgmeTypeBox scheme type box;
SchgmeInformationBox info;

}
The schemeTypeBox and schemeInformationBox have the syntax defined abpove for protected medi3

tracks. [They serve to provide the parameters required for applying SRTR.The schemeTypeBox is used td
indicat¢ the necessary key-management and security policy for the stréam in extension to the defined
algorithmic pointers provided by the srRTPProcessBox. The key-madagément functionality is also used
to establish all the necessary SRTP parameters as listed in IETE-RFC 3711:2004, Section 8.2. The exacf
definitipn of protection schemes is out of the scope of the file format.

The algorithms for encryption and integrity protection are defined by SRTP. The following forma
identifiprs are defined here. An entry of four spaces ($20520520520) may be used to indicate that thg
choice ¢f algorithm for either encryption or integrity protection is decided by a process outside the filg
format.

Format Algorithm

$20820p20520 The choice of algorithin for either encryption or integrity protection is decided by a
process outside the file format

ACM1 Encryption using AES in Counter Mode with 128-bit key, as defined in IETF RFC 3711:2004,
Section 4.1.1.

AF81 Encryptionyusing AES in F8-mode with 128-bit key, as defined in IETF RFC 3711:2004,
Section4:1.2.

ENUL Eneryption using the NULL-algorithm as defined in IETF RFC 3711:2004, Section 4.1.3.

SHM2 Integrity protection using HMAC-SHA-1 with 160-bit key, as defined in IETF RFC 3711:2004,
Section 4.2.1.

ANUL Integrity protection not applied to RTP (but still applied to RTCP). NOTE This is valid
Onb/ﬁn‘integrityialgorithmirtp.

9.1.3 |Sample format

9.1.3.1 Sample format definition

Each sample in a server hint track will generate one or more RTP packets, whose RTP timestamp is the
same as the hint sample time. Therefore, all the packets made by one sample have the same timestamp.
However, provision is made to ask the server to ‘warp’ the actual transmission times, for data-rate
smoothing, for example.

Each sample contains two areas: the instructions to compose the packets, and any extra data needed
when sending those packets (e.g. an encrypted version of the media data). The size of the sample is
known from the sample size table.
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aligned(8) class RTPsample {
unsigned int (16) packetcount;
unsigned int (16) reserved;
RTPpacket packets[packetcount];
byte extradatall]l;

}

9.1.3.2 Packet entry format

Each packet in the packet entry table has the following structure:

lj_kdu\:d\s) s RTPyapkct {
int (32) relative time;
// the next fields form initialization for the RTP
// header (16 bits), and the bit positions correspond
bit (2) RTP version;
bit (1) P bit;
bit (1) X bit;
bit (4) CSRC_count;
bit (1) M bit;
bit (7) payload type;
unsigned int (16) RTPsequenceseed;
unsigned int (13) reserved = 0;
unsigned int (1) extra flag;
unsigned int (1) bframe flag;
unsigned int (1) repeat flag;
unsigned int (16) entrycount;

if (extra flag) {
uint (32) extra information length;
box extra data tlv([];

}

dataentry constructors[entrycount];

[he semantics of the fields for RTP server hint tracks is specified below. RTP reception hint trdcks use
the same packet structure. The semantics of thé fields when the packet structure is used injan RTP
Feception hint track is specified in subclausg?9.4.1.4.

n server hint tracks, the relative tifue field ‘warps’ the actual transmission time away fijom the
tample time. This allows traffic smoothing.

['he following 2 bytes exactly overlay the RTP header; they assist the server in making the RTH header
[the server fills in the remaining fields). Within these 2 bytes, the fields RTP_version and cSR{ count
hre reserved in server (transmission) hint tracks and the server fills in these fields.

['he sequence seed isthebasis for the RTP sequence number. If a hint track causes multiple copigs of the
tame RTP packet tobe sent, then the seed value would be the same for them all. The server nprmally
hdds a random offset to this value (but see above, under 'sequenceoffset').

bxtra flag équal to 1 indicates that there is extra information before the constructors, in the [form of
type-length-value sets.

extrayinformation lengthindicatesthelengthinbytes ofall extrainformation before the constructors,
which includes the four bytes of the extra information length field. The subsequent boxes$ before
the constructors, referred to asthe TLV hoxes are aligned on 32-hit houndaries The hax size of any
TLV box indicates the actual bytes used, not the length required for padding to 32-bit boundaries.
The value of extra information length includes the required padding for 32-bit boundaries.

The rtpoffsetTLV ('rtpo') gives a 32-bit signed integer offset to the actual RTP timestamp to place
in the packet. This enables packets to be placed in the hint track in decoding order, but have their
presentation timestamp in the transmitted packet be in a different order. This is necessary for
some MPEG payloads.

The bframe flag indicates a disposable ‘b-frame’. The repeat flag indicates a ‘repeat packet’, one that
is sent as a duplicate of a previous packet. Servers may wish to optimize handling of these packets.
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9.1.3.3 Constructor format

There are various forms of the constructor. Each constructor is 16 bytes, to make iteration easier. The
first byte is a union discriminator:

aligned(8) class RTPconstructor (type) {
unsigned int (8) constructor type = type;

}

aligned(8) class RTPnoopconstructor
extend RTPconstructor (0)

{
uint (8) pad[1l5];
}

aligned (8) class RTPimmediateconstructor
extgnds RTPconstructor (1)

{

unsigned int (8) count;
unsigned int (8) data[count];
unsigned int (8) pad[1l4 - count];

}

aligned (8) class RTPsampleconstructor
extgnds RTPconstructor (2)

{

signed int (8) trackrefindex;

unsigned int (16) length;

unsigned int (32) samplenumber;
unsigned int (32) sampleoffset;
unsigned int (16) bytesperblock = 1;
unsigned int (16) samplesperblock = 1;

}

aligned (8) class RTPsampledescriptionconstructosn
extg¢nds RTPconstructor (3)
{
signged int (8) trackrefindex;
unsigned int (16) length;
unsigned int (32) sampledescriptidnindex;
unsigned int (32) sampledescrigtienoffset;
unsigned int (32) reserved;
}
The immediate mode permits the¢ insertion of payload-specific headers (e.g. the RTP H.261 header). Fot
hint tracks where the media is sent ‘in the clear’, the sample entry then specifies the bytes to copy from
the medlia track, by giving the)sample number, data offset, and length to copy. The track reference may
index into the table of trackreferences (a strictly positive value), name the hint track itself (-1), or the

only associated mediatrack (0). (The value zero is therefore equivalent to the value 1.)

The byfesperblock,and samplesperblock concern compressed audio, using a scheme prior to MP4, iy
which the audioframing was not evident in the file. These fields have the fixed values of 1 for MP4 files

The sanpledescription mode allows sending of sample descriptions (which would contain elementary
stream|descriptors), by reference, as part of an RTP packet. The index is the index of a sampleEntry in g
SampleDescriptionBox, and the oIfset1s relative to the beginning of that sampleEntry.

For complex cases (e.g. encryption or forward error correction), the transformed data would be placed
into the hint samples, in the extradata field, and then sample mode referencing the hint track itself
would be used.

Notice that there is no requirement that successive packets transmit successive bytes from the media
stream. For example, to conform with RTP-standard packing of H.261, it is sometimes required that a
byte be sent at the end of one packet and also at the beginning of the next (when a macroblock boundary
falls within a byte).
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9.1.4 SDP information

9.1.4.1 Overview

Streaming servers using RTSP and SDP usually use SDP as the description format; and there are
necessary relationships between the SDP information, and the RTP streams, such as the mapping
of payload IDs to MIME names. Provision is therefore made for the hinter to leave fragments of SDP
information in the file, to assist the server in forming a full SDP description. Note that there are required

SDP entries, which the server should also generate. The information here is only partial.

evel. The text in the movie-level SDP box should be placed before any media-specific lines(be
first ‘m="1in the SDP file).

D.1.4.2 Movie SDP information

At the movie level, within the UserpataBox, a hint information container box may occur:

hligned (8) class moviehintinformation extends Box ('hnti') {

hligned(8) class rtpmoviehintinformation extends Box ('rtp*)) {
uint (32) descriptionformat = 'sdp ';
char sdptextl[];

[he moviehintinformation box may contain informationfer multiple protocols; only RTP is
nere. The RTP box may contain information for various description formats; only SDP is defing
['he sdptext is correctly formatted as a series of lines;each terminated by <crlf>, as required by

D.1.4.3 Track SDP information

At the track level, the structure is similar;"\However, we already know that this track is an R
rrack, from the sample description. Therefore the child box merely specifies the description forj

hligned (8) class trackhintinformiation extends Box ('hnti') {

hligned (8) class rtptrack&dphintinformation extends Box('sdp ') {
char sdptext[];

['he sdptext is correctly.formatted as a series of lines, each terminated by <crlf>, as required by

D.1.5 Statisticaljinformation

5DP information is formatted as a set of boxes within UserbataBoxes, at both the movie and t}Le track

fore the

defined
bd here.
SDP.

TP hint
mat.

SDP.

n addition X0 the statistics in the hint media header, the hinter may place extra data in a
hintstatisticsbox, in the track user-data box. This is a container box with a variety of sub-bokes that
t may eontain.
blighed (8) class hintstatisticsbox extends Box ('hinf') {
aligned (8) class hintBytesSent extends Box('trpy') {
uint (64) bytessent; } // total bytes sent, including 12-byte RTP headers
aligned(8) class hintPacketsSent extends Box ('nump') {
uint (64) packetssent; } // total packets sent
aligned (8) class hintBytesSent extends Box('tpyl') {
uint (64) bytessent; } // total bytes sent, not including RTP headers
aligned (8) class hintBytesSent extends Box('totl') {
uint (32) bytessent; } // total bytes sent, including 12-byte RTP headers
aligned (8) class hintPacketsSent extends Box('npck') {
uint (32) packetssent; } // total packets sent
aligned (8) class hintBytesSent extends Box('tpay') {
uint (32) bytessent; } // total bytes sent, not including RTP headers
aligned (8) class hintmaxrate extends Box('maxr') { // maximum data rate
uint (32) period; // in milliseconds
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uint (32) bytes; } // max bytes sent in any period 'period' long
// including RTP headers

aligned(8) class hintmediaBytesSent extends Box ('dmed') {

uint (64) bytessent; } // total bytes sent from media tracks
aligned(8) class hintimmediateBytesSent extends Box ('dimm') {

uint (64) bytessent; } // total bytes sent immediate mode
aligned(8) class hintrepeatedBytesSent extends Box('drep') {

uint (64) bytessent; } // total bytes in repeated packets
aligned(8) class hintminrelativetime extends Box('tmin') {

int (32) time; } // smallest relative transmission time, milliseconds
aligned(8) class hintmaxrelativetime extends Box ('tmax') {

int 32y e TaTgeSt e gt IvVeE trasSmMISSI0N tIne, M T TSEeCogs
aligned (8) class hintlargestpacket extends Box('pmax') {

uint (32) bytes; } // largest packet sent, including RTP header
aligned (8) class hintlongestpacket extends Box ('dmax') {

uint (32) time; } // longest packet duration, milliseconds
aligned (8) class hintpayloadID extends Box ('payt') {

uint (32) payloadID; // payload ID used in RTP packets

uint (8) count;

chaj rtpmap_ string[count]; }
NOTE It is possible that not all these sub-boxes are present, and that there can be multiple hintmaxratg
boxes, cpvering different periods.

9.2 ALC/LCT and FLUTE hint track format

9.2.1

The file format supports multicast/broadcast delivery of files with"FEC protection. Files to be delivered

are sto

informdtion on how the files are partitioned into source*symbols. For each source block of a FE(
encodirlg, additional parity symbols can be pre-computéd and stored as FEC reservoir items. The
partitigning depends on the FEC scheme, the target packet size, and the desired FEC overhead. Pre
compoded source symbols can be stored as File reservoir items to minimize duplicate information ir

the con

containfserver instructions that facilitate the eficapsulation of source and FEC symbols into packets.

FD hing tracks have been designed for the ALC/LCT (asynchronous layered coding/layered coding
transpqrt) and FLUTE (file delivery overunidirectional transport) protocols. LCT provides transporf
level sufport for reliable content delivery and stream delivery protocols. ALC is a protocol instantiatior

of the
distrib
unidire

FLUTE

the ALQ/LCT sessiongand provides mechanisms for in-band delivery and updates of FDT. In contrast
ALC/L(T relies on.otlter means for out-of-band delivery of file metadata, e.g., an electronic service guide

that is
fragme

File paftitionings and FEC reservoirs can be used independently of FD hint tracks and vice versa. The

former

Overview

ed as items in a container file (defined by the file format) and the vMetaBox is amended with

kainer file especially with MBMS-FEC. Theé\actual transmission is governed by hint tracks tha

CT building block, and it-serves as a base protocol for massively scalable reliable multicast
tion of arbitrary binany pbjects. FLUTE builds on top of ALC/LCT and defines a protocol for
ctional delivery of files,

Hefines a file delivery table (FDT), which carries metadata associated with the files delivered ix

normally~delivered to clients well in advance of the ALC/LCT session combined with updatg
hts that-ean be sent during the ALC/LCT session.

iAo dAncign Af it b olre o d Sl Slbns bt bt b nlee A g yazidlh SO+t DRC Al nade

T CIIC O C ST TT UT I C Cr atiscS aticr artovy arcCT Rative-ttt aClIcs, Crgs vV It UIicT e T G OoveTiatats,

to re-use the same FEC symbols. They also provide means to access source symbols and additional
FEC symbols independently for post-delivery repair, which may be performed over ALC/LCT or FLUTE
or out-of-band via another protocol. In order to reduce complexity when a server follows hint track
instructions, hint tracks refer directly to data ranges of items or data copied into hint samples.

Itisrec

ommended that a server sends a different set of FEC symbols for each retransmission of a file.

The syntax for using the MetaBox as a container file for source files is defined in 8.10.4, partitions, file
and FEC reservoirs are defined in 8.12.8, while the syntax for FD hint tracks is defined in 9.2.

128
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9.2.2 Design principles

022(E)

The support for file delivery is designed to optimize the server transmission process by enabling ALC/
LCT or FLUTE servers to follow simple instructions. It is enough to follow one pre-defined sequence
of instructions per channel in order to transmit one session. The file format enables storage of pre-

computed source blocks and symbol partitionings, i.e., files may be partitioned into symbol
fit an intended packet size, and pre-computing a certain amount of FEC-symbols that also

s which
can be

used for post-session repair. The file format also allows storage of alternative ALC/LCT or FLUTE

transmission session instructions that may lead to equivalent end results. Such alternatives

simultaneous transmission over multiple channels.

t is important to make a difference between the definition of sessions fon\transmission

scheduling applications decide such details, which are not important for optimizing trans

scheduling, target addresses and ports, source addresses and ports,and so-called transmission
dentifiers (TSI).

[he sample numbers associated with the samples of a-file delivery hint track provide a nu
sequence. Hint track sample times provide send times ‘of ALC/LCT or FLUTE packets for a
bitrate. Depending on the actual transmission bitrate,)an ALC/LCT or FLUTE server may appl

.CT or FLUTE packets in a timely manner.

Storage format of a single file

File item FEC reservoir item s

FEC for Src Block #1

may be

jterded-for differentchammetcomditions because of higher FE€ protectiomoreverr by usingdifferent

error correction schemes. Alternative sessions can refer to a common set of symbols. TheAint tracks
hre flexible and can be used to compose FDT fragments and interleaving of such fragments within the
hctual object transmission. Several hint tracks can be combined into one or more sessions involving

ind the

scheduling of such sessions. ALC/LCT and FLUTE server files only address pptimization of the server
fransmission process. In order to ensure maximal usage and flexibility of such pre-defined sessjons, all
letails regarding scheduling addresses, etc. are kept outside the definition’of the file format. Hxternal

mission

bessions per se. In particular, the following information is out-of‘scope of the file formdt: time

session

mbered
default
y linear

[ime scaling. Sample times may simplify the scheduling process, but it is up to the server to send ALC/

A schematic picture of a file containing thrée’alternative hint tracks with different FEC overhepd for a
source file is provided in Figure 4. In this example, each source block consists of only one sub-block.

S A | FEC for SrcBlock #2
track #1
(10% FEC) | Src Sym [0-5119] | FEC Sym #110-511] | SrcSym[5120-10240] | FEC Sym #2 [0-511] | _
track #2
(<120 FEC)_|___ SteSym [0-5119] [ FECsym#1(0-6141 | SrcSym(5120-10240] | FECSym #2[0-614] |
track #3
(14% FEC) | Src Sym [0-5119] | FECSym#1[0-716] | srcSym[5120-10240] | FECSym#2[0-716] |

»

Figure 1 — Different FEC overheads of a source file provided by alternative hint tracks
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The source file in Figure 4 is partitioned into 2 source blocks containing symbols of a fixed size. FEC
redundancy symbols are calculated for both source blocks and stored as FEC reservoir items. As the
hint tracks reference the same items in the file there is no duplication of information. The original
source symbols and FEC reservoirs can also be used by repair servers that don’t use hint tracks.

9.2.3 Sample description format

9.2.3.1 Definition

FD hint tracks are tracks with handler type 'hint' and with the entry-format 'fdp ' in the
SamplellescriptionBox. The FD hint sample entry is contained in the samplebescriptionBox.

9.2.3.2| Syntax

class PDHintSampleEntry () extends HintSampleEntry ('fdp ') {

unsigned int (16) hinttrackversion = 1;
unsigned int (16) highestcompatibleversion = 1;
unsigned int (16) partition entry ID;

unsigned int (16) FEC overhead;

}
9.2.3.3| Semantics

partitjon entry ID indicates the partition entry in the FDItemInforriaXionBox. A zero value indicates
that no partition entry is associated with this sample entry;.€.g., for FDT. If the corresponding
FD|hint track contains only overhead data this value shouldvindicate the partition entry whoseg
ovdrhead data is in question.

FEC ovqrhead is a fixed 8.8 value indicating the percentage protection overhead used by the hin{
sample(s). The intention of providing this value is to:provide characteristics to help a server select
a session group (and corresponding FD hint tragks). If the corresponding FD hint track contains
onlly overhead data this value should indicate thi€ protection overhead achieved by using all FD hin{
tragks in a session group up to the FD hint track in question.

The nifttrackversion and highestcompatibleversion fields have the same interpretation as in thg
RTP hint sample entry described in 9.12.;As additional data a timescaleentry box may be provided. If
not proyided, there is no indication given on timing of packets.

File enfries needed for an FDT or an electronic service guide can be created by observing all sample
entries|of a hint track and the\corresponding item information boxes of the items referenced by the
above partition entry IDs. No.sample entries shall be included in the hint track if they are not referenced
by any $ample.

9.2.4 |Sample format

9.2.4.1 Saniple container

Each FI) Sample in the hint track will generate one or more FD packets.

Each sample contains two areas: the instructions to compose the packets, and any extra data needed
when sending those packets (e.g., encoding symbols that are copied into the sample instead of residing
in items for source files or FEC). The size of the sample is known from the sample size table.

aligned(8) class FDsample extends Box('fdsa') {
FDPacketBox packetbox[]
ExtraDataBox extradata; //optional

}

Sample numbers of FD samples define the order they shall be processed by the server. Likewise,
FDpacketBoxes in each FD sample should appear in the order they shall be processed. If the
timescaleentry box is present in the FpHintSampleEntry, then sample times are defined and provide
relative send times of packets for a default bitrate. Depending on the actual transmission bitrate, a
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server may apply linear time scaling. Sample times may simplify the scheduling process, but it is up to
the server to send packets in a timely manner.

9.2.4.2 Packet entry format

Each packet in the FD sample has the following structure (see IETF RFC 3926,[31 IETF RFC 3450,[4] and
IETF RFC 3451[3D):

aligned (8) class FDpacketBox extends Box('fdpa') {

I.CTheaderTemplate I.CT header info;

unsigned int (16) entrycountl;

LCTheaderExtension header extension constructors[ entrycountl ];
unsigned int (16) entrycount2;

dataentry packet constructors[ entrycount2 ];

[he LCT header info contains LCT header templates for the current FD packet.’Header extension
constructors are structures which are used for constructing the LCT headep extensions.| Packet
constructors are used for constructing the FEC payload ID and the source symbols in an FD packet.

D.2.4.3 LCT header template format

[he LCT header template is defined as follows:

hligned (8) class LCTheaderTemplate {
unsigned int (1) sender current time present;
unsigned int (1) expected residual time present§
unsigned int (1) session close bit;
unsigned int (
(
(

1) object close bit;
unsigned int (4) reserved;
unsigned int (16) transport object identifier;

t can be used by a server to form an LCT header for a packet. Note that some parts of the header|depend
bn the server policy and are not included iwthe template. Some field lengths also depend on the LCT
header bits assigned by the server. The server may also need to change the value of the transport object
dentifier (TOI).

D.2.4.4 LCT header extension constructor format

[he LCT header extension censtructor format is defined as follows:

hligned (8) class LCTHegderextension {
unsigned int (8) (header extension type;
if (header ext@émnsion type > 127) {
unsigned Ant(8) content[3];
}
else {
unsigngg.int (8) length;
if (¥enagth > 0) {
uwnsigned int (8) content[ (length*4) - 2];
}

A pasitive value of the Ipngfh field QpP(‘iﬁPQ the ]Png‘rh of the canstructor content in mnl‘riplpc f 32 bit
words. A zero value means that the header is generated by the server.

The usage and rules for LCT header extensions are defined in IETF RFC 3451[2] (LCT RFC). The header
extension_type contains the LCT header extension type (HET) value.

HET values between 0 and 127 are used for variable-length (multiple 32-bit word) extensions. HET
values between 128 and 255 are used for fixed length (one 32-bit word) extensions. If the header
extension type is smaller than 128, then the length field corresponds to the LCT header extension
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length (HEL) as defined in IETF RFC 3451[5]. The content field always corresponds to the header
extension content (HEC).

NOTE A server can identify packets including FDT by observing whether EXT_FDT (header extension
type == 192)is present.

9.2.4.5 Packet constructor format

There are various forms of the constructor. Each constructor is 16 bytes in order to make iteration

1 Tho fivct hazbn 1o o da iy Aic st b g Mo o alont c o cdbs b oane o diond b0t AL o DDC oo g] o o
easler- IIC 111 OO0 LI)’ LU 10 d UITIVIT UIOUI TIIIIITIAdLVUL,. T IIC IJCILI\\.'L CUITIOLTI UL LUT O dI'vC UotLUu tuIIIcIivuvT 1 LU PG)’ IUAY

ID as well as source and parity symbols in an FD packet.

aligned (8) class FDconstructor (type) {
unsigned int (8) constructor type = type;

}

aligned (8) class FDnoopconstructor extends FDconstructor (0)

{
unsjgned int (8) pad[15];
}

aligned (8) class FDimmediateconstructor extends FDconstructor (1)

{

unsjigned int (8) count;
unsigned int (8) data[count];
unsjgned int (8) pad[l4 - count];

}

aligned (8) class FDsampleconstructor extends FDconstrultor (2)

{

signed int (8) trackrefindex;
unsjigned int (16) length;

unsigned int (32) samplenumber;
unsjgned int (32) sampleoffset;
unsigned int (16) bytesperblock = 1;
unsjigned int (16) samplesperblock = 1;

}

aligned (8) class FDitemconstructor eXtends FDconstructor (3)

{

unsigned int (16) item ID;

unsigned int (16) extent iAdeEx;

unsigned int (64) data ofifset; //offset in byte within extent

unsjgned int (24) data Wlength; //non-zero length in bytes within extent or

//1if (data_length==0) rest of extent
}

aligned (8) class FDit@meonstructorLarge extends FDconstructor (5)

{

unsigned int (32) item ID;

unsjgned int (82) extent index;

unsigned igt (64) data offset; //offset in byte within extent

unsigned fnt (24) data_ length; //non-zero length in bytes within extent or

//1if (data_length==0) rest of extent
}

aligned(8Y class FDxmlboxconstructor extends FDconstructor(4)

{

unsigned int (64) data offset; //offset in byte within XMLBox or BinaryXMLBox
unsigned int (32) data_ length;
unsigned int (24) reserved;

}
9.2.4.6 Extra data box

Each sample of an FD hint track may include extra data stored in an ExtrabataBox:

aligned(8) class ExtraDataBox extends Box('extr') ({
FECInformationBox feci;
bit (8) extradatal];
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9.2.4.7 FEC information box

9.2.4.7.1 Definition

Box Type: 'feci"
Container: ExtrabDataBox
Mandatory: No
Quantity: Zero or One

fheFecTaTormat tonBox stores FEC encoding 1D, FECinstance 1Damd FE€ paytoad TDwhicharejneeded
when sending an FD packet.

