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Foreword

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

Attention is drawn to the possibility that some of the ele
rights. ISO and IEC shall not be held responsible for ide

QQt MMay be the subject of patent
patent rights.

ISO/IEC 13818-1 was prepared by Joip ieal ¢ ISO YEC JTC 1, Information technology,
9 & nypelinfedia information, in collaboration with

This third edition cancels and replaces 9 (ISO/IEC 13818-1:2000), which has been
technically revised. It jais i ¥¥ndments ISO/IEC 13818-1:2000/Amd.1:2003,

— Part 4: Conforrmragee testing
— Part 5: Software simulation [Technical Report]

— 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

© ISO/IEC 2007 — All rights reserved v


https://webstore.iec.ch/publication/21117&preview=1

ISO/IEC 13818-1 :2007(E) This is a preview - click here to buy the full publication

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
audio and visual data and time stamps concerning the delivery of the data stream itself. Both stream definitions are
packet-oriented multiplexes.

packets independently of either Transport Streams or Program Streams may be added
This information is not needed and need not be added when PES packets are furthe
information to form Transport Streams or Program Streams. This systems sta;
right of the vertical dashed line.
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The Program Stream is analogous and similar to ISO/IEC 11172 Systems layer. It results from combining one or more
streams of PES packets, which have a common time base, into a single stream.

For applications 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 requirements on
encoders, decoders, multiplexors and demultiplexors. For instance, encoders must meet minimum clock tolerance
requirements. Notwithstanding this and other requirements, a considerable degree of freedgm exists in the design and
implementation of encoders, decoders, multiplexors, and demultiplexors.

Intro.1 Transport Stream

coded data according to ITU-T Rec. H.262 | ISO/IEC 13818-2 and ISO/IE T3R8 \ data in environments in
which significant errors may occur. Such errors may be manifested as big val

Transport Streams may be either fixed or variable rate. In either ca SN tary streams may either be
fixed or variable rate. The syntax and semantic constraints ¢ RN iddgtical in each of these cases. The

are separate PCR fields for each program.

There are some difficulties with constructi
independent time bases such that the overall

The Transport Stream may be constructed b
Transport Streams containing one or more ogr

s\fro pary coded data streams from Program Streams, or
Qtain BeT more programs.

The Transport Stream is ny that seféral operations on a Transport Stream are possible with

minimum effort. Among t

1) Re“I S S one ppogram within the Transport Stream, decode it and present the
\ b o

of one program from the Transport Stream and produce as output a Program Stream
one program as shown in Figure Intro. 4.

Figure Intro. 2 and Figure Intro. 3 illustrate prototypical demultiplexing and decoding systems which take as input a
Transport Stream. Figure Intro. 2 illustrates the first case, where a Transport Stream is directly demultiplexed and
decoded. 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.

Video Decoded
decoder video

Y

Transport Stream
demultiplex
and decoder

Clock

Channel Channel specific
— = 5
control

decoder

Y
\ 4

Transport Stream
containing one or multiple programs

Y

grams is converted into a
‘ ay necessitate the correction
of Program Clock Reference (PCR) values to account(for 3 i the bit stream.

nsport Stream

SN > demultiplex —
\Q \> and decoder

Channel Channel specific

- )
decoder <\

TISO5780-95/d03

Transport Stream
with single program

syntax which facilitat

N ersions illustrated. There is no requirement that specific implementations of
demultiplexors or decoders inclyde

all of these functions.

Transport Stream
Channel Channel specific _ demultiplex and N
decoder g Program Stream
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.

Video Decoded .
decoder video "

S

Channel Channel specific Program Stream c
decoder decoder g /\c trol

Y

A

Y

Decoded
audio

>
>

Program
Stream

TISO5800-95/d05

The prototypical decoder for Program Strealns s tro. 5 is composed of System, Video and Audio
decoders conforming to Pa of I O/IEC 13818. In this decoder, the multiplexed coded
representation of one or more 2 gsumed to be stored or communicated on some channel in
some channel-specific fo is not govemed by this Recommendation | International
Standard, nor is the ¢han

The prototypical t@ inpus fi Stream and relies on a Program Stream Decoder to extract timing

ot TR

information from the dm Decoder demultiplexes the stream, and the elementary streams so
produced serve as ipp and Aud1 decoders, whose outputs are decoded video and audio signals. Included in
the design, but not flow of timing information among the Program Stream decoder, the Video
and Audio decg pemﬁc decoder The Video and Audio decoders are synchronized with each other

3 as/4 system layer wrapped about a compression layer. Input streams to the Video and Audio
decoders have only mpression layer.

Operations performed by the prototypical decoder either apply to the entire Program Stream ("multiplex-wide
operations"), or to individual elementary streams ("stream-specific operations"). The Program Stream system layer is
divided into two sub-layers, one for multiplex-wide operations (the pack layer), and one for stream-specific operations
(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
information in the Pack Header, System Header, Program Stream Map, Program Stream Directory, Program Map Table,
and elements of the Transport Stream packet syntax.

