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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and rfon-governmental, in liaison with ISO and IEC, also take part in the work. In the field ¢f information
technplogy, 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 2.

The fnain task of the joint technical committee is to prepare International Standards. Draft| International
Standards adopted by the joint technical committee are circulated to national podiées for voting. Publication as
an International Standard requires approval by at least 75 % of the national bodies casting a votd.

Attention is drawn to the possibility that some of the elements of this.doeiment may be the subjject of patent
rights| ISO and IEC shall not be held responsible for identifying anyerall such patent rights.

ISO/IEC 13818-1 was prepared by Joint Technical Committee ISO/IEC JTC 1, Informationy technology,
Subcpmmittee SC 29, Coding of audio, picture, multimedia_and hypermedia information, in collaboration with
ITU-T|. The identical text is published as ITU-T Rec. H.222,0,(05/2006).
This [third edition cancels and replaces the second edition (ISO/IEC 13818-1:2000), whi¢h has been
techn|cally revised. It also incorporates cthe Amendments ISO/IEC 13818-1:2000fAmd.1:2003,
ISO/IEC 13818-1:2000/Amd.2:2004, ISO/IEC 13818-1:2000/Amd.3:2004, ISO/IEC 13818-1:2000/Amd.4:2005
and ISO/IEC 13818-1:2000/Amd.5:2005, and\the Technical Corrigenda ISO/IEC 13818-1:200p/Cor.1:2002,
ISO/IEC 13818-1:2000/Cor.2:2002, ISO/IEG13818-1:2000/Cor.3:2005, ISO/IEC 13818-1:2000/dor.4:2007.

ISO/IEC 13818 consists of the following parts, under the general title Information technology — Generic
coding of moving pictures and assoeciated audio information:

— Rart 1: Systems
— Rart 2: Video
— Rart 3: Audio

— Rart 4: Cenformance testing

— Rart5: 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
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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
audio and visual data and time stamps concerning the delivery of the data stream itself. Both stream definitions are
packet-oriented multiplexes.

The basic multiplexing approach for single video and audio elementary streams is illustrated in Figure Intra’\l| The
video and 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 needed to use|PES
packets indep¢ndently of either Transport Streams or Program Streams may be added when PES packets are fomed.
This informatfon is not needed and need not be added when PES packets are further combined Wwith system [level
information td form Transport Streams or Program Streams. This systems standard covers, those processes tp the
right of the veftical dashed line.

Video . Video R Packet Video PES R
data > encoder > acketizer >
PS
Program
Stream
; mux
Audio -~ Audio - Packe Audio PES -
data " encoder > acketizer >
_>
TS
Transport
Stream
mux
Extent of systems specification

TISO5760-95/d(1

FigurelIntro. 1 —Simplified overview of the scope of this Recommendation | International Standard

The Program|Stream is analogous and similar to ISO/IEC 11172 Systems layer. It results from combining one or|more
streams of PE$ 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 demmultiplexors. For instance_encoders must meet minimum clock tolerance
requifements. Notwithstanding this and other requirements, a considerable degree of freedom exists4n fthe design and
impl¢mentation of encoders, decoders, multiplexors, and demultiplexors.

Intrg. 1 Transport Stream

The Transport Stream is a stream definition which is tailored for communicating or storing’one or mofe programs of
codegl data according to ITU-T Rec. H.262 | ISO/IEC 13818-2 and ISO/IEC 13818-3 and other data in efivironments in
which significant errors may occur. Such errors may be manifested as bit value errors‘er-loss of packets.

Trangport Streams may be either fixed or variable rate. In either case the constifient elementary streams| may either be
fixed| or variable rate. The syntax and semantic constraints on the stream.ate”identical in each of th¢se cases. The
Trangport Stream rate is defined by the values and locations of Program Clock Reference (PCR) fields, which in general
are s¢parate PCR fields for each program.

Ther¢ are some difficulties with constructing and delivering a Transport Stream containing multiple programs with
indeglendent time bases such that the overall bit rate is variable.Refer to 2.4.2.2.

The [[ransport Stream may be constructed by any methed, that results in a valid stream. It is possible to construct
Trangport Streams containing one or more programs fromelementary coded data streams, from Progrgm Streams, or
from|other Transport Streams which may themselves gontain one or more programs.

The [[ransport Stream is designed in such a way ‘that several operations on a Transport Stream are|possible with
minifnum effort. Among these are:

1) Retrieve the coded data from' one program within the Transport Stream, decode it apd present the
decoded results as shown'in-Figure Intro. 2.

2) Extract the Transport'Stream packets from one program within the Transport Stream and produce as
output a different Transport 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 Transpoft Streams and
produce agoutput a different Transport Stream (not illustrated).

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

5) (Take a Program Stream, convert it into a Transport Stream to carry it over a lossy environent, and then
recover a valid, and in certain cases, identical Program Stream.

e Intro. 2 and Figure Intro. 3 illustrate prototypical demultiplexing and decoding systems which fake as input a
Transpest—Stremm—Eiogre Tntro2 Hustratesthe frstcase —awhere ah HR—is—dd mlltiplexed 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.

N Video Decoded
" decoder video
Channel Channel specific N Transport_Stream _ Clock
e > demultiplex >
decoder 4 s N control
alfu ucCcuuct
Transport Stream N Audio Decoded|
containing one or multiple programs " decoder audio "

TISO5770-95/pH02

Figurelntro. 2— Prototypical transport demultiplexing and decoding example

Figure Intro. 3 illustrates the second case, where a Transport Stream containingsmultiple programs is converted jnto a
Transport Stream containing a single program. In this case the re-multiplexing-Operation may necessitate the corrgction
of Program Clpck Reference (PCR) values to account for changes in the PCR locations in the bit stream.

- Transport Stream
Chanpel > Chaggilozzfmﬁc > demultiplex
and decoder
TISO5780-95/d03
Transport Stream Transport Stream
containing multiple pregrams with single program

FigureIntro. 3 — Prototypical transport multiplexing example

Figure Intro. 4 illustrates a case in which a multi-program Transport Stream is first demultiplexed and then conyerted
into a Progran} Stream.

Figures Intro.| 3 and Intro. 4_indicate that it is possible and reasonable to convert between different typeg and
configurationg of Transpaorty Streams. There are specific fields defined in the Transport Stream and Program Stfeam
syntax which| facilitate“the conversions illustrated. There is no requirement that specific implementatiofis of
demultiplexor$ or deeeders include all of these functions.

Tr::nerr_\nrr 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.

N Video Decoded .
— decoder ideo
Channel Channel specific |  Program Stream -~ Clock
decoder " decoder g control
P R Audio Decoded
rogram decoder hudio g
Stream
F1S05800-95/d05

Figurelntro. 5—Prototypical decoderfor Program Streams

The prototypical decoder for Program Streams shown ‘in-Figure Intro. 5 is composed of System, Video and Audio
decoders conforming to Parts 1, 2 and 3, respectiyely, of ISO/IEC 13818. In this decoder, the multjplexed coded
repregentation of one or more audio and/or video streams is assumed to be stored or communicated on sqme channel in
some| channel-specific format. The channel-spécific format is not governed by this Recommendation | International
Standard, nor is the channel-specific decoding part of the prototypical decoder.

The grototypical decoder accepts as input.a Program Stream and relies on a Program Stream Decoder to[extract timing
information from the stream. The Program Stream Decoder demultiplexes the stream, and the elementjry streams so
prodyced serve as inputs to Video and Audio decoders, whose outputs are decoded video and audio signalls. Included in
the d¢sign, but not shown in the figure, is the flow of timing information among the Program Stream decdder, the Video
and Audio decoders, and the channel-specific decoder. The Video and Audio decoders are synchronized with each other
and with the channel usinlg this timing information.

Progfam Streams ar®, constructed in two layers: a system layer and a compression layer. The input|stream to the
m Stream Decoder has a system layer wrapped about a compression layer. Input streams to the Vigleo and Audio

Opergtions performed by the prototypical decoder either apply to the entire Program Stream ("rhultiplex-wide
"), or to individual elementary streams ("stream-specific operations"). The Program Stream system layer is
ot Wos ayers;one—fo tptex=wideoperationstthepacktayer);and-one—for-stream=speeific operations

U U U U IJ =WIU UpP A U d ay

(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 Str
International
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the system data stréam definitions. Conditional access mechanisms are not specified here. The s
designed so thatimplementation of practical conditional access systems is reasonable, and there are
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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)

2)
7

demultiplexing; and

sunchronizina nlavhbhack of multinle elementary ctraameg
J o ] J N
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this possible.
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hm Stream and Transport streams. Time stamp$.are generally in units of 90 kHz, but the System Cl
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to schedule presentations.

Synchironization of a decoding system with a channel is achieved through the use of the SCR in the Progr3
by its| analogue; the PCR, in the Transport Stream. The SCR and PCR are time stamps encoding the ti
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hen the time stamps propagate with associated coded data to decoders, and when decoders use thos

e time stamps

m Stream and

itselfy and are derived from the same time base used for the audio and video PTS values from the Jame program.

ing of the bit
1sport Stream

Sinceleach program may have its own time base, there are separate PCR fields for each program in a Tr

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.

Modern data fommunications networks may be capable of supporting ITU-T Rec. H.222.0 | ISO/IEC 13818-] [video
and ISO/IEC|13818 audio. A real-time transport protocol is required. The Program Stream may be suitable for
transmission ¢n such networks.

The Program [Stream is also suitable for multimedia applications on CD-ROM. Software processing’ of the Prggram
Stream may b¢ appropriate.

The Transpoit Stream may be more suitable for error-prone environments, such as those-used for distrijuting
compressed bit-streams over long-distance networks and in broadcast systems.

Many applicafions require storage and retrieval of ITU-T Rec. H.222.0 | ISO/IEC 13818~I"bitstreams on various Djigital
Storage Medig (DSM). A Digital Storage Media Command and Control (DSM-CC) pretocol is specified in Annex (B
and Part 6 of ISO/IEC 13818 in order to facilitate the control of such media.
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

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

SECTION 1 -—GENERAI

11 Scope

This Recmmendation | International Standard specifies the system layer of the coding. It was developed principally to
support tHe combination of the video and audio coding methods defined in Parts 2 and 3 of ISQ/IEC 13818. The system
layer 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.

An ITU-T Rec. H.222.0 | ISO/IEC 13818-1 multiplexed bit stream is either a Transport Stream or a|Program
Stream. Both streams are constructed from PES packets andypackets containing other necessary information. Both
stream types support multiplexing of video and audio compgessed streams from one program with a common fime base.
The Trarjsport Stream additionally supports the multiplexing of video and audio compressed streams from multiple
programs|with independent time bases. For almost_etror-free environments the Program Stream is generally more
appropriafe, supporting software processing of program information. The Transport Stream is more suitable|for use in
environments where errors are likely.

An ITU-T Rec. H.222.0 | ISO/IEC 13818~ multiplexed bit stream, whether a Transport Stream or a Program [Stream, is
construct¢d in two layers: the outermest.layer is the system layer, and the innermost is the compression layer. The
system laer provides the functions nedessary for using one or more compressed data streams in a system. [The video
and audiq parts of this Specification define the compression coding layer for audio and video data. Coding of other
types of data is not defined by-~this Specification, but is supported by the system layer provided that the othdr types of
data adhefe to the constraints defined in 2.7.

1.2 Nor mativéereferences

The follojving Recommendations and International Standards contain provisions which, through reference ir this text,
constitute| provisions of this Recommendation | International Standard. At the time of publication, the editionq indicated
were valijd\Adl Recommendations and Standards are subject to revision, and parties to agreements basqd 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).
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).

— IS0 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 and associated|audio 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 assaciated|audio for
digital storage media at up to about 1,5 Mbit/s — Part 2: Video.

- ISO/IEC 11172-3:1993, Information technology — Coding of moving pictures and’ associated|audio 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 @ssociated
audio information — Part 3: Audio.

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

—  ISO/IEC 13818-7:2006, Information technology — Generi€ coding of moving pictures and @ssociated
audio information — Part 7: Advanced Audio Coding (AAC).

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

—  ISO/IEC 14496-1:2004, Information technology= Coding of audio-visual objects— Part 1: Sysiems.
- ISO/IEC 14496-2:2004, Information techndlogy — Coding of audio-visual objects— Part 2: Visyial.
—  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 folf standard
4:3 and wide-screen 16.9 aspect ratios.

—  Recommendation ITU-R BT:#70-7 (2005), Conventional analogue television systems.
—  Recommendation ITU(RBR.648, Digital recording of audio signals.

—  ITU-T Recommendation J.17 (1988), Pre-emphasis used on sound-programme circuits.
- IEC Publication 60908:1999, Audio recording — Compact disc digital audio system.

SECTION 2-TECHNICAL ELEMENTS

2.1 Definitions

For the purposes 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.

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


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

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

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.

215 AVC till pICture (system) An AVC still plcture cons1sts of an AVC access unit contamlng an IDR picture,
preceded h 2 cceding an
AVC stilll picture, there shall be another AVC still plcture or an End of Sequence NAL unit termlnatlng a [preceding
coded video sequence unless the AVC still picture is the very first access unit in the video stream.

216 AVC video sequence (system): Coded video sequence as defined in 3.30 of ITU-T Rec| H.264 |
ISO/IEC |4496-10.

217 AVC video stream (system): An ITU-T Rec. H.264 | ISO/IEC 14496-10 stredmy An AVC video stream
consists off one or more AVC video sequences.

218 bitrate: The rate at which the compressed bit stream is delivered from the channel to the input of a decoder.

219 byte aligned: A bit in a coded bit stream is byte-aligned if its position is‘a multiple of 8-bits from the first bit
in the stream.

2110 hannel: A digital medium that stores or transports an ITU-T Ree."H.222.0 | ISO/IEC 13818-1 stream.
2111 oded B-frame: A B-frame picture or a pair of B-field picfures.
2112 oded frame: A coded frame is a coded I-frame, coded Bxframe or a coded P-frame.

2113 oded |-frame: An I-frame picture or a pair of field pictures where the first field picture is an I-pjcture and
the secondl field picture is either an I-picture or a P-pictuse:

2.1.14 |coded P-frame: A P-frame picture or a pairof P-field pictures.

2.1.15 |coded representation: A data element-as represented in its encoded form.
2116 |compression: Reduction in the number of bits used to represent an item of data.
2.1.17 [constant bitrate: Operationrwliere 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 donstraints
defined i 2.7.9 apply.

2119 [Cyclic Redundancy Check (CRC): The CRC to verify the correctness of data.
2120 |dataelement:-An item of data as represented before encoding and after decoding.
2121 |decoded:stfeam: The decoded reconstruction of a compressed bit stream.

2.1.22 |deCoder: An embodiment of a decoding process.

2.1.23 decoding (process): The process defined in this Recommendation [ International Standard that reads an input-
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.
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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,,thiat reads a
stream offinput pictures or audio samples and produces a coded bit stream conforming to this Recommendatiof.

2.1.34 [entropy coding: Variable length lossless coding of the digital representation of a signal to reduce reflundancy.

2.1.35 [|event: An event is defined as a collection of elementary streams with a common time base, an assodiated start
time, and Jan associated end time.

2.1.36 [fast forward playback (video): The process of displaying a sequence, or parts\of a sequence, of pictures in
display-ofder faster than real-time.

2.1.37 [forbidden: The term "forbidden", when used in the clauses of this Recomiendation | Internationa] Standard
defining the coded bit stream, indicates that the value specified shall never be used.

2138 |metadata: Information to describe audiovisual content and data‘essence in a format defined by I$O or any
other autHority.