D.2.4.7.2 Syntax

bligned (8) class FECInformationBox extends Box ('feci') {
unsigned int (8) FEC encoding ID;
unsigned int (16) FEC instance ID;
unsigned int (16) source block number;
unsigned int (16) encoding symbol ID;

D.2.4.7.3 Semantics

FEC_encoding 1D identifies the FEC encoding scheme and-is subject to IANA registratipn (see
IETF RFC 5052), in which (i) value zero corresponds to the "Compact No-Code FEC qcheme"
also known as "Null-FEC" (IETF RFC 3695l8]); (ii),%alie one corresponds to the “MBMS FEC”
(3GPP TS 26.346l2]); (iii) for values in the range of0 to 127, inclusive, the FEC scheme is Fully-
Specified, whereas for values in the range of (128 to 255, inclusive, the FEC scheme is| Under-
Specified.

FEC_instance 1D provides a more specific identification of the FEC encoder being used for an| Under-
Specified FEC scheme. This value should’be set to zero for Fully-Specified FEC schemes and shall be
ignored when parsing a file with FEC_encoding_ID in the range of 0 to 127, inclusive. FEC_injstance_
ID is scoped by the FEC_encoding_ID/See IETF RFC 5052 for further details.

bource block number identifies from which source block of the object the encoding symbol(s) inp the FD
packet are generated.

bncoding symbol 1D identifies which specific encoding symbol(s) generated from the source block are
carried in the FD packet.

D.3 MPEG-2 transport hint track format

D.3.1 Overview

MPEG-2'TS  (transport stream) is a stream multiplex which can carry one or more programs, copsisting
bf audie; video and other media. The file format supports the storage of MPEG-2 TS in a hint trjack. An
MPEG-2 TS hint track can be used for both storage of received TS packets (as a reception hinf track),

ndiac 2 serverhinttraclk ucod faor the generation of an MPEG.2 TS
HHoS S e et et e S e e ot e S e S e O O Ve a1 o

The MPEG-2 TS hint track definition supports so-called “precomputed hints”. Precomputed hints make
no use of including data by reference from other tracks, but rather MPEG-2 TS packets are stored as
such. This allows reusing the MPEG-2 TS packets stored in a separate file. Furthermore, precomputed
hints facilitate simple recording operation.

In addition to precomputed hint samples, it is possible to include media data by reference to media
tracks into hint samples. Conversion of a received transport stream to media tracks would allow
existing players compliant with earlier versions of the ISO base media file format to process recorded
files as long as the media formats are also supported. Storing the original transport headers retains
valuable information for error concealment and the reconstruction of the original transport stream.
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9.3.2 Design principles

9.3.2.1 General principles
The design principles of the MPEG-2 TS hint track format are as follows.

A sequence of samples in an MPEG-2 TS hint track is a set of precomputed and constructed MPEG-2 TS
packets. Precomputed packets are TS packets which are stored unchanged in the case of reception or
will be sent as is. This is especially important where data cannot be de-multiplexed and elementary
stream§ TaANMOt e Credated = €.g. WHEIT the transport Streant 15 encrypted and is ot attowed to be
stored flecrypted. Therefore, it is necessary to be able to store the MPEG-2 TS as such in a hint track
Constrycted packets use the same approach as RTP hint tracks, i.e., the sample contains instruetions
for a stfeaming server to construct the packet. The actual media data is contained in otherstracks. A
track rg¢ference of type 'hint' is used.

9.3.2.2] Reusing existing transport streams

It was desired to reuse existing TS instances and therefore an additional mechafiism exists to cover 3
wide vqriety of existing TS recordings. These recordings may consist not only<of TS packets but havg
preceding or trailing data with each TS packet. A specific case for precedingdata is a 4-byte timestam
in front of each TS packet to remove the jitter of a transmission system. Alspecific case for trailing dat4
is the agldition of FEC when a TS packet is transmitted over an error-prone channel.

9.3.2.3| Timing

MPEG-3 TS defines a single clock for each program, runhing at 27MHz, which sampling value
is trangported as PCRs in the TS for clock recovery. The timescale of MPEG-2 TS Hint Tracks is
recomniended to be 90000, or an integer division or mulfiple thereof.

The deqoding time of a sample in a MPEG-2 TS Hint Frack is the reception/transmission time of the firs{
bit of tHat packet or packet group which is recommended to be derived from the PCR timestamps of thg
TS, sinde if the PCR times are used, piece-wisedlinearity can be assumed and the 'stts' table compactg
sensibly. The optional TsTimingBox in the sample description can be used to signal whether receptior
timing with or without clock recovery was used when the hint track is a reception hint track. In the
case of b server hint track PCR timing is‘assumed.

NOTE When there are multiplepackets in a sample, they cannot be given independent transmission timg
offsets.

9.3.2.4 Packet grouping

The sarhple format ferMPEG-2 Transport Stream Hint Tracks allows multiple TS packets in one sample
Specifiq applications; such as some IPTV applications, convey TS packets in an RTP stream. Only one
receptipn timestamp can be derived for all TS packets carried in one RTP packet. Another applicatior]
for stoning multiple TS packets in a sample is SPTSs, where a sample contains all the TS packets for 3
GoP. In this\case every sample is a random access point.

NOTE Tandom-access to every TS packet 1s not possible by the means of the file format if multiple TS packets
per sample are used.

In the case of an MPTS only one packet per sample should be used. This facilitates the use of the sample
group mechanism on a per-packet basis.

9.3.2.5 Random-access points

A sync sample is a point at which processing of a track may begin without error. Both MPTS and SPTS
are supported by MPEG-2 TS Hint Tracks, however a random access point that is marked as a sync
sample is normally only defined for SPTS, where it specifies the beginning of a packet that contains the
first byte of an independently decodable media access unit (e.g. MPEG-2 video [-frames or MPEG-4 AVC

134 © ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=2dd6b158ce2ae084dbcf17d7d656a904

ISO/IEC 14496-12:2022(E)

IDR pictures) of a stream that uses differential coding. For MPTS, the sync sample table would normally
be present but empty, indicating that there is no point in the track at which processing of the entire
track may begin without error. It is recommended that the PSI/SI be in the Sample Description so that
true random-access with just the media data is possible.

NOTE1 in the case of an MPTS, the sync sample table is present but empty (which means essentially that no
sample is a sync sample).

Note also that in case of an SPTS, samples including multiple TS packets should have a sync point (e.g.
GoP boundary) at the start of a sample. The sync sample table then marks the samples the sync points
[e.g. the start of GoPs); if the sync sample table is absent, all the samples are sync points. Ifjthe sync
sample table is present but empty, the sync sample positions are unknown and may be not.at the start
bf samples.

NOTE 2  An application searching for a key frame can start reading at that location, but in general it al§o has to
Fead further MPEG-2 TS packets (regarding the file format these are subsequent samples)se’that the decpder can
lecode a complete frame.

D.3.2.6 Application as a reception hint track

Reception hint tracks may be used when one or more packet streams(fjdata are recorded. They indicate
the order, reception timing, and contents of the received packets aitong other things.

NOTE 1  Players can reproduce the packet stream that was received based on the reception hint trgcks and
brocess the reproduced packet stream as if it was newly received:

Reception hint tracks have the same structure as hint tracks for servers.

[he format of the reception hint samples is indicated by the sample description for the receptjon hint
frack. Each protocol has its own reception hint sample format and name.

bervers using reception hint tracks as hints for sending of the received streams should harjdle the
potential degradations of the received streams, such as transmission delay jitter and packef losses,
bracefully and ensure that the constraints of the protocols and contained data formats are |obeyed
regardless of the potential degradations of the received streams.

NOTE 2  As with server hint tracks, the sample formats of reception hint tracks can enable constryction of
backets by pulling data out of other tracks by reference. These other tracks could be hint tracks or medip tracks.
[he exact form of these pointers is defined by the sample format for the protocol, but in general they cpnsist of
our pieces of information{ ajtrack reference index, a sample number, an offset, and a length. Some of thede can be
mplicit for a particularprotocol. These 'pointers' always point to the actual source of the data, i.e., indirject data
referencing is disallowed. If a hint track is built 'on top' of another hint track, then the second hint track will need
o have direct references to the media track(s) used by the first where data from those media tracks is glaced in
he stream.

freceived.data is extracted to media tracks, the de-hinting process must ensure that the media §treams
hre valid,ice. the streams must be error-free (which requires e.g. error concealment).

A sample with a size of zero is permitted in reception hint tracks, and such samples may be igndred.

9.3.3 Sample description format

9.3.3.1 Definition

The sample description for an MPEG2-TS reception hint track contains all static metadata that describe
the stream or a portion thereof, especially the PSI/SI tables. MPEG-2 TS reception hint tracks use an
entry-format in the sample description of 'rm2t' (which indicates MPEG-2 transport stream). The entry-
format for MPEG2-TS server hint tracks is 'sm2t'.

The static metadata documents e.g. PSI/SI tables. The presence of static metadata is optional. When
present, the static metadata shall be valid for the MPEG2-TS packets it describes. Consequently, if a
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piece of static metadata changes in the stream, a new sample entry is needed for the first sample at or
after the change. If static metadata is not present in the sample entry, structures, such as PSI/SI tables,
stored in the MPEG2-TS packets are valid and the stream must be scanned in order to find out which
values of static metadata are valid for a particular sample.

9.3.3.2 Syntax

class MPEG2TSReceptionSampleEntry extends MPEG2TSSampleEntry ( rm2t”) {
}

class MBEG2TSServerSamplelntry extends MPEG2TSSamplebntry (sm2t ) |

}
class NPEG2TSSampleEntry (name) extends HintSampleEntry (name) {

uintg (16) hinttrackversion = 1;

uintg (16) highestcompatibleversion = 1;
uint (8) precedingbyteslen;

uint (8) trailingbyteslen;

uintg (1) precomputed only flag;

uintg (7) reserved;

}
9.3.3.3] Semantics

hinttrdckversion is currently 1; the highestcompatibleversion field specifiés the oldest version with
whjch this track is backward-compatible.

precedingbyteslen indicates the number of bytes that are preceding’each MPEG2-TS packet (which
mayj e.g. be a time-code from an external recording device).

trailingbyteslen indicates the number of bytes that are at the end of each MPEG2-TS packet (which
may e.g. contain checksums or other data that was added-by a recording device).

precomguted only flagindicates whether the associatéd samples are purely precomputed if set to 1;

additiqdnaldata is a set of boxes. This set can contain boxes that describe one common version of thg
PSI)/SI tables by means of the paTBox or the.PMTBox or other data, e.g. boxes that are only valid for
a sample (which contains multiple packets)and describe the initial conditions of the STC or boxes
thalt define the content of the precedingor trailing data. There shall be at most one of each of PATBox
TSTimingBox, InitialSampleTimeBok present within additionaldata

The following optional boxes for additionaldata are defined:

aligned (8) class PATBox () ektends Box ('tPAT') {
uint (3) reserved;
uint (13) PID;
uint (8) sectiondatal];

}

aligned (8) class PMIBox () extends Box ('tPMT') {
uint (3) teserved;
uint (13) PID;
uint (8) sectiondatall;

}

aligned (8) “class ODBox () extends Box ('tOD ') {
uint (39 reserved;
uint (13) PID;
uint (8) sectiondatal];

}

aligned(8) class TSTimingBox () extends Box ('tsti') {
uint (1) timing derivation method;
uint (2) reserved;
uint (13) PID;

}

aligned(8) class InitialSampleTimeBox () extends Box ('istm') {
ulint (32) initialsampletime;
uint (32) reserved;

}
The paTBox contains the section data of the PAT and each pMTBox contains the section data of one of the

PMTs.
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In the case of an SPTS, it is strongly recommended that the pMTBox is present in the additionaldata. If
the PMT is not present in the sample data, then it shall be present in the additionaldata. If the PMTBox
is present, it shall be the PMT for the program contained in the sample data (although the recorded
stream may contain other programs and be an MPTS).

p1D is the PID of the MPEG2-TS packets from which the data was extracted. In the case of the paTBox this
value is always 0.

sectiondata extends to the end of the box and is the complete MPEG2-TS table, containing the
concatenated sections of an identical version number

initialsampletime Specifies the initial value of the sample times in case the sample times.do ot start
from 0. Unlike media tracks, MPEG-2 TS hint track usually have sample times not starting|from 0,
e.g., PCR times and reception times. Since 'stts' only stores the delta between sample tinjes, this
field is required for reconstructing the original sample times:

OriginalSampleTime (n) = initialsampletime + STTS (p)\

n case PCR times are used for sample times, the reconstructed sample time can be used to initialize
the STC when the sample is randomly accessed. Note that this field/imay need to be updated after
editing.

iming derivation method is a flag which specifies the methodwhich was used to set the sample time
for a given PID. The values for timing derivation method dre as follows:

0x0 reception time: the sample timing is derived from'the reception time. It is not guarantged that
the STC was recovered for derivation of the reception time.

0x1 piecewise linearity between PCRs: the sample time is derived from a reconstructed [STC for
this program. Piecewise linearity betwéen adjacent PCRs is assumed and all TS packets in the
samples have a constant duration in this range.

D.3.4 Sample format

D.3.4.1 Definition
Fach sample of an MPEG-2 TS.Hint track consists of a set of
— pre-computed packetsione or more MPEG-2 TS packets with the associated headers and trjilers

— constructed paekets: instructions to compose one or more MPEG2-TS packets with the asdociated
headers and trailers by pointing to data of another track.

Fach MPEG-2 TSpacket in the sample may be preceded with a preheader (precedingbytes), or fpllowed
by a posttrailer (trailingbytes), as detailed in the Sample Description Format. The size of the
preheader.and the posttrailer are specified by precedingbyteslen and trailingbyteslen, respgctively,
n the;sample description to allow compact sample tables with fewer chunks.

t“is possible for a mixture of precomputed and constructed samples to occur in the same frack. If
padding of the transport stream packet is required, this can be accomplished with the adaptation
field or explicitly by using the MPEG2TSTmmediateConstructor as appropriate.

NOTE1 The number of MPEG-2 TS packets in the sample can be derived from the sample size table directly if
the sample consists of pre-computed packets only, which is a conclusion if the precomputed only flag in the
sample entry is set. The number of MPEG-2 TS packets in the sample can be variable or restricted, e.g. extensions
of this file format can define a sample to contain exactly one packet.

NOTE 2  Itis possible to compact common sequences of bytes in transport packets by including those bytes in
one or more packets directly for example in their precedingbytes or trailingbytes section, and then using
the MPEG2TSSampleConstructor in other places to refer to them; this is especially relevant for runs of 0xFF
bytes.
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Syntax

// Constructor format
aligned(8) abstract class MPEG2TSConstructor (uint(8) type) {
uint (8) constructor type = type;

}

aligned(8) class MPEG2TSImmediateConstructor
extends MPEG2TSConstructor (1) {

uint (8) immediatedatalen;
uint (8) data[immediatedatalen];
}
aligned (8) class MPEG2TSSampleConstructor
extgnds MPEG2TSConstructor (2) {
uint (8) sampledatalen;
uintg (16) trackrefindex;
uint (32) samplenumber;
uint (32) sampleoffset;
}
// Packet format
aligned (8) class MPEG2TSPacketRepresentation {
uin{ (8) precedingbytes|[precedingbyteslen];
uint (8) sync _byte;
if |sync byte == 0x47) {
int (8) packet[187];
} else if (sync byte == 0x00 || sync byte == 0x01) {
int (8) headerdatalen;
int (4) reserved;
int (4) num_constructors;
it (1) transport error indicator;
it (1) payload unit start indicator;
it (1) transport priority;
it (13) PID;
it (2) transport scrambling control;
it (2) adaptation field control;
it (4) continuity counter;
1f (sync byte == 0x00 && (adaptation field control == "10" ||
adaptation field control == "117))._\{
uint (8) adaptation field[headerdatalen-3];
NPEG2TSConstructor constructoprsf{hum constructors];
} else if (sync byte == 0xFF) {

}

uint
}
// Samy
aligne

MPE
}

9.3.4.3

preced]
dey

/ implicit null packet that ‘has been removed
(8) trailingbytes|[trailingbyteslen];
le format

(8) class MPEG2TSSample {
2TSPacketRepresgrwbation sample[];

Semantics

ngbyteshcontains any extra data preceding the packet, typically provided by the recording
ice. Feriexample, this may include a timestamp.

sync_Dby

teDif this value is 0x47, then the packet representation contains a transport stream packef

(a

precomputed reception hint track sample), with the remaining bytes following in the

field packet. The values 0x00 and 0x01 are used for constructed packet representation(s). If
MPEG2TSSampleConstructor is used to construct packet representation(s), it points to a track
indexed by trackrefindex in the TrackReferenceBox with reference type 'nint'. If this value is
0xFF, it implies that a null packet has been removed at this position. All other values are currently
reserved.

trackrefindex indexes in the TrackReferenceBox with reference type 'nint' to indicate with which
media track the current sample is associated. The samplenumber and sampleoffset fields in the

MPE

G2TsSampleConstructor pointinto this media track. The trackrefindex starts from value 1. The

value 0 is reserved for future use.
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packet: The MPEG-2 TS packet, apart from the sync byte (0x47).

The MPEG2TSConstructor array is a collection of one or more constructor entries, to allow for
multiple access units in one transport stream packet. An MPEG2TSImmediateConstructor can
contain, amongst others, the PES header. An MPEG2TSSampleConstructor references data in the
associated media track. The sum of headerdatalen and the datalen fields of all constructors of
an mMpEG2TSPacket shall be equal to the length of the transport stream packet being constructed,

minus 1 byte, which is 187.

bamplenumber indicates the sample within the referred track contained in the packet and sdnpT
indicates the starting byte position of the referred media sample contained in the packet o
sampledatalen bytes are included. sampleoffset starts from value 0.

i mmediatedatalen indicates the number of bytes within the field data that are included in the
rather than data being included into the sample by reference to a media track.

headerdatalen indicates the length of the TS packet header (without the sync byte) in bytes. T}
has the value 3 if the adaptation field is not present or the valuefdaptation field ler
where adaptation field length isthe first octet of the structuresdaptation field asde
ISO/1EC 13818-11151,

Neither the format of precedingbytes nor trailingbytes are,défined by this document.

[he remaining fields (transport error indicator, spayload unit start indicator, tra
priority, PID, transport scrambling control, adaptation field control, continuity d
hdaptation field) of the sample structure containaycopy of the packet header of the TS pa
lefined in in ISO/IEC 13818-1[12],

D.3.5 Protected MPEG 2 transport stream-hint track

D.3.5.1 Overview

trailingbutes contains any extra data fn]]m/\ring the pqr‘kpf For mmmp]p, this may include a checksum.

boffset
f which

sample

his field
gth+3),
fined in

hsport
ounter,
cket, as

['his subclause defines a mechanistifor marking media streams as protected. This works by c
the four character code of the“SampleEntry, and appending boxes containing both detail

brotection mechanism and._the’ original four character code. However, in this case the trac
brotected; it is an ‘in the ¢léar’ hint track which contains protected data. This subclause descri

hint tracks should be marked as carrying protected data, using a similar mechanism, and utilij
bame boxes.

D.3.5.2 Syntax

flass ProteetedMPEG2TransportStreamSampleEntry
extenids '"MPEG2TSSampleEntry ("pm2t') {
ProteetionSchemeInfoBox SchemeInformation;

D.3.)5.3 Semantics

anging
of the
is not
es how
ring the

The ProtectionschemeInfoBox (defined in 8.12.2) shall contain details of the protection scheme applied.
This shall include the originalFormatBox which shall contain the original sample entry type of the

MPEG2TSSampleEntry.
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9.4 RTP, RTCP, SRTP and SRTCP reception hint tracks
9.4.1 RTP reception hint track

9.4.1.1 Overview

This subclause specifies the reception hint track format for the real-time transport protocol (RTP), as
defined in IETF RFC 3550021,

RTP is jused for real-time media transport over the Internet Protocol. Each RTP stream carries onsg
media §ype, and one RTP reception hint track carries one RTP stream. Hence, recording of an audjo
visual grogram results into at least two RTP reception hint tracks.

The degign of the RTP reception hint track format follows as much as possible the design of the RTH
server hint track format. This design should ensure that RTP packet transmissioncgperates very
similarly regardless whether it is based on RTP reception hint tracks or RTP server hint tracks
Furthemore, the number of new data structures in the file format was consequently kept as small as
possiblg.

The forjmat of the RTP reception hint tracks allow storing of the packet payloads in the hint samples
or converting the RTP packet payloads to media samples and including them by reference to the hinf
sample$, or combining both approaches. As noted earlier, conversion: of received streams to medi3
tracks pllows existing players compliant with earlier versions of the ISO base media file formaf
to process recorded files as long as the media formats are alsossupported. Storing the original RTH
headerg retains valuable information for error concealment and.thé reconstruction of the original RTH
stream| It is noted that the conversion of packet payloads to media samples may happen "off-line" aftet
recordihg of the streams in precomputed RTP reception hinttracks has been completed.

9.4.1.2| Sample description format

The enfry-format in the sample description for the'RTP reception hint tracks is 'rrtp'. The syntax of
the saniple entry is the same as for RTP serverhint tracks having the entry-format 'rtp .

class HeceivedRtpHintSampleEntry () extehds HintSampleEntry ('rrtp') {

uintg (16) hinttrackversion % 17
uintg (16) highestcompatibleversion = 1;
uintf (32) maxpacketsizes

}
The enffry-format identifier in the sample description of the RTP reception hint track is different fromnj
the entfy-format in the sample description of the RTP server hint track, in order to avoid using an RTH
receptipn hint track that contains errors as a valid server hint track.

The additionaldata-Sefof boxes may include the timescaleentry and timeoffset boxes. Moreover, thg
additiqnaldata maycontain a timestamp synchrony box.

The tifiescaleentry box shall be present and the value of timescale shall be set to match the clocK
frequer|cy.of the RTP timestamps of the stream captured in the reception hint track.

The tidectfset—maybe-present—tHthetimeoffsetboxisnot-present-the-value-of-thefieldorfeetis
inferred to be equal to 0. The value of the field offset is used for the derivation of the RTP timestamp,
as specified in 9.4.1.4.

RTP timestamps typically do not start from zero, especially if an RTP receiver 'tunes' into a stream. The
timeoffset box should therefore be present in RTP reception hint tracks and the value of offset in the
timeoffset box should be set equal to the first RTP timestamp of the RTP stream in reception order.

