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ISO/IEC 13818-1:

Foreword

2007(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are me

mbers of

ISO or IEC participate in the development of International Standards through technical committees

stablished by the respective organization to deal with particular fields ot technical activity. 150
teéchnical committees collaborate in fields of mutual interest. Other international organizations, gove
nd non-governmental, in liaison with ISO and IEC, also take part in the work. In the field\of inf
téchnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part
he main task of the joint technical committee is to prepare International Standards. Draft Inte

1
Standards adopted by the joint technical committee are circulated to national badies for voting. Publi
an International Standard requires approval by at least 75 % of the national bedies casting a vote.

>

ttention is drawn to the possibility that some of the elements of this document may be the subject
ghts. ISO and IEC shall not be held responsible for identifying any or:all such patent rights.

—

IBO/IEC 13818-1 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information teq
SJubcommittee SC 29, Coding of audio, picture, multimedia_and hypermedia information, in collabora
TU-T. The identical text is published as ITU-T Rec. H.222.0\(05/2006).

his third edition cancels and replaces the secand edition (ISO/IEC 13818-1:2000), which h
echnically revised. It also incorporates .\the Amendments [ISO/IEC 13818-1:2000/Am
BO/IEC 13818-1:2000/Amd.2:2004, ISO/IEC 13818-1:2000/Amd.3:2004, ISO/IEC 13818-1:2000/Am
nd ISO/IEC 13818-1:2000/Amd.5:2005, and-the Technical Corrigenda ISO/IEC 13818-1:2000/Co
5O/IEC 13818-1:2000/Cor.2:2002, ISO/IEC.13818-1:2000/Cor.3:2005, ISO/IEC 13818-1:2000/Cor.4

Q) = =

BO/IEC 13818 consists of the following parts, under the general title Information technology —|
oding of moving pictures and assoeiated audio information:

o

— Part 1: Systems

—+ Part 2: Video

—+ Part 3: Audio

-+ Part 4: Gonformance testing

-+ Partb: Software simulation [Technical Report]

and IEC
rnmental
ormation

D .
rnational
Cation as

of patent

hnology,
tion with

As been
1.1:2003,
d.4:2005
r.1:2002,
2007.

Generic

—+—Part 6: Extensions for DSM-CC

— Part 7: Advanced Audio Coding (AAC)
— Part 9: Extension for real time interface for systems decoders
— Part 10: Conformance extensions for Digital Storage Media Command and Control (DSM-CC)

— Part 11: IPMP on MPEG-2 systems
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Introduction

The systems part of this Recommendation | International Standard addresses the combining of one or more elementary
streams of video and audio, as well as other data, into single or multiple streams which are suitable for storage or
transmission. Systems coding follows the syntactical and semantic rules imposed by this Specification and provides
information to enable synchronized decoding of decoder buffers over a wide range of retrieval or receipt conditions.

System coding shall be specified in two forms: the Transport Stream and the Program Stream. Each is optimized for
a different set of applications. Both the Transport Stream and Program Stream defined in this Recommendation |
International Standard provide coding syntax which is necessary and sufficient to synchronize the decoding and
presentation of the video and audio information, while ensuring that data buffers in the decoders do not overflow or
underflow. Information is coded in the syntax using time stamps concerning the decoding and presentation of coded

10010 O 2 C UCIIVCIY O C Udld d . DO d UC 9 d

video andl audio data is encoded as described in ITU-T Rec. H.262 | ISO/IEC 13818-2 and ISO/IEC 13818-3. The
resulting [compressed elementary streams are packetized to produce PES packets. Information neededfo use PES
packets ihdependently of either Transport Streams or Program Streams may be added when PES packets are formed,
This infgrmation is not needed and need not be added when PES packets are further combined with system level
informatipn to form Transport Streams or Program Streams. This systems standard covers-those processes to the
right of the vertical dashed line.

Video . Video R Packet Video PESN
data i encoder > acketizer >
PS
Program
Stream
; mux
Audio ° Audio R Packeti Audio PES R
dafa d encoder > acketizer >
_>
TS
Transport
Stream
mux
Extent of systems specification

TISO5760-95/d01

i

igurelntro. 1 —Smplified overview of the scope of this Recommendation | International Standard

The Program Stréam is analogous and similar to ISO/IEC 11172 Systems layer. It results from combining one or morg
streams of PES‘packets, which have a common time base, into a single stream.

For applipations that require the elementary streams which comprise a single program to be in separate streams which
are not multiplexed, the elementary streams can also be encoded as separate Program Streams, one per elementary
stream, with a common time base. In this case the values encoded in the SCR fields of the various streams shall be
consistent.

Like the single Program Stream, all elementary streams can be decoded with synchronization.

The Program Stream is designed for use in relatively error-free environments and is suitable for applications which may
involve software processing of system information such as interactive multi-media applications. Program Stream
packets may be of variable and relatively great length.

The Transport Stream combines one or more programs with one or more independent time bases into a single stream.
PES packets made up of elementary streams that form a program share a common timebase. The Transport Stream is
designed for use in environments where errors are likely, such as storage or transmission in lossy or noisy media.
Transport Stream packets are 188 bytes in length.

Vi © ISO/IEC 2007 — All rights reserved
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Program and Transport Streams are designed for different applications and their definitions do not strictly follow a
layered model. It is possible and reasonable to convert from one to the other; however, one is not a subset or superset of
the other. In particular, extracting the contents of a program from a Transport Stream and creating a valid Program
Stream is possible and is accomplished through the common interchange format of PES packets, but not all of the fields
needed in a Program Stream are contained within the Transport Stream; some must be derived. The Transport Stream
may be used to span a range of layers in a layered model, and is designed for efficiency and ease of implementation in
high bandwidth applications.

The scope of syntactical and semantic rules set forth in the systems specification differ: the syntactical rules apply to
systems layer coding only, and do not extend to the compression layer coding of the video and audio specifications; by
contrast, the semantic rules apply to the combined stream in its entirety.

The systems specification does not specify the architecture or implementation of encoders or decoders, nor those of
multiplexors or demultiplexors. However, bit stream properties do impose functional and performance requirgments on
encoders, decoders, multiplexors and demultiplexors. For instance, encoders must meet minimum cloek |tolerance
Fequirements. Notwithstanding this and other requirements, a considerable degree of freedom exists dn-the dpsign and
mplementation of encoders, decoders, multiplexors, and demultiplexors.

ntro.1 Transport Stream

The Transport Stream is a stream definition which is tailored for communicating or storing’ one or more prggrams of
coded data according to ITU-T Rec. H.262 | ISO/IEC 13818-2 and ISO/IEC 13818-3 and other data in enviropments in
which significant errors may occur. Such errors may be manifested as bit value errors,orloss of packets.

Transport Streams may be either fixed or variable rate. In either case the constituent elementary streams may] either be
fixed or variable rate. The syntax and semantic constraints on the stream-atre’ identical in each of these cpses. The
[ransport Stream rate is defined by the values and locations of Program Clegk Reference (PCR) fields, which |n general
hre separate PCR fields for each program.

There are some difficulties with constructing and delivering a Transport Stream containing multiple proggams with
ndependent time bases such that the overall bit rate is variable. Refer to 2.4.2.2.

The Transport Stream may be constructed by any method that results in a valid stream. It is possible to |construct
[ransport Streams containing one or more programs frof elementary coded data streams, from Program Streams, or
from other Transport Streams which may themselves ¢ontain one or more programs.

The Transport Stream is designed in such a way-that several operations on a Transport Stream are posgible with
ninimum effort. Among these are:

1) Retrieve the coded data from one program within the Transport Stream, decode it and piesent the
decoded results as showsininFigure Intro. 2.

2) Extract the Transport Sfream packets from one program within the Transport Stream and produce as
output a different<Iransport Stream with only that one program as shown in Figure Intro. 3.

3) Extract the Transport Stream packets of one or more programs from one or more Transport Stiqeams and
produce as-qutput a different Transport Stream (not illustrated).

4) Extract'the contents of one program from the Transport Stream and produce as output a Program Stream
contaming that one program as shown in Figure Intro. 4.

5) <{Dak¢ a Program Stream, convert it into a Transport Stream to carry it over a lossy environment| and then
récover a valid, and in certain cases, identical Program Stream.

Figure Intro. 2 and Figure Intro. 3 illustrate prototypical demultiplexing and decoding systems which take 3s input a
[ransport Stream. Figure Intro. 2 illustrates the first case, where a Transport Stream is directly demultiplexed and
écoded. Transport Streams are constructed in two layers:

—  asystem layer; and

—  acompression layer.

The input stream to the Transport Stream decoder has a system layer wrapped about a compression layer. Input streams
to the Video and Audio decoders have only the compression layer.

Operations performed by the prototypical decoder which accepts Transport Streams either apply to the entire Transport
Stream ("multiplex-wide operations"), or to individual elementary streams ("stream-specific operations"). The
Transport Stream system layer is divided into two sub-layers, one for multiplex-wide operations (the Transport Stream
packet layer), and one for stream-specific operations (the PES packet layer).

A prototypical decoder for Transport Streams, including audio and video, is also depicted in Figure Intro. 2 to illustrate
the function of a decoder. The architecture is not unique — some system decoder functions, such as decoder timing
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control, might equally well be distributed among elementary stream decoders and the channel-specific decoder — but
this figure is useful for discussion. Likewise, indication of errors detected by the channel-specific decoder to the
individual audio and video decoders may be performed in various ways and such communication paths are not shown in
the diagram. The prototypical decoder design does not imply any normative requirement for the design of a Transport
Stream decoder. Indeed non-audio/video data is also allowed, but not shown.

N Video Decoded
" decoder video
Chanjnel [  Channel specific N fransport Stream _ Clock
g decoder g demultiplex g control
and decoder ]
Transport Stream N Audio |"\\Decoded
containing one or multiple programs " decoder audio

TISO5770-95/d02

Figurelntro. 2— Prototypical transport demultiplexing and decoding,example

Figure Infro. 3 illustrates the second case, where a Transport Stream containing multiple programs is converted into
Transporf Stream containing a single program. In this case the re-multiplexing g@peration may necessitate the correctior
of Program Clock Reference (PCR) values to account for changes in the PCR/locations in the bit stream.

- Transport Stream
Channel > Chaggilozzfmﬁc > demultiplex
and decoder
TISO5780-95/d03
Transport Stream Transport Stream
containing multiple‘programs with single program

FigureIntro. 3 — Prototypical transport multiplexing example

Figure Infro. 4 illustrates a case in which a multi-program Transport Stream is first demultiplexed and then converted
into a Prqgram Stream.

Figures Intro. 3 and Intro..4 indicate that it is possible and reasonable to convert between different types ang
configurdtions of Transport-Streams. There are specific fields defined in the Transport Stream and Program Strean
syntax which facilitat¢ 2th¢ conversions illustrated. There is no requirement that specific implementations o
demultiplexors or decoders include all of these functions.

Transport Stream
€hannel - Channel specific _ demultiplex and N
— decoder 4 e Program Stream 4
multiplexor
TISO5790-95/d04
Transport Stream Program Stream

containing multiple programs

Figurelntro. 4 — Prototypical Transport Stream to Program Stream conversion

Intro.2 Program Stream

The Program Stream is a stream definition which is tailored for communicating or storing one program of coded data
and other data in environments where errors are very unlikely, and where processing of system coding, e.g., by
software, is a major consideration.
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Program Streams may be either fixed or variable rate. In either case, the constituent elementary streams may be either
fixed or variable rate. The syntax and semantics constraints on the stream are identical in each case. The Program
Stream rate is defined by the values and locations of the System Clock Reference (SCR) and mux _rate fields.

A prototypical audio/video Program Stream decoder system is depicted in Figure Intro. 5. The architecture is not unique
— system decoder functions including decoder timing control might as equally well be distributed among elementary
stream decoders and the channel-specific decoder — but this figure is useful for discussion. The prototypical decoder
design does not imply any normative requirement for the design of an Program Stream decoder. Indeed non-audio/video
data is also allowed, but not shown.

N Video Decogled
" decoder video "
Channel Channel specific |  Program Stream -~ Clock
decoder " decoder g control
P R Audio Decofled
rogram decoder audio g
Stream
TIS05400-95/d05

Figurelntro. 5—Prototypical decoder for Program Streams

[he prototypical decoder for Program Streams shown*inr Figure Intro. 5 is composed of System, Video and Audio
lecoders conforming to Parts 1, 2 and 3, respectively, of ISO/IEC 13818. In this decoder, the multiplexpd coded
fepresentation of one or more audio and/or video stteams is assumed to be stored or communicated on some dhannel in
ome channel-specific format. The channel-specific format is not governed by this Recommendation | Int¢rnational
Btandard, nor is the channel-specific decoding part of the prototypical decoder.

['he prototypical decoder accepts as input-a Program Stream and relies on a Program Stream Decoder to extrgct timing
nformation from the stream. The Program Stream Decoder demultiplexes the stream, and the elementary sfreams so
produced serve as inputs to Videotand Audio decoders, whose outputs are decoded video and audio signals. Included in
he design, but not shown in the figure, is the flow of timing information among the Program Stream decoder, the Video
ind Audio decoders, and thé channel-specific decoder. The Video and Audio decoders are synchronized with gach other
ind with the channel using'this timing information.

Program Streams are\constructed in two layers: a system layer and a compression layer. The input stream to the
Program Stream Decoder has a system layer wrapped about a compression layer. Input streams to the Video ahd Audio
lecoders have Qnly the compression layer.

Dperations, performed by the prototypical decoder either apply to the entire Program Stream ("multiplex-wide
perations™), or to individual elementary streams ("stream-specific operations"). The Program Stream systerh layer is
livided into two sub-layers, one for multiplex-wide operations (the pack layer), and one for stream-specific gperations
the’PES packet layer).

Intro.3 Conversion between Transport Stream and Program Stream

It may be possible and reasonable to convert between Transport Streams and Program Streams by means of PES
packets. This results from the specification of Transport Stream and Program Stream as embodied in 2.4.1 and 2.5.1
of the normative requirements of this Recommendation | International Standard. PES packets may, with some
constraints, be mapped directly from the payload of one multiplexed bit stream into the payload of another multiplexed
bit stream. It is possible to identify the correct order of PES packets in a program to assist with this if the
program_packet sequence counter is present in all PES packets.

Certain other information necessary for conversion, e.g., the relationship between elementary streams, is available in
tables and headers in both streams. Such data, if available, shall be correct in any stream before and after conversion.
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Intro. 4 Packetized Elementary Stream

Transport Streams and Program Streams are each logically constructed from PES packets, as indicated in the syntax
definitions in 2.4.3.6. PES packets shall be used to convert between Transport Streams and Program Streams; in some
cases the PES packets need not be modified when performing such conversions. PES packets may be much larger than
the size of a Transport Stream packet.

A continuous sequence of PES packets of one elementary stream with one stream ID may be used to construct a PES
Stream. When PES packets are used to form a PES stream, they shall include Elementary Stream Clock Reference
(ESCR) fields and Elementary Stream Rate (ES_Rate) fields, with constraints as defined in 2.4.3.8. The PES stream
data shall be contiguous bytes from the elementary stream in their original order. PES streams do not contain some
necessary system information which is contained in Program Streams and Transport Streams. Examples include the
informatiprmrmthePackHeader; SystenrHeaders Program StreamMap; Program Stream Pirectory; Programiviap-Tabte

and elemgnts of the Transport Stream packet syntax.

The PEY Stream is a logical construct that may be useful within implementations of this Recommendation
Internatignal Standard; however, it is not defined as a stream for interchange and interoperability. Applications
requiring| streams containing only one elementary stream can use Program Streams or Transport Streamgswhich each
contain only one elementary stream. These streams contain all of the necessary system information. Multiple Program
Streams @r Transport Streams, each containing a single elementary stream, can be constructed with,a’ common time basg
and therefore carry a complete program, i.e., with audio and video.

Intro.5 | Timing model

Systems, [Video and Audio all have a timing model in which the end-to-end delay fromheSignal input to an encoder tg
the signal output from a decoder is a constant. This delay is the sum of encoding, encoder buffering, multiplexing
communifcation or storage, demultiplexing, decoder buffering, decoding, and presentation delays. As part of this timing
model alll video pictures and audio samples are presented exactly once, unless specifically coded to the contrary, and thg
inter-pictpre interval and audio sample rate are the same at the decoder ag atvthe encoder. The system stream coding
contains }iming information which can be used to implement systems which embody constant end-to-end delay. It i3
possible fo implement decoders which do not follow this model exactly; however, in such cases it is the decoder's
responsiljility to perform in an acceptable manner. The timing is(émbodied in the normative specifications of this
Recomme¢ndation | International Standard, which must be adhered.to by all valid bit streams, regardless of the means o
creating them.

All timing is defined in terms of a common system clock;-teferred to as a System Time Clock. In the Program Strean
this clock may have an exactly specified ratio to thé.video or audio sample clocks, or it may have an operating
frequency which differs slightly from the exact ratioswhile still providing precise end-to-end timing and clock recovery.

In the Transport Stream the system clock freqiiency is constrained to have the exactly specified ratio to the audio ang
video sample clocks at all times; the effect of'this constraint is to simplify sample rate recovery in decoders.

Intro. 6 | Conditional access

Encryptign and scrambling for ¢omnditional access to programs encoded in the Program and Transport Streams is
supported by the system data Str¢am definitions. Conditional access mechanisms are not specified here. The strean
definition]s are designed so that implementation of practical conditional access systems is reasonable, and there are somg
syntacticdl elements specified which provide specific support for such systems.

Intro. 7 [ Multiplex-wide operations

Multipley-wide.operations include the coordination of data retrieval of the channel, the adjustment of clocks, and thg
managenjent’ef buffers. The tasks are intimately related. If the rate of data delivery of the channel is controllable, ther
data deliyery) may be adjusted so that decoder buffers neither overflow nor underflow; but if the data rate is no
controllable, then elementary stream decoders must slave their timing to the data received from the channel to avoid
overflow or underflow.

Program Streams are composed of packs whose headers facilitate the above tasks. Pack headers specify intended times
at which each byte is to enter the Program Stream Decoder from the channel, and this target arrival schedule serves as a
reference for clock correction and buffer management. The schedule need not be followed exactly by decoders, but they
must compensate for deviations about it.

Similarly, Transport Streams are composed of Transport Stream packets with headers containing information which
specifies the times at which each byte is intended to enter a Transport Stream Decoder from the channel. This schedule
provides exactly the same function as that which is specified in the Program Stream.

An additional multiplex-wide operation is a decoder's ability to establish what resources are required to decode a
Transport Stream or Program Stream. The first pack of each Program Stream conveys parameters to assist decoders in
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this task. Included, for example, are the stream's maximum data rate and the highest number of simultaneous video
channels. The Transport Stream likewise contains globally useful information.

The Transport Stream and Program Stream each contain information which identifies the pertinent characteristics of,
and relationships between, the elementary streams which constitute each program. Such information may include the
language spoken in audio channels, as well as the relationship between video streams when multi-layer video coding is
implemented.

Intro. 8 Individual stream operations (PES Packet L ayer)

The principal stream-specific operations are:

T) demulfiplexing; and

2) synchronizing playback of multiple elementary streams.

Intro. 8.1 Demultiplexing

Dn encoding, Program Streams are formed by multiplexing elementary streams, and Transport.Streams are formed by

ultiplexing elementary streams, Program Streams, or the contents of other Transport Stréams. Elementary streams
:an include private, reserved, and padding streams in addition to audio and video streams:, Fhe streams are tgmporally
qubdivided into packets, and the packets are serialized. A PES packet contains coded bytes from one and jonly one
¢lementary stream.

In the Program Stream both fixed and variable packet lengths are allowed subject to constraints as specified in 2.5.1
gnd 2.5.2. For Transport Streams the packet length is 188 bytes. Both fixed’and variable PES packet lengths are
3llowed, and will be relatively long in most applications.

Dn decoding, demultiplexing is required to reconstitute elementary¢strteams from the multiplexed Program Stream or
Transport Stream. Stream_id codes in Program Stream packet headets, and Packet ID codes in the Transpoft Stream

ntro. 8.2 Synchronization

$ynchronization among multiple elementary streams,is accomplished with Presentation Time Stamps (PTP) in the
rogram Stream and Transport streams. Time stamp§ are generally in units of 90 kHz, but the System Clock Reference

(SCR), the Program Clock Reference (PCR) and ‘the optional Elementary Stream Clock Reference (ESGR) have

gxtensions with a resolution of 27 MHz. Deceding of N-elementary streams is synchronized by adjusting the decoding
f streams to a common master time base tfather than by adjusting the decoding of one stream to match that of another.
he master time base may be one of the-N-decoders' clocks, the data source's clock, or it may be some external|clock.

ach program in a Transport Strearh, which may contain multiple programs, may have its own time base. [The time
pases of different programs within-a‘Transport Stream may be different.

Because PTSs apply to the decoding of individual elementary streams, they reside in the PES packet layer off both the

ransport Streams and Pfogram Streams. End-to-end synchronization occurs when encoders save time stamps 4t capture
fime, when the time stamps propagate with associated coded data to decoders, and when decoders use those tinje stamps
o schedule presentations.

$ynchronization/‘of a decoding system with a channel is achieved through the use of the SCR in the Program Stfeam and
y its analegue, the PCR, in the Transport Stream. The SCR and PCR are time stamps encoding the timing ¢f the bit
Jtream itselfyand are derived from the same time base used for the audio and video PTS values from the same program.
$ince €ach program may have its own time base, there are separate PCR fields for each program in a Transpoft Stream
ontamlng multlple programs In some cases it may be possrble for programs to share PCR fields. Refer|to 2.4.4,
e me A R is 2 e program

shall have one and only one PCR time base associated with it.

Intro. 8.3 Relation to compression layer

The PES packet layer is independent of the compression layer in some senses, but not in all. It is independent in the
sense that PES packet payloads need not start at compression layer start codes, as defined in Parts 2 and 3 of
ISO/IEC 13818. For example, video start codes may occur anywhere within the payload of a PES packet, and start
codes may be split by a PES packet header. However, time stamps encoded in PES packet headers apply to presentation
times of compression layer constructs (namely, presentation units). In addition, when the elementary stream data
conforms to ITU-T Rec. H.262 | ISO/IEC 13818-2 or ISO/IEC 13818-3, the PES packet data bytes shall be byte
aligned to the bytes of this Recommendation | International Standard.
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Intro. 9

Part 1 of

System refer ence decoder

ISO/IEC 13818 employs a "System Target Decoder" (STD), one for Transport Streams (refer to 2.4.2) referred

to as "Transport System Target Decoder" (T-STD) and one for Program Streams (refer to 2.5.2) referred to as "Program
System Target Decoder" (P-STD), to provide a formalism for timing and buffering relationships. Because the STD is
parameterized in terms of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 fields (for example, buffer sizes) each elementary
stream leads to its own parameterization of the STD. Encoders shall produce bit streams that meet the appropriate STD's
constraints. Physical decoders may assume that a stream plays properly on its STD. The physical decoder must
compensate for ways in which its design differs from that of the STD.

Intro. 10 Applications

The stre

variety o

Modern
and ISO
transmisy

The Prog
Stream

The Trapsport Stream may be more suitable for error-prone environments, such as thos¢~used for distributing

compresy

Many ap
Storage )
and Part
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F applications. Application developers should select the most appropriate stream.

lata communications networks may be capable of supporting ITU-T Rec. H.222.0 | ISO/IEC 13818=['vide
TEC 13818 audio. A real-time transport protocol is required. The Program Stream may be suitable for
ion on such networks.

ram Stream is also suitable for multimedia applications on CD-ROM. Software processing of the Progranp
ay be appropriate.

ed bit-streams over long-distance networks and in broadcast systems.

blications require storage and retrieval of ITU-T Rec. H.222.0 | ISO/IEC 138181 bitstreams on various Digital
edia (DSM). A Digital Storage Media Command and Control (DSM-CC) protocol is specified in Annex B
b of ISO/IEC 13818 in order to facilitate the control of such media.

Xii
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SECTION 1-GENERAL

Scope

Recommendation | International Standard specifies the system layer of the coding. It was developed principa
prt the combination of the video and audio coding methods defined in Parts 2 and 3 of ISQ/IEC 13818. The sy
supports six basic functions:

1) the synchronization of multiple compressed streams on decoding;

2) the interleaving of multiple compressed streams into a single stream;
3) the initialization of buffering for decoding start up;

4) continuous buffer management;

5) time identification;

6) multiplexing and signalling of various components in-a.system stream.

bm. Both streams are constructed from PES packets audpackets containing other necessary information.
I types support multiplexing of video and audio compressed streams from one program with a common time
Transport Stream additionally supports the multiplexing of video and audio compressed streams from mu
Ffams with independent time bases. For almost etror-free environments the Program Stream is generally
hpriate, supporting software processing of pregram information. The Transport Stream is more suitable for
onments where errors are likely.

TU-T Rec. H.222.0 | ISO/IEC 13818-( nuultiplexed bit stream, whether a Transport Stream or a Program Strea
ructed in two layers: the outermost layer is the system layer, and the innermost is the compression layer
m layer provides the functions mecessary for using one or more compressed data streams in a system. The
hudio parts of this Specification’ define the compression coding layer for audio and video data. Coding of

of data is not defined by this Specification, but is supported by the system layer provided that the other typ|
adhere to the constraints\defined in 2.7.

Normative neferences

following Recommendations and International Standards contain provisions which, through reference in this
itute provisions of this Recommendation | International Standard. At the time of publication, the editions indi
valid;sAll Recommendations and Standards are subject to revision, and parties to agreements based on
mmendation | International Standard are encouraged to investigate the possibility of applying the most r

editi

ly to
stem

TU-T Rec. H.222.0 | ISO/IEC 13818-1 multiplexed bit stream is either a Transport Stream or a Program

Both
base.
tiple
nore
se in

m, iS
The
ideo
bther
es of

text,
Cated

this
bcent

bn-of the Recommendations and Standards listed below. Members of IEC and ISO maintain registers of curr

ently

valid International Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currently
valid ITU-T Recommendations.

121 I dentical Recommendations | International Standards
— ITU-T Recommendation H.262 (2000) | ISO/IEC 13818-2:2000, Information technology — Generic

coding of moving pictures and associated audio information: Video.

122 Paired Recommendations | I nternational Standards equivalent in technical content

—  ITU-T Recommendation H.264 (2005), Advanced video coding for generic audiovisual services.

ISO/IEC 14496-10:2005, Information technology — Coding of audio-visual objects — Part 10: Advanced

Video Coding.
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— ITU-T Recommendation T.171 (1996), Protocols for interactive audiovisual services. coded
representation of multimedia and hypermedia objects.

ISO/IEC 13522-1:1997, Information technology — Coding of multimedia and hypermedia information —
Part 1: MHEG object representation — Base notation (ASN.1).
123 Additional references
— IS0 639-2:1998, Codes for the representation of names of languages — Part 2: Alpha-3 code.

— ISO/IEC 8859-1:1998, Information technology — 8-bit single-byte coded graphic character sets — Part 1.
Latin alphabet No. 1.

— IS0 15706:2002, Information and documentation — I nternational Standard Audiovisual Number (I1SAN).

— 1ISO 15706-2-2007 Information and documentation — International Sandard Audiovisial Number
(ISAN) — Part 2: Version identifier.

— ISO/IEC 11172-1:1993, Information technology — Coding of moving pictures and associated audip for
digital storage media at up to about 1,5 Mbit/s— Part 1: Systems.

— ISO/IEC 11172-2:1993, Information technology — Coding of moving pictures and asseciated audip for
digital storage media at up to about 1,5 Mbit/s — Part 2: Video.

— ISO/TEC 11172-3:1993, Information technology — Coding of moving pictures and associated audip for
digital storage media at up to about 1,5 Mbit/s— Part 3: Audio.

— ISO/IEC 13818-3:1998, Information technology — Generic coding of moving pictures and assogated
audio information — Part 3: Audio.

— ISO/IEC 13818-6:1998, Information technology — Generic coding-of moving pictures and assodated
audio information — Part 6: Extensions for DSM-CC.

— ISO/IEC 13818-7:2006, Information technology — Generic, coding of moving pictures and assodated
audio information — Part 7: Advanced Audio Coding (AAC):

— ISO/IEC 13818-11:2004, Information technology —. Generic coding of moving pictures and assodated
audio information — Part 11: IPMP on MPEG-2 systems.

—  ISO/IEC 14496-1:2004, Information technol ogy:— Coding of audio-visual objects— Part 1. Systems.
—  ISO/IEC 14496-2:2004, Information technotogy — Coding of audio-visual objects— Part 2: Visual.
—  ISO/IEC 14496-3:2005, Information technology — Coding of audio-visual objects— Part 3: Audio.

—  Recommendation ITU-R BT.601+6 (2007), Studio encoding parameters of digital television for starjdard
4:3 and wide-screen 16.9 aspect ratios.

—  Recommendation ITU-R BT.470-7 (2005), Conventional analogue television systems.
—  Recommendation ITU-R\BR.648, Digital recording of audio signals.

—  ITU-T Recommendation J.17 (1988), Pre-emphasis used on sound-programme circuits.
—  IEC Publicatief60908:1999, Audio recording — Compact disc digital audio system.

SECTION 2-TECHNICAL ELEMENTS

2.1 Definitions

For theZpurposes of this Recommendation | International Standard, the following definitions apply. If specific to a|Part,
this is parenthetically noted.

211 access unit (system): A coded representation of a presentation unit. In the case of audio, an access unit is the
coded representation of an audio frame.

In the case of video, an access unit includes all the coded data for a picture, and any stuffing that follows it, up to but
not including the start of the next access unit. If a picture is not preceded by a group start code or a
sequence_header code, the access unit begins with the picture start code. If a picture is preceded by a group_start code
and/or a sequence_header code, the access unit begins with the first byte of the first of these start codes. If it is the last
picture preceding a sequence end code in the bitstream, all bytes between the last byte of the coded picture and the
sequence_end code (including the sequence end code) belong to the access unit.
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For the definition of an access unit for ITU-T Rec. H.264 | ISO/IEC 14496-10 video, see the AVC access unit definition
in2.1.3.

212 AVC 24-hour picture (system): An AVC access unit with a presentation time that is more than 24 hours in
the future. For the purpose of this definition, AVC access unit n has a presentation time that is more than 24 hours in the
future if the difference between the initial arrival time t,i(n) and the DPB output time t, g,»(n) is more than 24 hours.

213 AVC access unit (system): An access unit as defined for byte streams in ITU-T Rec. H.264 |
ISO/IEC 14496-10 with the constraints specified in 2.14.1.

214 AVC Slice (system): A byte stream_nal unit as defined in ITU-T Rec. H.264 | ISO/IEC 14496-10 with
nal_unit type values of 1 or 5, or a byte stream nal unit data structure with nal unit_type value of 2 and any
associated byte stream nal unit data structures with nal_unit_type equal to 3 and/or 4.

2119 AVC gtill picture (system): An AVC still picture consists of an AVC access unit containing an IDR piiture,
precgded by SPS and PPS NAL units that carry sufficient information to correctly decode the IDR picture. Precedifpg an
AV({ still picture, there shall be another AVC still picture or an End of Sequence NAL unit terminating a-prec¢ding
codefd video sequence unless the AVC still picture is the very first access unit in the video stream.

2.1.6 AVC video sequence (system): Coded video sequence as defined in 3.30 of ITIU'T Rec. H.164 |
ISONIEC 14496-10.

2.1.1 AVC video stream (system): An ITU-T Rec. H.264 | ISO/IEC 14496-10 stream. An AVC video steam
consjsts of one or more AVC video sequences.

214 bitrate: The rate at which the compressed bit stream is delivered from the ¢hannel to the input of a decodgr.

219 byte aligned: A bit in a coded bit stream is byte-aligned if its position. i$\a multiple of 8-bits from the firpt bit
in the stream.

2110 channd: A digital medium that stores or transports an ITU-T Rec) H.222.0 | ISO/IEC 13818-1 stream.

2111 coded B-frame: A B-frame picture or a pair of B-field pictures.
2.1.12 coded frame: A coded frame is a coded I-frame, coded,B=frame or a coded P-frame.

2113 coded I-frame: An I-frame picture or a pair of field pictures where the first field picture is an I-pictur¢ and
the spcond field picture is either an I-picture or a P-picture:

2114 coded P-frame: A P-frame picture or a pair of P-field pictures.

2115 coded representation: A data elementias represented in its encoded form.

2116 compression: Reduction in the number of bits used to represent an item of data.

21147 constant bitrate: Operation Where the bitrate is constant from start to finish of the compressed bit stream
2118 constrained system parameter stream; CSPS (system): A Program Stream for which the constfaints
defirjled in 2.7.9 apply.

2119 Cyclic Redundancy Check (CRC): The CRC to verify the correctness of data.

2130 dataelementyAn item of data as represented before encoding and after decoding.

2121 decodethstream: The decoded reconstruction of a compressed bit stream.

2122 decodeér: An embodiment of a decoding process.

2.1.33,7~decoding (process): The process defined in this Recommendation | International Standard that reads an ipput-
coded bit stream and outputs decoded pictures or audio samples.

2124 decoding time-stamp; DTS (system): A field that may be present in a PES packet header that indicates the
time that an access unit is decoded in the system target decoder.

2125 digital storage media (DSM): A digital storage or transmission device or system.
2126 DSM-CC: Digital storage media command and control.

2127 entitlement control message (ECM): Entitlement Control Messages are private conditional access
information which specify control words and possibly other, typically stream-specific, scrambling and/or control
parameters.

ITU-T Rec. H.222.0 (05/2006) 3


https://standardsiso.com/api/?name=89fb18e6912d3e3e3da38d3df902861f

| SO/I EC 13818-1:2007 (E)

2128 entitlement management message (EMM): Entitlement Management Messages are private conditional
access information which specify the authorization levels or the services of specific decoders. They may be addressed to
single decoders or groups of decoders.

2129 editing: The process by which one or more compressed bit streams are manipulated to produce a new
compressed bit stream. Edited bit streams meet the same requirements as streams which are not edited.

2130 eementary stream; ES (system): A generic term for one of the coded video, coded audio or other coded bit
streams in PES packets. One elementary stream is carried in a sequence of PES packets with one and only one
stream_id.

2131 Elementary Stream Clock Reference; ESCR (system): A time stamp in the PES Stream from which
decoders of PES streams may derive timing.

2.1.32 encoder: An embodiment of an encoding process.

2.1.33 encoding (process): A process, not specified in this Recommendation | International Standard, that'reads a
streajn of input pictures or audio samples and produces a coded bit stream conforming to this Recommendatien.

2.1.34 entropy coding: Variable length lossless coding of the digital representation of a signal to, rfeduce redundfincy.

2135 event: An event is defined as a collection of elementary streams with a common time base, an associated| start
time] and an associated end time.

2136 fast forward playback (video): The process of displaying a sequence, or parfs’of a sequence, of pictutes in
displlay-order faster than real-time.

2137 forbidden: The term "forbidden", when used in the clauses of this Recommendation | International Standard
defirfing the coded bit stream, indicates that the value specified shall never be uysed.

2138 metadata: Information to describe audiovisual content and data essence in a format defined by ISO of any
othef authority.

21.39 metadata access unit: A global structure within metadata that defines the fraction of metadata that is
interjded to be decoded at a specific instant in time. The internal structure of a metadata Access Unit is defined by the
formiat of the metadata.

2140 metadata application format: Identifies the;format of the application that uses the metadata; signals
application specific information for transport of metadata:

2141 metadata decoder configuration information: Data needed by a receiver to decode a specific methdata
service. Depending on the format of the metadata;-decoder configuration information may or may not be needed.

2142 metadata format: Identifies the'coding format of metadata.
2143 metadata service: Coherent.set of metadata of the same format delivered to a receiver for a specific purppse.

2144 metadata service id:(Identifier of a specific metadata service; used for some transport methods of the
metadata.

2145 metadata stream:’ The concatenation or collection of metadata Access Units from one or more metpdata
services.

2146 (multiplexed) stream (system): A bit stream composed of 0 or more elementary streams combined|in a
manger that conforms to this Recommendation | International Standard.

2147 _layer (video and systems): One of the levels in the data hierarchy of the video and system specifications
defirled-in‘Parts 1 and 2 of this Recommendation | International Standard.

2148 pack (system): A pack consists of a pack header followed by zero or more packets. It is a layer in the system
coding syntax described in 2.5.3.3.

2149 packet data (system): Contiguous bytes of data from an elementary stream present in a packet.

2150 packet identifier; PID (system): A unique integer value used to identify elementary streams of a program in
a single or multi-program Transport Stream as described in 2.4.3.

2151 padding (audio): A method to adjust the average length of an audio frame in time to the duration of the
corresponding PCM samples, by conditionally adding a slot to the audio frame.

2152 payload: Payload refers to the bytes which follow the header bytes in a packet. For example, the payload of
some Transport Stream packets includes a PES packet header and its PES packet data bytes, or pointer field and
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PSI sections, or private data; but a PES packet payload consists of only PES packet data bytes. The Transport Stream
packet header and adaptation fields are not payload.

2153 PES(system): An abbreviation for Packetized Elementary Stream.

2154 PES packet (system): The data structure used to carry elementary stream data. A PES packet consists of a
PES packet header followed by a number of contiguous bytes from an elementary data stream. It is a layer in the system
coding syntax described in 2.4.3.6.

2155 PES packet header (system): The leading fields in a PES packet up to and not including the
PES packet data byte fields, where the stream is not a padding stream. In the case of a padding stream the PES packet
header is similarly defined as the leading fields in a PES packet up to and not including padding_byte fields.

2156 PES Stream (system): A PES Stream consists of PES packets, all of whose payloads consist of data from a
single elementary stream, and all of which have the same stream id. Specific semantic constraints apply. Refer to
Intrd. 4.

2157 presentation time-stamp; PTS (system): A field that may be present in a PES packet header-that indicates
the t{me that a presentation unit is presented in the system target decoder.

2198 presentation unit; PU (system): A decoded Audio Access Unit or a decoded picture.

2159 program (system): A program is a collection of program elements. Program elements may be elemeptary
streams. Program elements need not have any defined time base; those that do, have a‘common time base anfl are
inter]ded for synchronized presentation.

2180 Program Clock Reference; PCR (system): A time stamp in the Transport Stream from which degoder
timirg is derived.

2141 program element (system): A generic term for one of the elemeritary streams or other data streams thatf may
be included in a program.

2142 Program Specific Information; PSI (system): PSI consists' of normative data which is necessary for the
demyitiplexing of Transport Streams and the successful regeneration’of programs and is described in 2.4.4. An example
of prjivately defined PSI data is the non-mandatory network infofmation table.

2.1.43 random access: The process of beginning to read\and decode the coded bit stream at an arbitrary point.

2.1.84 reserved: The term "reserved", when used \in“the clauses defining the coded bit stream, indicates thdt the
valug¢ may be used in the future for ISO defined extensions. Unless otherwise specified within this Recommendafion |
Interpational Standard, all reserved bits shall be set'to '1'.

2145 scrambling (system): The alteration of the characteristics of a video, audio or coded data stream in order to
prevent unauthorized reception of the information in a clear form. This alteration is a specified process under the cqntrol
of a gonditional access system.

2.1.46 sourcestream: A single non-multiplexed stream of samples before compression coding.

2147 splicing (system): The concatenation, performed on the system level, of two different elementary strqams.
The fesulting system stream-conforms totally to this Recommendation | International Standard. The splice may resplt in
disc@ntinuities in timebase, continuity counter, PSI, and decoding.

2168 dtart codes(system): 32-bit codes embedded in the coded bit stream. They are used for several purposes
inclyding identifying some of the layers in the coding syntax. Start codes consist of a 24-bit prefix (0x000001) afpd an
8-bit|stream<idhds shown in Table 2-22.

2.1.49,7°STD input buffer (system): A first-in first-out buffer at the input of a system target decoder for storage of
compressed data from elementary streams before decoding

2170 ill picture: A still picture consists of a video sequence, coded as defined in ITU-T Rec. H.262 |
ISO/TEC 13818-2, ISO/IEC 11172-2 or ISO/IEC 14496-2, that contains exactly one coded picture which is intra-coded.
This picture has an associated PTS and in case of coding according to ISO/IEC 11172-2, ITU-T Rec. H.262 |
ISO/IEC 13818-2 or ISO/IEC 14496-2, the presentation time of succeeding pictures, if any, is later than that of the still
picture by at least two picture periods.

2171 system header (system): The system header is a data structure defined in 2.5.3.5 that carries information
summarizing the system characteristics of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Program Stream.

2172 System Clock Reference; SCR (system): A time stamp in the Program Stream from which decoder timing is
derived.
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2173 system target decoder; STD (system): A hypothetical reference model of a decoding process used to define
the semantics of an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 multiplexed bit stream.

2174 time-stamp (system): A term that indicates the time of a specific action such as the arrival of a byte or the
presentation of a Presentation Unit.

2175 transport stream packet header (system): The leading fields in a Transport Stream packet, up to and
including the continuity counter field.

2176 variablebitrate: An attribute of Transport Streams or Program Streams wherein the rate of arrival of bytes at
the input to a decoder varies with time.

2.2 Symbols and abbreviations

The mathematical operators used to describe this Recommendation | International Standard are similar to thos€ used in
the C-programming language. However, integer division with truncation and rounding are specifically defined{ The
bitw]se operators are defined assuming two's-complement representation of integers. Numbering and counting Joops
genefally begin from 0.

2.2.1 Arithmetic operators

+ Addition

- Subtraction (as a binary operator) or negation (as a unary operator)
++ Increment

—— Decrement

*orx  Multiplication

A Power
/ Integer division with truncation of the result toward\0. For example, 7/4 and —7/—4 are truncated to 1
and —7/4 and 7/—4 are truncated to —1.
/ Integer division with rounding to the nearest-integer. Half-integer values are rounded away frpm 0
unless otherwise specified. For example 3//2'is rounded to 2, and —3//2 is rounded to —2.
DIV Integer division with truncation of the-result towards — co.
% Modulus operator. Defined only fer positive numbers.
Sign() Sign(x) = 1 x>0
0 x==0
-1 x <0

NINT() Nearest integer operator. Returns the nearest integer value to the real-valued argument. Half-integer
values are rourided away from 0.

sin Sine

cos Cosing

exp Exponential

\ Square root

log Logarithm to base ten
loge Logarithm to base e

2.2.2 L ogical operators
| Logical OR
&& Logical AND
! Logical NOT

223 Relational operators

> Greater than

> Greater than or equal to
< Less than

< Less than or equal to
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== Equal to
1= Not equal to
max [,...,] The maximum value in the argument list

min [,...,] The minimum value in the argument list

224 Bitwise operators
& AND
| OR
>> Shift right with sign extension
<< Shift left with 0 fill
2.2.5 Assignment
= Assignment operator
2.2.4 M nemonics

The following mnemonics are defined to describe the different data types used in the coded bit-stream.

The

bslbf Bit string, left bit first, where "left" is the order in which bit. strings are written i
Recommendation | International Standard. Bit strings are written as a string of 1s aj
within single quote marks, e.g., '1000 0001'. Blanks within abit/string are for ease of rej
and have no significance.

ch Channel

er Granule of 3 * 32 sub-band samples in audio Laye#’II, 18 * 32 sub-band samples in §
Layer III.

main_data The main_data portion of the bit stream contains the scale factors, Huffman encoded

main_data beg

part2_length

rpchof Remainder polynomial’ceefficients, highest order first
sb Sub-band
scfsi Scalefactor selector information

switch point |

switch_point_s

and ancillary information.

This gives the location in the bit stredm of the beginning of the main_data for the frame
location is equal to the ending location of the previous frame's main data plus 1 bit.
calculated from the main_data .end value of the previous frame.

This value contains the numiber of main_data bits used for scale factors.

Number of \scalefactor band (long block scalefactor band) from which point on wij
switching is used

this
d Os
ding
udio
data,

The
It is

idow

Number of scalefactor band (short block scalefactor band) from which point on window

switehing is used

tcimsbf Two's complement integer, msb (sign) bit first

uimsbf Unsigned integer, most significant bit first

viclbf Variable length code, left bit first, where "left" refers to the order in which the vagiable
length codes are written

window Number of actual time slot in case of block type == 2, 0 < window < 2.

yte order of multi-byte words is most significant byte first

227

23

Constants
T 3.14159265359
e 2.71828182845

Method of describing bit stream syntax

The bit streams retrieved by the decoder are described in 2.4.1 and 2.5.1. Each data item in the bit stream is in bold
type. It is described by its name, its length in bits, and a mnemonic for its type and order of transmission.

The action caused by a decoded data element in a bit stream depends on the value of that data element and on data
elements previously decoded. The decoding of the data elements and definition of the state variables used in their
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decoding are described in the clauses containing the semantic description of the syntax. The following constructs are
used to express the conditions when data elements are present, and are in normal type.

Note this syntax uses the "C"-code convention that a variable or expression evaluating to a non-zero value is equivalent
to a condition that is true:

while ( condition ) { If the condition is true, then the group of data elements occurs next in the data stream. This
data_element repeats until the condition is not true.

H

do { The data element always occurs at least once. The data element is repeated until the
data_element condition is not true.

H

whilg ( condition )

if ( dondition ) { If the condition is true, then the first group of data elements occurs next in the data strefpm.
data_element

H

else [{ If the condition is not true, then the second group of data elefnents occurs next in the data
data_element stream.

H

for (1=0;i<n;itt) { The group of data elements occurs n times. Conditional constructs within the group df data
data_element elements may depend on the value of the loop‘control variable i, which is set to zero for the

first occurrence, incremented to 1 for the seeond occurrence, and so forth.

}

As njoted, the group of data elements may contain nested conditional constructs. For compactness, the {} are onjitted
when only one data element follows:

datg element [] data_element [] is an array of data. The number of data elements is indicated by the confext.
datg element [n] data_element [n] is the n+lth element of an array of data.
datgd element [m][n] data_element [m][n] is the m+1,n+1th element of a two-dimensional array of data.

datg element [I][m][n] data element [H[iml{n] is the I+1,m+1,n+1th element of a three-dimensional array of daja.
datg element [m..n] is the inclusive range of bits between bit m and bit n in the data_element.

While the syntax is expressed in( procedural terms, it should not be assumed that either Figure 2-1 or Figur¢ 2-2
implpments a satisfactory decoding procedure. In particular, they define a correct and error-free input bitstream. Afctual
decofders must include a meéns to look for start codes and sync bytes (Transport Stream) in order to begin decqding
corrgctly, and to identify erfors, erasures or insertions while decoding. The methods to identify these situations, and the
actions to be taken, are.not standardized.

24 Transport Stream bitstream requirements

24.1 Transport Stream coding structure and parameters

The [ITY-T Rec. H.222.0 | ISO/IEC 13818-1 Transport Stream coding layer allows one or more programs fo be
combimed o @ simgle streanT. Data fromr each etementary streanmare muitiptexed together with mformation thatatlows
synchronized presentation of the elementary streams within a program.

A Transport Stream consists of one or more programs. Audio and video elementary streams consist of access units.

Elementary Stream data is carried in PES packets. A PES packet consists of a PES packet header followed by packet
data. PES packets are inserted into Transport Stream packets. The first byte of each PES packet header is located at the
first available payload location of a Transport Stream packet.

The PES packet header begins with a 32-bit start-code that also identifies the stream or stream type to which the packet
data belongs. The PES packet header may contain decoding and presentation time stamps (DTS and PTS). The PES
packet header also contains other optional fields. The PES packet data field contains a variable number of contiguous
bytes from one elementary stream.
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Transport Stream packets begin with a 4-byte prefix, which contains a 13-bit Packet ID (PID), defined in Table 2-2. The
PID identifies, via the Program Specific Information (PSI) tables, the contents of the data contained in the Transport
Stream packet. Transport Stream packets of one PID value carry data of one and only one elementary stream.

The PSI tables are carried in the Transport Stream. There are Six PSI tables:

*  Program Association Table;
¢ Program Map Table;

e Conditional Access Table;

¢ Network Information Table;

*  Transport Stream Description Table;
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iated to form each program. This table also indicates the PID of the Transport Stream packets which.carry the
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s systems. This Specification does, however, provide mechanisms fof¢gprogram service providers to transpor
ify this data for decoder processing, and to reference correctly dataywhich are specified by this Specification.
of support is provided both through Transport Stream packet structures and in the conditional access table (re
e 2-32 of the PSI).

Transport Stream system tar get decoder

semantics of the Transport Stream specified in 2.4.3.and the constraints on these semantics specified in 2.7 re
definitions of byte arrival and decoding events and-the times at which these occur. The definitions needed a

bm Target Decoder (T-STD). Informative Annex D contains further explanation of the T-STD.

T-STD is a conceptual model used to-define these terms precisely and to model the decoding process durin
ruction or verification of Transport,Streams. The T-STD is defined only for this purpose. There are three typ
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i-th byte of
Transport Stream
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j-th access unit k-th presentation unit
& RX, An() Audio
T ° tdn (J) R
b 5 o) n </
) TEn B O 1o, (K
RXsys Rsys
System control
TBsys Byys Dgy
TISO5810-95/d06

Figure 2-1—Transport Stream system tar get decoder notation

The [following notation is used to describe the Transport Stream system target decoder and is partially illustratd in

Figufe 2-1 above.

are indices to bytes in the Transport Stream. The firstbyte has index 0.

lock

k) is

J is an index to access units in the elementary streams?

k, k', k” are indices to presentation units in the elementary'streams.

n is an index to the elementary streams.

p is an index to Transport Stream packets.in the Transport Stream.

t(i) indicates the time in seconds at which the i-th byte of the Transport Stream enters the system target
decoder. The value t(0) is an arbitrary constant.

PCR(i) is the time encoded in the RCR field measured in units of the period of the 27-MHz system
where i is the byte index 0f'the final byte of the program_clock reference base field.

AL() is the j-th access unit.in €lementary stream n. A,(j) is indexed in decoding order.

tda(j) is the decoding-fime, measured in seconds, in the system target decoder of the j-th access umit in
elementary stream n.

P.(k) is the k-th™presentation unit in elementary stream n. P,(k) results from decoding A.(j). Py
indexed-m presentation order.

tpa(k)  isthe presentation time, measured in seconds, in the system target decoder of the k-th presenttion
Unit'in elementary stream n.

t is time measured in seconds.

F,(® is the fullness, measured in bytes, of the system target decoder input buffer for elementary strepm n
at time t.

B, is the main buffer for elementary stream n. It is present only for audio elementary streams.

BS, is the size of buffer, B,, measured in bytes.

Bgys is the main buffer in the system target decoder for system information for the program that is in the
process of being decoded.

BSsys is the size of Bgys, measured in bytes.

MB, is the multiplexing buffer, for elementary stream n. It is present only for video elementary streams.

MBS, is the size of MB,,, measured in bytes.

EB, is the elementary stream buffer for elementary stream n. It is present only for video elementary
streams.

EBS, is the size of the elementary stream buffer EB,, measured in bytes.
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TByys is the transport buffer for system information for the program that is in the process of being
decoded.
TBS.ys is the size of TByy,, measured in bytes.
TB, is the transport buffer for elementary stream n.

TBS, is the size of TB,, measured in bytes.

Dyys is the decoder for system information in Program Stream n.
D, is the decoder for elementary stream n.

O, is the re-order buffer for video elementary stream n.

Rays is the rate at which data are removed from By.

B PR PRI T 6 fmar =y
NXy IS UIC T4dlC al WIICIT ddld aI'T ITCITIOVCU ITOII 1 By,.

Rbx, is the rate at which PES packet payload data are removed from MB, when the leak method\is psed.
Defined only for video elementary streams.

Rbx,(j) is the rate at which PES packet payload data are removed from MB, when the vbv_delay methiod is
used. Defined only for video elementary streams.

RxXqys is the rate at which data are removed from TBy.

Res is the video elementary stream rate coded in a sequence header.

2421 System clock frequency

Timing information referenced in the T-STD is carried by several data fields défired in this Specification. Refer to
2.4.3.4 and 2.4.3.6. In PCR fields this information is coded as the sampled value of a program's system clock{ The
PCR(|fields are carried in the adaptation field of the Transport Stream packets‘with a PID value equal to the PCR| PID
defijed in the TS program_map_section of the program being decoded.