2.1.39 [metadata access unit: A global structure within metadata that defines the fraction of metaddta that is
intended fo be decoded at a specific instant in time. The internal structure of a metadata Access Unit is defined by the
format offthe metadata.

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

2141 |metadata decoder configuration information: Data needed by a receiver to decode a specific| metadata
service. Jepending on the format of the metadata, decoder configuration information may or may not be needg¢d.

2142 |metadata format: Identifies the'¢oding format of metadata.
2143 |metadata service: Coherert set of metadata of the same format delivered to a receiver for a specific[purpose.

2144 |metadata service id; Identifier of a specific metadata service; used for some transport methdds of the
metadata.

2.1.45 |[metadata stream: The concatenation or collection of metadata Access Units from one or more] metadata
services.

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

2.1.47 |ayef (video and systems): One of the levels in the data hierarchy of the video and system spe¢ifications
defined 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
Intro. 4.

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

2.1.58 [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 glementary
streams. Program elements need not have any defined time base; those that do, have a‘¢gmmon time bade and are

intended for synchronized presentation.

2160 [|Program Clock Reference; PCR (system): A time stamp in the Transport Stream from which decoder
timing is flerived.

2161 |program element (system): A generic term for one of the elementary streams or other data streamg that may
be includg¢d in a program.

2162 [|Program Specific Information; PSI (system): PSI congists of normative data which is necessary for the
demultiplpxing of Transport Streams and the successful regenerationh of programs and is described in 2.4.4. Ap example
of private]y defined PSI data is the non-mandatory network information table.

random access: The process of beginning to readand decode the coded bit stream at an arbitrary pojnt.

reserved: The term "reserved", when usediinthe clauses defining the coded bit stream, indicatds that the
value may be used in the future for ISO defined extensions. Unless otherwise specified within this Recommgendation |

rambling (system): The alteration of the characteristics of a video, audio or coded data stream ih order to
authorized reception of the information in a clear form. This alteration is a specified process under the control
of a condftional access system.

2166 [sourcestream: A single.non-multiplexed stream of samples before compression coding.

2.1.67 |[splicing (system):-The concatenation, performed on the system level, of two different elementary streams.
The resulfing system streantconforms totally to this Recommendation | International Standard. The splice maly result in
discontingities in timgbase, continuity counter, PSI, and decoding.

2168 [start codes (system): 32-bit codes embedded in the coded bit stream. They are used for several purposes
including|identifying some of the layers in the coding syntax. Start codes consist of a 24-bit prefix (0x0000(1) and an
8-bit stregmdid as shown in Table 2-22.

2.1.69 STD Input butfer (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 those used in
the C-programming language. However, integer division with truncation and rounding are speciticatly defined. The
bitwise operators are defined assuming two's-complement representation of integers. Numbering and eeunfing loops
generally [begin from 0.
221 Arithmetic operators
u Addition
= Subtraction (as a binary operator) or negation (as a unary operator)
++ Increment
—— Decrement
* or x  Multiplication

Power

Integer division with truncation of the result toward0. For example, 7/4 and —7/—4 are trurjcated 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 awpy from 0
unless otherwise specified. For example 3//2'1s rounded to 2, and —3//2 is rounded to —2.
DIV Integer division with truncation of the-tésult towards — co.
% Modulus operator. Defined only fet positive numbers.
Sign() Sign(x) = 1 x>0
0 x==x0
-1 x50

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

Sin Sine

cos Cosine

eXp Exponential

\ Square root

log; Logarithm to base ten
log: Logarithm to base e

222 Logical 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

2.25 Assignment

= Assignment operator

2.2.6 M nemonics

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

bslbf Bit string, left bit first, where "left" is the order in which bitcstrings are written in this
Recommendation | International Standard. Bit strings are writtch as a string of [ls and Os
within single quote marks, e.g., '1000 0001'. Blanks within a-bit string are for ease pf reading
and have no significance.

ch Channel

or Granule of 3 * 32 sub-band samples in audio Layer'Il, 18 * 32 sub-band samplep in audio
Layer III.

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

and ancillary information.

main_data beg This gives the location in the bit stream of the beginning of the main_data for the ffame. The
location is equal to the ending location of the previous frame's main_data plus | bit. It is
calculated from the main_data,énd value of the previous frame.

part2 length  This value contains the number of main_data bits used for scale factors.

rpchof Remainder polynomial e6éfficients, highest order first
sb Sub-band
scfsi Scalefactor selector information

switch point | Number of scalefactor band (long block scalefactor band) from which point of window
switching is used

switch point s Number of scalefactor band (short block scalefactor band) from which point ofi window
switching 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 thp variable

length codes are written

andos Number-ofactual time-slotin-caseofblock-tme ==2 0 < window <2
WOV SHHRB e -odctia e S1oHH-ca56-0+-B1oex—tyYP 5 WOV g

The byte order of multi-byte words is most significant byte first.

2.2.°7 Constants
b 3.14159265359
e 2.71828182845

2.3 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

while ( cqrditiony

if ( condifion ) { If the condition is true, then the first group of data elements occurs next in the.datg stream.
data_gement

H

else { If the condition is not true, then the second group of data elemeénts occurs next|in the data
data_gement stream.

H

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

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

}

As noted, the group of data elements may contain nested conditienal constructs. For compactness, the {} afe omitted
when only one data element follows:

data element [] data_element [] is an array of data. The number of data elements is indicated by th¢ context.
data element [n] data_element [n] is the n+lth element of an array of data.
data element [m][n] data_element [m][n] i§ the m+1,n+1th element of a two-dimensional array of data.

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

While th¢ syntax is expressed in procedural terms, it should not be assumed that either Figure 2-1 or Higure 2-2
implemerits a satisfactory decoding procedure. In particular, they define a correct and error-free input bitstream. Actual
decoders must include a means/to look for start codes and sync bytes (Transport Stream) in order to begin| decoding
correctly,[and to identify errors, erasures or insertions while decoding. The methods to identify these situatior]s, and the
actions to[be taken, are ot standardized.

24 Transport Stream bitstream requirements

24.1 Tramsport Stream coding structure and parameters

The ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Transport Stream coding layer allows one or more programs 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 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 identi

fies, 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:

These tab,
Table, in
associateq
for each g
Table is o
Informati
ITU-T Reg

Transport
be insertq
decoder ¢

This Recq
access sy
identify t}
type of su
Table 2-3

24.2

The sema|
exact defi
out in thi
System T

The T-STi
constructi
decoders
T-STD n
of decode

Program Association Table;

Program Map Table;

ptional and its contents are not specified by this Recommendation | International Standard~\The IPM

d or deleted by re-multiplexing processes and, therefore, the delivery ofsthe/payload of null pack
hnnot be assumed.

Conditional Access Table;

Network Information Table;
Transport Stream Description Table;
IPMP Control Information Table.

Table 2-33 specifies, among other information, which PIDs, and therefore whic elementary’\st
to form each program. This table also indicates the PID of the Transport Stream packets whigh\carr]
rogram. The Conditional Access Table shall be present if scrambling is employed. The Network In

n Table shall be present if IPMP as described in ISO/IEC 13818-11 is used by any ofithe compon
c. H.222.0 | ISO/IEC 13818-1 stream.

Stream packets may be null packets. Null packets are intended for padding of Transport Streams.

mmendation | International Standard does not specify the coded dat&which may be used as part of ¢
tems. This Specification does, however, provide mechanisms for program service providers to trag
iis data for decoder processing, and to reference correctly data Which are specified by this Specificg
pport is provided both through Transport Stream packet structures and in the conditional access tabl
D of the PSI).

[Transport Stream system tar get decoder

ntics of the Transport Stream specified in 2.4,3and the constraints on these semantics specified in 2
nitions of byte arrival and decoding events and-the times at which these occur. The definitions need
s Recommendation | International Standatd using a hypothetical decoder known as the Transpq
hirget Decoder (T-STD). Informative Anhex D contains further explanation of the T-STD.

D is a conceptual model used to define these terms precisely and to model the decoding process
on or verification of Transport Streams. The T-STD is defined only for this purpose. There are thre
in the T-STD: video, audig; and systems. Figure 2-1 illustrates an example. Neither the architect]
r the timing described precludes uninterrupted, synchronized play-back of Transport Streams fron
rs with different architectures or timing schedules.
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Figure 2-1—Transport Stream system tar get decoder notation

ving notation is used to describe the Transport Stream system target~decoder and is partially illystrated in

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

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.

D is an index to Transport Stream packetsiin the Transport Stream.

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

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

ALG) is the j-th access unit invelementary 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 accgss unit in
elementary stteam n.

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

tpu(k)  isthe presentation time, measured in seconds, in the system target decoder of the k-th prpsentation
unit in elementary stream n.

t is time measured in seconds.

F. (D) is the fullness, measured in bytes, of the system target decoder input buffer for elementary stream n

4 410 4

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.

Rx, is the rate at which data are removed from TB,,.

Rbhx is the rate at which PES packet pnv]nad data are removed from MB. when the leak methqd is used.

Defined only for video elementary streams.

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

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

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

2421 [System clock frequency

Timing ifformation referenced in the T-STD is carried by several data fields defined in this Specificationl Refer to
2.4.3.4 ard 2.4.3.6. In PCR fields this information is coded as the sampled Value of a program's system dlock. The
PCR fields are carried in the adaptation field of the Transport Stream packets-with a PID value equal to the PCR_PID
defined irf] the TS program_map_section of the program being decoded.

Practical Hecoders may reconstruct this clock from these values andtheir respective arrival times. The follpwing are
minimum| constraints which apply to the program's system clock frequency as represented by the valges of the
PCR fields when they are received by a decoder.

The valud 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_clock frequency with time <75 x 10~ Hz/s

NOTE]J- Sources of coded data should.follow a tighter tolerance in order to facilitate compliant operation of consumdr recorders
and plgyback equipment.

A program's system_clock frequency may be more accurate than required. Such improved accuracy may be tfansmitted
to the decpder via the System(clock descriptor described in 2.6.20.

Bit rates defined in this ‘Specification are measured in terms of system_clock frequency. For example, a bit rate of
27 000 040 bits per second in the T-STD would indicate that one byte of data is transferred every eight (8) cy¢les of the
system clock.

The notafion, {system_clock frequency" is used in several places in this Specification to refer to the frequency of a
clock meg¢ting these requirements. For notational convenience, equations in which PCR, PTS, or DTS appejr, lead to
values of timewhicthareaccurateto-some tegrat mmuttipte of (306—~2 sy stermm—ctock—frequency )y secomds—F his is due
to the 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) -1
where:
PCR base(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 all o‘a:er bytes the input arrival time, t(i) shown in equation 2-4 below, is computed from PCR(i”) and th¢ transport
rate at which data arrive, where the transport rate is determined as the number of bytes in the Transport Strearh between
the bytes fontaining the last bit of two successive program_clock reference base fields of thé.same program dlivided by
the differ¢gnce between the time values encoded in these same two PCR fields.

PCR(i”) i—i”

+ - (2-4)
system clock frequency transport\_rate(i)

t(i) =

where:
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 refergnce base
field applicable to the program being'decoded.

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

The transport rate is given by:

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

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

where:

’

i" is “he 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 casp of a-timebase discontinuity, indicated by the discontinuity indicator in the transport packet adaptdgtion field,
the definifiofi-given in equation 2-4 and equation 2-5 for the time of arrival of bytes at the input to the T-JTD is not
app]icabl between the last PCR of the old timebase and the first PCR of the new timebase In this case the time of
arrival of these bytes is determined according to equation 2-4 with the modification that the transport rate used is that
applicable between the last and next to last PCR of the old timebase.

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
having the program_map PID value for the selected program. Network Information Table (NIT) data as specified by
the NIT PID.s not transferred to TR .

NOTE]|1 — Size of IPMP Control Information table could be large, and the repetition rate of this table should be adjusled to meet
the bufffer requirement.

All bytes [that enter the buffer TB, are removed at the rate Rx, specified below. Bytes which are part of the PES packet
or its confents are delivered to the main buffer B, for audio elementary streams and system data,cand to the myltiplexing
buffer MB, for video elementary streams. Other bytes are not, and may be used to control, the system. |Duplicate
Transport] Stream packets are not delivered to B,, MB,,, or Bgys.

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

—  Otherwise for video:

Rx, =1, 2x R, [profile, level]

where:

Ruax[profile, level] is specified according to the profile and level which can be found in Table 8-13 jof ITU-T
Rec. H.242 | ISO/IEC 13818-2. This Table specifies the uppér bound of the rate of each elementary video strepm within
a specific|profile and level.

Rx, is equal to 1, 2 x Ry, for ISO/IEC 11172% constrained parameter video streams, where R, refprs to the
maximunj] 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

Channels] The number of full-bandwidth audio output channels plus the number of independently switched coupling
channel ¢lendents within the same elementary audio stream. For example, in the typical case that thefe are no
independcmtty sSwitched coUpling Chanmct TIements, Mono 1S 1 Chanmet, SIereo 15 2 channels and 5.1 ciannet surround is
5 channels (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 elementary stream buffer sizes EBS; through EBS, are defined for video as equal to the vbv_buffer size as it is
carried in the sequence header. Refer to Summary of Constrained Parameters in ISO/IEC 11172-2 and Table 8-14 of
ITU-T Ree. H.262 [ ISO/IEC 13818-2.

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

For Low 4nd Main level:

MBS, = BS,,, + BS,, +VBV_, [ profile, level |- vbv _ buffer _ size

max

where BS},,, PES packet overhead buffering is defined as:

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

and BS,,,,{, additional multiplex buffering is defined as:
BS,,x =0.004 secondsx R [ profile, level ]
and wherg VBV ., [profile, level] is defined in Table 8<t4~0f ITU-T Rec. H.262 | ISO/IEC 13818-2 and R,|.«[profile,

level] is defined in Table 8-13 of ITU-T Rec. H.262 | ISO/IEC 13818-2, and vbv buffer size is carried in thg sequence
header depcribed in 6.2.2 of ITU-T Rec. H.262 | ISQ/FEC 13818-2.

For High [1440 and High level:

MBS, = BS,, + BS,,

where BS},;, is defined as:

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

and BS,,.{ is defined 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/IEC 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,x =0.004seconds xR ..

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[buffersizes BSTthrougih BS; arc defined as foitows.

Audio
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

Channels] The number of full-bandwidth audio output channels plus/the-humber of independently switched coupling
channel ¢lements within the same elementary audio stream. Fof ‘example, in the typical case that thefe are no
independd¢ntly switched coupling channel elements, mono is 1 chaunel, stereo is 2 channels and 5.1 channel sprround is
5 channelp (the LFE channel is not counted).

For other jaudio:

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

The size qf the access unit decoding buffer BS4e, and the PES packet overhead buffer BS,, are constrained by

BS,, + BS,, <2848 bytes

oh —
A portion| (736 bytes) of the 3584 byte buffer is allocated for buffering to allow multiplexing. The rest, 2848 [bytes, are
shared foff access unit buffering BS.., BS,, and additional multiplexing.

Systems
The main|bufferBy; for system data is of size BSy, = 1536 bytes.

Video

For video elementary streams, data is transferred from MB, to EB,, using one of two methods: the leak method or the
VBYV delay method.

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:

Rbx, =1,2xR ..