Zero or one timestampsynchrony boxes may be present in the additionaldata of the sample entry for
a RTP reception hint track. If a timestampsynchrony box is not present, the value of timestamp sync is
inferred to be equal to 0.
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class timestampsynchrony () extends Box('tssy') {
unsigned int (6) reserved;
unsigned int (2) timestamp sync;
}
timestamp sync equal to 0 indicates that the RTP timestamps of the present RTP reception hint track
derived from Formula 1 (in 9.4.1.4) may or may not be synchronized with RTP timestamps of other

RTP reception hint tracks.

timestamp_sync equal to 1 indicates that the RTP timestamps of the present RTP reception hint track
derived from Formula 1 (in 9.4.1.4) reflect the received RTP timestamps exactly (without corrected
Synchronization to any other RTP reception Nint track).

Fimestamp sync equal to 2 indicates that RTP timestamps of the present RTP receptién hint track
derived from Formula 1 (in 9.4.1.4) are synchronized with RTP timestamps of other RTP reception
hint tracks.

When timestamp sync is equal to 0 or 1, a player should correct the inter-stréam synchrompization
1sing stored RTCP sender reports. When timestamp sync is equal to 2, the media contained in the RTP
reception hint tracks can be played out synchronously according to the reconstructed RTP timgstamps
ithout synchronization correction using RTCP Sender Reports. If it is expected that the RTP reception
hint track will be used for re-sending the recorded RTP stream, it is recommended that t imestafp sync
be set equal to 0 or 1, because the stored RTCP sender reports can pe-reused.

Fimestamp sync equal to 3 is reserved.
['he value of timestamp sync shall be identical for all RTP reception hint tracks present in a file.

When RTCP is also stored, using an RTCP hint track, the timestamp relationship between the RTP and
RTCP hint tracks can only be maintained if the RTP timestamps are anchored by using a set time offset
['tsro') in the RTP track, and hence the time offsetis’'mandatory if RTCP is stored in an RTCP hinjt track.

/.ero or one ReceivedssrcBox identified withithe four-character code 'rssr' shall be presenf in the
hdditionaldata of a sample descriptor entfy of a RTP reception hint track:

Flass ReceivedSsrcBox extends Box (™ssr') {
unsigned int (32) SSRC

[he ssrc value shall equal the SSRC value in the header of all recorded SRTP packets described by the
sample description.

D.4.1.3 Sample format

['he sample format.of RTP reception hint tracks is identical to the syntax of the sample format of the RTP
server hint tragks~Each sample in the reception hint track represents one or more received RTP packets.
f media frames are not both fragmented and interleaved in an RTP stream, it is recommended that
pach sample'represents all received RTP packets that have the same RTP timestamp, i.e., condecutive
packets'inRTP sequence number order with a common RTP timestamp.

Fach . RTP reception hint sample contains two areas: the instructions to compose the packet, and any
pxtra data needed for composing the packet, such as a copy of the packet payload. The size of the[sample
is known from the sample size table.

Since the reception time for the packets may vary, this variation can be signalled for each packet as
specified subsequently.

A sample with a size of zero is permitted in reception hint tracks, and such samples may be ignored.

9.4.1.4 Packet entry format

Each packet in the packet entry table has same structure as for server (transmission) hint tracks, in
9.1.3.2.
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Where i is the sample number of a sample, the sum of the sample time DT(i) as specified in 8.6.1.2 and
relative time indicates the reception time of the packet. The clock source for the reception time is
undefined and may be, for instance, the wall clock of the receiver. If the range of reception times of a
reception hint track overlaps entirely or partly with the range of reception times of another reception
hint track, the clock sources for these hint tracks shall be the same.

It is recommended that receivers may use a constant value for sample delta in the decoding
TimeToSampleBox as much as reasonable and smooth out packet scheduling and end-to-end delay
variation by setting relative time adaptively in stored reception hint samples. This arrangement
Of Sett lls thC va}uco Uf dl[lpJ.e_u'c‘J_Ld aud LBJ_dLJI_ B_LJ‘.I[LG cdall fcu.i}itatc d LUllllJaLt dCLUdillE
TimeTo$ampleBox. In this case timestamp sync is setto 1, the sample durations are mostly constant,ane
the timgoffset is stored in the sample entry.

The values of RTP version, P_bit, X bit, CSRC count, M bit, payload type, and RTPsequencgseéed shal
be set ¢qual to the V, P, X, CC, M, PT and sequence number fields of the RTP packet captured in thg
sample

The fields bframe flagand repeat flagare reserved in reception hint tracks and shall be zero.

The serhantics of extra flagand extra information length are identical tothose of specified for thg
RTP seqfver hint tracks.

The following TLV boxes are specified: rtphdrextTLV, rtpoffsetTLV, ré&ceivedCSRC.

If the ¥ pit is set a single rtphdrextTLv box shall be present fer{storing the received RTP header
extensipn.

aligned (8) class rtphdrextTLV extends Box('rtpx') {
unsjgned int (8) datall;

}

data is the raw RTP header extension which is application-specific.

The synfjtax of the rtpoffsetTLV box is specified in\9.1.3.2.

offset |ndicates a 32-bit signed integer offset to the RTP timestamp of the received RTP packet. Let i be
the sanjple number of a sample, DT(i) be.equal to DT as specified in 8.6.1.2 for sample number i, tsro
offset pe the value of offset in the t ime&ffset box of the referred reception hint sample entry, and % be
the modlulo operation. The value of of fset shall be such that Formula (1) is true:

RTPtimestamp = (DT; +tsrowoffset + offset )mod 232 1]
p i ]

NOTE 1| When each recéption hint sample represents all received RTP packets that have the same RTH
timestamp, the value of sample deltainthe decoding TimeToSampleBox canbe setto match the RTP timestamp
In otherl words, DT(i};)as’specified above, can be set equal to (the RTP timestamp - tsro.offset — offset]
(assumipg that the riesulting value would be greater than or equal to 0). This is recommended.

NOTE 2| RTP%imestamps do not necessarily increase as a function of RTP sequence number in all RTP streams
i.e., trarjsmi§sion order and playback order of packets might not be identical. For example, many video coding
schemeq allow bi-prediction from previous and succeeding pictures in playback order. As samples appeat
in tracksmtheirdecoding order; e i receptiomr order i tase of RTPreceptiom hinttracks, orfserimthe
rtpoffsetTLV box can be used to warp the RTP timestamp away from the sample time DT(i).

For the purpose of edits in EditListBoxes, the composition time of a received RTP packet is inferred to
be the sum of the sample time DT(i) and offset as specified above.

If the value of csrc count is not equal to zero, a receivedcsrc box may be present for storing the
received CSRC header fields for each RTP packet. The receivedcsrc box is identified with the four-
character code 'rcsr’

aligned (8) class receivedCSRC extends Box('rcsr') {

unsigned int (32) CSRC[]; //to end of the box
}
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The number of entries in csrc[] equals the cc value of received SRTP packets. The nth entry of csrc]
shall equal the nth CSRC value of the RTP packet header.

9.4.1.5 SDP information

Both movie and track SDP information may be present, as specified in 9.1.4.

9.4.2 RTCP reception hint track

D.4.2.1 Overview

[his subclause specifies the reception hint track format for the real-time control protocol [RTCP),
Hefined in IETF RFC 3550021,

RTCP is used for real-time transport of control information for an RTP session’ over the Internet
Protocol. During streaming, each RTP stream typically has an accompanying RTEP stream that|carries
control information for the RTP stream. One RTCP reception hint track carries one RTCP strearh and is
hssociated to the corresponding RTP reception hint track through a trackreference.

[he format of the RTCP reception hint tracks allows the storage of RTCP Sender Reports in the hint
samples.

[he RTCP sender reports are of particular interest for stredm recording, because they reflect the
current status of the server, e.g., the relationship of the media timing (RTP timestamp of audip/video
packets) to the server time (absolute time in NTP format). Knowledge of this relationship|is also
hecessary for playback of recorded RTP reception hintitracks to be able to detect and correct clqck drift
hnd jitter.

[he timestampsynchrony box as specified in 9.4.1.2 makes it possible to correct clock drift and jitter
pefore playing a file, and therefore recording*of RTCP streams is optional when timestamp]sync is
pqual to 2.

[here is no server hint track equivalent for the RTCP reception hint track, since RTCP messdges are
benerated on-the-fly during transmission.

D.4.2.2 General

[here shall be zero orcone RTCP reception hint track for each RTP reception hint track. Ap RTCP
reception hint tracksshall contain a TrackreferenceBox including a reference of type 'cdsc| to the
hssociated RTP recéption hint track.

When i is the sample number of a sample, the sample time DT(i) as specified in 8.6.1.2 indicjtes the
reception tifme-of the packet. The clock source for the reception time shall be the same as|for the
hssociated\RTP reception hint track. The value of timescale in the MediaHeaderBox of an RTCP reception
nint track'shall be equal to the value of t imescale in the MediaHeaderBox of the associated RTP reception
hingtrack.

9.4.2.3 Sample description format
The entry-format in the sample description for the RTCP reception hint tracks is 'rtcp'. It is

otherwise identical in structure to the sample entry format for RTP. There are no defined boxes for the
additionaldata field.

9.4.2.4 Sample format

9.4.2.4.1 Overview

Each sample in the reception hint track represents one or more received RTCP packets. Each sample
contains two areas: the raw RTCP packets and any extra data needed. The size of the sample is known
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from the sample size table, and that the size of an RTCP packet is indicated within the packet itself (as
documented in IETF RFC 3550[2]), as a count one less than the number of 32-bit words in that packet.

9.4.2.4.2 Syntax

aligned(8) class receivedRTCPpacket ({
unsigned int (8) datall;

}

aligned(8) class receivedRTCPsample {
unsigned int (16) packetcount;
unsigned 1nt (16) reserved;
recgivedRTCPpacket packets|[packetcount];

}
9.4.2.4]3 Semantics

data contains a raw RTCP packet including the RTCP report header, the 20-byte senderinformatior
blork and any number of report blocks. The size of each RTCP packet is known by pagsing the 16-bif
length field of the RTCP header.

packetqount indicates the number of received RTCP packets contained in the sample.

packetg contains the received RTCP packets.
9.4.3 |SRTP reception hint track

9.4.3.1| Overview

When rleception hint tracks are used to store secure real-tiine transport protocol (SRTP) streams, as
defined/in [ETF RFC 3711, the formats in this subclause.shall be used.

SRTP is|a secure extension of the real-time media transport (RTP) over the internet protocol. Each SRTH
stream|carries one media type, and one SRTP reception hint track carries one SRTP stream. Hence
recordipg of an audio-visual program results into at least two SRTP reception hint tracks.

The degign of the SRTP reception hint track format follows the design of RTP reception hint tracks and
reuses most of the framework provided by RTP reception hint tracks. The major difference betweer
RTP ang SRTP reception hint tracks.is that the actual media payload is stored in an encrypted form fo1
SRTP re¢ception hint tracks, whereas it is unencrypted for RTP reception hint tracks. SRTP receptior]
hint trdcks provide additional boxes to store information necessary to decrypt encrypted content or
playbadk. Additionally, all header fields of the SRTP packet header shall be stored with the payload, as
this infprmation is necessdryto check the integrity of the received data. SRTP reception hint tracks arg
commoply used togethet-with SRTCP reception hint tracks.

SRTP r¢ception hinttracks may, for example, be used to store protected mobile TV content.

9.4.3.2| Sample description format

9.4.3.2{1 "~ Sample description entry

The sample description format for SRTP reception hint tracks is identical to that for RTP reception hint
tracks with the exception that the sample entry name is changed from 'rrtp' to 'rsrp' and that it may
contain additional boxes:

class ReceivedSrtpHintSampleEntry () extends HintSampleEntry ('rsrp') {

uint (16) hinttrackversion = 1;
uint (16) highestcompatibleversion = 1;
uint (32) maxpacketsize;

}

Fields and boxes are identical to those of the ReceivedRtpHintSampleEntry ('rrtp'). The
addtionaldata[] of each sample description entry of a SRTP reception hint track shall contain exactly
one ReceivedSsrcBox.
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Additionally, the additionaldata]] may contain the ReceivedCryptoContextIdBox and the
RolloverCounterBox defined below. Furthermore, an srTpprocessBox shall also be included as one of the
additionaldata boxes. As the content is stored encrypted, the integrity and the encryption algorithm
fields in the SRTP Process box specify the algorithm that was applied to the received stream. An entry
of four spaces ($20$20$20$20) may be used to indicate that the algorithm is defined by means outside
the scope of this document.

9.4.3.2.2 Received cryptographic context ID box

f/ero or one ReceivedCryptoContextIdBox, identified with the four-character code 'ccid), may be
present in the additionaldata of a sample descriptor entry of an SRTP reception hint track. Infefmation
[0 recover the cryptographic context for the received SRTP stream may be stored here.

bligned (8) class ReceivedCryptoContextIdBox extends Box ('ccid') {
unsigned int (16) destPort;
unsigned int(8) ip version;
switch (ip version) {
case 4: // Ipv4

unsigned int (32) destIP;
break;

case 6: // IPv6
unsigned int (64) destIP;
break;

}

[he destPort and destIP parameters contain the port number and the IP address (as presenlt in the
received IPv4 or IPv6 packages), respectively, of the SRTP)session via which the recorded SRTP packets
vere received. ip version contains either 4 or 6 representing IPv4 or IPv6, respectively.

D.4.3.2.3 Rollover counter box

.ero or one RolloverCounterBox, identified with the four-character code 'sroc', may be present in the
hdditionaldata of a sample descriptor entry of an SRTP reception hint track. Typically, the follover
Counter value changes every 65536 SRTP)package.

b1ligned (8) class RolloverCountekBox extends Box ('sroc') {
unsigned int (32) rollovérycounter;

}

[he rollover counter is awnon-zero integer that gives the value of the ROC field for all asqociated

received SRTP packets.

NOTE The rollovet cpunter (ROC) is an element of the cryptographic context of a SRTP stream and depends
bn the absolute position of a packet in an RTP stream. Knowledge of the ROC value is necessary in prder to
Hecrypt a receivedSRTP packet. Itis optional to use the RolloverCounterBox as IETF RFC 47711 definjes as an
bptional mechanism to signal the ROC value explicitly in the authentication tag of a SRTP package.

D.4.3.3 <\Sample and packet entry format

Both, sample format and packet entry format for SRTP reception hint tracks are identical to those of
RTP reception hint tracks, defined in 9.4.1.3 and 9.4.1.4. The packet payload is stored as received in the
SRTP packets, i.e., all information received in the SRTP packet excluding the header or, in other words,
the encrypted payload together with the key identifier (MKI) and the authentication tag.

If the value of csrc count is not equal to zero for a received SRTP packet, the extra data tlv
corresponding to this receivedsrTPpacket shall contain exactly one receivedcsrc box.
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9.4.4 SRTCP reception hint tracks

9.4.4.1 Overview

When reception hint tracks are used to store secure real-time control protocol (SRTCP) streams, as
defined in I[ETF RFC 3711, the formats in this subclause shall be used.

SRTCP is used for real-time transport of control information for a SRTP session over the Internet
Protocol. SRTCP takes for SRTP the role that RTCP takes for RTP 1n comparlson to 94 2 Durmg

The SRITCP Sender Reports are of particular interest for stream recording, because.they reflect the
currenf| status of the server, e.g., the relationship of the media timing (SRTP timestamp of audio
video ppckets) to the server time (absolute time in NTP format). Knowledge ofthis relationship is alsd
necessdry for playback of recorded SRTP reception hint tracks in order to be abl€ to detect and correc{
clock dyift and jitter.

The tifestampsynchrony box as specified in 9.4.1.2 makes it possible-to correct clock drift and jittel
before playing a file, and therefore recording of SRTCP streams is optional.

There i§ no server hint track equivalent for the SRCTP receptionhint track, since SRTCP messages arg
generatled on-the-fly during transmission.

9.4.4.2| General

There ghall be zero or one SRTCP reception hint-tfack for each SRTP reception hint track. An SRTCH
receptipn hint track shall contain a TrackReferenceBox including a reference of type 'cdsc' to the
associafed SRTP reception hint track.

When i is the sample number a sample,).the sample time DT(i) as specified in 8.6.1.2 indicates thg
receptipn time of the packet. The clock’source for the reception time shall be the same as for the
associafed SRTP reception hint track. The value of timescale in the MediaHeaderBox of an SRTCH
receptipn hint track shall be equal to the value of timescale in the MediaHeaderBox of the associated
SRTP rg¢ception hint track.

9.4.4.3| Sample description format

The entry-format incthe’sample description for the SRTCP reception hint tracks is 'stcp'. Itis otherwisg
identicgl in structuire to the sample entry format for RTCP. The encryption and authentication method
of the SRTCP hinttracks are defined by the respective entries in sRTPProcessBox of the corresponding
SRTP hint traek.

NOTE An equivalent to the ROC boxes defined for SRTP is not necessary for SRTCP, as the SRTCP packe
contains an explicitly signalled initialization vector.

9.4.4.4 Sample format

Sample format is the sample format for RTCP reception hint tracks as defined in 9.4.2.4.
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9.4.5 Protected RTP reception hint track

9.4.5.1 Overview

This document defines a mechanism for marking media streams as protected. This works by changing
the four character code of the SampleEntry, and appending boxes containing both details of the
protection mechanism and the original four character code. However, in this case the track is not
protected; it is an ‘in the clear’ hint track which contains protected data. This subclause describes the
how reception hint tracks should be marked as carrying protected data, using a similar mechanism,
hnd utilizing the same boxes.

D.4.5.2 Syntax

Class ProtectedRtpReceptionHintSampleEntry
extends RtpReceptionHintSampleEntry ('prtp') {
ProtectionSchemeInfoBox SchemeInformation;

D.4.5.3 Semantics

[he ProtectionschemeTnfoBox shall contain details of the protection-sctieme applied. This shalllinclude
[he originalFormatBox which shall contain the four character codé¢rtp' (the four character|code of
'he original ReceivedRtpHintSampleEntry).

D.4.6 Recording procedure

bee Annex H.

D.4.7 Parsing procedure

bee Annex H.

L0 Sample groups

[10.1 Random access recovery points

10.1.1 Definition

n some coding systems it is possible to random access into a stream and achieve correct decodipg after
having decoded aniumber of samples. This is known as gradual decoding refresh. For example, ih video,
the encoder might encode intra-coded macroblocks in the stream, such that it knows that within a
Certain periodthe entire picture consists of pixels that are only dependent on intra-coded macrpblocks
supplieddufing that period.

bamples for which such gradual refresh is possible are marked by being a member of one ¢f these
bproups. The definition of the groups allows the marking to occur at either the beginning of the pg¢riod or
tha’and Haoweover whon nsed with 2 narticular mediatune tho nncaogo afthoco aranmemav hoe ro ‘trlcted
the end However when used with a particular media tyipe the usage ofthese garoupsmay be res

to marking only one end (i.e. restricted to only positive or negative roll values). A roll-group is defined
as that group of samples having the same roll distance.

The roll groups have the following semantics.

A vVisualRollRecoveryEntry documents samples that enable entry points into streams that are
alternatives to sync samples.

An audioRollRecoveryEntry documents the pre-roll distance required in audio streams in which every
sample can be independently decoded, but the decoder output is only assured to be correct after pre-
rolling by the indicated number of samples.
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An audioPreRollEntry documents samples that enable entry points into streams that are independently
decodable and are thus alternatives to sync samples. It should be used with audio streams in which not
every sample can be independently decoded; decoding can only start at an independently decodable

sample

and decoder output is only assured to be correct after pre-rolling by the indicated number of

samples.

The ro1

1 _distance shall be a positive value. Decoding starts at a member sample, but decoder output is

only assured to be correct after decoding the indicated number of samples.

10.1.2

class |
{
sigi
}
class 1
{
sigi
}
class 1
{
sigi

}
10.1.3

roll di
a S4

thalt is a group member that need to be decoded such thatat the last of these recovery is complete

i.e.

thalt is a group member that need to be decoded in order for recovery to be complete at the marked

san
car
grg

10.2 R

10.2.1

Rate slllare instructions are @gsed by players and streaming servers to help allocating bitrateg

dynam
in the f]
bitrates
sample
target 1

syntax

[isualRollRecoveryEntry () extends VisualSampleGroupEntry ('roll')
ed int (16) roll distance;

ludioRollRecoveryEntry () extends AudioSampleGroupEntry ('roll')
ed int (16) roll distance;

ludioPreRollEntry () extends AudioSampleGroupEntry ('prol')

ed int (16) roll distance;

Semantics

stance is a signed integer that gives the number of sampleSthat need to be decoded in order fo1
mple to be decoded correctly. A positive value indicates the number of samples after the sample

the last sample is correct. A negative value indicates-the number of samples before the sampléd

ple. The value zero shall not be used; those samples that would be covered by the value zerd
be signalled by other signaling mechanismg;such as the sync sample table, the 'rap ' sample
uping and the 'sap ' sample grouping.

ate share groups

Overview

cally when several streams share a common bandwidth resource. The instructions are stored
le as sample group-entries and apply when scalable or alternative media streams at differenf
are combined witlt other scalable or alternative tracks. The instructions are time-dependent as
b in a track may be associated with different sample group entries. In the simplest case, only ong
ate share value is specified per media and time range as illustrated in Figure 2.
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Figure 2 — Audio/Video rate share as function of time

n order to accommodate for rate share values that vary with the available bitrate, it is posjsible to
specify more than one operation range. One may for instance indjcate that audio requires g higher
percentage (than video) at low available bitrates. Technically this@sydone by specifying two oferation
boints as shown in Figure 3.
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Figure 3 — Audio rate share as function of available bitrate
Dperation points7are defined in terms of total available bandwidth. For more complex situatipns it is
bossible to specify more operation points.

n additiényto target rate share values, it is also possible to specify maximum and minimum bitrjates for
h certaitrmedia, as well as discard priority.

10.2.2 Rate share sample group entry

10.2.2.1 Definition

Each sample of a track may be associated to (zero or) one of a number of sample group descriptions,
each of which defines a record of rate-share information. Typically the same rate-share information
applies to many consecutive samples and it may therefore be enough to define two or three sample
group descriptions that can be used at different time intervals.

The grouping type 'rash' (short for rate share) is defined as the grouping criterion for rate share
information. Zero or one sampleToGroupBoxes for the grouping type 'rash' can be contained in the
sampleTableBox Of a track. It shall reside in a hint track, if a hint track is used, otherwise in a media
track.
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Target rate share may be specified for several operation points that are defined in terms of the total
available bitrate, i.e., the bitrate that should be shared. If only one operation point is defined, the target
rate share applies to all available bitrates. If several operation points are defined, then each operation
point specifies a target rate share. Target rate share values specified for the first and the last operation
points also specify the target rate share values at lower and higher available bitrates, respectively. The
target rate share between two operation points is specified to be in the range between the target rate
shares of those operation points. One possibility is to estimate with linear interpolation.