Practical decoders may reconstruct this clock from these values and their respective arrival times. The following are
minifnum constraints which apply to the program's system clock frequency as represented by the values of the
PCR]fields when they are received by a decoder.

The palue of the system clock frequency is measured in Hz and'shall meet the following constraints:

27 000 000 — 810 < system_clock“frequency <27 000 000 + 810

rate of change of system( ¢lock frequency with time < 75 x 10~ Hz/s

Z

OTE - Sources of coded data shouldyfollow a tighter tolerance in order to facilitate compliant operation of consumer recgrders
hd playback equipment.

&

A prpgram's system_clock freqéency may be more accurate than required. Such improved accuracy may be transnjitted
to thg decoder via the Systemi clock descriptor described in 2.6.20.

Bit fates defined in this-Specification are measured in terms of system clock frequency. For example, a bit rate of
27 090 000 bits per second in the T-STD would indicate that one byte of data is transferred every eight (8) cycles ¢f the
systgm clock.

The notation !'system_clock frequency" is used in several places in this Specification to refer to the frequency|of a
clock meeting these requirements. For notational convenience, equations in which PCR, PTS, or DTS appear, lepd to
valugs ofitime which are accurate to some integral multiple of (300 x 2*/system_clock_frequency) seconds. This if due
to te“encoding of PCR timing information as 33 bits of 1/300 of the system clock frequency plus 9 bits for the
remainder, and encoding as 33 bits of the system clock frequency divided by 300 for PTS and DTS.

24.2.2 InputtotheTransport Stream system target decoder

Input to the Transport Stream System Target Decoder (T-STD) is a Transport Stream. A Transport Stream may contain
multiple programs with independent time bases. However, the T-STD decodes only one program at a time. In the
T-STD model all timing indications refer to the time base of that program.

Data from the Transport Stream enters the T-STD at a piecewise constant rate. The time t(i) at which the i-th byte enters
the T-STD is defined by decoding the program clock reference (PCR) fields in the input stream, encoded in the
Transport Stream packet adaptation field of the program to be decoded and by counting the bytes in the complete
Transport Stream between successive PCRs of that program. The PCR field (see equation 2-1) is encoded in two parts:
one, in units of the period of 1/300 times the system clock frequency, called program clock reference base
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(see equation 2-2), and one in units of the system clock frequency called program clock reference extension
(see equation 2-3). The values encoded in these are computed by PCR base(i) (see equation 2-2) and PCR_ext(i)
(see equation 2-3) respectively. The value encoded in the PCR field indicates the time t(i), where i is the index of the
byte containing the last bit of the program_clock reference base field.

Specifically:
PCR(i) = PCR _base(i)x300 + PCR _ext(i) (2-1)
where:
PCR _hase(i) = ((system clock frequencyx t(i)) DIV 300) % 2% (2-2)
PCR ext(i) = ((system clock frequency x t(i)) DIV 1) % 300 (2-3)

For 411 other bytes the input arrival time, t(i) shown in equation 2-4 below, is computed from PCR(i”) and the tranfport
rate at which data arrive, where the transport rate is determined as the number of bytes in the Transport Stream betfveen
the Bytes containing the last bit of two successive program_clock reference base fields of the same program divid¢d by
the difference between the time values encoded in these same two PCR fields.

PCR(i") . i—i”
system clock frequency transporty, rate(i)

t(i)= (2-4)

whete:
i is the index of any byte in the Transport Stréam for i” <i<1i".

i” 1is the index of the byte containing the last bit of the most recent program clock reference [base
field applicable to the program being.decoded.

PCR(i”) is the time encoded in the program clock reference base and extension fields in units df the
system clock.

The fransport rate is given by:

((i—i"yx system _clock _ frequency)
PCR(i") - PCR(i")

transport _.rate(i) = (2-5)

whete:

" is*the index of the byte containing the last bit of the immediately following
program_clock reference base field applicable to the program being decoded.

NOTE -i"<i<¥

In the case of a'timebase discontinuity, indicated by the discontinuity indicator in the transport packet adaptation field,
the definition-given in equation 2-4 and equation 2-5 for the time of arrival of bytes at the input to the T-STD if not
applicable between the last PCR of the old timebase and the first PCR of the new timebase. In this case the time of
arrivplof these bytes is determined according to equation 2-4 with the modification that the transport rate used i§ that

1 Bla oot thal 4 =i PR | +£DCD £ 41 14+ L
app CaAoTCOCTW O e TasS T At NCXT O Tast T I OT tnCoTatHIICOaseT

A tolerance is specified for the PCR values. The PCR tolerance is defined as the maximum inaccuracy allowed in
received PCRs. This inaccuracy may be due to imprecision in the PCR values or to PCR modification during
re-multiplexing. It does not include errors in packet arrival time due to network jitter or other causes. The
PCR tolerance is + 500 ns.

In the T-STD model, the inaccuracy will be reflected as an inaccuracy in the calculated transport rate using
equation 2-5.

Transport Streamswith multiple programs and variablerate

Transport Streams may contain multiple programs which have independent time bases. Separate sets of PCRs, as
indicated by the respective PCR_PID values, are required for each such independent program, and therefore the PCRs
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cannot be co-located. The Transport Stream rate is piecewise constant for the program entering the T-STD. Therefore, if
the Transport Stream rate is variable it can only vary at the PCRs of the program under consideration. Since the PCRs,
and therefore the points in the transport Stream where the rate varies, are not co-located, the rate at which the Transport
Stream enters the T-STD would have to differ depending on which program is entering the T-STD. Therefore, it is not
possible to construct a consistent T-STD delivery schedule for an entire Transport Stream when that Transport Stream
contains multiple programs with independent time bases and the rate of the Transport Stream is variable. It is
straightforward, however, to construct constant bit rate Transport Streams with multiple variable rate programs.

2423 Buffering

Complete Transport Stream packets containing system information, for the program selected for decoding, enter the
system transport buffer, TBy, at the Transport Stream rate. These include Transport Stream packets whose PID values
are 0, 1, 2 or 3, and all Transport Stream packets identified via the Program Association Table (see Table 2-30) as
havifg the program_map PID value for the selected program. Network Information Table (NIT) data as specifi¢d by
the NIT PID is not transferred to TBy.

NOTE 1 — Size of IPMP Control Information table could be large, and the repetition rate of this table should be adjpsted tof meet
the buffer requirement.

All Qytes that enter the buffer TB, are removed at the rate Rx, specified below. Bytes which are part of the PES packet
or it contents are delivered to the main buffer B, for audio elementary streams and system data,and to the multipl¢xing
buffgr MB, for video elementary streams. Other bytes are not, and may be used to control ‘the system. Duplicate
Trankport Stream packets are not delivered to B,, MB,,, or Bgys.

The puffer TB, is emptied as follows:
—  When there is no data in TB,,, Rx,, is equal to zero.

—  Otherwise for video:

Rx, =1, 2xR_, [profile, level]

whete:

Ruax|profile, level] is specified according to the profile dnd level which can be found in Table 8-13 of ITU-T
Rec.|H.262 | ISO/IEC 13818-2. This Table specifies the upper bound of the rate of each elementary video stream within
a spqcific profile and level.

Rx, [is equal to 1, 2 x Ry, for ISO/IEC 1117222 constrained parameter video streams, where R, refers t¢ the
maximum bitrate for a Constrained Parameters bitstream in ISO/IEC 11172-2.

For ISO/IEC 13818-7 ADTS audio:

Number of Channels Rx, [bit/s]
1-2 2 000 000

3-8 5529 600

9-12 8 294 400

13-48 33177 600

Chagnels: Thé\number of full-bandwidth audio output channels plus the number of independently switched coupling
chanpel elements within the same elementary audio stream. For example, in the typical case that there afe no
independently switched coupling channel elements, mono is 1 channel, stereo is 2 channels and 5.1 channel surround is
5 chqnnels (the LFE channel is not counted).

For other audio,

RX, =2x10° bits persecond

For systems data:

Rx, =1x10° bits per second
Rx, is measured with respect to the system clock frequency.
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Complete Transport Stream packets containing system information, for the program selected for decoding, enter the
system transport buffer, TB,y,, at the Transport Stream rate. These include Transport Stream packets whose PID values
are 0, 1, 2 and 3 (if present), and all Transport Stream packets identified via the Program Association Table (see
Table 2-30) as having the program_map PID value for the selected program. Network Information Table (NIT) data as
specified by the NIT PID is not transferred to TBys.

Bytes are removed from TB,y at the rate Rx,s and delivered to Bsys. Each byte is transferred instantaneously.
Duplicate Transport Stream packets are not delivered to Byy.
Transport packets which do not enter any TB, or TBy are discarded.

The transport buffer size is fixed at 512 bytes.

The ptemrentarystreanmbutfersizes EB ST through £B Siaredefimedfor video—asequatto-the—vbv—buffer size =y it is
carripd in the sequence header. Refer to Summary of Constrained Parameters in ISO/IEC 11172-2 and Table 8-]14 of
ITU{T Rec. H.262 | ISO/IEC 13818-2.

The multiplexing buffer size MBS, through MBS, are defined for video as follows:

For Low and Main level:

MBS, = BS,,, + BS,, +VBV,, [ profile, level ]-vbv _ buffer _size

max

whete BS,;,, PES packet overhead buffering is defined as:

BS,, =(1/750)secondsx R [ profile, |ével]

and BS,,.x, additional multiplex buffering is defined as:
BS,,x =0.004 secondsx R < f'profile, level ]
and where VBV, [profile, level] is defined in Table 8-14"of ITU-T Rec. H.262 | ISO/IEC 13818-2 and Ry [prpfile,

level] is defined in Table 8-13 of ITU-T Rec. H.262 | ISO/IEC 13818-2, and vbv buffer size is carried in the seqyence
headgr described in 6.2.2 of ITU-T Rec. H.262 | ISQAEC 13818-2.

For High 1440 and High level:

MBS, = BS,, + BS,,

whete BS,;, is defined as:

BS,, =(1/750) seconds xR [ profile,level ]

and BS,,.« is definéd as:

BS,.x =0.004seconds xR [ profile,level ]

and where R,...[profile, level] is defined in Table 8-13 of ITU-T Rec. H.262 | ISO/TEC 13818-2

For Constrained Parameters ISO/IEC 11172-2 bitstreams:

MBS, = BS,, + BS,, +vbv_max—vbv_buffer _size

where BS,;, is defined as:

BS,, =(1/750)seconds xR

14 ITU-T Rec. H.222.0 (05/2006)
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and BS,,.x is defined as:

BS

mux

=0.004secondsx R ..

and where R, and vbv_max refer to the maximum bitrate and the maximum vbv_buffer size for a Constrained
Parameters bitstream in ISO/IEC 11172-2 respectively.

A portion BS,,,x = 4 ms x R[profile, level] of the MBS, is allocated for buffering to allow multiplexing. The
remainder is available for BS,, and may also be available for initial multiplexing.

NOTE 2 — Buffer occupancy by PES packet overhead is directly bounded in PES streams by the PES-STD which is defined
in 2.5.2.4. It is possible, but not necessary, to utilize PES streams to construct Transport Streams.

Buffer BS,

The main buffer sizes BS, through BS, are defined as follows.
Audjo

For ISO/IEC 13818-7 ADTS audio:

Number of Channels BS, [bytes]
1-2 3584
3-8 8976
9-12 12 804
13-48 51216

Charnnels: The number of full-bandwidth audio output channels plus 4hevhumber of independently switched coupling
chanpel elements within the same elementary audio stream. Forlexample, in the typical case that there afe no
independently switched coupling channel elements, mono is 1 chaanel, stereo is 2 channels and 5.1 channel surround is
5 channels (the LFE channel is not counted).

For ¢ther audio:

BS, = BS,,, + BS,, + BS,, =3584 bytes

The pize of the access unit decoding bufferBSyc., and the PES packet overhead buffer BS,, are constrained by:

BS,, + BS,, <2848 bytes

oh —

A pdrtion (736 bytes) of the 3584 byte buffer is allocated for buffering to allow multiplexing. The rest, 2848 bytes, are
shargd for access unit bufféring BS.., BS,, and additional multiplexing.

Systems
The fnain buffer By for system data is of size BSy, = 1536 bytes.
Vidgo

For video elementary streams, data is transferred from MB, to EB,, using one of two methods: the leak method dr the
\/B‘v dl:]ay mﬂﬂ'\nd_

L eak method

The leak method transfers data from MB, to EB, using a leak rate Ry,. The leak method is used whenever any of the
following is true:

*  the STD descriptor (refer to 2.6.32) for the elementary stream is not present in the Transport Stream;
*  the STD descriptor is present and the leak valid flag has a value of '1";

*  the STD descriptor is present, the leak valid has a value of '0', and the vbv_delay fields coded in the
video stream have the value OXFFFF; or

+  trick mode status is true (refer to 2.4.3.7).
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For Low and Main level:

Rbx, =R . [profile, level]

For High-1440 and High level:

Rbx, = Min{l.05x R, R .. [ profile, level ]}

For Constrained Parameters bitstream in ISO/IEC 11172-2:

Rhwv 192 2
o ETIE-E A I wepvn

wheie R« 1s the maximum bit rate for a Constrained Parameters bitstream in ISO/IEC 11172-2.

If th¢re is PES packet payload data in MB,, and buffer EB,, is not full, the PES packet payload is transferred from|MB,
to EB, at a rate equal to Rbx,. If EB, is full, data are not removed from MB,. When a byte of data‘is transferred [from
MB,| to EB,, all PES packet header bytes that are in MB, and immediately precede that byte;”are instantanepusly
remqved and discarded. When there is no PES packet payload data present in MB,, no data is removed from MBJ. All
data [that enters MB,, leaves it. All PES packet payload data bytes enter EB, instantaneously‘upon leaving MB,,

Vbv| delay method

The vbv_delay method specifies precisely the time at which each byte of coded wideo data is transferred from M[B, to
EB,,| using the vbv_delay values coded in the video elementary stream. The ¥bv_delay method is used whenevqr the
STD|descriptor (refer to 2.6.32) for this elementary stream is present in théd ransport Stream, the leak valid flag ih the
desctiptor has the value '0', and vbv_delay fields coded in the video stream are not equal to OXFFFF. If any vbv_¢lelay
valugs in a video sequence are not equal to OXFFFF, none of the vby “delay fields in that sequence shall be eqyal to
OxFHFF (refer to ISO/IEC 11172-2 and ITU-T Rec. H.262 | ISO/IEC)I'3818-2).

Whep the vbv_delay method is used, the final byte of the videe“picture start code for picture j is transferred from|MB,
to the EB, at the time td,(j) — vbv_delay(j), where td,(j), 15" the decoding time of picture j, as defined above| and
vbv |delay(j) is the delay time, in seconds, indicated by the vbv_delay field of picture j. The transfer of bytes betfveen
the flnal bytes of successive picture start codes (including the final byte of the second start code), into the buffer EB,, is
at a piecewise constant rate, Ry(j), which is specifiéd for each picture j. Specifically, the rate, Ry(j), of transfer int¢ this
buffgr is given by:

Rx (1) = NB(])/(vb\v delay(j) —vbv_delay(j +1)+td,(j +1)—td, (})) (2-6)

whetfe NB(j) is the number of bytes’between the final bytes of the picture start codes (including the final byte df the
secohd start code) of picturesj-and j + 1, excluding PES packet header bytes.
NOTE 3 — vbv_delay(j +@)and td,(j + 1) may have values that differ from those normally expected for periodic video disglay if
the low_delay flag incthe video sequence extension is set to 'l'. It may not be possible to determine the correct valups by
ekamination of the bit'stream.

The Ryx(j) derivedsfrom equation 2-6 shall be less than or equal to R,.«[profile, level] for elementary streams of stream
type|0x02 (refér to Table 2-34), where Ry, [profile, level] is defined in ITU-T Rec. H.262 | ISO/IEC 13818-2, and|shall
be Igss than“or'equal to the maximum bit rate allowed for constrained parameter video elementary streams of stfeam
type|0x04, tefer to ISO/IEC 11172-2.

Wheb-a-byte of dataistranstferred from MBto-EBr—all PES
precede that byte are instantaneously removed and discarded. All
data bytes enter EB, instantaneously upon leaving MB,,.

n-MNMB

N of-d 1 erred 2 MB o—ER DE der b nd

acket header bytesthat are B.—and ...."
data that enters MB, leaves it. All PES packet payload

Removal of access units

For each elementary stream buffer EB, and main buffer B, all data for the access unit that has been in the buffer
longest, A,(j), and any stuffing bytes that immediately precede it that are present in the buffer at the time td,(j) are
removed instantaneously at time td,(j). The decoding time td,(j) is specified in the DTS or PTS fields (refer to 2.4.3.6).
Decoding times td,(j + 1), td,(j + 2), ... of access units without encoded DTS or PTS fields which directly follow access
unit j may be derived from information in the elementary stream. Refer to Annex C of ITU-T Rec. H.262 | ISO/IEC
13818-2, ISO/IEC 13818-3, or ISO/IEC 11172. Also refer to 2.7.5. In the case of audio, all PES packet headers that are
stored immediately before the access unit or that are embedded within the data of the access unit are removed

16 ITU-T Rec. H.222.0 (05/2006)


https://standardsiso.com/api/?name=89fb18e6912d3e3e3da38d3df902861f

| SO/I EC 13818-1:2007 (E)

simultaneously with the removal of the access unit. As the access unit is removed it is instantaneously decoded to a
presentation unit.

System data

In the case of system data, data is removed from the main buffer By at a rate of R,y whenever there is at least 1 byte
available in buffer Byys.

Rss = max (80 000 bits/s, transport _ rate(i)x8 bits/byte/500) 2-7)

NOTE 4 — The intention of increasing Ry in the case of high transport rates is to allow an increased data rate for the Program
Specific Information.

the low_delay flag in the video sequence extension is set to 'l' (see 6.2.2.3 of ITU-T RecyH.362 |
ISOJIEC 13818-2) the EB, buffer may underflow. In this case, when the T-STD elementary stream buffer EB, is
exanpined at the time specified by td,(j), the complete data for the access unit may not be present in the buffer [EB,.
this case arises, the buffer shall be re-examined at intervals of two field-periods until the data-for the complete
accefs unit is present in the buffer. At this time the entire access unit shall be removed from bufferEB, instantanequsly.

the low_delay _mode flag is set to 'l', EB, underflow is allowed to occur continuotsly’without limit. The T{STD
er shall remove access unit data from buffer EB, at the earliest time consistent with'the paragraph above aniany

und

the DSM_trick mode flag (2.4.3.6) is set to 'l' in the PES Packet header of a packet containing the start| of a
B-type video access unit and the trick mode control field is set toN001' (slow motion) or '010' (freeze frame), or|'100'
reverse) the B-picture access unit is not removed from thé video data buffer EB, until the last time of pogsibly
multjple times that any field of the picture is decoded and presented. Repetition of the presentation of fields and pigtures
is ddfined in 2.4.3.8 under slow motion, slow reverse, and*field id cntrl. The access unit is removed instantanepusly

the DSM_trick_mode flag is set to '1' in the'PES packet header of a packet containing the first byte of a pikcture
start|code, trick_mode status becomes true when-that picture start code in the PES packet is removed from buffeq EB,
Trick mode status remains true until a PES-packet header is received by the T-STD in which the DSM_trick modg flag
is sef to '0' and the first byte of the picture-start code after that PES packet header is removed from buffer EB,. When
tricklmode status is true, the buffer EB,, may underflow. All other constraints from normal streams are retained Wwhen
tricklmode status is true.

2424 Decoding

Elenjentary streams buffered in B; through B, and EB; through EB, are decoded instantaneously by decodefs D,
throygh D, and may be delayed in re-order buffers O; through O, before being presented at the output of the T-§TD.
der buffers ar@.nsed only in the case of a video elementary stream when some access units are not carrigd in
pres¢ntation ordét>~These access units will need to be re-ordered before presentation. In particular, if P,(k) |s an
I-picture or a-P<picture carried before one or more B-pictures, then it must be delayed in the re-order buffer, O,, df the
T-STD before being presented. Any picture previously stored in O, is presented before the current picture can be stpred.
P,(k} should be delayed until the next I-picture or P-picture is decoded. While it is stored in the re-order buffef, the
subsgquent B-pictures are decoded and presented.

The time at which a presentation unit P,(k) is presented is tp,(k). For presentation units that do not require re-ordering
delay, tp,(k) is equal to td,(j) since the access units are decoded instantaneously; this is the case, for example, for
B-frames. For presentation units that are delayed, tp,(k) and td,(j) differ by the time that P,(k) is delayed in the re-order
buffer, which is a multiple of the nominal picture period. Care should be taken to use adequate re-ordering delay from
the beginning of video elementary streams to meet the requirements of the entire stream. For example, a stream which
initially has only I- and P-pictures but later includes B-pictures should include re-ordering delay starting at the
beginning of the stream.

ITU-T Rec. H.262 | ISO/IEC 13818-2 explains re-ordering of video pictures in greater detail.
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2.4.25 Presentation

The function of a decoding system is to reconstruct presentation units from compressed data and to present them in a
synchronized sequence at the correct presentation times. Although real audio and visual presentation devices generally
have finite and different delays and may have additional delays imposed by post-processing or output functions, the
system target decoder models these delays as zero.

In the T-STD in Figure 2-1 the display of a video presentation unit (a picture) occurs instantaneously at its presentation

time,

tpu(k).

In the T-STD the output of an audio presentation unit starts at its presentation time, tp,(k), when the decoder
instantaneously presents the first sample. Subsequent samples in the presentation unit are presented in sequence at the
audio sampling rate.

2.4.2

Tran|
use ¢

TB,
und¢

EB,
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.6 Buffer management

f the notation defined for the System Target Decoder.

and TB,y shall not overflow. TB, and TB, shall empty at least once every second. B, shalltiot overflov
rflow. By, shall not overflow.

Khall not underflow except when the low delay flag in the video sequence extension is.set'to 'l' (refer to 6.2.2
T Rec. H.262 | ISO/IEC 13818-2) or trick_mode status is true.

h the leak method for specifying transfers is in effect, MB,, shall not overflow, and\shall empty at least once ¢
nd. EB, shall not overflow.

n the vbv_delay method for specifying transfers is in effect, MB,, shall netyoverflow nor underflow, and EB,
verflow.

Helay of any data through the System Target Decoder buffers shall‘be Tess than or equal to one second except fi
picture video data and ISO/IEC 14496 streams. Specifically: td,({)— t(i) < 1 second for all j, and all bytes i in
s unit A,(j).

till picture video data, the delay is constrained by tdi(j). = t(i) < 60 seconds for all j, and all bytes i in a
An())-

SO/IEC 14496 streams, the delay is constrained\by td,(j) — t(i) < 10 seconds for all j, and all bytes i in a
ALG).

Defipition of overflow and underflow
Let K (t) be the instantaneous fullness of T-STD buffer B,,.
F.(t)[= 0 instantaneously before t =(0)
Ovetflow does not occur if:

F.(t)<BS,
for ajl t and n.
Undg¢rflow deesnot occur if:

0<F,(t)

sport Streams shall be constructed so that conditions defined in this subclause are satisfied. This subelause npakes

/ nor

3in

very

shall

CCCSS

CCCSS

for all t and n.

24.277 T-STD extensionsfor carriage of | SO/IEC 14496 data

For decoding of ISO/IEC 14496 data carried in a Transport Stream the T-STD model is extended. T-STD parameters
for decoding of individual ISO/IEC 14496 elementary streams are defined in 2.11.2, while 2.11.3 defines
T-STD extensions and parameters for decoding of ISO/IEC 14496 scenes and associated streams.
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2428 T-STD extensionsfor carriage of ITU-T Rec. H.264 | 1 SO/IEC 14496-10 video

To define the decoding in the T-STD of ITU-T Rec. H.264 | ISO/IEC 14496-10 video streams carried in a Transport
Stream, the T-STD model needs to be extended. The T-STD extension and T-STD parameters for decoding of ITU-T
Rec. H.264 | ISO/IEC 14496-10 video streams are defined in 2.14.3.1.

24.3 Specification of the Transport Stream syntax and semantics

The following syntax describes a stream of bytes. Transport Stream packets shall be 188 bytes long.

2431 Transport Stream
See Table 2-1.

Table 2-1 —Transport Stream

Syntax No. of bits M hemonilc

MPEG_transport_stream() {
do {
transport_packet()
} while (nextbits() == sync_byte)

24.3.2 Transport Stream packet layer
See Table 2-2.

Table 2-2 —Transport packet of this Recommendation | | nternational Standard

Syntax No. of bits M nemonilc
transport_packet() {
sync_byte 8 bslbf
transport_error_indicator 1 bglbf
payload_unit_start_indicator 1 bdlbf
transport_priority 1 bslbf
PID 13 uimsbf
transport_scrambling_control 2 bslbf
adaptation_field_control 2 bdlbf
continuity_counter 4 uimsbf
if(adaptation_field_contro¥=="'10" || adaptation_field control =="11"){
adaptatigh..field()
¥
if(adaptatiensfield control =="'01" || adaptation_field control =="11") {
for (1=0; 1 <N;i++){
data_byte 8 bslbf
¥
}
}

24.3.3 Semantic definition of fieldsin Transport Stream packet layer

sync_byte — The sync_byte is a fixed 8-bit field whose value is '0100 0111' (0x47). Sync_byte emulation in the choice
of values for other regularly occurring fields, such as PID, should be avoided.

transport_error_indicator — The transport_error_indicator is a 1-bit flag. When set to 'l' it indicates that at least
1 uncorrectable bit error exists in the associated Transport Stream packet. This bit may be set to '1' by entities external
to the transport layer. When set to '1' this bit shall not be reset to '0' unless the bit value(s) in error have been corrected.

payload_unit_start_indicator — The payload unit_start_indicator is a 1-bit flag which has normative meaning for
Transport Stream packets that carry PES packets (refer to 2.4.3.6) or PSI data (refer to 2.4.4).
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When the payload of the Transport Stream packet contains PES packet data, the payload unit start indicator has the
following significance: a '1' indicates that the payload of this Transport Stream packet will commence with the first byte
of a PES packet and a '0' indicates no PES packet shall start in this Transport Stream packet. If the
payload unit_start_indicator is set to '1', then one and only one PES packet starts in this Transport Stream packet. This
also applies to private streams of stream_type 6 (refer to Table 2-34).

When the payload of the Transport Stream packet contains PSI data, the payload unit_start _indicator has the following
significance: if the Transport Stream packet carries the first byte of a PSI section, the payload unit_start _indicator value
shall be '1', indicating that the first byte of the payload of this Transport Stream packet carries the pointer_field. If the
Transport Stream packet does not carry the first byte of a PSI section, the payload unit_start indicator value shall be '0',
indicating that there is no pointer field in the payload. Refer to 2.4.4.1 and 2.4.4.2. This also applies to private streams
of stream_type 5 (refer to Table 2-34).

For ull packets the payload_unit starf indicafor shall be set to 0.
The meaning of this bit for Transport Stream packets carrying only private data is not defined in this Specification.

trangport_priority — The transport_priority is a 1-bit indicator. When set to '1' it indicates that the assoeiatéd packet is
of greater priority than other packets having the same PID which do not have the bit set to '1'. The transport mechanism
can yse this to prioritize its data within an elementary stream. Depending on the application the transport priority|field
may [be coded regardless of the PID or within one PID only. This field may be changed by charmel=specific encodgrs or
decogders.

PID|- The PID is a 13-bit field, indicating the type of the data stored in the packetpayload. PID value 0x00DO is
resetfved for the Program Association Table (see Table 2-30). PID value 0x0001 is reServed for the Conditional Agcess
Tablg (see Table 2-32). PID value 0x0002 is reserved for Transport Stream, DesCription Table (see Table 2-36),
PID palue 0x0003 is reserved for IPMP Control Information Table (see“ISO/IEC 13818-11) and PID wvplues
0x0(q04-0x000F are reserved. PID value Ox1FFF is reserved for null packets,(see’ Table 2-3).

Table 2-3—-PID table

Value Description
0x0000 Program Association Table
0x0001 Conditional Access Table
0x0002 Transport Stream Description Table
0x0003 IPMP Control Information*Table
0x0004-0x000F Reserved
0x0010 May be assigned as network PID, Program _map_PID, elementary PID, or for other purposes
OxXIFFE
0x1FFF Null packet
NO[TE — The transport packets withPID values 0x0000, 0x0001, and 0x0010-0x1FFE are allowed to carry a PCR.

trangport_scrambling_centrol — This 2-bit field indicates the scrambling mode of the Transport Stream pjcket
paylpad. The Transport\Stream packet header, and the adaptation field when present, shall not be scrambled. In the| case
of a qull packet thevalue of the transport scrambling_control field shall be set to '00' (see Table 2-4).

Table 2-4 — Scrambling control values

Value Description
00 Not scrambled
01 User-defined
10 User-defined
11 User-defined
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adaptation_field_control — This 2-bit field indicates whether this Transport Stream packet header is followed by an
adaptation field and/or payload (see Table 2-5).

Table 2-5 — Adaptation field control values

Value Description
00 Reserved for future use by ISO/IEC
01 No adaptation_field, payload only
10 Adaptation_field only, no payload
11 Adaptation_field followed by payload
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24.3

See

Table 2-6.

T Rec. H.222.0 | ISO/IEC 13818-1 decoders shall discard Transport Stream packets with
tation field control field set to a value of '00'. In the case of a null packet the value of the adaptation_ field\cq
be set to '01".

nuity_counter — The continuity counter is a 4-bit field incrementing with each Transport Stream, packet wit
PID. The continuity counter wraps around to 0 after its maximum value. The continuity eounter shall n
mented when the adaptation_field control of the packet equals '00' or '10'".

ansport Streams, duplicate packets may be sent as two, and only two, consecutive Transport Stream packets d
PID. The duplicate packets shall have the same continuity counter value as/the’ original packet ang

tation_field control field shall be equal to '01' or '11'. In duplicate packets each byte.of the original packet sh:

cated, with the exception that in the program clock reference fields, if present,awalid value shall be encoded.

Continuity _counter in a particular Transport Stream packet is continuous wher it differs by a positive value o
the continuity counter value in the previous Transport Stream packet.of the same PID, or when either of the
menting conditions (adaptation field control set to '00' or '10', or duplicate packets as described above) are
Continuity counter may be discontinuous when the discontinuity indicator is set to 'l' (refer to 2.4.3.4). In the]
hull packet the value of the continuity counter is undefined.

| byte — Data bytes shall be contiguous bytes of data fromthe PES packets (refer to 2.4.3.6), PSI sections
.4), packet stuffing bytes after PSI sections, or privatedata not in these structures as indicated by the PID. I
of null packets with PID value Ox1FFF, data_bytes may be assigned any value. The number of data bytes,
fied by 184 minus the number of bytes in the adaptation_field(), as described in 2.4.3.4 below.
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Table 2-6 — Transport Stream adaptation field

Syntax No. of bits Mnemonic
adaptation_field() {
adaptation_field_length 8 uimsbf
if (adaptation_field length > 0) {
discontinuity_indicator 1 bdlbf
random_access indicator 1 bdlbf
elementary_stream_priority_indicator 1 bslbf
PCR_flag 1 bslbf
OPCR _flag 1 bslbf
splicing_point_flag 1 bdlbf
transport_private data flag 1 bdlbf
adaptation_fiefd_extension_ftag T Sl
if (PCR_flag=="1") {
program_clock_reference base 33 uimsbf
Reserved 6 bslbf
program_clock_reference_extension 9 uimsbf
if (OPCR _flag=="1") {
original_program_clock_reference_base 33 uimsbf
Reserved 6 bdbf
original_program_clock_reference_extension 9 uimsbf
}
if (splicing_point_flag=="1") {
splice_countdown 8 tcimsbf
}
if (transport_private data flag=="1") {
transport_private data length 8 uimsbf
for (i=0; i < transport_private data length; i++) {
private data_byte 8 bslbf
}
if (adaptation_field extension_ flag=="1") {
adaptation_field_extension_length 8 uimsbf
Itw_flag 1 bdlbf
piecewise rate flag 1 bdbf
seamless_splice flag 1 bdlbf
Reserved 5 bdbf
if (Itw_flag=="1") {
Itw_valid_flag 1 bdlbf
Itw_offset 15 uimsbf
if (piecewise_rate yflag=="1") {
reserved 2 bgbf
piecewise rate 22 uimsbf
if (seamless_splice flag=="1") {
Splice_type 4 bslbf
DTS next_AU[32..30] 3 bslbf
marker_bit 1 bslbf
DTS next_AU[29..15] 15 bslbf
marker_bit 1 bslbf
DTS next_AU[14..0] 15 bslbf
marker_bit 1 bslbf
)
for (i=0;1i<N;it++) {
reserved 8 bdbf
¥
;
for (i=0;i<Nj;it+) {
stuffing_byte 8 bslbf
}
¥
}

24.35 Semantic definition of fieldsin adaptation field

adaptation_field_length — The adaptation field length is an 8-bit field specifying the number of bytes in the
adaptation_field immediately following the adaptation_field length. The value '0' is for inserting a single stuffing byte
in a Transport Stream packet. When the adaptation_field control value is '11', the value of the adaptation field length
shall be in the range 0 to 182. When the adaptation_field control value is '10', the value of the adaptation field length
shall be 183. For Transport Stream packets carrying PES packets, stuffing is needed when there is insufficient
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PES packet data to completely fill the Transport Stream packet payload bytes. Stuffing is accomplished by defining an
adaptation field longer than the sum of the lengths of the data elements in it, so that the payload bytes remaining after
the adaptation field exactly accommodates the available PES packet data. The extra space in the adaptation field is filled
with stuffing bytes.

This is the only method of stuffing allowed for Transport Stream packets carrying PES packets. For Transport Stream
packets carrying PSI, an alternative stuffing method is described in 2.4.4.

discontinuity_indicator — This is a 1-bit field which when set to '1' indicates that the discontinuity state is true for the
current Transport Stream packet. When the discontinuity indicator is set to '0' or is not present, the discontinuity state is
false. The discontinuity indicator is used to indicate two types of discontinuities, system time-base discontinuities and
continuity counter discontinuities.

ASy" “--..v-.-. B S—Hatcatea—- -4 Re—-cHScoRHRH _ cato B ah St-Sai Ofa
PID designated as a PCR_PID (refer to 2.4.4.9). When the discontinuity state is true for a Transport Stream packet of a
PID designated as a PCR_PID, the next PCR in a Transport Stream packet with that same PID represents a samplg of a
new [system time clock for the associated program. The system time-base discontinuity point is defined to.be the irfstant
in tifne when the first byte of a packet containing a PCR of a new system time-base arrives at the input‘of the T-BTD.
The [discontinuity indicator shall be set to 'l1' in the packet in which the system time-base discontiinity occurs| The
disc@ntinuity indicator bit may also be set to '1' in Transport Stream packets of the same PCR_PID prior to the packet
whidh contains the new system time-base PCR. In this case, once the discontinuity indicator has-been set to 'l', it|shall
contfnue to be set to '1' in all Transport Stream packets of the same PCR_PID up to and including the Transport Stream
packet which contains the first PCR of the new system time-base. After the occufrence of a system timetbase
disc@ntinuity, no fewer than two PCRs for the new system time-base shall be received\before another system timetbase
discqntinuity can occur. Further, except when trick mode status is true, data fromdo more than two system time-bases
shalllbe present in the set of T-STD buffers for one program at any time.

Priof to the occurrence of a system time-base discontinuity, the first byte of a Transport Stream packet which contdins a
PTS|or DTS which refers to the new system time-base shall not arrive at.the input of the T-STD. After the occurrence of
a sygtem time-base discontinuity, the first byte of a Transport Stream packet which contains a PTS or DTS which fefers
to thg previous system time-base shall not arrive at the input of the T<STD.

A c@ntinuity counter discontinuity is indicated by the use_of’the discontinuity indicator in any Transport Stream
packgt. When the discontinuity state is true in any Transport‘Stream packet of a PID not designated as a PCR_PII}, the
contjnuity counter in that packet may be discontinuous-with respect to the previous Transport Stream packet of the
samg PID. When the discontinuity state is true in a Transport Stream packet of a PID that is designated as a PCR [PID,
the dontinuity counter may only be discontinuous in the packet in which a system time-base discontinuity occufs. A
contjnuity counter discontinuity point occurs when-the discontinuity state is true in a Transport Stream packet anfd the
contjnuity counter in the same packet is discontinuous with respect to the previous Transport Stream packet of the pame
PID.[A continuity counter discontinuity p@int*shall occur at most one time from the initiation of the discontinuity|state
untilfthe conclusion of the discontinuity state. Furthermore, for all PIDs that are not designated as PCR_PIDs, wheh the
disc@ntinuity indicator is set to '1' imsa\packet of a specific PID, the discontinuity indicator may be set to 'l' in the{ next
Trankport Stream packet of that same' PID, but shall not be set to '1' in three consecutive Transport Stream packet of that
samg PID.

For the purpose of this clause, an elementary stream access point is defined as follows:

+ ISO/IEE,M1172-2 video and ITU-T Rec. H.262 | ISO/IEC 13818-2 video — The first byte of a yideo
sequénce header.

+  ISOJIEC 14496-2 visual — The first byte of the visual object sequence header.

o SCITU-T Rec. H.264 | ISO/IEC 14496-10 video — The first byte of an AVC access unit. The SPS and PPS
parameter sets referenced in this and all subsequent AVC access units in the coded video stream shgll be
provided after this access point in the byte stream and prior to their activation.

e Audio — The first byte of an audio frame.

After a continuity counter discontinuity in a Transport packet which is designated as containing elementary stream data,
the first byte of elementary stream data in a Transport Stream packet of the same PID shall be the first byte of an
elementary stream access point. In the case of ISO/IEC 11172-2, or ITU-T Rec. H.262 | ISO/IEC 13818-2 or
ISO/IEC 14496-2 video, the first byte of an elementary stream access point may also be the first byte of a
sequence_end code followed by an elementary stream access point.

Each Transport Stream packet which contains elementary stream data with a PID not designated as a PCR_PID, and in
which a continuity counter discontinuity point occurs, and in which a PTS or DTS occurs, shall arrive at the input of the
T-STD after the system time-base discontinuity for the associated program occurs. In the case where the discontinuity
state is true, if two consecutive Transport Stream packets of the same PID occur which have the same
continuity counter value and have adaptation field control values set to '01' or '11', the second packet may be
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discarded. A Transport Stream shall not be constructed in such a way that discarding such a packet will cause the loss of
PES packet payload data or PSI data.

After the occurrence of a discontinuity indicator set to '1' in a Transport Stream packet which contains PSI information,
a single discontinuity in the version_number of PSI sections may occur. At the occurrence of such a discontinuity, a
version of the TS program map_sections of the appropriate program shall be sent with section_length = = 13 and the
current_next_indicator = = 1, such that there are no program_descriptors and no elementary streams described. This
shall then be followed by a version of the TS program map section for each affected program with the
version_number incremented by one and the current next indicator = = 1, containing a complete program definition.
This indicates a version change in PSI data.

random_access indicator — The random_access_indicator is a 1-bit field that indicates that the current Transport
Stream packet, and possibly subsequent Transport Stream packets with the same PID, contain some information to aid
randpm access at this point.

Spedifically, when the bit is set to '1', the next PES packet to start in the payload of Transport Stream packets-with the
currgnt PID shall contain an elementary stream access point as defined in the semantics for the discontintiityindicator
field| In addition, in the case of video, a presentation timestamp shall be present for the first picture™ollowing the
ntary stream access point.

case of audio, the presentation timestamp shall be present in the PES packet containing thé-first byte of the qudio
. In the PCR_PID the random_access_indicator may only be set to '1' in Transport Stream packet containing the

elementary_stream_priority_indicator — The elementary stream_priority indicator\is a 1-bit field. It indigates,
among packets with the same PID, the priority of the elementary stream datd-earried within the payload of this
Trangport Stream packet. A 'l' indicates that the payload has a higher priority than the payloads of other Trankport

case of ISO/IEC 11172-2 or ITU-T Rec. H.262 | ISO/IEC 13818-2.0r ISO/IEC 14496-2 video, this field mgy be

case of ITU-T Rec. H.264 | ISO/IEC 14496-10 video, this field may be set to '1' only if the payload containy one
or mpre bytes from a slice with slice type set to 2, 4, 7, or 9.

A vallue of '0' indicates that the payload has the same priority as all other packets which do not have this bit set to 'lf.

PCH_flag — The PCR_flag is a 1-bit flag. A value of\l* indicates that the adaptation field contains a PCR field doded
in two parts. A value of '0' indicates that the adaptation field does not contain any PCR field.

OP(QR_flag — The OPCR _flag is a 1-bit flag.A*value of '1' indicates that the adaptation_field contains an OPCR[field
coded in two parts. A value of '0' indicates(that the adaptation field does not contain any OPCR field.

spliging_point_flag — The splicing_péint” flag is a 1-bit flag. When set to 'l', it indicates that a splice_countdown|field
shalll be present in the associated adaptation field, specifying the occurrence of a splicing point. A value of '0' indicates
that a splice_countdown field is fiot present in the adaptation field.

tranpport_private data flag-~ The transport private data flag is a 1-bit flag. A value of 'l' indicates tha} the
adapfation field contains-one or more private data bytes. A value of '0' indicates the adaptation field does not coptain
any private _data bytes:

adagtation_field-extension_flag — The adaptation_field extension_flag is a 1-bit field which when set to '1' indilates
the gresence of an'adaptation field extension. A value of '0' indicates that an adaptation field extension is not presgnt in
the adaptation field.

prodram “clock_reference base; program_clock_reference_extension — The program_clock reference (PCR) is a
42-butfield coded-in-two-parts—The-first part, program—clock—reference—base,is-a bit field whose valueis-given by
PCR_base(i), as given in equation 2-2. The second part, program_clock reference extension, is a 9-bit field whose
value is given by PCR_ext(i), as given in equation 2-3. The PCR indicates the intended time of arrival of the byte
containing the last bit of the program_clock reference base at the input of the system target decoder.

original_program_clock_reference_base; original_program_clock_reference_extension — The optional original
program reference (OPCR) is a 42-bit field coded in two parts. These two parts, the base and the extension, are coded
identically to the two corresponding parts of the PCR field. The presence of the OPCR is indicated by the OPCR flag.
The OPCR field shall be coded only in Transport Stream packets in which the PCR field is present. OPCRs are
permitted in both single program and multiple program Transport Streams.

OPCR assists in the reconstruction of a single program Transport Stream from another Transport Stream. When
reconstructing the original single program Transport Stream, the OPCR may be copied to the PCR field. The resulting
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PCR value is valid only if the original single program Transport Stream is reconstructed exactly in its entirety. This
would include at least any PSI and private data packets which were present in the original Transport Stream and would
possibly require other private arrangements. It also means that the OPCR must be an identical copy of its associated
PCR in the original single program Transport Stream.

The OPCR is expressed as follows:

OPCR(i) = OPCR _base(i)x300+OPCR _ext(i) (2-8)

where:

OPCR_ base(i) = ((system _ clock  frequency xt(i)DIV300)%2*  (2-9)

OPCR _ext(i) = ((system clock frequency xt(i)) DIV 1)% 300 (R-10)

The PPCR field is ignored by the decoder. The OPCR field shall not be modified by any multiplexor or decoder.

splige_countdown — The splice_countdown is an 8-bit field, representing a value which may be positive or negatiye. A
ifive value specifies the remaining number of Transport Stream packets, of the same/PID, following the assogiated

packit where the splice_countdown reaches zero, the last data byte of the Transport Stream packet payload shall be the
last hyte of a coded audio frame or a coded picture. In the case of video, thé corresponding access unit may or may not
inated by a sequence _end code. Transport Stream packets with the same PID, which follow, may contain| data
a different elementary stream of the same type.

The payload of the next Transport Stream packet of the same PID(duplicate packets and packets without payload being
exclided) shall commence with the first byte of a PES packéts In the case of audio, the PES packet payload |shall
commence with an access point. In the case of video, the PES packet payload shall commence with an access poift, or
with|a sequence end code, followed by an access point. Thus, the previous coded audio frame or coded picture aligns
with|the packet boundary, or is padded to make this soxStubsequent to the splicing point, the countdown field may| also
be present. When the splice_countdown is a negative number whose value is minus n (—n), it indicates tha the
asso¢iated Transport Stream packet is the n-th packet following the splicing point (duplicate packets and pafkets
withput payload being excluded).

For the definition of an elementary stream ‘aecess point, see the semantics of discontinuity indicator.

tranpport_private data_length — The transport private data length is an 8-bit field specifying the numbgr of
privgte data bytes immediately following the transport private data length field. The number of private data pytes
shalllnot be such that private data-extends beyond the adaptation field.

private data byte— Theprivate data byte is an 8-bit field that shall not be specified by ITU-T | ISO/IEC.

adagtation_field_extension_length — The adaptation_field extension_length is an 8-bit field. It indicates the number
of bytes of the extended adaptation field data immediately following this field, including reserved bytes if present.

Itw_flag (legaltime window_flag) — This is a 1-bit field which when set to 'l' indicates the presence of the Itw_qffset
field

piecewise rate flag— This is a 1-bit field which when set to '1' indicates the presence of the piecewise_rate field.

seamless splice flag — This is a 1-bit flag which when set to '1' indicates that the splice_type and DTS next AU fields
are present. A value of '0' indicates that neither splice type nor DTS next AU fields are present. This field shall not be
set to 'l' in Transport Stream packets in which the splicing point flag is not set to '1'. Once it is set to '1' in a Transport
Stream packet in which the splice_countdown is positive, it shall be set to '1' in all the subsequent Transport Stream
packets of the same PID that have the splicing point flag set to 'l', until the packet in which the splice _countdown
reaches zero (including this packet).

When this flag is set, and if the elementary stream carried in this PID is not an ITU-T Rec. H.262 | ISO/IEC 13818-2
video stream, then the splice type field shall be set to '0000'. If the elementary stream carried in this PID is an ITU-T
Rec. H.262 | ISO/IEC 13818-2 video stream, it shall fulfil the constraints indicated by the splice type value.

Itw_valid_flag (legal time window_valid_flag) — This is a 1-bit field which when set to '1' indicates that the value of the
Itw_offset shall be valid. A value of '0' indicates that the value in the Itw_offset field is undefined.
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Itw_offset (legal time window offset) — This is a 15-bit field, the value of which is defined only if the ltw_valid flag has
a value of '1'. When defined, the legal time window offset is in units of (300/f;) seconds, where f; is the system clock
frequency of the program that this PID belongs to, and fulfils:

offset =t,(i) —t(i)
ltw_offset = offset /1

where i is the index of the first byte of this Transport Stream packet, offset is the value encoded in this field, t(i) is the
arrival time of byte i in the T-STD, and t,(i) is the upper bound in time of a time interval called the Legal Time Window
whiqiTis associated witir this- T rarmsport StreanT packet:

The [Legal Time Window has the property that if this Transport Stream is delivered to a T-STD starting at time\t)(1)} i.e.,
at the end of its Legal Time Window, and all other Transport Stream packets of the same program are delivered gt the
end ¢f their Legal Time Windows, then:

*  For video — The MB, buffer for this PID in the T-STD shall contain less than 184 lbytes of elemehtary
stream data at the time the first byte of the payload of this Transport Stream packet enters it, arjd no
buffer violations in the T-STD shall occur.

*  For audio — The B, buffer for this PID in the T-STD shall contain less thaw BSj.. + 1 bytes of elemeptary
stream data at the time the first byte of this Transport Stream packet entersiit, and no buffer violatigns in
the T-STD shall occur.

Dep¢nding on factors including the size of the buffer MB, and the rate of data transfer between MB,, and EB,] it is
possjble to determine another time to(i), such that if this packet is delivered ‘anywhere in the interval [ty(i), t;(i)], no
T-STD buffer violations will occur. This time interval is called the LegalTime Window. The value of t, is not defined
in thjs Recommendation | International Standard.

The |nformation in this field is intended for devices such as remultiplexers which may need this information in order to
recofstruct the state of the buffers MB,,.

piecéwise_rate — The meaning of this 22-bit field is only defiried when both the Itw_flag and the Itw_valid_flag afe set
to '1} When defined, it is a positive integer specifying a hypothetical bitrate R which is used to define the end times of
the ILlegal Time Windows of Transport Stream packets of the same PID that follow this packet but do not include the
legal time window_offset field.

Assyme that the first byte of this Transport Stréam packet and the N following Transport Stream packets of the pame
PID have indices A;, Aj, ..., Aj, respectively, and that the N latter packets do not have a value encoded in thelfield
legall time window_offset. Then the valuest;(A;;;) shall be determined by:

t(A.,) =t (A)+ x188x8 bits/byte/ R

whete j goes from | to N,

All fackets between.this packet and the next packet of the same PID to include a legal time window_offset field|shall
be trpated as if they+had the value:

offset =t,(A) ~t(A)

Ccorrd Qp{\ﬂ{‘]‘iﬂg i7a) f"\P A" Q]]lP fl() as. r‘nmpnfpd ]’\‘7 f]’\P 'Fnﬂ’Y“llﬂ a]‘\n‘ L Pﬂf‘(\f“F‘A ‘iﬂ f]’\P ]Pgﬂ] fimp \xrinr‘]n\xl nFFCPf ﬁP] . t(j)

is the arrival time of byte j in the T-STD.

The meaning of this field is not defined when it is present in a Transport Stream packet with no
legal time window_offset field.

splice_type — This is a 4-bit field. From the first occurrence of this field onwards, it shall have the same value in all the
subsequent Transport Stream packets of the same PID in which it is present, until the packet in which the
splice_countdown reaches zero (including this packet). If the elementary stream carried in that PID is not an ITU-T
Rec. H.262 | ISO/IEC 13818-2 video stream, then this field shall have the value '0000'. If the elementary stream carried
in that PID is an ITU-T Rec. H.262 | ISO/IEC 13818-2 video stream, then this field indicates the conditions that shall be
respected by this elementary stream for splicing purposes. These conditions are defined as a function of profile, level
and splice_type in Table 2-7 through Table 2-20.
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In these tables, a value for 'splice_decoding_delay' and 'max_splice rate' means that the following conditions shall be
satisfied by the video elementary stream:
1) The last byte of the coded picture ending in the Transport Stream packet in which the splice_countdown
reaches zero shall remain in the VBV buffer of the VBV model for an amount of time equal to
(splice_decoding_delay t,,; — t,), where for the purpose of this subclause:

* n is the index of the coded picture ending in the Transport Stream packet in which the
splice_countdown reaches zero, i.e., the coded picture referred to above.

* tyis defined in C.3.1 of ITU-T Rec. H.262 | ISO/IEC 13818-2.
*  (tyr1 —ty) is defined in C.9 through C.12 of ITU-T Rec. H.262 | ISO/IEC 13818-2.
NOTE - t, is the time when coded picture n is removed from the VBV buffer, and (t,+; — t,) is the duration
—————forwhich-pictare-n-is-presented:
2) The VBV buffer of the VBV model shall not overflow if its input is switched at the splicing peint to a

stream of a constant rate equal to 'max_ splice rate' for an amount of time\ equal to
'splice_decoding_delay'.