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

If there is| PES packet payload data in MB,, and buffer EB, is not full, the PES packet payload is trarsferred 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 transfgrred from
MB, to BB, all PES packet header bytes that are in MB, and immediately precede that byfe, are instarjtaneously
removed hnd discarded. When there is no PES packet payload data present in MB,, no datacs, removed from| MB,. All
data that ¢nters MB,, leaves it. All PES packet payload data bytes enter EB, instantaneously tipon leaving MB,|

Vbv_delgy method

The vbv_felay method specifies precisely the time at which each byte of coded yideo data is transferred from MB, to
EB,, using the vbv_delay values coded in the video elementary stream. Th&vbv_delay method is used wh¢never the
STD desdriptor (refer to 2.6.32) for this elementary stream is present in thé Transport Stream, the leak valid flag in the
descriptoq has the value '0', and vbv_delay fields coded in the video stream are not equal to OXFFFF. If any ybv_delay
values in|a video sequence are not equal to OXFFFF, none of the yby\ delay fields in that sequence shall bg equal to
OxFFFF (fefer to ISO/IEC 11172-2 and ITU-T Rec. H.262 | ISO/IECY3818-2).

When the| vbv_delay method is used, the final byte of the video picture start code for picture j is transferred from MB,,
to the ER, at the time td,(j) — vbv_delay(j), where td,(j),is the decoding time of picture j, as defined apove, and
vbv_delay(j) is the delay time, in seconds, indicated by the vbv_delay field of picture j. The transfer of bytef between
the final Qytes of successive picture start codes (including the final byte of the second start code), into the buffer EB,, is
at a piecepvise constant rate, Ry(j), which is specifieéd for each picture j. Specifically, the rate, Ry(j), of transfgr into this
buffer is given by:

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

where NB(j) is the number of bytes ‘between the final bytes of the picture start codes (including the final byte of the
second stgrt code) of picturesjand j + 1, excluding PES packet header bytes.
NOTE|3 — vbv_delay(j + 1) and td,(j + 1) may have values that differ from those normally expected for periodic videp display if

the loy delay flag in_the‘video sequence extension is set to 'l'. It may not be possible to determine the correcq values by
examirjation of the bif.stream.

The Ryx(j) derived\from 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 less than'dr equal to the maximum bit rate allowed for constrained parameter video elementary streams [of stream

type 0x0 5 refertoISOAECH172=2:

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 instantaneously removed and discarded. All data that enters MB,, leaves it. All PES packet payload
data bytes enter EB, instantaneously upon leaving MB,,.

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
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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.

Low delay

ISO/IEC |3818-2) the EB, buffer may underflow. In this case, when the T-STD elementary stream(buffer EB,, is
examined| at the time specified by td,(j), the complete data for the access unit may not be present in\the byffer EB,.
When thi§ case arises, the buffer shall be re-examined at intervals of two field-periods until the data for the complete
access unjt is present in the buffer. At this time the entire access unit shall be removed from buffer/EB, instanfaneously.
Overflow|of buffer EB, shall not occur.

When th¢ Tow delay flag in the video sequence extension is set to '1' (see 0.2.2.3 of ITU-1 Rec{ H.262 |

When the]low_delay mode flag is set to 'l', EB, underflow is allowed to occur continuounsly without limit. The T-STD
decoder shall remove access unit data from buffer EB, at the earliest time consistent with the paragraph aboye and any
DTS or P[['S values encoded in the bit stream. Note that the decoder may be unable‘to re-establish correct deqoding and
display tifnes as indicated by DTS and PTS until the EB, buffer underflow situation' ceases and a PTS or DTP is found
in the bit ftream.

Trick mdde

When thg DSM_trick mode flag (2.4.3.6) is set to '1' in the PES Packet header of a packet containing the|start of a
B-type vifleo access unit and the trick mode_control field is set to’'001' (slow motion) or '010' (freeze framd), or '100'
(slow revprse) the B-picture access unit is not removed from the video data buffer EB, until the last time off possibly
multiple tfmes that any field of the picture is decoded and presented. Repetition of the presentation of fields arld pictures
is defined in 2.4.3.8 under slow motion, slow reverse, and-field id cntrl. The access unit is removed instarjtaneously
from EB, [at the indicated time, which is dependent on the-value of rep_cntrl.

When the DSM_trick_mode flag is set to '1' in the'PES packet header of a packet containing the first byte of a picture
start codd] trick mode status becomes true when that picture start code in the PES packet is removed from Quffer EB,
Trick modle status remains true until a PES packet header is received by the T-STD in which the DSM_trick_mode flag
is set to '(" and the first byte of the picture start code after that PES packet header is removed from buffer HB,. When
trick modg status is true, the buffer EBy'may underflow. All other constraints from normal streams are retajned when
trick modp status is true.

24.24 [Decoding

Elementafy streams buffered in B; through B, and EB,; through EB, are decoded instantaneously by defoders D,
through I), and may be“delayed in re-order buffers O, through O, before being presented at the output of tfe T-STD.
Re-order puffers arenused only in the case of a video elementary stream when some access units are not [carried in
presentatipn order:s These access units will need to be re-ordered before presentation. In particular, if Pf(k) is an
I-picture ¢r a R-picture carried before one or more B-pictures, then it must be delayed in the re-order buffer, |O,, of the
T-STD bgferé¢ being presented. Any picture previously stored in O, is presented before the current picture can|be stored.
P,(k) should be defayed until the next I-picture or P-picture is decoded. While it is stored in the re-order buffer, the
subsequent 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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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, tp,(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.

2426

Buffer management

Transport
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The delay]
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For still picture video data, the delay is constrained by td,§)-* t(i) < 60 seconds for all j, and all bytes i

unit A,(j)

For ISO/IEC 14496 streams, the delay is constrained\by td,(j) — t(i) < 10 seconds for all j, and all bytes i

unit A,(j)

Definition of overflow and underflow

Let Fy(t)
Fu(t)=01

Overflow

for all t and n.

Underfloy

Streams shall be constructed so that conditions defined in this subclause are satisfied. This subelay
notation defined for the System Target Decoder.

[B,y,s shall not overflow. TB, and TByy shall empty at least once every second. B, shall not ove
. Byys shall not overflow.

not underflow except when the low delay flag in the video sequence extension is set to '1' (refer to
c. H.262 | ISO/IEC 13818-2) or trick_mode status is true.

leak method for specifying transfers is in effect, MB, shall not overflow, and shall empty at least g
B, shall not overflow.

vbv_delay method for specifying transfers is in effect, MB, shall not;everflow nor underflow, and
OW.

of any data through the System Target Decoder buffers shall’be less than or equal to one second exg
e video data and ISO/IEC 14496 streams. Specifically: td{j))— t(i) < 1 second for all j, and all bytes
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e the instantaneous fullness of T-STD buffer B,.
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T-STD extensionsfor carriage of 1 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 nimonic

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

}

24.3.2 [Transport Stream packet layer
See Tablg 2-2.

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

Syntax No. of bits Mnefmonic
transport | packet() {
sync_byte 8 bplbf
transport_error_indicator 1 bilbf
payload_unit_start_indicator 1 bpl bf
transport_priority 1 bpl bf
PID 13 uimsbf
transport_scrambling_control 2 bplbf
adaptation_field_control 2 bglbf
continuity_counter 4 uimsbf
if(adaptation_field_contrel'=="'10" || adaptation_field control =="11"){
adaptation_field()
¥
if(adaptationdfield control =="'01" || adaptation_field control =="11") {
fot (i=0;1<N;it++){
data_byte 8 bglbf
}
}
}

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 null packets the payload unit start indicator shall be set to '0'".

The meanf ion.

transpor{_priority — The transport_priority is a 1-bit indicator. When set to '1' it indicates that the asspciated packet is
of greater{priority than other packets having the same PID which do not have the bit set to '1'. The trangport njechanism
can use tljis to prioritize its data within an elementary stream. Depending on the application the transport priprity field
may be c¢ded regardless of the PID or within one PID only. This field may be changed by channgl-specific eficoders or
decoders.

PID — The PID is a 13-bit field, indicating the type of the data stored in the packet payload. PID value Px0000 is
reserved for the Program Association Table (see Table 2-30). PID value 0x0001 is reserved for the Conditiorfal Access
Table (seg Table 2-32). PID value 0x0002 is reserved for Transport Stream DgsCription Table (see Taple 2-36),
PID valuq 0x0003 is reserved for IPMP Control Information Table (see(ISO/IEC 13818-11) and PID wvalues
0x0004-0k000F are reserved. PID value Ox1FFF is reserved for null packets (s€¢ Table 2-3).

Table 2-3—-PID table

Value Description
(x0000 Program Association Table
(x0001 Conditional Access Table
(x0002 Transport Stream Description Table
(Jx0003 IPMP Control Information; Table
0x00p4-0x000F Reserved
x0010 May be assigned asnetwork PID, Program map_PID, elementary PID, or for other purposeq
OK IFFE
O 1FFF Null packet

NOTE - [The transport packets with.PID values 0x0000, 0x0001, and 0x0010-0x1FFE are allowed to carry a PCR.

transpor{_scrambling_eontrol — This 2-bit field indicates the scrambling mode of the Transport Stregm packet
payload. The Transport Stream packet header, and the adaptation field when present, shall not be scrambled. In the case
of a null facket the/value 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

ITU-T Rec. H.222.0 | ISO/IEC 13818-1 decoders shall discard Transport Stream packets
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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 bslbf
transport_private data flag 1 bdlbf
adaptation_field_extension_flag 1 bdbf
if (PCR_flag=="1") {
Program_clock_Teler ence_base 33 Timsbf
Reserved 6 bEl bf
program_clock_reference_extension 9 uimsbf
if (OPCR _flag=="1") {
original_program_clock_reference_base 33 uimsbf
Reserved 6 bpl bf
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 bplbf
}
if (adaptation_field extension_ flag=="1") {
adaptation_field_extension_length 8 uimsbf
Itw_flag 1 bEl bf
piecewise rate flag 1 bplbf
seamless_splice flag 1 bplbf
Reserved 5 bpl bf
if (Itw_flag=="1") {
Itw_valid_flag 1 bplbf
Itw_offset 15 uimsbf
if (piecewise_rate_flag=="1") {
resefved 2 bp bf
piecewise rate 22 uimsbf
if (seamless_splice flag=="1") {
Splice_type 4 bpl bf
DTS next_AU[32..30] 3 bplbf
marker_bit 1 bplbf
DTS next_AU[29..15] 15 bplbf
marker_bit 1 bplbf
DTS next_AU[14..0] 15 bplbf
marker_bit 1 bplbf
)
for (i=0;1i<N;it++) {
resaerved o} bE bf
¥
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.

A system time-base discontinuity is indicated by the use of the discontinuity indicator in Transport Stream packets of a
PID designated as a PCR PID (refer to 2 4 4 9) When the drscontlnurty state is true for a Transport Stream packet of a
PID des1 Tted 3 C mple of a
time clock for the ass001ated program. The system time- base drscontlnurty point is deﬁned to be he instant
in time when the first byte of a packet containing a PCR of a new system time-base arrives at the inpat'of the T-STD.
The discqntinuity indicator shall be set to 'l1' in the packet in which the system time-base discontinuity odcurs. The
discontingity indicator bit may also be set to '1' in Transport Stream packets of the same PCR PID prior to the packet
tains the new system time-base PCR. In this case, once the discontinuity indicator has-been set to |1', it shall
continue {o be set to '1' in all Transport Stream packets of the same PCR_PID up to and ineluding the Transp¢rt Stream
packet which contains the first PCR of the new system time-base. After the occurtence of a system [time-base
lity, no fewer than two PCRs for the new system time-base shall be received before another system|time-base
ity can occur. Further, except when trick mode status is true, data from ¢, more than two system fime-bases
shall be pfesent in the set of T-STD buffers for one program at any time.

Prior to te occurrence of a system time-base discontinuity, the first byte of axFransport Stream packet which pontains a
PTS or D[S which refers to the new system time-base shall not arrive at the input of the T-STD. After the occpirrence of
a system {ime-base discontinuity, the first byte of a Transport Stream_packet which contains a PTS or DTS which refers
to the preyious system time-base shall not arrive at the input of the T=STD.

A continjity counter discontinuity is indicated by the use ofithe discontinuity indicator in any Transpdrt Stream
packet. When the discontinuity state is true in any Transport Stream packet of a PID not designated as a PCR_PID, the
continuity counter in that packet may be discontinuous with respect to the previous Transport Stream packet of the
same PID| When the discontinuity state is true in a Transport Stream packet of a PID that is designated as a PCR_PID,
the contirfjuity counter may only be discontinuous n*the packet in which a system time-base discontinuity [occurs. A
continuityf counter discontinuity point occurs wheén the discontinuity state is true in a Transport Stream packit and the
continuity counter in the same packet is discontinuous with respect to the previous Transport Stream packet of the same
PID. A cqntinuity counter discontinuity peint shall occur at most one time from the initiation of the discontipuity state
until the donclusion of the discontinuity state. Furthermore, for all PIDs that are not designated as PCR_PIDs| when the
discontingity indicator is set to '1' in‘a packet of a specific PID, the discontinuity indicator may be set to 'l' in the next
Transport Stream packet of that same PID, but shall not be set to '1' in three consecutive Transport Stream packet of that
same PID

For the pyrpose of this clause) an elementary stream access point is defined as follows:

* ISO/IEE11172-2 video and ITU-T Rec. H.262 | ISO/IEC 13818-2 video — The first byte ¢f a video
sequence header.

*  JISO/IEC 14496-2 visual — The first byte of the visual object sequence header.
* SCITU-T Rec. H.264 | ISO/IEC 14496-10 video — The first byte of an AVC access unit. The SP$ and PPS

v 4 £ Jd < 4o d 11 1a £ AT tha s 4+la | +d s h llb
pParalitcivl SULS TUIVIVIHIVUU T LIS allth all SUUSVHUULIIL 73V U allUuss ULLILS 11T UL CUULU VIULU St d!l sha c

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
random access at this point.

C PdylOdd O

Specificalty; wie C T ; acke ' etis with the
current PID shall contain an elementary stream access point as defined in the semantics for the discontinuity| indicator
field. In gddition, in the case of video, a presentation timestamp shall be present for the first pictuteyfollpwing the
elementarly stream access point.

In the casp of audio, the presentation timestamp shall be present in the PES packet containing the first byte off the audio
frame. Infthe PCR_PID the random_access_indicator may only be set to 'l' in Transport Stteam packet contpining the
PCR fields.

elementaly_stream_priority_indicator — The elementary stream_priority indicator)is a 1-bit field. It |indicates,
among pjckets with the same PID, the priority of the elementary stream daté\gafried within the paylogd of this
Transport] Stream packet. A 'l' indicates that the payload has a higher priority than the payloads of other [Transport
Stream pgckets.

of ISO/IEC 11172-2 or ITU-T Rec. H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 video, this fie]d may be
dnly if the payload contains one or more bytes from an intra-coded slice.

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

In the case
setto 'l

A value 0

PCR_flag — The PCR_flag is a 1-bit flag. A value of!l' indicates that the adaptation field contains a PCR fleld coded
in two pafts. A value of '0' indicates that the adaptation field does not contain any PCR field.

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

splicing_point_flag — The splicing_point flag is a 1-bit flag. When set to 'l', it indicates that a splice_countdown field
shall be pfesent in the associated adaptation field, specifying the occurrence of a splicing point. A value of '0f indicates
that a splice_countdown field is«n@t present in the adaptation field.