10.2.2.2 Syntax

class RateShareEntry () extends SampleGroupDescriptionEntry('rash') {
unsigned int (16) operation point count;
if |operation point count == 1) {
nsigned int (16) target rate share;
}
elsg
for (i=0; i < operation point count; i++) {
unsigned int (32) available bitrate;
unsigned int (16) target rate share;

unsigned int (32) maximum bitrate;
unsigned int (32) minimum bitrate;
unsigned int (8) discard priority;

}
10.2.2.3 Semantics

operatjon point count iS a non-zero integer that gives the number of operation points.

availaljle bitrate is a positive integer that defines an opération point (in kilobits per second). It is thg
total available bitrate that can be allocated in sharés+to tracks. Each entry shall be greater than thg
prgvious entry.

target [rate share is an integer. A non-zero valueindicates the percentage of available bandwidth thaf
shduld be allocated to the media for each-operation point. The value of the first (last) operatior
point applies to lower (higher) available bitrates than the operation point itself. The targe!
ratg share between operation poirts*is bounded by the target rate shares of the corresponding
opgration points. A zero value indicates that no information on the preferred rate share percentage
is pgrovided.

maximung bitrate isaninteger.'A‘nonzero value indicates (in kilobits per second) an upper threshold for
whjch bandwidth should be allocated to the media. A higher bitrate than maximum bitrate should
onlly be allocated if alhother media in the session has fulfilled their quotas for target rate-share and
makimum bitrate;respectively. A zero value indicates that no information on maximum bitrate is
prdvided.

minimug bitrate/is an integer. A nonzero value indicates (in kilobits per second) a lower threshold fo1
whjch bandwidth should be allocated to the media. If the allocated bandwidth would correspond
to g smaller value, then no bitrate should be allocated. Instead preference should be given to othej
meliaZin the session or alternate encodings of the same media. Zero minimum bitrate indicates
that no information on minimum bitrate is provided.

discard priority is an integer indicating the priority of the track when tracks are discarded to
meet the constraints set by target rate share, maximum bitrate and minimum bitrate. Tracks are
discarded in discard priority order and the track that has the highest discard priority value is
discarded first.

10.2.3 Relationship between tracks

The purpose of defining rate share information is to aid a server or player extracting data from a track
in combination with other tracks. Note that a server/player streams/plays tracks simultaneously if they
belong to different alternate groups and can switch between tracks that belong to the same switch
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group within an alternate group. By default, all tracks are served/played simultaneously if no alternate
groups are defined.

Rate share information should be provided for each track. A track that does not include rate share
information has one operation point and can be treated as a constant-bitrate track with discard priority
128. Target rate share, minimum and maximum bitrates do not apply in this case.

Tracks that are alternates to each other shall (at each instance of time) define the same number of
operation points at the same set of total available bitrates and have the same discard priorities. Note
that the number and definition of operation points may dpppnd on time Alternate tracks may have

lifferent target rate shares, minimum and maximum bitrates.

10.2.4 Bitrate allocation

Rate share information on maximum bitrate, minimum bitrate, and target rate shaxé can be combined
for a track. If this is the case, the target rate share shall be applied to find an allogated bitrate before the
mpact of the maximum and minimum bitrates is considered.

When allocating bandwidth to several tracks, the following considerations.apply:

l. In the case all tracks have explicit target rate share values and they don’t sum up to 100 per cent,
treat them as weights, i.e., normalize them.

NV

The total allocation shall not exceed total available bitrate.

B. In a choice between alternate tracks, the chosen traek should be the track that causes the alternate
group to have an allocation most closely in accord with its target rate share, or the trdck that
desires the highest bitrate that can be allocated Wwithout discarding other tracks (see below).

..  Tracks must have an allocation between theirminimum and maximum bitrates, or be discarded.

T

Tracks should have an allocation in accord with their target rate shares, but this may be distorted
to allow some tracks to achieve theirminima, or in case some have reached their maxima.

b. If an allocation cannot be done including a track from every alternate group, then tracks should be
discarded in discard priority-order.

. The allocation must be_re:calculated whenever the operating set for an active track (one fhat has
been selected from an alternate group) changes or the available bitrate changes.

10.3 Alternative startup sequences

10.3.1 Definition

An alternative startup sequence contains a subset of samples of a track within a certain period §tarting
‘rom assyiric sample or a sample marked by 'rap ' sample grouping, which are collectively reférred to
hs the/initial sample below. By decoding this subset of samples, the rendering of the sampleg can be
btarted earlier than in the case when all samples are decoded.

An 'alst' sample group description entry indicates the number of samples in any of the respective
alternative startup sequences, after which all samples should be processed.

Either version 0 or version 1 of the samp1eToGroupBox may be used with the alternative startup sequence
sample grouping. If version 1 of the samp1leToGroupBox is used, the same algorithm to derive alternative
startup sequences should be used consistently for a particular value of grouping type parameter.

A player utilizing alternative startup sequences could operate as follows. First, an initial sync sample
from which to start decoding is identified by using the syncSampleBox, the sample is non sync sample
flag for samples enclosed in track fragments, or the 'rap ' sample grouping. Then, if the initial sync
sample is associated to a sample group description entry of type 'alst' where rol1l count is greater
than 0, the player can use the alternative startup sequence. The player then decodes only those samples
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that are mapped to the alternative startup sequence until the number of samples that have been
decoded is equal to ro11 count. After that, all samples are decoded.

10.3.2 Syntax

class AlternativeStartupEntry () extends VisualSampleGroupEntry ('alst')
{

unsigned int (16) roll count;

unsigned int (16) first output sample;

for (i=1; 1 <= roll_count; i++)
nsigned 1int (32) sample offset[1];

J=1
do // optional, until the end of the structure
nsigned int (16) num output samples[]j];
nsigned int (16) num total samples[j];

1++;

}
10.3.3 |Semantics

roll c¢unt indicates the number of samples in the alternative startup sequence;Af rol11 count is equa
to (), the associated sample does not belong to any alternative startup sequence and the semantic
of first output sample are unspecified. The number of samples mapped to this sample group
entlry per one alternative startup sequence shall be equal to ro11 dount.

first gutput sample indicates the index of the first sample intended for output among the samples
in the alternative startup sequence. The index of the sync{initial sample starting the alternative
staftup sequence is 1, and the index is incremented by 1, decoding order, per each sample in the
alt¢rnative startup sequence.

sample [offset[i] indicates the decoding time delta“of the i-th sample in the alternative startuy
sequence relative to the regular decoding time ofithe sample derived from the TimeToSampleBox o1
the| TrackFragmentHeaderBox. The sync initial'sample starting the alternative startup sequence i
its first sample.

num_oufput samples[j] and num totalsdamples[j] indicate the sample output rate within the
altérnative startup sequence. The alternative startup sequence is divided into k consecutive pieces
where each piece has a constant.sample output rate which is unequal to that of the adjacent pieces
The first piece starts from the'sample indicated by first output sample. num output samples[7]
indlicates the number of the eutput samples of the j-th piece of the alternative startup sequence
nun| total samples([j] indicates the total number of samples, including those that are not in the
alt¢rnative startup sequence, from the first sample in the j-th piece that is output to the earlier one
(in|composition order) of the sample that ends the alternative startup sequence and the samplg
that immediately‘precedes the first output sample of the (j+1)th piece.

10.3.4 |Examples

Hierardhical temporal scalability (e.g., in AVC and SVC) improves compression efficiency but increases
the decpding delay due to reordering of the decoded pictures from the (de)coding order to compositior]
order. When the temporal hierarchy is deep and the operation speed of the decoder is limited (to no
faster than real-time processing), the initial delay from the start of the decoding to the start of rendering
is substantial and may affect the end-user experience negatively.

Figure 4 illustrates a typical hierarchically scalable bitstream with five temporal levels. Figure 4a
shows the example sequence in composition order. Values enclosed in boxes indicate the frame_num
value of the picture. Values in italics indicate a non-reference picture while the other pictures are
reference pictures. Figure 4b shows the example sequence in decoding order. Figure 4c shows the
example sequence in composition order when assuming that the composition timeline coincides with
that of the decoding timeline and the decoding of one picture lasts one picture interval. It can be seen
that playback of the stream starts five picture intervals later than the decoding of the stream started.
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If the pictures were sampled at 25 Hz, the picture interval is 40 msec, and the playback is delayed by
0.2 sec.

2y ELE @@ FLE 0@ [ M W o @[ po—
23 K| 5] 7] =] [ @ 5] [
£2 6] [[0] Reference picture
g (1) (0] 9] Non-reference picture
X frame_num
a) Example sequence in output order

Ty [5]5] [6]6] [8]8] [919] [13[13] [14[14] [Te[16] [17]17]
E) 2 41 lj [ 71 li: [121 m [15] |ETA

E 2 I

21

o0 [0[1] (9]

b) Example sequence in decoding order

51 5 B[ [ _[6 @ (¢ @ [0 0 [[@ 066 [0 o7
5 7 [e] B EE) T3] [T6]

T,

53

=3 [7]

E 2 5]

21

5o ] 7]

c) Example sequence at decoder output (delayed output order)

Figure 4 — Decoded picture buffering delay of an example sequéence with five temporal flevels

[hanks to the temporal hierarchy, it is possible to decode only a'subset of the pictures at the beginning
bf the sequence. Consequently, rendering can be started fastet but the displayed picture rate is Jower at
the beginning. In other words, a player can make a trade<off’between the duration of the initial startup
lelay and the initial displayed picture rate. Figure 5:and Figure 6 show two examples of altgrnative
startup sequences where a subset of the bitstream oflEigure 4 is decoded.

[he samples selected for decoding and the decoder output are presented in Figure 5a and Figure 5b,
respectively. The reference picture having frame_num equal to 4 and the non-reference pictures
naving frame_num equal to 5 are not decodeéd. In this example, the rendering of pictures starts four
picture intervals earlier than in Figure4. When the picture rate is 25 Hz, the saving in startup delay

s 160 msec. The saving in the startup delay comes with the disadvantage of a lower displayed|picture
rate at the beginning of the bitstreaim.

[&]

3 4 616] 88 919] 13[13] [14[14] 16[16] [17[17]
=3 5 7 [ 8] 12 [13] 15 [16]

22 3 [6] 11 [14]

a1 2 10

£0 01 [9]

a) Processing.of the example sequence

R 6] .[8 B8 O [ [ @ 04 0 06 [ 0
-3 b

2 I

Eo N [9]

b) Example sequence at decoder output

Figure 5 — An example of an alternative startup sequence

In the example of Figure 6, another way of selecting the pictures for decoding is presented. The decoding
of the pictures that depend on the picture with frame_num equal to 3 is omitted and the decoding of
non-reference pictures within the second half of the first group of pictures is omitted too. The decoded
picture resulting from the sample with frame_num equal to 2 is the first one that is output. As a result,
the output picture rate of the first group of pictures is half of normal picture rate, but the display
process starts two frame intervals (80 msec in 25 Hz picture rate) earlier than in the conventional
solution illustrated in Figure 4.
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a) Processing of the example sequence

temporal level
O DN WD
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b) Example sequence at decoder output

temporal level
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Figure 6 — Another example of an alternative startup sequence

10.4 Random access point (RAP) sample group

10.4.1 |Definition

“Open” random-access samples can be marked by being a member ofthis group. Samples marked by this
group ghall be random access points, and may also be sync points)(i.e. it is not required that samples
marked by the sync sample table be excluded).

10.4.2 |Syntax

class VisualRandomAccessEntry () extends VisualSampleGroupEntry ('rap ')

{
unsigned int(l) num leading samples knowny
unsigned int(7) num leading samples;

}
10.4.3 |Semantics

num_ledding samples known equal to 1 indicates that the number of leading samples is known for each
sample in this group, and themuimber is specified by num_leading_samples.

num ledqding samples specifieS'the number of leading samples for each sample in this group. Wher
nuin_leading_samplesCknown is equal to 0, this field should be ignored.

10.5 Temporal level sample group

10.5.1 | Definition

Many vjdeo codecs support temporal scalability where it is possible to extract one or more subsets of
framesIthat can be independently decoded. A simple case is the extraction of | frames for a hitstream
with a regular I-frame interval, e.g, IPPPIPPP..., where every 4th picture is an [ frame. Also subsets
of these [ frames can be extracted for even lower frame rates. More elaborate situations with several
temporal levels can be constructed using hierarchical B or P frames.

The temporal level sample grouping ('tele') provides a codec-independent sample grouping that
can be used to group samples (access units) in a track (and potential track fragments) according to
temporal level, where samples of one temporal level have no coding dependencies on samples of higher
temporal levels. The temporal level equals the sample group description index (taking values 1, 2, 3,
etc). The bitstream containing only the access units from the first temporal level to a higher temporal
level remains conforming to the coding standard.
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A grouping according to temporal level facilitates easy extraction of temporal subsequences, for

instance using the subsegmentIndexBox in 8.16.4.

10.5.2 Syntax

class TemporallevelEntry () extends VisualSampleGroupEntry('tele')
{

bit (1) level independently decodable;

bit (7) reserved=0;

}

10.5.3 Semantics

[he temporal level of samples in a sample group equals to the sample group description index.

| evel independently decodable is a flag. 1 indicates that all samples of this level have no
dependencies on samples of other levels. 0 indicates that no information is provided.

[10.6 Stream access point sample group

10.6.1 Definition

A stream access point, as defined in Annex I, enables random access‘into a container of media sty
he SAP sample grouping identifies samples (the first byte ofiwhich is the position g, for a
specified in Annex I) as being of the indicated SAP type.

[he syntax and semantics of grouping type parametez:are specified as follows.
unsigned int (28) target layers;
unsigned int (4) layer id method idc;

Larget layers specifies the target layers forthe indicated SAPs according to Annex I. The sem3
target layers depends on the valueof layer id method idc. When layer id method idc
to 0, target layers isreserved.

|ayer id method idc specifies(the semantics of target layers. layer id method idc equ
specifies that the target layers consist of all the layers represented by the track. 1ayer id i
idc not equal to 0 is spécified by derived media format specifications.

10.6.2 Syntax

Flass SAPEntry (). extends SampleGroupDescriptionEntry('sap ')
unsigned{int (1) dependent flag;

unsignégdwint (3) reserved;
unsigned int (4) SAP type;

10.6.3 Semantics

coding

eam(s).
SAP as

ntics of
s equal

al to 0
ethod

reserved shall be equal to 0. Parsers shall allow and ignore all values of reserved.

dependent_flagshallbe 0 for non-layered media. dependent f1ag equalto 1 specifies that the reference
layers, if any, for predicting the target layers may have to be decoded for accessing a sample of this
sample group. dependent_flag equal to 0 specifies that the reference layers, if any, for predicting

the target layers need not be decoded for accessing any SAP of this sample group.

sap_type values equal to 0 and 7 are reserved; sap type values in the range of 1 to 6, inclusive,
the SAP type, as specified in Annex |, of the associated samples (for which the first byte of a
in this group is the position Ig,).
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10.7 Sample-to-item sample group

10.7.1 Definition

Samples of a track can be linked to one more metadata items using the sample-to-item sample grouping.
The MetaBox containing the referred items is resolved as specified in the semantics below.

The sample-to-item sample grouping is allowed for any types of tracks, and its syntax and semantics
are unchanged regardless of the track handler type.

In the al)sence of this sample group, the entire track-level vetaBox, if any, is applicable to every sample,

10.7.2 |Syntax

class $ampleToMetadataltemEntry ()

extendg SampleGroupDescriptionEntry('stmi') {
unsjgned int (32) meta box handler type;
unsigned int(32) num items;
forfi = 0; i < num items; i++) {

nsigned int (32) item id[i];

}

10.7.3 |Semantics

meta b¢x handler type informs about the type of metadata schema used by the mMetaBox which ig
referenced by the items in this sample group. When theredare multiple MetaBoxes with the same
harndler types, the MetaBox referred to in this sample group entry is the first metaBox fulfilling one
of the following ordered constraints:

— | AMetaBox included in the current track, with handier type equal to meta box handler type.
— | AMetaBox included in MovieBox, with handié+ type equal to meta box handler type.

— | A MetaBox included in the root level of the file, with handler type equal to meta box handler |
type.

num_itgms counts the number of items referenced by this sample group.

item iq[i] specifies the item 1p-value of an item that applies to or is valid for the sample mapped tqg
thi$ sample group descriptionentry.

10.8 Dependent randem access point (DRAP) sample group

10.8.1 |Definition

A dependent rahdom access point (DRAP) sample is a sample after which all samples in decoding
order can belgorrectly decoded if the closest initial sample preceding the DRAP sample is available fo
referenfe: The initial sample is a SAP sample of SAP type 1, 2 or 3 that is marked as such either by being
a Sync sample or by the SAP sample group- For example, if the 32nd sample ina file is an-initial sampl
consisting of an I-picture, the 48th sample may consist of a P-picture and be marked as a member of the
dependent random access point sample group, thereby indicating that random access can be performed
at the 48th sample by first decoding the 32nd sample (ignoring samples 33-47) and then continuing to

decode from the 48th sample.

A sample can be a member of the dependent random access point Sample Group (and hence called a
DRAP sample) only if the following conditions are true

— The DRAP sample references only the closest preceding initial sample.
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— The DRAP sample and all samples following the DRAP sample in output order can be correctly
decoded when starting decoding at the DRAP sample after having decoded the closest preceding
SAP sample of type 1, 2 or 3 marked as such by being a Sync sample or by the SAP sample group.

NOTE DRAP samples can only be used in combination with SAP samples of type 1, 2 and 3. T

his is in

order to enable the functionality of creating a decodable sequence of samples by concatenating the preceding

SAP sample with the DRAP sample and the samples following the DRAP sample in output order

10.8.2 Syntax

Flass VisualDRAPEntry ()

bxtends VisualSampleGroupEntry ('drap') {
unsigned int (3) DRAP_ type;

unsigned int (29) reserved = 0;

10.8.3 Semantics

the closest preceding SAP. Other type values are reserved.

entries with reserved equal to 0. Parsers shall allow and ignore sample group description
with reserved greater than 0 when parsing this sample group.

[10.9 Pixel Aspect Ratio Sample Grouping

10.9.1 Definition

Value in a PixelAspectRatioBox in a samplé entry, specified in 12.1.4 cannot therefore be used.

When the Pixel Aspect Ratio sampletgroup is used in a track, the PixelaspectRatioBox shal
bresent in any sample entry of thattrack.

10.9.2 Syntax
Flass PixelAspectRatieBntry () extends VisualSampleGroupEntry ('pasr') {

unsigned int (32) hSpacing;
unsigned int (32) vSpacing;

10.9.3 Semantics

hSpacingawSpacing: define the relative width and height of a pixel as defined for the Pixe1aspectr
nl244

DRAP type iS a non-negative integer. When prap_type is in the range of 1 to 8.it indicates the sip type
(as specified in Annex I) that the DRAP sample would have corresponded to, had it not depended on

Feserved shall be equal to 0. The semantics of this subclause onlyg-apply to sample group des¢ription

entries

['he Pixel Aspect Ratio sample group (' pasr')wnay be used to signal the pixel aspect ratio of samples in
h video track, when the pixel aspect ratio of\the samples within a track change dynamically and jp single

not be

htioBox

1010 CleanApertureSampleGrouping—————— |

10.10.1Definition

The Clean Aperture sample group ('casg') may be used to signal the clean aperture of samples in a
video track, when the clean aperture of the samples within a track change dynamically and a single

value in a CleanApertureBox in a sample entry, specified in 12.1.4 cannot therefore be used.

When the Clean Aperture sample group is used in a track, the cleanapertureBox shall not be present in

any sample entry of that track.
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10.10.2
class C
unsi
unsi
unsi

unsi

unsi

Syntax

leanAperture Entry () extends VisualSampleGroupEntry ('casg') {
gned int (32) cleanApertureWidthN;

gned int (32) cleanApertureWidthD;

gned int (32) cleanApertureHeightN;

gned int (32) cleanApertureHeightD;

gned int (32) horizOffN;

unsi

unsi
unsi

}
10.10.3

cleanAy
horizOf

and verftical offsets of the clean aperture center as defined for the cleanapeftiureBox in 12.1.4

11D

This d
the MP
derive

— Th
ne
an

— Any template fields used must be explicitly declared; their use must be conformant with thig
doqument.

— Th¢ exact codingname and protocol identifiers asused in a sampleEntry must be defined. The format

of

to fit the new coding systems)into an existing framework (e.g. the MPEG-4 systems framework)

th

Ccoqg

New bofxes may be defin€d, though this is discouraged.

If the d
new ha
is a new
can use

brived specification needs a new track type other than those defined here or registered, then g
hdler-type)must be registered. The media header required for this track must be identified. If i
r box,itimust be defined and its box type registered. In general, it is expected that most systemf

gned int (32) horizOffD;

gned int (32) vertOffN;
gned int (32) vertOffD;

Semantics

ertureWidthN, cleanApertureWidthD, cleanApertureHeightN, ¢leanApertureHeightD,
£N, horizOffD, vertoffN and vertoffD define the clean aperture widths/height and horizonta

ived file formats

ument may be used as the basis of a specific file formatifor a restricted purpose: for example
file format for MPEG-4 and the Motion JPEG 2000 file:format are both derived from it. When 3
specification is written, the following must be specified:

name of the new format, and its brand and compatibility types for the FileTypeBox. Generally 3
file extension will be used, a new MIME type;and Macintosh file type also, though the definition
registration of these are outside the scope*of this document.

e samples that these code.points identify must also be defined. However, it may be preferable

to define new coding\pbints at this level. For example, a new audio format could use a new
ingname, or could use_Ump4a' and register new identifiers within the MPEG-4 audio framework.

existing track types.

Any new trackreference types should be registered and delined.

As defined above, the Sample Description format may be extended with optional or required boxes. The
usual syntax for doing this would be to define a new box with a specific name, extending (for example)
Visual Sample Entry, and containing new boxes.
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12 Media-specific definitions
12.1 Video media

12.1.1 Media handler
Video media uses the 'vide' handler type in the HandlerBox of the MediaBox, as defined in 8.4.3.

Auxiliary video media uses the 'auxv' handler type in the HandlerBox of the MediaBox, as de

fined in

$.4.3.

An auxiliary video track is coded the same as a video track, but uses this different handler ty
s not intended to be visually displayed (e.g. it contains depth information, or other‘imonocht
color two-dimensional information). Auxiliary video tracks are usually linked to.a,video trac
hppropriate track reference.

12.1.2 Video media header

12.1.2.1 Definition

Box Types: 'vmhd'
Container: MediaInformationBox
Mandatory: Yes

Duantity: Exactly one

Video tracks use the videoMediaHeaderBox in theiMediaInformationBox as defined in 8.4
/ideoMediaHeaderBox contains general presentatign information, independent of the coding, fd
media. Note that the flags field has the value 1.

12.1.2.2 Syntax

h1igned (8) class VideoMediaHeaderBox

extends FullBox ('vmhd', version = 0, 1) {
template unsigned int (16) graphicsmode = 0; // copy, see below
template unsigned int (16) [/ opcolor = {0, 0, 0};

12.1.2.3 Semantics

[ersion isan integef that specifies the version of this box

which maybe extended by derived specifications:
copy=\0 copy over the existing image

bpcolor is a set of 3 colour values (red, green, blue) available for use by graphics modes

pe, and
ome or
k by an

.5. The
r video

yraphicsmode specifies a composition mode for this video track, from the following enumerdted set,

2.1.3 Sample entry

12.1.3.1 Definition

Video tracks use visualSampleEntry.

In video tracks, the frame_count field shall be 1 unless the specification for the media format explicitly
documents this template field and permits larger values. That specification must document both how
the individual frames of video are found (their size information) and their timing established. That
timing might be as simple as dividing the sample duration by the frame count to establish the frame

duration.
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The width and height in the video sample entry document the pixel counts that the codec will deliver;
this enables the allocation of buffers. Since these are counts they do not take into account pixel aspect
ratio.