Table 2-7 — Splice parameters Table 1
Simple ProfileMain Level, Main Profile Main Level, SNR Profile Main Level (bath layers),
Spatial Profile High-1440 L evel (base layer),
High Profile Main Level (middle + base layers),
Multi-view Profile Main Level (base layer) Video

splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 15.0 x 10° bit/s
0001 splice_decoding_delay = 150 ms; max_splice_rafes12.0 x 10° bit/s
0010 splice_decoding_delay =225 ms; max_splice Tate = 8.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 7.2 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined

Table 2-8 —Splice parameters Table 2
Main Profile Low Level, SNR Profile Low Level (both layers),
High Profile Main Level (base layer),
Multi-view Profile Low Level (baselayer) Video

splice_type Conditions
0000 splice>decoding_delay = 115 ms; max_splice_rate = 4.0 x 10° bit/s
0001 $plice_decoding_delay = 155 ms; max_splice_rate = 3.0 x 10° bit/s
0010 splice_decoding_delay = 230 ms; max_splice_rate =2.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice rate = 1.8 x10° bit/s

0100-1041 Reserved

1100:1111 User-defined

Table 2-9 — Splice parameters Table 3
Main Profile High-’IAAnI evel Qpnrinl DrnfinHithAAﬂl evel (all Iayprc),
High Profile High-1440 L evel (middle + base layers),
Multi-view Profile High-1440 Level (base layer) Video

splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 60.0 x 10° bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate = 45.0 x 10°bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 30.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 28.5 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined
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Table 2-10 — Splice parameters Table 4
Main Profile High Level, High Profile High-1440 Level (all layers),
High Profile High Level (middle + base layers),
Multi-view Profile High Level (base layer) Video

splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 80.0 x 10° bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate = 60.0 x 10° bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 40.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 38.0 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined
Table 2-11 — Splice parameters Table 5
SNR Profile Low Level (base layer) Video
splice_type Conditions
0000 splice_decoding_delay = 115 ms; max_splice_rate = 3.0 x 10° bit/s
0001 splice_decoding_delay = 175 ms; max_splice_rate =2.0 x 10° bit/s
0010 splice_decoding_delay = 250 ms; max_splice_rate = 1.4 x 10 Bit/s
0011-1011 Reserved
1100-1111 User-defined
Table 2-12 — Splice parameters Table 6
SNR ProfileMain Level (baselayer) Video
splice_type Conditions
0000 splice_decoding_delay = 115 ms;\max_splice_rate = 10.0 x 10° bit/s
0001 splice_decoding_delay = 145.J0%; max_splice_rate = 8.0 x 10° bit/s
0010 splice_decoding_delay, =235 ms; max_splice_rate = 5.0 x 10° bit/s
0011 splice_decoding_deldy. = 250 ms; max_splice_rate = 4.7 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined
Table 2-13 — Splice parameters Table 7
Spatial Profile High-1440 Level (middle + base layers) Video
splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 40.0 x 10° bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate = 30.0 x 10° bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 20.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 19.0 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined
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Table 2-14 — Splice parameters Table 8

splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 20.0 x 10° bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate = 15.0 x 10° bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 10.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate =9.5 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined
Table 2-15 — Splice parameters Table 9
High Profile High Level (base layer),
Multi-view Profile Main Level (both layers) Video
splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 25.0 x 10° bit/s
0001 splice_decoding_delay = 165 ms; max_splice_rate = 18.0 x 10° bit/s
0010 splice_decoding_delay = 250 ms; max_splice_rate = 12.0 x 10° bit/§
0011-1011 Reserved
1100-1111 User-defined
Table 2-16 — Splice parameter s Table 10
High Profile High Level (alltayers),
Multi-view Profile High-1440 L evel\(both layers) Video
splice_type Conditions
0000 splice_decoding_delay = 120 ms;\max_splice_rate = 100.0 x 10° bit/s
0001 splice_decoding_delay = 160.40%; max_splice_rate = 75.0 x 10° bit/s
0010 splice_decoding_delay 240 ms; max_splice_rate = 50.0 x 10° bit/s
0011 splice_decoding_deldy. = 250 ms; max_splice_rate = 48.0 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined
Table 2-17 — Splice parameters Table 11
4:2:2 ProfileMain Level Video
splice_type Conditions
0000 splice_decoding_delay = 45 ms; max_splice_rate = 50.0 x 10° bit/s
0001 splice_decoding_delay = 90 ms; max_splice rate = 50.0 x 10° bit/s
0010 splice_decoding_delay = 180 ms; max_splice_rate = 50.0 x 10° bit/s
0011 splice_decoding_delay = 225 ms; max_splice_rate = 40.0 x 10° bit/s
0100 splice_decoding_delay = 250 ms; max_splice_rate = 36.0 x 10° bit/s
0101-1011 Reserved
1100-1111 User-defined
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Table 2-18 — Splice parameters Table 12
Multi-view Profile Low Level (both layers) Video

splice_type Conditions
0000 splice_decoding_delay = 115 ms; max_splice_rate = 8.0 x 10° bit/s
0001 splice_decoding_delay = 155 ms; max_splice_rate = 6.0 x 10° bit/s
0010 splice_decoding_delay = 230 ms; max_splice_rate = 4.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 3.7 x 10° bit/s

0100-1011 Reserved

1100-1111 User-defined

Table 2-19 — Splice parameters Table 13
Multi-view Profile High Level (both layers) Video

splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 130.0 x 10° bit/s
0001 splice_decoding_delay = 150 ms; max_splice rate = 104.0 x 10° bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 65.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 62.4 x 10° bit/s

0100-1011 Reserved

1100-1111 User-defined

Table 2-20 — Splice parametersTable 14
4:2:2 Profile High Level Video

splice_type Conditions
0000 splice_decoding_delay = 45 ms; miax. splice_rate = 300.0 x 10 bit/s
0001 splice_decoding_delay = 90 ms;imax_splice_rate = 300.0 x 10 bit/s
0010-0011 Reserved
0100 splice_decoding_delay:<£250 ms; max_splice_rate = 180.0 x 10° bit/s
0101-1011 Reserved
1100-1111 User-defined

DTS next_AU (decoding time stamp\next access unit) — This is a 33-bit field, coded in three parts. In the cape of
contjnuous and periodic decoding through this splicing point it indicates the decoding time of the first accesq unit
following the splicing point. This decoding time is expressed in the time base which is valid in the Transport Stream
packgt in which the splice countdown reaches zero. From the first occurrence of this field onwards, it shall havg the
samg value in all the subsequent Transport Stream packets of the same PID in which it is present, until the paclet in
whidh the splice_countdewn reaches zero (including this packet).

stuffing_byte — This"is"a fixed 8-bit value equal to '1111 1111' that can be inserted by the encoder. It is discarded by the
decogder.
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2436 PESpacket

See Table 2-21.

Table 2-21 — PES packet

| SO/I EC 13818-1:2007 (E)

Syntax No. of bits Mnemonic
PES packet() {
packet_start_code prefix 24 bslbf
stream_id 8 uimsbf
PES packet_length 16 uimsbf
if (stream_id != program_stream_map
&& stream id = padﬂinoﬁcfrpam
&& stream_id != private_stream 2
&& stream_id '= ECM
&& stream_id != EMM
&& stream_id != program_stream_directory
&& stream_id != DSMCC_stream
&& stream_id !=ITU-T Rec. H.222.1 type E stream) {
'10' 2 bslbf
PES scrambling_control 2 bslbf
PES priority 1 bdlbf
data_alignment_indicator 1 bdlbf
copyright 1 bdlbf
original_or_copy 1 bslbf
PTS DTS flags 2 bslbf
ESCR_flag 1 bslbf
ES rate flag 1 bdlbf
DSM _trick_mode flag 1 bdlbf
additional_copy_info_flag 1 bdlbf
PES CRC_flag 1 bslbf
PES extension_flag 1 bdbf
PES header_data length 8 uimsbf
if (PTS_DTS_flags =="10") {
'0010' 4 bslbf
PTS[32..30] 3 bslbf
mar ker_bit 1 bslbf
PTS[29..15] 15 bslbf
mar ker_bit 1 bslbf
PTS[14..0] 15 bslbf
marker_bit 1 bslbf
}
if (PTS_DTS_flags =="11)%{
‘0011 4 bslbf
PTS[32..30] 3 bslbf
marker_hit 1 bdlbf
PTS[29..15] 15 bslbf
marken_bit 1 bdlbf
PTS{14..0] 15 bslbf
mar ker_bit 1 bslbf
0001 4 bslbf
DTS[32..30] 3 bslbf
marker_hit 1 bdlbf
DTS[29..15] 15 bslbf
marker_bit 1 bslbf
DTS[14..0] 15 bslbf
marker_bit 1 bslbf
!
if (ESCR_flag =="1") {
Reserved 2 bsthf
ESCR_base[32..30] 3 bslbf
marker_bit 1 bslbf
ESCR_base[29..15] 15 bslbf
marker_bit 1 bslbf
ESCR_base[14..0] 15 bslbf
marker_bit 1 bdlbf
ESCR_extension 9 uimsbf
marker_bit 1 bslbf
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Syntax No. of bits Mnemonic
if (ES_rate flag=="1") {
marker_bit 1 bslbf
ES rate 22 uimsbf
marker_bit 1 bslbf
}
if (DSM_trick_mode_flag=="1") {
trick_mode_control 3 uimsbf
if (trick_mode_control == fast_forward ) {
field_id 2 bslbf
intra_dlice refresh 1 bslbf
frequency_truncation 2 bslbf
}
CISC IT ( IICK_MOodeC_CoNntrol == Slow_motion ) y
rep_cntrl 5 uimsbf
else if ( trick_mode_control == freeze_frame ) {
field_id 2 uimsbf
Reserved 3 bdlbf
else if ( trick_mode control == fast_reverse ) {
field_id 2 bslbf
intra_dlice refresh 1 bslbf
frequency_truncation 2 bslbf
else if ( trick_ mode control == slow_reverse ) {
rep_cntrl 5 uimsbf
}
Else
Reserved 5 bslbf
}
if ( additional _copy_info_flag=="1") {
marker_bit 1 bslbf
additional_copy_info 7 bslbf
}
if (PES_CRC flag=="1") {
previous PES packet CRC 16 bslbf
}
if (PES_extension_flag=="1") {
PES private data flag 1 bslbf
pack_header_field_flag 1 bdbf
program_packet_sequence counter_flag 1 bslbf
P-STD_buffer_flag 1 bslbf
Reserved 3 bdlbf
PES extension/flag 2 1 bslbf
if (PES private “data_flag=="1") {
PES ‘private_data 128 bslbf
}
if (packvheader field flag=="1") {
pack_field_length 8 uimsbf
pack_header()
if (program_packet sequence counter flag=="1") {
marker_bit 1 bslbf
program_packet_sequence_counter 7 uimsbf
marker_bit 1 bslbf
MPEG1 MPEG2 identifier 1 bslbf
original_stuff_length 6 uimsbf
}
if (P-STD_buffer flag=="1") {
'01' 2 bslbf
P-STD_buffer_scale 1 bslbf
P-STD_buffer_size 13 uimsbf
}
if (PES extension flag 2 =="1") {
marker_bit 1 bslbf
PES extension_field_length 7 uimsbf
stream_id_extension_flag 1 bslbf
If ( stream id extension flag =="0") {
stream_id_extension 7 uimsbf
for(i=0;i<
PES extension_field length; i++){
reserved 8 bslbf
}
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Syntax No. of bits Mnemonic
}
§
for (1< 0;1i<NI1;i++) {
stuffing_byte 8 bslbf

}

for (1<0; i <N2;i++) {
PES packet_data_byte 8 bdlbf

}

else if ( stream_id == program_stream_map

|| stream_id == private stream_2

|| stream_id == ECM

|| stream_id == EMM

|| stream_id == program_stream_directory

|| stream_id == DSMCC _stream

|| stream_id == ITU-T Rec. H.222.1 type E stream ) {
for (1=0; i <PES_packet length; i++) {

PES packet_data_byte 8 bdlbf

¥

else if ( stream_id == padding_stream) {
for (1< 0; i <PES_packet length; i++) {
padding_byte 8 bslbf
}

}
24.3.7 Semantic definition of fieldsin PES packet

packet start code prefix — The packet start code prefix is a 24-bit codé./Together with the stream_id that follgws it
conslitutes a packet start code that identifies the beginning of a packet;The packet start code prefix is the bit tring
'OO(JF:OOO 0000 0000 0000 0001' (0x000001).

stream_id — In Program Streams, the stream_id specifies the typesand number of the elementary stream as defingd by
the stream_id Table 2-22. In Transport Streams, the stream_idnhay be set to any valid value which correctly desdribes
the dlementary stream type as defined in Table 2-22. In Transport Streams, the elementary stream type is specifipd in
the Hrogram Specific Information as specified in 2.4.4.

PES packet_length — A 16-bit field specifying the number of bytes in the PES packet following the last byte df the
field| A value of 0 indicates that the PES packet’length is neither specified nor bounded and is allowed on]y in
PES Jpackets whose payload consists of bytes. from a video elementary stream contained in Transport Stream packefs.

PES scrambling_control — The 2-bit PES_scrambling_control field indicates the scrambling mode of the PES packet
paylpad. When scrambling is performied at the PES level, the PES packet header, including the optional fields Wwhen
pres¢nt, shall not be scrambled (seg“Table 2-23).

Table 2-22 — Stream_id assignments

Stream.id Note stream coding

10KIN1100 1 program_stream_map

HOM 1101 2 private stream 1

1011 1110 padding_stream

HoHH1H 3 private—streat—2

110x XXxX ISO/IEC 13818-3 or ISO/IEC 11172-3 or ISO/IEC 13818-7 or ISO/IEC 14496-3
audio stream number X XXXx

1110 xxxx ITU-T Rec. H.262 | ISO/IEC 13818-2, ISO/IEC 11172-2, ISO/IEC 14496-2
or ITU-T Rec. H.264 | ISO/IEC 14496-10 video stream number xxxx

1111 0000 3 ECM_stream

1111 0001 3 EMM_stream

1111 0010 5 ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Annex A
or ISO/IEC 13818-6_ DSMCC _stream

11110011 2 ISO/IEC 13522 stream

1111 0100 6 ITU-T Rec. H.222.1 type A
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Table 2-22 — Stream_id assignments

Stream_id Note stream coding
11110101 6 ITU-T Rec. H.222.1 type B

11110110 6 ITU-T Rec. H.222.1 type C

11110111 6 ITU-T Rec. H.222.1 type D

1111 1000 6 ITU-T Rec. H.222.1 type E

1111 1001 7 ancillary_stream

1111 1010 ISO/IEC 14496-1 SL-packetized stream
H+H101 ISOAECT4496-tTtexvux—stream
1111 1100 metadata stream

1111 1101 8 extended stream_id

11111110 reserved data stream

1111 1111 4 program_stream_directory

The notation x means that the values '0' or '1" are both permitted and results in the same stream type. The)stréam number is g
by the values taken by the x's.

NOI;E 1 — PES packets of type program_stream_map have unique syntax specified in 2.5.4.1.

NOJTE 2 — PES packets of type private stream 1 and ISO/IEC 13552 stream follow the same“PES packet syntax as thosg
ITY-T Rec. H.262 | ISO/IEC 13818-2 video and ISO/IEC 13818-3 audio streams.

NOJE 3 — PES packets of type private stream 2, ECM_stream and EMM_ stream are“similar to private stream 1 excep
synfax is specified after PES_packet length field.

NOJE 4 — PES packets of type program_stream_directory have a unique syntax.spécified in 2.5.5.
NOJE 5 — PES packets of type DSM-CC _stream have a unique syntax specified in ISO/IEC 13818-6.
NOEE 6 — This stream_id is associated with stream_type 0x09 in Table 2-34.

NO|
Strdam, in a Transport Stream (refer to 2.4.3.8).

NOJTE 8 — The use of stream_id 0xFD (extended_stream_id) identifies that this PES packet employs an extended syntax to pe
addjtional stream types to be identified.

E 7 — This stream_id is only used in PES packets, which carry data from a Program Stream or an ISO/IEC 11172-1 Sygtem

ven

for

no

Fmit

Table 2-23=PES scrambling control values

Value Description
00 Not scrambled
01 User-defined
10 User-defined
11 User-defined

PES priority — This¢isya’1-bit field indicating the priority of the payload in this PES packet. A '1' indicates a hjgher

priotfity of the payload of the PES packet payload than a PES packet payload with this field set to '0'. A multiplexol
use the PES priority bit to prioritize its data within an elementary stream. This field shall not be changed b
trangport mechanism.

datg alignment_indicator — This is a 1-bit flag. When set to a value of '1', it indicates that the PES packet hea

I can
the

er is

immgpdiately followed by the video syntax element or audio sync word indicated in

the

data_stream_alignment_descriptor in 2.6.10 if this descripfor is present. If set to a value of 1" and the descriptor is not
present, alignment as indicated in alignment type '01' in Table 2-53, Table 2-54 or Table 55 is required. When set to a

value of '0', it is not defined whether any such alignment occurs or not.

copyright — This is a 1-bit field. When set to '1' it indicates that the material of the associated PES packet payload is
protected by copyright. When set to '0' it is not defined whether the material is protected by copyright. A copyright
descriptor described in 2.6.24 is associated with the elementary stream which contains this PES packet and the

copyright flag is set to '1" if the descriptor applies to the material contained in this PES packet.

original_or_copy — This is a 1-bit field. When set to 'l' the contents of the associated PES packet payload
original. When set to '0' it indicates that the contents of the associated PES packet payload is a copy.
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PTS DTS flags— This is a 2-bit field. When the PTS_DTS _flags field is set to '10', the PTS fields shall be present in
the PES packet header. When the PTS DTS flags field is set to '11', both the PTS fields and DTS fields shall be present
in the PES packet header. When the PTS DTS flags field is set to '00' no PTS or DTS fields shall be present in the PES
packet header. The value '01' is forbidden.

ESCR_flag — A 1-bit flag, which when set to 'l' indicates that ESCR base and extension fields are present in the PES
packet header. When set to '0' it indicates that no ESCR fields are present.

ES rate flag — A 1-bit flag, which when set to '1' indicates that the ES_rate field is present in the PES packet header.
When set to '0' it indicates that no ES rate field is present.

DSM_trick_mode flag— A 1-bit flag, which when set to '1' it indicates the presence of an 8-bit trick mode field. When
set to '0' it indicates that this field is not present.

additional_copy_info_flag — A 1-bit flag, which when set to 'l indicates the presence of the additional copy] info
field] When set to '0' it indicates that this field is not present.

PES CRC_flag — A 1-bit flag, which when set to 'l' indicates that a CRC field is present in the PES packet. Whqn set
to '0Yit indicates that this field is not present.

PEY extension_flag — A 1-bit flag, which when set to 'l' indicates that an extension field exists in this PES packet
header. When set to '0'" it indicates that this field is not present.

PEY header_data length — An 8-bit field specifying the total number of bytes occupied.by the optional fields andl any
stuffing bytes contained in this PES packet header. The presence of optional fields is indi€ated in the byte that pre¢edes
the HES header data length field.

mar ker_bit — A marker_bit is a 1-bit field that has the value 'l".

PT Y (presentation time stamp) — Presentation times shall be related to de¢oding times as follows: The PTS is a 33-bit
numbper coded in three separate fields. It indicates the time of presentation, tp,(k), in the system target decoder| of a
pres¢ntation unit k of elementary stream n. The value of PTS is specified in units of the period of the system ¢lock
freqyency divided by 300 (yielding 90 kHz). The presentation time isvderived from the PTS according to equation|2-11
belo. Refer to 2.7.4 for constraints on the frequency of coding preésentation timestamps.

PTS(k) = ((system_clock _ freguency x tp,(k))DIV 300)% 2% (R-11)

whete tp,(k) is the presentation time of presentationunit P,(k).

In thie case of audio, if a PTS is present in PES packet header it shall refer to the first access unit commencing ip the
PES packet. An audio access unit commerices in a PES packet if the first byte of the audio access unit is present ip the
PES packet.

In thie case of ISO/IEC 11172-2 video or ISO/IEC 14496-2 video, if a PTS is present in a PES packet header, it|shall
referf to the access unit containifig)the first picture start code that commences in this PES packet. A picture start|code
commences in a PES packet (f'the first byte of the picture start code is present in the PES packet. For I- and P-pidtures
in nqn-low_delay sequencés-and in the case when there is no decoding discontinuity between access units (AUs) k and
k', tHe presentation timé-t;;(k) shall be equal to the decoding time tgy(k') of the next transmitted I- or P-picture (refer to
2.7.9). If there is a déeoding discontinuity, or the stream ends, the difference between t,,(k) and t4,(k) shall be the pame
as iffthe original stréam had continued without a discontinuity and without ending.

OTE 1 — Allow_delay sequence is an ISO/IEC 14496-2 video sequence in which the low_delay flag is set to '1' (refer to 6.P.3 of
I$O/IEC 14496-2).

F or TU- T Rec H.262 | ISO/IEC 13818-2 video, if a PTS i is present in a PES packet header it shall refer to the afcess
] e k al PES
packet if the ﬁrst byte of the plcture start code is present in the PES packet For I- and P- coded frames in non-low_delay
sequences and in the case when there is no decoding discontinuity between access units (AUs) k and k', the presentation
time t,,(k) shall be equal to the decoding time tqy(k') of the next transmitted I- or P-coded frame (refer to 2.7.5). If there
is a decoding discontinuity, or the stream ends, the difference between t,,(k) and t4,(k) shall be the same as if the
original stream had continued without a discontinuity and without ending.
NOTE 2 — A low_delay sequence is an ITU-T Rec. H.262 | ISO/IEC 13818-2 video sequence in which the low_delay flag is set

to 'l' (refer to 6.2.2.3 of ITU-T Rec. H.262 | ISO/IEC 13818-2). Also note that for field pictures the presentation time refers to the
first field picture of the coded frame.

For ITU-T Rec. H.264 | ISO/IEC 14496-10 video, if a PTS is present in the PES packet header, it shall refer to the first
AVC access unit that commences in this PES packet. An AVC access unit commences in a PES packet if the first byte
of the AVC access unit is present in the PES packet. To achieve consistency between the STD model and the HRD
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model defined in Annex C of ITU-T Rec. H.264 | ISO/IEC 14496-10, for each decoded AVC access unit, the PTS value
in the STD shall, within the accuracy of their respective clocks, indicate the same instant in time as the nominal DPB
output time in the HRD, defined herein as t,,gn(n) = tn(n) + t. * dpb_output_delay(n), where t.,(n), t;, and
dpb_output_delay(n) are defined as in Annex C of ITU-T Rec. H.264 | ISO/IEC 14496-10.

NOTE 3 — Different clocks may be used for derivation of PTS and t, , 4p0(n).

The presentation time t,,(k) shall be equal to the decoding time tyy(k) for:
e audio access units;
* access units in ITU-T Rec. H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 low delay video sequences;

*  B-pictures in ISO/IEC 11172-2, ITU-T Rec. H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 video
streams.

If there is filtering in audio, it is assumed by the system model that filtering introduces no delay, hence the/sample
refered to by PTS at encoding is the same sample referred to by PTS at decoding. In the case of scalable coding |refer
to 2.7.6.

DTY (decoding time stamp) — The DTS is a 33-bit number coded in three separate fields. It indicates'the decgding
time| td,(j), in the system target decoder of an access unit j of elementary stream n. The value of IDFS is specifipd in
unitq of the period of the system clock frequency divided by 300 (yielding 90 kHz). The decoding time derived frofn the
DTS|according to equation 2-12 below:

DTS(j)=((system_clock _frequency x td,(j))DIV 300)% 2 (R-12)

whete td,(j) is the decoding time of access unit A,(j).

In the case of ISO/IEC 11172-2 video, ITU-T Rec. H.262 | ISO/IEC 13818-2 video, or ISO/IEC 14496-2 vided} if a
DTS| is present in a PES packet header, it shall refer to the access unit’ containing the first picture start codq that
commmences in this PES packet. A picture start code commences in a.RES packet if the first byte of the picture start{code
is prgsent in the PES packet.

For |TU-T Rec. H.264 | ISO/IEC 14496-10 video, if a DTS ispresent in the PES packet header, it shall refer to thq first
AV({ access unit that commences in this PES packet. An AVE access unit commences in a PES packet if the first| byte
of the AVC access unit is present in the PES packet:;“To achieve consistency between the STD model and the
HRI)} model defined in Annex C of ITU-T Rec. H.264{ISO/IEC 14496-10, for each AVC access unit the DTS value in
the $TD shall, within the accuracy of their respéctive clocks, indicate the same instant in time as the notpinal
CPBJremoval time t, ,( n ) in the HRD, as defined.in' Annex C of ITU-T Rec. H.264 | ISO/IEC 14496-10.

NOTE 4 — Different clocks may be used for.derivation of DTS and t, ,( n ).
In the case of scalable coding refer to 2.7.6.

ESCR_base; ESCR_extension —(The elementary stream clock reference is a 42-bit field coded in two parts. Thq first
part,[ESCR_base, is a 33-bit field whose value is given by ESCR_base(i), as given in equation 2-14. The second|part,
ESCR ext, is a 9-bit field whose value is given by ESCR_ext(i), as given in equation 2-15. The ESCR field indicates
the iptended time of arrivdl-of the byte containing the last bit of the ESCR base at the input of the PES-STD for] PES
streajms (refer to 2.5.2.4):

Spedifically:
ESCR(i) = ESCR _base(i)x300+ ESCR _ ext(i) (B-13)
wheile:
ESCR _base(i) = ((system_clock frequencyxt(i))DIV 300)% 2% (2-14)
ESCR _ext(i) =((system_clock frequencyxt(i))DIV 1)% 300 (2-15)

The ESCR and ES rate field (refer to semantics immediately following) contain timing information relating to the
sequence of PES streams. These fields shall satisfy the constraints defined in 2.7.3.

ES rate (elementary stream rate) — The ES rate field is a 22-bit unsigned integer specifying the rate at which the
system target decoder receives bytes of the PES packet in the case of a PES stream. The ES rate is valid in the PES
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packet in which it is included and in subsequent PES packets of the same PES stream until a new ES rate field is
encountered. The value of the ES_rate is measured in units of 50 bytes/second. The value '0' is forbidden. The value of
the ES rate is used to define the time of arrival of bytes at the input of a P-STD for PES streams defined in 2.5.2.4. The
value encoded in the ES_rate field may vary from PES_packet to PES packet.

trick_mode _control — A 3-bit field that indicates which trick mode is applied to the associated video stream. In cases
of other types of elementary streams, the meanings of this field and those defined by the following five bits are
undefined. For the definition of trick_mode status, refer to the trick mode section of 2.4.2.3.

When trick mode status is false, the number of times N, a picture is output by the decoding process for progressive
sequences, is specified for each picture by the repeat first field and top field first fields in the case of ITU-T
Rec. H.262 | ISO/IEC 13818-2 Video, and is specified through the sequence header in the case of ISO/IEC 11172-2
Video.

For Interlaced sequences, when trick mode status is false, the number of times N, a picture is output by the decqding
procgss for progressive sequences, is specified for each picture by the repeat first field and progressive frame-fields in
the dase of ITU-T Rec. H.262 | ISO/IEC 13818-2 Video.

Wheh trick mode status is true, the number of times that a picture shall be displayed depends on the value of N.

Wheh the value of this field changes or trick mode operations cease, any combination of the folleying may occur:
+  discontinuity in the time base;
*  decoding discontinuity;

*  continuity counter discontinuity.

Table 2-24 — Trick mode control values

Value Description
'000' Fast forward
'001' Slow motion
'010' Freeze frame
011 Fast reverse
'100' Slow reverse
'"101-'111" Reseryed

In th context of trick mode, the non-normal speed of decoding and presentation may cause the values of certain fields
defirled in video elementary stream data ta be incorrect. Likewise, the semantic constraint on the slice structure mly be
invalid. The video syntax elements to which this exception applies are:

*  bit rate;

e vbv_delay;

*  repeat_first Afield;
e v _axis positive;

+ field~sequence;

e subcarrier;

o <—burst_amplitude;

« % subcarrier_phase.

1 1 +1 1 kI 1 o1 1 LRSI | 1
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Decoders are not normatively required to decode the trick mode control field. However, the following normative
requirements shall apply to decoders that do decode the trick_ mode_control field.

fast forward — The value '000', in the trick_mode control field. When this value is present it indicates a fast forward
video stream and defines the meaning of the following five bits in the PES packet header. The intra_slice_refresh bit
may be set to 'l' indicating that there may be missing macroblocks which the decoder may replace with co-sited
macroblocks of previously decoded pictures. The field id field, defined in Table 2-25, indicates which field or fields
should be displayed. The frequency truncation field indicates that a restricted set of coefficients may be included. The
meaning of the values of this field are shown in Table 2-26.
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slow motion — The value '001', in the trick_mode_control field. When this value is present it indicates a slow motion

video stream and defines the meaning of the following five bits in the PES packet header. In the case of progre
sequences, the picture should be displayed N X rep_cntrl times, where N is defined above.

ssive

In the case of ISO/IEC 11172-2 Video and ITU-T Rec. H.262 | ISO/IEC 13818-2 Video progressive sequences, the

picture should be displayed for N x rep_cntrl picture duration.

In the case of ITU-T Rec. H.262 | ISO/IEC 13818-2 interlaced sequences, the picture should be displayed for
N x rep_cntrl field duration. If the picture is a frame picture, the first field to be displayed is the top field if

top_field first is 1, and the bottom field if top field first is '0' (refer to ITU-T Rec. H.262 | ISO/IEC 13818-2).
field is displayed for N xrep cntrl /2 field duration. The other field of the picture is then displayed for
N x rep_cntrl / 2 field duration.

e '010' 4

vide¢ stream and defines the meaning of the follo

ences in the PES packet which contains the field id field, unless the PES packet contains zero payload byt
the latter case the field id field refers to the most recent previous video access unit.

fast reverse — The value '011, in the trick_mode control field. When this value is present it indicafes a fast re
vide¢ stream and defines the meaning of the following five bits in the PES packet header. The-intra_slice refred
may|be set to 'l' indicating that there may be missing macroblocks which the decoder-may replace with co-
mactgoblocks of previously decoded pictures. The field id field, defined in Table 2-25, indicates which field or 1
shoulld be displayed. The frequency truncation field indicates that a restricted set of cogfficients may be included
meating of the values of this field are shown in Table 2-26.

slow] reverse — The value '100', in the trick mode control field. When this value'is present it indicates a slow re
videp stream and defines the meaning of the following five bits in,the’ PES packet header. In the cas
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ISOAIEC 11172-2 Video and ITU-T Rec. H.262 | ISO/IEC 13818-2 Video-progressive sequences, the picture should be

displayed for N x rep_cntrl picture duration, where N is defined above:

In the case of ITU-T Rec. H.262 | ISO/IEC 13818-2 interlaced\sequences, the picture should be displaye
N x rep_cntrl field duration. If the picture is a frame pictures,the first field to be displayed is the bottom fig
top_field first is 1, and the top field if top_field first is '0' (refer to ITU-T Rec. H.262 | ISO/IEC 13818-2). This fi

| for
1d if
1d is

displayed for N x rep cntrl /2 field duration. The other fi€ld of the picture is then displayed for N — N x rep_cnfrl /2

field|duration.

field[ id — A 2-bit field that indicates which field(s)Should be displayed. It is coded according to Table 2-25.

Tahlte2:25 —Field_id field control values

Value Description
'00" Display from top field only
01" Display from bottom field only
10’ Display complete frame
1" Reserved

intrg_slice refresn— A 1-bit flag, which when set to 'l', indicates that there may be missing macroblocks bet|
codegd slices of video data in this PES packet. When set to '0' this may not occur. For more information, see I
Rec.[H.262 [’ISO/IEC 13818-2. The decoder may replace missing macroblocks with co-sited macroblocks of previ
decoded pictures.

veen
[U-T
usly

frequency_truncation — A 2-bit field which indicates that a restricted set of coefficients may have been used in ¢
the video data in this PES packet. The values are defined in Table 2-26.

Table 2-26 — Coefficient selection values

Value Description
'00"' Only DC coefficients are non-zero
'01' Only the first three coefficients are non-zero
'10' Only the first six coefficients are non-zero
1" All coefficients may be non-zero
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rep_cntrl — A 5-bit field that indicates the number of times each field in an interlaced picture should be displayed, or
the number of times that a progressive picture should be displayed. It is a function of the trick mode_control field and
the top_field first bit in the video sequence header whether the top field or the bottom field should be « displayed first in
the case of interlaced pictures. The value '0' is forbidden.

additional_copy_info — This 7-bit field contains private data relating to copyright information.

previous PES packet CRC — The previous PES packet CRC is a 16-bit field that contains the CRC value that
yields a zero output of the 16 registers in the decoder similar to the one defined in Annex A, but with the polynomial:

16 %2415 +1

brocessinea-the-d bytes-of the presde PES 1 etg ne-ofthe PES packet head
'__V__ o-data-b =Y a S-Dre avh ES-H 4 =Wa = ra:\ et-header

) > > oo t—C

OTE 5 — This CRC is intended for use in network maintenance such as isolating the source of intermittent errors. It |s not
ifitended for use by elementary stream decoders. It is calculated only over the data bytes because PES packet headerdata dan be
podified during transport.

PEY private data_flag— A 1-bit flag which when set to '1' indicates that the PES packet header contains private |data.
When set to a value of '0' it indicates that private data is not present in the PES header.

pacd header field_flag — A 1-bit flag which when set to '1' indicates that an ISO/IEC 1h172-1 pack header|or a
Program Stream pack header is stored in this PES packet header. If this field is in a PES packet that is contained in a
Program Stream, then this field shall be set to '0". In a Transport Stream, when set to the value '0' it indicates thht no
packiheader is present in the PES header.

prodram_packet_sequence counter_flag — A 1-bit flag which whem set to 'l' indicates that| the
progfam_packet sequence counter, MPEG1 MPEG2 identifier, and original~stuff length fields are present in this
PES packet. When set to a value of '0' it indicates that these fields are not present in the PES header.

P-STD_buffer_flag — A 1-bit flag which when set to '1' indicates that¢he"P-STD_buffer scale and P-STD_buffer| size
are present in the PES packet header. When set to a value of '0' it\indicates that these fields are not present ifi the
PES header.

PES extension_flag_2 — A 1-bit field which when set to 'l%indicates the presence of the PES extension_field I¢gngth
field|and associated fields. When set to a value of '0' thissindicates that the PES extension_field length field and any
assotiated fields are not present.

PES private data— This is a 16-byte field which Contains private data. This data, combined with the fields befor¢ and
after] shall not emulate the packet start code prefix (0x000001).

pac field_length — This is an 8-bit field which indicates the length, in bytes, of the pack header field().

prodram_packet_sequence_counter « The program_packet sequence counter field is a 7-bit field. It is an oplonal
counter that increments with each successive PES packet from a Program Stream or from an ISO/IEC 11172-1 Stream
or the PES packets associated with;a’single program definition in a Transport Stream, providing functionality similar to
a coptinuity counter (refer tg~2.4.3.2). This allows an application to retrieve the original PES packet sequence|of a
Program Stream or the original packet sequence of the original ISO/IEC 11172-1 stream. The counter will wrap arpund
to 0 hfter its maximum valiie. Repetition of PES packets shall not occur. Consequently, no two consecutive PES pafkets
in thg program multiplex shall have identical program_packet sequence_counter values.

MPEG1 MPEG2-~identifier — A 1-bit flag which when set to 'l' indicates that this PES packet carries informption
from an ISO/IEC 11172-1 stream. When set to '0' it indicates that this PES packet carries information from a Program
Streqm.

original stuff Iength - Thls 6b1t field specifies the number of stufﬁng bytes used in the original ITU-T

Rec. H222-:0T1SOAE 818= packet readero eorema SO —tpa ade

P-STD_buffer_scale — The P-STD buffer scale is a 1-bit field, the meaning of which is only defined if this PES
packet is contained in a Program Stream. It indicates the scaling factor used to interpret the subsequent
P-STD buffer size field. If the preceding stream_id indicates an audio stream, P-STD_buffer scale shall have the value
'0". If the preceding stream_id indicates a video stream, P-STD buffer scale shall have the value '1". For all other stream
types, the value may be either '1' or '0'".
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P-STD_buffer_size— The P-STD_buffer_size is a 13-bit unsigned integer, the meaning of which is only defined if this
PES packet is contained in a Program Stream. It defines the size of the input buffer, BS,, in the P-STD. If
P-STD_buffer scale has the value '0', then the P-STD buffer size measures the buffer size in units of 128 bytes. If
P-STD_buffer scale has the value 'l', then the P-STD_buffer size measures the buffer size in units of 1024 bytes. Thus:

if (P—STD _buffer scale=0)

— _ (2-16)
BS, =P —-SID _ buffer _sizex 128

else:

RQ” = D_Q'I'D_hllf'fpr_ciwn x 1024 Q-17)

The pncoded value of the P-STD buffer size takes effect immediately when the P-STD_buffer size field is receivgd by
the I[TU-T Rec. H.222.0 | ISO/IEC 13818-1 System Target Decoder (refer to 2.7.7).

The pize BS, shall be larger than or equal to the size of the CPB signalled by the CpbSize[ cpb_cat\minusl ] spegified
by the NAL hrd_parameters() in the AVC video stream. If the NAL hrd_parameters() are not present in the AVC yideo
stream, then BS, shall be larger than or equal to the size of the NAL CPB for the byte stream format defingd in
Anngx A of ITU-T Rec. H.264 | ISO/IEC 14496-10 as 1200 x MaxCPB for the applied level.

PEY extension_field length — This is a 7-bit field which specifies the length, in bytes) of the data following this|field
in thg PES extension field up to and including any reserved bytes.

stream_id_extension_flag — A 1-bit flag, which when set to '0' indicates thata,stream_id_extension field is presgnt in
the HES packet header. The value of '1' for this flag is reserved.

stream_id_extension — In Program Streams, the stream_id extension‘speCifies the type and number of the elemeptary
stream as defined by the stream_id_extension in Table 2-27. In Transport Streams, the stream_id_extension may he set
to arly valid value which correctly describes the elementary streanitype as defined in Table 2-27. In Transport Strgams,
the dlementary stream type is specified in the Program Specificdnformation as specified in 2.4.4. Note that this fi¢ld is
used| as an extension of the stream_id defined above. This“field shall not be used unless the value of stream |id is
1111 1101.

Table 2-27 — Stream_id_extension assignments

stream_id_extension Note stream coding
000 0000 1 IPMP Control Information stream
000 0001 2 [PMP stream

0000010 ... 011 1111 reserved data_stream

100 0000 ... 111 1111 private stream

NOJ'E 1 — PES packets of stteam_id_extension 0b000 0000 (IPMP Control Information Stream) have a unique syntax specifigd in
ISQJIEC 13818-11 (MPEG=2TPMP).

NOJE 2 — PES packets,of stream_id_extension 0b000 0001 (IPMP Stream) have a unique syntax specified in ISO/IEC 1381§-11
(MPEG-2 IPMP).

stuffing_byte="This is a fixed 8-bit value equal to '1111 1111 that can be inserted by the encoder, for example to jmeet
the rpquiremeénts of the channel. It is discarded by the decoder. No more than 32 stuffing bytes shall be present if} one
PES packet header.

PES packet_data byte — PES packet data bytes shall be contiguous bytes of data from the elementary stream
indicated by the packet's stream id or PID. When the elementary stream data conforms to ITU-T
Rec. H.262 | ISO/IEC 13818-2 or ISO/IEC 13818-3, the PES packet data bytes shall be byte aligned to the bytes of
this Recommendation | International Standard. The byte-order of the elementary stream shall be preserved. The number
of PES packet data bytes, N, is specified by the PES packet length field. N shall be equal to the value indicated in the
PES packet length minus the number of bytes between the last byte of the PES packet length field and the first
PES packet data byte.

In the case of a private stream 1, private stream 2, ECM_stream, or EMM stream, the contents of the
PES packet data_byte field are user definable and will not be specified by ITU-T | ISO/IEC in the future.

padding_byte— This is a fixed 8-bit value equal to '1111 1111". It is discarded by the decoder.
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24.38 Carriageof Program Streamsand | SO/IEC 11172-1 Systems streamsin the Transport Stream

The Transport Stream contains optional fields to support the carriage of Program Streams and ISO/IEC 11172-1
Systems streams, in a way that allows simple reconstruction of the respective stream at the decoder.

When placing a Program Stream into a Transport Stream, Program Stream PES packets with stream_id values of
private_stream 1, ITU-T Rec. H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 video, and ISO/IEC 13818-3 or
ISO/IEC 11172-3 audio, are carried in Transport Stream packets.

For these PES packets, when reconstructing the Program Stream at the Transport Stream decoder, the PES packet data
is copied to the Program Stream being reconstructed.

For Program Streams PES packets with stream_id values of program stream map, padding stream, private stream 2,
ECM, EMM, DSM CC stream, or program stream directory, all the bytes of the Program Stream PES packet, except
for the packet start code prefix, are placed into the data_bytes fields of a new PES packet. The stream_id of thi§ new
PES |packet has the value of ancillary_stream (refer to Table 2-22). This new PES packet is then carried in Transport
Stregm packets.

Wheh reconstructing the Program Stream at the Transport Stream decoder, for PES packets with a stream_id valjie of
ancillary stream id, packet start code prefix is written to the Program Stream being reconstructed;/followed by the
data | byte fields from these Transport Stream PES packets.

ISOQIEC 11172-1 streams are carried within Transport Streams by first replacing ISO/IEC } 172-1 packet headers| with
ITU{T Rec. H.262 | ISO/IEC 13818-2 PES packet headers. ISO/IEC 11172-1 packet hedder field values are copipd to
the gquivalent ITU-T Rec. H.262 | ISO/IEC 13818-2 PES packet header fields.

The program_packet sequence counter field is included within the header of edaehy PES packet carrying data frpm a
Program Stream, or an ISO/IEC 11172-1 System stream. This allows the order*of PES packets in the original Program
Stregm, or packets in the original ISO/IEC 11172-1 System stream, to be reproduced at the decoder.

The pack header() field of a Program Stream, or an ISO/IEC 11172-1 System stream, is carried in the Transport Stream
in thg header of the immediately following PES packet.

244 Program specific information

Progfam Specific Information (PSI) includes both ITU-T Ree: H.222.0 | ISO/IEC 13818-1 normative data and prjivate
data [that enable demultiplexing of programs by decoders;~Programs are composed of one or more elementary strgams,
each| labelled with a PID. Programs, elementary streanis or parts thereof may be scrambled for conditional adcess.
However, Program Specific Information shall not be'scrambled.

In Tfansport Streams, Program Specific Information is classified into six table structures as shown in Table 2-28. While
thesg¢ structures may be thought of as simple*tables, they shall be segmented into sections and inserted in Trangsport
Stregm packets, some with predetermined PIDs and others with user selectable PIDs.

Table 2-28 — Program specific infor mation

Structure Name Stream Type Reserved PID # Description
Program Association Table) | ITU-T Rec. H.222.0 | 0x00 Associates Program Number and
ISO/IEC 13818-1 Program Map Table PID
Program Map Table ITU-T Rec. H.222.0 | Assigned in the PAT Specifies PID values for component$ of
ISO/IEC 13818-1 one or more programs
Netork Information Table | Private Assigned in the PAT Physical network parameters such ag

FDM frequencies, Transponder
Numbers, etc.

Conditional Access Table ITU-T Rec. H.22207] OX0T ASSociates one or more (private) EMM
ISO/IEC 13818-1 streams each with a unique PID value
Transport Stream ITU-T Rec. H.222.0 | 0x02 Associates one or more descriptors from
Description Table ISO/IEC 13818-1 Table 2-45 to an entire Transport
Stream
IPMP Control Information ITU-T Rec. H.222.0 | 0x03 Contains IPMP Tool List, Rights
Table ISO/IEC 13818-1 Container, Tool Container defined in

ISO/IEC 13818-11

ITU-T Rec. H.222.0 | ISO/IEC 13818-1 defined PSI tables shall be segmented into one or more sections that are carried
within transports packets. A section is a syntactic structure that shall be used for mapping each ITU-T
Rec. H.222.0 | ISO/IEC 13818-1 defined PSI table into Transport Stream packets.
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Along with ITU-T Rec. H.222.0 | ISO/IEC 13818-1 defined PSI tables, it is possible to carry private data tables. The
means by which private information is carried within Transport Stream packets is not defined by this Specification. It
may be structured in the same manner used for carrying of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 defined PSI tables,
such that the syntax for mapping this private data is identical to that used for the mapping of ITU-T
Rec. H.222.0 | ISO/IEC 13818-1 defined PSI tables. For this purpose, a private section is defined. If the private data is
carried in Transport Stream packets with the same PID value as Transport Stream packets carrying Program Map Tables
(as identified in the Program Association Table), then the private section syntax and semantics shall be used. The data
carried in the private data bytes may be scrambled. However, no other fields of the private section shall be scrambled.
This private_section allows data to be transmitted with a minimum of structure. When this structure is not used, the
mapping of private data within Transport Stream packets is not defined by this Recommendation | International
Standard.

WitHin a Transport Stream, packet stuffing bytes of value 0xFF may be found in the payload of Transport Styeam
packgts carrying PSI and/or private_sections only after the last byte of a section. In this case all bytes until the end of
the Transport Stream packet shall also be stuffing bytes of value OxFF. These bytes may be discarded by a decodg¢r. In
such|a case, the payload of the next Transport Stream packet with the same PID value shall begin-with a pointer fig
valug 0x00 indicating that the next section starts immediately thereafter.

Eacl Transport Stream shall contain one or more Transport Stream packets with PID\value 0x0000. These Tranfport
Stregm packets together shall contain a complete Program Association Table, providing a complete list of all prog
with|n the Transport Stream. The most recently transmitted version of the table with/the current next indicator sef to a
valug of '1' shall always apply to the current data in the Transport Stream. Any-shanges in the programs carried
the Transport Stream shall be described in an updated version of the Program Association Table carried in Tra
Stregm packets with PID value 0x0000. These sections shall all use table_jd value 0x00. Only sections with this yalue
of taple id are permitted within Transport Stream packets with PID yalue of 0x0000. For a new version of the P
become valid, all sections (as indicated in the last section number) with a new version number and witlh the
currgnt_next_indicator set to '1' must exit By, defined in the T-STD (refer to 2.4.2). The PAT becomes valid whep the
last byte of the section needed to complete the table exits Bgyg

Whehever one or more elementary streams within a Transport Stream are scrambled, Transport Stream packets
PID [value 0x0001 shall be transmitted containing ac€omplete Conditional Access Table including CA_descri
assogiated with the scrambled streams. The transmitted Transport Stream packets will together form one complete
version of the conditional access table. . The most recently transmitted version of the table with| the
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identified as the program map PID for that spe01ﬁc program. All Transport Stream packets which carry a given
TS program_map_section shall have the same PID value. During the continuous existence of a program, including all
of its associated events, the program_map PID shall not change. A program definition shall not span more than one
TS program map_section. A new version of a TS program map_section becomes valid when the last byte of that
section with a new version_number and with the current_next_indicator set to '1' exits Byy.

Sections with a table id value of 0x02 shall contain Program Map Table information. Such sections may be carried in
Transport Stream packets with different PID values.

The Network Information Table is optional and its contents are private. If present it is carried within Transport Stream
packets that will have the same PID value, called the network PID. The network PID value is defined by the user and,
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when present, shall be found in the Program Association Table under the reserved program_number 0x0000. If the
network information table exists, it shall take the form of one or more private sections.

The maximum number of bytes in a section of a ITU-T Rec. H.222.0 | ISO/IEC 13818-1 defined PSI table is
1024 bytes. The maximum number of bytes in a private section is 4096 bytes.

The Transport Stream Description Table is optional. When present, the Transport Stream Description is carried within
Transport Stream packets that have a PID value 0x0002 as specified in Table 2-28 and shall apply to the entire
Transport Stream. Sections of the Transport Stream Description shall use a table id value of 0x03 as specified in
Table 2-31 and its contents are restricted to descriptors specified in Table 2-45. The TS description_section becomes
valid when the last byte of the section required to complete the table exits By

There are no restrictions on the occurrence of start codes, sync bytes or other bit patterns in PSI data, whether this

RecqmmendationHnternational-Standardorprivate———— — 0 — ————
2441 Pointer
The pointer_field syntax is defined in Table 2-29.
Table 2-29 — Program specific information pointer
Syntax No. of bits Mnemonie
pointer_field 8 uimsbf
24.4.2 Semanticsdefinition of fieldsin pointer syntax
pointer field — This is an 8-bit field whose value shall be the number of bytes;immediately following the pointer [field
until|the first byte of the first section that is present in the payload of the Transport Stream packet (so a value of 0xP0 in
the fointer_field indicates that the section starts immediately after the pointer field). When at least one section bggins
in a given Transport Stream packet, then the payload unit start indieator (refer to 2.4.3.2) shall be set to '1' and thd first
byte|of the payload of that Transport Stream packet shall containythe pointer. When no section begins in a given
Trangport Stream packet, then the payload unit start indicatopsshall be set to '0' and no pointer shall be sent ifi the
paylpad of that packet.
2443 Program Association Table
The |[Program Association Table provides the corgespondence between a program number and the PID value of the
Trankport Stream packets which carry the program definition. The program number is the numeric label assodiated
withfa program.
The [overall table is contained in one or ‘more sections with the following syntax. It may be segmented to ogcupy
multple sections (see Table 2-30).
Table 2-30 — Program association section
Syntax No. of bits M nemonilc
program_association_Section() {
table id 8 uimsbf
sectien) syntax_indicator 1 bslbf
‘0 1 bslbf
reserved 2 bslbf
mﬂfinn_lmgfh 12 uimsbf
transport_stream_id 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bdbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (1=0; i <N;it++) {
program_number 16 uimsbf
reserved 3 bslbf
if (program_number =="0") {
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Table 2-30 — Program association section

Syntax No. of bits Mnemonic
network_PID 13 uimsbf
}
else {
program_map_PID 13 uimsbf
}
}
€RE-32 32 rpehof
}

2444 Table id assignments

The table id field identifies the contents of a Transport Stream PSI section as shown in Table 2-31.

Table 2-31 —table id assignment values

Value Description

0x00 program_association_section

0x01 conditional access_section (CA_section)

0x02 TS program map_section

0x03 TS_description_section

0x04 ISO_IEC 14496 scene description_section

0x05 ISO_IEC 14496 object_descriptor.section

0x06 Metadata_section

0x07 IPMP_Control Information section (defined in ISO/IEC 13818-11)
0x08-0x3F ITU-T Rec. H.222.0 | ISO/IEC 13818-1 reserved
0x40-0xFE User private

O0xFF Forbidden

2445 Semantic definition of fieldsinpregram association section
tablt_ id — This is an 8-bit field, whichishall be set to 0x00 as shown in Table 2-31.
secti

n_syntax_indicator — The-section syntax_indicator is a 1-bit field which shall be set to '1".

sectipn_length — This is a 12-bit field, the first two bits of which shall be '00'. The remaining 10 bits specify the number
of bytes of the section, starting immediately following the section_length field, and including the CRC. The valpe in
this field shall not exceéd1021 (0x3FD).

tranpport_stream<id-— This is a 16-bit field which serves as a label to identify this Transport Stream from any pther
multjplex withinainetwork. Its value is defined by the user.

verglon_number — This 5-bit field is the version number of the whole Program Association Table. The version number
shalll be'inéremented by 1 modulo 32 whenever the definition of the Program Association Table changes. Wheh the
currgnt_next indicator is set to 'l', then the version number shall be that of the currently applicable Program
Association Table. When the current next indicator is set to '0', then the version number shall be that of the next
applicable Program Association Table.

current_next_indicator — A 1-bit indicator, which when set to '1' indicates that the Program Association Table sent is
currently applicable. When the bit is set to '0', it indicates that the table sent is not yet applicable and shall be the next
table to become valid.

section_number — This 8-bit field gives the number of this section. The section number of the first section in the
Program Association Table shall be 0x00. It shall be incremented by 1 with each additional section in the Program
Association Table.

last_section_number — This 8-bit field specifies the number of the last section (that is, the section with the highest
section_number) of the complete Program Association Table.

44 ITU-T Rec. H.222.0 (05/2006)


https://standardsiso.com/api/?name=89fb18e6912d3e3e3da38d3df902861f

| SO/I EC 13818-1:2007 (E)

program_number — Program number is a 16-bit field. It specifies the program to which the program _map PID is
applicable. When set to 0x0000, then the following PID reference shall be the network PID. For all other cases the value
of this field is user defined. This field shall not take any single value more than once within one version of the Program
Association Table.

NOTE — The program_number may be used as a designation for a broadcast channel, for example.

network_PID — The network PID is a 13-bit field, which is used only in conjunction with the value of the
program_number set to 0x0000, specifies the PID of the Transport Stream packets which shall contain the Network
Information Table. The value of the network PID field is defined by the user, but shall only take values as specified in
Table 2-3. The presence of the network PID is optional.

program_map_PID — The program map PID is a 13-bit field specifying the PID of the Transport Stream packets
which shall contain the program map_section applicable for the program as specified by the program number. No
progfam_number shall have more than one program map PID assignment. The value of the program mapP]D is
defijed by the user, but shall only take values as specified in Table 2-3.