'0" indicates that the payload has the same priority as all other packets which do not have this bit sefto '1'.

transpor{ private data flag-= The transport private data flag is a 1-bit flag. A value of 'l' indicate$ that the
adaptatiofp field containstene or more private data bytes. A value of '0' indicates the adaptation field does npt contain
any privafe data bytes;,

adaptatign_field extension_flag — The adaptation_field extension_flag is a 1-bit field which when set to 'l indicates
the preserjce of an adaptation field extension. A value of '0' indicates that an adaptation field extension is not [present in
the adaptgtion field.

program_clock_reference base; program_clock_reference_extension — The program_clock reference (PCR) is a
42-bit field coded in two parts. The first part, program_clock reference base, is a 33-bit field whose value is 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 (2-10)

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

splice_copntdown — The splice_countdown is an 8-bit field, representing a value which may)be*positive or n¢gative. A
positive vjalue specifies the remaining number of Transport Stream packets, of the same,PID, following the fssociated
Transport Stream packet until a splicing point is reached. Duplicate Transport Stream packets and Transpgrt Stream
packets which only contain adaptation fields are excluded. The splicing point is loeated immediately after th¢ last byte
of the Trgnsport Stream packet in which the associated splice_countdown field reaches zero. In the Transpgrt Stream
packet where the splice_countdown reaches zero, the last data byte of the Transport Stream packet payload shall be the
last byte ¢f a coded audio frame or a coded picture. In the case of video, the'cetresponding access unit may dr may not
be terminpted by a sequence end code. Transport Stream packets with the'same PID, which follow, may contain data
from a different elementary stream of the same type.

The payldad of the next Transport Stream packet of the same PID(duplicate packets and packets without payload being
excluded) shall commence with the first byte of a PES packet: In the case of audio, the PES packet payload shall
commencg with an access point. In the case of video, the PES packet payload shall commence with an acces§ point, or
with a sequence end code, followed by an access point,Thus, the previous coded audio frame or coded picfure aligns
with the pgacket boundary, or is padded to make this so. Subsequent to the splicing point, the countdown field may also
be present. When the splice_countdown is a negdtive number whose value is minus n (—n), it indicatep that the
associated Transport Stream packet is the n-th ‘packet following the splicing point (duplicate packets and packets
without phyload being excluded).

For the ddfinition of an elementary stream-access point, see the semantics of discontinuity indicator.

transpor{_private data_length — Thé transport private data length is an 8-bit field specifying the number of
private _data bytes immediately following the transport private data length field. The number of private ¢lata bytes
shall not Be such that private data'extends beyond the adaptation field.

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

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

Itw_flag (legal time window_flag) — This is a 1-bit field which when set to 'l' indicates the presence of the |tw_offset
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
which is associated with this Transport Stream packet.

Th L T N\ L d L +la stz tlot 2L 4o T ot Ot r—dals dt T ST ctaats + 42 t ] 1
e LegaH-rme-Wandeow-has-the-property-thattf-thisTransport-Streamis-dehvered-to-a-STD-starting-attme t)(1), 1.e.,

at the end of its Legal Time Window, and all other Transport Stream packets of the same program are delivgred at the
end of thdir Legal Time Windows, then:

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

*  For audio — The B, buffer for this PID in the T-STD shall contain less than.BSg.. + 1 bytes of elementary
stream data at the time the first byte of this Transport Stream packet enters it, and no buffer viglations in
the T-STD shall occur.

Depending on factors including the size of the buffer MB, and the rate of dafa)transfer between MB,, and|EB,, it is
possible o determine another time to(i), such that if this packet is deliveredZanywhere in the interval [to(i)] t;(i)], no
T-STD buyffer violations will occur. This time interval is called the Legal Time Window. The value of t, is npt defined
in this Refommendation | International Standard.

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

piecewisg rate — The meaning of this 22-bit field is only defined when both the Itw_flag and the Itw_valid_flag are set
to '1'. When defined, it is a positive integer specifying ashypothetical bitrate R which is used to define the enfl times of
the Legal| Time Windows of Transport Stream packets of the same PID that follow this packet but do not ifclude the
legal tim¢ window_offset field.

Assume that the first byte of this Transport Stream packet and the N following Transport Stream packets of the same
PID have|indices A;, Aj, ..., Ajn, respectively, and that the N latter packets do not have a value encoded in the field
legal_tim¢ window_offset. Then the valu€s't;(Ai;;) shall be determined by:

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

where j goes from 1 to N

All packets between this packet and the next packet of the same PID to include a legal time window_offset [field shall
be treated) as if they.had the value:

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

corresponding to the value t;(.) as computed by the formula above encoded in the legal time window_offset field. 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
for which picture n is presented.

2) The VBV buffer of the VBV model shall not overflow if its input is switched at the splicing point 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 (héth 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 =150 x 10° bit/s
0001 splice_decoding_delay = 150 ms; max_splice_rate==12.0 x 10° bit/s
0010 splice_decoding_delay = 225 ms; max_splicé date = 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 Leel, SNR Profile Low Level (both layers),
High Profile Main Level (base layer),
Multi-view Profile Low Level (baselayer) Video

splice_type Conditions
0000 splide, 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

0100-101}1 Reserved

1100=1111 User-defined

Table 2-9 — Splice parameters Table 3
Main Profile High-1440 L evel, Spatial Profile High-1440 Level (all layers),
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 (baselayer) 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/$
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 parametefs Table 6
SNR ProfileMain Level (base layer) Video
splice_type Conditions
0000 splice_decoding_delay = 115 ms¥max_splice_rate = 10.0 x 10° bit/s
0001 splice_decoding_delay = 145"nis; 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
0061 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_splicerate =190 x 10 bit/s
0100-1011 Reserved
1100-1111 User-defined
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High Profile Main Level (all layers), High Profile High-1440 L evel (base layer) Video

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/s
0011-1011 Reserved
1100-1111 User-defined
Table 2-16 — Splice parameters Table 10
High ProfileHigh Level (alklayers),
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"nis; 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_delay*= 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
0061 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_splicerate =40.0x 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 parameters Table 14
4:2:2 Profile High Level-Mideo

splice_type Conditions
0000 splice_decoding_delay = 45 ms; max-$plice_rate = 300.0 x 10 bit/s
0001 splice_decoding_delay = 90 ms;fax_splice_rate = 300.0 x 100 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 case of
continuoys and periodic decoding through this splicing point it indicates the decoding time of the first afcess unit
following| the splicing point. This\decoding time is expressed in the time base which is valid in the Transp¢rt Stream
packet in|which the splice _countdown reaches zero. From the first occurrence of this field onwards, it shal| have the
same valye in all the subsequent Transport Stream packets of the same PID in which it is present, until the|packet in
which thejsplice_countdewn reaches zero (including this packet).

stuffing_pyte — This is a fixed 8-bit value equal to '1111 1111' that can be inserted by the encoder. It is discarfled by the
decoder.
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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 != padding_stream
&& stream_id != private_stream 2
&& stream id 1= 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 bslpf
PES scrambling_control 2 bslpf
PES priority 1 bdpf
data_alignment_indicator 1 bdpf
copyright 1 bdpf
original_or_copy 1 bslpf
PTS DTS flags 2 bslpf
ESCR_flag 1 bslpf
ES rate flag 1 bdpf
DSM _trick_mode flag 1 bdpf
additional_copy_info_flag 1 bdpf
PES CRC_flag 1 bslpf
PES extension_flag 1 bdpf
PES header_data length 8 uimsbf
if (PTS_DTS_flags =="10") {
'0010' 4 bslpf
PTS[32..30] 3 bslpf
mar ker_bit 1 bslpf
PTS[29..15] 15 bslpf
mar ker_bit 1 bslpf
PTS[14..0] 15 bslpf
marker_bit 1 bslpf
}
if (PTS_DTS_flags =="11") {
'0011" 4 bdpf
PTS[32..30] 3 bslpf
marker_hit 1 bdpf
PTS[29..15] 15 bslpf
marken bit 1 bdpf
PTS[14..0] 15 bslpf
marker_bit 1 bslpf
'0001" 4 bslpf
DTS[32..30] 3 bslpf
marker_hit 1 bdpf
DTS[29..15] 15 bslpf
marker_bit 1 bslpf
DTS[14..0] 15 bslpf
marker_bit 1 bslpf
s
if (ESCR_flag =="1") {
Reserved 2 bslbf
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 bdlbf
frequency_truncation 2 bdlbf
else if ( trick_ mode_control == slow_motion ) {
rep_cntrl 5 uimsbf
¥
else if ( trick_mode_control == freeze_frame ) {
field_id 2 uimsbf
Reserved 3 bdpf
else if ( trick_mode control == fast_reverse ) {
field_id 2 bslpf
intra_dlice refresh 1 bsIEf
frequency_truncation 2 bdpf
else if ( trick_ mode control == slow_reverse ) {
rep_cntrl 5 uirsbf
}
Else
Reserved 5 bslpf
}
if ( additional _copy_info_flag=="1") {
marker_bit 1 bsIEf
additional_copy_info 7 bslpf
}
if (PES_CRC flag=="1") {
previous PES packet CRC 16 bslpf
}
if (PES_extension flag=="1") {
PES private data flag 1 bslpf
pack_header_field_flag 1 bdpf
program_packet_sequerice counter_flag 1 bslpf
P-STD_buffer_flag 1 bslpf
Reserved 3 bdpf
PES extension_flag 2 1 bdlpf
if (PES_private ;data_flag=="1") {
PES private _data 128 bdpf
}
if (pack header field flag=="1") {
pack_field_length 8 uimsbf
pack_header()
if (program_packet sequence counter flag=="1") {
marker_bit 1 bslpf
program_packet_sequence_counter 7 uimsbf
marker_bit 1 bslpf
MPEG1 MPEG2 identifier 1 bslpf
original_stuff_length 6 uimsbf
1
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
}

32 I TU-T Rec. H.222.0 (05/2006)



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

ISO/IEC 13818-1

:2007 (E)

Syntax No. of bits Mnemonic

}
}
for (1< 0;1i<NI1;i++) {

stuffing_byte 8 bslbf

}
for (1<0; i <N2;i++) {
}

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

PES packet_data_byte 8 bdlbf

H

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

}

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

}

PES packet_data_byte 8 bdpf

padding_byte 8 bdpf

2437

packet_sl
constitute
'0000 000

stream_i
the strean
the elemg
the Progr

PES pac
field. A |
PES pack]

PES_scrambling_control — The 2-bit PEStscrambling_control field indicates the scrambling mode of the P

payload.
present, s

Semantic definition of fieldsin PES packet

art_code prefix — The packet_start code prefix is a 24-bit code. Together with the stream_id that
5 a packet start code that identifies the beginning of a packet. The packet start code prefix is the
0 0000 0000 0000 0001' (0x000001).

| — In Program Streams, the stream_id specifies the typ&land number of the elementary stream as
1 id Table 2-22. In Transport Streams, the stream_id‘thay be set to any valid value which correctly]
ntary stream type as defined in Table 2-22. In Transport Streams, the elementary stream type is s
m Specific Information as specified in 2.4.4.

Ket_length — A 16-bit field specifying the-number of bytes in the PES packet following the last b
alue of 0 indicates that the PES packet’length is neither specified nor bounded and is allowg
bts whose payload consists of bytes from a video elementary stream contained in Transport Stream p|

When scrambling is performed-at the PES level, the PES packet header, including the optional fi
hall not be scrambled (see.Table 2-23).

Table 2-22 — Stream_id assignments

follows it
bit string

jefined by
describes
ecified in

yte of the
d only in
hckets.

ES packet
elds when

Streams.id Note stream coding

1011 1100 1 program_stream_map

MM 1101 2 private stream 1

1011 1110 padding_stream

1011 1111 3 private_stream_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

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

33


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

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

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
1111 1011 ISO/IEC 14496-1 FlexMux_stream
1111 1100 metadata stream

1111 1101 8 extended stream_id

11111110 reserved data stream

1111 1111 4 program_stream_directory

The notafion x means that the values '0' or '1' are both permitted and results in the same stream type. The stfeam numbdr is given
by the values taken by the x's.

NOTE 1  PES packets of type program_stream_map have unique syntax specified in 2.5.4.1.

NOTE 2 { PES packets of type private stream 1 and ISO/IEC 13552 stream follow the samfie, PES packet syntax as|those for
ITU-T R¢c. H.262 | ISO/IEC 13818-2 video and ISO/IEC 13818-3 audio streams.

NOTE 3 { PES packets of type private stream 2, ECM_stream and EMM_stream afe\similar to private stream 1 ¢xcept no
syntax is specified after PES_packet length field.

NOTE 4 } PES packets of type program_stream_directory have a unique syntax specified in 2.5.5.
NOTE 5 PES packets of type DSM-CC_stream have a unique syntax specified in ISO/IEC 13818-6.
NOTE 6 t This stream_id is associated with stream_type 0x09 in Table 2534

NOTE 7 t This stream_id is only used in PES packets, which carry data from a Program Stream or an ISO/IEC 1117241 System
Stream, ip a Transport Stream (refer to 2.4.3.8).

NOTE 8 }| The use of stream_id 0xFD (extended_stream_id).identifies that this PES packet employs an extended syntax|to permit
additiona] stream types to be identified.

Table 2-23=PES scrambling control values

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

priority of the payload of the PES packet payload than a PES packet payload with this field set to '0'. A multiplexor can
use the PES prigrity bit to prioritize its data within an elementary stream. This field shall not be changed by the
transport mechanism.

PES pr iJrity — This¢is_a 1-bit field indicating the priority of the payload in this PES packet. A '1' indicatep a higher

data_alignment—indicator—="This 5= t=bit flag—Wiemrset toavatucof -+t imdicatesthat the PESpacket header is
immediately followed by the video syntax element or audio sync word indicated in the
data stream alignment descriptor in 2.6.10 if this descriptor 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 is an
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 CR{_flag— A 1-bit flag, which when set to 'l' indicates that a CRC field is present in the PES packet.| When set
to '0' it indlicates that this field is not present.

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

PES heafler_data length — An 8-bit field specifying the total number of bytes occupied bysthe optional fields and any
stuffing bjytes contained in this PES packet header. The presence of optional fields is indicated in the byte tha} precedes
the PES header data length field.

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

PTS (presentation time stamp) — Presentation times shall be related to decoding times as follows: The PTS |s a 33-bit
number cpded in three separate fields. It indicates the time of presentation, tp,(k), in the system target de¢oder of a
presentatipn unit k of elementary stream n. The value of PTS is spécified in units of the period of the system clock
frequency| divided by 300 (yielding 90 kHz). The presentation timeis derived from the PTS according to equption 2-11
below. Rgfer to 2.7.4 for constraints on the frequency of coding présentation timestamps.

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

where tp,(k) is the presentation time of presentatiofamit P,(k).

In the cage of audio, if a PTS is present in PES packet header it shall refer to the first access unit commending in the
PES packpt. An audio access unit commenges in a PES packet if the first byte of the audio access unit is pregent in the
PES packpt.

In the cage of ISO/IEC 11172-2 video or ISO/IEC 14496-2 video, if a PTS is present in a PES packet headgr, it shall
refer to the access unit containing‘the first picture start code that commences in this PES packet. A picture [start code
commencps in a PES packet if the first byte of the picture start code is present in the PES packet. For I- and P-pictures
in non-loy_delay sequences_and in the case when there is no decoding discontinuity between access units (AlUs) k and
k', the prgsentation time:tsi(k) shall be equal to the decoding time tgy(k') of the next transmitted I- or P-picturg (refer to
2.7.5). If there is a déeoding discontinuity, or the stream ends, the difference between t,,(k) and t4,(k) shall b¢ the same
as if the ofiginal stream had continued without a discontinuity and without ending.