12.1.3.2 Syntax

class VisualSampleEntry (codingname) extends SampleEntry (codingname) {
unsigned int (16) pre defined = 0

I~

const unsigned int (16) reserved 0;

unsigned int (32) [3] pre defined = 0;

unsigned int (16) width;

unsigned int (16) height;

temgplate unsigned int (32) horizresolution = 0x00480000; // 72 dpi
temgplate unsigned int (32) vertresolution = 0x00480000; // 72 dpi
congt unsigned int (32) reserved = 0;

temglate unsigned int (16) frame count = 1;

uintg (8) [32] compressorname;

temgplate unsigned int (16) depth = 0x0018;

int {16) pre defined = -1;

// ¢ther boxes from derived specifications

ClegnApertureBox clap; // optional

Pixg¢lAspectRatioBox pasp; // optional

}
12.1.3.B Semantics

resolution fields give the resolution of the image in pixels-per-inchf.as a fixed 16.16 number

frame g¢ount indicates how many frames of compressed video.are stored in each sample. The default is
1, fpr one frame per sample; it may be more than 1 for multiple frames per sample

compregsorname iS a name, for informative purposes. Itdsformatted in a fixed 32-byte field, with thd
firgt byte set to the number of bytes to be displayed, followed by that number of bytes of displayable
datja encoded using UTF-8, and then padding. to;complete 32 bytes total (including the size byte)
The field may be set to 0.

depth takes one of the following values
0x0018[- images are in colour with no dlpha

width hnd height are the maximwm visual width and height of the stream described by this samplg
dedcription, in pixels

12.1.4 |Pixel aspect ratioand clean aperture

12.1.4.1 Definition

The pixel aspectratio and clean aperture of the video may be specified using the rixelaspectRatioBos
and cldanaApertireBox sample entry boxes, respectively. These are both optional; if present, they over
ride th¢ déclarations (if any) in structures specific to the video codec, which structures should be
examinpdif these boxes are absent. For maximum compatibility, these boxes should follow, not precede
any boxes defined in or required by derived specifications.

The pixelAspectRatioBox is informative; if the decoded output of the codec is re-formatted to the
dimensions in the track header, this will accomplish any needed adjustment to a uniformly-scaled grid.

In the PixelAspectRatioBox, hSpacing and vSpacing have the same units, but those units are
unspecified: only the ratio matters. hspacing and vSpacing may or may not be in reduced terms, and
they may reduce to 1/1. Both of them shall be strictly positive.

NOTE1 The pixel aspect ratio should not be confused with the picture aspect ratio, also known as the display
aspect ratio, which is the ratio of the width to the height of the final displayed image (e.g. 16:9).
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They are defined as the aspect ratio of a pixel, in arbitrary units. If a pixel appears H wide and V tall,
then hSpacing/vSpacing is equal to H/V. This means that a square on the display that is n pixels tall
needs to be n*vSpacing/hSpacing pixels wide to appear square.

There are notionally four values in the cleanapertureBox. These parameters are represented as a
fraction N/D. The fraction may or may not be in reduced terms. We refer to the pair of parameters
fooN and fooD as foo. For horizoff and vertoff, D shall be strictly positive and N may be positive or
negative. For cleanaperturewidth and cleanapertureHeight, N shall be positive and D shall be strictly
positive.

NOTE 2  These are fractional numbers for several reasons. First, in some systems the exact width af'ter pixel
hspect ratio correction is integral, not the pixel count before that correction. Second, if video is resized i1 the full
hperture, the exact expression for the clean aperture might not be integral. Finally, because this|isrepresented
1sing centre and offset, a division by two is needed, and so half-values can occur.

Considering the pixel dimensions as defined by the VisualSampleEntry width and height. If |picture
centre of the image is at pcx and pcy, then horizoff and vertoff are defined as follows:

pcX = horizOff + (width - 1)/2
pcY = vertOff + (height - 1)/2;
[ypically, horizoff and vertoff are zero, so the image is centred abeut the picture centre.

[he leftmost/rightmost pixel and the topmost/bottommost line of the clean aperture fall at:

bcX + (cleanApertureWidth - 1)/2

bcY + (cleanApertureHeight - 1)/2;
['he cropping implied by the cleanaApertureBox is applied before any transformation defined by frack or
movie matrices.

12.1.4.2 Syntax

Flass PixelAspectRatioBox extends Box ('pasp') {
unsigned int (32) hSpacing;
unsigned int (32) vSpacing;

Flass CleanApertureBox extends’ Box('clap') {
unsigned int (32) cleanApertureWidthN;
unsigned int (32) cleandpertureWidthD;

unsigned int (32)_ cleanApertureHeightN;
unsigned int (32), ¢leanApertureHeightD;

unsigned ¥nt(32) horizOffN;
unsignedi/mt (32) horizOffD;

unsigned int (32) vertOffN;
dnsigned int (32) vertOffD;

12.1.4.3 Semantics
hSpacing, vSpacing: define the relative width and height of a pixel;

cleanApertureWidthN, cleanApertureWidthD: a fractional number which defines the width of the clean
aperture image

cleanApertureHeightN, cleanApertureHeightD: a fractional number which defines the height of the
clean aperture image

horizOffN, horizOffD: a fractional number which defines the horizontal offset between the clean
aperture image centre and the full aperture image centre. Typically 0.
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vertOffN, vertof£D: a fractional number which defines the vertical offset between clean aperture image
centre and the full aperture image centre. Typically 0.

12.1.5

Colour information

12.1.5.1 Definition

Colour

VisualSampleEntry. These should be placed in order in the sample entry starting with the most

information may be supplied in one or more ColourInformationBoxes placed in a

accura
and co
them; a
type m

If used,
That pr
as defin

If coloy
preceds

NOTE
Y'CbCr 4

12.1.5.

class
unsi
if
{

12.1.5.

colour |

(and potentially the most difficult to process), in progression to the least. These are advisory
cern rendering and colour conversion, and there is no normative behaviour associated-with
reader may choose to use the most suitable. A colourInformationBox with an unknown coloul
y be ignored.

an ICC profile may be arestricted one, under the code ' r1cc', which permits simpler’processing
pfile shall be of either the monochrome or three-component matrix-based class of input profiles
ed by ISO 15076-1. If the profile is of another class, then the 'prof' indicator'shall be used.

r information is supplied in both this box, and also in the video bitstream, this box takes
nce, and over-rides the information in the bitstream.

When an ICC profile is specified, SMPTE RP 177[14] could be of assistance if there is a need to form thg
b R'G'B' conversion matrix for the colour primaries described by the {GC profile.
P Syntax
olourInformationBox extends Box('colr') {
gned int (32) colour type;
colour type == 'nclx') /* on-screen colgupbs */
nsigned int (16) colour primaries;
nsigned int (16) transfer characterisf\ic<s;
nsigned int (16) matrix coefficientsy
nsigned int (1) full range flag;
nsigned int (7) reserved = 0;
if (colour type == 'rICC')
CC profile; // restricted ICC profile
if (colour type == “prof')

CC _profile; /{“~TOnrestricted ICC profile

B Semantics

|t ypesallindication of the type of colour information supplied.

colour |

[grtmaries carries a ColourPrimaries value as defined in ISO/IEC 23091-2

transfer characteristics carries a TransferCharacteristics value as defined in ISO/IEC 23091-2

matrix coefficients carries a MatrixCoefficients value as defined in ISO/IEC 23091-2

full range flag carries a VideoFullRangeFlag as defined in ISO/IEC 23091-2

1cc profile: anlCC profile as defined in ISO 15076-1 or ICC.1M13] is supplied.
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12.1.6 Content light level

12.1.6.1 Definition

This box may be used to provide information about the light level in the content and may be present in
a VisualSampleEntry. It is functionally equivalent to, and shall be as described in, the Content light level
information SEI message in ITU-T H.265 | ISO/IEC 23008-2, with the addition that the provisions of

CTA-861-Gl[32], in which zero in some cases codes an unknown value, may be used.

NOTE ThisTsaBox, Mota FuTIBox (SIMITarto PIXe IASpectRat 1080%).

12.1.6.2 Syntax

Flass ContentLightLevelBox extends Box ('clli') {
unsigned int (16) max content light level;
unsigned int (16) max pic average light level;

12.1.7 Mastering display colour volume

12.1.7.1 Definition

equivalent to, and shall be as described in, the mastering display colour volume SEI mesg
TU-T H.265 | ISO/IEC 23008-2, with the addition that the' provisions of CTA-861-G[32] in which|
some cases codes an unknown value may be used.

NOTE This is a Box, not a Ful1Box (similar to Pixe@AspectRatioBox).

12.1.7.2 Syntax

flass MasteringDisplayColourVolumeBox extends Box ('mdcv') {
for (c = 0; c<3; c++) {
unsigned int (16) display.primaries x;
unsigned int (16) display\primaries y;
}
unsigned int (16) whitefpoint x;
unsigned int (16) whitelpoint y;
unsigned int (32) max.display mastering luminance;
unsigned int (32) min display mastering luminance;

12.1.8 Contentccolour volume

12.1.8.1 Definition

[his box describes the colour volume characteristics of the associated pictures. These colour
Chafacteristics are expressed in terms of a nominal range, although deviations from this ran

[his box may be used to provide information about the&colour primaries, white poipt, and
mastering luminance in the content and may be present in a’VisualSampleEntry. It is funcfionally

sage in
zero in

volume
ge may

pecur. Itis functionally equivalent to, and shall be as described in, the content colour volume SEI 1

nessage

in Rec. TTU-T H.265 T ISO/TEC 23008-2 except that the box, in a sample entry, applies to the associated
content and hence the initial two bits (corresponding to the ccv_cancel_flag and ccv_persistence_flag)

take the value 0.

NOTE This is a Box, nota FullBox (similar to PixelAspectRatioBox).

12.1.8.2 Syntax

class ContentColourVolumeBox extends Box ('cclv') {
unsigned int (1) reservedl = 0; // ccv_cancel flag
unsigned int (1) reserved2 = 0; // ccv_persistence flag
unsigned int(l) ccv primaries present flag;
unsigned int (1) ccv_min luminance value present flag;
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ccv_max luminance value present flag;

(1)
unsigned int(l) ccv_avg luminance value present flag;
(2)

unsigned int

if(

ccv_reserved zero 2bits = 0;
ccv_primaries present flag ) |

for( c = 0; ¢c < 3; ct++ ) {

signed int(32) ccv_primaries x[ c ];
signed int(32) ccv_primaries y[ c ];

}

}
1f(

ccv_min luminance value present flag )

unsigned int(32) ccv_min luminance value;

1f(
1f ¢

}

12.1.9

12.1.9.
This bo

envirorment for the display of the associated video content and may be present’in a visualSampleEntry,

The sy

adapting the received video content for local display in viewing enviroiiments that may be simila

or may
functio

in ITU-T H.265 |I ISO/IEC 23008-2.

NOTE

12.1.9.

class AmbientViewingEnvironmentBox extends BaX/('amve') {
unsjigned int (32) ambient illuminance;
unsjgned int (16) ambient light x;
unsjgned int (16) ambient light y;

}

12.2 Audio media

12.2.1

Audio media uses the 'soufit-Handler type in the HandlerBox of the MediaBox, as defined in 8.4.3.

12.2.2

12.2.2.

Box Types: ' smhd"
ContairleriMediaInformationBox Box

CTCV_TMaX_TUMiITaIce vatue Presernt _f1ag )
nsigned int(32) ccv_max luminance value;
ccv_avg luminance value present flag )
nsigned int(32) ccv_avg luminance value;

Ambient viewing environment

I Definition

[k may be used to provide information about the characteristics of the ngminal ambient viewing
htax elements of the ambient viewing environment box may assist’the receiving system in

substantially differ from those assumed or intended when, mastering the video content. It i
hally equivalent to, and shall be as described in, the ambient¥iewing environment SEI messagéd

This is a Box, not a Ful1Box (similar to PixelAspectRatioBox).

P Syntax

Media handler

Sound media-header

I Definition

Mandatory: Yes
Quantity: Exactly one specific media header shall be present

Audio t

racks use the soundMediaHeaderBox in the MediaInformationBox as defined in 8.4.5. The sound

media header contains general presentation information, independent of the coding, for audio media.

This he

ader is used for all tracks containing audio.

12.2.2.2 Syntax

aligned(8) class SoundMediaHeaderBox
extends FullBox ('smhd', version = 0, 0) {
template int (16) balance = 0;
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const unsigned int (16) reserved = 0;

}
12.2.2.3 Semantics

version isan integer that specifies the version of this box

balance is a fixed-point 8.8 number that places mono audio tracks in a stereo space; 0 is centre (the
normal value); full left is -1.0 and full right is 1.0.

Ca Wla WA Y Val 1 3
kO OdlIPIC CIIULTY

12.2.3.1 Definition
Audio tracks use AudioSampleEntry or AudioSampleEntryV1.

[he samplerate, samplesize and channelcount fields document the default mtidio output playback
format for this media. The timescale for an audio track should be chosen to. match the samplipg rate,
br be an integer multiple of it, to enable sample-accurate timing. When channelcount is a valuelgreater
than zero, it indicates the total number of channels in the audio stream,

[he audio output format (samplerate, samplesize and channelcoumtifields) in the sample entry should
be considered definitive only for codecs that do not record their.own output configuration. If tHe audio
fodec has definitive information about the output format, it shall be taken as definitive; in this ¢ase the
kamplerate, samplesize and channelcount fields in the sample entry may be ignored, though gensible
alues should be chosen (for example, the highest possible sampling rate).

When it is desired to indicate an audio sampling rate greater than the value than can be repres¢nted in
the samplerate field, then one of the following mayche used:

[) Ifthe system needs to rely on this signalling alone, e.g. because the codec does not itself proyide the
sample rate:

— an AudioSampleEntryVvl is used

— a SamplingRateBox is present in the AudiosampleEntryvi, and it overrides the samplerdte field
and documents the actual/'sampling rate;

P)  Otherwise:

— asSamplingRateBoxispresentinthe AudioSampleEntryvi or AudioSampleEntry,and itdodquments
the actual sampling rate.

When a Sampl ingRateBox is present:
— the media timescale should be the same as the sampling rate, or an integer division or multiple of it;

— th&samplerate field in the sample entry should contain a value that matches the media tifnescale
left-shifted 16 bits (as for audiosampleEntry), or be an integer division or multiple of it.

AT AudicsampleEntryvI StHoutd oy be used Whetr ieeded; otherwise, for maxitmur compatibility, an
AudioSampleEntry should be used. For maximum compatibility, the samp1ingRateBox, ChannelLayoutBox
and any DownMix and DRC boxes should follow, not precede, any boxes defined in or required by
derived specifications.

Encoders should encode the DRC-related boxes in the AudioSampleEntry in the order given in
12.2.3.2. Decoders may ignore and discard the DRC-related boxes if they are not in that order.
DRC-related boxes include channellLayout, DownMixInstructions, DRCCoefficientsBasic,
DRCInstructionsBasic, DRCCoefficientsUniDrc, DRCInstructionsUniDrc, and UniDrcConfigExtension.
The DownMixInstructions and DRCInstructionsUniDre box cannot occur more than once if the box has
version==1, but it can occur multiple times if version==0.

© ISO/IEC 2022 - All rights reserved 165


https://standardsiso.com/api/?name=2dd6b158ce2ae084dbcf17d7d656a904

ISO/IEC 14496-12:2022(E)

12.2.3.2 Syntax

class AudioSampleEntry(codingname) extends SampleEntry (codingname) {

const unsigned int (32) [2] reserved = 0;
unsigned int (16) channelcount;
template unsigned int (16) samplesize = 16;
unsigned int(16) pre defined = 0;
const unsigned int (16) reserved = 0 ;
template unsigned int (32) samplerate = { default samplerate of media}<<1l6;
// optional boxes follow
Box (); // further boxes as needed
ChagnelLayout () ;
DownMixInstructions () [];

1

]
DRCJoefficientsBasic () [
DRCInstructionsBasic () [];
DRCJoefficientsUniDRC () [];
DRCInstructionsUniDRC () [];
// We permit only one DRC Extension box:
UnircConfigExtension() ;
// ¢ptional boxes follow
SamplingRateBox () ;
ChanpnelLayout () ;
}
aligned (8) class SamplingRateBox extends FullBox ('srat') {
unsigned int (32) sampling rate;
}

class AJudioSampleEntryVl (codingname) extends SampleEntry (codingname) {

unsjgned int(16) entry version; // shall be 1,

// and shall be in an stsd with versdon*==1
congt unsigned int (16) [3] reserved = 0;
template unsigned int (16) channelcount; // shall e correct
temglate unsigned int (16) samplesize = 16;

unsjgned int (16) pre defined = 0;

congt unsigned int (16) reserved = 0 ;
template unsigned int (32) samplerate = 1<<163
// ¢ptional boxes follow

SamplingRateBox () ;

Box | () ; // further boxes as needed
ChanpnelLayout () ;
DownpMixInstructions () [];

1

]
DRCoefficientsBasic () [
DRCInstructionsBasic() [];
DRC(GoefficientsUniDRC () [];
DRCInstructionsUniDRC () [];
// We permit only one DRC-Extension box:
UnilprcConfigExtension () ;
// ¢ptional boxes follow
ChanpnelLayout () ;
}

12.2.3.83 Semantics
channelcount is‘the number of channels

0 — inapplicable/unknown

1 —Tmono

2 — stereo (left/right)
all other values — the codec configuration should identify the channel assignment.
samplesize is in bits, and takes the default value of 16

SampleRate when a samplingRateBox isabsentisthe sampling rate; when a samplingRateBox is present,
is a suitable integer multiple or division of the actual sampling rate. This 32-bit field is expressed as
a 16.16 fixed-point number (hi.lo)
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sampling rate isthe actual sampling rate of the audio media in samples/second, expressed as a 32-bit
integer

12.2.4 Channel layout

12.2.4.1 Definition

Box Types: 'chnl'
Container: Audio sample entry
Mandatory: No

Quantity: Zero or one

[his box may appear in an audio sample entry to document the assignment of chanfigls in the audio
stream. Itis recommended to use this box to convey the base channel count for the DownMixInstrjuctions
box and other DRC-related boxes specified in ISO/IEC 23003-4.

['he channel layout can be all or part of a standard layout (from an enumeratedlist), or a custom layout
[(which also allows a track to contribute part of an overall layout).

A stream may contain channels, objects, neither, or both. A stream that'is neither channel nor object
structured can implicitly be rendered in a variety of ways.

12.2.4.2 Syntax

hligned (8) class ChannellLayout extends FullBox ('chnlV, version, flags=0) { if
(version==0) {
unsigned int (8) stream structure;
if (stream structure & channelStructured)" {
unsigned int (8) definedLayout;
if (definedLayout==0) {
for (i = 1 ; i <= layout chanftel count ; i++) {
// layout channel count®comes from the sample entry
unsigned int (8) speaker position;

if (speaker positiofnr== 126) { // explicit position
signed int (leN=azimuth;
signed int (8~ elevation;
}
}
} else {
unsigned int(64) omittedChannelsMap;

// @)1’ bit indicates ‘not in this track’
}
}
if (streamstructure & objectStructured) {
unsigned int (8) object count;
}
} else ({
urdsigned int (4) stream structure;
ynsigned int (4) format ordering;
tnsigned int (8) baseChannelCount;
if (stream structure & channelStructured) {
unsigned int (8) definedlayvout;
if (definedLayout==0) {
unsigned int(8) layout channel count;
for (i = 1 ; i <= layout channel count ; i++) {
unsigned int (8) speaker position;
if (speaker position == 126) { // explicit position
signed int (16) azimuth;
signed int (8) elevation;

}
}
} else {
int (4) reserved = 0;
unsigned int (3) channel order definition;
unsigned int (1) omitted channels present;
if (omitted channels present == 1) ({
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unsigned int (64) omittedChannelsMap;
// a ‘1’ bit indicates ‘not in this track’

}
}
if (stream structure & objectStructured) {
// object count is derived from baseChannelCount

}

}
12.2.4.3 Semantics

version isan integer that specifies the version of this box (0 or 1). When authoring, version 1 should b4
preferred over version 0. Version 1 conveys the channel ordering, which is not always the €ase for
verfion 0. Version 1 should be used to convey the base channel count for DRC.

stream[structure is a field of flags that define whether the stream has channel or objectstructure (oj
both, or neither); the following flags are defined, all other values are reserved:

1 | the stream carries channels

2 | the stream carries objects

format |ordering indicates the order of formats in the stream starting from the lowest channel inde3
(seg¢ Table). Each format shall only use contiguous channel indices:

format_ordering Order

0 unknown

1 Channels, possibly followed by Objects
2 Objects, possibly followed by Channels
Remaining values are -

reserved

definedLayout is a ChannelConfiguration from ISO/IEC 23091-3.

speakef position is an OutputChannelPosition from ISO/IEC 23091-3. If an explicit position is used
thejn the azimuth and elevation are as defined as for speakers in ISO/IEC 23091-3. The channe
order corresponds to the order.of speaker positions.

azimut} is a signed value in degrées, as defined for LoudspeakerAzimuth in ISO/IEC 23091-3.
elevation is a signed valug;in degrees, as defined for LoudspeakerElevation in ISO/IEC 23091-3.

channel order definStlion indicates where the ordering of the audio channels for the definedrayout
arelspecified (s¢e Table).

rhannél order_definition Channel order specification

) as listed for the ChannelConfigurations in ISO/IEC 23091-3
Default order of audiocodecspecification

2 Channel ordering #2 of audio codec specification

3 Channel ordering #3 of audio codec specification

4 Channel ordering #4 of audio codec specification

Remaining values are re- -

served

omitted channels present is a flagthatindicatesifitissetto 1 thatthe omittedChannelsmap is present.

omittedChannelsMap is a bit-map of omitted channels; the bits in the channel map are numbered from
least-significant to most-significant, and correspond in that ordering with the order of the channels
for the configuration as documented in ISO/IEC 23091-3 ChannelConfiguration. 1-bits in the
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channel map mean that a channel is absent. A zero value of the map therefore always means that

the given standard layout is fully present. The default value is 0.

layout channel count is the count of channels for the channel layout. The default value is 0 if

stream

structure indicates that no channel structure is present. Otherwise, the value is the number of

channels of the defined layout, if present, otherwise it is the value from the sample entry.

object count is the count of channels that contain audio objects. The default value is 0. For

version

1 and if the objectstructured flag is set, the value is computed as baseChannelCount minus the

channel count of the channel structure

baseChannelCount represents the combined channel count of the channel layout and the ebjec
The value must match the base channel count for DRC (see ISO/IEC 23003-4).

12.2.5 Downmix instructions

12.2.5.1 Definition

Box Types: "dmix'
Container: Audio sample entry
Mandatory: No

Quantity: Zero or more

he downmix can be controlled by the production facility iffecessary. For instance, some cont
require more attenuation of the surround channels beforeydewnmixing to maintain intelligibilit

['he downmix support is designed so that any downmix (e.g. from 7.1 to quad as well as to ster
be described.

t is possible to declare the loudness characteristics of the signal after downmix, and after [
Hownmix.

f targetChannelCount*baseChannelCelnt is odd, the box is padded with 4 bits set to 0
fargetChannelCount shall be consistent with the targetLayout (if given), and shall be less than ¢
[0 the channelcount.

Hach downmix is uniquely identified by an ID.

In the following definition, ceil () is the ceiling function.