The PES Stream is a logical construct that may be useful within implementations of this=Recommendation |
International Standard; however, it is not defined as a stream for interchange and intererab Applications

S\which each
contain only one elementary stream. These streams contain all of the necessary system j S
Streams or Transport Streams, each containing a single elementary stream, can be congstriy
and therefore carry a complete program, i.e., with audio and video.

Intro.5 Timing model

the signal output from a decoder is a constant. This delay is the sury
communication or storage, demultiplexing, decoder buffering, decodi

creating them.

All timing is defined in terms of afs
this clock may have an exactly §

frequency which differs sli L;
In the Transport Stream the SySteM O

Multiplex-wide operations include the coordination of data retrieval of the channel, the adjustment of clocks, and the
management of buffers. The tasks are intimately related. If the rate of data delivery of the channel is controllable, then
data delivery may be adjusted so that decoder buffers neither overflow nor underflow; but if the data rate is not
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:
1) demultiplexing; and

2) synchronizing playback of multiple elementary streams.

Intro. 8.1 Demultiplexing

On encoding, Program Streams are formed by multiplexing elementary streams, adg
multiplexing elementary streams, Program Streams, or the contents of other ¥
may include private, reserved, and padding streams in addition to audio andAg
subdivided into packets, and the packets are serialized. A PES packet
elementary stream.

In the Program Stream both fixed and variable packet lengths aze-a[0ov iy ONgons raints as specified in 2.5.1
and 2.5.2. For Transport Streams the packet length is 188 bites. Both Tix arlable PES packet lengths are

make this possible.

Intro. 8.2 Synchronization

Synchronization among multipts, elemg piished with Presentation Time Stamps (PTS) in the
Program Stream and Transpo eydlly in units of 90 kHz, but the System Clock Reference
(SCR), the Program Clog dNthe opfional Elementary Stream Clock Reference (ESCR) have

extensions with a resolutign o Recy Qf N=efementary streams is synchronized by adjusting the decoding
of streams to a co k ims De - Py adjusting the decoding of one stream to match that of another.
The master time b y B clocks, the data source's clock, or it may be some external clock.

way contain multiple programs, may have its own time base. The time

bases of different prgra ithi a Stream may be different.

Because PTSs J\dededi f individual elementary streams, they reside in the PES packet layer of both the
Transport S A 3 eafms. End-to-end synchronization occurs when encoders save time stamps at capture
time, w X agate with associated coded data to decoders, and when decoders use those time stamps
to sched

Synchronization oRa
by its analogue, the P8R, in the Transport Stream. The SCR and PCR are time stamps encoding the timing of the bit
stream itself, and are derived from the same time base used for the audio and video PTS values from the same program.
Since each program may have its own time base, there are separate PCR fields for each program in a Transport Stream
containing multiple programs. In some cases it may be possible for programs to share PCR fields. Refer to 2.4.4,
Program Specific Information (PSI), for the method of identifying which PCR is associated with a program. A 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 System reference decoder

Part 1 of 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 streams defined in this Recommendation | International Standard are intended to be as useful as possible to a wide
variety of applications. Application developers should select the most appropriate stream.

transmission on such networks.

The Program Stream is also suitable for multimedia applications on CD-ROM. Softw@
Stream may be appropriate.

Many applications require storage and retrieval of ITU-T Rec. H.222.0
Storage Media (DSM). A Digital Storage Media Command and Contrq

&
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

I nformation technology — Generic coding of moving pictures and
associated audio information: Systems

SECTION 1-GENERAL

11 Scope \!
This Recommendation | International Standard specifies the system layer of the cod edprincipally to
support the combination of the video and audio coding methods defined in Parts 2 a he system

1) the synchronization of multiple compressed streams on decoding;
2) the interleaving of multiple compressed streams into a sin;
3) the initialization of buffering for decoding start up;
4) continuous buffer management;
5) time identification;
6)

An ITU-T Rec. H.222.0 | ISO/IEC 13818-1 m

Stream. Both streams are constructed from PES
stream types support multiplexing ¢

ost\etxQr-free ¢nvironments the Program Stream is generally more
inforatation. The Transport Stream is more suitable for use in

e system layer, and the innermost is the compression layer. The
using one or more compressed data streams in a system. The video
Se compression coding layer for audio and video data. Coding of other
ation, but is supported by the system layer provided that the other types of

The following Reco ons and International Standards contain provisions which, through reference in this text,
constitute provisions of this Recommendation | International Standard. At the time of publication, the editions indicated
were valid. All Recommendations and Standards are subject to revision, and parties to agreements based on this
Recommendation | International Standard are encouraged to investigate the possibility of applying the most recent
edition of the Recommendations and Standards listed below. Members of IEC and ISO maintain registers of currently
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).

1.2.3 Additional references

ISO 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.

ISO 15706:2002, Information and documentation — International Standard Audiovisual Number (1SAN).

ISO 15706-2:2007, Information and documentation — International Standard Audiovisual Number
(ISAN) — Part 2: Version identifier.

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

d associated audio for
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