CR({_32 — This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the de¢oder
defijed in Annex A after processing the entire program association section.

2446 Conditional access Table

The [Conditional Access (CA) Table provides the association between one or more CA systems, their EMM stream$ and
any gpecial parameters associated with them. Refer to 2.6.16 for a definition of the descriptor() field in Table 2-32.

The [table is contained in one or more sections with the following syntax. It may/be\segmented to occupy multiple
sectipns.

Table 2-32 — Conditional access seCtion

Syntax No. of bits Mnemonic
CA_section() {
table_id 8 uimsbf
section_syntax_indicator 1 bdbf
'0' 1 bslbf
reserved 2 bslbf
section_length 12 uimsbf
reserved 18 bslbf
version_number 5 uimsbf
current_next_indicator 1 bdlbf
sectionaumber 8 uimsbf
last_&egtion_number 8 uimsbf
for (i=0;i<N;it++) {
descriptor()
}
CRC_32 32 rpchof

}

2447 ,Semantic definition of fieldsin conditional access section
table Td)- This is an 8-bit field, which shall be set to 0x01 as specified in Table 2-31.

section_syntax_indicator — The section_syntax_indicator is a 1-bit field which shall be set to '1".

section_length — This is a 12-bit field, the first two bits of which shall be '00'. The remaining 10-bits specify the
number of bytes of the section starting immediately following the section length field, and including the CRC. The
value in this field shall not exceed 1021 (0x3FD).

version_number — This 5-bit field is the version number of the entire conditional access table. The version number
shall be incremented by 1 modulo 32 when a change in the information carried within the CA table occurs. When the
current_next_indicator is set to 'l', then the version_number shall be that of the currently applicable Conditional Access
Table. When the current next indicator is set to '0', then the version number shall be that of the next applicable
Conditional Access Table.
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current_next_indicator — A 1-bit indicator, which when set to '1' indicates that the Conditional Access Table sent is
currently applicable. When the bit is set to '0', it indicates that the Conditional Access Table sent is not yet applicable
and shall be the next Conditional Access Table to become valid.

section_number — This 8-bit field gives the number of this section. The section_number of the first section in the
Conditional Access Table shall be 0x00. It shall be incremented by 1 with each additional section in the Conditional
Access Table.

last_section_number — This 8-bit field specifies the number of the last section (that is, the section with the highest
section_number) of the Conditional Access Table.

CRC_32 — This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder
defined in Annex A after processing the entire conditional access section.

2448 Program Map Table
The |Program Map Table provides the mappings between program numbers and the program elements that)comprise
then]. A single instance of such a mapping is referred to as a "program definition". The program map,'table iy the
complete collection of all program definitions for a Transport Stream. This table shall be transmitted in packets, thg PID
valugs of which are selected by the encoder. More than one PID value may be used, if desired. The table is containked in
one pr more sections with the following syntax. It may be segmented to occupy multiple sections./In each section, the
sectipn number field shall be set to zero. Sections are identified by the program number field.
Defipition for the descriptor() fields may be found in 2.6 (see Table 2-33).
Table 2-33 — Transport Stream program map section
Syntax No.'of bits | Mnemonic
TS_program map_section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
'0' 1 bslbf
reserved 2 bslbf
section_length 12 uimsbf
program_number 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bdbf
section_number 8 uimsbf
last_sectionyhumber 8 uimsbf
reserved 3 bslbf
PCR.PID 13 uimsbf
reserved 4 bslbf
program_info_length 12 uimsbf
for (i=0;1<N;it++) {
descriptor()
}
for (i=0;1i<NI;i++) {
stream_type 8 uimsbf
reserved 3 bslbf
elementary PID 13 uimsbf
reserved 4 bslbf
ES info_length 12 uimsbf
for (i=0;1<N2;it++) {
descriptor()
}
}
CRC_32 32 rpchof
}
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2449 Semantic definition of fieldsin Transport Stream program map section

table id — This is an 8-bit field, which in the case of a TS program_map_section shall be always set to 0x02 as shown
in Table 2-31.

section_syntax_indicator — The section_syntax_indicator is a 1-bit field which shall be set to '1".

section_length — This is a 12-bit field, the first two bits of which shall be '00'. The remaining 10 bits specify the number
of bytes of the section starting immediately following the section_length field, and including the CRC. The value in this

field

shall not exceed 1021 (0x3FD).

program_number — program_number is a 16-bit field. It specifies the program to which the program _map PID is
applicable. One program definition shall be carried within only one TS program map section. This implies that a
program definition is never longer than 1016 (0x3F8). See Informative Annex C for ways to deal with the cases when

that |ength is not sufficient. The program_number may be used as a designation for a broadcast channel, for exatnple.
By describing the different program elements belonging to a program, data from different sources (e.g., §€équ¢ntial
events) can be concatenated together to form a continuous set of streams using a program number. Forrexamples of
applications refer to Annex C.
verslon_number — This 5-bit field is the version number of the TS program map_section. The version’'number shgll be
incrgmented by 1 modulo 32 when a change in the information carried within the section occurs- Veérsion number tfefers
to thp definition of a single program, and therefore to a single section. When the current_next_indicator is set to '1'fthen
the | version_number shall be that of the currently applicable TS program( map section. When| the
currgnt next indicator is set to '0', then the version number shall be that, of the next applifable
TS program map_section.
current_next_indicator — A 1-bit field, which when set to 'l' indicates that the’ TS program_map_section sdnt is
currgntly applicable. When the bit is set to '0', it indicates that the TS programymap_section sent is not yet appligable
and ghall be the next TS _program map_section to become valid.
sectipn_number — The value of this 8-bit field shall be 0x00.
last_[section_number — The value of this 8-bit field shall be 0x00¢
PCH_PID — This is a 13-bit field indicating the PID of the TranSport Stream packets which shall contain the PCR fields
valid for the program specified by program number. If no PCR is associated with a program definition for piivate
streajms, then this field shall take the value of Ox1FFF..Refer to the semantic definition of PCR in 2.4.3.5 and Tablg 2-3
for rgstrictions on the choice of PCR_PID value.
prodram_info_length — This is a 12-bit field, the first two bits of which shall be '00'. The remaining 10 bits specifly the
numbper of bytes of the descriptors immediately following the program_info length field.
stream_type — This is an 8-bit field specifying the type of program element carried within the packets with the PID
whoge value is specified by the elementary PID. The values of stream_type are specified in Table 2-34.
NOTE — An ITU-T Rec. H.222.0( ISO/IEC 13818-1 auxiliary stream is available for data types defined by this Specificption,
ofher than audio, video, and DSM-CC, such as Program Stream Directory and Program Stream Map.
Table 2-34 — Stream type assignments
Value Description
0x00, ITU-T | ISO/IEC Reserved
0x0t ISO/IEC 11172-2 Video
0x02 ITU-T Rec. H.262 | ISO/IEC 13818-2 Video or ISO/IEC 11172-2 constrained parameter video stregm
0x03 ISO/IEC 11172-3 Audio
0x04 ISO/IEC 13818-3 Audio
0x05 ITU-T Rec. H.222.0 | ISO/IEC 13818-1 private_sections
0x06 ITU-T Rec. H.222.0 | ISO/IEC 13818-1 PES packets containing private data
0x07 ISO/IEC 13522 MHEG
0x08 ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Annex A DSM-CC
0x09 ITU-T Rec. H.222.1
0x0A ISO/IEC 13818-6 type A
0x0B ISO/IEC 13818-6 type B
0x0C ISO/IEC 13818-6 type C
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Table 2-34 — Stream type assignments

Value Description

0x0D ISO/IEC 13818-6 type D

0x0E ITU-T Rec. H.222.0 | ISO/IEC 13818-1 auxiliary

0xOF ISO/IEC 13818-7 Audio with ADTS transport syntax

0x10 ISO/IEC 14496-2 Visual

Ox11 ISO/IEC 14496-3 Audio with the LATM transport syntax as defined in ISO/IEC 14496-3

0x12 ISO/IEC 14496-1 SL-packetized stream or FlexMux stream carried in PES packets

0x13 ISO/IEC 14496-1 SL-packetized stream or FlexMux stream carried in ISO/IEC 14496 _sections

0x14 ISO/IEC 13818-6 Synchronized Download Protocol

0x15 Metadata carried in PES packets

0x16 Metadata carried in metadata_sections

0x17 Metadata carried in ISO/IEC 13818-6 Data Carousel

0x18 Metadata carried in ISO/IEC 13818-6 Object Carousel

0x19 Metadata carried in ISO/IEC 13818-6 Synchronized Download Protocol

0x1A IPMP stream (defined in ISO/IEC 13818-11, MPEG-2 IPMP)

0x1B AVC video stream as defined in ITU-T Rec. H.264 | ISO/IEC 14496510 Video
0x1C-0x7E ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Reserved

0x7F IPMP stream
0x80-0xFF User Private
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A private table may be made of several private_sections, all with the same table id (see Table 2-35).

Table 2-35 — Private section

Syntax No. of Mnemonic
bits
private_section() {
table id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bdlbf
Reserved 2 bslbf
private_section_length 12 uimsbf
if (section_syntax_indicator =="0") {
for 1=0;1<N;it++) {
private_data byte 8 bdlbf
§
}
else {
table_id_extension 16 uimsbf
Reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bdlbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (1= 0; i < private_section_length-9; i+H) {
private data byte 8 bdlbf
H
CRC 32 32 rpchof
}
}

2.4.4.11 Semantic definition of fieldsin private section

table id — This 8-bit field, the value of which identifies the Private Table this section belongs to. Only values defined in

Tablp 2-31 as "user private" may be used.

sectipn_syntax_indicator — This fis a 1-bit indicator. When set to 'l', it indicates that the private section followfs the
genefic section syntax beyond the/private section length field. When set to '0', it indicates that the private data pytes
immgdiately follow the priyate Jsection length field.

private indicator — This-is a 1-bit user-definable flag that shall not be specified by ITU-T | ISO/IEC in the future.

private section_leggth — A 12-bit field. It specifies the number of remaining bytes in the private section immediately
following the privdte section length field up to the end of the private section. The value in this field shall not ejceed

4093 (OXFFD).

private/data_byte — The private_data_byte field is user definable and shall not be specified by ITU-T | ISO/IEC in the

futu

table id_extension — This is a 16-bit field. Its use and value are defined by the user.

version_number — This 5-bit field is the version number of the private section. The version number shall be
incremented by 1 modulo 32 when a change in the information carried within the private section occurs. When the
current_next indicator is set to '0', then the version_number shall be that of the next applicable private section with the

same table id and section number.

current_next_indicator — A 1-bit field, which when set to 'l' indicates that the private section sent is currently
applicable. When the current next indicator is set to 'l', then the version number shall be that of the currently
applicable private section. When the bit is set to '0', it indicates that the private section sent is not yet applicable and
shall be the next private section with the same section number and table id to become valid.
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section_number — This 8-bit field gives the number of the private section. The section_number of the first section in a
private table shall be 0x00. The section_number shall be incremented by 1 with each additional section in this private
table.

last_section_number — This 8-bit field specifies the number of the last section (that is, the section with the highest
section_number) of the private table of which this section is a part.

CRC_32 — This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder
defined in Annex A after processing the entire private section.

2.4.4.12 Syntax of the Transport Stream section

ITU-T Rec. H.222.0 | ISO/IEC 13818-1 compliant bitstreams may carry the information defined in Table 2-36.
ITU-T Rec. H.222.0 | ISO/TEC 13818-1 compliant decoders may decode the information defined in this table

The [Transport Stream Description Table is defined to support the carriage of descriptors as found in 2.6 fon-an\gntire
Trankport Stream. The descriptors shall apply to the entire Transport Stream. This table uses a table id value.of 0xP3 as
specified in Table 2-31 and is carried in Transport Stream packets whose PID value is 0x0002 as specified‘in’Table|2-3.

Table 2-36 — The Transport Stream Description Table

Syntax No. of bits Mpemonic

TS_description_section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf
'0 1 bsbf
Reserved 2 bslbf
section_length 12 uimsbf
Reserved 18 bslbf

version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (i=0;1<Njit++) {
descriptor()

}

CRC_32 32 rpchof

}

2.4.4.13 Semantic definition of fieldsin the Transport Stream section
tabl@ id — This is an 8-bit ficld, which shall be set to '0x03' as specified in Table 2-31.

sectipn_length — This-is@ 12-bit field, the first two bits of which shall be '00'. The remaining 10 bits specify the number
of bytes of the section,/starting immediately following the section_length field, and including the CRC. The valpe in
this field shall notexceed 1021 (0x3FD).

verslon_number — This 5-bit field is the version number of the whole Transport Stream Description Table. The vefsion
numbper shall'be incremented by 1 modulo 32 whenever the definition of the Transport Stream Description Table
chanfges.. When the current next indicator is set to '1', then the version_number shall be that of the currently appligable
Ll Whantha acatta ' thon 4] o rchall kb

TrI““"*“*“ Doacerint: T 4 st o diood 3 1O tht
anspert-StreamDesertptionTable—Whenthe-eurrentrext—indieatorissetto-0thenthe-verstonr—numbershat-be tha

of the next applicable Transport Stream Description Table.

current_next_indicator — A 1-bit indicator, which, when set to 'l', indicates that the Transport Stream Description
Table sent is currently applicable. When the bit is set to '0', it indicates that the table sent is not yet applicable and shall
be the next table to become valid.

section_number — This 8-bit field gives the number of this section. The section number of the first section in the
Transport Stream Description Table shall be 0x00. It shall be incremented by 1 with each additional section in the
Transport Stream Description Table.

last_section_number — This 8-bit field specifies the number of the last section (that is, the section with the highest
section_number) of the complete Transport Stream Description Table.
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CRC_32 — This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder
defined in Annex A after processing the entire Transport Stream Description section.

25 Program Stream bitstream requirements

251 Program Stream coding structure and parameters

The ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Program Stream coding layer allows one program of one or more
elementary streams to be combined into a single stream. Data from each elementary stream are multiplexed together
with information that allows synchronized presentation of the elementary streams within the program.

A Program Stream consists of one or more elementary streams from one program multiplexed together. Audio and
video elementary streams consist of access units.

Elenjentary Stream data is carried in PES packets. A PES packet consists of a PES packet header followed by ‘pcket
data| PES packets are inserted into Program Stream packs.

The PES packet header begins with a 32-bit start-code that also identifies the stream (refer to Table 2-22) to which the
packgt data belongs. The PES packet header may contain just a Presentation Time Stamp (PTS) or, both a presenthtion
timegtamp and a Decoding Time Stamp (DTS). The PES packet header also contains other optional ‘fields. The packet
data [contains a variable number of contiguous bytes from one elementary stream.

In a [Program Stream, PES packets are organized in packs. A pack commences with a pack header and is followgd by
zero [or more PES packets. The pack header begins with a 32-bit start-code. The pack header is used to store timing and
bitrafe information.

The [Program Stream begins with a system header that optionally may be tepeated. The system header carrjes a
suminary of the system parameters defined in the stream.

This|Recommendation | International Standard does not specify the coded data which may be used as part of conditional
accefs systems. This Recommendation | International Standard does, however, provide mechanisms for program seyvice
provjders to transport and identify this data for decoder processing’and to correctly reference data which are|here
specified.

2.5.2 Program Stream system target decoder

The [semantics of the Program Stream and the constraits on these semantics require exact definitions of decgding
evenfs and the times at which these events occur.. The definitions needed are set out in this Specification usjng a
hypdthetical decoder known as the Program Stream:system target decoder (P-STD).

The |P-STD is a conceptual model used to.define these terms precisely and to model the decoding process durinf the
consfruction of Program Streams. The P-STD is defined only for this purpose. Neither the architecture of the P-STID nor
the fiming described precludes unintetrupted, synchronized playback of Program Streams from a variety of decders
with|different architectures or timing\schedules.

i-th byte of
multiplex ‘stfream
Nl g
1
tpy (k)
B1 :‘ I D»] O 1‘
j-th access unit k-th presentation unit
(o]
v o B, | o) Po (k)
() . | tpy (k)
System control TISO5820-95/d07

Figure 2-2 — Program Stream system target decoder notation
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The following notation is used to describe the Program Stream system target decoder and is partially illustrated
in Figure 2-2.

i,i’ are indices to bytes in the Program Stream. The first byte has index 0.
j 1s an index to access units in the elementary streams.
k, k', k” are indices to presentation units in the elementary streams.
n is an index to the elementary streams.

t(i) indicates the time in seconds at which the i-th byte of the Program Stream enters the system
target decoder. The value t(0) is an arbitrary constant.

SCR(i) is the time encoded in the SCR field measured in units of the 27 MHz system clock where i is
the byte index of the final byte of the system_clock reference base field.

A.(j) is the j-th access unit in elementary stream n. A,(j) is indexed in decoding order.

td,(j) is the decoding time, measured in seconds, in the system target decoder of the j-th(aceesq unit
in elementary stream n.

P.(k) is the k-th presentation unit in elementary stream n. P,(k) is indexed in presentation order.

tpa(k) is the presentation time, measured in seconds, in the system targetCdecoder of the|k-th
presentation unit in elementary stream n.

t 1is time measured in seconds.

F.(t) is the fullness, measured in bytes, of the system target decoder/input buffer for elemeptary
stream n at time t.

B, the input buffer in the system target decoder for elementaty-Stream n.

BS, is the size of the system target decoder input buffer, measured in bytes, for elementary stream
n.

D, is the decoder for elementary stream n.

O, is the reorder buffer for video elementarytstream n.

2541 System clock frequency

Timing information referenced in P-STD is carried by several data fields defined in this Specification. The fields are
defijed in 2.5.3.3 and 2.4.3.6. This information is coded-as the sampled value of a system clock.

The palue of the system clock frequency is measured’in Hz and shall meet the following constraints:
— 27000 000 — 810 <= system .clock frequency <=27 000 000 + 810;

—  rate of change of system_clock frequency with time <= 75 x 10~ Hz/s.

The [notation "system_clock frequefiey" is used in several places in this Recommendation | International Stafdard
torefer to the frequency of ,a'\clock meeting these requirements. For notational convenience, equatiorfs in
whidgh SCR, PTS, or DTS appear, lead to values of time which are accurate to some integral multiplle of
(300[x 2%/system_clock_frequency) seconds. This is due to the encoding of SCR timing information as 33 bits of /300

of the system clock frequency plus 9 bits for the remainder, and encoding as 33 bits of the system clock frequency
divided by 300 for PTS\and DTS.

2542 Input tothe Program Stream system tar get decoder

Data
byte|entersythe system target decoder can be recovered from the input stream by decoding the input System (lock
Reference® (SCR) fields and the
equatiof2-+8;—ts—eoded H—EWwo—parts—one; HHHES pertod 66 FSter : —¢la
system_clock reference base (see equation 2-19), and one, called system clock reference ext equation
(see equation 2-20), in units of the period of the system clock frequency. In the following the values encoded in these
fields are denoted by SCR base(i) and SCR_ext(i). The value encoded in the SCR field indicates time t(i), where i
refers to the byte containing the last bit of the system_clock reference base field.

Specifically:
CR(i)=CR_base(i)x300+ SCR_ext(i) (2-18)
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where:

SCR_base(i) = ((system _clock _ frequency x t(i))DIV 300)%2* (2-19)

R ext(i)=((system_clock freguency xt(i))DIV 1)%300 (2-20)

The input arrival time, t(i), as given in equation 2-21, for all other bytes shall be constructed from SCR(i) and the rate at
which data arrives, where the arrival rate within each pack is the value represented in the program mux_rate field in
that pack's header.

-21)

h the

f the

ut of

)= SCR{™) = (
system clock frequency program mux_ratex50
whefe:
i’ is the index of the byte containing the last bit of the system_clock refefence base field i
pack header
i is the index of any byte in the pack, including the pack header
SCR(i") is the time encoded in the system clock reference base and extension fields in units o
system clock
program_mux_rate is a field defined in 2.5.3.3.
Aftef delivery of the last byte of a pack there may be a time interval during.which no bytes are delivered to the inp
the §-STD.
25243 Buffering
The PES packet data from elementary stream n is passed to the iput buffer for stream n, B,. Transfer of byte i frofn the
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5 present in the pack header, system headers, Progtam Stream Maps, Program Stream Directories, or PES p
ers of the Program Stream such as SCR, DTS;~PTS, and packet length fields, are not delivered to any o
rs, but may be used to control the system.

input buffer sizes BS; through BS, are.given by the P-STD buffer size parameter in the syntax in equations
p-17.

e decoding time, td,(j), all dataforthe access unit that has been in the buffer longest, A,(j), and any stuffing

mmediately precede it that afe present in the buffer at the time td,(j), are removed instantaneously at time t
decoding time td,(j) is specified in the DTS or PTS fields. Decoding times td,(j + 1), td,(j + 2), ... of access

but encoded DTS or PTS) fields which directly follow access unit j may be derived from information i
entary stream. Referto”’Annex C of ITU-T Rec. H.262 | ISO/IEC 13818-2, ISO/IEC 13818-3, ISO/IEC 11172
[EC 11172-3. Alsorefer to 2.7.5. As the access unit is removed from the buffer, it is instantaneously decoded
ntation unit.

Program Stream shall be constructed and t(i) shall be chosen so that the input buffers of size BS; through
er overflownor underflow in the program system target decoder. That is:

i).
hcket
f the

2-16

bytes
dn(j).
units
1 the
-2 or
toa

BS,

0<F,(t)<BS,

for all t and n,

and:

Fa)=0

instantaneously before t = t(0).

Fu(t)

is the instantaneous fullness of P-STD buffer B,.
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An exception to this condition is that the P-STD buffer B, may underflow when the low_delay flag in the video
sequence header is set to '1' (refer to 2.4.2.6) or when trick_mode status is true (refer to 2.4.3.8).

For all Program Streams, the delay caused by system target decoder input buffering shall be less than or equal to one
second except for still picture video data and ISO/IEC 14496 streams. The input buffering delay is the difference in

time

Spec

between a byte entering the input buffer and when it is decoded.

ifically: in the case of no still picture video data and no ISO/IEC 14496 stream the delay is constrained by:

tdn(j)—t(i)<=1s

in the case of still picture video data the delay is constrained by:

in th

tdn(j)—t(i)<=60s

e case of ISO/IEC 14496 streams the delay is constrained by:

tdn(j)—t(i)<=10s

for

For Program Streams, all bytes of each pack shall enter the P-STD before any byte of a‘subsequent pack.

Wh

ISO/NEC 13818-2), the VBV buffer may underflow. In this case when the(B~-STD elementary stream buffer
exanpined at the time specified by td,(j), the complete data for the access uflit may not be present in the buffer B,.

this
unit

VBY
data
bitst
until

2.5.2

It is
elem
streal
(ES(
one

Buff]

1 bytes contained in access unit j.

the low_delay flag in the video sequence extension is set to 'l' (referto 6.2.2.3 of ITU-T Rec. H.]

tase arises, the buffer shall be re-examined at intervals of two field*periods until the data for the complete a
s present in the buffer. At this time the entire access unit shall be.réemoved from buffer B, instantaneously.

buffer underflow is allowed to occur continuously without\limit. The P-STD decoder shall remove access
from buffer B, at the earliest time consistent with the patagraph above and any DTS or PTS values encoded i
eam. The decoder may be unable to re-establish correct decoding and display times as indicated by DTS and
the VBV buffer underflow situation ceases and a P’FS“or DTS is found in the bitstream.

4 PESstreams

possible to construct a stream of data as-arcontiguous stream of PES packets each containing data of the
entary stream and with the same streamxid. Such a stream is called a PES stream. The PES-STD model for 2|
m is identical to that for the Program~Stream, with the exception that the Elementary Stream Clock Refe
R) is used in place of the SCR,.and ES rate in place of program_mux_rate. The demultiplexor sends data to
lementary stream buffer.

er sizes BS,, in the PES-STD model are defined as follows:
- For ITU-T.Rec. H.262 | ISO/IEC 13818-2 video:

BS, = VBV .| profile, level] + BS,;,

BS,n = (1/750) seconds x R.«[profile, level], where VBV . [profile, level] and R, [profile, leve

62 |
B, 1S
Vhen
bcess

unit
n the
PTS

bame
PES
ence
only

| are

the maximum VBV size and bit rate per profile, level, and layer as defined in Tables 8-14 and
respectively, of ITU-T Rec. H.262 | ISO/IEC 13818-2. BS,y, is allocated for PES packet header over

R-13,
head.

54

Eor |SO/EC 11172-2 video:

BS;, = VBV + BSoh

BS,n = (1/750) seconds % Ry, where R.x and vbv_max refer to the maximum bitrate and maximum

vbv_buffer_size for a constrained parameter bitstream in ISO/IEC 11172-2 respectively.
—  For ISO/IEC 11172-3 or |SO/IEC 13818-3 audio:

BS, = 2848 bytes
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—  For ITU-T Rec. H.264 | ISO/IEC 14496-10 video:

BS, = 1200 x MaxCPBlevel] + BS,;,

where MaxCPBJlevel] is defined in Table A.1 (Level Limits) in ITU-T Rec. H.264 | ISO/IEC 14496-10

for each level.

25.25 Decoding and presentation

Decoding and presentation in the Program Stream system target decoder are the same as defined for the Transport
Stream system target decoder in 2.4.2.4 and 2.4.2.5 respectively.

25.

.6 P-STD extensionsfor carriage of | SO/IEC 14496 data

For
indiy
para
2.5.7

For (
see 2

2.5.3
The
2.5.3

See

2.5.3

M PH
1001

2.5.3

See

.14.3.2.
Specification of the Program Stream syntax and semantics
following syntax describes a stream of bytes.
.1 Program Stream
Table 2-37.
Table 2-37 — Program Stream
Syntax No. of bits | Mnemonic
MPEG2_program_stream() {
do {
pack()
+ while (nextbits() = = pack,_start_code)
MPEG_program_end _coede 32 bdlbf
}
.2 Semantic definition of fields in. Program Stream
EG_program_end_code — The MIPEG_program_end_code is the bit string '0000 0000 0000 0000 0000 0001
' (0x000001B9). It terminates the Program Stream.
.3 Pack layer of Priegram Stream

Tables 2-38 and 2-39:

idual ISO/IEC 14496 elementary streams in the P-STD see 2.11.2. Clause 2.11.3 defines P-STD extension
meters for decoding of ISO/IEC 14496 scenes and associated streams.

.7 P-STD extensionsfor carriage of ITU-T Rec. H.264 | | SO/IEC 14496-10 Video
lecoding of ITU-T Rec. H.264 | ISO/IEC 14496-10 video streams carried in a Program Stream in the P-STD m|

Table 2-38 — Program Stream pack

Syntax No. of bits | Mnemonic

pack() {

Hecoding of ISO/IEC 14496 data carried in a Program Stream the P-STD model is extended. For decodillg of

and

odel,

1011

pack_header()
while (nextbits() = -= packet_start code prefix) {
PES packet()

ITU-T Rec. H.222.0 (05/2006)
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Table 2-39 — Program Stream pack header

253

pack
It idg

system_clock_reference base; system_clockreférence extension — The system clock reference (SCR) is a 4

field|
SCR]
is gi
the 1

The
mar

prog
durir

valu¢

inpu
Rec.

pack

Syntax No. of bits | Mnemonic
pack_header() {

pack_start_code 32 bslbf
'01' 2 bslbf
system_clock_reference base [32..30] 3 bslbf
marker_bit 1 bslbf
system_clock_reference_base[29..15] 15 bslbf
marker_bit 1 bslbf
system clock reference base[14..0] 15 bslbf
marker_bit 1 bslbf
system_clock_reference_extension 9 uimsbf
marker_bit 1 bslbf
program_mux_rate 22 uimsbf
marker_bit 1 bslbf
marker_bit 1 bslbf
reserved 5 bgbf
pack_stuffing_length 3 uimsbf
for (i=0; i <pack_stuffing_length; i++) {

stuffing_byte 8 bslbf
b
if (nextbits() = = system_header_start code) {

system_header ()
}

}

4 Semantic definition of fieldsin program stream pack

_start_code — The pack start code is the bit stringZ0000 0000 0000 0000 0000 0001 1011 1010' (0x000001
ntifies the beginning of a pack.

coded in two parts. The first part, systém clock reference base, is a 33-bit field whose value is give
| base(i) as given in equation 2-19. The second part, system_clock reference extension, is a 9-bit field whose |

BA).

2-bit
n by
alue

ren by SCR_ext(i), as given in equation 2-20. The SCR indicates the intended time of arrival of the byte contajning

st bit of the system_clock referenice base at the input of the program target decoder.
frequency of coding requirements for the SCR field are given in 2.7.1.

er_bit — A marker bit-isa 1-bit field that has the value '1".

ram_mux_rate~\Fhis is a 22-bit integer specifying the rate at which the P-STD receives the Program Stream

g the pack indwhich it is included. The value of program mux_rate is measured in units of 50 bytes/second
'0" is forbidden. The value represented in program_mux_rate is used to define the time of arrival of bytes
to the P~STD in 2.5.2. The value encoded in the program mux_rate field may vary from pack to pack in an I’
H.222:03 ISO/IEC 13818-1 program multiplexed stream.

_stuffing_length — A 3-bit integer specifying the number of stuffing bytes which follow this field.

The
t the
[U-T

stuffing_byte — This is a fixed 8-bit value equal to '1111 1111 that can be inserted by the encoder, for example to meet
the requirements of the channel. It is discarded by the decoder. In each pack header no more than 7 stuffing bytes shall
be present.
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2535 System header
See Table 2-40.

Table 2-40 — Program Stream system header

Syntax No. of bits Mnemonic
system_header () {

system_header_start_code 32 bslbf
header_length 16 uimsbf
marker_bit 1 bslbf
rate_pound 22 urmsprt
marker_hit 1 bslkf
audio_bound 6 uimsbf
fixed_flag 1 bslbf
CSPS flag 1 bslbf
system_audio_lock_flag 1 bslbf
system_video_lock_flag 1 bdbf
marker_bit il bslbf
video_bound 5 uimsbf
packet_rate restriction_flag 1 bslbf
reserved_bits 7 bdbf
while (nextbits () =="1") {

stream_id 8 uimsbf

Nes 2 bslbf

P-STD_buffer_bound_scale 1 bdlbf

P-STD_buffer_size bound 13 uimsbf
}

}

25.3.6 Semantic definition of fieldsin system header

systém_header _start_code — The system_header start code is the bit string '0000 0000 0000 0000 0000 0001
1011 (0x000001BB). It identifies the beginning of a system header.

header_length — This 16-bit field indicates the length in bytes of the system header following the header length

Futy

Fe extensions of this Specificatien;may extend the system header.

rate[ bound — A 22-bit field. The/rate bound is an integer value greater than or equal to the maximum value g

prog
capa

audi
grea

fam_mux_rate field coded)in any pack of the Program Stream. It may be used by a decoder to assess whethe
ble of decoding the entiré stream.

p_bound — A 6-bib field. The audio bound is an integer in the inclusive range from 0 to 32 and is set to a
er than or equal to the maximum number of ISO/IEC 13818-3 and ISO/IEC 11172-3 audio streams in the Pro

Stregm for whith'the decoding processes are simultaneously active. For the purpose of this subclause, the dec

proc
Pres

fixeq

pss of an-ISO/IEC 13818-3 or ISO/IEC 11172-3 audio stream is active if the STD buffer is not empty of
entation Unit is being presented in the P-STD model.

1011

field.

f the
it is

alue
bram
ding
if a

flag — The fixed flag is a 1-bit flag. When set to 'l' fixed bitrate operation is indicated. When set to '0' vaifiable

bitrate operation is indicated. During fixed bitrate operation, the value encoded in all system clock reference fields in
the multiplexed ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream shall adhere to the following linear equation:

SCR base(i) = ((c1 x i + ¢2) DIV 300) % 2*

SCR _ext(i) = ((c1 x i + ¢2) DIV 300) % 300

(2-22)

(2-23)
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where:

cl
c2

is a real-valued constant valid for all 1.

is a real-valued constant valid for all 1.

i is the index in the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 multiplexed stream of the byte
containing the final bit of any system_clock reference field in the stream.

CSPS flag — The CSPS_flag is a 1-bit field. If its value is set to '1' the Program Stream meets the constraints defined

in 2.7.9.

system_audio_lock_flag — The system_audio _lock flag is a 1-bit field indicating that there is a specified, constant
rational relationship between the audio sampling rate and the system_clock frequency in the system target decoder. The
system_clock frequency is defined in 2.5.2.1 and the audio sampling rate is specified in ISO/IEC 13818-3. The

systqm_audio Tock flag may only be set to "I" if, for all presentation units in all audio elementary streams, ih the

Program Stream, the ratio of system_clock frequency to the actual audio sampling rate, SCASR, is constant and

to the value indicated in the following table at the nominal sampling rate indicated in the audio stream.

system clock  frequency

pqual

SCASR = - - (R-24)
audio _sample rate_in_the P-SID
. X .
The potation 7 denotes real division.
N¢minal audio
sampling 16 32 22.05 44.1 24 48
frefluency (kHz)
27 000 000 27 000 000 27 000 000 27000 000 27 000 000 27 000 000
SCASR | coe | i | s o | | ] -
16 000 32 000 22050 44 100 24 000 48 000

system_video_lock_flag — The system video lock flag is a 1-bit field indicating that there is a specified, corfstant

ratiohal relationship between the video time base and the system clock frequency in the system target decoder

The

systgm_video lock flag may only be set to '1" if, for all presentation units in all video elementary streams in the I'TU-T

Rec.

time|base is constant.

For ISO/IEC 11172-2 and ITU-T Rec. H.262 | ISOAEC 13818-2 video streams, if the system_video_lock flag is

H.222.0 | ISO/IEC 13818-1 program, the ratio ofgsystem clock frequency to the frequency of the actual

1deo

et to

'1", then the ratio of system_clock frequency, €0 the actual video frame rate, SCFR, shall be constant and equal tp the
valu¢ indicated in the following table at th¢ nominal frame rate indicated in the video stream.

For
ISO
exac

each|visual object sequence, with K greater than or equal to N.

For 1ITU-T Rec. H.264 | ASO/IEC 14496-10 video streams, the frequency of the AVC time base is defined by the

ISO/IEC 14496-2 video streamis, if the system video lock flag is set to 'l', then the time base of the
[EC 14496-2 video stream, as(defined by vop_time increment resolution, shall be locked to the STC and shgll be
ly equal to N times systeni_clock frequency divided by K, with N and K integers that have a fixed value within

AVC

parameter time scale/ If*the system video lock flag is set to 'l' for an AVC video stream, then the frequency df the

AV(

system clock  frequency

time base shall’b€ locked to the STC and shall be exactly equal to N times system_clock frequency divided by K,
with[N and K integers that have a fixed value within each AVC video sequence, with K greater than or equal to N.

LFR = : (R-25)
frame rate in _the P-SID
Nominal
frame rate 23.976 24 25 29.97 30 50 59.94 60
(Hz)
SCFR 1126125 | 1125000 | 1080000 900 900 900 000 540 000 450 450 450 000

The values of the ratio SCFR are exact. The actual frame rate differs slightly from the nominal rate in cases where the
nominal rate is 23.976, 29.97, or 59.94 frames per second.
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video_bound — The video bound is a 5-bit integer in the inclusive range from 0 to 16 and is set to a value greater than
or equal to the maximum number of video streams in the Program Stream of which the decoding processes are
simultaneously active. For the purpose of this subclause, the decoding process of a video stream is active if one of the
buffers in the P-STD model is not empty, or if a Presentation Unit is being presented in the P-STD model.

packet_rate restriction_flag — The packet rate restriction flag is a 1-bit flag. If the CSPS flag is set to 'l', the
packet rate restriction flag indicates which constraint is applicable to the packet rate, as specified in 2.7.9. If the CSPS
flag is set to value of '0', then the meaning of the packet rate restriction flag is undefined.

reserved_bits— This 7-bit field is reserved for future use by ISO/IEC. Until otherwise specified by ITU-T | ISO/IEC it

shall

have the value '111 1111".

stream_id — The stream_id is an 8-bit field that indicates the codmg and elementary stream number of the stream to

which-the

If st
streal

If st
strea

If th
inter

Each
P-ST

P-SI
inter
P-ST
P-ST
P-ST
P-S1
or e
P-ST
128

bour

else:

253
The
254
The

eam_id equals '1011 1000' the P-STD_buffer_bound_scale and P-STD buffer size bound fields folléwin,
m_id refer to all audio streams in the Program Stream.

eam_id equals '1011 1001' the P-STD buffer bound scale and P-STD buffer size bound fields ‘followin,
m_id refer to all video streams in the Program Stream.

e stream_id takes on any other value it shall be a byte value greater than or equal to {1071 1100' and shg
breted as referring to the stream coding and elementary stream number according to Table 2-22.

elementary stream present in the Program Stream shall have its R=STD buffer bound scale
D buffer size bound specified exactly once by this mechanism in each system header.

D_buffer_bound_scale — The P-STD_buffer bound scale is a 1-bit field;that’indicates the scaling factor us

D buffer bound scale shall have the value '0'. If the preceding stream id indicates a video st
D buffer bound scale shall have the value 'lI'. For all)‘other stream types, the value of
D buffer bound scale may be either '1' or '0'.

D_buffer_size bound — The P-STD _buffer size bound is.a“l3-bit unsigned integer defining a value greater
jual to the maximum P-STD input buffer size, BS;, ever all packets for stream n in the Program Strea

bytes. If P-STD_buffer bound scale has the valug’'l!, then P-STD buffer size bound measures the buffe
d in units of 1024 bytes. Thus:

if (P—STD._buffer _bound _scale==0)
BS,<\P—-STD bhuffer size bound x128

BS, <P - STD_bhuffer_size bound x 1024

.7 Packet layer of Program Stream

pbacket layer 0fthe Program Stream is defined by the PES packet layer in 2.4.3.6.

Program Stream map

Program Stream Map (PSM) pr0V1des a descr1pt1on of the elementary streams in the Program Stream and

relatle

asa PES packet When the stream_ 1d Value is OXBC (refer to Table 2 22).

pret the subsequent P-STD buffer size bound field. If the preceding stream id indicates an audio stjeam,

D buffer bound scale has the value '0', then P-STD buffer size bound measures the buffer size bound in ul:rts of

e

the

=

the

e

=5

11 be

and

ed to

eam,
the

than
m. If

size

their

NOTE — This syntax differs from the PES packet syntax described in 2.4.3.6.

Definition for the descriptor() fields may be found in 2.6.
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2541 Syntax of Program Stream map
See Table 2-41.

Table 2-41 — Program Stream map

Syntax No. of bits Mnemonic
program_stream map() {

packet_start_code prefix 24 bslbf
map_stream_id 8 uimsbf
program_stream_map_length 16 uimsbf
current_next_indicator T bSbf
reserved 2 bslbf
program_stream_map_version 5 uimsbf
reserved 7 bslbf
marker_bit 1 bslbf
program_stream_info_length 16 uimsbf
for (i=0;1<Njit++) {

descriptor()
¥
elementary_stream_map_length 16 uimsbf
for (i=0;i<NI;it++) {

stream_type 8 uimsbf

elementary_stream_id 8 uimsbf

elementary_stream_info_length 16 uimsbf

for (i=0; 1 <N2;i++) {

descriptor()

¥
}
CRC_32 32 rpchof

}

25.4.2 Semantic definition of fieldsin Pregram Stream map

packet start code prefix — The packet, start code prefix is a 24-bit code. Together with the map stream id that
follows it constitutes a packet start code that identifies the beginning of a packet. The packet start code prefix is tlje bit
strin '0000 0000 0000 0000 0000'0001' (0x000001 in hexadecimal).

map| stream_id — This is an(8-bit field whose value shall be 0xBC.

prodram_stream_map-length — The program_stream_map_length is a 16-bit field indicating the total number of pytes
in thp program_streami wap immediately following this field. The maximum value of this field is 1018 (0x3FA).

current_next_indjcator — This is a 1-bit field, when set to '1' indicates that the Program Stream Map sent is currently
applicable. Wlhen the bit is set to '0', it indicates that the Program Stream Map sent is not yet applicable and shall He the
next|table to become valid.

prodram ‘stream_map_version — This 5-bit field is the version number of the whole Program Stream Map.| The
vers hai 1L 11 tad 1 3zl 29 1% 3=+l s £fibhao Do Qe N L es

T TTUITIUVI  S11A1l ULV TTIVIVITIVIIIUUD U] I TITIouuIv J VWIIVIIU VUL LIV ULTIINUIVInT U uiv 1 JUslulll Juavarir AVlulJ VITAl g .
When the current next indicator is set to 'l', then the program stream map version shall be that of the currently
applicable Program Stream Map. When the current_next indicator is set to '0', then the program_stream map_version
shall be that of the next applicable Program Stream Map.

program_stream_info_length — The program_stream_info_length is a 16-bit field indicating the total length of the
descriptors immediately following this field.

marker_bit — A marker_bit is a 1-bit field that has the value 'l".

elementary_stream_map_length — This is a 16-bit field specifying the total length, in bytes, of all elementary stream
information in this program stream map. It includes the stream type, elementary stream id, and
elementary stream_info length fields.
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stream_type — This 8-bit field specifies the type of the stream according to Table 2-34. The stream_type field shall

only

identify elementary streams contained in PES packets. A value of 0x05 is prohibited.

elementary_stream_id — The elementary stream_id is an 8-bit field indicating the value of the stream_id field in the

PES

packet headers of PES packets in which this elementary stream is stored.

elementary_stream_info_length — The elementary stream_info_length is a 16-bit field indicating the length in bytes
of the descriptors immediately following this field.

CRC_32 - This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder
defined in Annex A after processing the entire program stream map.

255 Program Stream directory

The [directory for an entire stream 1s made up ol all the directory data carried by Program Stream Directory papkets
identified with the directory_stream_id. The syntax for program_stream_directory packets is defined in Table 2=42.
NOTE 1 — This syntax differs from the PES packet syntax described in 2.4.3.6.
Diregtory entries may be required to reference I-pictures in a video stream as defined in ITU-T
Rec.|H.262 | ISO/IEC 13818-2 and ISO/IEC 11172-2. If an I-picture that is referenced in a directory‘entry is prededed
by al sequence header with no intervening picture headers, the directory entry shall referencéthe first byte of the
sequpnce header. If an I-picture that is referenced in a directory entry is preceded by a group of pictures header with no
interpening picture headers and no immediately preceding sequence header, the directory éntry shall reference thq first
byte [of the group of pictures header. Any other picture that a directory entry references‘shall be referenced by thq first
byteof the picture header.
NOTE 2 — It is recommended that I-pictures immediately following a sequence header should be referenced in dirgctory
sfructures so that the directory contains an entry at every point where the decoder ma¥ be reset completely.
Direftory entries may be required to reference IDR picture or pictures associated with a recovery point SEI messafge in
an AIVC video stream. Each such directory entry shall refer to the first byte of an AVC access unit.
Diregtory references to audio streams as defined in ISO/IEC 13818-3.and ISO/IEC 11172-3 shall be the syncwofd of
the audio frame.
NOTE 3 — It is recommended that the distance between referenceddecess units not exceed half a second.
Accgss units shall be referenced in a program_stream .directory packet in the same order that they appear ip the
bitstfeam.
25831 Syntax of Program Stream directory packet
See Table 2-42.
Table 2-42 — Program Stream directory packet
Syntax No. of bits Mnemonic
directory PES packet(){
packet_start” code prefix 24 bdlbf
directony_stream_id 8 uimsbf
RES packet_length 16 uimsbf
number_of_access units 15 uimsbf
marker_bit 1 bslbf
prev_directory_offset[44..30] 15 uimsbf
marker hit 1 hslbf
prev_directory_offset[29..15] 15 uimsbf
marker_bit 1 bslbf
prev_directory_offset[14..0] 15 uimsbf
marker _bit 1 bslbf
next_directory_offset[44..30] 15 uimsbf
marker_bit 1 bslbf
next_directory_offset[29..15] 15 uimsbf
marker _bit 1 bslbf
next_directory_offset[14..0] 15 uimsbf
marker_bit 1 bslbf
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Table 2-42 — Program Stream directory packet

Syntax No. of bits Mnemonic
for (i=0; i <number_of access_units; i++) {
packet_stream_id 8 uimsbf
PES header_position_offset_sign 1 tcimsbf
PES header_position_offset[43..30] 14 uimsbf
marker_bit 1 bdlbf
PES header_position_offset[29..15] 15 uimsbf
PES header_position_offset[14..0] 15 uimsbf
marker_bit 1 bdlbf
reference_offset 16 uimsbf
marker_bit 1 bslbf
reserved 3 bdlbf
PTS[32..30] 3 uimsbf
marker _bit 1 bslbf
PTS[29..15] 15 uimsbf
marker_bit 1 bslbf
PTS14..0] 15 uimsbf
marker _bit 1 bslbf
bytes to read[22..8] 15 uimsbf
marker_bit 1 bslbf
bytes to read[7..0] 8 uimsbf
marker _bit 1 bslbf
intra_coded_indicator 1 bslbf
coding_parameters indicator 2 bslbf
reserved 4 bdlbf
H
}

25.8.2 Semantic definition of fieldsin‘\Rrogram Stream directory

packet_start_code prefix — The packet start code prefix is a 24-bit code. Together with the stream_id that folloys, it

cons}itutes a packet start code that identifies the beginning of a packet. The packet start code prefix is the bit dtring

'0000 0000 0000 0000 0000 0001-(0x000001 in hexadecimal).
diregtory_stream_id — This 8-bit field shall have a value '1111 1111' (OxFF).

PES packet_length<=)The PES packet length is a 16-bit field indicating the total number of bytes i the
progfram_stream_direetory immediately following this field (refer to Table 2-22).

number_of access units — This 15-bit field is the number of access_units that are referenced in this Directory|PES
packet.

prev directory_offset — This 45-bit unsigned integer gives the byte address offset of the first byte of the packet|start
codeof theprevious Progranr Streanr Directory packet—Thisaddress offset s etative to thefirst byteof the startcode of
the packet which contains this previous_directory_offset field. The value '0' indicates that there is no previous Program
Stream Directory packet.

next_directory_offset — This 45-bit unsigned integer gives the byte address offset of the first byte of the packet start
code of the next Program Stream Directory packet. This address offset is relative to the first byte of the start code of the
packet which contains this next_directory offset field. The value '0' indicates that there is no next Program Stream
Directory packet.

packet_stream_id — This 8-bit field is the stream_id of the elementary stream that contains the access unit referenced
by this directory entry.
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PES header_position_offset_sign — This 1-bit field is the arithmetic sign for the PES header position offset
described immediately following. A value of '0' indicates that the PES header position offset is a positive offset. A
value of '1' indicates that the PES header position_offset is a negative offset.

PES header_position_offset — This 44-bit unsigned integer gives the byte offset address of the first byte of the PES
packet containing the access unit referenced. The offset address is relative to the first byte of the start-code of the packet
containing this PES header position_offset field. The value '0' indicates that no access unit is referenced.

reference_offset — This 16-bit field is an unsigned integer indicating the position of the first byte of the referenced
access unit, measured in bytes relative to the first byte of the PES packet containing the first byte of the referenced
access unit.

PTS (presentation_time _stamp) — This 33-bit field is the PTS of the access unit that is referenced. The semantics of
the coding-ofthe PTSfieldare-as-deseribed-in2-43-6-

bytes to_read — This 23-bit unsigned integer is the number of bytes in the Program Stream after the byte indicat¢d by
referpnce_offset that are needed to decode the access unit completely. This value includes any bytes multiplexed 3t the
systgms layer including those containing information from other streams.

intrg_coded_indicator — This is a 1-bit flag. When set to 'l' it indicates that the referenced\decess unit i§ not
predjctively coded. This is independent of other coding parameters that might be needed to decedethe access unif. For
exanpple, this field shall be coded as 'l' for video Intra frames, whereas for 'P' and 'B' frames'this bit shall be codpd as
'0". Hor all PES packets containing data which is not from an ITU-T Rec. H.262 | ISO/IEC },3818-2 video stream{ this
field|is undefined (see Table 2-43).

Table2-43 —Intra_coded indicator

Value Meaning
0 Not Intra
1 Intra

codipg_parameters indicator — This 2-bit field is used to indi¢ate the location of coding parameters that are needed to
decode the access units referenced. For example, this field can be used to determine the location of quantization
matrfces for video frames.

Table 2-44 = Coding_parametersindicator

Value Meaning
00 All coding parameters are set to their default values
01 All coding parameters are set in this access unit, at least one of them
is not set to a default
10 Some coding parameters are set in this access unit
g No coding parameters are coded in this access unit
2.6 Programmand program element descriptors

Program and program element descriptors are structures which may be used to extend the definitions of programs and
program elements. All descriptors have a format which begins with an 8-bit tag value. The tag value is followed by an
8-bitldescriptor length and data fields.

2.6. Semantic definition of fieldsin program and program clement dnenripfnrc

The following semantics apply to the descriptors defined in 2.6.2 through 2.6.34.
descriptor_tag — The descriptor_tag is an 8-bit field which identifies each descriptor.

Table 2-45 provides the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 defined, ITU-T Rec. H.222.0 | ISO/IEC 13818-1
reserved, and user available descriptor tag values. An 'X' in the TS or PS columns indicates the applicability of the
descriptor to either the Transport Stream or Program Stream respectively. Note that the meaning of fields in a descriptor
may depend on which stream it is used in. Each case is specified in the descriptor semantics below.

descriptor_length — The descriptor length is an 8-bit field specifying the number of bytes of the descriptor
immediately following descriptor length field.
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Table 2-45 — Program and program element descriptors

descriptor_tag TS PS I dentification
0 n/a n/a Reserved
1 n/a n/a Reserved
2 X X video_stream_descriptor
3 X X audio_stream_descriptor
4 X X hierarchy_descriptor
5 X X registration_descriptor
6 X X data_stream_alignment descriptor
7 X X target background grid_descriptor
8 X X video_window_descriptor
9 X X CA_descriptor
10 X X ISO_639 language descriptor
11 X X system_clock descriptor
12 X X multiplex_buffer utilization descriptor
13 X X copyright_descriptor
14 X maximum_bitrate_descriptor
15 X X private_data_indicator descriptor
16 X smoothing_buffer descriptor
17 X STD_descriptor
18 X X IBP_descriptor
19-26 X Defined in ISO/IEC 13818-6
27 X X MPEG-4_video_descriptor
28 X X MPEG-4_audio» descriptor
29 X X IOD_deseriptor
30 X SL_desctiptor
31 X X FME descriptor
32 X X external ES ID descriptor
33 X X MuxCode_descriptor
34 X X FmxBufferSize descriptor
35 X multiplexbuffer descriptor
36 X X content_labeling_descriptor
37 X X metadata_pointer descriptor
38 X X metadata_descriptor
39 X X metadata STD_descriptor
40 X X AVC video descriptor
41 X X IPMP_descriptor (defined in ISO/IEC 13818-11, MPEG-2 IPMP)
42 X X AVC timing and HRD descriptor
43 X X MPEG-2_AAC audio_descriptor
44 X X FlexMuxTiming_descriptor
45-63 n/a n/a ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Reserved
64-255 n/a n/a User Private
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The video stream descriptor provides basic information which identifies the coding parameters of a video elementary
stream as described in ITU-T Rec. H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 (see Table 2-46).