NOTE|1 — X low_delay sequence is an ISO/IEC 14496-2 video sequence in which the low_delay flag is set to 'l' (refeq to 6.2.3 of
ISO/IHC 14496-2).

For ITU-T Rec. H.262 | ISO/IEC 13818-2 video, if a PTS is present in a PES packet header, it shall refer to the access
unit containing the first picture start code that commences in this PES packet. A picture start code commences in a PES
packet if the first byte of the picture 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
referred toby PTS at Pnr‘nding is the same Qﬂmp]P referred to by PTS at ﬂﬁ-r‘nﬂing In the case of scalable ¢ ]ng refer

to 2.7.6.

DTS (degoding time stamp) — The DTS is a 33-bit number coded in three separate fields. It indigates the] decoding
time, td,(]), in the system target decoder of an access unit j of elementary stream n. The value offiDTS is specified in
units of the period of the system clock frequency divided by 300 (yielding 90 kHz). The decoding-time derivegl from the
DTS accarding to equation 2-12 below:

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

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

In the cade of ISO/IEC 11172-2 video, ITU-T Rec. H.262 | ISO/IEC 13818*2 video, or ISO/IEC 14496-2 yideo, if a
DTS is present in a PES packet header, it shall refer to the access, unit containing the first picture start|code that
commencps in this PES packet. A picture start code commences in a-PES packet if the first byte of the picture|start code
is present|in the PES packet.

For ITU-T Rec. H.264 | ISO/IEC 14496-10 video, if a DTS is.present in the PES packet header, it shall refer o the first
AVC acc¢ss unit that commences in this PES packet. An AVC access unit commences in a PES packet if thd first byte
of the AVC access unit is present in the PES packet\To achieve consistency between the STD modgl and the
HRD model defined in Annex C of ITU-T Rec. H.264\| ISO/IEC 14496-10, for each AVC access unit the DT value in
the STD |shall, within the accuracy of their respéctive clocks, indicate the same instant in time as th¢ nominal
CPB remg¢val 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 casp of scalable coding refer to 2.7.6!

ESCR_b

» ESCR_extension — The elementary stream clock reference is a 42-bit field coded in two parts| The first
_base, is a 33-bit field whose value is given by ESCR_base(i), as given in equation 2-14. The sefond part,
_exft, is a 9-bit field whose value is given by ESCR_ext(i), as given in equation 2-15. The ESCR field indicates
the intended time of arriyal.of the byte containing the last bit of the ESCR base at the input of the PES-STD for PES
streams (fefer to 2.5.2.4).

Specifically:

ESCR(i) = ESCR_base(i)x300+ ESCR _ext(i) (2-13)

where:
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 1nterlaced sequences when trlck mode status is false the number of times N, a plcture is output by the decodlng
' pe | C amme fields in

the case of ITU T Rec. H.262 | ISO/IEC 13818 2 Vldeo
When trigk mode status is true, the number of times that a picture shall be displayed depends on the valug'of N.

When the|value of this field changes or trick mode operations cease, any combination of the following may ocfur:
* discontinuity in the time base;
*  decoding discontinuity;

*  continuity counter discontinuity.

Table 2-24 — Trick mode control valtes

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

In the corftext of trick mode, the non-normal speed of decoding and presentation may cause the values of certain fields
defined i1 video elementary stream data te _be incorrect. Likewise, the semantic constraint on the slice structufe may be
invalid. The video syntax elements to which this exception applies are:

*  bit rate;

*  vbv_delay;

* repeat_first field;
*  Vv_axis_positive;

*  field~séquence;

*  siibcarrier;

o < burst_amplitude;

*— subcarrier_phase.
A decoder cannot rely on the values encoded in these fields when in trick mode.

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 progressive
sequences, the picture should be displayed N X rep_cntrl times, where N is defined above.

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). This
field is displayed for N x rep cntrl /2 field duration. The other field of the picture is then displayed for N —
N x rep_cntrl / 2 field duration.

freeze frame — The value '010, in the trick_ mode_control field. When this value is present it indicates a freeze frame
video stream and defines the meaning of the following five bits in the PES packet header. The field id field, defined in
Table 2-25; Tdemtifies which fietd(s)stoutdbedisptayed—The fictdTdfictd Teferstothefirst video accesy unit that
commencps in the PES packet which contains the field id field, unless the PES packet contains zero payload bytes. In
the latter gase the field id field refers to the most recent previous video access unit.

fast reveyse — The value '011, in the trick_mode control field. When this value is present it indicates a fgst reverse
video strgam and defines the meaning of the following five bits in the PES packet header. The/intra_slice fefresh bit
may be det to 'l' indicating that there may be missing macroblocks which the decoder @nay replace with co-sited
macroblogks 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 goefficients may be inclided. The
meaning ¢f the values of this field are shown in Table 2-26.

slow revgrse — The value '100', in the trick mode_control field. When this value)is present it indicates a slqw reverse
video strpam and defines the meaning of the following five bits in «th€ PES packet header. In th¢ case of
ISO/IEC | 1172-2 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 cdse of ITU-T Rec. H.262 | ISO/IEC 13818-2 interlaced “sequences, the picture should be disglayed for
N x rep_dntrl field duration. If the picture is a frame pictureythe first field to be displayed is the botton field if
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 field is
displayed|for N % rep cntrl /2 field duration. The other field of the picture is then displayed for N — N x rep _cntrl /2
field durafion.

field_id 4 A 2-bit field that indicates which field(s)should be displayed. It is coded according to Table 2-25.

Tahle 2-25 — Field_id field control values

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

intra_slige refresh.2 A 1-bit flag, which when set to 'l', indicates that there may be missing macroblockp between
coded sli¢es ofvideo data in this PES packet. When set to '0' this may not occur. For more information, Jee ITU-T
Rec. H.242 {ISO/IEC 13818-2. The decoder may replace missing macroblocks with co-sited macroblocks of Treviously
decoded I ictures

frequency_truncation — A 2-bit field which indicates that a restricted set of coefficients may have been used in coding
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

after processing the data bytes of the previous PES packet, exclusive of the PES packet header.
NOTE 5 — This CRC is 1ntended for use in network malntenance such as 1solat1ng the source of 1nterrn1ttent errors. It is not
intendgdfor use by clementary strear eTS. atcuta rthe data beca 3 ader flata can be
modifipd during transport.

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

pack_header_field_flag — A 1-bit flag which when set to '1' indicates that an ISO/IEC 1N 72-1 pack hgader or a
Program Ptream pack header is stored in this PES packet header. If this field is in a PESpacket that is contpined in a
Program Btream, then this field shall be set to '0'. In a Transport Stream, when set to the,value '0' it indicates that no
pack header is present in the PES header.

program| packet_sequence counter_flag — A 1-bit flag which when\set to 'l' indicates [that the
program_packet sequence counter, MPEG1 MPEG2 identifier, and original stuff length fields are presgnt in this
PES packpt. 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 'l' indicates that'the P-STD_buffer scale and P-STD_bpuffer size
are preseft in the PES packet header. When set to a value of '0'4t indicates that these fields are not present in the
PES headgr.

PES extéension_flag_2 — A 1-bit field which when set to '1%indicates the presence of the PES extension_fi¢ld length
field and pssociated fields. When set to a value of '0' this@ndicates that the PES extension_field length field and any
associated fields are not present.

PES private data— This is a 16-byte field which contains private data. This data, combined with the fields hefore and
after, shalll not emulate the packet start code prefix (0x000001).

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

program| packet_sequence_counter~The program_packet sequence counter field is a 7-bit field. It is ap optional
counter that increments with each suce€ssive PES packet from a Program Stream or from an ISO/IEC 111721 Stream
or the PEP packets associated with.a single program definition in a Transport Stream, providing functionality|similar to
a continufty counter (refer tg”2,4.3.2). This allows an application to retrieve the original PES packet seqyence of a
Program $tream or the original packet sequence of the original ISO/IEC 11172-1 stream. The counter will wrpp around
to 0 after jts maximum yalue. Repetition of PES packets shall not occur. Consequently, no two consecutive PHS packets
in the propram multiplex'shall have identical program_packet sequence_counter values.

MPEGL1 |MPEG2uidentifier — A 1-bit flag which when set to 'l' indicates that this PES packet carries infformation
from an ISO/EC 11172-1 stream. When set to '0' it indicates that this PES packet carries information from § Program
Stream.

original_stuff_length — This 6-bit field specifies the number of stuffing bytes used in the original ITU-T
Rec. H.222.0 | ISO/IEC 13818-1 PES packet header or in the original ISO/IEC 11172-1 packet header.

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:

BS, =P —SID _ buffer _size x 1024 (2-17)

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

The size BS, shall be larger than or equal to the size of the CPB signalled by the CpbSize[ cpb_cnt.minus] | specified
by the NAL hrd_parameters() in the AVC video stream. If the NAL hrd_parameters() are not presént in the AVC video
stream, then BS, shall be larger than or equal to the size of the NAL CPB for the byteystream format glefined in
Annex A pf ITU-T Rec. H.264 | ISO/IEC 14496-10 as 1200 x MaxCPB for the applied leyel,

X sion_field_length — This is a 7-bit field which specifies the length, in bytes, of the data following this field
in the PE§ extension field up to and including any reserved bytes.

_id_extension_flag — A 1-bit flag, which when set to '0' indicates thata stream_id_extension field is [present in
cket header. The value of '1' for this flag is reserved.

_ifl_extension — In Program Streams, the stream id_extension/specifies the type and number of the elementary
stream as|defined by the stream_id_extension in Table 2-27. In Trafisport Streams, the stream_id_extension rhay be set
to any valid value which correctly describes the elementary streamdtype as defined in Table 2-27. In Transport Streams,
the elemeptary stream type is specified in the Program Specifie.Information as specified in 2.4.4. Note that this field is
used as an extension of the stream_id defined above. This ‘field shall not be used unless the value of strgam_id is
1111 110].

Table 2-27 — Stféam_id_extension assignments

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

000010 ... 011 1111 reserved data_stream

100 p00O0 ... 111 1111 private stream

NOTE 1 { PES packets of sttream_id_extension 0b000 0000 (IPMP Control Information Stream) have a unique syntax sgecified in
ISO/IEC [13818-11 (MPEG:2‘IPMP).

NOTE 2  PES packets{0f stream_id_extension 0b000 0001 (IPMP Stream) have a unique syntax specified in ISO/IEC [13818-11
(MPEG-J IPMP).

stuffing_pyte—"This is a fixed 8-bit value equal to '1111 1111 that can be inserted by the encoder, for examplle to meet
the requiremients of the channel It is discarded by the decoder. No more than 32 Q‘mf‘ﬁng bytes shall be present in 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 this new
PES packet has the valne of ancillary stream (refer to Table 2-22) This new PES packet is then carried in Transport
Stream pgckets.

When reconstructing the Program Stream at the Transport Stream decoder, for PES packets with a stream_ifl value of
ancillary [stream id, packet start code prefix is written to the Program Stream being reconstructed, followled by the
data_byte]|fields from these Transport Stream PES packets.

ISO/IEC | 1172-1 streams are carried within Transport Streams by first replacing ISO/IEC 11172-1 packet hepders with
ITU-T Rge. H.262 | ISO/IEC 13818-2 PES packet headers. ISO/IEC 11172-1 packet header field values are|copied to
the equivglent ITU-T Rec. H.262 | ISO/IEC 13818-2 PES packet header fields.

The progfam_packet sequence counter field is included within the header of eachvPES packet carrying ddta from a
Program ptream, or an ISO/IEC 11172-1 System stream. This allows the order\ofl PES packets in the original Program
Stream, of 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 Systém stream, is carried in the Transp¢rt Stream
in the heafder of the immediately following PES packet.

244 Program specific information

Program Ppecific Information (PSI) includes both ITU-T Ree. H.222.0 | ISO/IEC 13818-1 normative data apd private
data that gnable demultiplexing of programs by decoders:\Programs are composed of one or more elementary streams,
each labelled with a PID. Programs, elementary streants or parts thereof may be scrambled for conditionjal access.
However,| Program Specific Information shall not.be>scrambled.

In Transpprt Streams, Program Specific Information is classified into six table structures as shown in Table 24{28. While
these structures may be thought of as simple-tables, they shall be segmented into sections and inserted in[Transport
Stream pgckets, some with predetermined BIDs and others with user selectable PIDs.

Table 2-28 — Program specific infor mation

Stryicture Name Stream Type Reserved PID # Description
Program AAssociation Table\* | ITU-T Rec. H.222.0 | 0x00 Associates Program Number apd
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 compgnents of
ISO/IEC 13818-1 one or more programs
Network [[nfefmation Table | Private Assigned in the PAT Physical network parameters sfich as
EDM frequ 1
Numbers‘,1 etc.
Conditional Access Table ITU-T Rec. H.222.0 | 0x01 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.

Sections may be variable in length. The beginning of a section is indicated by a pointer_field in the Transport Stream
packet payload. The syntax of this field is specified in Table 2-29.

Adaptation fields may occur in Transport Stream packets carrying PSI sections.

Within a [Transport Stream, packet stuffing bytes of value 0xFF may be found in the payload of Transpqrt Stream
packets 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 decoder. In
such a cage, the payload of the next Transport Stream packet with the same PID value shall begin‘with a point¢r field of
value 0x0p indicating that the next section starts immediately thereafter.

Each Trapsport Stream shall contain one or more Transport Stream packets with PID-value 0x0000. These |[Transport
Stream pdckets together shall contain a complete Program Association Table, providing a complete list of all|programs
within thg Transport Stream. The most recently transmitted version of the table with the current next indicatpr set to a
value of '|' shall always apply to the current data in the Transport Stream. Apy changes in the programs carrjed within
the Transport Stream shall be described in an updated version of the Program’ Association Table carried in |[Transport
Stream pgckets with PID value 0x0000. These sections shall all use table™1d value 0x00. Only sections with [this value
of table ifl are permitted within Transport Stream packets with PID value of 0x0000. For a new version of the PAT to
become YValid, all sections (as indicated in the last section number) with a new version number and| with the
current_npxt_indicator set to '1' must exit By, defined in the T-STD (refer to 2.4.2). The PAT becomes valid when the
last byte gf the section needed to complete the table exits Bqy.

Whenevef one or more elementary streams within a Transport Stream are scrambled, Transport Stream packlets with a
PID valug 0x0001 shall be transmitted containing a, cemplete Conditional Access Table including CA_descriptors
associated with the scrambled streams. The transmiitted Transport Stream packets will together form one| complete
version pf the conditional access table. The most recently transmitted version of the table [with the
current_ngxt indicator set to a value of '1' shallyalways apply to the current data in the Transport Stream. Anly changes
in scrambfling making the existing table invalid or incomplete shall be described in an updated version of the cpnditional
access taljle. These sections will all usetable id value 0x01. Only sections with this table id value are permitfed within
Transport Stream packets with a PID\value of 0x0001. For a new version of the CAT to become valid, all sqctions (as
indicated [in the last section number) with a new version number and with the current next indicator set tp 'l' must
exit Byys. The CAT becomes valid-when the last byte of the section needed to complete the table exits Bgys.

Each Trapsport Stream shall_tontain one or more Transport Stream packets with PID values which are labelled under
the progrgm association:table as Transport Stream packets containing TS program map sections. Each prograin listed in
the Program Association Table shall be described in a unique TS program map_section. Every program shalll be fully
defined wfithin the\Fransport Stream itself. Private data which has an associated elementary PID field in the appropriate
Program Map Table section is part of the program. Other private data may exist in the Transport Stream witout being
listed in the Program Map Table section. The most recently transmitted version of the TS _program map_seftion with
the curred 0 0 0 ha h : n-the Transport Stdeam. Any
changes in the deﬁnltlon of any of the programs carrled w1th1n the Transport Stream shall be descrlbed in an updated
version of the corresponding section of the program map table carried in Transport Stream packets with the PID value
identified as the program map PID for that specific 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
Recommendation | International Standard or private.