12.2.5.2 Syntax

hligned (8) c¥assS DownMixInstructions extends FullBox ('dmix', version, flags=0) {
if (version >= 1) {

bit (W) reserved = 0;

bit (7) downmix instructions_ count;

L count.

bnt may
y.

eo) can

RC and

KF. The
r equal

} else {
int downmix instructions count = 1;
}
fox I:;—‘\; < —downml instruction CEE-E = :;<L¢) {

unsigned int (8) targetLayout;
unsigned int(l) reserved = 0;
unsigned int(7) targetChannelCount;
bit (1) in_stream;
unsigned int (7) downmix ID;
if (in_stream==0)
{ // downmix coefficients are out of stream and supplied here
int i, 37
if (version >= 1) {
bit (4) bs downmix offset;
int size = 4;
for (i=1; 1 <= targetChannelCount; i++) {
for (j=1; j <= baseChannelCount; j++) {
bit (5) bs downmix coefficient vl;
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size += 5;
}
}
bit (8 ceil(size / 8) - size) reserved = 0; // byte align
} else {
for (i=1; 1 <= targetChannelCount; i++) {
for (j=1; j <= baseChannelCount; j++)
bit (4) bs downmix coefficient;

{
}

}
12.2.5.

targetl]
doy

target
tar

downmi 3

Doy
sh4g

versiorn

bs dowr
cog

baseChd
ISO

in_ strd

bs dowr

Tabléd

B Semantics

ayout is a ChannelConfiguration from ISO/IEC 23091-3 and defines the resultingJayout aftel
vnmix

hannelCount is the count of channels in the resulting stream, and shall.correspond with thg
bet layout

1D is an arbitrary value that identifies this downmix, and shall be unique among thg
vnMixInstructions in a given sample entry; there are two reserved values, 0 and 0x7F, whicH
1l not be used

is an integer that specifies the version of this box (0 or 1)

mix offset is an offset in dB for all downmix coefficients that are defined in the bs downmix |
fficient v1 field. Itis encoded as defined in Table 7“using the following expression for:

Table 7 — Downmix'offset encoding

Value [dB] Hex encoding (3 bits)
0.0 0x0

0x1

0x2
reserved other

nnelCount is the channel count of the audio signal in the base layout as also defined ir
[EC 23003-4. It shoyld be derived from the channelrayout box, if present.

am has a value of“}; when the downmix coefficients are in the stream. Otherwise, it is zero.

mix_ coeffitdent is encoded as defined in Table 8 and Table 9:

170

8 — Downmix coefficient encoding for non-LFE channel and version==0 (bs_downmix_
coefficient)

Vatue Hexencoding (4 bits)
0.00 dB 0x0
-0.50dB 0x1
-1.00dB 0x2
-1.50 dB 0x3
-2.00dB 0x4
-2.50 dB 0x5
-3.00dB 0x6
-3.50dB 0x7
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Table 8 (continued)

Value Hex encoding (4 bits)
-4.00 dB 0x8
-4.50 dB 0x9
-5.00dB 0xA
-5.50dB 0xB
-6.00 dB 0xC
-7.50 dB 0xD
-9.00dB OxE

-0 dB OxF

Table 9 — Downmix coefficient encoding for LFE channel and version==0{bs_downmix

coefficient)
Value Hex encoding (4 bits)
10.00 dB 0x0
6.00dB 0x1
4.5dB 0x2
3.00dB 0x3
1.50 dB 0x4
0.00dB 0x5
-1.50 dB 0x6
-3.00dB 0x7
-4.50 dB 0x8
-6.00dB 0x9
-10.00 dB 0xA
-15.00dB 0xB
-20.00@B 0xC
-30.00.dB 0xD
-40.00 dB OxE
-0 dB 0xF

bs_downmix coefficient vl is encoded as defined in Table 10:

Table 0=~ Downmix coefficient encoding for version>=1 (bs_downmix_coefficient_v1)

Value Hex encoding (5 bits)
10.00 dB 0x00
6.00 dB 0x01
4.50 dB 0x02
3.00dB 0x03
1.50 dB 0x04
0.00 dB 0x05
-0.50 dB 0x06
-1.00 dB 0x07
-1.50 dB 0x08
-2.00dB 0x09
-2.50 dB 0x0A
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Table 10 (continued)

Value Hex encoding (5 bits)
-3.00dB 0x0B
-3.50dB 0x0C
-4.00 dB 0x0D
-4.50 dB 0x0E
-5.00dB 0x0F
-5.50dB 0x10
-6.00 dB 0x11
-6.50dB 0x12
-7.00 dB 0x13
-7.50 dB 0x14
-8.00dB 0x15
-9.00dB 0x16
-10.00 dB 0x17
-11.00dB 0x18
-12.00dB 0x19
-15.00 dB 0x1A
-20.00 dB 0x1B
-25.00 dB 0x1C
-30.00 dB 0x1D
-40.00 dB 0x1E
-0 dB 0x1F

12.2.6 |DRC information

A DRC ip used in the encoder to generate gain'values using one of the pre-defined DRC characteristics as
defined in ISO/IEC 23091-3 or a characteristic defined in ISO/IEC 23003-4. The coefficients are placed
either ip-stream or in an associated meta-data track. Alternatively, coefficients are generated at theg
decodef based on transmitted parametric DRC configurations.

For sonpe content, such as some/multi-channel content, it may be advantageous to use different DR(
charactleristics in different-channels. For instance, if speech is exclusively present in the center channel
this feqture can be very\useful. It is supported by the assignment of DRC characteristics to audic
channels.

It is pogsible to declare the loudness characteristics of the signal after DRC.

DRC support.includes supporting in-stream DRC coefficients, and a separate track carrying them; the
latter i$ pdrticularly useful for legacy coding systems (including uncompressed audio) that have nd
provisipnfor in-stream coefficients.

In the ISO base media file format, the audio content may be carried in multiple tracks where a base
track contains the DRC metadata for all tracks. The additional tracks are referenced by the base track
using a track reference of type 'adda' (additional audio). The channels processed by the DRC are all the
channels in the base track, plus all the channels in track(s) referenced, in the order of the references.
The DRC channel groups apply to all those channels (even if they are channels in a track that is disabled
or not currently being played).

The boxes DRCCoefficientsBasic, DRCCoefficientsUniDRC, DRCInstructionsBasic,
DRCInstructionsUniDRC, and UniDrcConfigExtension may occur in an AudioSampleEntry and are
defined in ISO/IEC 23003-4.
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12.2.7 Audio stream loudness

12.2.7.1 Definition

Box Types: "ludt’

Container: UserbataBox of the corresponding TrackBox
Mandatory: No

Quantity: Zero or more

COUdTEsSS dectarations are piaced 1T UseTDataBoxEs, t0 enable thelr presence arnd update 1T
‘ragments. In particular, in live scenarios, user-data in the initial MovieBox may be a ‘promis
bxceed’ or ‘best guess’, and then user-data updates give better (but still generally valid) values. T|
example, a loudness range in this user data that is associated with a particular set of PR(insty
Constitutes a ‘promise’ rather than a measurement, under these circumstances.

beveral metadata values are available that describe aspects of the dynamicrange. The sizd
lynamic range can be useful in adjusting the DRC characteristic, e.g. the DR(is less aggressiy
lynamic range is small or the DRC can even be turned off.

[rTue Peak and maximum loudness values can be useful for estimating the’headroom, for instang
oudness normalization results in a positive gain [dB] or when headroom is needed to avoid clij
the downmix. The DRC characteristic can then be adjusted to approach a headroom target. T
evel of the associated content is represented here in a coding-independent way.

[he audio sound pressure level that the content was mixed to can also be documented. (If
istened to at a level other than the mixing level, this can affect the perceived tonal balance.)

['he following measures may also be used:

— Maximum of the loudness range derived from EBU-Tech 3342 [26]

— Maximum momentary loudness derivedfrom ITU-R BS.1771-1 [24] or EBU-Tech 3341 [25]
— Maximum short-term loudness derived from ITU-R BS.1771-1 [24] or EBU-Tech 3341 [25]
— Short-term loudness definedinc’ITU-R BS.1771-1[24] or EBU-Tech 3341[23]

nder some circumstances\it' can be desirable to indicate the loudness characteristic
hlbum, in each song that(the album contains. A separate box can be specified for that purpd
[rackLoudnessinfo and\AlbumLoudnessinfo provide loudness information for the song, and
entire album which dontains the song, respectively.

dialog nérmal level’ or DialNorm as defined in ATSC Doc. A/52:2012[271, ISO/IEC 23003-4 speci
measurement systems, measurement methods and the coding of all loudness and peak-related ¥

movie
b not to
hus, for
uctions

e of the
re if the

e when
pping of
he peak

hudio is

of an
se. The
for the

[he program lowdness shall be measured using ITU-R BS.1770-4 over the associated cont¢nt; the
anchor loudness’ is the loudness of the anchor content, where what that content is, is determfined by
'he content-author; one suitable value (especially for content for which the main content is spgech) is

fies the
alues.

22.7.2 Qyntm{

aligned (8) class LoudnessBaseBox extends FullBox (loudnessType, version, flags=0) {
if (version >= 2) {

unsigned int (2) loudness info type;

unsigned int (6) loudness base count;

if (loudness info type == | | loudness info type == 2) ({
unsigned int (1) reserved = 0;
unsigned int (7) mae group ID;

}

else if (loudness info type == 3) {
unsigned int (3) reserved = 0;
unsigned int (5) mae group preset ID;
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else if (version == 1) {
unsigned int (2) reserved = 0;
unsigned int (6) loudness base count;
} else {
int loudness base count = 1;
}
for (a=1; a<=loudness base count; a++) {
if (version >= 1) {

unsigned int (2) reserved = 0;

unsigned int (6) EQ set ID; // to match an EQ box
}
TTSTgIEed Tt t3Teserved =05
nsigned int (7) downmix ID; // matching downmix
nsigned int (6) DRC_set ID; // to match a DRC box

igned int(12) bs sample peak level;
igned int(12) Dbs true peak level;
nsigned int (4) measurement system for TP;
nsigned int (4) reliability for TP;
nsigned int (8) measurement count;

int 1i;

for (1 =1 ; 1 <= measurement count; i++) {
unsigned int (8) method definition;
unsigned int (8) method value;

unsigned int (4) measurement system;
unsigned int(4) reliability;

}
}

aligned (8) class TrackLoudnessInfo extends LoudnessBaseBox®'tlou') { }
aligned (8) class AlbumLoudnessInfo extends LoudnessBaseBOxWV('alou') { }
aligned (8) class LoudnessBox extends Box ('ludt') {
// not more than one TrackLoudnessInfo box with version>=1 is allowed
loudness TrackLoudnessInfo[];

// not more than one AlbumLoudnessInfo box witln¥ersion>=1 is allowed albumLoudness
AlbumLgudnessInfol];
}

12.2.7.3 Semantics
version isan integer that specifies the versibn of this box (0, 1 or 2)

loudnegs info type is the type of audio/scene described by the loudness information. It shall take g
valpie of zero unless other typestware supported by the loudness processing. For defined values refej
to the corresponding loudnegslufoType specification in ISO/IEC 23008-3[31l,

mae_grdup_ 1D is a unique identifiér for a group of metadata elements as specified in ISO/IEC 23008-3[31
mae_grdup preset ID isaunique identifier for a group preset as specified in ISO/IEC 23008-3[311,

downmij ID when z€roy declares the loudness characteristics of the layout without downmix. If non
zerp, this box declares the loudness after applying the downmix with the matching downmix_ 1D and
shdll match.atalue in exactly one box in the sample entry of this track

DRC_set ID\When zero, declares the characteristics without applying a DRC. If non-zero, this boy
dedlateés the loudness after applying the DRC with the matching prc set 10 and shall match §
value in exactly one box in the sample entry of this track

EQ set 1D when zero, declares the characteristics without applying EQ. If non-zero, this box declares
the loudness after applying the EQ with the matching 20 set 1D and shall match a value in exactly
one box in the unibrcConfigExtension of this track

bs_sample peak level takes a value for the sample peak level as defined in ISO/IEC 23003-4; all other
values are reserved

bs_true peak level takesavalue for the true peaklevel as defined in ISO/IEC 23003-4; all other values
are reserved
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measurement system for TP takesan index for the measurement system as defined in ISO/IEC 23003-4;
all other values are reserved

method definition takes an index for the measurement method as defined in ISO/IEC 23003-4; all
others are reserved

measurement system takes an index for the measurement system as defined in ISO/IEC 23003-4; all
others are reserved

reliability and reliability for TP each take one of the following values (all other values are
reserved):

0: Reliability is unknown
1: Value is reported/imported but unverified
2: Value is a ‘not to exceed’ ceiling

3: Value is measured and accurate
12.3 Metadata media

12.3.1 Media handler

[imed metadata media uses the 'meta' handler type in/the'sandlerBox of the MediaBox, as defined in
8.4.3.

NOTE1  MPEG-7 streams, which are a specific kind-of metadata stream, have their own handler declared,
locumented in the MP4 file format (ISO/IEC 14496-141221),

NOTE 2  metadata tracks are linked to the trackthey describe using a track-reference of type 'cdsc'.

12.3.2 Media header

Metadata tracks use a NullMediaHeaderBox, as defined in subclause 8.4.5.2.
12.3.3 Sample entry

12.3.3.1 Definition
[imed metadatactracks use MetaDataSampleEntry.

n case of XML“metadata a BitRateBox in the SampleEntry can be used to choose the appiopriate
memory representation format (DOM, STX).

[he uRIMetaSampleEntry entry contains, in a box, the URI defining the form of the metaddta, and
pptional initialization data. The format of both the samples and of the initialization data is deflined by
pll-or part of the URI form

It may be the case that the URI identifies a format of metadata that allows there to be more than one
‘stated fact’ within each sample. However, all metadata samples in this format are effectively ‘I frames’,
defining the entire set of metadata for the time interval they cover. This means that the complete set of
metadata at any instant, for a given track, is contained in (a) the time-aligned samples of the track(s) (if
any) describing that track, plus (b) the track metadata (if any), the movie metadata (if any) and the file
metadata (if any).

If incrementally-changed metadata is needed, the MPEG-7 framework provides that capability.

Information on URI forms for some metadata systems can be found in Annex G.
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12.3.3.2 Syntax

class MetaDataSampleEntry (codingname) extends SampleEntry (codingname) {
}
class XMLMetaDataSampleEntry () extends MetaDataSampleEntry ('metx') {
utf8string content encoding; // optional
utf8list namespace;
utf8list schema location; // optional
}
class TextConfigBox () extends Fullbox ('txtC', 0, 0) {
utf8string text config;

}
class TextMetaDataSampleEntry () extends MetaDataSampleEntry ('mett') ({
utfgdstring content encoding; // optional
utf§string mime format;

TextiConfigBox (); // optional
}
class NIIMEBox () extends Fullbox ('mime', 0, 0) {
utf§string content type;
}

aligned (8) class URIBox extends FullBox('uri ', wversion = 0, 0) {
utfstring theURI;

}

aligned (8) class URIInitBox

g¢xtends FullBox ('uriI', version = 0, 0) {
unsjgned int(8) uri initialization datal];

}

class UYRIMetaSampleEntry() extends MetaDataSampleEntry ('urdm') {
URIBox the label;
URIInitBox init; // optional

}

12.3.3.8B Semantics

content encoding provides a MIME type which identifies the content encoding of the timed metadata
It i defined in the same way as for an TtemInfoEntry in this document. If not present (an empty
string is supplied) the timed metadata is notencoded. An example for this field is ‘application/zip’
Note that no MIME types for BiM [ISO/IEE€’23001-1] and TeM [ISO/IEC 15938-1] currently exist
Thus, the experimental MIME types ‘application/x-BiM’ and ‘text/x-TeM’ shall be used to identify
thesse encoding mechanisms.

namespgqce provides one or more XML namespaces to which the sample documents conform. Wher
usdd for metadata, this is needed for identifying its type, e.g. gBSD or AQoS [MPEG-21-7] and fo1
dedoding using XML awar€ encoding mechanisms such as BiM.

schema [location providésyZero or more URLs for XML schema(s) to which the sample document
corfforms. If there is<one namespace and one schema, then this field shall be the URL of the ong
schiema. If there is)more than one namespace, then the syntax of this field shall adhere to tha
for|xsi:schemaLgcation attribute as defined by XML. When used for metadata, this is needed fot
dedoding ofithe timed metadata by XML aware encoding mechanisms such as BiM.

mime fdrmazt \(provides a MIME type which identifies the content format of the samples. Examples fo
this field include ‘text/html’ and ‘text/plain’.

text config provides the initial text of each document which is prepended before the contents of each
sync sample.

content type is a string corresponding to the MIME type each XML document carried in the stream
would have if it were delivered on its own, possibly including sub-parameters.

NOTE This implies that if two XML documents carried in the same track have different MIME types (or
sub-parameters), each document needs to be associated with a different sample entry.

theURT is a URI formatted according to the rules in 6.3.3;

uri_initialization data is opaque data whose form is defined in the documentation of the URI form.
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12.4 Hint media

12.4.1 Overview

Hint tracks are used to describe elementary stream data in the file. Each protocol or each family of
related protocols has its own hint track format. A server hint track format and a reception hint track
format for the same protocol are distinguishable from the associated four character code of the sample
description entry. In other words, a different four character code is used for a server hint track and a
reception hint track of the same protocol. The syntax of the server hint track format and the reception
hint track format for the same protocol should be the same or compatible so that a receptionAint track
fan be used for re-sending of the stream provided that the potential degradations of the ‘fleceived
streams are handled appropriately. Most protocols will need only one sample descriptior’ forjmat for
pach track.

bervers find their hint tracks by first finding all hint tracks, and then looking within that set for server
hint tracks using their protocol (sample description format). If there are choice$at this point, then the
server chooses on the basis of preferred protocol or by comparing features in‘the hint track hqgader or
bther protocol-specific information in the sample descriptions. Particularly in the absence of server
nint tracks, servers may also use reception hint tracks of their protocol:However, servers should handle
potential degradations of the received stream described by the usedfeception hint track appropriately.

[racks having the track in movie flag set are candidates for playback, regardless of whether they are
media tracks or reception hint tracks.

Hint tracks construct streams by pulling data out of othep tracks by reference. These other tra¢ks may
be hint tracks or elementary stream tracks. The exactform of these pointers is defined by the[sample
format for the protocol, but in general they consist offeur pieces of information: a track reference index,
h sample number, an offset, and a length. Some of these may be implicit for a particular protocol. These
pointers’ always point to the actual source of the data. If a hint track is built ‘on top’ of another hint
'rack, then the second hint track shall have:;direct references to the media track(s) used by the first
where data from those media tracks is placed in the stream.

All hint tracks use a common set of declarations and structures.
— Hinttracks are linked to the glementary stream tracks they carry, by track references of typg 'hint"
— They use a handler-type of 'hint' in the HandlerBox
— They use a HintMed{aleaderBox

— They use a HinESampleEntry in the sampleDescriptionBox, with a name and format uniqug to the
protocol thegrepresent.

berver hint tracks are usually marked as disabled for local playback, with their track header trick in
hovie andtfack in preview flags setto 0.

Hint tracks may be created by an authoring tool, or may be added to an existing presentatipn by a
hinting tool. Such a tool serves as a ‘bridge’ between the media and the protocol, since it intimately
mderstands both. This nprmlfc :nlfhnr]n(r tools tounderstand the media Fnrmaf butnot nrnfn(‘ IS, and

for servers to understand protocols (and thelr hint tracks) but not the details of medla data

Hint tracks shall not use composition time offsets. The process of hinting computes transmission times
correctly as the presentation time derived from the decoding time.

Servers using reception hint tracks as hints for sending of the received streams should handle the
potential degradations of the received streams, such as transmission delay jitter and packet losses,
gracefully and ensure that the constraints of the protocols and contained data formats are obeyed
regardless of the potential degradations of the received streams.

Conversion of received streams to media tracks allows existing players compliant with earlier
versions of the ISO base media file format to process recorded files as long as the media formats are
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supported. However, most media coding standards only specify the decoding of error-free streams, and
consequently it should be ensured that the content in media tracks can be correctly decoded. Players
may utilize reception hint tracks for handling of degradations caused by the transmission, i.e., content
that may not be correctly decoded is located only within reception hint tracks. The need for having a
duplicate of the correct media samples in both a media track and a reception hint track can be avoided
by including data from the media track by reference into the reception hint track.

12.4.2 Media handler

Hint mddia uses the "hint' handler type in the HandlerBox of the MediaBox, as defined in 8.4.3.
12.4.3 |Hint media header

12.4.3.1 Hint media header box

Box Types: "hmhd'

Contairler: MediaInformationBox

Mandatory: Yes

Quantitly: Exactly one specific media header shall be present

Hint trdcks use the HintMediaHeaderBox in the MediaInformationBox, as defihed in 8.4.5. The hint media
header fcontains general information, independent of the protocol, for hint tracks. (A PDU is a protoco
data unjit.)

12.4.3.2 Syntax

aligned (8) class HintMediaHeaderBox
extgnds FullBox ('hmhd', version = 0, 0) {

unsigned int (16) maxPDUsize;
unsigned int (16) avgPDUsize;
unsigned int (32) maxbitrate;
unsigned int (32) avgbitrate;
unsigned int (32) reserved = 0;

}
12.4.3.8 Semantics

version is an integer that specifies the version of this box

mayPDUsize gives the size inbytes of the largest PDU in this (hint) stream
avgpDUsize gives the'aVerage size of a PDU over the entire presentation
maxoitrate givesithe maximum rate in bits/second over any window of one second

avgbitratecsgives the average rate in bits/second over the entire presentation

12.4.4 |Sample entry

12.4.4.1 Definition
Hint tracks use an entry format specific to their protocol, with an appropriate name.

For hint tracks, the sample description contains appropriate declarative data for the streaming protocol
being used, and the format of the hint track. The definition of the sample description is specific to the
protocol.

The ‘protocol’ and ‘codingname’ fields are registered identifiers that uniquely identify the streaming
protocol or compression format decoder to be used. A given protocol or codingname may have optional
or required extensions to the sample description (e.g. codec initialization parameters). All such
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extensions shall be within boxes; these boxes occur after the required fields. Unrecognized boxes shall

be ignored.

12.4.4.2 Syntax

class HintSampleEntry () extends SampleEntry (protocol) {
}

12.5 Text media

12.5.1 Media handler

media uses the 'text' handler type in the HandlerBox of the MediaBox, as defined in 8.4.3:

12.5.2 Media header

[imed text tracks use a NullMediaHeaderBox, as defined in subclause 8.4.5.2.
12.5.3 Sample entry

12.5.3.1 Definition
[imed text tracks use PlainTextSampleEntry.
12.5.3.2 Syntax

flass PlainTextSampleEntry (codingname) exteands SampleEntry (codingname) {

Flass SimpleTextSampleEntry extends Plain®extSampleEntry ('stxt')

utf8string content encoding; / Noptional
utf8string mime format;
TextConfigBox () ; Y.J optional

12.5.3.3 Semantics

defined in the same way as for an TtemInfoEntry in this document. If not present (an empt
is supplied) the timed text is not encoded. An example for this field is ‘application/zip’.

hime format providées a MIME type which identifies the content format of the samples. Exam
this field inclide ‘text/html” and ‘text/plain’.

12.6 Subtitle media

12.6.1 "Media handler

[he timed text media type indicates that the associated decoder will process only text data: Timed text

tontent encoding provides.a'MIME type which identifies the content encoding of the timed tg¢xt. It is

y string

ples for
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images. Subtitle media uses the 'subt' handler type in the HandlerBox of the MediaBox, as defined in

8.4.3.

12.6.2 Subtitle media header

12.6.2.1 Definition

Subtitle tracks use the subtitleMediaHeaderBox in the MediaInformationBox, as defined in 8.4.5. The

subtitle media header contains general presentation information, independent of the coding, for
media. This header is used for all tracks containing subtitles.
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12.6.2.2 Syntax
aligned(8) class SubtitleMediaHeaderBox

extends FullBox ('sthd', version = 0, flags = 0) {
}

12.6.2.3 Semantics
version -1isan integer that specifies the version of this box.

flags -is a 24-bitinteger with flags (currently all zero).

12.6.3 [Sample entry

12.6.3.1 Definition

Subtitld tracks use SubtitleSampleEntry.