Table 2-46 — Video stream descriptor

2.6.3

mulfiple_frame rate flag — This 1-bit field when set to '1' indicates' that multiple frame rates may be present i

vide

fran
the 1
fram|

M PH
ISO

}

Syntax No. of bits | Mnemonic
video_stream_descriptor(){

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
muttipteframe Tate—ftag T bstbf
frame_rate_code 4 uimsbf
MPEG_1 only flag 1 bdlbf
constrained_parameter_flag 1 bslbf
still_picture flag 1 bdlbf
if (MPEG 1 only flag=="0"){

profile_and_level_indication 8 uimsbf

chroma_format 2 uimsbf

frame_rate_extension_flag 1 bslbf

Reserved 5 bslbf

Semantic definitions of fieldsin video stream descriptor

stream. When set to a value of '0' only a single frame rate is present.

e rates to be present in the video stream, as specified in Table 2-47:

Table 2-47 — Framerate code

e rate_code — This is a 4-bit field as defined in 6.3.3 6£1TU-T Rec. H.262 | ISO/IEC 13818-2, except that
hultiple frame rate flag is set to a value of 'l' the indication of a particular frame rate also permits certain

Coded as Also includes
23.976
24.0 23.976
25.0
29.97 23.976
30.0 23.976 24.0 29.97
50.0 25.0
59.94 23.976 29.97
60.0 23.976 24.0 29.97 30.0 59.94

EG71, only_flag — This is a 1-bit field which when set to 'l' indicates that the video stream contains
[EC)11172-2 data. If set to '0' the video stream may contain both ITU-T Rec. H.262 | ISO/IEC 13818-2 videq

h the

when
bther

only
data

and constrained parameter ISO/IEC 11172-2 video data.

constrained_parameter_flag — This is a 1-bit field which when set to 'l' indicates that the video stream shall not
contain unconstrained ISO/IEC 11172-2 video data. If this field is set to '0' the video stream may contain both
constrained parameters and unconstrained ISO/IEC 11172-2 video streams. If the MPEG 1 only flag is set to '0', the
constrained parameter flag shall be set to '1'.

still_picture_flag— This is a 1-bit field, which when set to '1' indicates that the video stream contains only still pictures.

If the bit is set to '0' then the video stream may contain either moving or still picture data.

profile_and_level_indication — This 8-bit field is coded in the same manner as the profile_and level indication fields
in the ITU-T Rec. H.262 | ISO/IEC 13818-2 video stream. The value of this field indicates a profile and level that is
equal to or higher than any profile and level in any sequence in the associated video stream. For the purposes of this
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subclause, an ISO/IEC 11172-2 constrained parameter stream is considered to a be a Main Profile at Low Level stream
(MP @ LL).

chroma_format — This 2-bit field is coded in the same manner as the chroma_format fields in the ITU-T Rec. H.262 |
ISO/IEC 13818-2 video stream. The value of this field shall be at least equal to or higher than the value of the
chroma format field in any video sequence of the associated video stream. For the purposes of this subclause, an
ISO/IEC 11172-2 video stream is considered to have chroma_format field with the value '01', indicating 4:2:0.

frame rate _extension_flag — This is a 1-bit flag which when set to 'l' indicates that either or both the
frame rate extension n and the frame rate extension d fields are non-zero in any video sequences of the
ITU-T Rec. H.262 | ISO/IEC 13818-2 video stream. For the purposes of this subclause, an ISO/IEC 11172-2 video
stream is constrained to have both fields set to zero.

(Y ! b
26 AUUIU ISARSCULRVISS VR viv |

The faudio stream descriptor provides basic information which identifies the coding version of an audio elemeptary
stream as described in ISO/IEC 13818-3 or ISO/IEC 11172-3 (see Table 2-48).

Table 2-48 — Audio stream descriptor

Syntax No. of bits Mnemonic
audio_stream_descriptor(){
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
free format_flag 1 bdlbf
ID 1 bslbf
layer 2 bdlbf
variable_rate audio_indicator 1 bslbf
reserved 3 bslbf
}

2.6.5 Semantic definition of fieldsin audio stream descriptor

free[format_flag — This 1-bit field when set to 'l'<indicates that the audio stream may contain one or more judio
framps with the bitrate_index set to '0000'. If set t3.'0', then the bitrate_index is not '0000' (refer to 2.4.2.3 of ISQYIEC
1381)8-3) in any audio frame of the audio strearh!

ID —{ This 1-bit field when set to '1' indicafes,that the ID field is set to '1' in each audio frame in the audio stream (refer
to 2.4.2.3 of ISO/IEC 13818-3).

layef — This 2-bit field is coded ifi"the same manner as the layer field in the ISO/IEC 13818-3 or ISO/IEC 11172-3
audip streams (refer to 2.4.2.3 of ISO/IEC 13818-3). The layer indicated in this field shall be equal to or higher than the
highgst layer specified in any aydio frame of the audio stream.

varigble rate audio_indicator — This 1-bit flag, when set to '0' indicates that the encoded value of the bit rate|field
shallfnot change in cefisgcutive audio frames which are intended to be presented without discontinuity.
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2.6.6 Hierarchy descriptor

The hierarchy descriptor provides information to identify the program elements containing components of
hierarchically-coded video, audio, and private streams. (See Table 2-49.)

Table 2-49 — Hierarchy descriptor

Syntax No. of bits | Mnemonic
hierarchy descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved % bstof
hierarchy_type 4 uimsbf
reserved 2 bslbf
hierarchy_layer_index 6 uimsbf
reserved 2 bdbf
hierarchy_embedded_layer_index 6 uimsbf
reserved 2 bslpf
hierarchy_channel 6 uimsbf
}

2.6.1 Semantic definition of fieldsin hierarchy descriptor

hier@rchy_type — The hierarchical relation between the associated hierarchy layer and its hierarchy embedded layer is
defirjed in Table 2-50.

hierarchy_layer_index — The hierarchy layer index is a 6-bit field“that defines a unique index of the assogiated
program element in a table of coding layer hierarchies. Indices shall be unique within a single program definition.

hierarchy_embedded_layer_index — The hierarchy embeddedlayer index is a 6-bit field that defines the hierarchy
tabld index of the program element that needs to be accessedbefore decoding of the elementary stream associated|with
this hierarchy descriptor. This field is undefined if the hierarchy type value is 15 (base layer).

hier@rchy_channel — The hierarchy channel is a_6-bit field that indicates the intended channel number fof the
assogiated program element in an ordered set of transmission channels. The most robust transmission channel is defined
by the lowest value of this field with respect to-the overall transmission hierarchy definition.

NOTE — A given hierarchy channel may at'th¢'same time be assigned to several program elements.

Table 2-50 —Hierarchy typefield values

Value Description

0 Reserved
1 Spatial Scalability
2 SNR Scalability
3 Temporal Scalability
4 Data partitioning
5 Extension bitstream
6 Private Stream
7 Multi-view Profile

8-14 Reserved
15 Base layer
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2.6.8 Registration descriptor

The registration_descriptor provides a method to uniquely and unambiguously identify formats of private data

(see Table 2-51).

Table 2-51 — Registration descriptor

Syntax No. of bits | Identifier
registration_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
formmat dentifrer 32 tirTshf
for (i=0;i<N; it+){
additional_identification_info 8 bslbf
}
}

2.6.9 Semantic definition of fieldsin registration descriptor

format_identifier — The format_identifier is a 32-bit value obtained from a Registration\Aluthority as designatdgd by

ISOQEC JTC 1/SC 29.

additional_identification_info — The meaning of additional identification info_bytes, if any, are defined b
assignee of that format_identifier, and once defined they shall not change.

26.10 Datastream alignment descriptor

the

The Hata stream alignment descriptor describes which type of alignment is present in the associated elementary stijeam.

If the data alignment indicator in the PES packet header is set tox'' and the descriptor is present, alignment

specfied in this descriptor — is required (see Table 2-52).

Table 2-52 — Data stream alignment descriptor

26.]

align
1SO
head
first
occul

N
S

Syntax No. of bits | Mnemonic
data_stream_alignment_descriptor()”{
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
alignment_type 8 uimsbf
}

1 Semanticsof fieldSin data stream alignment descriptor

ment_type — Table\2-53 describes the alignment type for ISO/IEC 11172-2 video, ITU-T Rec. H.J
[EC 13818-2 video, or ISO/IEC 14496-2 visual streams when the data_alignment indicator in the PES p
er has a valug ‘'of "1'. For these video streams, the first PES packet data byte following the PES header shall b
byte of a start code of the type indicated in Table 2-53. At the beginning of a video sequence, the alignment
r at the stact’code of the first sequence header.

OTE —Specifying alignment type '01' from Table 2-53 does not preclude the alignment from beginning at a G(
EQ header.

— as

62 |
hcket
e the
shall

P or

The definition of an access unit is given in 2.1.1.
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Table 2-54 describes the alignment type for ITU-T Rec. H.264

Table 2-53 — Video stream alignment values

| SO/I EC 13818-1:2007 (E)

Alignment type Description
00 Reserved
01 Slice, or video access unit
02 Video access unit
03 GOP, or SEQ
04 SEQ
05-FF Reserved

| ISO/IEC 14496-10 video when the

data |
follo|
the a

Tabl
of 'l

26.]

It is
(e.g.
displ
grid
asso
vide

lignment_type value.

Table 2-54 — AVC video stream alignment values

alignment indicator in the PES packet header has a value of 'l'. In this case the first PES packet data|byte
wing the PES header shall be the first byte of an AVC access unit or the first byte of an AVC slice, as signall¢d by

Alignment type Description
00 Reserved
01 AVC slice or AVC access unit
02 AVC access unit
03-FF Reserved

of unit pixels projected”on-to the display area. The video window_descriptor is then used to describe, fo
iated stream, the location on the grid at which the top left pixel of the display window or display rectangle d
presentation unit $hould be displayed. This is represented in Figure 2-3.

b 2-55 describes the audio alignment type when the data alignment indicator in the PES packet header has a yalue
. In this case the first PES packet data_byte following the PES header/is the first byte of an audio sync word.
Table 2-55 — Audio stream alignment values
Alignment type Description
00 Reserved
01 Sync word
02-FF Reserved
2 Target background grid descriptor
possible to have one or more vidép, streams which, when decoded, are not intended to occupy the full display| area
a monitor). The combinatiofi~of target background grid descriptor and video window_descriptors allowp the

ay of these video windows (injtheir desired locations. The target background grid descriptor is used to descijibe a

r the
f the
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Figure 2-3 —Target background grid descriptor display area

26.13 Semanticsof fieldsin target background grid descriptor
horirontal_size — The horizontal size of the target background grid in pixels.
vertical_size — The vertical size of the target background grid in pixels.

aspect_ratio_information — Specifies the sample aspect ratio or display aspeéct'ratio of the target background [grid.
Aspdct ratio_information is defined in ITU-T Rec. H.262 | ISO/IEC 13818-2 (see Table 2-56).

Table 2-56 — Tar get background.grid descriptor

Syntax No. of bits | Mnemonic
target_background grid descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
horizontal_size 14 uimsbf
vertical_size 14 uimsbf
aspect_ratio_infermation 4 uimsbf

}

26.14 Video window descriptor

The yvideo window descriptor-is used to describe the window characteristics of the associated video elementary stjeam.
Its [values reference (the” target background grid descriptor for the same stream. Also | see
targgt background gridZdescriptor in 2.6.12 (see Table 2-57).

Table 2-57 — Video window descriptor

Syntax No. of bits | Mnemonic

video_window_descriptor() {

deseriptor—tag 8 HHAsHf
descriptor_length 8 uimsbf
horizontal _offset 14 uimsbf
vertical_offset 14 uimsbf
window_priority 4 uimsbf
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2.6.15 Semantic definition of fieldsin video window descriptor

horizontal_offset — The value indicates the horizontal position of the top left pixel of the current video display window
or display rectangle if indicated in the picture display extension on the target background grid for display as defined in
the target background grid descriptor. The top left pixel of the video window shall be one of the pixels of the target
background grid (refer to Figure 2-3).

vertical_offset — The value indicates the vertical position of the top left pixel of the current video display window or
display rectangle if indicated in the picture display extension on the target background grid for display as defined in the
target _background grid descriptor. The top left pixel of the video window shall be one of the pixels of the target
background grid (refer to Figure 2-3).

window_priority — The value indicates how windows overlap. A value of 0 being lowest priority and a value of 15 is
the hi ! L o

26.16 Conditional access descriptor

The ponditional access descriptor is used to specify both system-wide conditional access management information|such
as EMMs and elementary stream-specific information such as ECMs. It may be useds in both| the
TS program_map_section (refer to 2.4.4.8) and the program_stream_map (refer to 2.5.3). If any.elementary stregm is
scrafpbled, a CA descriptor shall be present for the program containing that elementary stream/If any system-{wide
conditional access management information exists within a Transport Stream, a CA descriptor shall be present ip the
conditional access table.

Whep the CA descriptor is found in the TS program_map_section (table id = 0x02)) the CA_PID points to pagkets
contgining program related access control information, such as ECMs. Its presenceas program information indifcates
applicability to the entire program. In the same case, its presence as extended ES‘ififormation indicates applicabilfty to
the associated program element. Provision is also made for private data.

Whep the CA descriptor is found in the CA section (table id = 0x01), the CA PID points to packets contajning
systgm-wide and/or access control management information, such as EMMs.

The |contents of the Transport Stream packets containing conditional access information are privately defined
(see [Table 2-58).

Table 2-58 — Conditional access descriptor

Syntax No. of bits | Mnemonic
CA_descriptor() {
descriptor_tag 8 uimsbf
descriptor Jength 8 uimsbf
CA_systemID 16 uimsbf
reserved 3 bdlbf
CA)PID 13 uimsbf
for i=0;i<N;it++) {
private data byte 8 uimsbf
}
§

2.6.17 ,Semantic definition of fieldsin conditional access descriptor

CA fsystem ID — This is a 16-bit field indicating the type of CA system applicable for either the associated ECM
and/or EMM streams. The coding of this is privately defined and is not specified by ITU-T | ISO/IEC.

CA_PID — This is a 13-bit field indicating the PID of the Transport Stream packets which shall contain either ECM or
EMM information for the CA systems as specified with the associated CA_system_ID. The contents (ECM or EMM) of
the packets indicated by the CA PID is determined from the context in which the CA PID is found, ie., a
TS program_map_section or the CA table in the Transport Stream, or the stream_id field in the Program Stream.

In Transport Streams, the presence of PID 0x03 indicates that there is IPMP as described in ISO/IEC 13818-11 used by
components in the Transport Stream. In Program Streams, the presence of stream ID extension value 0x00 indicates
that IPMP as described in ISO/IEC 13818-11 is used by components in the Program Stream. Within a given ITU-T
Rec. H.222.0 | ISO/IEC 13818-1 stream, components could use both IPMP as described in ISO/IEC 13818-11 as well as
CA as defined in ISO/IEC 13818-1:2006. Compatibility between the two schemes is described in ISO/IEC 13818-11.
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2.6.18 1SO 639 language descriptor

The language descriptor is used to specify the language of the associated program element (see Table 2-59).

Table 2-59 — 1 SO 639 language descriptor

Syntax No. of bits Mnemonic

ISO_639 language descriptor() {

26.19 Semantic definition of fieldsin | SO 639 language descriptor

1S0]
1SO

audip_type— The audio_type is an 8-bit field which specifies the type of streanm.defined in Table 2-60.

clean effects— This field indicates that the'referenced program element has no language.

hear
visu
1mp4
2.6.3
This

If an|
may

If th

accofding to ISO/IEC 8859-1 and inserted in order into this 24-bit field. In the case‘of multilingual audio st
the sequence of ISO_639 language code fields shall reflect the content of the audio §tream.

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for i=0;1<N;it++) {
TSO_639 _language _code 72z EL9j
audio_type 8 bslbf
b

}

639 language code — Identifies the language or languages used by the associated “program element.
639 language code contains a 3-character code as specified by ISO 639, Part 2. Each'character is coded into

Table 2-60 — Audio type values

Value Description
0x00 Undefined
0x01 Clean effects
0x02 Hearing impaired
0x03 Visual impaired‘commentary
0x04-0x7F User Private
0x80-0xFF Reserved

ing impaired — This field indicétes that the referenced program element is prepared for the hearing impaired.

hl_impaired_commentary — This field indicates that the referenced program element is prepared for the vis
ired viewer.

0  System clockd{descriptor
descriptor conyeys information about the system clock that was used to generate the timestamps.

external clock reference was used, the external clock reference indicator may be set to '1'. The decoder optio)
use the Same external reference if it is available.

The
bits
eams

ually

hally

n be

communicated hy pnr\nr]ing itin the clock accuracy fields. The clock f‘rpr}npnny accuracy is:

72

e system clock is more accurate than the 30-ppm accuracy required, then the accuracy of the clock c4

clock_accuracy integer x 1(ock-accuracy_esponent (2-26)
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If clock accuracy integer is set to '0', then the system clock accuracy is 30 ppm. When the

external_clock reference indicator is set to 'l', the clock accuracy pertains to the external reference clock
(see Table 2-61).

Table 2-61 — System clock descriptor

Syntax No. of bits | Mnemonic
system_clock descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
external_clock_reference indicator 1 bdlbf
reserved 1 bslbf
clock_accuracy_integer 6 uimsbf
clock_accuracy_exponent 3 uimsbf
reserved 5 bslbf
}

2.6.41 Semantic definition of fieldsin system clock descriptor

external_clock_reference indicator — This is a 1-bit indicator. When set to 'l', it indi€ates that the system clock has
been| derived from an external frequency reference that may be available at the decoder:

clock accuracy integer — This is a 6-bit integer. Together with the clock accuraey exponent, it gives the fractional
freqyency accuracy of the system clock in parts per million.

clock_accuracy_exponent — This is a 3-bit integer. Together with the elock accuracy integer, it gives the fractjional
frequency accuracy of the system clock in parts per million.

2.6.42 Multiplex buffer utilization descriptor

The [multiplex buffer utilization descriptor provides bounds™on the occupancy of the STD multiplex buffer.|This
infofmation is intended for devices such as remultiplexers,” which may use this information to support a dgsired
re-mpltiplexing strategy (see Table 2-62).

Table 2-62 — M ultiplex buffer utilization descriptor

Syntax No. of bits | Mnemonic

Multiplex_buffer utilization descriptor() {

descriptorstag 8 uimsbf
desctiptor_length 8 uimsbf
bound_valid_flag 1 bslbf
LTW_offset_lower _bound 15 uimsbf
reserved 1 bdlbf
LTW_offset_upper_bound 15 uimsbf

}

2.6.43 Semantic definition of fieldsin multiplex buffer utilization descriptor

bound-valid flag — A value of 'l' indicates that the LTW offset lower bound and the LTW offset upper_ bound
fields are valid.

LTW_offset_lower_bound — This 15-bit field is defined only if the bound valid flag has a value of '1'. When defined,
this field has the units of (27 MHz/300) clock periods, as defined for the LTW offset (refer to 2.4.3.4). The
LTW_ offset lower bound represents the lowest value that any LTW_offset field would have, if that field were coded in
every packet of the stream or streams referenced by this descriptor. Actual LTW_offset fields may or may not be coded
in the bitstream when the multiplex buffer utilization descriptor is present. This bound is valid until the next occurrence
of this descriptor.

LTW_offset_upper_bound — This 15-bit field is defined only if the bound valid has a value of '1'. When defined, this
field has the units of (27 MHz/300) clock periods, as defined for the LTW offset (refer to 2.4.3.4). The
LTW offset upper bound represents the largest value that any LTW_offset field would have, if that field were coded
in every packet of the stream or streams referenced by this descriptor. Actual LTW_offset fields may or may not be
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coded in the bitstream when the multiplex buffer utilization descriptor is present. This bound is valid until the next
occurrence of this descriptor.

2.6.24 Copyright descriptor

The copyright descriptor provides a method to enable audiovisual works identification. This copyright descriptor

appli

es to programs or program elements within programs (see Table 2-63).

Table 2-63 — Copyright descriptor

2.6.2
copy

addifional_copyright_info — The meaning of additional copyright info bytes)'if any, are defined by the assign|

that

2.6.2

See

2.6.3

max
uppq
The
the ]

prog

Table 2-64.

Syntax No. of bits | Identifier
copyright_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
copyright_identifier 32 uimsbf
for (i=0;1<N;it++){
additional_copyright_info 8 bslbf
}
}

5  Semantic definition of fieldsin copyright descriptor
right_identifier — This field is a 32-bit value obtained from the Registration. Authority.

opyright identifier, and once defined, they shall not change.

6 Maximum bitrate descriptor

Table 2-64 — M aximum bitrate descriptor

Syntax No. of bits | Identifier
maximum_bitrate_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
maximygm_ bitrate 22 uimsbf

}

7  Semantic definition of fieldsin maximum bitrate descriptor

mum_bitrate <Thé maximum bitrate is coded as a 22-bit positive integer in this field. The value indicat
r bound of thébitrate, including transport overhead, that will be encountered in this program element or prog
value of maximum_bitrate is expressed in units of 50 bytes/second. The maximum_bitrate _descriptor is includ
rogram-Map Table (PMT). Its presence as extended program information indicates applicability to the ¢
ram, [tg"presence as ES information indicates applicability to the associated program element.
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ram.
ed in
ntire

74

ITU-T Rec. H.222.0 (05/2006)


https://standardsiso.com/api/?name=89fb18e6912d3e3e3da38d3df902861f

| SO/I EC 13818-1:2007 (E)

2.6.28 Privatedataindicator descriptor

See Table 2-65.

Table 2-65 — Private data indicator descriptor

Syntax No. of bits | Identifier
private_data_indicator descriptor() {
descriptor_tag 38 uimsbf
descriptor_length 38 uimsbf
private_data indicator 32 uimsbf

2.6.9

private data_indicator — The value of the private data indicator is private and shall not be defined by ITT

ISO

2.6.3
This
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}

9  Semantic definition of fieldsin Private data indicator descriptor

[EC.

0  Smoothing buffer descriptor

descriptor is optional and conveys information about the size of a smoothing buffer,/SB,, associated with
iptor, and the associated leak rate out of that buffer, for the program element(s) that\itfefers to.

e case of Transport Streams, bytes of Transport Stream packets of the associated program element(s) present i
Sport Stream are input to a buffer SB, of size given by sb_size, at the time defined by equation 2-4.

e case of Program Streams, bytes of all PES packets of the associated €lementary streams, are input to a buffe
re given by sb_size, at the time defined by equation 2-21.

h there is data present in this buffer, bytes are removed from:this buffer at a rate defined by sb_leak rate

bthing Buffer descriptor of the different program element(s)ah the program, shall not change.

the case of a Transport Stream, it is present inthe ES info in the Program Map Table, all Transport Stream pal
e PID of that program element enter the smdothing buffer.

the case of a Transport Stream, it is(present in the program information, the following Transport Stream pa|
the smoothing buffer:

+ all Transport Stream-packets of all PIDs listed as elementary PIDs in the extended program inform
as well as;

+  all Transport Stream packets of the PID which is equal to the PMT_PID of this section;
*  all Transport-Stream packets of the PCR_PID of the program.

ytes that enter the.associated buffer also exit it.

hy given timg there shall be at most one descriptor referring to any individual program element and at mos
fiptor reférring to the program in its entirety.

Table 2-66 — Smoothing buffer descriptor

J-T |

this

n the

SB,

The

r, SB, shall never overflow. During the continuous existence of a program, the value of the elements of the

meaning of the smoothing buffer descriptor is only defined when it is included in the PMT or the Program Stream

Ckets

Ckets

ation

one

Syntax No. of bits | Mnemonic

smoothing_buffer descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
sb_leak rate 22 uimsbf
reserved 2 bdlbf
sh_size 22 uimsbf
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2.6.31 Semantic definition of fieldsin smoothing buffer descriptor

sb_leak_rate — This 22-bit field is coded as a positive integer. Its contents indicate the value of the leak rate out of the
SB, buffer for the associated elementary stream or other data in units of 400 bits/s.

sb_size — This 22-bit field is coded as a positive integer. Its contents indicate the value of the size of the multiplexing
buffer smoothing buffer SB,, for the associated elementary stream or other data in units of 1 byte (see Table 2-66).

2.6.32 STD descriptor

This descriptor is optional and applies only to the T-STD model and to ITU-T Rec. H.262 | ISO/IEC 13818-2 video
elementary streams, and is used as specified in 2.4.2. This descriptor does not apply to Program Streams
(see Table 2-67).

Table 2-67 — STD descriptor

Syntax No. of bits | Mnemonic
STD _descriptor () {
descriptor_tag 8 uimstf;
descriptor_length 8 uimsbf
reserved 7 bslbf
leak_valid_flag 1 bslbf
}

2.6.33 Semantic definition of fieldsin STD descriptor

leak| valid_flag — The leak valid flag is a 1-bit flag. When set to 'l', the transfer of data from the buffer MB, tp the
buffgr EB, in the T-STD uses the leak method as defined in 2.4.2.3) If this flag has a value equal to '0', anfl the
vbv [delay fields present in the associated video stream do not have.the value OxFFFF, the transfer of data from the
buffgr MB,, to the buffer EB, uses the vbv_delay method as definéd\in 2.4.2.3.

2.6.34 |IBP descriptor

This| optional descriptor provides information about gome characteristics of the sequence of frame types ip an
ISOAEC 11172-2, ITU-T Rec. H.262 | ISO/IEC 1381822, or ISO/IEC 14496-2 video stream (see Table 2-68).

Table 2-68 — | BP descriptor

Syntax No. of bits | Mnemonic

ibp_descriptor() {

descripter_tag 8 uimsbf
descriptor_length 8 uimsbf
Closed_gop_flag 1 uimsbf
identical_gop_flag 1 uimsbf
max_gop-length 14 uimsbf

]

2.6.35 ,Semantic definition of fieldsin IBP descriptor

Closqad -gop_flag — This 1-bit flag when set to 'l' indicates that a group of pictures header is encoded before ¢very
I-frame and that the closed_gop flag 1s set to 1" in all group of pictures headers in the video sequence.

identical_gop_flag — This 1-bit flag when set to '1' indicates that the number of P-frames and B-frames between
I-frames, and the picture coding types and sequence of picture types between I-pictures is the same throughout the
sequence, except possibly for the pictures up to the second I-picture.

max_gop_length — This 14-bit unsigned integer indicates the maximum number of the coded pictures between any two
consecutive I-pictures in the sequence. The value of '0' is forbidden.
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For individual ISO/IEC 14496-2 streams directly carried in PES packets, as defined in 2.11.2, the MPEG-4 video
descriptor provides basic information for identifying the coding parameters of such visual elementary streams. The
MPEG-4 video descriptor does not apply to ISO/IEC 14496-2 streams encapsulated in SL-packets and in FlexMux
packets, as defined in 2.11.3.

Table 2-69 — M PEG-4 video descriptor

2.6.37

}

Syntax No. of bits | Mnemonic
MPEG-4 _video_descriptor () {
descriptor tag 8 uimsbf
descriptor_length 8 uimsbf
MPEG-4_visual_profile_and_level 8 uimsbf

Semantic definition of fieldsin MPEG-4 video descriptor

MPHEG-4_video_profile_and_level — This 8-bit field shall identify the profile and level of the ISO/IEC 14496-2 Yideo
stream. This field shall be coded with the same value as the profile and level indicatiom field in the Visual Opject
Seqyence Header in the associated ISO/IEC 14496-2 stream.

2.6.38

MPEG-4 audio descriptor

For |ndividual ISO/IEC 14496-3 streams directly carried in PES packets, asdefined in 2.11.2, the MPEG-4 3udio

desctiptor provides basic information for identifying the coding parameters ef such audio elementary streams,

The

MPHG-4 audio descriptor does not apply to ISO/IEC 14496-3 streams enecapsulated in SL-packets and in FleyMux
packets, as defined in 2.11.3.

2.6.39

MPHEG-4_audio_profile_and-level — This 8-bit field shall identify the profile and level of the ISO/IEC 14496-3 4

Table 2-70 — M PEG-4 audio descriptor

}

Syntax No. of bits | Mnemonic
MPEG-4_audio_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MPEG-4_audio-profile_and_level 8 uimsbf

Semantic definition of fieldsin MPEG-4 audio descriptor

streajm corresponding to the-Table 2-71.

Table 2-71 - MPEG-4 _audio_profile and_level assignment values

udio

Value Description
0x00-0xOF Reserved

0x10 Main profile, level 1

Oxtt Matrprofitetevel2

0x12 Main profile, level 3

0x13 Main profile, level 4
0x14-0x17 Reserved

0x18 Scalable Profile, level 1

0x19 Scalable Profile, level 2

0x1A Scalable Profile, level 3

0x1B Scalable Profile, level 4
0x1C-0x1F Reserved
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Table 2-71 —MPEG-4_audio_profile_and_level assignment values

Value Description
0x20 Speech profile, level 1
0x21 Speech profile, level 2
0x22-0x27 Reserved
0x28 Synthesis profile, level 1
0x29 Synthesis profile, level 2
0x2A Synthesis profile, level 3

AR eI
UAZD=UAZY

R 1
INUSUTVOU

0x30 High quality audio profile, level 1

0x31 High quality audio profile, level 2

0x32 High quality audio profile, level 3

0x33 High quality audio profile, level 4

0x34 High quality audio profile, level 5

0x35 High quality audio profile, level 6

0x36 High quality audio profile, level 7

0x37 High quality audio profile, level 8

0x38 Low delay audio profile, level 1

0x39 Low delay audio profile, level 2

0x3A Low delay audio profile, level 3

0x3B Low delay audio profile, level 4

0x3C Low delay audio profile, level 5

0x3D Low delay audio profile, level 6

0x3E Low delay audio profile, level 7

0x3F Low delay audio profile, 1ével 8

0x40 Natural audio profile, level 1

0x41 Natural audio profilg,\level 2

0x42 Natural audio profile, level 3

0x43 Natural audie:profile, level 4
0x44-0x47 Reseryed

0x48 Mobile audio internetworking profile, level 1

0x49 Mabile audio internetworking profile, level 2

0x4A Mobile audio internetworking profile, level 3

0x4B Mobile audio internetworking profile, level 4

0x4C Mobile audio internetworking profile, level 5

0x4D, Mobile audio internetworking profile, level 6
0x4E:0x4F Reserved

0x50 AAC profile, level 1

0x51 AAC profile, level 2

0x52 AAC profile, level 4

0x53 AAC profile, level 5
0x54-0x57 Reserved

0x58 High efficiency AAC profile, level 2

0x59 High efficiency AAC profile, level 3

0x5A High efficiency AAC profile, level 4

0x5B High efficiency AAC profile, level 5
0x5C-0xFF Reserved
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2.6.40 10D descriptor

The IOD descriptor encapsulates the InitialObjectDescriptor structure. An initial object descriptor allows access to a set
of ISO/IEC 14496 streams by identifying the ES ID values of the ISO/IEC 14496-1 scene description and object
descriptor streams. Both the scene description stream and the object descriptor stream contain further information about
the ISO/IEC 14496 streams that are part of the scene. See Annex R for a description of the content access procedure.
The InitialObjectDescriptor is specified in 8.6.3 of ISO/IEC 14496-1.

Within a Transport Stream, the IOD descriptor shall be conveyed in the descriptor loop immediately following the
program_info length field in the Program Map Table. If a Program Stream Map is present in a Program Stream, the
10D descriptor shall be conveyed in the descriptor loop immediately following the program_stream_info_length field in
the Program Stream Map. More than one IOD descriptor may be associated to a program.

NOTE — This Specification does not specify how the IOD label may be used by higher level service information to uniquely
s¢lect one of the ISO/IEC 14496 presentations 1dentitied by multiple IOD descriptors.

Table2-72 —10D descriptor

Syntax No. of bits | Mnemonic
I0OD_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
Scope_of |OD_label 8 uimsbf
10D_label 8 uimsbf
InitialObjectDescriptor () 8 uimsbf
}

2641 Semantic definition of fieldsin |OD descriptor

Scofe of_|OD_label — This 8-bit field specifies the scope of the IOD label field. A value of 0x10 indicates thdt the
10D| label is unique within the Program Stream or within the specific program in a Transport Stream in which the
IOD|descriptor is carried. A value of 0x11 indicates that the IO label is unique within the Transport Stream in which
the IDD descriptor is carried. All other values of the Scope ,0f-10OD label field are reserved.

|OD| label — This 8-bit field specifies the label of the IQD descriptor.
I nitiplObjectDescriptor () — This structure is defined in 8.6.3.1 of ISO/IEC 14496-1.

2642 SL descriptor

The BL descriptor shall be used when a single ISO/IEC 14496-1 SL-packetized stream is encapsulated in PES pagkets.
The [SL descriptor associates the ES_ID of this SL-packetized stream to an elementary PID in case of a Tranfport
Stregm or to an elementary streand id*in case of a Program Stream. Within a Transport Stream, the SL descriptor|shall
be conveyed for the corresponding) elementary stream in the descriptor loop immediately following the ES info l¢ngth
field|in the Program Map Table. If a Program Stream Map is present in a Program Stream, the SL descriptor shdll be
conveyed in the descriptorloop immediately following the elementary stream info length field within the Program
Stredm Map.
NOTE - SL packetized streams may be used in a Program Stream. However, only one stream_id exists for ISO/IEC 14§196-1
SL-packetized streams. In order to associate multiple such streams within a Program Stream to an ISO/IEC 14496-1 {cene,
HlexMux hag to be used and signalled appropriately by an FMC descriptor. This limitation does not exist in a Transport Sfream
where thesSI descriptor provides unambiguous mapping between an ISO/IEC 14496-1 ES_ID value and an ITU-T Rec. H.2R2.0 |
I$O/IEC 13818-1 elementary_PID value.

Table2-73 - SL descriptor

Syntax No. of bits | Mnemonic
SL_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
ES ID 16 uimsbf
}

2.6.43 Semantic definition of fieldsin SL descriptor
ES_ID — This 16-bit field shall specify the identifier of an ISO/IEC 14496-1 SL-packetized stream.
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2644 FMC descriptor

The FMC descriptor indicates that the ISO/IEC 14496-1 FlexMux tool has been used to multiplex ISO/IEC 14496-1
SL-packetized streams into a FlexMux stream before encapsulation in PES packets or ISO//IEC14496 sections. The
FMC descriptor associates FlexMux channels to the ES_ID values of the SL-packetized streams in the FlexMux stream.

An FMC descriptor is required for each program element referenced by an elementary PID value in a Transport Stream
and for each elementary stream_id in a Program Stream that conveys a FlexMux stream. Within a Transport Stream,
the FMC descriptor shall be conveyed for the corresponding elementary stream in the descriptor loop immediately
following the ES info_length field in the Program Map Table. If a Program Stream Map is present in a Program

Stream, the FMC descriptor shall be conveyed in the descriptor loop immediately following the
elementary stream_info_length field in the Program Stream Map.
For gaeh-SL—pa n the
FM( descriptor.
Table 2-74 - FMC descriptor
Syntax No. of bits | Mnemanic
FMC_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for (i=0; i < descriptor_length; i +=3) {
ES.ID 16 uimsbf
FlexMuxChannel 8 uimsbf
b
}
2645 Semantic definition of fieldsin FM C descriptor
ES |D — This 16-bit field specifies the identifier of an ISO/IEC\14496-1 SL-packetized stream.
Flex(M uxChannel — This 8-bit field specifies the numberof'the FlexMux channel used for this SL-packetized stream.
2646 External ES ID descriptor
The [External ES ID descriptor assigns an ES:\ID, as defined in ISO/IEC 14496-1, to a program element to whi¢h no
ES 1D value has been assigned by other means. This ES_ID allows reference to a non-ISO/IEC 14496 compondnt in
the stene description or, for example, to associate a non-ISO/IEC 14496 component with an IPMP stream.
WitHin a Transport stream, the assignment of an ES _ID shall be made by conveying an External ES ID descriptgr for
the ¢orresponding elementary stream in the descriptor loop immediately following the ES info length field in the
Program Map Table. If a Program/Stream Map is present in a Program Stream, the External ES ID descriptor shgll be
convieyed in the descriptor loop' immediately following the elementary stream_info length field in the Program Stream
Map
Table 2-75—External_ES |D descriptor
Syntax No. of bits | Mnemonic
External ES ID_descriptor () {
descriptor tag 8 uimsbf
descriptor_length 8 uimsbf
External_ES ID 16 uimsbf
}
2.6.47 Semantic definition of fieldsin External_ES 1D descriptor

External_ES ID — This 16-bit field assigns an ES_ID identifier, as defined in ISO/IEC 14496-1, to a component of a
program.
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2648 Muxcode descriptor

The Muxcode descriptor conveys MuxCodeTableEntry structures as defined in 11.2.4.3 of ISO/IEC 14496-1.
MuxCodeTableEntries configure the MuxCode mode of FlexMux.

One or more Muxcode descriptors may be associated to each elementary PID or elementary stream_id, respectively,
conveying an ISO/IEC 14496-1 FlexMux stream that utilizes the MuxCode mode. Within a Transport stream, the
Muxcode descriptor shall be conveyed for the corresponding elementary stream in the descriptor loop immediately
following the ES info_length field in the Program Map Table. If a Program Stream Map is present in a Program
Stream, the Muxcode descriptor shall be conveyed in the descriptor loop immediately following the
elementary stream_info_length field in the Program Stream Map.

MuxCodeTableEntries may be updated with new versions. In case of such updates, the version number of each
Program—Map—Table—or—the—progran 8 map—version—of—each—LProgram earm—Map—respectvely —carrng the

Mux|Code descriptor in their descipto; loop shall be incremented by 1 modulo 32.

Table 2-76 — M uxcode descriptor

Syntax No. of bits | Mnemanic
Muxcode_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf

for (i=0;1<N;it++) {
MuxCodeT ableEntry ()

}

2649 Semantic definition of fieldsin Muxcode descriptor
MuXCodeT ableEntry () — This structure is defined in 11.2.4.3 of ISO/IEC 14496-1.

2,690 FmxBufferSize descriptor

The FmxBufferSize descriptor conveys the size of the FléxMux buffer (FB) for each SL packetized stream multiplexed
in a FlexMux stream.

One |FmxBufferSize descriptor shall be associated to each elementary PID or elementary stream_id, respectively,
convieying an ISO/IEC 14496-1 FlexMux stream. Within a Transport stream, the FmxBufferSize descriptor shgll be
convieyed for the corresponding elementary)stream in the descriptor loop immediately following the ES info_l¢gngth
field| in the Program Map Table. Ifia Program Stream Map is present in a Program Stream, the FmxBuffefSize
desctiptor shall be conveyed in the descriptor loop immediately following the elementary stream info length |field
with|n the Program Stream Map,

Table 2-77 — FmxBuffer Size descriptor

Syntax No. of bits | Mnemonic

FmxBufferSize descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
DefaultFlexM uxBuffer Descriptor ()
for (1=0; 1<descriptor_length; 1+=4) {

FlexM uxBuffer Descriptor ()

}

26,51 Semantic definition of fieldsin FmxBuffer Size descriptor

FlexM uxBuffer Descriptor () — This descriptor specifies the FlexMux buffer size for one SL-packetized stream carried
within the FlexMux stream. It is defined in 11.2 of ISO/IEC 14496-1.

DefaultFlexM uxBuffer Descriptor () — This descriptor specifies the default FlexMux buffer size for this FlexMux
stream. It is defined in 11.2 of ISO/IEC 14496-1.
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2.6.52 MultiplexBuffer descriptor

The MultiplexBuffer descriptor conveys the size of the multiplex buffer MB,,, as well as the leak rate Rx,, at which data
is transferred from transport buffer TB, into buffer MB,, for a specific ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program
element referenced by an elementary PID value in the Program Map Table.

One MultiplexBuffer descriptor shall be associated to each elementary PID that contains an ISO/IEC 14496 FlexMux
stream or SL-packetized stream, including those containing ISO_IEC 14496 _sections. See 2.11.3.9 for the definition of
buffers and rates in the T-STD model for decoding of ISO/IEC 14496 content.

The MultiplexBuffer descriptor shall be conveyed in the descriptor loop immediately following the ES info_length
field in the Program Map Table.

Table 2-78 —MultiplexBuffer descriptor

Syntax No. of bits | Mnemonic

MultiplexBuffer descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MB_buffer_size 24 uimsbf
TB_leak_rate 24 uimsbf

}

2.6.93 Semantic definition of fieldsin MultiplexBuffer descriptor

MB |buffer_size — This 24-bit field shall specify the size in byte of buffer MB, of the elementary stream n that is
asso¢iated with this descriptor.

TB_|eak_rate — This 24-bit field shall specify in units of 400 bits per Second the rate at which data is transferred [from
trangport buffer TB,, to multiplex buffer MB,, for the elementary stream n that is associated with this descriptor.

2694 FlexMuxTiming descriptor
See Table 2-79.

Table 2-79<FlexMuxTiming descriptor

Syntax No. of bits | Mnemonic
FlexMuxTiming_descriptor () {
descriptorstag 8 uimsbf
descripter _length 8 uimsbf
FER.ES ID 16 uimsbf
FCRResolution 32 uimsbf
FCRLength 8 uimsbf
FmxRatel ength 8 uimsbf

¥

2.6.95  Semantic definition of fieldsin FlexM uxTiming descriptor

FCHR_ES 1D - Is the ES_ID associated to this clock reference stream.

FCRResolution — Is the resolution of the object time base in cycles per second.

FCRLength — Is the length of the fmxClockReference field in FlexMux packets with index = 238. A length of zero
shall indicate that no FlexMux packets with index =238 are present in this FlexMux stream. FCRlength shall take
values between zero and 64.

FmxRatel ength — Is the length of the fmxRate field in FlexMux packets with index = 238. FmxRateLength shall take
values between 1 and 32.

2.6.56 Content labelling descriptor

The content labelling descriptor assigns a label to content; the label can be used by metadata to reference the associated
content. This label, the content reference id record, is metadata application format specific. The content labelling
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descriptor is associated with a content segment. For the purpose of this clause, a content segment is defined as a portion
in time of a program, an elementary stream (such as audio or video) or any combination of programs or elementary
streams. The descriptor may be included in the PMT in the descriptor loop for either the program or an elementary
stream, but may also be contained in tables not defined in this Specification, for example tables to describe segments of
programs or elementary streams. The content labelling descriptor also provides information on which content time base
is used and on the offset between the content time base and the metadata time base. When the Normal Play Time (NPT)
concept of DSM-CC, as specified in ISO/IEC 13818-6, is used as the content time base, the ID of the NPT time base is

provided. The descriptor allows for carriage of private data. See Table 2-80.

Table 2-80 — Content labelling descriptor

Syntax No. of bits M nemonic
Content_labeling_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
metadata_application_format 16 uimsbf
if (metadata_application format== OxFFFF){
metadata_application_format_identifier 32 Uimsbf
content_reference id_record_flag 1 bslbf
content_time_base indicator 4 uimsbf
reserved 3 bslbf
if (content_reference id record flag == ‘1"){
content_reference_id_record_length 8 uimsbf
for (i=0; i<content_reference id record length;i++){
content_reference_id_byte 8 bslbf
}
if (content_time base_indicator== 1|2){
reserved 7 bslbf
content_time_base value 33 uimsbf
reserved 7 bslbf
metadata time_base value 33 uimsbf
if (content_time base_indicator== 2){
reserved 1 bslbf
contentld 7 uimsbf
if (content_time_base_indicator==3|4(5|67){
time_base_association_data™ength 8 uimsbf
for (i=0; i< time_base .association_data length;i++){
reserved 8 bslbf
}
)
for (i=0; i<N;it++){
private databyte 8 bslbf
¥
}

2.6.9

metadata_application”format: The metadata_application_format is a 16-bit field, coded as defined in Table 2-81
fies the application responsible for defining usage, syntax and semantics of the content reference id record a
bther privately defined fields in this descriptor. See also 2.12.1. The value OxFFFF indicates that the format is
lled by the value carried in the metadata_application format identifier field.

spec
any
signa

7  Semantic definition of fieldsin content labelling descriptor
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Value Description
0x0000-0x000F Reserved
0x0010 ISO 15706 (ISAN) encoded in its binary form (see Notes 1 and 3)
0x0011 ISO 15706-2 (V-ISAN) encoded in its binary form (see Notes 2 and 3)
0x0012-0x00FF Reserved
0x0100-0xFFFE User defined
OxFFFF Defined by the metadata_application_format_identifier field
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Table 2-81 — M etadata_application_for mat

NOTE 1 — For ISAN, the content_reference id byte is set to binary encoding and the content reference id record length
is set to 0x08.

NOTE 2 — For V-ISAN, the content_reference id byte is set to binary encoding and the
content_reference id_record_length is set to 0x0C.

NOTE 3 — For interoperability amongst metadata applications that use the metadata_application_format values of 0x0010
and 0x0011, it is recommended that the content reference id flag be set to '1' and the content time base indicator be set
t0'00".

metadata_application_format_identifier: The coding of this 32-bit field is fully equivalent to the coding of the

fo
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metadata_time_base value: The metadata_time base value is a 33-bit field that is coded in units of 90 kHz. The

s ¢
cont
time
time
90-K|

f_idenﬁﬁer field in the TPgiQﬁ‘ﬂﬁﬁﬂ_{‘]PQFT‘ipfnT asdefinedin?2 6 R

OTE — The assigned Registration Authority for the format identifier field is SMPTE.

ent_reference_id_record_flag: The content reference id record flag is a 1-bit flag that signals the presencg
ent reference id record in this descriptor.

Ent_time_base indicator: The content time base indicator is a 4-bit field which specifies the used content
If the descriptor is associated with a program, then the content time base applies to all streams that are part o
Fam. A value of 1 indicates usage of the STC, while a value of '2' indicates usage of NPT, the’'Normal Play Tir
ed in ISO/IEC 13818-6. The values between 8 and 15 indicate usage of a privately defined content time ba
d with a value of '0', no content time base is defined in this descriptor. If no contéat-time base is specified
Fam or stream, then the mapping of time references in the metadata to theycontent is not defined in
ification.

Table 2-82 — Content_time _base indicator values

Value Description
0 No content time basédefined in this descriptor
1 Use of STC
2 Use of NPT
3-7 Reserved
8-15 Use of privately defined content time base

ent_reference_id_record_length: The content reference id record length is an 8-bit field that specifie
ber of content_reference id bytes immediately following this field. This field shall not be coded with the valug

bnt_reference_id_byte: The content. reference id byte is part of a string of one or more contiguous bytes
ns one or more reference identifications (labels) to the content to which this descriptor is associated. The forn
pyte string is defined by the body indicated by the coded value in the metadata application_format field.

bnt_time_base value: The ¢ontent_time base value is a 33-bit field that specifies a value in units of 90 kHz
ent time base indicated by the content time base indicator field.

ded with the“walue of the metadata time base at the instant in time in which the time base indicate]
bnt time bas¢ indicator reaches the value encoded in the content time base value field. Note that the met
base may use any time-scale, but that its value is to be coded in units of 90 kHz. For example, if a SMPTE ty|
code is"used, then the number of hours, minutes, seconds and frames is expressed in the corresponding numb
Hz units.
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contentld: The contentld is a 7-bit field that specifies the value of the content_Id field in the NPT Reference Descriptor
for the applied NPT time base.

time_base association_data_length: The time_base association_data_length is an 8-bit field that specifies the number
of reserved bytes immediately following this field. The reserved bytes can be used to carry time base association data
for time bases defined in future.

private data_byte: The private data byte is an 8-bit field. The private data bytes represent data, the format of which
is defined privately. These bytes can be used to provide additional information as deemed appropriate. The use of these
bytes is defined by the metadata application format.
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2.6.58 Metadata pointer descriptor

The metadata pointer descriptor points to a single metadata service and associates this metadata service with
audiovisual content in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream. The metadata is associated with the content
within the context of the descriptor. The context is defined by the location of the descriptor. In a transport stream, the
descriptor may be located in the PMT in the descriptor loop for either the program or an elementary stream, but may
also be located in tables not defined in this Specification, such as tables describing bouquets of broadcast services. The
metadata may be located in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream, but the same metadata may also be
provided on alternative locations, such as the Internet.

The descriptor may contain location information of metadata that is not carried in an ITU-T Rec. H.222.0 |
ISO/IEC 13818-1 stream; the coding of the location information is metadata application format specific. The descriptor
allows for carriage of private data.

For metadata carried in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream, the descriptor specifies the tools usefi for
such|carriage. If the metadata is carried in PES packets, metadata sections, or ISO/IEC 13818-6 synchronized~dowload
sectipns, the metadata_service id field identifies the metadata service in the referenced metadata stream. If an
ISOQIEC 13818-6 carousel is used to carry the metadata, then the private data may provide information to signgl the
metadata service, such as the applied value of the module id for carriage of the metadata in a data garousel, and thg file
namg¢ of the metadata when the object carousel is used.
Recgivers should be aware that multiple metadata services may be pointed to from the same ‘program or audiovisual
stream (as defined by the context of the descriptor). A unique metadata pointer descriptor shall be used to point to|each
metadata service used by the program or audiovisual stream. Similarly, the same metadata service can be pointgd to
from| several programs or audiovisual streams by using a separate metadata pointer descriptors for each association,
Table 2-83 — M etadata pointer descriptor
Syntax No. of bits | Mnemonic
Metadata_pointer descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
metadata_application_format 16 uimsbf
if (metadata_application format== 0xFFFF){
metadata_application_format_identifier 32 uimsbf
}
metadata_format 8 uimsbf
if (metadata_format== 0xFF){
metadata_format_identijfier 32 uimsbf
}
metadata_service_id 8 uimsbf
metadata_locator_record_flag 1 bslbf
MPEG_carriage flags 2 uimsbf
reserved 5 bdbf
if (metadata_locatof record flag =="1"){
metadata_Tocator_record_length 8 uimsbf
for (1=0; i <metadata_locator_record_length; i+ +){
metadata_locator_record_byte 8 bslbf
¥
) .
if (MPEG _carriage flags == 0[1]2){
program_number 16 uimsbf
B
if (MPEG_carriage flags == 1){
transport_stream_location 16 uimsbf
transport_stream_id 16 uimsbf
1
for (i=0; i<N;i++){
private data byte 8 bslbf
}
+

2.6.59 Semantic definition of fieldsin metadata pointer descriptor

metadata_application_format: The metadata application format is a 16-bit field that specifies the application
responsible for defining usage, syntax and semantics of the metadata locator record record and any other privately
defined fields in this descriptor. The coding of this field is defined in Table 2-81 in 2.6.57.

metadata_application_format_identifier: The coding of this field is defined in subclause 2.6.57.
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metadata_format: The metadata format is an 8-bit field that indicates the format and coding of the metadata. The
coding of this field is specified in Table 2-84.

Table 2-84 — M etadata for mat values

Value Description
0x00-0x0F Reserved

0x10 ISO/IEC 15938-1 TeM

0x11 ISO/IEC 15938-1 BiM
0x12-0x3E Reserved

0x3F Defined by metadata application format
0x40-0xFE Private use

OxFF Defined by metadata format_identifier field

The palues 0x10 and 0x11 identify ISO/IEC 15938-1 defined data. The value 0x3F indicates that the/format is defined
by the body indicated by the metadata application format field. The values in the inclusive rangg-of 0x40 up to (xFE
are pvailable to signal use of private formats. The value OxFF indicates that the formap is signalled by the
metadata_format identifier field.
metadata_format_identifier: The coding of this 32-bit field is fully equivalent to the'coding of the format identifier
field|in the registration_descriptor, as defined in 2.6.8.
NOTE — SMPTE is assigned as Registration Authority for the format_identifier fields
metadata_service id: This 8-bit field references the metadata service. It ilused for retrieving a metadata service [from
with{n a metadata stream.
metadata_locator_record_flag: The metadata locator record flagis.a 1-bit field which, when set to '1' indicateg that
assog¢iated metadata is available on a location outside of an ITU-T<Rec. H.222.0 | ISO/IEC 13818-1 stream, specified in
a mettadata locator record.
MPHEG_carriage flags: The MPEG_carriage flags is a 2-bit field which specifies if the metadata stream containinlg the
asso¢iated metadata service is carried in an ITU-T Reey H.222.0 | ISO/IEC 13818-1 stream, and if so, whether the
assogiated metadata is carried in a Transport Stream or Program Stream. The coding of this field is defingd in
Tablp 2-85.
Table2-85—-MPEG_carrier_flags
Value Description

0 Carriage in the same Transport Stream where this metadata pointer descriptor is carried.

1 Carriage)in a different Transport Stream from where this metadata pointer descriptor is carried.

2 Carriage in a Program Stream. This may or may not be the same Program Stream in which this

metadata pointer descriptor is carried.