2441 Peinter
The pointpr_field syntax is defined in Table 2-29.

Table 2-29 — Program specific information pointer

Syntax No. of bits M nemonic
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 flirst byte of the first section that is present in the payload of the Transport Stream packet (so a value pf 0x00 in
the pointqr_field indicates that the section starts immediately after the,pounter field). When at least one sectjon begins
in a given| Transport Stream packet, then the payload unit start indieator (refer to 2.4.3.2) shall be set to '1' arjd the first
byte of the payload of that Transport Stream packet shall contdjnvthe pointer. When no section begins ip a given
Transport] Stream packet, then the payload unit start indicatot\shall be set to '0' and no pointer shall be sent in the
payload of that packet.

24.4.3 [Program Association Table

The Progfam Association Table provides the corgespondence between a program number and the PID vajue of the
Transport Stream packets which carry the program definition. The program number is the numeric label hssociated
with a prqgram.

The overjll table is contained in one or more sections with the following syntax. It may be segmented fo occupy
multiple dections (see Table 2-30).

Table 2-30 — Program association section

Syntax No. of bits Mnemonic
program |association_section() {

table id 8 uimsbf
sectiony syntax_indicator 1 bplbf
'0! 1 bplbf
reserved 2 bslbf
section_length 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
}
¥
CRC_32 32 rpchof
}

24.4.4 [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_seetion

0x05 ISO_IEC 14496 object_descripter, 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 fieldsin.program association section
table id 1 This is an 8-bit field, whichrshall be set to 0x00 as shown in Table 2-31.
section_gyntax_indicator — The section_syntax_indicator is a 1-bit field which shall be set to '1".

section_lgngth — This is a 124bit field, the first two bits of which shall be '00'. The remaining 10 bits specify the number
of bytes ¢f the section, starting immediately following the section_length field, and including the CRC. Thg value in
this field $hall not exceed 1021 (0x3FD).

transpor{_stream(id = This is a 16-bit field which serves as a label to identify this Transport Stream from|any other
multiplex|within'g ietwork. Its value is defined by the user.

version_nuiber — This 5-bit field is the version number of the whole Program Association Table. The versign number
shall be incremented by T modulo 32 Whenever e definition of e Program Association 1apte changes. When the
current_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.
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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
program_number shall have more than one program map PID assignment. The value of the program map PID is
defined by the user, but shall only take values as specified in Table 2-3

CRC_32[ This is a 32-bit field that contains the CRC value that gives a zero output of the registers dn, the decoder
defined ir] Annex A after processing the entire program association section.

2.4.4.6 [Conditional access Table

The Conditional Access (CA) Table provides the association between one or more CA systems, their EMM stfeams and
any specifl parameters associated with them. Refer to 2.6.16 for a definition of the descriptot() field in Table 3-32.

The table| is contained in one or more sections with the following syntax. It may, be jsegmented to occupy multiple
sections.

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 bslbf
section_number 8 uimsbf
last «section_number 8 uimsbf
for 1=0; 1 <N; it++) {
descriptor()

}
CRC_32 32 rpchof

;

2447 |Semfantic definition of fieldsin conditional access section
table_id — 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 Progfam Map Table provides the mappings between program numbers and the program elements thatl comprise
them. A fingle instance of such a mapping is referred to as a "program definition". The program map) tgble is the
complete follection of all program definitions for a Transport Stream. This table shall be transmitted inpackets, the PID
values of which are selected by the encoder. More than one PID value may be used, if desired. Theitable is contained in
one or mgre sections with the following syntax. It may be segmented to occupy multiple sections. In each s¢ction, the
section nymber field shall be set to zero. Sections are identified by the program number field:
Definitior) for the descriptor() fields may be found in 2.6 (see Table 2-33).
Table 2-33 - Transport Stream program map section
Syntax N@.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_numbeér 8 uimsbf
last_section_number 8 uimsbf
reser ved 3 bslbf
PCRPID 13 uimsbf
reserved 4 bslbf
program_info_length 12 uimsbf
for (i=0;1<N;it++) {
descriptor()
}
for G=0; 1 <NI1;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 length is not sufﬁc1ent The program number may be used as a designation for a broadcast channel for example.
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umber — The value of this 8-bit field shall be 0x00.
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D — This is a 13-bit field indicating the PID of the Transport Stream packets which shall contain the |
the program specified by program number. If ng PCR is associated with a program definition f
hen this field shall take the value of 0x1FFF. Réfer to the semantic definition of PCR in 2.4.3.5 and
tions on the choice of PCR_PID value.

| info_length — This is a 12-bit field, the\first two bits of which shall be '00'. The remaining 10 bits 3
[ bytes of the descriptors immediately following the program_info_length field.

pe — This is an 8-bit field specifying the type of program element carried within the packets wit
ue is specified by the elementary PID. The values of stream_type are specified in Table 2-34.

— An ITU-T Rec. H.222.0 |'ISO/IEC 13818-1 auxiliary stream is available for data types defined by this Sp
han audio, video, and DSM-€C, such as Program Stream Directory and Program Stream Map.

Table 2-34 — Stream type assignments
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Ecification,

Value Description
0x00, ITU-T | ISO/IEC Reserved
0x01 ISO/IEC 11172-2 Video
0x02 ITU-T Rec. H.26Z TISO/IEC 13818-2 Video or ISO/IEC I T172-2 constrained parameter video stream
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

B4 ISOAECH381-8-6-Synehronized-Download-Rrotocol

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

Ox1A IPMP stream (defined in ISO/IEC 13818-11, MPEG-2 IPMP)

x1B AVC video stream as defined in ITU-T Rec. H.264 | ISO/IEC 14496-10 Video
0x| C-0x7E ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Reserved
0x7F IPMP stream
0xB0-0xFF User Private

elementaly_PID — This is a 13-bit field specifying the PID of the Transport Stream packets which carry the hssociated
program g¢lement.
ES info_Jength — 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 descriptors of the associated program element immediately following the ES info_length 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 ir] Annex B after processing the entire Transpeort Stream program map section.
2.4.4.10 |Syntax of the Private section
When priyate data is sent in Transport Stream packets with a PID value designated as a Program Map Table PID in the
Program Association Table the privatesection shall be used. The private section allows data to be transmitfed with a
minimum| of structure while enabling-a decoder to parse the stream. The sections may be used in two ways: if the
section_syntax_indicator is set tot\l',"then the whole structure common to all tables shall be used; if the indidator is set
to '0', thgn only the fields 'table id' through 'private section length' shall follow the common structure syntax and
semanticg and the rest of the private section may take any form the user determines. Examples of extended yise of this
syntax ar¢ found in Informative Annex C.
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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
11 (section_syntax_indicator = = 0') {
for 1=0;1<N;it++) {
private_data byte 8 bdlbf
§
}
else {
table_id_extension 16 timsbf
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#+) Y
private data byte 8 bdlbf
H
CRC 32 32 rpchof
}
}

Semantic definition of fieldsin priyate section

- This 8-bit field, the value of which identifies the Private Table this section belongs to. Only values
| as "user private" may be used;

ction syntax beyond-the private section_length field. When set to '0', it indicates that the private (
bly follow the private—section_length field.

hdicator — This\is'a 1-bit user-definable flag that shall not be specified by ITU-T | ISO/IEC in the fu

ection_length — A 12-bit field. It specifies the number of remaining bytes in the private section im
the private section_length field up to the end of the private section. The value in this field shall 1
FD).

defined in

bntax_indicator — This, is a 1-bit indicator. When set to 'l', it indicates that the private section f¢llows the

fata_bytes
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future.

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

EC in the

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.

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

49


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

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

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/IEC 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 for an entire
Transport Stream. The descriptors shall apply to the entire Transport Stream. This table uses a table id value ¢f 0x03 as
specified jn 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 Mnemonic

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 ef fieldsin the Transport Stream section
table id 4 This is an 8-bit ficld; which shall be set to '0x03' as specified in Table 2-31.

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

version_f umber Thls 5- b1t field is the version number of the whole Transport Stream Descrlptlon Table. The version
number | e Tra escription Table
changes. When the current_next indicator is set to 'l', then the version number shall be that of the currently applicable
Transport Stream Description Table. When the current_next_indicator is set to '0', then the version_number shall be that
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.

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 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
packet daja belongs. The PES packet header may contain just a Presentation Time Stamp (PTS) or both a prgsentation
timestamp and a Decoding Time Stamp (DTS). The PES packet header also contains other optionalfields. Tthe packet
data contdins a variable number of contiguous bytes from one elementary stream.

In a Progfam Stream, PES packets are organized in packs. A pack commences with a pa¢kyheader and is followed by
zero or mpre PES packets. The pack header begins with a 32-bit start-code. The pack header is used to store timing and
bitrate information.

The Program Stream begins with a system header that optionally may be fepeated. The system header| carries a
summary fof the system parameters defined in the stream.

This Recqmmendation | International Standard does not specify the coded(data which may be used as part of cpnditional
access syjtems. This Recommendation | International Standard does, lewever, provide mechanisms for progrgm service
providers|to transport and identify this data for decoder processing,/ and to correctly reference data whicly are here
specified.

252 Program Stream system target decoder

The semdntics of the Program Stream and the constraints on these semantics require exact definitions off decoding
events and the times at which these events occur.~The definitions needed are set out in this Specification using a
hypotheti¢al decoder known as the Program Streamsystem target decoder (P-STD).

The P-STD is a conceptual model used to define these terms precisely and to model the decoding process ¢luring the
construction of Program Streams. The P-STD is defined only for this purpose. Neither the architecture of the §-STD nor
the timing described precludes unintertupted, synchronized playback of Program Streams from a variety of decoders
with diffefent architectures or timing sehedules.

i-th byte-of
multiplex stream
Aq()) O P, (k)
o] tp, (k)
B1 :‘ I D»] O 1‘
j'ti alltos Ul lit g :\'th |JI TSCT1T Itat;ul T ur I;t
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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) 1s the decoding time, measured 1n seconds, 1n the system target decoder of the J-th dccess unit
in elementary stream n.

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

tpa(k) is the presentation time, measured in seconds, in the system target decoder 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 deceder ‘input buffer for glementary
stream n at time t.

B, the input buffer in the system target decoder for elementary stream n.

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

D, is the decoder for elementary stream n.

O, is the reorder buffer for video elementary(stream n.

2521 [System clock frequency

Timing ifjfformation referenced in P-STD is carried by, several data fields defined in this Specification. The|fields are
defined if] 2.5.3.3 and 2.4.3.6. This information is coded &s the sampled value of a system clock.

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

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

The notafion "system_clock frequency' is used in several places in this Recommendation | International Standard
torefer tp the frequency of a_clock meeting these requirements. For notational convenience, eqyations in
which SCR, PTS, or DTS appear, lead to values of time which are accurate to some integral mpltiple of
(300 x 2*{/system_clock_frequency) seconds. This is due to the encoding of SCR timing information as 33 bits of 1/300
of the syjtem 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.

2522 [|Input tothe Program Stream system target decoder

Data fron) thie-Program Stream enters the system target decoder. The i-th byte enters at time t(i). The time at Wwhich this
byte entets thie system target decoder can be recovered from the input stream by decoding the input Systiem Clock
Reference (SCR) fields and the program mux rate field encoded in the pack header. The SCR, as defined in
equation 2-18, is coded in two parts: one, in units the period of 1/300 X the system clock frequency, called
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.

SCR(i’) .\ i—i’

svstem.clock — freauency nroaram-—mux_ ratax S0
ySterh HoGKk—H-e4 1GY pregra—Adx—at

t(i)= (2-21)

where:

i" is the index of the byte containing the last bit of the system clock reference base fleld in the
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 ugits of the
system clock

progrgm mux_rate is a field defined in 2.5.3.3.

After deliery of the last byte of a pack there may be a time interval during which no bytes are delivered to tHe input of
the P-STID.

2523 |[Buffering

The PES packet data from elementary stream n is passed to the.nput buffer for stream n, B,. Transfer of byte|i from the
system tafget decoder input to B, is instantaneous, so that byte.i’enters the buffer for stream n, of size BS,, at tjme t(i).

Bytes prepent in the pack header, system headers, Program Stream Maps, Program Stream Directories, or PES packet
headers df the Program Stream such as SCR, DTS&PTS, and packet length fields, are not delivered to dny of the
buffers, bpt may be used to control the system.

The inpuf buffer sizes BS; through BS, are given by the P-STD buffer size parameter in the syntax in equafions 2-16
and 2-17.

At the de¢oding time, td,(j), all data forythe access unit that has been in the buffer longest, A,(j), and any stufffing bytes
that immgdiately precede it that are present in the buffer at the time td,(j), are removed instantaneously at time td,(j).
The decofling time td,(j) is speeified in the DTS or PTS fields. Decoding times td,(j + 1), td,(j + 2), ... of adcess units
without gncoded DTS or PTS)fields which directly follow access unit j may be derived from informatfon in the
elementarly stream. Refer, to~Annex C of ITU-T Rec. H.262 | ISO/IEC 13818-2, ISO/IEC 13818-3, ISO/IEC 1|1172-2 or
ISO/IEC [11172-3. Alsgirefer to 2.7.5. As the access unit is removed from the buffer, it is instantaneously de¢oded to a
presentatipn unit.

The Progfam Streéam shall be constructed and t(i) shall be chosen so that the input buffers of size BS; thjough BS,
neither oyerflow/nor underflow in the program system target decoder. That is:

0<F,(1)<BS,

for all t and n,

and:

Fa)=0

instantaneously before t = t(0).

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

Specifically: 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 the cas

for all byt
For Progri

When thg
ISO/IEC
examined
this case
unit is prg

VBV bufj
data from
bitstream
until the \

2524

It is poss
elementar
stream is
(ESCR) i
one elemg

Buffer siZ

tdn(j)—t(i)<=60s

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

tdn(j)—t(i)<=10s

es contained in access unit j.
hm Streams, all bytes of each pack shall enter the P-STD before any byte of a.sibsequent pack.
low_delay flag in the video sequence extension is set to 'l' (refer\to 6.2.2.3 of ITU-T Red

at the time specified by td,(j), the complete data for the access unit may not be present in the buffer
hrises, the buffer shall be re-examined at intervals of two field‘periods until the data for the compl

fer underflow is allowed to occur continuously withoutdimit. The P-STD decoder shall remove 4
buffer B, at the earliest time consistent with the paragraph above and any DTS or PTS values enco
The decoder may be unable to re-establish correct decoding and display times as indicated by DT
BV buffer underflow situation ceases and a PES-or DTS is found in the bitstream.

PES streams

ble to construct a stream of data as-a contiguous stream of PES packets each containing data of]
y stream and with the same stream id. Such a stream is called a PES stream. The PES-STD model
identical to that for the Progranmr Stream, with the exception that the Elementary Stream Clock
used in place of the SCR, @nd ES_rate in place of program_mux_rate. The demultiplexor sends dz
ntary stream buffer.

es BS,, in the PES-STPmodel 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 Ry.«[profile, level], where VBV, [profile, level] and Ry, [profile,

sent in the buffer. At this time the entire access unit shall bestemoved from buffer B, instantaneously.