12.6.3.2 Syntax

class $ubtitleSampleEntry (codingname) extends SampleEntry (codingname)h {
}
class JIMLSubtitleSampleEntry () extends SubtitleSampleEntry ('stppd) {
utf§list namespace;
utfdlist schema location; // optional
utfglist auxiliary mime types;
// optional, required if auxiliary resources a¥e present

}
class TextSubtitleSampleEntry () extends SubtitleSampdekntry ('sbtt') {
utfdstring content encoding; // optional
utf§string mime format;
Texf§ConfigBox (); // optional
}

12.6.3.B Semantics

content encoding provides a MIME type which identifies the content encoding of the subtitles. It if
defined in the same way as for an TtemrnfoEntry in this document. If not present (an empty string
is supplied) the subtitle samples are-not encoded. An example for this field is ‘application/zip’.

namespgce is one or more XML nainespaces to which the sample documents conform. When used fot
metadata, this is needed for identifying its type, e.g. gBSD or AQoS [MPEG-21-7] and for decoding
using XML aware encoding-mechanisms such as BiM.

schema [location is zer@.0r more URLs for XML schema(s) to which the sample document conforms. If
thefre is one namespace and one schema, then this field shall be the URL of the one schema. If there i
mofe than one hamespace, then the syntax of this field shall adhere to that for xsi:schemaLocatior
attribute as'défined by XML. When used for metadata, this is needed for decoding of the timed
mefadatashy XML aware encoding mechanisms such as BiM.

mime fqumat provides a MIME type which identifies the content format of the samples. Examples fof

th L FrAald s al A il ]’ o d st foa]l i)
1StHeremeraae COATT/ITCIHIT alra CCAT/ pPTaTiT .

auxiliary mime types indicates the media type of all auxiliary resources, such as images and fonts, if
present, stored as subtitle sub-samples.

optional box may be a BitRateBox Or a MIMEBox or other box. When both BitRateBox and MIMEBox are
present, they may be in any order. Parsers shall allow other boxes to be present.
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12.7 Font media
12.7.1 Media handler
Font media uses the ' fdsm' handler type in the HandlerBox of the MediaBox, as defined in 8.4.3.

12.7.2 Media header

Font tracks use a NullMediaHeaderBox.

12.7.3 Sample entry

12.7.3.1 Definition

Font streams use a FontSampleEntry.

12.7.3.2 Syntax

Flass FontSampleEntry (codingname) extends SampleEntry (codingnamé) {
//other boxes from derived specifications

12.8 Transformed media

12.8.1 General
Protected media is described in 8.12.
ncomplete media is described in 8.17.

Restricted media is described in 8.15.

12.8.2 Multiple transformations for a single transformed media track

A transformed media track may hdve undergone several transformations of different types apd shall
hot have undergone more than one transformation of any particular type.

NOTE For example, a transformed track could be both protected and restricted.

['he following process applies to conclude the untransformed sample entry type of a transforme¢ media
frack:

1) Let schemelnfoContainerBox be ProtectionSchemeInfoBox, RestrictedSchemeInfoHox, Or
CompleteTrackInfoBox when the track sample entry type indicates an encrypted, restrigcted, or
incomplete media track, respectively.

P) ALétdataFormatbeequaltothedata formatvalueoforiginalFormatBox of schemelnfoContaipnerBox.
3y if dataFormmatimdicates a transformed media track, schemeinfoContainmerBox 15 updated to be

ProtectionSchemeInfoBox, RestrictedSchemeInfoBox, O CompleteTrackInfoBox when dataFormat
indicates an encrypted, restricted, or incomplete media track, respectively. The process continues
from step 2.

4) Otherwise (dataFormat does not indicate a transformed media track), the untransformed sample
entry type is concluded to be equal to dataFormat.
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12.8.3 Determining the untransformed sample entry type

A transformed media track may have undergone several transformations of different types but cannot
have undergone more than one transformation of any particular type.

NOTE For example, a transformed track could be both protected and restricted, in which case the relevant
boxes in the sample entry could be set as follows:

SampleEntry('encv') {
ProtectionSchemeInfoBox {
CJ_J'_EJ'.llGllFUJ.HlGltBU 12 \j.c\.tc\.ifUJ_lllC\.t J._ 'J_‘C L
chemeTypeBox;
chemeInformationBox;

ResfirictedSchemeInfoBox {

riginalFormatBox; // data format indicates a codec, e.g. 'avcl'
chemeTypeBox;

$chemeInformationBox;

// Boxes specific to the untransformed sample entry type
// For 'avcl', these would include AVCConfigurationBox

}
The following process applies to conclude the untransformed sample entry\ type (as defined in the

following subclause) of a transformed media track:

1) Lef schemelnfoContainerBox be any protectionSchemeInfoBoxf{ the RestrictedSchemeInfoBox
or the completeTrackInfoBox when the sample entry type of-flie track (i.e., the format value of 2
sarjpleEntry directly contained in the samplebescriptionBéx)/indicates an encrypted, restricted
or incomplete media track, respectively.

2) LetldataFormatbeequaltothedata formatvalueoforgginalFormatBox of schemelnfoContainerBox

3) If dataFormat indicates a transformed media track, schemelnfoContainerBox is updated to bg
PrdtectionSchemeInfoBox, RestrictedSchemelfifioBox, OF CompleteTrackInfoBox when dataFormaf
indlicates an encrypted, restricted, or incomplete media track, respectively. The process continues
from step 2.

4) Otherwise (dataFormat does not indicate a transformed media track), the untransformed samplg
entry type is concluded to be equal te dataFormat.

12.8.4 | The 'codecs' MIME parameter for a transformed media track

The 'coglecs’ parameter value for transformed media tracks is described in Annex K.
12.9 Multiplexed time&d metadata tracks

12.9.1 |General

Multiplexed timed metadata tracks

ll 1 H £ Jdaot Tk L 3 | fadaoto) 3 | fadat +las 11 +la
a allow—Te CAlTTagT U dITy " ustli udid TICTHT (UITtTIIITU 1T taudid) a5 U 1rctaudtid, TS dIiTovw S TT

'radio station' case where song title, performer, etc. need to change as songs change;

b) allow the multiplexing together of formats; so, for example, a camera might record both location
and facing direction in the same sample.

12.9.2 Overall design

Timed metadata multiplex is a specific format of a metadata track; it has a sample entry code, sample
entry definitions, and a sample format. The sample entry code is 'mebx "', standing for 'metadata boxed".

The usual track reference(s) are used (notably 'cdsc').

182 © ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=2dd6b158ce2ae084dbcf17d7d656a904

ISO/IEC 14496-12:2022(E)

The sample entry sets up an association between a compact, fixed-size, identifier used in the streams
(repeatedly) and the permanent, possibly long-format, identifier, of the metadata and any parameters.

12.9.3 Sample format

An access unit (also known as media sample) is structured as a concatenation of one or more value
Boxes (as defined in subclause 4.2). The four-character-codes of these boxes are local keys that are
declared in the sample entry; the setup for these keys allows various associations (e.g. as equivalent to
a user-data item, as equivalent to an un-multiplexed timed metadata sample, etc.). The content of the
DOoX 1S defined by the association.

f no value for a particular key is present in the access unit at the given time, the interpretation should
be that there is no metadata of that type at the time. Metadata values for that key for other times (e.g.,
'rom a previous access unit) should not be interpreted as applying to the target time.

Metadata access units are sync samples (also known as “I-frames” in video) when.all the containgd boxes
n that sample would have been sync samples if they had been in their own sample, un-multiplexed.

f no values for any key are present for a time range, the best practice isto.include an access unit with
bnly a “NULL” data entry for the time range as defined in subclause\1209.5. An empty track gdit list
entry could be used to indicate there is no metadata for a range of movie time.

12.9.4 Sample entry format

12.9.4.1 General

[he sample entry for boxed timed metadata is the BokedMetadataSampleEntry:

hligned (8) class BoxedMetadataSampleEntry
extends MetadataSampleEntry ('mebx') _§
MetadataKeyTableBox () ; //Zmandatory
BitRateBox () ; /'/ optional

[he only required box within BoxedMetadataSampleEntry iS MetadataKeyTableBox which defings what
metadata values may be found in the’AUs of the track.

letadatakeyTableBox (defined in 12.9.4.2) is a table indicating the set of keys and informatioh about
bach key that may occur in-associated access units.

BitRateBox is an optionatbox to signal the bitrate of the metadata stream.

12.9.4.2 Metadata key table box

Box Type: 'keys'
ContainersBoxedMetadataSampleEntry
Mandatery: Yes

Ruantity: Exactly one

Fha e o - - Dol oD containe atahla Aflravuc and manninagc 0 naulaad d
eI Tt T O Y T oo T eSO CorTTa oo ta ot oI5t ¥ O Tt TSP Pt otopoay oot

access units. It is defined as:

ta-in-the-cerresponding

aligned (8) class MetadataKeyTableBox extends Box ('keys') {

MetadataKeyBox|[];
}
This is a box containing one or more instances of MetadatakKeyBox, one for each “configuration” of key
that may occur in the access units of the track. For example, if there are two keys, there will be two
MetadataKeyBox boxes in the MetadataKeyTableBox — one for each key.

If the MetadataKeyTableBox does not contain a key for which a client is searching and there is no
MetadataInlineKeysPresentBox signaling the possible presence of inline keys, no access units
associated with this sample entry contain values with that key.
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If the MetadataKeyTableBox does contain a particular key, this does not however guarantee that any
access units containing a value for the key were written. Clients finding a key in the MetadatakeyTableBox
may still need to look through the track’s access units for values to determine if the track has the
particular metadata.

NOTE This rule allows a sample entry to be populated (say during a capture process) with keys that might
be discovered and then access units to be written with a binding only for the keys found. If never used, there’s no
requirement that the sample entry be rewritten to exclude the key that wasn’t needed. This makes writing using
movie fragments easier as the sample entries in the initial movie never need to be rewritten.

If it is |possible to remove unused sample entries efficiently and rewrite the sample entry, this-is
preferrgd.

12.9.4.3 Metadata key box

12.9.4.8.1 Definition

Box Type: locally defined
Contairler: MetadataKeyTableBox
Mandatory: Yes

Quantify: One or more

The box type for each MetadataKeyBox is here referred to as 'local_keyrid' and serves (1) as a uniqug
identifipr among all MetadatakeyBoxes and (2) as the identifier for’the metadata value boxes withiry
access Qinits that have that key.

The box type for the contained MetadatakeyBox is 'local' to the containing track and corresponds td
the boy types (32-bit integers or four-character-codes) fer boxes within metadata access units thaf
hold thpt particular metadata value. For example, if the\MetadatakeyBox has the box type of 'stuf’
any boxes of type 'stuf' in access units sharing this sample entry hold the value for this key. Any valug
other tlhan 0 and oxrrrrrrFF fitting in a 32-bit bigendian integer can be used (e.g., 'stuf’, the integet
72) but|it is recommended that it be mnemonic if possible.

There gre two reserved box types for beXes of type MetadataKeyBox. A local key id of 0 in thg
MetadafaKeyBox indicates that the MetagatakeyBox is unused and should not be interpreted. This allows
the key| to be marked as unused in the'sample entry without requiring the sample entry and paren
atoms fo be rewritten/resized. (A<box-type of 0 in a sample indicates 'null' metadata, see below). A
local tey id of oxFrrrrrFF should never occur in MetadataKeyTableBox as this special value can bg
used to[signal inline key/value hoxes within access units.

All othqr box types are available for use.

NOTE Because the children boxes within MetadataKeyTableBox can take on any box type, there is be nd
special Interpretation‘of the box type for contained boxes other than the special value 0. Therefore, including 3
FreeSpdceBox d@€snot have the conventional meaning in the MetadataKeyBox. Even so, it is suggested that thq
use of oyerly confusing use of existing four-character-codes be avoided.

Each MdtgdatakeyBox contains a variable number of boxes that define the key structure, the datatyps

for Val acantinnallu tho lacqla far tho uyaluiae and antianal cotun infarmation noodod ta intornrat th
€5-0pHehdr y—e1oedrete+eYarHe Sa a0 peohiarSesdpH o aH e e eaea+oHiter prec—+1€

value. In future versions of this document, new children boxes may be introduced.

12.9.4.3.2 Syntax

aligned(8) class MetadataKeyBox extends Box(local key id) {
MetadataKeyDeclarationBox () ;
MetadataLocaleBox () ; // optional
MetadataSetupBox () ; // optional
// other boxes may be present
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12.9.4.4 Metadata key declaration box

12.9.4.4.1 Definition

Box Type: "keyd'
Container: MetadataKeyBox
Mandatory: Yes

Quantity: Exactly one

FhemetaaatareyDecTarationBox Notds the Key mamespace and Key vatue of tirat mamespace] for the
biven values.

12.9.4.4.2 Syntax

bligned (8) class MetadataKeyDeclarationBox extends Box('keyd') {
unsigned int (32) key namespace;
unsigned int (8) key valuel[];

12.9.4.4.3 Semantics

key namespace is a 32-bit identifier describing the domain and the-structure of the key value. For
example, this could indicate that key value is a reverse-address style null-terminated string
using UTF-8 (e.g., "com.foo.mymetadata"), a binary four-Character codes (e.g., 'cprt' user data
key), a Uniform Resource Identifier (URI), or other struetures (e.g., native formats from mletadata
standards such as MXF). New key namespaces are registered, but as a URI can often be usefl, using
the URI key namespace may be sufficient for mostuses. Unrecognized key namespaces shalll cause
the associated key, and the sample data for that Key, data to be ignored.

key value is an array of bytes holding the key‘and whose interpretation is defined by the asqociated
key namespace field.

12.9.4.5 Metadata locale box

12.9.4.5.1 Definition

Box Type: 'loca’
Container: MetadataKeyBok
Mandatory: No

Quantity: Zero or oné

A metadata valueymay optionally be tagged with its locale so that it may be chosen based upon the
1ser's language, country, etc. This makes it possible to include several keys of the same key type (e.g.,
Copyright erscene description) but with differing locales for users of different languages or lofations.
['his allows one track to hold different localizations for a particular key.

['his is"accomplished by including a MetadatalocaleBox within the MetadatakeyBox.

ftha oo a0 oo 1an ie ahcant caorvracnanding maatradata ualiiac cho
—tHe-Metadatatbocated 1I5—aBSeRtG-€orFrespoRaRg e aaata—vades—S5Sa6

for all locales. Example locale strings include 'en-US', 'fr-FR’, or 'zh-CN'.

appropriate

12.9.4.5.2 Syntax

aligned (8) class MetadatalocaleBox extends Box('loca') {
utf8string locale string;

}
12.9.4.5.3 Semantics

locale string is a nul-terminated string of UTF-8 characters (i.e., a "C string") holding a language tag
complying with I[ETF BCP 47.

© ISO/IEC 2022 - All rights reserved 185


https://standardsiso.com/api/?name=2dd6b158ce2ae084dbcf17d7d656a904

ISO/IEC 14496-12:2022(E)

12.9.4.6 Metadata setup box

12.9.4.6.1 Definition

Box Type: 'setu’
Container: MetadataKeyBox
Mandatory: No

Quantity: Zero or one

For sonexey namespaces, Setup datd 1S eeded: T e Conmtents of the MetadatasetupBox are Uetined by
the xey| namespace. (For example, it contains the boxes that would have been in the sample entry, forithe
case of multiplexed timed metadata).

12.9.4.6.2 Syntax

aligned (8) class MetadataSetupBox extends Box('setu') {
// leaf data or array of Boxes

}
12.9.5 |Defined formats

12.9.5.1 Null

A NULI value (and hence access unit) can be signalled using a single box with the reserved value of (
for 10c41 key id. The contents of any such boxes should be igngred and may be present. No setup i
needed|for NULL values; they may be present in any multiplex without declaration.

Null vajues may also be used to pad samples e.g. to a constant size, or to mark a value as no longet
relevant without having to edit the file or samples, simply.by changing the box type to 0.

NULL vplues would be sync samples if they occurrediit their own sample, un-multiplexed.

12.9.5.2 User-data

The key namespace ‘'uiso' (ISO user-data) indicates that the key is mapped to the user-data four
character-code indicated by the key vaide, which shall be 4 bytes in big-endian order, and shall be 2
code vallid as user-data. There is no other setup data for this namespace (no MetadataSetupBox).

The valje box is exactly the boxthat would have occurred in the userbpataBox but using the 1ocal key |
id.

For eask of reading and-inspection, it is suggested that the 10cal key id and the original user-dat3
four-chpracter-code béequal. However readers shall not rely on any particular values of 10cal key id|

User-ddta items weuld be sync samples if they occurred in their own sample, un-multiplexed.

12.9.5.3 Unvmultiplexed timed metadata

The k 1 4t natadata caranla antry fonr charactar cndo) indicatacth A+ tho ualiiac canld
S} Froft ysa=3 et tatottaoatirpte-orrer y rour-trar oot toaT IO CateS Tttt E -y a5 toutd

have been timed metadata samples in their own right.

This key namespace indicates that the key is mapped to the sample-entry four-character-code, that is
valid for metadata tracks, indicated by the key value, which shall be 4 bytes in big-endian order, and
shall be a code valid for a metadata track sample entry. All the extra data that would have been present
as mandatory extensions to the MetaDataSampleEntry for that sample entry four-character-code shall
be present in the MetadataSetupBox.

The value box is a simple Box whose content is exactly the sample that would have occurred in an un-
multiplexed context.
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For ease of reading and inspection, it is suggested that the 10cal key id and the original sample-entry
four-character-code be equal. However readers shall not rely on any particular values of 10cal_key id.

NOTE These are already defined by this document, and there are others defined elsewhere (e.g. 3GPP):
XMLMetaDataSampleEntry, TextMetaDataSampleEntry and URIMetaSampleEntry.

12.9.5.4 Other forms

Other key namespaces may be registered and used. If an unrecognized key namespace is found, the

S ccaciatad ceoxanla oty o d oo la Aok ch ol ba s o o d
rSSOCTatC O SatTprC—CTIcr y afrt Satrpretrata Strart oCTgTIoT Ton

Dther possible key namespaces include URI and URNSs, though formats for timed metadata, (anf hence
rhat could be multiplexed) for URIs already exist.

12.10 Volumetric visual media

12.10.1 Media handler

Volumetric visual media uses the 'vo1lv' handler type in the Hand1lerrdx/of the MediaBox, as defined in
8.4.3. Multiple volumetric visual tracks may be present in the file.

12.10.2Media header

12.10.2.1 Definition

Box Type: 'vvhd'

Container: MediaInformationBox
Mandatory: Yes

Ruantity: Exactly one

Volumetric visual tracks use the volumétricvisualMediaHeaderBox in the MediaInformatiohBox as
lefined in 8.4.5. The volumetric vistial media header contains general presentation inforjmation,
ndependent of the coding, for volumetric visual media. This header shall be used in any track corjtaining
bolumetric visual media.

12.10.2.2 Syntax

h1igned (8) class VolumetricVisualMediaHeaderBox
extends FullBox('yvhd', 0, 0) {

12.10.3Sampleentry

12.10.3.4 Definition

Volumeétric visual media tracks shall use a volumetricvisualSampleEntry.

12.10.3.2 Syntax

class VolumetricVisualSampleEntry (codingname)
extends SampleEntry (codingname) {
unsigned int (8) [32] compressorname;
// other boxes from derived specifications

}

12.10.3.3 Semantics

compressorname iS a name, for informative purposes. It is formatted in a fixed 32-byte field, with the
first byte set to the number of bytes to be displayed, followed by that number of bytes of displayable

data encoded using UTF-8, and then padding to complete 32 bytes total (including the size byte).
The field may be set to 0.
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12.10.4Sample format

The format of a volumetric visual sample is defined by the coding system.

12.11

Haptic media

12.11.1Media handler

Haptic media uses the 'hapt ' handler type in the HandlerBox of the MediaBox, as defined in 8.4.3.

12.11.2

Hapticg
12.11.3

12.11.3
Haptic {
ThEHap

configuration information may be further extended using boxes for codec-specific information.

12.11.3

aligne
extd
Box

}
12.11.4

The haj
format

Media header

tracks use the Nul1MediaHeaderBox in the MediaInformationBox as defined in 8.4.5.

Sample entry

a1 Definition
racks use HapticSampleEntry.

ticSampleEntry extends the sampleEntry class and holds haptic configuration information. Thig

2 Syntax
(8) class HapticSampleEntry (codingname)

nds SampleEntry (codingname) {
) [1] otherboxes;

Sample format

ptics coding format defines the formatiof a haptics sample. It also defines whether the coding
s all sync-sample, and if not, defines what a sync sample is.
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Annex A
(informative)

Background and tutorial

A.1 Annex overview

['his annex provides an introduction to the file format, that potentially assists readers in‘uniderstanding
the overall concepts underlying the file format.

A.2 Design considerations

A.2.1 Usage

A.2.1.1 Multi-purpose

[he file format is intended to serve as a basis for a number of operations. In these various roleg, it may
be used in different ways, and different aspects of the overall'design exercised.

A.2.1.2 Interchange

When used as an interchange format, the files would normally be self-contained (not referencing media
n other files), contain only the media data actually used in the presentation, and not contpin any
nformation related to streaming. This will eesult in a small, protocol-independent, self-contained file,
which contains the core media data and the information needed to operate on it.

Figure 1 gives an example of a simplelinterchange file, containing two streams.

ISO file

mosy : mdat
...other boxes trak (video)

Interleaved, time-ordered, audio
trak (audio) and video access units

Figure 7 — Simple interchange file

\.2.1.3 Content creation

During content creation, a number of areas of the format can be exercised to useful effect, particularly:
— the ability to store each elementary stream separately (not interleaved), possibly in separate files.

— the ability to work in a single presentation that contains media data and other streams (e.g. editing
the audio track in the uncompressed format, to align with an already-prepared video track).

These characteristics mean that presentations may be prepared, edits applied, and content developed
and integrated without either iteratively re-writing the presentation on disc - which would be necessary
if interleave was required and unused data had to be deleted; and also without iteratively decoding and
re-encoding the data - which would be necessary if the data must be stored in an encoded state.
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In Figure 2, a set of files being used in the process of content creation is shown.

media file
video frames, possibly
un-ordered with other
ISO file unused data
d

moov v
...other boxes |trak (video) <\

N ISO file

trak (audio) _|
\\\ mdat
\‘k

» Video and audio access
possibly un-ordered
with other unused data

...other boxes (incl. moov)

Figure 8 — Content creation file

A.3 Design principles

The fil¢ structure is object-oriented; a file can be decomposed.into constituent objects very simply, and
the strycture of the objects inferred directly from their type.

Media-xata is not ‘framed’ by the file format; the file fofmat declarations that give the size, type ang
position of media data units are not physically contiguous with the media data. This makes it possiblg
to subsgt the media-data, and to use it in its natural state, without requiring it to be copied to maks
space f¢r framing. The structure-data is used to describe the media data by reference, not by inclusion

The fild format does not require that a single presentation be in a single file. This enables both sub
setting fand re-use of content. When combined with the non-framing approach, it also makes it possiblg
to include media data in files not formatted to this document (e.g. ‘raw’ files containing only media datz
and no fleclarative information, or file formats already in use in the media or computer industries).

The filelformat is based on a commion set of designs and a rich set of possible structures and usages. The
same fdrmat serves all usages; translation is not required. However, when used in a particular way (e.g
for locall presentation), théAfile may need structuring in certain ways for optimal behaviour (e.g. time
orderiranlg of the data). Noe-normative structuring rules are defined by this document, unless a restricted
profile |s used.