3 None of the above.
metadata_locator _record_length: The metadata locator record length is an 8-bit field that specifies the number of
metadata locator record bytes immediately following. This field shall not be coded with the value '0'.
metgdata locator record byte: The metadata locator record byte is part of a string of one or more contiguous pytes

that form the metadata locator record. This record specifies one or more locations outside of an ITU-T Rec. H.222.0 |
ISO/IEC 13818-1 stream. The format of the metadata locator record is defined by the metadata application signalled by
the metadata_application_format field. The record may for example contain Internet URLs that specify where the
metadata can be found, possibly in addition to their location(s) in the Transport Stream. If the MPEG _carriage flags is
coded with the value '0", '1" or 2' and the metadata locator record is present, then this signals alternative locations for the
same metadata.

program_number: The program_number is a 16-bit field that identifies the program_number of the MPEG-2 program
in the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream in which associated metadata is carried. If the
MPEG carriage flags have the value '0', then the transport stream is the current one, and if the MPEG _carriage flags
have the value '1', it is the transport stream signalled by the fields transport_stream_location and transport_stream_id.
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transport_stream_location: The transport_stream_location is a 16-bit field that is defined privately. For example, this
field may be used by applications to signal the original network id defined by ETSI.

transport_stream_id: The transport_stream _id is a 16-bit field that identifies the Transport Stream in which associated
metadata is carried.

private _data_byte: The private data_byte is an 8-bit field. The private data bytes represent data, the format of which
is defined privately. These bytes can be used to provide additional information as deemed appropriate.

2.6.60 Metadata descriptor

The metadata descriptor specifies parameters of a metadata service carried in an MPEG-2 TS or PS. In an MPEG-2 TS,
the descriptor is included in the PMT in the descriptor loop for the elementary stream that carries the metadata service.

escri i ia etadatg ains the value of the metadata service id to
idenfify the metadata service to which the metadata descriptor applies. As needed, the descriptor can/cgnvey
infomation to identify the metadata service from a collection of metadata transmitted in a DSM-CE.cardusel.
Optipnally metadata application format specific private data can be carried.

The |metadata descriptor also signals whether decoder configuration is required and is able to @arry the de¢oder
conflguration bytes, but this is only practical if the number of these bytes is small. If the decoder configurption
infomation is too large to be carried by the descriptor, it shall be contained in a metadata serviecé./This may be wWithin
the fnetadata service itself, or in another metadata service within the same program. Identification of the methdata
service that contains the decoder configuration is provided by the metadata descriptor. If a DSM-CC carousel is usgd to
the decoder configuration, then information can be provided how to retrieve the‘decoder configuration froth the
caroyisel.
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Table 2-86 — M etadata descriptor

2.6.6

metadata_application~format: The metadata application format is a 16-bit field that specifies the applig
nsible for defining usage, syntax and semantics of the service identification record and any privately de
in this descriptor. The coding of this field is defined in Table 2-81.

resp
byte

met

1

}

Syntax No. of bits | Mnemonic
Metadata_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
metadata_application_format 16 uimsbf
if (metadata_application _format == OxFFFF) {
metadata_application_format_identifier 32 uimsbf
metadata_format 8 uimsbf
if (metadata_format== 0xFF){
metadata_format_identifier 32 uimsbf
!
metadata_service_id 8 uimsbf
decoder _config_flags 3 bslbf
DSM-CC_flag 1 bslbf
reserved 4 bslbf
if (DSM-CC _flag =="1"){
service_identification_length 8 dimsbf
for(i=0; i<service_identification_length; i++) {
service_identification_record_byte 8 bslbf
}
}
if (decoder_config_flags =="'001") {
decoder _config_length 8 uimsbf
for(i=0; i<decoder config length; i++) {
decoder _config_byte 8 bsbf
}
}
if (decoder config_flags =="'011") {
dec_config_identification_record_length 8 uimsbf
for(i=0;i<dec_config_id record length;i++) {
dec_config_identification_record_hyte 8 bslbf
}
}
if (decoder_config_flags =="100") {
decoder _config_metadata_service_id 8 uimsbf
}
if (decoder_config_flags =="101"/'110") {
reserved_data_length 8 uimsbf
for(i=0;i<reserved data length;i++) {
reserved 8 bslbf
}
}
for (i=0; i<N;i++) {
private data_byte 8 bsbf

Semantic definitionof fieldsin metadata descriptor

data_application_format_identifier: The coding of this field is defined in 2.6.57.

metadata. format: The coding of this field is defined in 2.6.59.

htion
fined

metadata_tormat_ldentitier: The coding of this field 1s defined 1n 2.6.59.

metadata_service id. This 8-bit field identifies the metadata service to which this metadata descriptor applies.

decoder_config_flags: The decoder config flags is a 3-bit field which indicates whether and how decoder
configuration information is conveyed.
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Table 2-87 — decoder_config_flags

Value Description
000 No decoder configuration is needed.
001 The decoder configuration is carried in this descriptor in the decoder config_byte field.
010 The decoder configuration is carried in the same metadata service as to which this

metadata descriptor applies.

011 The decoder configuration is carried in a DSM-CC carousel. This value shall only be
used if the metadata service to which this descriptor applies is using the same type of
DSM-CC carousel.

100 The decoder configuration is carried in another metadata service within the same
program, as identified by the decoder config metadata service id field in this
metadata descriptor.

101, 110 Reserved.
111 Privately defined.

DSM-CC_flag: This is a one-bit flag that is set to '1' if the stream with which this descriptor is assoeiated is carried in
an I§O/IEC 13818-6 data or object carousel.

NOTE 1 — The use of the object or data carousel is indicated by the applied stream-type value for this metadata stream.

serv|ce_identification length: This field specifies the number of service identification record bytes immediately
following.

serv|ce_identification_record byte: This byte is part of a string of one or more’ contiguous bytes that specify the
service identification_record. This record contains data on retrieval of the metadata service from a DSM-CC cardusel.
The [format of the metadata locator record is defined by the application indicated by the metadata application fofmat.
Wheph a DSM-CC object carousel is used, the record may for example)comprise the unique object identifier| (the
IOP:fIOR() from 11.3.1 and 5.7.2.3 of ISO/IEC 13818-6 DSM-CC), for the metadata service. Similarly, in case| of a
DSM-CC data carousel, the record can for example provide the. trahsaction id and the module id of the metpdata
service.

decader_config_length: This field specifies the number of decoder _config_bytes immediately following.

decader_config_byte: These bytes comprise the decodét/configuration information. This sequence of bytes comprises
the gonfiguration information needed by the receiver to decode this service. It is intended that carriage in the methdata
desctiptor is only used when the configuration infotmation is very small.

decader_config DSM-CC _id: This is thesdownload identifier of the decoder configuration information when|it is
trangmitted in a DSM-CC data carousel, or_the object identifier of the decoder configuration information if it is cdrried
in a DPSM-CC object carousel.

NOTE 2 — The use of the object or/data carousel is indicated by the applied stream-type value for this metadata stream.

dec [config_identification_record length: This field specifies the immediately following number] of
dec konfig identification record bytes.

dec |config_identification_record_byte: This byte is part of a string of one or more contiguous bytes that specifly the
dec fonfig identification record. This record specifies how to retrieve the required decoder configuration fr¢m a
DSM-CC carousel, The format of the metadata locator record is defined by the metadata application format. When a
DSM-CC object carousel is used, the record may for example comprise the unique object identifier (the IOP:IOR() [from
11.3]1 and 5:7:2°3 of ISO/IEC 13818-6 DSM-CC) for the decoder configuration. Similarly, in case of a DSM-C(] data
caroyisel(the record may for example provide the transaction id and the module_id of the decoder configuration.

ON1ig Metadalia So (1 n %

that contains the decoder configuration. The metadata service indicated by the
decoder_config_metadata_service id and the metadata service that uses that decoder configuration shall be in the same
program. Hence in a Transport Stream, the metadata descriptors for both these metadata services shall be in the same
PMT. The metadata descriptor of the metadata service indicated by the decoder config_metadata service id shall have
a decoder_config_flag field with a value of either '001', '010" or '011".

reserved_data_length: This field specifies the number of reserved bytes immediately following.

private data_byte: The private data byte is an 8-bit field. The private data bytes represent data, the format of which
is defined privately. These bytes can be used to provide additional information as deemed appropriate.
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2.6.62 Metadata STD descriptor

This descriptor defines parameters of the STD model (defined in 2.12.10) for the processing of the metadata stream to
which this descriptor is associated.

Table 2-88 — M etadata STD descriptor

2.6.6

Syntax No. of bits Mnemonic
Metadata STD_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
metadata_input_leak_rate 22 uimsbf
Teserved pA b3t
metadata_buffer_size 22 uimsbf
reserved 2 bslbf
metadata output_leak_rate 22 uimsbf
}

3 Semantic definition of fieldsin metadata STD descriptor

meta

metadata stream in the T-STD model out of the buffer TB, into buffer B,. The leak fate is specified in uni
400 bits/s. For metadata carried in a program stream, the coding of the metadata_input.l€ak rate field is not spec
as the rate into B, equals the rate of the program stream.

data_input_leak_rate: The metadata_input_leak rate is a 22-bit field that specifies the 1éakrate for the assog

iated
ts of
fied,

metadata_buffer_size: The metadata buffer size is a 22-bit field that specifies the-size of buffer B, in the STD npodel

for the associated metadata stream. The size of B, is specified in units of 1024 bytes.

metadata_output_leak_rate: The metadata output leak rate is a 22-bit/field that specifies for the associated met

hdata

service the leak rate in the STD model out of buffer B, to the decodef. The leak rate is specified in units of 400 Hits/s.
For |metadata streams transported synchronously (stream-type 0x15 or 0x19), the metadata access unit are
instaptaneously removed from B, under the control of PTS“timestamps and in that case the coding of the
metadata output leak rate field is not specified.
2.6.44 AVC videodescriptor
For [TU-T Rec. H.264 | ISO/IEC 14496-10 video streams, the AVC video descriptor provides basic informatioh for
identifying coding parameters of the associated AVC video stream, such as on profile and level parameters included in
the §PS of an AVC video stream.
The AVC video descriptor also signals thé presence of AVC still pictures and the presence of AVC 24-hour pictuges in
the AVC video stream. If this descriptor is not included in the PMT for an AVC video stream in a transport stream|or in
the HSM, if present, for an AVC vid@o-stream in a program stream, then such AVC video stream shall not contain AVC
still pictures and shall not contain-AVC 24-hour pictures. (See Table 2-89.)
Table 2-89 — AVC video descriptor
Syntax No. of bits [ Mnemonic
AVC video_descriptor () {

descriptor_tag 8 uimsbf

descriptor_length 8 uimsbf

profile_idc 8 uimsbf

constraint_set0 flag 1 bdbf

constraint_setl flag 1 bslbf

constraint_set2 flag 1 bdlbf

AVC_compatible flags 5 bdlbf

level _idc 8 uimsbf

AVC_still_present 1 bdlbf

AVC_24 hour_picture_flag 1 bslbf

reserved 6 bslbf

}
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2.6.65 Semantic definition of fieldsin AVC video descriptor

profile idc, constraint_setO flag, constraint_setl flag, consraint_set2 flag, AVC_compatible flags and
level_idc— These fields, with the exception of AVC_compatible flags shall be coded according to the semantics for
these fields defined in ITU-T Rec. H.264 | ISO/IEC 14496-10. The semantics of AVC compatible flags are exactly
equal to the semantics of the field(s) defined for the 5 bits between the constraint_set2 flag and the level idc field in the
Sequence Parameter Set, as defined in ITU-T Rec. H.264 | ISO/IEC 14496-10. The entire AVC video stream to which
the AVC descriptor is associated shall conform to the profile, level and constraints signalled by these fields.
NOTE — In one or more sequences in the AVC video stream the level may be lower than the level signalled in the AVC video
descriptor, while also a profile may occur that is a subset of the profile signalled in the AVC video descriptor. However, in the
entire AVC video stream, only tools shall be used that are included in the profile signalled in the AVC video descriptor, if
present. For example, if the main profile is signalled, then the baseline profile may be used in some sequences, but only using
those tools that are in the main profile. If the sequence parameter sets in an AVC video stream signal different profiles, and no
affdiTional constraints arc signalled, Then The Siream may need cxamination o determine which profile, 1T any, The entirg Spream
cpnforms to. If an AVC video descriptor is to be associated with an AVC video stream that does not conform to a single ‘pofile,
then the AVC video stream must be partitioned into two or more sub-streams, so that AVC video descriptors can signala §ingle
pfofile for each such sub-stream.

AV(Q_still_present — This 1-bit field when set to 'l indicates that the AVC video stream may dnelude AV( still
pictyres. When set to '0', then the associated AVC video stream shall not contain AVC still pictures,

AVCQ_24 hour_picture flag — This 1-bit flag when set to 'l" indicates that the associatedMAVC video stream|may
contpin AVC 24-hour pictures. For the definition of an AVC 24-hour picture, see 2.1.2(1f this flag is set to '0|, the
assogiated AVC video stream shall not contain any AVC 24-hour picture.

26.6 AVC timingand HRD descriptor

The AVC timing and HRD descriptor provides timing and HRD parameters of\the associated AVC video stream| For
each| AVC video stream carried in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream, the AVC timing and HRD
desctiptor shall be included in the PMT or in the PSM, if PSM is present in ‘the program stream, unless the AVC yideo
stream carries VUI parameters with the timing_info_present flag set tovd':

+  for each IDR picture; and

»  for each picture that is associated with a recoverypoint SEI message.

Absgnce of the AVC timing and HRD descriptor in the PMT for an AVC video stream signals usage of the leak m¢thod
in the T-STD is defined in 2.14.3.1 for the transfer fron MB, to EB,, but such usage can also be signalled by the
hrd_management valid flag set to '0' in the AVC timing and HRD descriptor. If the transfer rate into buffer EB, cgn be
detefmined from HRD parameters contained in ancAVC video stream, and if this transfer rate is used in the T-STD for
the tfansfer between MB, to EB,, then the AVC\timing and HRD descriptor with the hrd management valid_flag $et to
'1" sHall be included in the PMT for that AV.C.video stream. (See Table 2-90.)
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Table 2-90 — AVC timing and HRD descriptor

Syntax No. of bits Mnemonic
AVC timing and HRD descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
hrd_management_valid_flag 1 bslbf
reserved 6 bdlbf
picture_and_timing_info_present 1 bslbf
if (picture_and_timing_info present) {

90kHz flag 1 bslbf

reserved 7 bdlbf

if (90kHz_flag=="0") {

N 32 uimsbf
K 32 uimsbf

}

num_units_in_tick 32 uimsbf
}
fixed_frame rate flag 1 bslbf
temporal_poc_flag 1 bdlbf
picture_to_display_conversion_flag 1 bslbf
reserved 5 bslbf

}

2.6.47 Semantic definition of fieldsin AVC timing and HRD desckiptor
hrd Jmanagement_valid_flag — This 1-bit field is only defined fofuise in transport streams.

Whep the AVC timing and HRD descriptor is associated to annAVC video stream carried in a transport stream, thep the
following applies. If the hrd management valid flag is set to '1', then Buffering Period SEI and Picture Timing SEI
mesgages, as defined in Annex C of ITU-T Rec. H.264] ISO/IEC 14496-10, shall be present in the associated AVC
videp stream. These Buffering Period SEI _messages shall carry coded initial cpb_removal delay | and
initigl cpb_removal delay offset values for the NAL HRD. If the hrd management valid flag is set to 'l', thep the
trangfer of each byte from MB, to EB, in the T=STD shall be according to the delivery schedule for that byte intp the
CPBJin the NAL HRD, as determined fronrthe coded initial cpb_removal delay and initial cpb_removal delay qffset
valugs for SchedSelldx = cpb_cnt minusl? When the hrd management valid flag is set to '0', the leak methgd as
definled in 2.14.3.1 shall be used for thetransfer from MB, to EB,, in the T-STD.

Wheh the AVC timing and HRD descriptor is associated to an AVC video stream carried in a program stream, thep the
meaIing of the hrd_management. valid_flag is not defined.

pictyre_and_timing_info.present — This 1-bit field when set to '1' indicates that the 90kHz_flag and parametets for
accufate mapping to 90<kHz system clock are included in this descriptor.

90kH z_flag, N, KX The 90kHz_ flag when set to '1' indicates that the frequency of the AVC time base is 90 kHZ. For
an AVC videq stream the frequency of the AVC time base is defined by the AVC parameter time scale in|VUI
parajneters, «asdefined in Annex E of ITU-T Rec. H.264 | ISO/IEC 14496-10. The relationship between the AVC
time| scale ‘and the STC shall be defined by the parameters N and K in this descriptor as follows.

[N« system—clock—frequency)
time_scale=- —

where time_scale denotes the exact frequency of the AVC time base, with K larger than or equal to N.

If the 90kHz flag is set to '1', then N equals 1 and K equals 300. If the 90kHz_flag is set to '0', then the values of N and
K are provided by the coded values of the N and K fields.
NOTE 1 — This allows mapping of time expressed in units of time scale to 90-kHz units, as needed for the calculation of PTS
and DTS timestamps, for example in decoders for AVC access units for which no PTS or DTS is encoded in the PES header.

num_units _in_tick — Coded exactly in the same way as the num_units_in_tick field in VUI parameters in Annex E of
ITU-T Rec. H.264 | ISO/IEC 14496-10. The information provided by this field shall apply to the entire AVC video
stream to which the AVC timing and HRD descriptor is associated.

92 I TU-T Rec. H.222.0 (05/2006)


https://standardsiso.com/api/?name=89fb18e6912d3e3e3da38d3df902861f

| SO/I EC 13818-1:2007 (E)

fixed_frame rate flag — Coded exactly in the same way as the fixed frame rate flag in VUI parameters in Annex E
of ITU-T Rec. H.264 | ISO/IEC 14496-10. When this flag is set to 'l', it indicates that the coded frame rate is constant
within the associated AVC video stream. When this flag is set to '0', no information about the frame rate of the
associated AVC video stream is provided in this descriptor.

temporal_poc_flag— When the temporal poc flag is set to 'l' and the fixed frame rate flag is set to 'l', then the
associated AVC video stream shall carry Picture Order Count (POC) information (PicOrderCnt) whereby pictures are
counted in units of Atg g,»( 1 ), where Atg g,5( 1 ) is specified in equation E-10 of ITU-T Rec. H.264 | ISO/IEC 14496-10.
When the temporal poc flag is set to '0', no information is conveyed regarding any potential relationship between the
POC information in the AVC video stream and time.

NOTE 2 — This reduces the overhead necessary to signal timing for each access unit. An effective PTS and DTS can be

calculated for access units for Wthh no expllclt PTS/DTS is carrled Repetltlon of most recently presented ﬁeld of the
e ater than

aj pa 1 ]
2|% Atﬁ dpb (or greater than Atﬁ Jdpb When fran‘e mbs only fl ag is equal to 1)

pictdire to_display_conversion_flag — This 1-bit field when set to '1' indicates that the associated AVC yideo stream
may [carry display information on coded pictures by providing the pic_struct field in picture timing SEI messageq (see
Anngx D of ITU-T Rec. H.264 | ISO/IEC 14496-10) and/or by providing the Picture Order Count (POC) informption
(PicQrderCnt), whereby pictures are counted in units of Atgg.( 1) (see also the semantics of teniporal_poc_flag), so
that iming information for a successive AVC access unit can be derived from the previouspicture in decodifpg or
pres¢ntation order.

When the picture to_display_conversion_mode_flag is set to '0', then picture timing SEl messages in the AVC Yideo
strean, if present, shall not contain the pic_struct field, and hence the pic_struct present” flag shall be set to '0' i the
VUlI|parameters in the AVC video stream.

2.6.48 MPEG-2 AAC audio descriptor

For individual ISO/IEC 13818-7 streams directly carried in PES packets,the. MPEG-2 AAC audio descriptor definfed in
Tablg 2-91 provides basic information for identifying the coding parameter$ of such audio elementary streams.

Table 2-91 - MPEG-2 AAG;.audio_descriptor

Syntax No. of bits | Mnemonic

MPEG-2_AAC_audio_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MPEG-2_AAC_profile 8 uimsbf
MPEG-2_AACehannel_configuration 8 uimsbf
MPEG-2.AAC_additional_information 8 uimsbf

}

26.49 Semantic definition of fieldsin MPEG-2 AAC audio descriptor

MPHEG-2_AAC_profile~* This 8-bit field indicates the AAC profile according to the index in Table 3jI of
ISOAIEC 13818-7:2006.,

MPEG-2_AAC. channel_configuration — This 8-bit field indicates the number and configuration of audio chapnels
pres¢nted to_theJistener by the AAC decoder for the specified program. Values in the range from 1 to 6 indicate number
and | configuration of audio channels as given for "Default bitstream index number" in Table 42 of
ISOQIEC13818-7:2006. All other values indicate that the number and configuration of audio channels is undefined

M PEG-Z_AAC additional_nformation — This 8-bit tield indicates wheiher or not bandwidil extension data as
defined in ISO/IEC 13818-7:2006 is embedded in the AAC bitstream according to Table 2-92.

Table 2-92 - MPEG-2_AAC_additional_information field values

Value Description

0x00 AAC data according to ISO/IEC 13818-7:2006

0x01 AAC data with Bandwidth Extension data present according to ISO/IEC 13818-7:2006
0x02-0xFF Reserved
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2.7

Restrictions on the multiplexed stream semantics

271 Frequency of coding the system clock reference

The Program Stream shall be constructed such that the time interval between the bytes containing the last bit of
system_clock reference base fields in successive packs shall be less than or equal to 0.7 s. Thus:

lt(i)—t(i")|<0.7s

for all i and i where i and i’ are the indexes of the bytes containing the last bit of consecutive
system_clock reference base fields.

2.7.2

The

prog
PCR

for
prog
Ther
disc
2.7.3

The

is co
the b
ESC

Frequency or coding the program clocK rererence

Transport Stream shall be constructed such that the time interval between the bytes containing thelast 4
ram_clock reference base fields in successive occurrences of the PCRs in Transport Stream packets o
| PID for each program shall be less than or equal to 0.1 s. Thus:

[t(i)—t(i)| < 0.1s

all i and i" where i and i’ are the indexes of the bytes containing 4he~last bit of consed
fam_clock reference base fields in the Transport Stream packets of the PCR PIDP.for each program.

e shall be at least two (2) PCRs, from the specified PCR_PID within a Transpott’Stream, between consecutive
ntinuities (refer to 2.4.3.4) to facilitate phase locking and extrapolation of byte delivery times.

Frequency of coding the elementary stream clock reference

Program Stream and Transport Stream shall be constructed such.that if the elementary stream clock reference
ded in any PES packets containing data of a given elementary stream the time interval in the PES STD bet
ytes containing the last bit of successive ESCR base fields-shall be less than or equal to 0.7 s. In PES Stream
R encoding is required with the same interval. Thus:

[t(i)<<2(i") < 0.7s

for ajl i and i” where i and i’ are the indexes of the-bytes containing the last bits of consecutive ESCR_base fields.

N
tl

274

The
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OTE — The coding of elementary stream glogk reference fields is optional; they need not be coded. However, if they are ¢
is constraint applies.

Frequency of presentatjontimestamp coding

Program Stream and Transport Stream shall be constructed so that the maximum difference between g
ntation timestamps refefring to each elementary video or audio stream is 0.7 s. Thus:

|tpn(k) - tpn(k”)| <0.7s

for a]l n, k, and\K” ‘satisfying:

U~ P,(k) and P,(k”) are presentation units for which presentation timestamps are coded;

«  kand k” are chosen so that there is no presentation unit, P,(k") with a coded presentation timestamj

it of
[ the

utive

PCR

field
veen
s the

oded,

oded

and

with k <k <k”; and

*  No decoding discontinuity exists in elementary stream n between P, (k) and P,(k”).

The 0.7-s constraint does not apply in the case of:

94

«  still pictures as defined in 2.1;
* AVC still pictures;

¢ AVC access units with a very low frame rate, where the presentation time of subsequent access
differs by more than 0.7 s. In this particular case, the VUI parameters num_units_in_tick and time :

units
scale

shall be present either in the AVC video stream or in an AVC-timing and HRD descriptor associated to

the AVC video stream.
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NOTE — The presentation time of an AVC access unit is equivalent to the DPB output time t, 4,5(n) defined in Annex C of ITU-T
Rec. H.264 | ISO/IEC 14496-10.

275 Conditional coding of timestamps

For each elementary stream of a Program Stream or Transport Stream, a presentation timestamp (PTS) shall be encoded
for the first access unit.

A decoding discontinuity exists at the start of an access unit A,(j) in an elementary stream n if the decoding time td,(j)
of that access unit is greater than the largest value permissible given the specified tolerance on the
system_clock frequency. For video, except when trick mode status is true or when low_delay flag is '1', this is allowed
only at the start of a video sequence. If a decoding discontinuity exists in any elementary video or audio stream in the
Transport Stream or Program Stream, then a PTS shall be encoded referring to the first access unit after each decoding

disc

Whe

A P
head

A de

For
acce
each|

The
1SO
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four

ntinuitv excepnt when trick mode status is true.
J r

h low delay is '1' a PTS shall be encoded for the first access unit after an EB,, or B, underflow.

'S may only be present in a ITU-T Rec. H.222.0 | ISO/IEC 13818-1 video or audio elementary stream PES p
er if the first byte of a picture start code or the first byte of an audio access unit is contained in the PES packet.

coding_timestamp (DTS) shall appear in a PES packet header if and only if the following twoconditions are n
* aPTS is present in the PES packet header;

+  the decoding time differs from the presentation time.

pach AVC 24-hour picture, no explicit PTS and DTS value shall be encoded imthe PES header. For such
bs unit, decoders shall infer the presentation time from the parameters withifith¢ AVC video stream. Therg
AVC video stream that contains one or more AVC 24-hour picture(s):

* shall either carry picture timing SEI messages with goded values of cpb removal delay
dpb_output_delay; or

+  shall carry VUI parameters with the fixed frame rate\ flag set to '1' and shall carry Picture Order
(POC) information (PicOrderCnt) whereby picturesare counted in units of Aty 4,,( n ), where Aty 4
is specified in equation E-10 of ITU-T Rec. H.264)| ISO/IEC 14496-10.

NOTE 1 — The requirements in the second bullet arexmet if an AVC timing and HRD descriptor is associated wi
AVC video stream with the fixed frame rate flagiset to 'l' and the temporal poc_flag set to '1".

following applies to AVC access units in an> AVC video stream carried in an ITU-T Rec. H.22
[EC 13818-1 stream. For each AVC access unif that does not represent an AVC 24-hour picture, a PES header
led PTS and, if applicable, DTS value shall be provided, unless all conditions expressed under one of the follo
bullets are true:

* Inthe AVC video sequence the following SEI messages are present, as signalled by VUI parameters

a) picture timing SEP messages providing the cpb removal delay and the dpb output
parameters; and

b) buffering/~period SEI messages providing the initial cpb removal delay and
initial_Cpb-removal delay offset parameters.
NOTE-24~ When picture timing SEI messages are present in the AVC video sequence, then these messag
present for each AVC access unit, as required by ITU-T Rec. H.264 | ISO/IEC 14496-10. When buffering g
SEFmessages are present in the AVC video sequence, then these messages shall be present for each IDR 4

unit and for each access unit that is associated with a recovery point SEI message, as required by I
Rec. H.264 | ISO/IEC 14496-10.

*\>~"An AVC timing and HRD descriptor is associated with the AVC video stream and in this descriptd
fixed frame rate flag is set to 'l' and the temporal poc flag is set to 'l".
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® An AVCU ttiming and HKD descriptor 1S associated with the AVC video stream and 1n this descriptor the

fixed frame rate flag is set to 'l', the picture to display conversion flag is set to 'l',

the

temporal poc flag is set to '0' and in the AVC video sequence picture timing SEI messages with the

pic_struct field are present.
NOTE 3 — In this specific case the pic_struct field is used to determine subsequent PTS values.

* An AVC timing and HRD descriptor is associated with the AVC video stream and in this descriptor the

fixed frame rate flag is set to 'l' and the temporal poc flag is set to '0' and
picture to_display conversion_flag is set to '0'".

the

NOTE 4 — In this case the POC information in the AVC video stream is used to determine the subsequent

PTS values.
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2.7.6 Timing constraintsfor scalable coding

If an audio sequence is coded using an extension bitstream, such as specified in ISO/IEC 13818-3, then corresponding
decoding/presentation units in the two layers shall have identical PTS values.

If a video sequence is coded as an SNR enhancement of another sequence, such as specified in 7.8 of ITU-T Rec. H.262
| ISO/IEC 13818-2, then the set of presentation times for both sequences shall be the same.

If a video sequence is coded as two partitions, such as specified in 7.10 of ITU-T Rec. H.262 | ISO/IEC 13818-2, then
the set of presentation times for both partitions shall be the same.

If a video sequence is coded as a spatial scalable enhancement of another sequence, such as specified in 7.7 of ITU-T
Rec. H.262 | ISO/IEC 13818-2, then the following shall apply:

be the

same.
NOTE — This does not imply that the picture coding type is the same in both layers.

+ If the sequences have different frame rates, the set of presentation times shall be such ‘that as fany
presentation times as possible shall be common to both sequences.

*  The picture from which the spatial prediction is made shall be one of the following
—  the coincident or most recently decoded lower layer picture;
— the coincident or most recently decoded lower layer picture that is an I 'er’'P-picture;

—  the second most recently decoded lower layer picture that is an I-,er\P-picture, and provided thgt the
lower layer does not have the low_delay flag set to '1'.

If a video sequence is coded as a temporally scalable enhancement of another\sequence, such as specified in 79 of
ITU{T Rec. H.262 | ISO/IEC 13818-2, then the following lower layer pictutes may be used as the reference. Timds are
relatfve to presentation times of:

+  the coincident or most recently presented lower layer picture;

+ the next lower layer picture to be presented.

2.7.1 Frequency of coding P-STD_buffer_sizein PES'packet headers

In a Program Stream, the P-STD_buffer scale and P-STD, buffer size fields shall occur in the first PES packet offeach
elementary stream and again whenever the value changes. They may also occur in any other PES packet.

2.7. Coding of system header in the Program Stream

In a|Program Stream, the system header(may be present in any pack, immediately following the pack header] The
systgm header shall be present in the first pack of an Program Stream. The values encoded in all the system headgrs in
the Hrogram Stream shall be identical:

2.79 Constrained system panameter Program Stream

A Program Stream is a "Constrained System Parameters Stream" (CSPS) if it conforms to the bounds specified i this
subcjause. Program Streams are not limited to the bounds specified by the CSPS. A CSPS may be identified by njeans
of the CSPS_flag defined in the system header in 2.5.3.5. The CSPS is a subset of all possible Program Streams.

PacKet rate

In th CSPSithe maximum rate at which packets shall arrive at the input to the P-STD is 300 packets per second {f the
valug encoded in the rate bound field (refer to 2.5.3.6) is less than or equal to 4 500000 bits/s if the
packetCrate restriction_flag is set to 'l', and less than or equal to 2 000 000 bits/s if the packet rate restriction_flag is
set t0 0" For migher bit rates the CSPSpacket rate 1S bounded by a tinear retation to e vatue encoded in the rate_bound
field.

Specifically, for all packs p in the Program Stream when the packet rate restriction flag (refer to 2.5.3.5) is set to a
value of '1',

NP < (t(i") — t(i"))x 300 max[l,sz—al"oé} (2-27)
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and if the packet rate restriction_flag is set to a value of '0'

" ., R, }
NP < (t(i") —t(i"))x 300 X max| 1,—2&— 2-28
() —-t(i") [ 35107 (2-28)
where:
R,.x =8x50xrate_bound  bit/s (2-29)

NP is the number of packet start code preﬁxes and system header_start codes between adjacent

pq(\]{ start codes or between

defined in Table 2-37 and semantics in 2 5.3. 2
t(i) is the time, measured in seconds, encoded in the SCR of pack p.

t(i") is the time, measured in seconds, encoded in the SCR for pack p + 1, immediately follo
pack p, or in the case of the final pack in the Program Stream, the time of @rfival of the]
containing the last bit of the MPEG_program_end_code.

der buffer size

Rec.[H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 stream, respectivély, ‘and an additional amount of buffering H
BS,4} is specified as:

BSua < MAX [6 % 1024, Riex % 0.001] bytes

whete R,y is the maximum bit rate of the ITU-T Rec. 262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 video eleme
streajm.

In the case of an ITU-T Rec. H.264 | ISO/IEC 14496-10 video elementary stream in a CSPS, the following applies:

BS, has a size which is equal to the sum of ¢pb_size and an additional amount of buffering BS,44. BS.4q is specified

BSiua< MAX [6 % 1024, Ryrex ¥ 0.001] bytes

Whe]e R max 18 the maximum wideo bit rate of the AVC video stream, and

whetge cpb_size is the CpbSize[ cpt_cnt minusl ] size of the CPB for the byte stream format signalled in the
hrd_parameters() in the\AVC video stream. If the NAL hrd_parameters() are not present in the AVC video stream,)
the gpb_size shall beithe size defined as 1200 x MaxCPB in Annex A of ITU-T Rec. H.264 | ISO/IEC 14496-10 fq

applied level.

In thp case of-an audio elementary stream in a CSPS, the following applies:

wing

byte
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, the
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BS, <4096 bytes

In the case of ISO/IEC 13818-7 ADTS audio elementary stream in a CSPS the following applies to support 8 channels:

BS, < 8976 bytes

2.7.10 Transport Stream

Sampleratelocking in Transport Streams

In the Transport Stream there shall be a specified constant rational relationship between the audio sampling rate and the
system clock frequency in the system target decoder, and likewise a specified rational relationship between the video
frame rate and the system clock frequency. The system_clock frequency is defined in 2.4.2. The video frame rate is
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specified in ITU-T Rec. H.262 | ISO/IEC 13818-2 or in ISO/IEC 11172-2. The audio sampling rate is specified in
ISO/IEC 13818-3 or in ISO/IEC 11172-3. For all presentation units in all audio elementary streams in the Transport
Stream, the ratio of system clock frequency to the actual audio sampling rate, SCASR, is constant and equal to the
value indicated in the following table at the nominal sampling rate indicated in the audio stream.

system clock frequency

SCASR = - - (2-30)
audio sample rate in the T -SID
. X .
The notation 7 denotes real division.
Néminal audio
sampling 16 32 22.05 44.1 24 48
frefjuency (kHz)
27 000 000 27 000 000 27 000 000 27 000 000 27 000 000 27,000 000
(707-N- : SN [ e S [ S 0 NAR— n
16 000 32 000 22 050 44 100 24 000 48 000

For 4ll presentation units in each ISO/IEC 11172-2 video and ITU-T Rec. H.262 | ISO/IEC 1381852 video stream in the
Trankport Stream, the ratio of system clock frequency to the actual video frame rate, SCER, is constant and eqyal to
the value indicated in the following table at the nominal frame rate indicated in the video stream.

system clock  fregquency

CFR = : (B-31)
frame rate in_the T -SID
Nominal
frhme rate 23.976 24 25 29.97 30 50 59.94 60
(Hz)
SCFR 1126125 | 1125000 | 1080000 | 900900 900 000 540 000 450 450 450 0po

The [values of the SCFR are exact. The actual frame rate ‘differs slightly from the nominal rate in cases wherp the
nomjnal rate is 23.976, 29.97, or 59.94 frames per second.

For 1SO/IEC 14496-2 video streams carried in a Transport Stream, the time base of the ISO/IEC 14496-2 video stijeam,
as dpfined by vop_time increment resolution, shall be locked to the STC and shall be exactly equal to N fimes
systgm_clock frequency divided by K, with W-and K integers that have a fixed value within each visual dbject
sequence, with K greater than or equal to N.

For ITU-T Rec. H.264 | ISO/IEC 1449610 video streams, the time base of the ITU-T Rec. H.264 | ISO/IEC 14496-10
vide¢ stream shall be locked to the system clock frequency. The frequency of the AVC time base is defined by the AVC
parajneter time scale, and this frequency shall be exactly equal to N times system_clock frequency divided by K,|with
N anjd K integers that have a_fixed value within each AVC video sequence and K greater than or equal to N| For
example, if the time scale\is set to 90 000, then the frequency of the AVC time base is exactly equfl to
systqgm_clock frequency-divided by 300.

2.8 Compatibility with ISO/IEC 11172

The |Program\Stream of this Recommendation | International Standard is defined to be forward compatible [with
ISOANIEC 11472-1. Decoders of the Program Stream as defined in this Recommendation | International Standard [shall
also pupport decoding of ISO/IEC 11172-1.

2.9 Registration of copyright identifiers

29.1 General

Parts 1, 2 and 3 of ISO/IEC 13818 provide support for the management of audiovisual works copyrighting. In ITU-T
Rec. H.222.0 | ISO/IEC 13818-1 this is by means of a copyright descriptor, while ITU-T Rec. H.262 | ISO/IEC 13818-2
and ISO/IEC 13818-3 contain fields for identifying copyright holders through syntax fields in the elementary stream
syntax. This Recommendation | International Standard presents the method of obtaining and registering copyright
identifiers in ITU-T Rec. H.222.0 | ISO/IEC 13818-1.

ITU-T Rec. H.222.0 | ISO/IEC 13818-1 specifies a unique 32-bit copyright identifier which is a work type code
identifier (such as ISBN, ISSN, ISRC, etc.) carried in the copyright descriptor. The copyright identifier enables
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identification of a wide number of Copyright Registration Authorities. Each Copyright Registration Authority may
specify a syntax and semantic for identifying the audiovisual works or other copyrighted works within that particular
copyright organization through appropriate use of the variable length additional copyright info field which contains the
copyright number.

In the following subclause and Annexes L, M and N, the benefits and responsibilities of all parties to the registration of
copyright identifier are outlined.

29.2 Implementation of a Registration Authority (RA)

ISO/IEC JTC 1 shall call for nominations for an international organization which will serve as the Registration
Authority for the copyright_identifier as defined in 2.6.24. The selected organization shall serve as the Registration
Authority. The so-named Registration Authority shall execute its duties in compliance with Annex H/JTC 1 Directives.

- 1 O 1 e L o £ 1 1 baY - 131 s RIS
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Upon selection of the Registration Authority, JTC 1 shall require the creation of a Registration Management Group
(RMIG) which will review appeals filed by organizations whose request for a RID to be used in conjunction |with
ITU{T Rec. H.222.0 | ISO/IEC 13818-1 has been denied by the Registration Authority.

Anng¢xes L, M and N provide information on the procedure for registering a unique copyright identifier:

2.10 Registration of private data for mat

The fegistration descriptor of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 is provided by this fext in order to enable usgrs of
this Ppecification to unambiguously carry data when its format is not recognized by this Specification. This provfision
will permit this Specification to carry all types of data while providing for a method of unambiguous identificatipn of
the dharacteristics of the underlying private data.

2.10]1 General

In the following subclause and Annexes O and P, the benefits and tesponsibilities of all parties to the registratipn of
privgte data format are outlined.

2.10j2 Implementation of a Registration Authority (RA)

ISOQIEC JTC 1/SC 29 shall call for nominations from member bodies of ISO or National Committees of IEC which will
serv¢ as the Registration Authority for the format_identifier as defined in 2.6.8 and 2.6.9. The selected organization
shallf serve as the Registration Authority. The so-named Registration Authority shall execute its duties in compljance
with|Annex H/JTC 1 Directives. The registered private data format identifier is hereafter referred to as the Regisfered
Identifier (RID).

Upon selection of the Registration Authority, JTC 1 shall require the creation of a Registration Management (Jroup
( ) which will review appeals filed.by organizations whose request for an RID to be used in conjunction with this
Spedification has been denied by thie'Registration Authority.

Anngxes O and P provide information on the procedures for registering a unique format identifier.

2.11 Carriage of $SO/IEC 14496 data

21111 Introduction

An ITU-T Rec: H.222.0 | ISO/IEC 13818-1 stream may carry individual ISO/IEC 14496-2 and 14496-3 elemeptary
streams asywell as ISO/IEC 14496-1 audiovisual scenes with its associated streams. Typically, the ISO/IEC 14496
streams‘will be elements of an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program, as defined by the PMT in a Transport
Stregnicand the PSM in a Program Stream.

For the carriage of ISO/IEC 14496 data in Transport Streams and Program Streams, distinction is made between
individual elementary streams and an ISO/IEC 14496-1 audiovisual scene with its associated streams. For carriage of
individual ISO/IEC 14496-2 and 14496-3 elementary streams, only system tools from ITU-T Rec. H.222.0 | ISO/IEC
13818-1 are used, as defined in 2.11.2. For carriage of an audiovisual ISO/IEC 14496-1 scene and associated ISO/IEC
14496 elementary streams, contained in ISO/IEC 14496-1 SL_packetized streams or FlexMux streams, tools from both
ITU-T Rec. H.222.0 | ISO/IEC 13818-1 and from ISO/IEC 14496-1 are used, as defined in 2.11.3.

Carriage of ITU-T Rec. H.264 | ISO/IEC 14496-10 video over ITU-T Rec. H.222.0 | ISO/IEC 13818-1 streams is
specified in 2.14.
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2112 Carriageof individual 1 SO/IEC 14496-2 and 14496-3 Elementary Streamsin PES packets

2.11.2.1 Introduction

Individual ISO/IEC 14496-2 and 14496-3 eclementary streams may be carried in PES packets as
PES packet data_bytes. For PES packetization no specific data alignment constraints apply. For synchronization PTSs
and, when appropriate, DTSs are encoded in the header of the PES packet that carries the ISO/IEC 14496 elementary
stream data; for PTS and DTS encoding the same constraints apply as for ISO/IEC 13818 elementary streams. See
Table 2-93 for an overview of how to carry individual ISO/IEC 14496 streams within an ITU-T Rec. H.222.0 |
ISO/IEC 13818-1 stream.

Table 2-93 —Carriage of individual | SO/IEC 14496 streamsin ITU-T Rec. H.222.0 | 1SO/IEC 13818-1

ISO/IEC 14496-2 visual Carriage in PES packets Stream_type = 0x10 Stream_id ="'1110 xxxx’
ISO/IEC 14496-3 audio Carriage in PES packets Stream_type = 0x11 Stream_id ="110x xxxx

If a PTS or DTS is present in the PES packet header it shall refer to the visual object that follows eithér the first [VOP
start|code or the first still texture object startcode that commences in the PES packet. Each ISO/IEE€ 14496-2 yideo
streain carried by ITU-T Rec. H.222.0 | ISO/IEC 13818-1 shall contain the information required to decod¢ the
ISOJIEC 14496-2 video stream; consequently the stream shall contain Visual Object Sequence' Headers, Visual Opject
Headers and Video Object Layer Headers.

In cgse of an ISO/IEC 14496-3 elementary stream, before PES packetization the elemeritary stream data shall bq first
encapsulated in the LATM/LOAS AudioSyncStream() transport syntax defined in ISO/TEC 14496-3. If a PTS is prgsent
in the PES packet header, it shall refer to the first audio frame that follows the firSt syncword that commences ih the
paylpad of the PES packet.

Carrjage of individual ISO/IEC 14496-2 and ISO/IEC 14496-3 elementary.streams in PES packets shall be identifigd by
apprppriate stream id and stream type values, indicating the use of ASO/IEC 14496-2 Visual or 14496-3 Audip. In
addifion, such carriage shall be signalled by the MPEG-4 video deseriptor or MPEG-4 audio descriptor, respectively.
These descriptors shall be conveyed in the descriptor loop for the.respective elementary stream entry in the Propram
Map| Table in case of a Transport Stream or in the Program Stream Map, when present, in case of a Program Stijeam.
ITU4T Rec. H.222.0 | ISO/IEC 13818-1 does not specifyspresentation of ISO/IEC 14496-2 and ISO/IEC 14496-3
elementary streams in the context of a program.

2.1112.2 STD extensionsfor individual | SO/IEC 14496 elementary streams

The [T-STD model includes a transport buffer (TB, and a multiplex buffer B, prior to decoding of each indivjidual
ISOQEC 14496 elementary stream n. Note.that in the T-STD the single multiplex buffer B, is also applie¢l for
ISOJIEC 14496-2 video, as indicated in Kigure 2-4, instead of the approach with two buffers MB, and EB, usef for
ISONEC 13818-2 video in the T-STD. For buffers TB, and B, and the rate Rx, between TB, and B, the following
consfraints apply.
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Figure 2-4 — T-STD modd extensions for individual | SO/IEC 14496 elementary streams

In cqse of carriage of an ISO/IEC 14496-2 stream:
Size BS,, of Buffer B,:

BS, = BS,ux T BSon + VBV adprofile,level]

where:

BS,;, packet overhead buffering, is defined as:

BS,, = (1/750) seconds x max {R.x[profile;level], 2 000 000 bit/s}
and:

BS,ux additional multiplex buffering, is defined as:

BSux = 0.004 seconds x max{R.x[profile,level], 2 000 000 bit/s}
Rate Rx,:

Rx, = 1.2 x Ry« profile,level]

where:

VBV, g [profile,level] and R,.[profile,level] are defined in ISO/IEC 14496-2 for each profile and level.
For ‘profiles and levels for which no VBV .« value is specified, the size of B, and the rate Rx, are] user
defined.

In case of carriage of an ISO/IEC 14496-3 stream:
Size BS,, of Buffer B, for ISO/IEC 14496-3 AAC audio.

else BS, = BS;ux + BSqec + BSon = 3584 bytes
In this case the size of the access unit decoding buffer BS,.., and the PES packet overhead buffer BS,, are constrained
by:
BSgec + BSyn < 2848 bytes
A portion (736 bytes) of the 3584 byte buffer is allocated for buffering to allow multiplexing. The rest, 2848 bytes, are

shared for access unit buffering BS.., BS,, and additional multiplexing.
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Rate

Rx, for ISO/IEC 14496-3 AAC audio same as defined for ISO/IEC 13818-7 ADTS audio in 2.4.2.3:

else Rx, =2 000 000 bit/s

The P-STD model includes a multiplex buffer B, prior to decoding of each individual ISO/IEC 14496 elementary
stream n. The size BS, of buffer B, in the P-STD is defined by the P-STD_buffer_size field in the PES packet header.

211
211

3 Carriageof audiovisual 1SO/IEC 14496-1 scenes and associated | SO/IEC 14496 streams

3.1 Introduction

This clause describes the encapsulation and signaling when an audiovisual scene represented by ISO/IEC 14496 data is
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then [the value of X(t) shall‘bé constant at any time t.
whete:
fuc(t) denotes the intended frequency of the STC at time t, i.e., 27 000 000 Hz
fonject(t)  denotes the frequency of the object time base at time t
The |object\time base of ISO/IEC 14496 streams carried over an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 strez

od m-an JTU-T Rec_H222 (0 I ISOAEC 13818.1 Drngrqm Stream-or Trqncpnrf Stream—ISOAEC 14496 ¢

sts of the initial object descriptor and a variable number of streams such as object descriptor streams),
fiption streams (carrying either BIFS-Command or BIFS-Anim access units), IPMP streams, OCI streamg
visual streams. Each of the ISO/IEC 14496 streams shall be contained in an SL-packetized stréam and
nally be multiplexed into a FlexMux stream, both defined in ISO/IEC 14496-1. For carriage in I
H.222.0 | ISO/IEC 13818-1 Program Stream or Transport Stream, these SL-packetized strgams and Flex
ms shall contain encoded Object Clock Reference (OCR) and FlexMux Clock Reference (FCR) fields as speq
11.3.4 and in 2.11.3.5, respectively. The SL-packetized streams or FlexMux streams are then-encapsulated eith
packets or in ISO_IEC 14496 sections prior to Transport Stream packetization and,multiplexing or Pro
m multiplexing. [ISO_IEC 14496 sections are built on the long format of H.222.0 | {SO7IEC 13818-1 sections|

3.2 Assignment of ES_ID values

SO/IEC 14496-1 scene carried over an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream may associate a numb
[EC 14496, ISO/IEC 13818 and other streams by the use of the ES _JD parameter. The scene and the assog
ms may be carried over the same ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream, but a scene may also refe
ms carried elsewhere, for example over an IP network. How to 4deritify such other means is not defined it
ification.

rent streams within ISO/IEC 14496 content. When one¢\or multiple ISO/IEC 14496-1 scenes are carried
T Rec. H.222.0 | ISO/IEC 13818-1 Program, duplicatesES_ID values shall not occur within the program sucl
ISO/IEC 14496 SL-packetized stream or ISO/IECZ14496-1 FlexMux channel has a unique ES ID value i
Fam.

3.3 Timing of | SO/IEC 14496 scenes and-associated streams

h carried over an ITU-T Rec. H.222(0 ' ISO/IEC 13818-1 stream, the object time base of each ISO/IEC 1
m shall be locked to the ITU-T Rec."H.222.0 | ISO/IEC 13818-1 STC, that is:

If X(t) = fstc(t)/fobject(t)

[EC 14496-1 defines name scoping rules for identifiers. These rules allow the same ES_ID value to be used for
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—  The object time base of an SL-packetized stream carried in PES packets without the use of the FlexMux

shall be conveyed by coded OCRs in the SL packet header of that stream. See 2.11.3.4.

—  The object time base of SL-packetized streams carried in PES packets within a FlexMux stream shall be
conveyed by FCRs in that FlexMux stream. See 2.11.3.5. Consequently, all ISO/IEC 14496 streams

contained within the same FlexMux stream share the same object time base.

—  The object time base of an SL-packetized stream carried in sections shall be conveyed by another
ISO/IEC 14496 stream within the Transport Stream or Program Stream as indicated by the OCR_ES 1D

field in the ES descriptor for that stream.
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The following constraints shall apply for encoding of OCRs and FCRs in SL-packetized streams and FlexMux streams
carried over an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream:

—  The OCRs and FCRs in each SL-packetized stream and each FlexMux stream associated to the same
scene shall have the same resolution.

—  The resolution of OCRs and FCRs for a scene, f;;, shall have a value smaller than or equal to 90 000 Hz.

—  The ratio (f(t)/300)/1.,, shall be an integer value larger than or equal to one. Consequently the resolution
of the OCR and FCR syntax elements may only take values such as 90 000 Hz, 45 000 Hz, 30 000 Hz,

22 500 Hz, 18 000 Hz, etc.

Within the above constraints and the ISO/IEC 14496-1 constraint that the resolution f. shall represent an integer
number of cycles per second, f,; can be selected as appropriate for the scene.

The [SO/IEC 14496 time stamps coded in the SL packet header shall refer to instants of the object time base
carried in the SL packet. The resolution of each such time stamp shall be of a factor 2* smaller_thap the

stre

resolution of the OCRs or FCRs associated to the stream, with k a positive integer larger than or equalyto)zer
achigve the same wrap around, the length of the time stamp fields, TimeStampLength, shall be k bit smaller tha
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h of the OCR or FCR field, OCRLength and FCRLength, respectively. Hence for each stream the follo
itions shall apply for encoding of time stamps:

—  TimeStampResolution = (OCRResolution or FCRResolution respectively)/2*, with k a positive in
larger than or equal to zero. ISO/IEC 14496-1 requires TimeStampResolution to represent an in
number of cycles per second.

—  TimeStampLength = OCRLength or FCRLength respectively — k.

relationship between a value of the STC and the corresponding value of“the object time base of a stred
lished by associating PTS fields in PES packet headers with the OCR or(FCR in SL packet headers and Flex
m packets, respectively, as specified in 2.11.3.6 and 2.11.3.7.

3.4 Dédlivery timing of SL-packetized streams

hrry ISO/IEC 14496 content in an ITU-T Rec. H.222.0 | ISO/IE€ 13818-1 stream, ISO/IEC 14496-1 SL-packe
ms are used. In each SL-packetized stream carried [fiva PES packet without the use of FlexMux
tClockReference field shall be encoded as follows:

1) An objectClockReference (OCR) field shall'be present in the first SL packet header of a SL-packe
stream.

the last bit of successive OCR.fields shall be less than or equal to 0.7 s. Thus:

[t(i") —t(i") <=0.7s

for all i’ and i” (where i' and i” are the indexes of the bytes containing the last bit of consec
OCR fields ingthe FlexMux stream.

objectClockReference is encoded in an SL packet header, also the instantBitrate field shall be coded.