. H.262 |

3818-2), the VBV buffer may underflow. In this case when thé-P=STD elementary stream bufffer B, is

B,. When
ete access

Ccess unit
ded in the
and PTS

the same
for a PES
Reference
ta to only

level] are

the maximum VBYV size and bit rate per profile, level, and layer as defined in Tables 8-14

and 8-13,

54

Trespectively, of ITU-T Rec. H.262 [ ISO/IEC 13818-2. BS,, is allocated Tor PES packet header
—  For ISO/IEC 11172-2 video:

BS;, = VBV + BSoh

overhead.

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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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.

2526 P-STD extensionsfor carriage of | SO/IEC 14496 data

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

individual ISO/IEC 14496 elementary streams in the P-STD see 2.11.2. Clause 2.11.3 defines P-STD exter

parametetls for decoding of ISO/IEC 14496 scenes and associated streams.

2527

For decod
see 2.14.3

253

The folloy
2531
See Table

2532

MPEG_1
1001' (0x

2533
See Table

2.

2-37.

Specification of the Program Stream syntax and semantics
ving syntax describes a stream of bytes.

Program Stream

Table 2-37 — Program Stream

P-STD extensionsfor carriage of ITU-T Rec. H.264 | 1SO/IEC 14496-10 Video
ing of ITU-T Rec. H.264 | ISO/IEC 14496-10 video streams carried in a Program Streat in the P-S']

Syntax

No. of bits | Mnemonic

MPEG2_program_stream() {
do {
pack()
} while (nextbits() = = pack-start_code)
MPEG_program_end.code
}

32 bslbf

Semantic definition of fieldsin-Program Stream

rogram_end_code — The MPEG_program_end_code is the bit string '0000 0000 0000 0000 0000
00001B9). It terminates,the Program Stream.

Pack layer of Program Stream
s 2-38 and 2-89.

Table 2-38 — Program Stream pack

Syntax

No. of bits | Mnemonic

sions and

'D model,

001 1011

pack() |
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

2534

pack_staft_code — The pack_start_code is the bit string.'0000 0000 0000 0000 0000 0001 1011 1010' (0x00

It identifi

system_c|
field cod
SCR _bas
is given b
the last bil

The frequ
marker_|

program
during th
value '0' 1
input to tH

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
SysStem_ClOCK_T efer ence_extension 9 aimsof
marker_bit 1 bslbf
program_mux_rate 22 uimsbf
marker_bit 1 bslbf
marker_bit 1 hstbf
reserved 5 bslbf
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 ()
}

}

Semantic definition of fieldsin program stream pack

s the beginning of a pack.
ock_reference_base; system_clock_reference extension — The system clock reference (SCR) i
bd in two parts. The first part, systéem clock reference base, is a 33-bit field whose value is
y SCR_ext(i), as given in equation 2-20. The SCR indicates the intended time of arrival of the byte
t of the system_clock reference base at the input of the program target decoder.

ency of coding requiréiments for the SCR field are given in 2.7.1.

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

| mux_rates This is a 22-bit integer specifying the rate at which the P-STD receives the Progra

pack in(Which it is included. The value of program mux_rate is measured in units of 50 bytes/se
s forbidden. The value represented in program mux_rate is used to define the time of arrival of by
e P-STD in 2.5.2. The value encoded in the program mux_rate field may vary from pack to pack in|

0001BA).

5 a 42-bit
given by

(1) as given in equation 2-19. Thetsecond part, system_clock reference extension, is a 9-bit field wlose value

ontaining

m Stream
tond. The
tes at the
an ITU-T

Rec. H.22

2:0VISO/IEC 13818-1 program multiplexed stream.

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

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_bound 22 uimsbf
marker_bit 1 bf
audio_bound 6 uimsbf
fixed_flag 1 hslbf
CSPS flag 1 sl bf
system_audio_lock_flag 1 ksl bf
system_video_lock_flag 1 sl bf
marker_bit 1 bslbf
video_bound 5 uimsbf
packet_rate restriction_flag 1 ksl bf
reserved_bits 7 s bf
while (nextbits () =="1") {

stream_id 8 uimsbf

Nes 2 hslbf

P-STD_buffer_bound_scale 1 s bf

P-STD_buffer_size bound 13 uimsbf
}

}

25.3.6 [Semantic definition of fieldsin system header

system_header _start_code — The system_header start code is the bit string '0000 0000 0000 0000 0000 001 1011
1011" (0xP00001BB). It identifies the beginning of a system header.

header_léngth — This 16-bit field indicates the length in bytes of the system header following the header length field.
Future exfensions of this Specification-may extend the system header.

rate_boupd — A 22-bit field,-The rate bound is an integer value greater than or equal to the maximum vallue of the
program_Jmux_rate field coded-in any pack of the Program Stream. It may be used by a decoder to assess wlether it is
capable of decoding the entire stream.

audio_bdund — A 6bit-field. The audio_bound is an integer in the inclusive range from 0 to 32 and is set fo a value
greater thhn or equal.to the maximum number of ISO/IEC 13818-3 and ISO/IEC 11172-3 audio streams in th¢ Program
Stream fdqr which.the decoding processes are simultaneously active. For the purpose of this subclause, the| decoding
process off aw ISO/IEC 13818-3 or ISO/IEC 11172-3 audio stream is active if the STD buffer is not emyty or if a
Presentation™Init is hPing pl‘FQF‘an‘d in the P-STD model

fixed_flag — The fixed flag is a 1-bit flag. When set to '1' fixed bitrate operation is indicated. When set to '0' variable
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+ c2) DIV 300) % 2** (2-22)

SCR _ext(i) = ((c1 x i + ¢2) DIV 300) % 300 (2-23)
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where:
cl is areal-valued constant valid for all 1.

c2 is areal-valued constant valid for all 1.

containing the final bit of any system_clock reference field in the stream.

is the index in the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 multiplexed stream of the byte

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 138

18-3. The

system_audio _lock flag may only be set to 'l' if, for all presentation units in all audio elementary streams in the

Program Stream, the ratio of system clock frequency to the actual audio sampling rate, SCASR. is constant

and equal

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

B system clock  frequency

SCAR =—— -
audio _sample rate_in_the P-SID

The notatjon 7 denotes real division.

(2-24)

Nomingl audio
sampjling
frequenqy (kHz)

16 32 22.05 44.1 24

27 000 000 27000 000 27000 000 274000 000 27 000 000

SCASR

16 000 32 000 22 050 44100

system V|
rational r
system v
Rec. H.2]
time base

For ISO/

deo_lock flag may only be set to '1" if, for all presentation units in all video elementary streams in
2.0 | ISO/IEC 13818-1 program, the ratio of'system_clock frequency to the frequency of the ac
is constant.

value indjcated in the following table at themominal frame rate indicated in the video stream.

For ISOQEC 14496-2 video streams,wif the system video lock flag is set to 'l', then the time ba

ISO/IEC ]4496-2 video stream, as defined by vop_time increment resolution, shall be locked to the STC an

exactly equal to N times system..clock frequency divided by K, with N and K integers that have a fixed va
each visugl object sequence, with K greater than or equal to N.

For ITU-T Rec. H.264 | ISO/IEC 14496-10 video streams, the frequency of the AVC time base is defined by
parameter time _scale/ If\the system video lock flag is set to 'l' for an AVC video stream, then the frequel

AVC tim¢ base shall be locked to the STC and shall be exactly equal to N times system_clock frequency div
with N and K integers that have a fixed value within each AVC video sequence, with K greater than or equal t

system clock frequency

deo_lock_flag — The system video lock flag is a J<bit field indicating that there is a specified
blationship between the video time base and the system clock frequency in the system target deo

C 11172-2 and ITU-T Rec. H.262 | ISO/IEC 13818-2 video streams, if the system video lock flI4
'l", then the ratio of system_clock frequency €0 the actual video frame rate, SCFR, shall be constant and eqg

| constant
oder. The
he ITU-T
tual video

g is set to
ual to the

e of the
d shall be
ue within

the AVC
hicy of the
ded by K,
b N.

cermp
Aol TN —

frame rate in _the P-SID

(2-25)

Nominal
frame rate
(Hz)

23.976 24 25 29.97 30 50 59.94

60

SCFR 1126125 1 125 000 1 080 000 900 900 900 000 540 000 450 450

450 000

The values of the ratio SCFR are exact. The actual frame rate differs slightly from the nominal rate in cases
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 coding and elementary stream number of the stream to
which the following P-STD_buffer bound_scale and P-STD buffer size bound fields refer.

If stream id equals '1011 1000' the P-STD buffer bound scale and P-STD buffer size bound fields following the
stream_id| refer to all audio streams in the Program Stream.

If stream]id equals '1011 1001' the P-STD buffer bound scale and P-STD buffer size bound fields)follpwing the
stream_id refer to all video streams in the Program Stream.

If the str¢am id takes on any other value it shall be a byte value greater than or equal to N0D1 1100' anfl shall be
interpretefl as referring to the stream coding and elementary stream number according to Table2-22.

Each elgmentary stream present in the Program Stream shall have its P-STD buffer bound dcale and
P-STD_byffer size bound specified exactly once by this mechanism in each system/header.

P-STD_buffer_bound_scale — The P-STD_buffer bound scale is a 1-bit field/that indicates the scaling factpr used to
interpret the subsequent P-STD_ buffer size bound field. If the preceding~stream id indicates an audio stream,
P-STD bpffer bound scale shall have the value '0'. If the preceding® stream id indicates a videp stream,
P-STD bpffer bound scale shall have the wvalue 'lI'. For all ‘ether stream types, the valuel of the
P-STD bpffer bound scale may be either '1' or '0'.

P-STD_buffer_size bound — The P-STD_buffer size bound is a“l3-bit unsigned integer defining a value gieater than
or equal fo the maximum P-STD input buffer size, BS;, over all packets for stream n in the Program Ptream. If
P-STD bpffer bound scale has the value '0', then P-STD buffer size bound measures the buffer size bound fn units of
128 byteq. If P-STD buffer bound scale has the valug('l", then P-STD buffer size bound measures the Huffer size
bound in yinits of 1024 bytes. Thus:

if (P— STD ~buffer _bound _scale==0)
BS,<P-SID buffer size bound x128

else:

BS, <P - STD_bhuffer_size bound x 1024

25.3.7 [Packet layer-of Program Stream
The packgt layerofithe Program Stream is defined by the PES packet layer in 2.4.3.6.

254 Pregram Stream map

The Program Stream Map (PSM) provides a description of the elementary streams in the Program Stream and their
relationship to one another. When carried in a Transport Stream this structure shall not be modified. The PSM is present
as a PES packet when the stream_id value is 0OxBC (refer to Table 2-22).

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 1 bdbf
reserved 2 bdlbf
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 Program Stream map

packet_sfart_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 the bit
string '0000 0000 0000 0000 0000.0001' (0x000001 in hexadecimal).

map_strgam_id — This is an 8-bit field whose value shall be 0xBC.

program| stream_map_tength — The program_stream_map_length is a 16-bit field indicating the total numbg¢r of bytes
in the propram_streani map immediately following this field. The maximum value of this field is 1018 (0x3FA).

current_next_indicator — This is a 1-bit field, when set to '1' indicates that the Program Stream Map sent i currently
applicabl¢. Wlhen the bit is set to '0', it indicates that the Program Stream Map sent is not yet applicable and shall be the
next tablelto'become valid.

program_stream_map_version — This 5-bit field is the version number of the whole Program Stream Map. The
version number shall be incremented by 1 modulo 32 whenever the definition of the Program Stream Map changes.
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 is made up of all the directory data carried by Program Stream Directory packets
identified with the directory stream id. The syntax for program stream directory packets is defined in Table 2-42.

NOTE|! — This syntax differs from the PES packet syntax described in 2.4.3.6.

Directory| entries may be required to reference I-pictures in a video stream as defined ih ITU-T
Rec. H.242 | ISO/IEC 13818-2 and ISO/IEC 11172-2. If an I-picture that is referenced in a directory efitry if preceded
by a seqyence header with no intervening picture headers, the directory entry shall referenge .the first byte of the
sequence fheader. If an I-picture that is referenced in a directory entry is preceded by a group of\pictures headgr with no
intervenirjg picture headers and no immediately preceding sequence header, the directory entry shall referende the first
byte of the group of pictures header. Any other picture that a directory entry references shall be referenced Qy the first
byte of thp picture header.

NOTE|2 — It is recommended that I-pictures immediately following a sequence header should be referenced ip directory
structufes so that the directory contains an entry at every point where the decoder may be'reset completely.

Directory|entries may be required to reference IDR picture or pictures associated with a recovery point SEI message in
an AVC yideo stream. Each such directory entry shall refer to the first byt€ of an AVC access unit.

Directory|references to audio streams as defined in ISO/IEC 13818-3)and ISO/IEC 11172-3 shall be the syncword of
the audio [frame.

NOTE|3 — It is recommended that the distance between referenced access units not exceed half a second.

Access upits shall be referenced in a program_stream .divectory packet in the same order that they appgar in the
bitstream

2551 [Syntax of Program Stream directory packet
See Tablg 2-42.

Table 2-42 — Program Stream directory packet

Syntax No. of bits Mnemonig
difectory PES packet(){
packet_start_code prefix 24 bdlbf
directory_stream_id 8 uimsbf
PES packet_length 16 uimsbf
number_of access units 15 uimsbf
marker_bit 1 bslbf
prev_directory_offset[44..30] 15 uimsbf
marker _bit 1 bslbf
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
marker_bit 1 bslbf
PES header_position_offset[14..0] 15 uimsbf
marker_bit 1 bdlbf
reference_offset 16 uimsbf
marker_bit 1 bdbf
reserved 3 bdlbf
PTS[32..30] 3 uimsbf
marker _bit 1 bslbf
PTS[29..15] 15 uimsbf
marker_bit I 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
}

255.2 [Semantic definition of fieldsin-Program Stream directory

packet_sfart_code prefix — The packet start code prefix is a 24-bit code. Together with the stream_id that follows, it
constitutef a packet start code that identifies the beginning of a packet. The packet start code prefix is the] bit string
'0000 0000 0000 0000 0000 000L~(0x000001 in hexadecimal).

directory] stream_id — This 8-bit field shall have a value '1111 1111' (OxFF).

PES packet_length<2->The PES packet length is a 16-bit field indicating the total number of bytps in the
program_ptream_directory immediately following this field (refer to Table 2-22).

number_pf_access units — This 15-bit field is the number of access_units that are referenced in this Diregtory PES
packet.

prev_directory_offset — This 45-bit unsigned integer gives the byte address offset of the first byte of the packet start
code of the previous Program Stream Directory packet. This address offset is relative to the first byte of the start code 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 of the PTS field are as described in 2.4.3.6.

bytes to read — This 23-bit unsigned integer is the number of bytes in the Program Stream after the byte indicated by
reference | offset that are needed to decode the access unit completely. This value includes any bytes multiplexed at the
systems lgyer including those containing information from other streams.

intra_coded_indicator — This is a 1-bit flag. When set to 'l' it indicates that the referenced, agCess uhnit is not
predictivdly coded. This is independent of other coding parameters that might be needed to decode the acces$ unit. For
example, [this field shall be coded as 'l' for video Intra frames, whereas for 'P' and 'B' frames ‘this bit shall b¢ coded as
'0". For al] PES packets containing data which is not from an ITU-T Rec. H.262 | ISO/IEC-}3818-2 video stream, this
field is urldefined (see Table 2-43).

Table2-43 —Intra_coded indicator

Value Meaning
0 Not Intra
1 Intra

coding_pprameters_indicator — This 2-bit field is used to indicate 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
matrices for video frames.