A.4 Core concepts

In the flileformat, the overall presentation is called a movie. It is logically divided into tracks; each
track r i i i —Withi >
timed unit is called a sample; this might be a frame of video or audio. Samples are implicitly numbered
in sequence. Note that a frame of audio may decompress into a sequence of audio samples (in the sense
this word is used in audio); in general, this document uses the word sample to mean a timed frame
or unit of data. Each track has one or more sample descriptions; each sample in the track is tied to a
description by reference. The description defines how the sample may be decoded (e.g. it identifies the
compression algorithm used).

Unlike many other multi-media file formats, this format, with its ancestors, separates several concepts
that are often linked. Understanding this separation is key to understanding the file format. In
particular:
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The physical structure of the file is not tied to the physical structures of the media itself. For example,
many file formats ‘frame’ the media data, putting headers or other data immediately before or after
each frame of video; this file format does not do this.

Neither the physical structure of the file, nor the layout of the media, is tied to the time ordering of the
media. Frames of video need not be laid down in the file in time order (though they may be).

This means that there are file structures that describe the placement and timing of the media; these file
structures permit, but do not require, time-ordered files.

All the data within a conforming file is encapsulated in boxes (called atoms in predecessors ©of tthis file
format). There is no data outside the box structure. All the structure-data, including that-defining the
blacement and timing of the media, is contained in structured boxes. This document defines the boxes.
[he media data (frames of video, for example) is referred to by this structure-data. Thé media data may
be in the same file (contained in one or more boxes), or can be in other files; the stpucture-data permits
referring to other files by means of URLs. The placement of the media data within these se¢ondary
files is entirely described by the structure-data in the primary file. They needaot be formatted to this
Hocument, though they may be; it is possible that there are no boxes, for example, in these se¢ondary
media files.

[racks can be of various kinds. Three are important here. Video tracks'contain samples that are¢ visual;
audio tracks contain audio media. Hint tracks are rather different; they contain instructiops for a
streaming server in how to form packets for a streaming protocol, from the media tracks in a file. Hint
'racks can be ignored when a file is read for local playback; theyare only relevant to streaming,

A.5 Physical structure of the media

[he boxes that define the layout of the media data.are found in the sample table. These include §he data
reference, the sample size table, the sample to,chunk table, and the chunk offset table. Between them,
'hese tables allow each sample in a track to be-both located, and its size to be known.

[he data references permit locating media within secondary media files. This allows a compogition to
be built from a ‘library’ of media in separate files, without actually copying the media into a sirjgle file.
['his greatly facilitates editing, for.example.

['he tables are compacted to save space. In addition, it is expected that the interleave will not be|sample
by sample, but that severalisamples for a single track will occur together, then a set of samples for
hnother track, and so on-These sets of contiguous samples for one track are called chunks. Each chunk
has an offset relative te the containing resource that is identified through a reference to a data rdference
entry. For examplega-chunk offset could be provided relative to the beginning of the file. Within the
Chunk, the samples\are contiguously stored. Therefore, if a chunk contains two samples, the pogition of
'he second may bé found by adding the size of the first to the offset for the chunk. The chunk offdet table
brovides theoffsets; the sample to chunk table provides the mapping from sample number t¢ chunk
humber.

Note that in between the chunks (but not within them) there may be ‘dead space’, un-referenced by the
media data. Thus, during editing, if some media data is not needed, it can simply be left unrefdrenced;

tbh s Aot o d at bn ~on dta raransn i+ Talraazicn 3f4bhn s dig Aot 10300 o cnoandosy £114 L‘numnd-t d t
LIICU UdilidadaI1Iiceu it oo \.Ul.ll\'\.l LU TUCIIIUVUOIL LIKCVIOL, I LIIU TIICUIda udla 1o 11 da Stiuliudal _y ITIC TUT ITIIAdU e O a

‘foreign’ file format, headers or other structures imposed by that foreign format can simply be skipped.

A.6 Temporal structure of the media

Timing in the file can be understood by means of a number of structures. The movie, and each track,
has a timescale. This defines a time axis which has a number of ticks per second. By suitable choice of
this number, exact timing can be achieved. Typically, this is the sampling rate of the audio, for an audio
track. For video, a suitable scale should be chosen. For example, a media Timescale of 30000 and media
sample durations of 1001 exactly define NTSC video (often, but incorrectly, referred to as 29.97) and
provide 19.9 hours of time in 32 bits.
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The time structure of a track may be affected by an edit list. These provide two key capabilities: the
movement (and possible re-use) of portions of the timeline of a track, in the overall movie, and also the
insertion of ‘blank’ time, known as empty edits. Note in particular that if a track does not start at the
beginning of a presentation, an initial empty edit is needed.

The overall duration of each track is defined in headers; this provides a useful summary of the track.
Each sample has a defined duration. The exact decoding timestamp of a sample is defined by summing
the durations of the preceding samples.

A.7 Interleave

The terhporal and physical structures of the file may be aligned. This means that the media data hag
its phydical order within its container in time order, as used. In addition, if the media data for [multiple
tracks i contained in the same file, this media data would be interleaved. Typically, in order-to simplify
the reagling of the media data for one track, and to keep the tables compact, this interleave’is done at 3
suitabl¢ time interval (e.g. 1 second), rather than sample by sample. This keeps the number of chunks
down, dnd thus the chunk offset table small.

If multiple audio tracks are contained in the same file, they are implicitly mixed for playback. This
mixingfis affected by the overall track volume, and the left/right balance.

Likewige, video tracks are composed, by following their layer atmber (from back to front), and theit
compodition mode. In addition, each track may be transformedby means of a matrix, and also the overal
movie ffransformed by matrix. This permits both simple operations (e.g. pixel doubling, correction of
902 rotftion) as well as more complex operations (shearing) arbitrary rotation, for example).

Derived specifications may over-ride this default comiposition of audio and video with more powerfu
systems (e.g. MPEG-4 BIFS).

A.9 Random access

This clquse describes how to seek. Seeking is accomplished primarily by using the child boxes contained
in the shmpleTableBox. If an edit listis present, it must also be consulted.

To seel a given track to a time T, where T is in the time scale of the MovieHeaderBox, the following
operatipns could be performed:

1) If the track contaigs’an edit list, determine which edit contains the time T by iterating over thg
edits. The starttime of the edit in the movie time scale must then be subtracted from the time 7
to generate TY the duration into the edit in the movie time scale. T' is next converted to the timg
scalle of thetrack's media to generate T". Finally, the time in the media scale to use is calculated by
adding thesmedia start time of the edit to T".

2) Th¢ TimeTosampleBox for a track indicates what times are associated with which sample for tha
track. Use this box to find the first sample prior to the given time.

3) The sample that was located in step 1 may not be a sync sample. The syncsampleBox documents
sync samples, which are random access points (note that there may be random access points that
are not documented by the syncsampleBox). Using this table, the first sync sample prior to the
specified time can be located. The absence of the sync sample table indicates that all samples are
synchronization points, and makes this problem easy. Having consulted the sync sample table, the
next step is likely to be seeking to whichever resultant sample is closest to, but prior to, the sample
found in step 1.

4) At this point the sample that will be used for random access is known. Use the sampleToChunkBox to
determine in which chunk this sample is located.
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5) Knowing which chunk contained the sample in question, use the chunkoffsetBox to figure out

where that chunk begins.

6) Starting from this offset, use the information contained in the SsampleToChunkBox and the
SampleSizeBox to figure out where within this chunk the sample in question is located. This is the

desired information.

A.10Fragmented movie files

[his clause introduces a technique that may be used in ISO files, where the construction of
lovieBox in @ movie is burdensome. This can arise in at least the following cases:

— Recording. If un-fragmented movie files are used, if a recording application crashes, run
disk, or some other incident happens, after it has written a lot of media to disk but before i
the MovieBox, the recorded data is unusable. This occurs because the file format insists
structure-data (the MovieBox) be written in one contiguous area of the file.

— Recording. On embedded devices, particularly still cameras, there(is not the RAM to |
MovieBox for the size of the storage available, and re-computing it.when the movie is close
slow. The same risk of crashing applies, as well.

— HTTP fast-start. If the movie is of reasonable size (in terms of.thé MovieBox, if not time), the m
can take an uncomfortable period to download before fast‘start happens.

— Segmented streaming. Segment-based streaming systems divide presentations into a sq

segment) contains a MovieBox in which the track(s) contain no samples, and subsequent se
contain one or more MovieFragmentBox(€s).

[he basic 'shape' of the movie is set in initial MovieBox: the number of tracks, the available
lescriptions, width, height, composition,;:atid so on. However the MovieBox does not cont
nformation for the full duration of the movie; in particular, it may have few or no samples in its

[0 this minimal or empty movie, extrasamples are added, in structure called movie fragments.

['he basic design philosophy is the same as in the MovieBox; data is not 'framed'. However, thg
s such that it can be treated‘as‘a 'framing' design if that is needed. The structures map readil
lovieBox, SO a fragmented presentation can be rewritten as a single MovieBox.

[he approach is thatdefaults are set for each sample, both globally (once per track) and with
‘ragment. Only thoSefragments that have non-default values need include those values. This m4
common case —regular, repeating, structures — compact, without disabling the incremental
bf movies that have variations.

[he regudarmovieBox sets up the structure of the movie. It may occur anywhere in the file, tho
best forreaders if it precedes the fragments. (This is not a rule, as trivial changes to the Moviej
foree if to the end of the file would then be impossible). This MovieBox:

h single
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— hasaboxin it to indicate that fragments should be found and used;

— isused to contain the complete edit list (if any).
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Note that software that doesn't understand fragments will play just this initial movie. Software that
does understand fragments and gets a non-fragmented movie won't scan for fragments as the fragment

indication MovieExtendsBox won't be found.
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A.11 Construction of fragmented movies

When constructing a fragmented file for playback, there are some recommendations for structuring
the content which would optimize playback and random access. The recommendations are as follows:

— The file should consist of boxes in the following order:

FileTypeBox

MovieBox

— A

corftains a single video track and a single audio track, the MovieFragmentBox wilD contain twg
TrdckFragmentBoxes, one for the video and one for the audio.

— For

case of gradual decoder refresh, a random accessible sample and the corrésponding recovery poin{

are
for

Hemce, the first samples of each media in the MovieFragmentBoxyhave the approximately equa
prdsentation times.

— Fir$t (random accessible) samples are recorded in the Mo¥ieFragmentRandomAccessBox for both
video and audio.

— Alllsamples in MmediaDataBox are interleaved with an@ppropriate interleave depth.

The offset and the initial presentation time -of' every MovieFragmentBox are given in the

MovieF{

The player will load the MovieBox and MovieEnagfentRandomAccessBox initially, and hold them in memory
during playback. When random access is n€eded, the player will search MovieFragmentRandomAccessBos
in ordef to find the random access point having the closest presentation time for the indicated time.

Since the first sample in the MovicEaagmentBox is random accessible, the player can directory jump if

on the 1
the beg

step se¢king would not bemeeessary for random access.

Note th|

A127

A12.1

pair of MovieFragmentBox and MediaDataBox (arbitrary number)
MovieFragmentRandomAccessBox

ovieFragmentBox consists of at most one TrackFragmentBox for each media. When the filg

video, random accessible samples are stored as the first sample of each TrackFragmentBox. In the

stored in the same movie fragment. For audio, samples having the_¢losest presentation timg
every video random accessible sample are stored as the first sample of each TrackFragmentBox

agmentRandomAccessBox for both audio and'video.

andom access point. The-pldyer can read the MovieFragmentBox of the random access point fron
nning. The subsequent ¢diabataBox starts from the random accessible sample. As such, a two

bt an MovieFragmentRandomAccessBox box is optional, and might never occur in a given file.

ransformed streaming over streaming protocols

Désign considerations for streaming protocols

A.12.1.1 Preparation for transformed streaming

When prepared for transformed streaming, the file needs to contain information to direct the streaming
server in the process of sending the information. In addition, it is helpful if these instructions and the
media data are interleaved so that excessive seeking can be avoided when serving the presentation. It
is also important that the original media data be retained unscathed, so that the files may be verified,
or re-edited or otherwise re-used. Finally, it is helpful if a single file can be prepared for more than one
protocol, so differing servers may use it over disparate protocols.
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A.12.1.2 Local presentation

‘Locally’ viewing a presentation (i.e. directly from the file, not over a streamed interconnect) is an
important application; it is used when a presentation is distributed (e.g. on CD or DVD ROM), during the
process of development, and when verifying the content on streaming servers. Such local viewing shall
be supported, with full random access. If the presentation is on CD or DVD ROM, interleave is important
as seeking may be slow.

A.12.1.3 Streamed presentation

When a server operates from the file to make a stream, the resulting stream has to be conformgnt with
the specifications for the protocol(s) used, and should contain no trace of the file-format informption in
he file itself. The server needs to be able to random access the presentation. It can beyuséful t¢ re-use
server content (e.g. to make excerpts) by referencing the same media data from multiplé presen(tations;
t can also assist streaming if the media data can be on read-only media (e.g. CD) andnot copied) merely
hugmented, when prepared for streaming.

Figure 3 shows a presentation prepared for streaming over a multiplexing-protocol, only one hint track
s required.

ISO file
moov
...other boxes | trak (audio) mdat
trak (video) Interléaved, time-ordered, audio
and video frames, and hint
trak (hint) instructions

Figure 9 — Hinted presentation for streaming

A.12.2 Design considerations for streaming protocols

\.12.2.1 General

[ransmission or serverthint tracks contain instructions to assist a streaming server in the foymation
bf packets for transmission. These instructions may contain immediate data for the server to s¢nd (e.g.
neader information)-or reference parts of the media data. These instructions are encoded in thie file in
'he same waythat editing or presentation information is encoded in a file for local playback. [nstead
pf editing or{présentation information, information is provided which allows a server to packelize the
media data\itt a manner suitable for streaming using a specific network transport.

['he protocol information for a particular streaming protocol does not frame the media data; the
protecol headers are not physically contiguous with the media data. Instead, the media data| can be
nclided by reference. This makes it possible to represent media data in its natural state, not favouring
any protocol. It also makes it possible for the same set of media data to serve for local presentation, and
for multiple protocols.

The same media data is used in a file that contains hints, whether it is for local playback, or streaming
over a number of different protocols. Separate ‘hint’ tracks for different protocols may be included
within the same file and the media will play over all such protocols without making any additional
copies of the media itself. In addition, existing media can be easily made streamable by the addition of
appropriate hint tracks for specific protocols. The media data itself need not be recast or reformatted
in any way.

This approach to streaming and recording is more space efficient than an approach that requires that
the media information be partitioned into the actual data units that will be transmitted for a given
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transport and media format. Under such an approach, local playback requires either re-assembling
the media from the packets, or having two copies of the media — one for local playback and one for
streaming. Similarly, streaming such media over multiple protocols using this approach requires
multiple copies of the media data for each transport. This is inefficient with space, unless the media
data has been heavily transformed for streaming (e.g. by the application of error-correcting coding
techniques, or by encryption).

Reception hint tracks may be used when one or more packet streams of data are recorded. Reception
hint tracks indicate the order, reception timing, and contents of the received packets among other
things.

NOTE Players can reproduce the packet stream that was received based on the reception hint tracks, and
process[the reproduced packet stream as if it was newly received.

A.12.2.P Protocol ‘hint’ tracks
Support for streaming is based upon the following three design parameters:

— Th¢ media data is represented as a set of network-independent standard ‘tracks, which may be
played, edited, and so on, as normal;

— Thgre is a common declaration and base structure for hint tracks; thiss’common format is protoco
independent, but contains the declarations of which protocol(s) areidescribed in the hint track(s);

— There is a specific design of the hint tracks for each protocehthat may be transmitted; all these
degigns use the same basic structure. For example, there may be designs for RTP (for the Internet]
and MPEG-2 transport (for broadcast), or for new standarédor vendor-specific protocols.

The resplting streams, sent by the servers under the direction of the server hint tracks or reconstructed
from the reception hint tracks, need contain no tracé.of file-specific information. This design does
not require that the file structures or declaration style, be used either in the data on the wire or iy
the decpding station. For example, a file using ITU-~T H.261 video and DVI audio, streamed under RTH
results fin a packet stream that is fully compliantywith the IETF specifications for packing those codingg
into RTP.

If an ISQ file contains hint tracks, the nledia tracks that reference the media data from which the hints
were biiilt shall remain in the file, even if the data within them is not directly referenced by the hin
tracks; pfter deleting all hint tracks;‘the entire un-hinted presentation shall remain. The media tracks
may, however, refer to externalfiles for their media data.

The prdtocol information js built in such a way that the streaming servers need to know only about thg
protocql and the way itshotld be sent; the protocol information abstracts knowledge of the media sq
that thq servers are, t0 atarge extent, media-type agnostic. Similarly, the media-data, stored as it is in 3
protocql-unaware fashion, enables the media tools to be protocol-agnostic.
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Annex B
(informative)

Guidance on deriving from this document

B.1 General
file format.
Can be provided in other specifications that are derived from the ISO base media file format.

B.2 General principles

B.2.1 General

A number of existing file formats use the ISO base media file format, not least the MPEG-4 N
format (ISO/IEC 14496-14[22]), and the Motion JPEG 2000 M]2 file format (ISO/IEC 1544
When considering a new specification derived from the ISO base media file format, all the
bpecifications should be used both as examples and@.source of definitions and technology. Chel
'he maintenance agency (see Annex D) to find whatmight already exist, and what specificationg

n particular, if an existing specification already covers how a particular media type is stored in
format (e.g. MPEG-4 video in MP4), that defiftition should be used and a new one should not be in
n this way specifications which share technhology will also share the definition of how that tec]
s represented.

Be as permissive as possible with'respect to the presence of other information in the file; indic
inrecognized boxes and media may be ignored (not “should be ignored”). This permits the d
pf hybrid files, drawing from\more than one specification, and the creation of multi-format
Capable of handling more than one specification.

When layering on this) document, it's worth observing that there are some characteristics f
ntentionally ‘parafieters’ to the lower specification (this document), that need to be specified.
rhere are some-characteristics of this document that are internal and should rarely be discu
bther specifieations. Of course, there are some characteristics in between.

Derived §pecifications are ideally written solely in terms of the parameters of the file format
locument; what a sample is, what its decoding and composition times mean, and so on. Mer
bpecific existing boxes in a derived specification may often turn out to be an error, except in
Cases (e.g. adding a UserDataBox, Or an extension box).

['his annex provides guidance explaining how to derive a specific file format from the,IS@ bas¢ media

[his document defines the basic structure of the file format. Media-specific and user-defined extensions

P4 file
1-3123]),
pxisting
ck with
exist.

the file
vented.
inology

hte that
reation
players,

hat are
Hqually,
ssed by

in this
tioning
limited

B.2.2 Base layer operations

It should be possible to perform some operations on a file based on this document without knowing
anything about any potential derived specifications. These operations might include the obvious
reading tracks, finding the data and timing for samples, and their sample description and track type,
and so on. This might be done, for example, by a file-format inspector or general library like the

reference software.
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Less obvious are a class of manipulations of the files:

a) re-interleaving the data; making the media data in time order, with the samples for various tracks

gro

uped into chunks of a sensible size, with the chunks interleaved;

b) making files that use data references self-contained, by copying the data from external files into

the

new file;

c) removing free space boxes and compacting the box structure;

d) renhoving datafrom MediaDataBoxes thatappears to be un-referenced by tracks, items, or structure

dat

f) re

g) ext
vid

h) ins
This lis

B3 B

Boxes
particu
with th

All new
names,
types s
may oc

A box S
0011-0
charact]
data in
needed

Don'’t fq

but it mjust ‘look like’ a-box.

Do not

For example, the existing JPEG 2000 specifications require a signature box and that it be first in the

file. If 4
conforn

e) rej:oving sample entries that have no associated samples;

b boxes;

oving sample groups that have no associated samples;

racting some tracks and making a new file with just those (e.g. an audio track“from an audio
po presentation);

brting, or removing, movie fragments, or re-fragmenting a movie.

L is not exhaustive, of course.

oxes

an be added to the file format, but be careful aboutthow they interact with other boxes. I
lar, if they ‘cross-link’ into existing boxes, it might notbe possible to mark such files as compliant
s document.

boxes must be registered, except those using‘the 'uuid' type. Likewise, codec (sample entry]
brands, track reference types, handlers (média types), group types, and protection schems
nould be registered. It really is a bad idea to use one of these without registration, as collisiong
‘ur — or someone else may register the same identifier with a different meaning.

hould not be written using the/UUID escape’ (the reserved ISO UUID pattern 0xXXXXXXXX
10-8000-00AA00389B71, wher€é the four-character code replaces the Xs) if a simple fout
er code can be used, and ideally it should not be designed to use a UUID box; it’s better to placd
known ‘expansion pointst.of the file format if at all possible, or register a new box type if really

rget that all data ir’JSO files must be, or be contained in, boxes. A signature can be introduced

require thatany existing or new boxes you define be in a particular position, if at all possible

nother\specification also defines a signature box and also requires that it be first, then a file
hant.to both specifications cannot be constructed.

It must

be possible to ‘'walk™ the top-level of a file by Iinding box lengths. Don’t forget that 'Implied

length’ is permitted at file level.

Unless absolutely unavoidable, boxes should contain either data (e.g. in fields), or other boxes, but not

both. A

1l boxes containing data should be a full box to allow later changes to syntax and semantics.

Boxes containing other boxes are known as container boxes, and are normally a plain (non-full) box,
since their semantics will never change if they are documented to contain only boxes.
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B.4 Brand identifiers

B.4.1 Overview
This subclause covers the use of brand identifiers in the file-type box, including:
— Introduction of a new brand.

— Player’s behaviour depending on the brand.

— Setting of the brand on the creation of the ISO base media file.
Brands identify a specification and make a simple set of statements:
) the file conforms to all requirements of the identified specification;

b) the file contains nothing contrary to the identified specification;

present the file, ignoring data it does not recognize.

bpecifications should therefore say (if they need a brand) “the brand that identifies files confor
this specification is XXXX", and register the brand.

B.4.2 Usage of the brand

n order to identify the specifications to which the file coémplies, brands are used as identifier
file format. These brands are set in the FileTypeBox.

For example, a brand might indicate:

|) the codecs that may be present in the filg;

) how the data of each codec is stored;

B) constraints and extensions thatare applied to the file.

New brands may be registered.if it is necessary to make a new specification that is not fully conf
o the existing standards. Feriexample, 3GPP allows using AMR and H.263 in the file format. Sin

hind template fields in the/ISO base media format as well as defining new boxes to which thesd
refer. Considering thatthe file format is used more widely in the future, it is expected that more|
vill be needed.

Brands are notadditive; they stand alone. It is not possible to say: “this brand indicates that sup
Y is also required” because the ‘also’ has no referent.

bystenis, that re-write files should remove brands that they do not recognize, as they do nd
vhéthier the file still conforms to that brand’s requirements (e.g. re-interleaving a file may take

) a reader implementing potentially that single specification may read, interpret, and possibly

mant to

S in the

ormant
re these

rodecs were not supported in any standards at that time, 3GPP specified the usage of the SamplleEntry

codecs
brands

port for

t know
it out of

conformance with a specification that requires a certain style of interleaving).

Note that the major brand usually implies the file extension, which in turn implies the MIME type. But
these are not rules. In addition, when serving under a MIME type do not forget that MIME types can
take parameters, and the list of compatible brands would often be useful to the receiving system.

B.4.3 Introduction of a new brand

A new brand can be defined if conformance to a new specification must be indicated. This generally
means that for the definition of a new brand at least one of the following conditions should be satisfied:

1) Use of a codec that is not supported in any existing brands.
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