3.5 Déliverytiming of FlexMux streams

to SL-pagketized streams also the ISO/IEC 14496-1 FlexMux tool may be used to carry ISO/IEC 14496 conts
T Rec.<H:222.0 | ISO/IEC 13818-1 streams. The payload of FlexMux packets shall consist of SL packe

ClockReference field shall be encoded as follows:

f the
. To
h the

Wwing

teger
teger

m is
Mux

tized
the

tized

2) The SL-packetized stream shall be“constructed such that the time interval between the bytes contajning
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fiediinASO/IEC 14496-1. In each FlexMux stream carried in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 streain the

1) An fmxClockReference (FCR) field shall be present in the first FlexMux packet of a FlexMux stream.

2) The FlexMux stream shall be constructed such that the time interval between the bytes containing the last

bit of successive FCR fields shall be less than or equal to 0.7 s. Thus:

[t(i")—t(i") <=0.7s

for all i’ and i” where i" and i” are the indexes of the bytes containing the last bit of consec
FCR fields in the FlexMux stream.
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3) Al ISO/IEC 14496 time stamps within the SL-packetized streams carried within a FlexMux stream shall
refer to instants of the object time base conveyed by the FCR fields in the FlexMux stream. The
SL-packetized streams carried in FlexMux packets need not carry OCR fields. If OCR fields are present,
they may be ignored.

2.11.3.6 Carriageof SL-packetized streamsin PES packets

A single ISO/IEC 14496-1 SL-packetized stream may be mapped into a single PES stream. One and only one SL packet
from an SL-packetized stream shall constitute the payload of one PES packet. PES packets that carry an SL-packetized
stream shall be identified by stream_id = OxFA in the PES packet header.

When an OCR field is coded in the SL packet header, a PTS shall be encoded in the header of the PES packet that
carries such SL packet header. This PTS shall be encoded with the 33-bit value of the 90-kHz portion of the STC that

1 1 1 £id 1 . 1 1 . - . e 11 1
COrITqg SPOUIIUS 10 UIT VAluT O1 UIC OUJCCLUITIC DAST dl UIC HIStAIIU TIT UITIC HIUITAICU Dy UIC UCR

The ES_ID associated to the SL-packetized stream shall be signalled by an SL descriptor as specified in 2.6.46:

2.11]3.7 Carriage of FlexMux streamsin PES packets

PES [packets with a payload consisting of FlexMux packets shall be identified by stream id = OxFB in the PES pfcket
header. An integer number of FlexMux packets shall constitute the payload of one PES packet,de., the payload| of a
PES|packet carrying a FlexMux stream shall start with a FlexMux packet header and shall end-with the last bytd of a
FlexMux packet.

If anf fmxClockReference (FCR) field is encoded in one of the FlexMux packets contained in a PES packet, then a| PTS
shalll be encoded in the header of the PES packet that contains such FlexMux packet./This PTS shall be encoded|with
the 33-bit value of the 90-kHz portion of the STC that corresponds to the value of.the object time base of the FleyMux
stream at the instant in time indicated by the FCR. In case multiple FlexMux-packets with an encoded FCR field are
contgined in a PES packet, the PTS shall correspond to the time indicated by the FCR in the first such FlexMux packet
encountered in the payload of the PES packet.

1]

The [ES_IDs associated to each SL-packetized stream conveyed in the FlexMux stream shall be signalled by an FMC

desctiptor as specified in 2.6.44.

2.1113.8 Carriageof SL packetsand FlexM ux packetsin*sections

For fransport of ISO/IEC 14496 content in sections, ISQ,TEC 14496 sections are defined. Only SL-packetized object
desctiptor streams and scene description streams shaltuse ISO_IEC 14496 _sections. A single ISO_IEC 14496 _sefction
shalll contain either an entire SL packet of an Sk=packetized stream or an integer number of FlexMux packets [each
carrying an SL packet of the same ISO/IEC 14496-1 elementary stream.

Tablp 2-94 shows the syntax of ISO IEC 14496 sections defined to convey ISO/IEC 14496-1 elementary strgams,
qualffied by the table id as either object descriptor or scene description stream data. Object descriptor stream|data
cons|sts of an Object Descriptor Table-that comprises a number of object descriptors. The Object Descriptor Table] may
be trpnsmitted in multiple ISO _IE€.14496 sections. Scene description data consists of a Scene Description Tablg that
may| comprise a number of BIFS commands. The Scene Description Table may be transmitted in muftiple
ISO [IEC 14496 _sections.At'is/not required that a complete table be received in order to process its payload. Howgver,
the gayload of sections shall’be processed in the correct order, as indicated by the value of the section_number figld in
the ISO_IEC 14496 section header bytes.
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Table 2-94 — Section syntax for transport of | SO/IEC 14496 stream

7 (E)

Syntax No. of bits | Mnemonic
ISO_IEC 14496 section() {

table_id 8 uimsbf
section_syntax_indicator 1 bdlbf
private_indicator 1 bdlbf
reserved 2 bslbf
1SO_IEC_14496_section_length 12 uimsbf
table_id_extension 16 uimsbf
reserved 2 bdbf
version_number 5 uimsbf
current_next_indicator 1 bdlbf
section_number 8 uimsbf
last_section_number 8 uimsbf
if (PMT has SL_descriptor(current_PID)) {

SL_Packet()
}
else if (PMT _has FMC_descriptor(current PID)) {

for (i=1;1<N;it++)

FlexM uxPacket()

}
else {

for (i=1;1<N;jit++)

reserved 8 bdlbf
}
CRC_32 32 rpchof

}

of '0x05' indicates an ISO IEC 14496lobject descriptor section that carries an ISO/IEC 14496-1 o
fiptor stream.

pn_syntax_indicator — This 1-bit field shall be set to '1".
bte indicator — This 1-bit field shall not be specified by this Specification.

ediately following the~ISO IEC 14496 section length field up to the end of the ISO IEC 14496 section
b of this field shall not\exceed 4093 (0xFFD).

e jd_extensionsThis 16-bit field shall not be specified by this Specification; its use and value are defined b

on_number — This 5-bit field shall represent the version number of the Object Descriptor Table or S
ription/Table respectively. The version number shall be incremented by 1 modulo 32 with each new version ¢

b id — This 8-bit field shall be set to '0x04' or “0x05' in case of an ISO _IEC 14496 section. A value of '0x04'
indidates an ISO_IEC 14496 scene description_séction that carries an ISO/IEC 14496-1 scene description strea
valug

m. A
bject

ction
The

y the
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. Wersion control is at the discretion of the application.

ent_next_indicator — This 1-bit field shall be set to 1.

section_number — This 8-bit field shall represent the number of the ISO_IEC 14496 section. The section_number
field of the first ISO_IEC 14496 section of the Object Descriptor Table or the Scene Description Table shall have a
value equal to 0x00. The value of section_number shall be incremented by 1 with each additional section in the table.

last_section_number — This 8-bit field shall specify the number of the last section of the Object Descriptor Table or
Scene Description Table of which this section is a part.

PMT_has SL_descriptor(current_PID) — A pseudo function that shall be true if an SL descriptor is contained in the
descriptor loop in the Program Map Table for the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program element that
conveys this ISO_IEC 14496 _section.

SL_Packet() — A sync layer packet as specified in 10.2.2 of ISO/IEC 14496-1.
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PMT_has FMC_descriptor(current_PID) — A pseudo function that shall be true if an FMC descriptor is contained in
the descriptor loop in the Program Map Table for the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program element that
conveys this ISO_IEC 14496 section.

FlexM uxPacket() — A FlexMux packet as specified in 11.2.4 of ISO/IEC 14496-1.

CRC_32 — This 32-bit field shall contain the CRC value that gives a zero output of the registers in the decoder defined
in Annex A after processing the entire [ISO_IEC 14496 section.

2.11.3.9 T-STD extensions

211391 T-STD Model for 14496 content
Figure 2-5 shows extensions of the Transport System Target Decoder for delivery of ISO/IEC 14496 program elements

encapsulated in ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Transport Streams.
[ Hhaccessunt | | kethcompéaifion unft |
: FlexMux —:
: Demultiplexing :
- N A ()
______________ td5()) cl,
| FlexMux stream | DB,y Dy '
| | tc), (k)
| Tlansport Stream | \ Al
| Demultiplexing | td,(j
| | 120) Cllz(k)
tc (k)
Il
o Cyf(k)
tc, (k)
(i)
-
i-th byte o [ ,
| Transport Stream | RX, ﬁjn(:j)) ’
- ! | 1B} DB, "1 b, Cafk)
tc,[K)
T1607310-99/d1|
Figure2-5—T-STD model for 1 SO/I EC 14496 content
The following notation is used in Figure 2-5 and its description:
TB, is the transport buffer.
MB, is the multiplex buffer for FlexMux stream n or for SL-packetized stream n.
FB,, isthe FlexMux buffer for the elementary stream in FlexMux channel p of FlexMux stream|n.

DB,, is the decoder buffer for the elementary stream in FlexMux channel p of FlexMux stream n.
DB, is the decoder buffer for elementary stream n.
D

D, is the decoder for elementary stream n.

np 1S the decoder for the elementary stream in FlexMux channel p of FlexMux stream n.
Rx, is the rate at which data are removed from TB,,.
Rbx, is the rate at which data are removed from MB,,.

Anp(j) is the jth access unit in elementary stream in FlexMux channel p of FlexMux stream n. A,,(j) is
indexed in decoding order.

An(j) 1is the jth access unit in elementary stream n. A,(j) is indexed in decoding order.
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Tdn(j) is the decoding time, measured in seconds, in the system target decoder of the jth access unit in

elementary stream in FlexMux channel p of FlexMux stream n.

Td,() is the decoding time, measured in seconds, in the system target decoder of the jth access unit in

elementary stream n.

Cup(k) is the kth composition unit in elementary stream in FlexMux channel p of FlexMux stream n.

Cyp(k) results from decoding A,,(j). Cup(k) is indexed in composition order.

Cu(k) is the kth composition unit in elementary stream n. C,(k) results from decoding A,(j). C.(k) is

indexed in composition order.

tcop(k) is the composition time, measured in seconds, in the system target decoder of the kth

composition unit in elementary stream in FlexMux channel p of FlexMux stream n.

te ) 1s the composition—time —measured—in-seconds—in the svustem taraet decoder of the
4 r > > J =)

kth
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t(i) indicates the time in seconds at which the ith byte of the Transport Stream enters\the” sy
target decoder.

3.9.2 Processing of FlexM ux streams

plete Transport Stream packets containing data from FlexMux stream n are passed to_the transport buffd
Mux stream n, TB,. The size of TB, is fixed at 512 bytes. All bytes that enter TB, areremoved from TB,, at 4
specified by the TB_leak rate field in the MultiplexBuffer descriptor associated with-FlexMux stream n.
is no data in buffer TB,, rate Rx, is equal to zero. Duplicate Transport Stream packets are not delivered to MH

se of carriage in PES packets, the PES packet header and payload data bytes ‘are delivered to buffer MB,,; all
leaving TB, do not enter MB,, and may be used to control ‘the' system. In case of carriag
[IEC 14496 sections, the section header, payload and CRC-32 data bytes’ are delivered to buffer MB,; all
do not enter MB,, and may be used to control the system. In eitherase, the size of MB, shall be specified b
buffer size field in the MultiplexBuffer descriptor.

FlexMux Stream packet bytes in buffer MB,, are all delivered to their associated FlexMux buffer at the

ed in 11.2.9 of ISO/IEC 14496-1. Only FlexMux packet payload data bytes in FlexMux channel p of Flex
m n enter buffer FB,,. FlexMux packet header bytes in\FlexMux channel p of FlexMux stream n are discarde
be used to control the system. The rate specified bj’the fmxRate field shall be applicable for all FlexMux pa
e stream immediately following the FlexMux Clock Reference channel packet up to the next encountered Flex
k Reference channel packet. When there is no\FlexMux stream data present in MB,, no data is removed from
5 from the PES packet header or from the'\ISO _IEC 14496 section header that immediately precede a Flex
er are instantaneously removed and-‘discarded and may be used to control the system. Bytes fron
[[EC 14496 section CRC-32 fields that'immediately follow the last FlexMux Stream packet in the section pay
bmoved instantaneously and discatded and may be used to verify the integrity of the data. Bytes from the Flex
k Reference channel are instaritaneously removed and discarded and may be used to lock the ISO/IEC 14496 g
base to the STC. When thete is no PES packet or section payload data bytes, respectively present in MB,, no
moved from MB,. All ddta)that enters MB,, leaves it. All PES packet payload bytes of stream n enter the Flex
itiplexer instantaneously upon leaving MB,.

3.9.3 Definition of FlexM ux Buffer, FBy,

pach channel\pof a FlexMux stream n, the size of FlexMux buffer FB,, is defined using the FmxBuffe
[iptor. FlexMux packet payload bytes are transferred from buffer FB,, to decoder buffer DB,,, in compliance
lexMux-buffer model defined in 11.2.9 of ISO/IEC 14496-1. Only SL packet payload bytes in FlexMux chan
exMux stream n enter buffer DB,,. The SL packet header bytes in FlexMux channel p of FlexMux stream
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3.9.4 Processing of SL-packetized streams

Complete Transport Stream packets containing data from SL-packetized stream n are passed to the transport buffer for
SL-packetized stream n, TB,,. All bytes that enter TB, are removed at a rate Rx,, specified by the TB_leak rate field in
the MultiplexBuffer descriptor. When there is no data in buffer TB,, rate Rx, is equal to zero. Duplicate Transport
Stream packets are not delivered to MB,,.

In case of carriage in PES packets, the PES packet header and payload data bytes are delivered to buffer MB,; all other
bytes leaving TB, do not enter MB,, and may be used to control the system. In case of carriage in
ISO _IEC 14496 _sections, the section header, payload and CRC-32 data bytes are delivered to buffer MB,; all other
bytes do not enter MB, and may be used to control the system. In either case the size of MB, is specified by the
MB_buffer size field in the MultiplexBuffer descriptor.
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The SL-packetized stream bytes in buffer MB,, are all delivered to the decoder buffer DB, at the rate specified by the
field instantBitRate encoded in the SL-packetized stream and in compliance with the System Decoder Model defined in
7.4 of ISO/IEC 14496-1. The rate specified by the instantBitRate field shall be applicable for all data bytes in the
SL-packetized stream immediately following the instantBitRate field in the SL packet header up to the next encountered
instantBitRate field. If there are no SL-packetized stream bytes in MB,, no bytes are removed from MB,. Bytes from
the PES packet header or from the ISO _IEC 14496 section header that immediately precede a SL packet header are
instantaneously removed and discarded and may be used to control the system. Bytes from the ISO_IEC 14496 section
CRC-32 fields that immediately follow the last SL packet payload byte in the section are removed instantaneously and
discarded and may be used to verify the integrity of the data. When there are no PES packet or section payload data
bytes, respectively present in MB,,, no data is removed from MB,. All data that enters MB,, leaves it. All PES packet
payload bytes of stream n enter buffer DB, instantaneously upon leaving MB,, with the exception of the SL packet
headers. Bytes from the SL packet headers do not enter DB, and may be used to control the system. The size of decoder
buffgr DB s giver by the bufferSizeDBof the DecoderConfigbDescriptor defimed i ISOAEC 124496-1

2.1113.9.5 Buffer management
Trangport streams shall be constructed so that conditions defined in this subclause are satisfied.

TB, phall not overflow and shall be empty at least once every second. MB,, shall not overflow. FB,p.shall not overflow.
DB, and DB, shall neither underflow nor overflow. Underflow of DB,, occurs when one or mote bytes of an agcess
unit pre not present in DB, at the decoding time associated with this access unit. Underflow of\DB, occurs when ope or
morg bytes of an access unit are not present in DB, at the decoding time associated with thi§ access unit.

2.11]3.10 Carriagewithin a Transport Stream

21113.10.1 Overview

A Transport Stream may contain one or more programs, each described by“a Program Map Table. ISO/IEC 14496
contgnt can be conveyed in addition to the already defined stream«fypes for such a program. Elements of the
ISOJIEC 14496 content may be conveyed in one or more ITU-T Rec¢./H:222.0 | ISO/IEC 13818-1 program elerhents
referpnced by a unique PID value within a Transport Stream. As a-special case, it is possible that a program within a
Trankport Stream consists only of ISO/IEC 14496 program elements. ISO/IEC 14496 content associated to a program
and farried in the Transport Stream shall be referenced in the'Program Map Table of that program. An initial gbject
desctiptor shall be used to define an ISO/IEC 14496-1 sceng; the use of this descriptor is specified in 2.11.3.10.2.

Carrlage of ISO/IEC 14496 content in a PID is signalledby a stream_type value of 0x12 or 0x13 in the Program|Map
Tablp in association with that PID value. A value of 0x12 indicates carriage in PES packets. The stream_id field ih the
PES|packet header signals whether the PES pacKet’contains a single SL packet or a number of FlexMux packefs. A
stream_type value of 0x13 in the Program Map-Table indicates that the program element carries an object descyiptor
stream or a BIFS-Command stream contained in sections. In this case the table id in the section header indicates
whether an object descriptor stream is cartried in the sections or a BIFS-Command stream. See also Table 2-95| The
sectipn contains either a single SL packet or a number of FlexMux packets, as indicated by the presence of ah SL
desctiptor or a FMC descriptor_respectively in the descriptor loop of the Program Map Table for the ITU-T |Rec.
H.222.0 | ISO/IEC 13818-1 program element that carries the sections. When ISO/IEC 14496 content is carried, the SL
desctiptor and the FMC desCriptor shall specify the ES ID for each encapsulated ISO/IEC 14496 stream. Wheh the
assignment of ES ID values)changes, the Program Map Table shall be updated and the version number of the PMT
shalll be incremented-by)] modulo 32. An example of a content access procedure for ISO/IEC 14496 program
components within,a) Fransport Stream is given in Annex R.
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Table 2-95—1SO/IEC defined optionsfor carriage of an | SO/IEC 14496 scene and
associated streamsin ITU-T Rec. H.222.0 | 1SO/IEC 13818-1

ISO/IEC 14496-1
object descriptor
streams

Encapsulation in
SL packets

Carriage in PES packets

Stream_type = 0x12

Stream_id="'1111 1010’

Carriage in ISO_IEC _
14496 _sections

Stream_type = 0x13

Table_id = 0x05

Encapsulation in

SL packets followed by
Multiplex into FlexMux
packets

Carriage in PES packets

Stream_type = 0x12

Stream_id="1111 1011

Carriage in ISO_IEC
14496 _sections

Stream_type = 0x13

Table_id = 0x05

Encapsulation in

Carriage in PES packets

Stream_type = 0x12

Stream_id ="1111 1010’

ISQ/IEC 14496-1
scemhe description
strepms

Stpackets

Carriage in ISO_IEC
14496 _sections

Stream_type = 0x13

Table_id = 0x04

Encapsulation in

SL packets followed by
Multiplex into FlexMux
packets

Carriage in PES packets

Stream_type = 0x12

Stream_id ="1411-1011

Carriage in ISO_IEC _
14496 _sections

Stream_type = 0x13

Table id = 0x04

All pther ISO/IEC | Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream) id ="'1111 1010j
144P6 streams SL packets
Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream_id ="1111 1011
SL packets followed by
Multiplex into FlexMux
packets
2.11]3.10.2 Initial Object Descriptor
In cgse of carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496« initial object descriptor serves as the ipitial

acce

s point to all associated streams. The initial object descriptor shall be conveyed in the IOD descriptor locatpd in

the descriptor loop immediately following the program_info_lengthfield in the Program Map Table of the progrgm to
whidh the scene is associated. It contains ES_Descriptors identifying’the scene description and object descriptor strpams

that
OCI

211
Figul

streams. Identification of streams is done by means of ES-1Ds as specified in clause 8 of ISO/IEC 14496-1.
3.11 P-STD Model for 14496 content

Fe 2-6 shows the STD model when ISO/IEC 14496 systems data are carried in a Program Stream.

j-th access unit : :

| FlexMux © | | FlexMux buffer model | \
| Demultiplexing ! ‘/: (see ISO/IEC 14496-1) | 0
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Figure 2-6 — P-STD model for | SO/IEC 14496 Systems stream
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The following notation is used in Figure 2-6 and its description:
B, is the input buffer for FlexMux stream n or for SL-packetized stream n.
FB,, is the FlexMux buffer for the elementary stream in FlexMux channel p of FlexMux stream n.
DB,, is the decoder buffer for the elementary stream in FlexMux channel p of FlexMux stream n.
DB, is the decoder buffer for elementary stream n.
D, is the decoder for elementary stream in FlexMux channel p of FlexMux stream n.

D, is the decoder for elementary stream n.

Anp(j) is the jth access unit in elementary stream in FlexMux channel p of FlexMux stream n. A,(j) is
indexed in decoding order.

Td,(j) is the decoding time, measured in seconds, in the system target decoder of the jth access upit in
elementary stream in FlexMux channel p of FlexMux stream n.

Td,() is the decoding time, measured in seconds, in the system target decoder of the jth access upit in
elementary stream n.

Cup(k) is the kth composition unit in elementary stream in FlexMux channel p ‘of, FlexMux stregm n.
Cyp(k) results from decoding A,,(j). Cpp(k) is indexed in composition order.

Cu(k) is the kth composition unit in elementary stream n. C,(k) results from decoding A,(j). C.(k) is
indexed in composition order.

teyp(k) is the composition time, measured in seconds, in the~system target decoder of th¢ kth
composition unit in elementary stream in FlexMux channel-p of FlexMux stream n.

teo(k) is the composition time, measured in seconds, ,in‘the system target decoder of thg kth
composition unit in elementary stream n.

t(i) indicates the time in seconds at which the ith¢byte of the Program Stream enters the system
target decoder.

211]3.11.1 Processing of FlexMux streams

At the input of the STD each byte in the payload of \RES packets carrying a FlexMux stream n is transferred
instaptaneously to buffer B,. The i-th byte enters B, at tifie t(i). PES packet header bytes do not enter buffer B, and may
be used to control the system. The size of B, is specified by the P-STD buffer size field in the header of the
PES [packet that carries stream n.

The FlexMux stream packet bytes in buffer By are all delivered to their associated FlexMux buffer at the rate spedified
by the field fmxRate encoded in the FlexMux stream and in compliance with the FlexMux buffer model defingd in
11.2]9 of ISO/IEC 14496-1. Only FlexMux packet payload data bytes in FlexMux channel p of FlexMux stream n fnter
buffgr FB,,. FlexMux packet headér bytes in FlexMux channel p of FlexMux stream n are discarded and may be used to
contfol the system. The rate specified by the fmxRate field shall be applicable for all FlexMux packets in the streajn up
to the next encountered FlexMux Clock Reference channel packet. Bytes from the FlexMux Clock Reference chjnnel
are ipstantaneously removediand discarded and may be used to lock the ISO/IEC 14496 object time base to the STC.
Wheh there is no PES-packet payload data present in B, no data is removed from B,. All data that enters B, leaves it.
All RES packet payload’bytes of stream n enter the FlexMux demultiplexer instantaneously upon leaving B,.

211{3.11.2  Definition of FlexMux Buffer, FBp,

For pach, ¢hannel p of a FlexMux stream n, the size of FlexMux buffer FB,, is defined using the FmxBuffe}Size
descriptonif a Program Stream Map is present in the Program Stream. FlexMux packet payload bytes are transfprred
from_buffer FB., to decoder buffer DB,, in compliance with the FlexMux buffer model defined in 11.2[9 of
ISO/IEC 14496-1. Only SL packet payload bytes in FlexMux channel p of FlexMux stream n enter buffer DB,,,. The
SL packet header bytes in FlexMux channel p of FlexMux stream n are discarded and may be used to control the system

2113113 Processing of SL-packetized streams

At the input of the STD each byte in the payload of PES packets carrying an SL-packetized stream n is transferred
instantaneously to buffer B,. The i-th byte enters B, at time t(i). PES packet header bytes do not enter buffer B, and may
be used to control the system. The size of B, is specified by the P-STD_buffer size field in the header of the PES
packet that carries stream n. The SL-packetized stream bytes in buffer B, are delivered to the decoder buffer DB, at the
rate specified by the field instantBitRate encoded in the SL-packetized stream and in compliance with the System
Decoder Model defined in 7.4 of ISO/IEC 14496-1. The rate specified by the instantBitRate field shall be applicable for
all data bytes in the SL-packetized stream up to the next encountered instantBitRate field. When there is no PES packet
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payload data present in B,, no data is removed from B,. All data that enters B, leaves it. All bytes of stream n enter
buffer DB, instantaneously upon leaving B,, with the exception of the SL packet headers. Bytes from the SL packet
headers do not enter DB, and may be used to control the system. The size of decoder buffer DB, is given by the
bufferSizeDB of the DecoderConfigDescriptor defined in ISO/IEC 14496-1.

211.3.11.4 Buffer management

Program Streams shall be constructed so that B, does not overflow. FB,, shall not overflow. DB,,, and DB, shall neither
underflow nor overflow. Underflow of DB, occurs when one or more bytes of an access unit are not present in DB, at
the decoding time associated with this access unit. Underflow of DB, occurs when one or more bytes of an access unit
are not present in DB, at the decoding time associated with this access unit.

211.3.12 Carriagewithin a Program Stream

211)3.12.1 Overview

A Prpgram Stream contains only one program. ISO/IEC 14496 data can be conveyed in addition to the alféady defined
streajm types for such a program. As a special case, it is also possible that a Program Stream carries only ISO/IEC 14496
data|If a Program Stream Map is present, ISO/IEC 14496 content carried in the Program Stream shallbe referencpd as
follows. Carriage of ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams in SL and-FlexMux packets is
indidated by the appropriate stream id and by an initial object descriptor; the use of this deseriptor is specifigd in
2.1143.12.2. For each carried ISO/IEC 14496 stream the SL descriptor and the FMC descriptor shall specify the EJ ID.
Wheh the assignment of ES ID values changes, the Program Stream Map, if preseht;-shall be updated and the
progfam_stream map_version shall be incremented by 1 modulo 32. Note that in a Program Stream the ISO/IEC 14496
contgnt may also be referenced by private means.

For 4n example of a content access procedure for ISO/IEC 14496 program components within a Program Streani, see
Ann¢x R.

2.11]3.12.2  Initial object descriptor

In cqse of carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496 1nitial object descriptor serves as the initial agcess
poinf to all associated streams. If a Program Stream Map is present in the Program Stream, the initial object desctiptor
shalll be conveyed in the IOD descriptor that is located>in the descriptor loop immediately following the
progfam_stream_info_length field. It contains ES Descriptors identifying the scene description and object desctiptor
streams of the scene that form part of this program. ) may also contain ES Descriptors identifying one or more
assogiated IPMP or OCI streams. Identification of streams is done by means of ES IDs as specified in clause|8 of
ISOQEC 14496-1. In a Program Stream, the initiakobject descriptor may also be conveyed by private means.

2.12 Carriage of metadata

2.12{1 Introduction

An [TU-T Rec. H.222.0 | ISO/IEC¥3818-1 stream can carry metadata. The format of the metadata may be defingd by
ISO jor by any other authority~This subclause defines how to carry the metadata; transport mechanisms are defingd as
well[as metadata related-signalling, the applied metadata timing model and extensions of the STD model for decqding
of mptadata.

A mgtadata service/is.defined to be a coherent set of metadata of the same format delivered to a receiver for a spgcific
purppse. Metadata~services are contained in metadata streams; each metadata stream carries one or more metadata
services. This\Specification assumes the notion of metadata Access Units within a metadata service. The definitior} of a
Metddata Access Unit is metadata format specific, but each metadata service is assumed to represent a concatenatign (or
a colllection) of metadata Access Units.

Whe O C C G 0= —H222: AT, @ UImque Tetadata
service id is assigned to each such service. A metadata service id references uniquely a metadata service among all the
metadata services available on the same Transport or Program Stream, and not unique solely within a metadata stream.
The metadata service identifier is used to retrieve the metadata service and all the information needed to decode it.

Decoding of metadata may require the availability of decoder configuration data. If a metadata service carried in an
ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream requires decoder configuration data for decoding, then this metadata
decoder configuration data shall be carried within the same program of the same ITU-T Rec. H.222.0 |
ISO/IEC 13818-1 stream.

Subclause 2.12.2 discusses metadata timing, while 2.12.3 provides an overview of tools that are defined for transport of
metadata over an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream. The use of available transport tools is specified in
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2.12.4 up to 2.12.8, and 2.12.9 specifies metadata related signalling. Finally, the STD model for metadata decoding is
specified in 2.12.10.

Since many forms of metadata may be carried, it is essential to signal both the precise format and encoding of the
metadata, and the semantic meaning the metadata conveys. The former is signalled by the metadata format, while the
latter is signalled by the metadata application format. In other words, the metadata format conveys how the metadata
shall be decoded, while the metadata application format conveys how to use the metadata, essentially which application
uses the metadata. This division is important since it separates the encoding or representation of the metadata from its
meaning, thereby allowing an application to be agnostic of the means by which its metadata is conveyed.

2.12.2 Metadatatime-line model

Metadata may refer to time codes associated to the content, for example to indicate the beginning of a content segment.
Fach-tme—mticati . . . . . data
format and/or metadata application format. For example, one metadata (application) format may use UTC,\ while
another metadata application format may use SMPTE time codes. To allow for transport of the content at any{ime|over
any edia, the metadata content time line is expected but not required to be transport agnostic.

Wheh transporting content and the associated metadata over ITU-T Rec. H.222.0 | ISO/IEC 13818-I{streams, accprate
time(references from the metadata to the content are to be maintained. The same is needed if thecmetadata is deliyered
over|other means. To achieve this, the time line model of Figure 2-7 is assumed in this Specifigation.

Centent time line as

Metadata timing, épecified in the

transport agnostic MT » Metadata (format is
: >
&) metadata specific:
A/V Content X\ ‘ UTC, SMPTE, ...)
o production TN \ "\
7 transport 7 I \ N
X
A/V Content (1) | N\ A0 et Delivery time
‘ i » line (STC)
» Receiver Content
RT time line (single
format)

H.222.0_FAMD1-1

Figure 2-7 — Timing model for delivery of content and metadata

Metddata is associated to the audiovisuial content, usually in a transport agnostic way, at production or any other ptage
priof to transport. Where neededstime information is embedded in the metadata to indicate for example spgcific
segnjents within the content, using the metadata content time line used in the metadata. For example UTC or SMPTE
time[codes may be used. The'time line format is independent of any time code that may or may not be embedded in the
audipvisual stream itself. (For example, the metadata time line may utilize UTC, while SMPTE time code$ are
embg¢dded in the video stream.

The following requiremients shall be met for each metadata stream:
e po,fime discontinuities shall occur in the metadata content time line;
.\ the metadata content time line shall be locked to the sampling clock of the content;

. each time reference in the metadata stream refers to the same metadata content time line.

At transport, a transport-specific timing is associated with the content; this is the delivery time Iine. In the case of
transport over an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream, the delivery time line is provided by the System Time
Clock, the STC. The content may be delivered as a contiguous piece of information, but it is also possible to interrupt
the delivery of the content, for example in the case of news-flash interruptions of a program; in such and other cases
time line discontinuities may occur.

When time references are used in the metadata, in the System Target Decoder (STD) these time references are to be
associated unambiguously with time values in the received content. To achieve this, a receiver content time line is
required. The STC can be used as the receiver content time line, but due to STC discontinuities that may occur, the STC
does not necessarily offer an unambiguous time association. Therefore the NPT (Normal Play Time) concept from
ISO/IEC 13818-6 DSM-CC is also available for use as the receiver content time line. In any playback mode, such as
normal, reverse, slow motion, fast forward, fast backward and still picture, the NPT provides an unambiguous time
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association, independent of STC discontinuities, and independent of insertions of other content. Note that a new
NPT reference descriptor needs to be transmitted when the STC rolls over.

To maintain the accurate time references from metadata to the content, information is needed how to map a metadata
time, MT, defined on the metadata content time line to the corresponding receiver time, RT, of the receiver content time
line. This is achieved by providing the offset in time (in 90-kHz units) between the metadata content time line and the
receiver content time line. The offset is provided in the content labelling descriptor. The offset conveys the value of the
metadata time base at the instant in time at which the receiver content time base reaches a specified value. See also
Figure 2-7.

The timing in metadata systems may refer to a specific picture or audio frame, for example using SMPTE time codes.
The offset in time between the metadata content time line and the receiver content time line is expressed in units of
90 kHz, and consequently the metadata time reference will translate into a 90-kHz value in receivers. To accommodate
for ifiaccuracies, receivers shall assume that when reference 1s made to a picture or audio frame the closest mafch]shall
be uged. For example, the translated 90-kHz metadata time reference shall be matched with the picture or frame wWhose
PTS value is closest to the translated value.

When using NPT, during playback in any mode at any point in time the offset remains constant between the metpdata
time|base and the NPT time base. As long as neither STC discontinuities nor insertions with other ‘content occuf, the
samg is true for the offset in time between the metadata time base and the STC time base, but orflyyin normal playback
modg¢. For privately defined time lines the offset is also required to be constant, but possibly -within constraintp not
defirjed in this Specification.

Wheh synchronous transport of metadata is applied in PES packets or by using the synhchronized DSM-CC dowload
protgcol, PTSs are assigned to the metadata. Such PTS may for example indicate the point in time at which the
metadata becomes valid. This implies a priori knowledge of how to associate\the metadata to the delivery titing.
Howjever, synchronously transported metadata may also contain time refereaces, which are to be mapped from the
metadata content time line to the receiver content time line using the specified offset between both time lines. Seq also
Figufe 2-8.

Content time line
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Figure 2-8 — Delivery of metadata in PES packets

2123 " “Optionsfor transport of metadata

To acknowledge The very diverse characteristics ol metadata, a varicty of tools is detined o ransport the metadata over
an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream.

This Specification defines two tools for synchronous delivery of the metadata:
*  carriage in PES packets;
+  use of DSM-CC synchronized download protocol.
In addition, this Specification defines three tools for asynchronous delivery of metadata:
*  carriage in metadata sections;
. use of DSM-CC data carousels;
* use of DSM-CC object carousels.
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Note that some of the asynchronous transport options support carousels and file structures. The choice of transport tool
depends on the requirements that apply to the delivery of the metadata, and the requirements of the tools, as described
in the following subclauses.

Metadata may also be carried by private means such as PES packets with stream id value 0xBD or 0xBF
(private_stream_id 1 or private stream_id 2) or private sections. This Specification does not specify how to use private
means for carriage of metadata, but allows for signalling of such metadata using the descriptors defined in 2.6.56 up to
2.6.63.

The basic referencing of metadata services is the same for all tools, using the metadata service id. However, there are
differences per tool. When PES packets, metadata sections, or synchronized DSM-CC download sections are used, data
from each metadata service is explicitly signalled within a metadata stream, using the metadata service id field.
However, when using DSM-CC carousels, this signalling is left at the discretion of metadata applications. Note that this
Spedification allows for carriage of a metadata service in a DSM-CC carousel, but does notf consfrain how fnany
metadata services can be carried in one DSM-CC carousel.

Metgdata decoder configuration data is signalled explicitly when carried in a metadata descriptor, in PES' packets|with
stream_type 0x15 and stream_id OxFC, in metadata sections or in synchronized DSM-CC download sections. \When
metadata decoder configuration data is carried in a DSM-CC carousel, the signalling of such datayisequired, byt not
defirjed by this Specification; instead, such signalling is left at the discretion of applications.

2.12]4  Useof PES packetsto transport metadata

PES|packets provide a mechanism for synchronous transport of metadata. By means\of‘the PTS in the PES ppcket
headr the metadata access units are associated to a certain instant of the STC, without'the need for time referendes in
the fetadata. This implies a priori knowledge of how to associate the metadata to the delivery timing. Spgcific
strean_id and stream_type values are assigned to signal PES packets carrying metadata; see 2.12.9.

When using PES packets with a stream_type of 0x15 and a stream_id of OXFC to transport the metadata, a Metpdata
Accgss Unit Wrapper shall be used as the tool to align PES packets and the metadata Access Units, yising
metadata AU _cells. This allows random access indication, whose meaning depends on the format of the metadatal and
a cell sequence counter to identify loss of metadata AU cells. Each.metadata Access Unit is carried and, if appropfiate,
fragmented in one or more metadata AU cells. In each PES packet that carries metadata, the | first
PES|packet data byte shall be the first byte of a Metadata*AU _cell. For each metadata Access Unit contained ip the
samg PES packet, the PTS in the PES header applies. The' PTS signals the time at which the metadata Access Unifs are
decoded instantaneously and removed from buffer Bj<in the STD. Note that the relationship between a degoded
metadata Access Unit and audiovisual content is beyond the scope of this Specification.

A PHS packet may contain a single metadata AU cell. This is useful if a metadata Access Unit does not fit into a sfingle
PES |packet, in which case the fragmentationof-the metadata Access Unit is handled by the metadata AU cell.

Wheh metadata is carried by PES packets in a Program Stream, and if a Program Stream Map is applied in that Program
Stregm, then the Program Stream Map-shall specify which PES packets contain the associated metadata.

2.12|4.1 Metadata Access Unit Wrapper

The |metadata Access Unit-Wrapper shall be used when carrying metadata Access Units in PES packets wjith a
stream_type of 0x15 and-a stream_id value of 0xFC or in synchronized DSM-CC download sections of stream | type
0x19. The wrapper défines a structure consisting of a concatenated number of Metadata AU _cells. By coding thq size
of the contained métadata in each metadata AU _cell, metadata agnostic parsing is possible in receivers: the parser can
retri¢ve the metadata and provide it to a metadata decoder without a priori knowledge on any detail of the metgdata.
The MetadataxAU cell shall be aligned with the transport; that is the first byte of the payload of the PES packet or
synchronized"DSM-CC download section shall be the first byte of a Metadata AU cell.

If a [metadata Access Unit does not fit entirely into a metadata AU cell, then the metadata Access Unit shall be
fragmented into multiple metadata AU cells, where the fragmentation indication in each such metadata AU cell
signals that the metadata AU _cell contains a fragment.

To each Metadata AU _cell that is contained in the same PES packet or synchronized download section, the PTS as
coded in the header of the PES packet or synchronized download section, respectively, applies.
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Table 2-96 — M etadata Access Unit Wrapper

Syntax No. of bits Mnemonic

Metadata AU_wrapper () {
for (i=0;1<N; it++){
Metadata AU_cell ()
H

Table 2-97 —Metadata AU cdll

QJlnfav No—of-bits Mupemonic

Metadata AU cell () {

metadata_service id 8 uimsbf
sequence_number 8 uimsbf
cell_fragment_indication 2 bslbf
decoder_config_flag 1 bslbf
random_access indicator 1 bslbf
reserved 4 bdlbf
AU_cell_data_length 16 uimsbf
for i=0; I <AU cell data length; i++){

AU_cell_data byte 8 bslbf

}

}

metadata_service id: This 8-bit field identifies the metadata service associatedto' the metadata Access Unit carried in
this etadata AU cell.

sequence_number: This 8-bit field specifies the sequence number of the metadata AU cell. This number increments
by ohe for each successive metadata AU_cell constituting the metadata AU wrapper, independent of the coded yalue
of the metadata_service id.

cell_ffragment_indication: This 2-bit field conveys informdtion on the metadata Access Unit carried in| this
metadata AU _cell, corresponding to Table 2-98.

Table 2-98 — Cell fragment indication

Value Description
11 A single Cell carrying a complete metadata Access Unit.
10 The first-cell from a series of cells with data from one metadata Access Unit.
01 The last cell from a series of cells with data from one metadata Access Unit.
00 A cell from a series of cells with data from one metadata Access Unit, but neither
the first nor the last one.

random_access indicator: This 1-bit field, when coded with the value '1', indicates that the metadata carried in this
metadata AU cell réprésents an entry point to the metadata service where decoding is possible without informfation
from| previous metadata AU _cells. The meaning of a random access point is defined by the format of the metadata.,

decdder_configflag: This 1-bit field signals the presence of decoder configuration information in the carried metpdata
Accgss Unit, Note that this does not preclude the presence of metadata in the Access Unit next to decoder configurption
data,

AU_cdit datatermgthr This T6-bit ficid specifics the mumber of AU cett data_bytes immediatety fottowing:
AU_cell_data byte: This 8-bit field contains contiguous bytes from a metadata Access Unit.

2125 Useof the DSM-CC synchronized download protocol to transport metadata

For synchronized transport, in addition to PES packets, the DSM-CC synchronized download protocol can be used.
When using synchronized DSM-CC download sections to transport the metadata, the Metadata Access Unit Wrapper
defined in 2.12.4.1 shall be used as the tool to encapsulate metadata Access Units. This allows random access
indication, whose meaning depends on the format of the metadata, and a cell sequence counter to identify loss of
metadata AU cells. In each DSM-CC synchronized download section that carries metadata, the first byte of the
payload shall be the first byte of a Metadata AU _cell. For each metadata Access Unit contained in the same DSM-CC
synchronized download section, the PTS in the section header applies. The PTS signals the time at which the metadata
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Access Units are decoded instantaneously and removed from buffer B, in the STD. Note that the relationship between a
decoded metadata Access Unit and audiovisual content is beyond the scope of this Specification. A specific stream_type
value (as detailed in Table 2-34) is assigned to signal carriage of metadata in DSM-CC synchronized download
sections.

212.6 Useof metadata sectionsto transport metadata

If asynchronous transport of metadata Access Units without a carousel delivery mechanism is needed, metadata sections
can be utilized. The syntax and semantics of metadata sections are defined in this subclause. Each metadata section
shall carry either one complete metadata Access Unit or a single part of one metadata Access Unit, as signalled by the
section_fragment_indication field.

For transport in metadata sections, the metadata Access Units are structured in one or more Metadata Tables. Each
Mct( ddtd Td‘U‘lC bUllLdillb OIlC O M10IC bUlllplCLC IllCdedld ALLCDD Ullitb flUlll OIlC O 1II10IC lllClddde SCI 1C€S.
Congeptually, the transport mechanism of Metadata Tables is comparable to the transport mechanism of Program|Map
Tablps and Program Association Tables. Each Metadata Table may be made up of multiple metadata sections. [Each
Metgdata Table may contain metadata from multiple metadata services.

Spedific stream_type and table id values are assigned to metadata sections. Metadata decoder configuration daty can
also pe carried in sections, signalled by a metadata description value, as assigned by the metadatacecoder configurption
desctiptor.

Table 2-99 — Section syntax for transport of metadata

Syntax Nonof bits M nemonic
Metadata_section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
random_access indicator 1 bslbf
decoder_config_flag 1 bslbf
metadata_section_length 12 uimsbf
metadata_service id 8 uimsbf
reserved 8 bslbf
section_fragment_indication 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for i=1;1<N;it++){

metadata_byte 8 bslbf
}
CRC_32 32 rpchof

}

table id: The table id is an 8-bitfield that shall be set to '0x06' for each metadata section.

sectipn_syntax_indicator ~This 1-bit field shall be set to '1".
private indicator: Thig T-bit field is not specified by this Specification.

random_access indicator: This 1-bit field, when coded with the value '1', indicates that the metadata carried ir this
metadata section)represents an access point to the metadata service where decoding is possible without informpation
from| previeus.metadata sections. The meaning of a random access point is defined by the format of the metadata.

decader- config_flag: This 1-bit field, when coded with the value 'l', indicates that decoder configuration informfation

1 VR PRES | todoto A I Lozt PP ED PP N todot v
1S plDDClll I UIC IIICLAdUdla ACUUSS UIIIL LAITICU IIT UIIS I1ivtallata SUULIVILL.

metadata_section_length: This 12-bit field shall specify the number of remaining bytes in the section immediately
following the metadata section length field, and including the CRC. The value of this field shall not exceed
4093 (0xFFD).

metadata_service id: This 8-bit field identifies the metadata service associated to the metadata Access Unit carried in
this metadata section. Each Metadata Table may contain metadata from multiple metadata services.
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section_fragment_indication: This 2-bit field conveys information on the fragmentation of the metadata Access unit
carried in this metadata section, corresponding to Table 2-100.

Table 2-100 — Section fragment indication

Value Description
11 A single metadata section carrying a complete metadata Access Unit.
10 The first metadata section from a series of metadata sections with data from one metadata

Access Unit.

01 The last metadata section from a series of metadata sections with data from one metadata
Access Unit.

vers
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currgnt next indicator is set to 'l', then the version number shall be that of the currently applicablé Metadata T
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If a qarousel delivery mechanism is required with the capability to express the hierarchical organization of the met
strudture in the transport, then the DSM-CC tools and file structures as defined in ISO/IEC 13818-6 for User to
Objact Carouselsican be used. These file structures provide the tools to structure the metadata as deemed appropria
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00 A metadata section from a series of metadata sections with data from one metadata Access
Unit, but neither the first nor the last one.

on_number: This 5-bit field is the version number of the whole Metadata Table. The version number sha
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data Table shall be 0x00. The section number shall be incremented by’1 with each additional section ir
data Table.

section_number: This 8-bit field specifies the number of the-last section (that is, the section with the hi
bn_number) of the complete Metadata Table of which this seetion is a part.

_32: This 32-bit field shall contain the CRC value that'gives a zero output of the registers in the decoder defin
bx A after processing the entire metadata section.

7 Useof the DSM-CC data carousdl to transport metadata

PDSM-CC tools as defined in ISO/IEC 13818-6 for Data Carousels can be used if a carousel delivery mechani
red without the need to express the hierarchical organization of the metadata structure in the transport mechat
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.9 Metadata-related signalling

Metadata-related signalling covers four distinct areas:

+  signalling of metadata services and streams;
»  signalling of content for use by a metadata system;
«  association of metadata to content; and

+  signalling of decoder configuration data.
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2.12.9.1 Signalling of metadata services and streams

Carriage of metadata is signalled by a stream_type value in the inclusive range between 0x15 and 0x19, specifying

which of the five methods described in 2.12.4 to 2.12.8 is used to transport the metadata, and if appropriate,
stream_id value of 0xFC indicating a metadata stream.

by a

To uniquely identify a metadata service a metadata service id value is assigned to each such service by the transport;
the assigned value shall be unique within the Transport or Program Stream carrying the metadata service. If the
metadata is carried in PES packets with a stream _id of OxFC, or in metadata sections, or in ISO/IEC 13818-6

synchronized download sections, the assigned metadata service id value is signalled explicitly in the header o

f the

metadata AU cell or the metadata section. If a ISO/IEC 13818-6 carousel is used to carry the metadata, then the
signalling of metadata services is left to the application. The metadata descriptor specifies the format of the metadata
and provides information on the decoder configuration data, and is linked to the metadata service by carrying

infofmation on the metadata service 1t 1S associated with.

2.12]9.2 Signalling of content for use by a metadata system

In 2J6.56 and 2.6.57, a content labelling descriptor is defined that can be used to assign a metadata application fa
specific reference, the content reference id record, to audiovisual or any other content carried ‘9ver an MP
Trangport Stream or Program Stream. The content_reference id record can be used by the metadata System as a lal
referf to such content. The content may represent, for example, a program or a stream or segments thereof. The col
labelling descriptor also provides information on the content time base used for time referencing from the meta
inclyding the constant offset in time between the metadata time base and the applied cortent time base. The desct
allows carriage of private data. The metadata application format may-\d€fine constraints on
contgnt_reference record, such as constraints on the time period during which it is valid.

2.12]9.3 Association of metadata to content

In 26.58 and 2.6.59 the metadata pointer descriptor is defined to associate‘a single metadata service to audiovisy
any ¢ther content in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream¢{The€ metadata is associated to the content w
the dontext as defined by the location of the descriptor. In a transport'stream, the descriptor may be located in the
in the descriptor loop for either the program or an elementary stream, but may also be located in tables not defin
this $pecification, such as tables describing bouquets of broadcast services.

The metadata pointer descriptor points from the content's gontext to the metadata service associated to that content|
desctiptor provides the value of the metadata service -id’that is assigned to the associated metadata service, as w
one ¢r more locations of the associated metadata. Thelocation may for example be within the same Transport Strea
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the ¢ontent, or within another Transport Streamy but also at a non-ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream

location such as the Internet.

2.129.4 Signalling decoder configuration/data

Decqding of metadata may require~the availability of metadata decoder configuration data. If needed, de
conflguration data shall be contained in one of the metadata services in the same program in the same I
Rec.[H.222.0 | ISO/IEC 13818-1I\stream as the metadata service. If decoder configuration data is needed to dec
metadata service, then the metadata descriptor either carries such data or provides the information on retrieval o
decoder configuration data from the same or another metadata service. In a transport stream such other service ¢
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TU-T

de a
f the
in be

the

ichtion

, the

metadata program and the content program ex1st on the same transport stream
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Figure 2-9 — Metadata signalling and referencing

In the content program there are two metadata-related descriptors,~¢he content labeling descriptor and
metadata pointer descriptor. The content labeling descriptor associatesyadabel, illustrated in the diagram by "co
label" and encoded in the descriptor in the content reference id fields, with the content. The label can than be usq
the thetadata service to refer to the essence, either in whole, in part,)or by a time-described segment. For exampls
contgnt labeling descriptor could provide the label "News of 141/02", and the metadata could then refer to a spq
story| item in the "News of 1/1/02", for example by providingthe specific timing of the story item.

the
htent
d by
, the
cific

The metadata pointer descriptor provides information ofswhere the metadata service can be found for the given comtent.

In thfs example, the metadata is carried in a separate program, but it would be equally valid to have the metadata cg
in thie same program as the content, or provided.by)some means beyond the scope of this Specification, for ins
from a URL. This descriptor also provides the mietadata service id value that is assigned to the metadata service. T
requjred since a metadata stream could carry. multiple metadata services for many different programs and each pro
needp to be able to uniquely identify its own inetadata service.

In the metadata program, the metadata'descriptor signals to which metadata service within a metadata stream it ap
If usgd, the metadata descriptor pravides details of where to find the decoder configuration information.

Upon identifying a metadatapointer descriptor in the PMT by a receiver decoding the content program, the reg
retri¢ves the metadata descriptor from the metadata program. If needed first the decoder configuration data is retri
then [the decoder is configured accordingly, after which the metadata service can start being decoded.

2.12{10 STD modelfor metadata

The PTD modgl specifies normative constraints on ITU-T Rec. H.222.0 | ISO/IEC 13818-1 streams that carry meta
For ¢lecoding.of metadata in the STD, the regular T-STD and P-STD models are applicable with buffer B,, inpu
Rx, ¢f the metadata into B, and output rate Ryegaa OUt of By, and into Dyperagara » the metadata decoder. See Figure 2-
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Figure 2-10 — M etadata decoding in the STD

The metadata enters buffer B, at rate Rx,. In the P-STD, rate Rx,, equals the rate of the program stream. In the T-STD,

rate Rx, is the rate out of TB, and equal to the rate defined by the metadata input leak rate field in the metadata
descriptor. The size BS, of buffer B, is equal to the size defined in the metadata buffer size field in the metadata
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descriptor. In case of synchronous delivery, metadata decoding is instantaneous and controlled by PTSs. At decode
time, that is when the STC equals the PTS, the associated metadata is removed instantaneously from B,. In case of
asynchronous delivery, the metadata is removed from B, at a rate Rpcugaa €qual to the rate defined by the
metadata output leak rate field in the metadata STD descriptor. Buffer B, shall not overflow.

Note that the STD model defines constraints on the delivery of the metadata, without specifying any constraint on the
timing used in the metadata.

2.13 Carriage of 1SO 15938 data

2.13.1 Introduction

Carriage of metadata over an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream as defined in 2.12 allows for carriage
of ISO 15938 data by appropriate coding of the metadata format field. In this subclause, for the purpose to transport
ISO 15938 data, a specific instance is defined. Carriage of ISO 15938 data shall meet each requirement definéd\in P.12,
but ip addition the requirements defined in this subclause shall apply for transport of ISO 15938 data.

21312 1SS0 15938 decoder configuration data

Decqding of ISO 15938 data requires the availability of decoder configuration data. Consequently, when ISO 15938
data fis carried in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream, then the metadata descriptor shall signal carriage of
assogiated decoder configuration data in the same ITU-T Rec. H.222.0 | ISO/IEC 13818~1'stream by coding a valpie of
the decoder_config_flags of either '001' or '010' or '011" or '100".

2.14 Carriageof ITU-T Rec. H.264 | | SO/IEC 14496-10 video

2.14]1  Introduction

This| Specification defines the carriage of ITU-T Rec. H.264 | ISO/IEC 14496-10 elementary stream within [TU-T
Rec.|H.222.0 | ISO/IEC 13818-1 systems, both for program and transport streams. Typically, an ITU-T Rec. H.p64 |
ISOAQIEC 14496-10 stream will be an element of an ITU-T Rec. H:222.0 | ISO/IEC 13818-1 program, as defined bly the
PMT in a Transport Stream and the PSM in a Program Stream” The carriage and buffer management of AVC yideo
streans is defined using existing parameters from this Recommendation | International Standard such as PTS and PTS,
as well as information present within an AVC video streain:

Carrflage of AVC video streams in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream defines accurate mapping betjveen
STD| parameters and HRD parameters that may bepresent in an AVC video stream. Requirements are defined fqr the
pres¢nce of HRD parameters in the AVC video stream, to ensure that it can be verified whether each STD requireiment
is m¢t for each AVC video stream carried in a-transport stream or a program stream.

NOTE 1 — Though the timing information present in the AVC video stream may not use a 90-kHz clock, the PTS and| DTS
timestamps need to be expressed in units\of 90 kHz.

Wheh an ITU-T Rec. H.264 | ISO/IEC 14496-10 stream is carried in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stjeam,
the JTU-T Rec. H.264 | ISO/AEC 14496-10 coded data shall be contained in PES packets. The ITU-T Rec. H.p64 |
ISOAIEC 14496-10 coded data’shall comply with the byte stream format defined in Annex B of ITU-T Rec. HP64 |
ISOQIEC 14496-10, witlithe following constraints:

e Each AVC access unit shall contain an access unit delimiter NAL Unit;

NOTE 2 — ITU-T Rec. H.264 | ISO/IEC 14496-10 requires that an access unit delimiter NAL Unit, if pres¢nt, is
the first NAL Unit within an AVC access unit. Access unit delimiter NAL Units simplify the ability to detect the
boundary between pictures; they avoid the need to process the content of slice headers, and they are particplarly
useful for the Baseline and Extended profiles where slice order can be arbitrary.

*  Each byte stream NAL Unit that carries the access unit delimiter shall contain exactly one zero|byte
syntax element.

NOTE 3 — The syntax and semantics of byte stream NAL units are defined in Annex B of ITU-T Rec. H.264 |
ISO/IEC 14496-10.

*  All Sequence and Picture Parameter Sets (SPS and PPS) necessary for decoding the AVC video stream
shall be present within that AVC video stream.

NOTE 4 — ITU-T Rec. H.264 | ISO/IEC 14496-10 also allows delivery of SPS and PPS by external means. This
Specification does not provide support for such delivery, and therefore requires SPS and PPS to be carried within
the AVC video stream.

*  Each AVC video sequence that contains hrd parameters() with the low delay hrd flag set to 'l', shall
carry VUI parameters in which the timing_info present flag shall be set to '1'.
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NOTE 5 —If the low_delay _hrd flag is set to 'l', then buffer underflow is allowed to occur in the STD model;
see 2.14.3 and 2.14.4. Setting the timing_info present flag to 'l' ensures that the AVC video stream contains
sufficient information to determine the DPB output time and the CPB removal time of AVC access units, also in
case of underflow.

To provide display specific information such as aspect ratio, it is strongly recommended that each AVC video stream
carries VUI parameters with sufficient information to ensure that the decoded AVC video stream can be displayed
correctly by receivers.

214.2

ITU-T Rec. H.264 | ISO/IEC 14496-10 Video is carried in PES packets as PES packet data bytes, using one of the
16 stream_id values assigned to video, while signalling the ITU-T Rec. H.264 | ISO/IEC 14496-10 Video stream by
means of the assigned stream-type value in the PMT or PSM (see Table 2-34). The highest level that may occur in an
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video stream as well as a profile that the entire stream conforms to should be signalled using the AVE 1
fiptor. If an AVC video descriptor is associated with an AVC video stream, then this descriptor shall be cony
e descriptor loop for the respective elementary stream entry in the Program Map Table in case ofja~Tran
m or in the Program Stream Map, when PSM is present, in case of a Program Stream. This Re¢oemmenda
hational Standard does not specify presentation of ITU-T Rec. H.264 | ISO/IEC 14496-10 streams-in the contd
gram.

PES packetization, no specific data alignment constraints apply. For synchronization and"STD management,
when appropriate, DTSs are encoded in the header of the PES packet that carries the [TU-T Rec. H.264 | ISC
6-10 video elementary stream data. For PTS and DTS encoding, the constraints and¢éemantics apply as defin
.7 and 2.7.

3  STD extensions

3.1 T-STD extensions

[-STD model includes a transport buffer TB, and a multiplex buffer MB,, prior to buffer EB, for decoding of]
T Rec. H.264 | ISO/IEC 14496-10 video elementary stream n. See Figure 2-11.

Transport Stream
demultiplexing

TB,

H.222. 0AMD3_F01

Figure2=11—T-STD model extensionsfor ITU-T Rec. H.264 | | SO/IEC 14496-10 video

» buffer management

age of-ahr AVC video stream over ITU-T Rec. H.222.0 | ISO/IEC 13818-1 does not impact the size of buffer [}
lecoding of an AVC video stream in the STD the size of DPB,, is as defined in ITU-T Rec. H.264 | ISQ
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6-10. The DPB buffer shall be managed as specified in Annex C of ITU-T Rec. H.264 | ISO/IEC 1449

6-10

(clauses C.2 and C.4). A decoded AVC access unit enters DPB, instantaneously upon decoding of the AVC access unit,
hence at the CPB removal time of the AVC access unit. A decoded AVC access unit is presented at the DPB output
time. If the AVC video stream provides insufficient information to determine the CPB removal time and the DPB
output time of AVC access units, then these time instants shall be determined in the STD model from PTS and DTS
timestamps as follows:

1) The CPB removal time of AVC access unit n is the instant in time indicated by DTS(n) where DTS(n) is
the DTS value of AVC access unit n.
2) The DPB output time of AVC access unit n is the instant in time indicated by PTS(n) where PTS(n) is

the PTS value of AVC access unit n.

NOTE 1 — AVC video sequences in which the low_delay hrd flag in hrd parameters() is set to 1 carry sufficient information to
determine the DPB output time and the CPB removal time of each AVC access unit. Hence for AVC access units for which STD
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underflow may occur, the CPB removal time and the DPB output time are defined by HRD parameters, and not by DTS and PTS
timestamps.

TB,, MB, and EB, buffer management

The input to buffer TB, and its size TBS, are specified in 2.4.2.3. For buffers MB, and EB,, and for the rate Rx,
between TB, and MB, and the rate Rbx, between MB,, and EB,, the following constraints apply for carriage of an ITU-T
Rec. H.264 | ISO/IEC 14496-10 stream:

Size EBS, of buffer EB,:
EBS, = cpb_size

Where cpb_size is the size CpbSize[ cpb_cnt minusl | of the CPB for the byte stream format
signalled in the NAL hrd_parameters() carried in VUI parameters in the AVC video stream. If NAL
hrd parameters() are not present in the AVC video stream, then the cpb_size shall be the] size
defined as 1200 x MaxCPB in Annex A of ITU-T Rec. H.264 | ISO/IEC 14496-10 for the\evel of
the AVC video stream.

Size MBS, of Buffer MB,:

MBS, = BS,.ux + BSn + 1200 x MaxCPBJlevel] — cpb_size

where BS,;, packet overhead buffering, is defined as:

BS.,= (1/750) seconds x max {1200 x MaxBR[level], 2 006,000 bit/s}

and BS,,.x, additional multiplex buffering, is defined as:

BS;ux = 0.004 seconds x max {1200 x MaxBRflevel], 2 000 000 bit/s}

where MaxCPBJlevel] and MaxBR[level] arfe defined for the byte stream format in Tablg A.1
(Level Limits) in ITU-T Rec. H.264 | ISO/IEC 14496-10 for the level of the AVC video stream) and

where cpb_size is the size CpbSize[ ¢pb cnt_minusl ] of the CPB for the byte stream fgrmat
signalled in the NAL hrd parameters¢)-carried in VUI parameters in the AVC video stream. If NAL
hrd_parameters() are not present.inr the AVC video stream, then the cpb_size shall be the| size
1200 x MaxCPB defined in Anfiex A of ITU-T Rec. H.264 | ISO/IEC 14496-10 for the level df the
AVC video stream.

Rate Rx,:
when there is no data in TB, then Rx, is equal to zero.
Otherwise: Rx, = bit_rate

where bit rate)is the bit rate BitRate[ cpb cnt minusl ] of data flow into the CPB for the|byte
stream format signalled in the NAL hrd parameters() carried in VUI parameters in the AVC yideo
stream,-TPNAL hrd_parameters() are not present in the AVC video stream, then the bit _rate shgll be
the bitrate 1200 x MaxBR[level] defined in Annex A of ITU-T Rec. H.264 | ISO/IEC 14496-1)0 for
thelevel of the AVC video stream.

Transfer between MB, and EB,,

If the AVC _timing_and HRD_ descriptor is present with the hrd management valid flag set fo 'l’,
then the transfer of data from MB, to EB, shall follow the HRD defined scheme for data arriyal in
the CPB as defined in Annex C of ITU-T Rec. H.264 | ISO/IEC 14496-10.

Otherwise, the leak method shall be used to transfer data from MB,, to EB,, as follows:
Rate Rbx,:

Rbx, = 1200 x MaxBR[level]

where MaxBR[level] is defined for the byte stream format in Table A.1 (Level Limits) in I[TU-T
Rec. H.264 | ISO/IEC 14496-10 for each level.

If there is PES packet payload data in MB,, and buffer EB, is not full, the PES packet payload is
transferred from MB;, to EB, at a rate equal to Rbx,. If EB,, is full, data are not removed from MB,,
When a byte of data is transferred from MB, to EB,, all PES packet header bytes that are in MB,
and precede that byte, are instantaneously removed and discarded. When there is no PES packet
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payload data present in MB,, no data is removed from MB,. All data that enters MB,, leaves it. All
PES packet payload data bytes enter EB,, instantaneously upon leaving MB,,

Removal of AVC access unitsfrom EB,,

Each AVC access unit A,(j) that is present in EB, is removed instantaneously at time td,(j). The
decoding time td,(j) is specified by the DTS or from the CPB removal time, as derived from
information in the AVC video stream.

STD delay

The total delay of any ITU-T Rec. H.264 | ISO/IEC 14496-10 data other than AVC still picture data through the System
Target Decoders buffers TB,, MB,,, and EB, shall be constrained by td,(j) — t(i) < 10 seconds for all j, and all bytes i in
AVC access unit A,(j).

The [delay of any AVC still picture data through the System Target Decoders buffers TB,, MB,, and EB, shalll be
consfrained by td,(j) — t(i) < 60 seconds for all j, and all bytes i in AVC access unit A,(j).

Buffer management conditions

Tranpport streams shall be constructed so that the following conditions for buffer management are satisfied:
+  TB, shall not overflow and shall be empty at least once every second.
e MB,, EB,, and DPB, shall not overflow.

*  EB, shall not underflow, except when VUI parameters are present for the. AVC video sequence with the
low_delay hrd flag set to 'l1'. Underflow of EB, occurs for AVC access unit A,(j) when one or more
bytes of A,(j) are not present in EB, at the decoding time td,(j).

OTE 2 — An AVC video stream may carry information to determine complianceyof the AVC video stream to the HRD, as
becified in Annex C of ITU-T Rec. H.264 | ISO/IEC 14496-10. The presence ©f this information can be signalled in a trajsport
ream using the AVC timing and HRD descriptor with the hrd management{ valid flag set to '1". Irrespective of the presece of
is information, compliance of an AVC video stream to the T-STD ensures that HRD buffer management requirements for [CPB,
e met when each byte in the AVC video stream is delivered to and remoyed from CPB,, in the HRD at exactly the same ifstant
ifp time at which the byte is delivered to and removed from EB,, in the*T<STD.

on o

)

2.14)3.2 P-STD extensions

The |P-STD model for the decoding of an ITU-T Ree:~H.264 | ISO/IEC 14496-10 elementary stream includes a
multjplex buffer B, and a decoder D, followed by a buffer DPB, (see Figure 2-12). For each AVC video stream 1, the
size BS, of buffer B, in the P-STD is defined by the B-STD_buffer size field in the PES packet header.

r——=-=-======= r—-——=—==7==7=====
1 |
___________ : j-th access unit : | k-th presentation unit :
! ! [ L
1 Program Stream | = ¢« ¢+ =0 Z00==——==—-= ————a e —— ————
1 demultiplexing | \ \
L ! A0 P,(k)
td,(j)  AVC Video tp,(k)
/Oy
\
(CO—F B, D, DPB,
/ \ I/
Wy
|
il |
t(l) \ o) I
\
v O/
N ~_7 H.222.0AMD3_F02

DPB, buffer management

Buffer DPB,, shall be managed in exactly the same way as in the T-STD; see 2.14.3.1.

B, buffer management

The AVC access unit data enters buffer B, as specified in 2.5.2.2. At time td,(j), AVC access unit A,(j) is decoded and
instantaneously removed from B,. The decoding time td,(j) is specified by the DTS or by the CPB removal time,
derived from information in the AVC video stream. Upon decoding, the AVC access unit instantaneously enters DPB,
or is output without entry into DPB,, according to the rules specified in ITU-T Rec. H.264 | ISO/IEC 14496-10.
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STD delay

The total delay of any ITU-T Rec. H.264 | ISO/IEC 14496-10 data other than AVC still picture data through the System
Target Decoders buffer B, shall be constrained by td,(j) — t(i) £ 10 seconds for all j, and all bytes i in AVC access unit
An().

The delay of any AVC still picture data through the System Target Decoders buffer B, shall be constrained by td,(j) —
t(i) < 60 seconds for all j, and all bytes i in AVC access unit A,(j).

Buffer management conditions

Program streams shall be constructed so that the following conditions for buffer management are satisfied:

. B, shall not overflow.

* B, shall not underflow, except when VUI parameters are present for the AVC video sequence with the
low delay hrd flag set to '1' or when trick mode status is true. Underflow of B, occurs for AVG agcess
unit A,(j) when one or more bytes of A,(j) are not present in B, at the decoding time td,(j).

Annex A

CRC decoder modd

(This annex forms an integral part of this Recommendation | Interfiational Standard)

A.0 CRC decoder model
The B2-bit CRC decoder model is specified in Figure A.1.

Received data and CRC_32 bits
(most significant bit first)

v

—>(?<—

Y

z(0)

z(1)

Y

z(2) z(3)

z(4) coo

000 — z(31) (—

T1505840-95/d12

Figure A.1—32-bit CRC decoder model

The 32-bit CRC Decoder operates at bit level and consists of 14 adders '+' and 32 delay elements z(i). The input of the
CRC decoder is added to the output of z(31), and the result is provided to the input z(0) and to one of the inputs of each
remaining adder. The other input of each remaining adder is the output of z(i), while the output of each remaining adder
is connected to the input of z(i+ 1), withi=0, 1,3,4,6,7,9, 10, 11, 15, 21, 22, and 25. Refer to Figure A.1 above.

This is the CRC calculated with the polynomial:

X2+ AP A AP A A x+ (A-1)
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Bytes are received at the input of the CRC decoder. Each byte is shifted into the CRC decoder one bit at a time, with the
left most bit (msb) first. For example, if the input is byte 0x01 the seven '0's enter the CRC decoder first, followed by
the one 'l'. Before the CRC processing of the data of a section the output of each delay element z(i) is set to its initial
value 'l'. After this initialization, each byte of the section is provided to the input of the CRC decoder, including the
four CRC 32 bytes. After shifting the last bit of the last CRC_32 byte into the decoder, i.e., into z(0) after the addition
with the output of z(31), the output of all delay elements z(i) is read. In the case where there are no errors, each of the
outputs of z(i) shall be zero. At the CRC encoder the CRC 32 field is encoded with a value such that this is ensured.

Annex B

Digital Storage Medium Command and Control (DSM-CC)

(This annex does not form an integral part of this Recommendation | International Standard)

B.O I ntroduction

The DSM-CC protocol is a specific application protocol intended to provide the basic controlfunctions and operations
spec]fic to managing an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream on digital storage media. This DSM-C( is a
low-]evel protocol above network/OS layers and below application layers.

The PSM-CC shall be transparent in the following sense:

« Itis independent of the DSM used;

* itis independent of whether the DSM is located at a local or#emote site;

+ it is independent of the network protocol with which the DSM-CC is interfaced;

+ itis independent of the various operating systems on which the DSM is operated.

B.0.1 Purpose

Manj applications of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 DSM Control Commands require access to an [TU-T
Rec.|H.222.0 | ISO/IEC 13818-1 bitstream stored on a variety of digital storage media at a local or remote site. Diffferent
DSM have their own specific control commands and-thus, a user would need to know different sets of specific PSM
contfol commands in order to access ITU-T Ree.\H.222.0 | ISO/IEC 13818-1 bitstreams from different DSM.[This
brings many difficulties to the interface design-of an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 or ISO/IEC 11172-1
application system. To overcome this difficulty; a set of common DSM control commands, which is independent qf the
specific DSM used, is suggested in this annex. This annex is informative only. ISO/IEC 13818-6 defines DSM-CC
extemsion with a broader scope.

B.0.2  Futureapplications

Beyq@nd the immediate applications supported by the current DSM control commands, future applications basdd on
extemsions of DSM command control could include the following:

Vidgo on demand

Vidego programs-are provided as requested by a customer through various communication channels. The customer ¢ould
seledt a videg program from a list of programs available from a video server. Such applications could be used by hetels,
cabl¢ TV, &ducational institutions, hospitals, etc.

I ntefactive video services

In these applications, the user provides frequent feedback controlling the manipulation of stored video and audio. These
services can include video-based games, user-controlled video tours, electronic shopping, etc.

Video networks

Various applications may wish to exchange stored audio and video data through some type of computer network. Users
could route AV information through the video network to their terminals. Electronic publishing and multimedia
applications are examples of this kind of application.
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B.0.3  Benefits

Specifying the DSM control commands independent of the DSM, end-users can perform ITU-T Rec. H.222.0 |
ISO/TEC 13818-1 decoding without having to fully understand the detailed operation of the specific DSM used.

The DSM control commands are codes to give end users the assurance that the ITU-T Rec. H.222.0 | ISO/IEC 13818-1
bitstreams can be played and stored with the same semantics, independent of the DSM and user interface. They are
fundamental commands for the control of DSM operation.

B.0.4 Basic functions

B.0.4.1 Stream selection
The DSM-CC provides the means to select an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream upon which to perform
the spicceeding operations. Such operations include creation of a new bitstream. Parameters of this function include

* index of the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream (the mapping between this index 4nd a
name meaningful to an application is outside the scope of the current DSM-CC);

*  mode (retrieval/storage).

B.0.4.2 Retrieval

The PSM-CC provides the means to:

+  play an identified ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream;
+  play from a given presentation time;

«  set the playback speed (normal or fast);

+  set the playback duration (until a specified presentation timey the’end of the bitstream in forward plpy or
the beginning in reverse play or the issuance of a stop command);

* set the direction (forward or reverse);

*  pause;

*  resume;

»  change the access point in the bitstream;

*  stop.

B.0.4.3 Storage

The PSM-CC provides the means to:

*  cause storage of a valid bitstream for a specified duration;
*  cause storage to stop.

DSM-CC provides a useful but limited subset of functionality that may be required in DSM based ITU-T Rec. H.222.0 |
ISOQEC 13818-1 applications, *It is fully expected that significant additional capabilities will be added thrpugh
subsgquent extensions.

B.1 Generalkelements

B.1.1 Scope

The pcope of'this work consists of the development of a Recommendation | International Standard to specify a useffl set
of cgmmands for control of dlgltal storage media on which an ITU-T Rec. H. 222 0 | ISO/IEC 13818 1 b1tstrecm is

1. Tl d 1l of da 1 ds 1 | d f th
storece—rnRe—<commanas—atr PUILUJIII remote—controot—=a u151La1 otu;usu ToOTa—TIIT a- sonorarway uluwy\.«uuvuu] (4]

specific DSM and apply to any ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream stored on a DSM.

B.1.2  Overview of the DSM-CC application

The current DSM-CC syntax and semantics cover the single user to DSM application. The user's system is capable of
retrieving an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream and is also (optionally) capable of generating an ITU-T
Rec. H.222.0 | ISO/IEC 13818-1 bitstream. The control channel over which the DSM commands and
acknowledgements are sent is shown in Figure B.1 as an out-of-band channel. This can also be accomplished by
inserting the DSM-CC commands and acknowledgements into the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstreams if
an out-of-band channel is not available.
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FigureB.1— Configuration of DSM-CC application

B Thetransmission of DSM-CC commands and acknowledgements

[EC 13818-1 Systems bitstream.

Wheph the DSM-CC bitstream is transmitted in stand-alone mode, its relationship)to the Systems bitstream an
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contfolled and transmitted by other types of network multiplexors.
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Figure B.2—BSM-CC bitstream decoded as a stand-alone bitstream

[DSM-CC is encoded into a DSM-CC bitstream according to the syntax and semantjes defined in B.2.2 thrpugh
. The DSM-CC bitstream can be transmitted both as a stand-alone bitstream and,in“an ITU-T Rec. H.222.0 |

| the

ding process is illustrated in Figure B.2. In this case, the DSM-CC bitstream is not embedded in the Sygtems
eam. This transmission mode can be used in the applications when the DSM is connected directly with the ITU-T
H.222.0 | ISO/IEC 13818-1 decoder. It can also be used in the applications where the DSM-CC bitstream coulld be

ome applications, it is desirable to transmit the DSM-CC in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 sygtems

bitstfeam so that some feattires of the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 systems bitstream could be applied fo the

DSM

multjplexor.

The

packl

then

[-CC bitstream as well. In this case, the DSM-CC bitstream is embedded in the systems bitstream by the systems

DSM-CC bitstream is encoded by the systems encoder in the following process. First, the DSM-CC bitstregm is
etized intona’ packetized elementary stream (PES) according to the syntax described in 2.4.3.6. The PES packet is
multipléxed into either a Program Stream (PS) or a Transport Stream (TS) according to the requirement df the

trangmission media. The decoding procedures are the inverse of the encoding procedures and are illustrated in the phlock

diag

am.Of the Systems decoder depicted in Figure B.3.

In Figure B.3, the output of the Systems decoder is a video bitstream, audio bitstream and/or DSM-CC bitstream. The
DSM-CC bitstream is identified by the stream_id, value '1111 0010' as defined by the stream_id Table 2-22. Once the
DSM-CC bitstream is identified, it follows the rules as specified by T-STD or P-STD.
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Figure B.3—DSM-CC bitstream decoded as part of the system bitstream

B.2

B.21  Definitions
For the purposes of this Recommendation | International Standard, the following definitions apply;

B.21.1 DSM-CC: Digital Storage Media Command and Control Commands that dre~specified by I]

Rec.
Rec.

B.2.1.2 DSM ACK: The acknowledgement from the DSM-CC command receiverto.the command initiator.
B.2.1.3 MPEG bitstream: An ISO/IEC 11172-1 Systems stream, ITU-T Ree, H.222.0 | ISO/IEC 13818-1 Pro

Strea

B.2.1.4 DSM-CC server: A system, either local or remote, used to~store and/or retrieve an ITU-T Rec. H.2]
ISOQIEC 13818-1 bitstream.

B.2.1.5 point of random access: A point in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream with the pro
that [for at least one elementary stream within the bitstreamy;the next access unit, 'N', completely contained i
eam can be decoded without reference to previous aceess units, and for every elementary stream in the bitstream

bitst;
all a
be ¢
The
addi
quan
asso

B.2.
prec
1SO
bitst
PTS

B.2.
B.2.3

Technical elements

H.222.0 | ISO/IEC 13818-1 for the control of digital storage media at a local or remote site containing an I}
H.222.0 | ISO/IEC 13818-1 bitstream.

m or ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Transport stream.

cess units with the same or later presentation timescaie completely contained subsequently in the bitstream an
mpletely decoded by a system target decoder without access to information prior to the point of random ad
bitstream as stored on the DSM may have cettain points of random access; the output of the DSM may in
ional points of random access manufactured. by the DSM's own manipulation of the stored material (e.g., st
tization matrices so that a sequence header-tan be generated whenever necessary). A point of random access h
iated PTS, namely the actual or implied’PTS of access unit 'N'.

.6 current operational PTS«alue: The actual or implied PTS associated with the last point of random a
bding the last access unit. provided from the DSM from the currently selected ITU-T Rec. H.22
[EC 13818-1 bitstream. If no’access unit has been provided from this ITU-T Rec. H.222.0 | ISO/IEC 13§

value is the first point.of random access in the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream.
.7 DSM-CCDbitstream: A sequence of bits satisfying the syntax of B.2.2.
P Specification of DSM-CC syntax
« <Every DSM control command shall commence with a start_code, as specified in Table B.1.

«' Every DSM control command shall have a packet length to specify the number of byte
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eam, the DSM is incapable of providing random access into the current bitstream, then the current operatjonal

in a

DSM-CC packet.
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*  When the DSM-CC bitstream is transmitted as a PES packet as defined in 2.4.3.6, the fields up to the
packet length field are identical to those specified in 2.4.3.6. In other words, if the DSM-CC packet is
encapsulated in a PES packet, the PES packet start code is the only start code at the beginning of the

packet.

*  The actual control command or acknowledgement shall follow the last byte of the packet length field.

*  An acknowledgement stream shall be provided by the DSM control bitstream receiver after the requ
operation is started or is completed, depending on the command received.

ested

« At all times the DSM is responsible for providing a normative ITU-T Rec. H.222.0 | ISO/IEC 13818-1

stream. This may include manipulating the trick mode bits defined in 2.4.3.6.
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TableB.1-DSM-CC syntax

B.2.

pack
pack
strin,

Syntax No. of bits | Mnemonic
DSM_CC() {
packet_start_code_prefix 24 bdbf
stream_id 8 uimsbf
packet_length 16 uimsbf
command_id 8 uimsbf
If (command_id =="'01") {
control()
) else if (command_id =="'02") {
ack()
}
}

B Semantics of fieldsin specification of DSM-CC syntax

et_start_code_prefix — This is a 24-bit code. Together with the stream_id that follows it Constitutes a DSM
et start code that identifies the beginning of a DSM-CC packet bitstream. The packet-start code prefix is th
b '0000 0000 0000 0000 0000 0001' (0x000001).

[-CC
e bit

stream_id — This 8-bit field specifies the bitstream type and shall have a value '1111 0010' for the DSM-CC bitstfeam.

Refe

pack
byte

com
strea)

B.24

Con

I to Table 2-23.

et_length — This 16-bit field specifies the number of bytes in the DSM-CGC packet immediately following th
of this field.

mand_id — This 8-bit unsigned integer identifies the bitstream i§ a control command or an acknowledge
m. The values are defined in Table B.2.

Table B.2—Command.id assigned values

Value Command_id
0x00 Forbidden
0x01 Control
0x02 Ack
0x03-0xFF Reseryed

Il Control layer

straints on setting flagsin DSM-CC control

* At mostenc-of the flags for select, playback and storage shall be set to 'l' for each DSM cq
command:-If none of these bits are set, then this command shall be ignored.

*  Atuost one of pause_mode, resume _mode, stop_mode, play flag, and jump flag shall be set for
retrieval command. If none of these bits are set, then this command shall be ignored.

* At most one of record flag and stop_mode shall be selected for each storage command. If none of
bits are set, then this command shall be ignored.

E last

Iment

ntrol

each

these

ITU-T Rec. H.222.0 (05/2006)

129


https://standardsiso.com/api/?name=89fb18e6912d3e3e3da38d3df902861f

| SO/I EC 13818-1:2007 (E)

See Table B.3.
Table B.3—-DSM-CC control
Syntax No. of bits | Mnemonic
control() {
select_flag 1 bdlbf
retrieval_flag 1 bslbf
storage flag 1 bslbf
reserved 12 bdlbf
marker—bit 1 bslbf
If (select_flag=="1") {
bitstream_id [31..17] 15 bslbf
marker_bit 1 bdlbf
bitstream_id [16..2] 15 bslbf
marker_hit 1 bslbf
bitstream_id [1..0] 2 bslbf
select_mode 5 bslbf
marker_bit 1 bslbf
§
if (retrieve_flag=="1") {
jump_flag 1 bdlbf
play_flag 1 bslbf
pause_mode 1 bslbf
resume_mode 1 bslbf
stop_mode 1 bdlbf
reserved 10 bslbf
marker_hit 1 bdlbf
if Gump_flag =="1")¥
reser ved 7 bdlbf
direction_indicator 1 bdbf
time_code()
}
if (play_flag =="1"){
speed_mode 1 bslbf
direction_indicator 1 bslbf
reserved 6 bslbf
time_code()
}
§
if (storage flag=='1") {
reserved 6 bdlbf
record_flag 1 bdbf
stop—mode T bstbf
if (record_flag=="1") {
time_code()
}
§
}
130 ITU-T Rec. H.222.0 (05/2006)



https://standardsiso.com/api/?name=89fb18e6912d3e3e3da38d3df902861f

| SO/I EC 13818-1:2007 (E)

B.25  Semanticsof fieldsin control layer
marker_bit — This is a 1-bit marker that is always set to '1' to avoid start code emulation.

reserved_bits — This 12-bit field is reserved for future use by this Recommendation | International Standard for
DSM control commands. Until otherwise specified by ITU-T | ISO/IEC it shall have the value '0000 0000 0000'.

select_flag — This 1-bit flag when set to '1' specifies a bitstream selection operation. When it is set to '0' no bitstream
selection operation shall occur.

retrieval_flag — This 1-bit flag when set to 'l' specifies that a specific retrieval (playback) action will occur. The
operation starts from the current operational PTS value.

storage_flag — This 1-bit flag when set to '1' specifies that a storage operation is to be executed.

bitstfeam_|D — This 32-bit field is coded in three parts. The parts are combined to form an unsigned integer spécifying
whigh ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream is to be selected. It is the DSM server's responsibility)to| map
the rfames of the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstreams stored on its DSM uniquely to a series)of numbers
whidh could be represented by the bitstream_ID.

seleqt_mode— This 5-bit unsigned integer specifies which mode of bitstream operation is requestedT'able B.4 spe¢ifies
the defined modes.

Table B.4 — Select mode assigned values

Code Mode
0x00 Forbidden
0x01 Storage
0x02 Retrieval
0x03-0x1F Reserved

jump_flag — This 1-bit flag when set to '1' specifies a jump_ift,the playback pointer to a new access unit. The| new
PTS|is specified by a relative time code with respect to the*Current operational PTS value. This function is only valid
when the current ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream is in the "stop" mode.

play| flag — This 1-bit flag when set to '1' specifies telplay a bitstream for a certain time period. The speed, diregtion,
and play duration are additional parameters in the bit’stream. The play starts from the current operational PTS valug.

pauge_mode — This is a one-bit code specifying to pause the playback action and keep the playback pointer gt the
currgnt operational PTS value.

resume_mode — This is a one-bit_code specifying to continue the playback action from the current operational
PTS[value. Resume only has meaning'if the current bitstream is in the "pause" state, and the bitstream will be set tp the
forwprd play state at normal speéd,

stop] mode — This is a onegbit-eode specifying to stop a bitstream transmission.

diregtion_indicator -.This is a one-bit code to indicate the playback direction. If this bit is set to 'l', it stands [for a
forwprd play. Othepwise it stands for a backward play.

spee_mode —This is a 1-bit code to specify the speed scale. If this bit is set to 1, it specifies that the speed is nqrmal
play] If this bitus’set to '0', it specifies that the speed is fast play (i.e., fast forward or fast reverse).

recof d_flag — This is one-bit flag to specify the request of recording the bitstream from an end user to a DSM |for a
specified duration or until the reception of a stop command, whichever comes first.
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B.2.6

Acknowledgement layer

Constraints on setting flagsin DSM-CC control

Only one of the acks bits specified below can be set to '1' for each DSM ack bitstream (see Table B.5).

Table B.5 - DSM-CC Acknowledgement

B.2.]
seleq

retri
com

stor

erro
play
to'l'

cmd
is rej

Syntax No. of bits | Mnemonic
ack() {
select_ack 1 bslbf
retrieval ack 1 bdlbf
storage_ack 1 bslbf
error_ack 1 bdlbf
reserved 10 bslbf
marker_hit 1 bslbf
cmd_status 1 bslbf
If (cmd_status =="1' &&
(retrieval ack =='1"|| storage ack =="1")) {
time_code()
}
}

' Semantics of fieldsin Acknowledgement layer

t ack — This 1-bit field when it is set to '1' indicates that the ack()<€ommand is to acknowledge a select comm4

nd.

al_ack — This 1-bit field when set to 'l' indicates that the¢ ack() command is to acknowledge a retgieval

and.

ge_ack — This 1-bit field when set to '1' indicates that the-ack() command is to acknowledge a storage comma

r_ack — This 1-bit field when set to '1' indicates a.JDSM error. The defined errors are EOF (end of file on foq
or start of file on reverse play) on a stream being retrieved and Disk Full on a stream being stored. If this bit
cmd_status is undefined. The current bitstreany’is still selected.

If select ack is set.and cmd status is set to 'l', it specifies that the ITU-T Rec. H.22
ISO/IEC 13818-1 bitstream is selected and the server is ready to provide the selected mode of oper3
The current operational PTS value is set to the first point of random access of the newly selected I
Rec. H.222.0 ( ISO/IEC 13818-1 bitstream. If cmd_status is set to '0', the operation has failed an
bitstream is ‘s€lected.

If retrieval“ack is set and cmd_status is set to '1', it specifies that the retrieval operation is initiated f]
retri¢val’commands. The position of the current operational PTS pointer is reported by the succeq
time~code.

For the play flag command with infinite time flag !="1', a second acknowledgement will be sent.
will acknowledge that the play operation has ended by reaching the duration defined by the play
command.

nd.

ward
s set

| status — This 1-bit flag set to 'l1' indicates-that the command is accepted. When set to '0' it indicates the comgnand
ected. The semantics vary according to_the command received as follows:

D.0 |
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'U-T
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If the cmd_status 1s set to '0" 1n a retrieval acknowledgement, the operation has failed. Possible reasons
for this failure include an invalid bitstream ID, jumping beyond the end of a file, or a function not

supported such as reverse play in standard speed.

If storage ack is set, it specifies that the storage operation is being started for the record flag command
or is completed by the stop mode command. The PTS of the last complete access unit stored is reported

by the succeeding time code.

If the recording operation is ended by reaching the duration defined by the storage flag command,
another acknowledgement shall be sent and the current operational PTS value after the recording shall be

reported.

If the cmd_status is set to '0' in a storage acknowledgement, the operation has failed. Possible reasons for

this failure include an invalid bitstream_ID, or the inability of the DSM to store data.
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B.2.8 Time code

Constraints on time code

* A forward operation of specified duration given by a time code terminates after the actual or implied
PTS of an access unit is observed such that PTS minus the current operational PTS value at the start of
the operation modulo 2** exceeds the duration.

* A backward operation of specified duration given by a time_ code terminates after the actual or implied
PTS of an access unit is observed such that current operational PTS value at the start of the operation
minus that PTS modulo 2** exceeds the duration.

*  For all the commands in the control() layer, the time_code is specified as a relative duration with respect
to the current operational PTS value.

*  For all the commands in the ack() layer, the time code is specified by the current operational PTS vglue.

See Table B.6.

Table B.6 — Time code

Syntax No. of bits | Mnembnic
time_code() {
reserved 7 bdlbf
infinite_time_flag 1 bslbf
if (infinite_time flag=="0") {
reserved 4 bslbf
PTS[32..30] 3 bslbf
marker 1 bslbf
PTS[29..15] 15 bslbf
marker_bit 1 bslbf
PTS[14..0] 15 bslbf
marker_bit 1 bslbf
b
}

B.2.9 Semantics of fieldsin time code

infirfite_time_flag — This 1-bit flag when set to '1' indicates an infinite time period. This flag is set to '1' in applications
whete a time period for a specific operation could not be defined in advance.

PTH[32..0] — The presentation timestamp of the access unit of the bitstream. Depending upon the function, this cgn be
an aBpsolute value or a relative time’'delay in cycles of the 90-kHz system clock.

Annex C

Program Specific Information

(This annex does not form an integral part of this Recommendation | International Standard)

c.0 Explanation of Program Specific Information in Transport Streams

Subclause 2.4.4 contains the normative syntax, semantics and text concerning Program Specific Information. In all
cases, compliance with the constraints of 2.4.4 is required. This annex provides explanatory information on how to use
the PSI functions, and considers examples of how it may be used in practice.

C1l I ntroduction

This Recommendation | International Standard provides a method for describing the contents of Transport Stream
packets for the purpose of the demultiplexing and presentation of programs. The coding specification accommodates
this function through the Program Specific Information (PSI). This annex discusses the use of PSI.
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The PSI may be thought of as belonging to six tables:

1) Program Association Table (PAT);

2) TS Program Map Table (PMT);

3) Network Information Table (NIT);

4) Conditional Access Table (CAT).

5) Transport Stream Description Table; and
6) IPMP Control Information Table.

The contents of the PAT, PMT, CAT and TSDT are specified in this Recommendation | International Standard. ICIT is
defined in ISO/IEC 13818-11 (MPEG-2 IPMP).

The
Both

C2

The
Whi
Stres
prov]
prive
both
Tran|

Each

NIT is a private table, and the PID value of the Transport Stream packets which carry it is specified in the
the NIT and ICIT must follow the structure defined in this Recommendation | International Standard.

Functional mechanism

tables listed above are conceptual in that they need never be regenerated in a specified ferm within a dec
e these structures may be thought of as simple tables, they may be partitioned before theyyare sent in Tran
m packets. The syntax supports this operation by allowing the tables to be partitioned into sections an
ding a normative mapping method into Transport Stream packet payloads. A method is also provided to
te data in a similar format. This is advantageous as the same basic processing in_the*decoder can then be usg
the PSI data and the private data helping to keep cost down. For advice on-the’ optimum placing of PSI i
Kport Stream, see Annex D.

section is uniquely identified by the combination of the following elements:
i) table id

The 8-bit table id identifies to which table the sectionbelongs.
*  Sections with table id 0x00 belong to the Program Association Table.
*  Sections with table id 0x01 belong to the:Conditional Access Table.
*  Sections with table id 0x02 belong to-the TS Program Map Table.
*  Sections with table id 0x03 belong\to the TS description_section.
»  Sections with table id 0x04 belong to the ISO_IEC 14496 scene description_section.
*  Sections with table id 0x0S belong to the ISO_IEC 14496 object descriptor_section.
*  Sections with table id 0x06 belong to the metadata section.
*  Sections with table\id 0x07 belong to the IPMP_Control Information_section.
Other values of the table id can be allocated by the user for private purposes.

It is possible t0 et up filters looking at the table id field to identify whether a new section belong
table of interest or not.

ii) table jed.extension

This\d6-bit field exists in the long version of a section. In the Program Association Table it is us
identify the transport stream id of the stream — effectively a user-defined label which allows
Transport Stream to be distinguished from another within a network or across networks. Iy
Conditional Access Table this field currently has no meaning and is therefore marked as "reses

134

PAT.

pder.
Sport
d by
Carry
d for
h the

to a

heeq a a /a d a erl N /e

refers. The table id extension can also be used as a filter point in certain cases.
iii) section_number

meaning that it shall be coded as OxFFFF, but that a meaning may be defined by ITU-T | ISO/IEQ i

field contains the program_number, and thereby identifies the program to which the data in the section

The section_number field allows the sections of a particular table to be reassembled in their original
order by the decoder. There is no obligation within this Recommendation | International Standard that
sections must be transmitted in numerical order, but this is recommended, unless it is desired to transmit

some sections of the table more frequently than others, e.g., due to random access considerations.
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iv) version_number

When the characteristics of the Transport Stream described in the PSI change (e.g., extra programs
added, different composition of elementary streams for a given program), then new PSI data has to be
sent with the updated information as the most recently transmitted version of the sections marked as
"current" must always be valid. Decoders need to be able to identify whether the most recently received
section is identical with the section they have already processed/stored (in which case the section can be
discarded), or whether it is different, and may therefore signify a configuration change. This is achieved
by sending a section with the same table id, table id extension, and section number as the previous

section containing the relevant data, but with the next value version _number.

v) current_next_indicator

It is important to know at what point in the bitstream the PSI is valid. Each section can therefore be
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numbered as valld 'Mow ™ (Culrent), or as valid in the immediate Iuture (next). 1his allow
transmission of a future configuration in advance of the change, giving the decoder the oppaortun
prepare for the change. There is however no obligation to transmit the next version of-a. secti
advance, but if it is transmitted, then it shall be the next correct version of that section.

The Mapping of Sectionsinto Transport Stream Packets

ons are mapped directly into Transport Stream packets, that is to say without a prior mapping into PES pag
ons do not have to start at the beginning of Transport Stream packets, (although they may), because the start g
section in the payload of a Transport Stream packet is pointed to by the pointér” field. The presence o
er field is signalled by the payload unit start indicator being set to a_ value of 'l' in PSI packets
PSI packets, the indicator signals that a PES packet starts in the Transport Stredim packet.) The pointer field p
e start of the first section in the Transport Stream packet. There is never mote than one pointer field in a Tran|
m packet, as the start of any other section can be identified by counting the length of the first and any subse
bns, since no gaps between sections within a Transport Stream packef are allowed by the syntax.

mportant to note that within Transport Stream packets of any single PID value, one section must be finished b

the
ty to
n in

kets.
f the
[ the
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oints
Sport
jluent

efore
L If a

ext one is allowed to be started, or else it is not possible to identify to which section header the data belongs

lanism is provided to fill up the space. Stuffing is performed by filling each remaining byte of the packet wi

bn finishes before the end of a Transport Stream packet, bupit is not convenient to open another section, a st}‘fﬁng

the

b OxFF. Consequently the table id value OxFF is forbidden, or else this would be confused with stuffing. Ofce a

byte has occurred at the end of a section, then\the rest of the Transport Stream packet must be stuffed
bytes, allowing a decoder to discard the rest of the Transport Stream packet. Stuffing can also be performed
ormal adaptation_field mechanism.

Repetition rates and randorm_access

stems where random access is a.consideration, it is recommended to re-transmit PSI sections several times,
i changes do not occur in thé configuration, as in the general case, a decoder needs the PSI data to identif]
bnts of the Transport Stream,_fo be able to start decoding. This Recommendation | International Standard dog

any requirements on (the  repetition or occurrence rate of PSI sections. Clearly though, repeating sec

freqyently helps random access applications, whilst causing an increase in the amount of bitrate used by PSI da
program mappings are-Sfatic or quasi-static, they may be stored in the decoder to allow faster access to the data
having to wait for it)to/be re-transmitted. The trade-off between the amount of storage required and the desired in
on channel acquisition time may be made by the decoder manufacturer.

C5

WHhat is a program?

The pongcept of a program has a precise definition within this Recommendation | International Standard [refer to 2

with
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the
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program (system)]. For a Transport Stream the time base is defined by the PCR. This effectively creates a virtual
channel within the Transport Stream.

Note that this is not the same definition as is commonly used in broadcasting, where a "program" is a collection of
elementary streams not only with a common timebase, but also with a common start and end time. A series of
"broadcaster programs" (referred to in this annex as events) can be transmitted sequentially in a Transport Stream using
the same program_number to create a "broadcasting conventional" TV-channel (sometimes called a service).

Event descriptions could be transmitted in private_sections().

A program is denoted by a program number which has significance only within a Transport Stream. The
program_number is a 16-bit unsigned integer and thus permits 65535 unique programs to exist within a Transport
Stream (program_number 0 is reserved for identification of the NIT). Where several Transport Streams are available to
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the decoder (e.g., in a cable network), in order to successfully demultiplex a program, the decoder must be notified of
both the transport stream_id (to find the right multiplex) and the program_ number of the service (to find the right
program within the multiplex).

The Transport Stream mapping may be accomplished via the optional Network Information Table. Note that the
Network Information Table may be stored in decoder non-volatile memory to reduce channel acquisition time. In this
case, it needs to be transmitted only often enough to support timely decoder initialization set-up operations. The
contents of the NIT are private, but shall take at least the minimum section structure.

C.6 Allocation of program_number

It may not be convenient in all cases to group together all the program element which share a common clock reference
as one pragram It is conceivahle to have a multi-service Transport Stream with anly one set of PCR<_comman to all. In
general, though, a broadcaster may prefer to logically split up the Transport Stream into several programs, wherg the
PCR] PID (location of the clock reference) is always the same. This method of splitting the program elementy into
pseufo-independent programs can have several uses. Two examples follow:

i)  multilingual transmissions into separate markets

One video stream may be accompanied by several audio streams in different languages. It is advisalle to
include an example of the ISO 639 language descriptor associated with each audio-stream to enable the
selection of the correct program and audio. It is reasonable to have several program definitions|with
different program numbers, where all the programs reference the same videe-stream and PCR_PIL, but
have different audio PIDs. It is, however, also reasonable and possible to list the video stream and a]l the
audio streams as one program, where this does not exceed the section size limit of 1024 bytes.

ii) Very large program definitions

There is a maximum limit on the length of a section 0f/1024 bytes (including section headel and
CRC _32). This means that no single program definition mayyexceed this length. For the great major{ty of
cases, even with each program element having several‘descriptors, this size is adequate. However| one
may envisage cases in very high bitrate systems, which could exceed this limit. It is then in general
possible to identify methods of splitting the references of the streams, so that they do not all have fo be
listed together. Some program elements couldbé’ referenced under more than one program, and ome
under only one or the other, but not both.

C.7 Usage of PSl in atypical system

A cgmmunications system, especially in broadgast applications, may consist of many individual Transport Strgams.
EacH one of the four PSI data structures may.appear in each and every Transport Stream in a system. There must alpvays
be afcomplete version of the program association table listing all programs within the Transport Stream and a complete
TS grogram map table, containing complete program definitions for all programs within the Transport Stream. If any
streams are scrambled, then there-niust also be a conditional access table present listing the relevant Entitlement
Manpgement Messages (EMM) streams. The presence of a NIT is fully optional.

The PSI tables are mapped into Transport Stream packets via the section structure described above. Each section has a
tablg id field in its header,Jallowing sections from PSI tables and private data in private_sections to be mix¢d in
Trangport Stream packets)of the same PID value or even in the same Transport Stream packet. Note, however| that
with|n packets of the same PID, a complete section must be transmitted before the next section can be started. This is
only|possible forfpackets labelled as containing TS Program Map Table section or NIT packets however, since pifivate
sectipns may et be mapped into PAT or CAT packets.

It is fequired-that all PAT sections be mapped into Transport Stream packets with PID = 0x0000 and all CA sectiops be
mapped.into packets with PID = 0x0001 PMT sections may be mapped into packets of user-selected PID value, listed

as th PAT DI for anoly s ntha Do Aq atiogn Tolla T lavoica tha DITY £oo +b o NITT 1 o Jport

TIVIT T 1o 10T Catir progrartr Htae—r TOgTrarz SSoctatioft—Taore—=h<ew TS tTHC T T TOT thiC TN T T u\.«ux;us TTart

Stream packets is user-selected, but must be pointed to by the entry "program number = = 0x00" in the PAT, if the NIT
exists.

The contents of any CA parameter streams are entirely private, but EMMs and ECMs must also be sent in Transport
Stream packets to be compliant with this Recommendation | International Standard.

Private data tables may be sent using the private section() syntax. Such tables could be used for example in a
broadcasting environment to describe a service, an upcoming event, broadcast schedules and related information.
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C.8 Therelationships of PSI structures

Figure C.1 shows an example of the relationship between the four PSI structures and the Transport Stream. Other
examples are possible, but the figure shows the primary connections.

In the following subclauses, each PSI table is described.

Program Association Table (PID 0) Network Information Table

Program 0 —| Network PID l—
Program Map PID Program 1
Program 2
Program 45 Private
Program 20 Network
Data
Program X
Program Y
Audio
Program 1 Elementary Stream PID
Program 45 = H
Program 20 Video Decoder
_______ Elementary Stream PID NVM
Program Y
Pfogram Map Table
MPEG{2
EMM Sys 2 Program 1 Program 20 EMM Sys 1 Transport
Audio Video Stream
CA System 1 . CAPID |
CAPID — - CA System 2
_______ TISO5880-9$/d16
CA System N
Conditional Access Table (PID 1)

Figure C.1 - Program and networ k mapping relationships

C.81  Program Association Table

Every Transport Stream must contain a complete valid Program Association Table. The Program Association Table
gives the correspondence between a program number and the PID of the Transport Stream packets that carry the
definition of that program (the PMT_PID). The PAT may be partitioned into up to 255 sections before it is mapped into
Transport Stream packets. Each section carries a part of the overall PAT. This partitioning may be desirable to
minimize data loss in error conditions. That is, packet loss or bit errors may be localized to smaller sections of the PAT,
thus allowing other sections to still be received and correctly decoded. If all PAT information is put into one section, an
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error causing a changed bit in the table id, for example, would cause the loss of the entire PAT. However, this is still
permitted as long as the section does not extend beyond the 1024-byte maximum length limit.

Program 0 (zero) is reserved and is used to specify the Network PID. This is a pointer to the Transport Stream packets
which carry the Network Information Table.

The Program Association Table is always transmitted without encryption.

C.82 Program Map Table

The Program Map Table provides the mapping between a program number and the program elements that comprise it.
This table is present in Transport Stream packets having one or more privately-selected PID values. These Transport
Stream packets may contain other private structures as defined by the table id field. It is possible to have TS PMT
sections referring to different programs carried in Transport Stream packets having a common PID value

This|Recommendation | International Standard requires a minimum of program identification: program number, [PCR
PID,[stream types and program elements PIDs. Additional information for either programs or elementary stréams| may
be cgnveyed by use of the descriptor() construct. Refer to C.8.6.

Privgte data may also be sent in Transport Stream packets denoted as carrying TS program map tableisections. This is
accomplished by the use of the private section(). In a private section() the application decides whether version number
and purrent_next indicator represent the values of these fields for a single section or whether-they are applicaljle to
many sections as parts of a larger private table.

NOTE 1 — Transport stream packets containing the Program Map Table are transmitted unencrypted.
NOTE 2 — It is possible to transmit information on events in private descriptors carried within the TS program_map_sectior]()s.

C.8.38 Conditional Access Table

The [Conditional Access (CA) Table gives the association between one or{more CA systems, their EMM streamg and
any g§pecial parameters associated with them.

OTE — The (private) contents of the Transport Stream packets containing"EMM and CA parameters if present will, in geheral,
e encrypted (scrambled).

o Z

Cc.84 Network Information Table

The Eontents of the NIT are private and not specified by this Recommendation | International Standard. In genefal, it
will jcontain mappings of user-selected services with transport stream_ids, channel frequencies, satellite transpqnder
numbpers, modulation characteristics, etc.

C.8% Private section()

Privgte sections() can occur in two basic) forms, the short version (where only the fields up to and inclyding
sectipn_length are included) or the leng. version (where all the fields up to and including last section numbef are
pres¢nt, and after the private data byfes‘the CRC 32 field is present).

Privdte section()s can occur in RIDs which are labelled as PMT PIDs or in Transport Stream packets with othe PID
valu¢s which contain exclusively private_sections(), including the PID allocated to the NIT. If the Transport Stream
packgts of the PID carryig the private section()s are identified as a PID carrying private sections (stream |type
assignment value 0x05);then only private sections may occur in Transport Stream packets of that PID value{ The
sectipns may be eitherof the short or long type.

C.86 Deseriptors

There are several normative descriptors defined in this Recommendation | International Standard. Many more pifivate
descfiptots may also be defined. All descriptors have a common format: {tag, length, data}. Any privately defined
desctipters must adhere to this format. The data portion of these private descriptors are privately defined

One descriptor (the CA_descriptor()), is used to indicate the location (PID value of transport packets) of ECM data
associated with program elements when it is found in a TS PMT section. When found in a CA section it refers to
EMMs.

In order to extend the number of private descriptors available, the following mechanism could be used: A private
descriptor_tag could be privately defined to be constructed as a composite descriptor. This entails privately defining a
further sub_descriptor as the first field of the private data bytes of the private descriptor. The described structure is as
indicated in Tables C.1 and C.2.
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