Table 2-44 < Coding_parametersindicator

Value Meaning
00 Allcoding parameters are set to their default values
01 Alll 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
11 No coding parameters are coded in this access unit
2.6 Program-and program element descriptors

Program §nd program element descriptors are structures which may be used to extend the definitions of programs and

program ¢letnents. All descriptors have a format which begins with an 8-bit tag value. The tag value is followed by an
8-bit desd ipfnr ]Pngfh and data fields

261 Semantic definition of fieldsin program and program element descriptors
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—baeckaround—arid—deseriptor
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/TIEC-13818-6
27 X X MPEG-4_video “descriptor
28 X X MPEG-4 _audie “descriptor
29 X X IOD_descriptor
30 X SL_descriptor
31 X X FEME _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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26.2 Video stream descriptor

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

Syntax No. of bits | Mnemonic
video_stream_descriptor(){
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
multiple_frame rate flag 1 bslbf
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 yimsbf
frame_rate_extension_flag 1 bslbf
Reserved 5 bslbf
b
}

2.6.3 Semantic definitions of fieldsin video stream descriptor

multiple [frame rate flag — This 1-bit field when set to '1' indieates that multiple frame rates may be predent in the
video strepm. When set to a value of '0' only a single frame rate.js present.

frame rgte code — This is a 4-bit field as defined in 6.3.3 of ITU-T Rec. H.262 | ISO/IEC 13818-2, except [that when
the multiple frame rate flag is set to a value of 'l' thesindication of a particular frame rate also permits ceftain other
frame ratgs to be present in the video stream, as specified“in Table 2-47:

Table 2-47 — Framerate code

Coded as Also includes
23.976
24.0 23.976
25.0
29.97 23.976
30.0 23.976 24.0 29.97
56.0. 25.0
59.94 23.976 29.97
60.0 23.976 24.0 29.97 30.0 59.94

MPEG_1only flag — Ihis is a I-bit field which when set to ‘1’ indicates that the video siream contains only
ISO/IEC 11172-2 data. If set to '0' the video stream may contain both ITU-T Rec. H.262 | ISO/IEC 13818-2 video 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.

264 Audio stream descriptor

The audi criptor—provide ie—nformation—which—identifies—h
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 M nemonic
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
}

265 Semantic definition of fieldsin audio stream descriptor

free format_flag — This 1-bit field when set to 'l'«ndicates that the audio stream may contain one or nfore audio
frames with the bitrate_index set to '0000'. If set 130, then the bitrate_index is not '0000' (refer to 2.4.2.3 of ISO/IEC
13818-3) fin any audio frame of the audio stream.

ID — Thig 1-bit field when set to '1' indicatgs that the ID field is set to '1' in each audio frame in the audio strgam (refer
to 2.4.2.3]of ISO/IEC 13818-3).

layer — Tlhis 2-bit field is coded in the same manner as the layer field in the ISO/IEC 13818-3 or ISO/IEC 11172-3
audio streams (refer to 2.4.2.3 of ISO/IEC 13818-3). The layer indicated in this field shall be equal to or highg¢r than the
highest layer specified in anyfaudio frame of the audio stream.

variable Jrate audio_indicator — This 1-bit flag, when set to '0' indicates that the encoded value of the biff rate field
shall not ¢ghange in caefisecutive 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 4 bdlbf
hierarchy type 4 uimsbf
reserved 2 bslbf
hierarchy_layer_index 6 uimsbf
reserved 2 bdbf
hierarchy_embedded_layer_index 6 uimsbf
reserved 2 bstof
hierarchy_channel 6 uimsbf
}

2.6.7 Semantic definition of fieldsin hierarchy descriptor

hierarchy_type — The hierarchical relation between the associated hierarchylayer and its hierarchy embedd¢d layer is
defined ir] Table 2-50.

hierarchy _layer_index — The hierarchy layer index is a 6-bit field{that defines a unique index of the fssociated
program glement in a table of coding layer hierarchies. Indices shath be unique within a single program definit{on.

hierarchy_embedded_layer_index — The hierarchy embedded-\layer index is a 6-bit field that defines the|hierarchy
table index of the program element that needs to be accessed before decoding of the elementary stream assocfiated with
this hieragchy descriptor. This field is undefined if the hierarchy type value is 15 (base layer).

hierarchy_channel — The hierarchy channel is a-%-bit field that indicates the intended channel numbg¢r for the
associated program element in an ordered set of tragsmission 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 the 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 EXxtension bitstream
6 Private Stream
7 Multi-view Profile
8-14 Reserved
15 Base layer
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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
format_identifier 32 uimsbf
for (i=0; 1 <N; i++){
additional_identification_info 8 bdlbf
}
}
269 Semantic definition of fieldsin registration descriptor
format_iglentifier — The format identifier is a 32-bit value obtained from a Registration ‘Authority as designated by
ISO/IEC JTC 1/SC 29.
additiongl_identification_info — The meaning of additional identification_info bytes, if any, are defingd by the
assignee ¢f that format_identifier, and once defined they shall not change.
2.6.10 [Datastream alignment descriptor
The data ftream alignment descriptor describes which type of alignment is present in the associated elementafy stream.
If the data alignment indicator in the PES packet header is set.fo )l' and the descriptor is present, alignjnent — as
specified |n this descriptor — is required (see Table 2-52).
Table 2-52 — Data stream alignment descriptor
Syntax No. of bits | Mnemonic
data_stream_alignment_descriptor()* {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
alignment/type 8 uimsbf
}
2.6.11 [Semantics of fieldsin' data stream alignment descriptor
alignment_type — Table\2-53 describes the alignment type for ISO/IEC 11172-2 video, ITU-T Rec| H.262 |
ISO/IEC |3818-2 videos or ISO/IEC 14496-2 visual streams when the data alignment indicator in the PES packet
header haf a value 'of '1'. For these video streams, the first PES packet data_byte following the PES header shall be the
first byte of a starf code of the type indicated in Table 2-53. At the beginning of a video sequence, the alignment shall
occur at the start’code of the first sequence header.
NOTEL Specifying alig type '01' fio a GOP or
SEQ header.

The definition of an access unit is given in 2.1.1.

68

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


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

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

Table 2-53 — Video stream alignment values

Alignment type Description
00 Reserved
01 Slice, or video access unit
02 Video access unit
03 GOP, or SEQ
04 SEQ
05-FF Reserved

Table 2-54 describes the alignment type for ITU-T Rec. H.264 | ISO/IEC 14496-10 video when the
data_alignment indicator in the PES packet header has a value of 'l'. In this case the first PES packet data byte

following the PES header shall be the first hyte of an AVC access unit or the first byte of an AVC slice _as signalled by
the alignment_type value.

Table 2-54 — AVC video stream alignment values

Alignment type Description
00 Reserved
01 AVC slice or AVC access unit
02 AVC access unit
03-FF Reserved

Table 2-5p describes the audio alignment type when the data_alignment_indicator in the PES packet header has a value
of '1'. In this case the first PES packet data byte following the PES headépis 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

2.6.12 [Target background grid descriptor
It is possible to have one or more videa'streams which, when decoded, are not intended to occupy the full di
(e.g., a njonitor). The combination of target background grid descriptor and video window_descriptors &
display glthese video windows.in‘their desired locations. The target background grid descriptor is used to
grid of upit pixels projected(on to the display area. The video window_descriptor is then used to descrih
associated

video pre

stream, the location on the grid at which the top left pixel of the display window or display rectar]
entation unit should be displayed. This is represented in Figure 2-3.
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Figure 2-3 —Target background grid descriptor display area

2.6.13 [Semanticsof fieldsin target background grid descriptor
horizontdl_size — The horizontal size of the target background grid in pixels.
vertical_gize — The vertical size of the target background grid in pixels.

aspect_ratio_information — Specifies the sample aspect ratio or display aspéct)ratio of the target background grid.
Aspect rgtio_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_information 4 uimsbf

}

2.6.14 |Video window descriptor

The videq window descriptor(isyused to describe the window characteristics of the associated video elementaky stream.
Its wvaldes reference (the target background grid descriptor for the same stream. Also see
target ba¢kground grid._descriptor in 2.6.12 (see Table 2-57).

Table 2-57 — Video window descriptor

Syntax No. of bits | Mnemonic

video_window_descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
horizontal _offset 14 uimsbf
vertical_offset 14 uimsbf
window_priority 4 uimsbf

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


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

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

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 highest priority, i.e., windows with priority 15 are always visible.

26.16 anditional accace dacorintor
.0. —OREHTHBHAAEEESSaESEHPHO!

The condjtional access descriptor is used to specify both system-wide conditional access management infoymation such
as EMMs and elementary stream-specific information such as ECMs. It may be used\“Vin |both the
TS progrhm_map_section (refer to 2.4.4.8) and the program_stream_map (refer to 2.5.3). If any elemientary] stream is
scrambled, a CA descriptor shall be present for the program containing that elementary stream; If any system-wide
conditionfil access management information exists within a Transport Stream, a CA descriptorshall be pregent in the
conditionfl access table.

When thd CA descriptor is found in the TS program_map_section (table id = 0x02), the CA_PID points fo packets
containing program related access control information, such as ECMs. Its presence as program information] indicates
applicabillity to the entire program. In the same case, its presence as extended ESyinformation indicates applipability to
the associpted program element. Provision is also made for private data.

When thg CA descriptor is found in the CA section (table id = 0x01)y‘the CA PID points to packets ¢ontaining
system-wjde and/or access control management information, such as EMMs.

The contpnts of the Transport Stream packets containing conditional access information are privately defined
(see Tablg 2-58).

Table 2-58 — Conditional access descriptor

Syntax No. of bits | Mnemonic
CA_descriptor() {
descriptor_tag 8 uimsbf
descriptor _length 8 uimsbf
CA_system-1D 16 uimsbf
reserved 3 bdlbf
CA_PID 13 uimsbf
for (i=0;1<N;it++) {
private data byte 8 uimsbf
}
b

2.6.17 [Semantic definition of fieldsin conditional access descriptor

CA_system_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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1 SO 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() {

2.6.19

1SO_639
ISO_639]
according

audio_ty

clean effe
hearingi

visual_in
impaired

2.6.20
This desc

If an exte

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for i=0;1<N;it++) {
1SO_639_language_code 24 bslbf
audio_type 8 bdlbf

}

Semantic definition of fieldsin 1SO 639 language descriptor

 language code — Identifies the language or languages used by the associated ‘program elen
language code contains a 3-character code as specified by ISO 639, Part 2. Each‘character is coded

e — The audio_type is an 8-bit field which specifies the type of stream’defined in Table 2-60.

Table 2-60 — Audio type values

Value Déscription
0x00 Undefined
0x01 Clean effects
0x02 Hearing impaired
0x03 Visual impaised commentary
0x04-0x7F User Private
0x80-0xFF Reserved

cts— This field indicates that the referenced program element has no language.
mpaired — This field indicates' that the referenced program element is prepared for the hearing impai

paired_commentary:=\This field indicates that the referenced program element is prepared for th
yiewer.

System clock«descriptor
fiptor conveys information about the system clock that was used to generate the timestamps.

nal ¢lock reference was used, the external clock reference indicator may be set to '1'. The decoder
he‘same external reference if it is available.

hent. The
into 8 bits

to ISO/IEC 8859-1 and inserted in order into this 24-bit field. In the case of multilingual audjio streams
the sequetice of ISO_639 language code fields shall reflect the content of the audio/Stream.

red.

e visually

bptionally

may use t

If the system clock is more accurate than the 30-ppm accuracy required, then the accuracy of the clock can be
communicated by encoding it in the clock accuracy fields. The clock frequency accuracy is:

72

clock_accuracy integer x 1(ock-accuracy_esponent
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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 imteger 6 tirrshf
clock_accuracy_exponent 3 uimsbf
reserved 5 bslbf
}

2.6.21 [Semantic definition of fieldsin system clock descriptor

external_[clock_reference indicator — This is a 1-bit indicator. When set to 'l', it indicates that the system|clock has
been deriyed from an external frequency reference that may be available at the decodet.

clock_acguracy _integer — This is a 6-bit integer. Together with the clock accuracy exponent, it gives the|fractional
frequency| accuracy of the system clock in parts per million.

clock_acguracy_exponent — This is a 3-bit integer. Together with the clock accuracy integer, it gives the|fractional
frequency| accuracy of the system clock in parts per million.

2.6.22 [Multiplex buffer utilization descriptor

The multjplex buffer utilization descriptor provides bounds. on the occupancy of the STD multiplex buffer. This
informatipn is intended for devices such as remultiplexers,” which may use this information to support|a desired
re-multiplexing strategy (see Table 2-62).

Table 2-62 — Multiplex buffer utilization descriptor

Syntax No. of bits | Mnemonic

Multiplex_buffer utilization descriptor() {

descriptor “tag 8 uimsbf
deseriptor_length 8 uimsbf
bound_valid_flag 1 bslbf
ETW_offset_lower _bound 15 uimsbf
reserved 1 bdlbf
LTW_offset_upper_bound 15 uimsbf

j

2.6.23 |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
applies to programs or program elements within programs (see Table 2-63).

Table 2-63 — Copyright descriptor

Syntax No. of bits | Identifier
copyright_descriptor() {
descriptor_tag 8 uimsbf
deserptor—ength 3 HHARSHF
copyright_identifier 32 uimsbf
for (i=0;1<N;it++){
additional_copyright_info 8 bdlbf
}
}

2.6.25 [Semantic definition of fieldsin copyright descriptor
copyright_identifier — This field is a 32-bit value obtained from the Registration Authority.

additiongl_copyright_info — The meaning of additional copyright info bytes, it any, are defined by the agsignee of
that copytight identifier, and once defined, they shall not change.

2.6.26 [Maximum bitrate descriptor
See Tablg 2-64.

Table 2-64 — Maximuam bitrate descriptor

Syntax No. of bits | Identifier
maximum_bitrate_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
maximum_bitrate 22 uimsbf

}

2.6.27 [Semantic definition of fieldsin maximum bitrate descriptor

maximur_bitrate <The maximum bitrate is coded as a 22-bit positive integer in this field. The value inflicates an
upper boynd of the bitrate, including transport overhead, that will be encountered in this program element o1 program.
The valud of maximum_bitrate is expressed in units of 50 bytes/second. The maximum_bitrate descriptor is ificluded in
the Progrthm’ Map Table (PMT). Its presence as extended program information indicates applicability to [the entire
program. [ts\pfesence as ES information indicates applicability to the associated program element.
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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
}
2.6.29 [Semantic definition of fieldsin Private data indicator descriptor
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Table 2-66 — Smoothing buffer descriptor

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 uimsbf
descriptor_length 8 uimsbf
reserved 7 bslbf
leak_valid_flag 1 bslbf
}

2.6.33 [Semantic definition of fieldsin STD descriptor

leak_valip_flag — The leak valid flag is a 1-bit flag. When set to 'l', the<transfer of data from the buffer M(B, to the
buffer EB, in the T-STD uses the leak method as defined in 2.4.2.3, ¥f this flag has a value equal to '(J, and the
vbv_delay fields present in the associated video stream do not haye\the value OxFFFF, the transfer of datd from the
buffer MB,, to the buffer EB, uses the vbv_delay method as definéd’in’2.4.2.3.

2.6.34 [IBP descriptor

This optipnal descriptor provides information about,some characteristics of the sequence of frame types in an
ISO/IEC |1172-2, ITU-T Rec. H.262 | ISO/IEC 13818%2, or ISO/IEC 14496-2 video stream (see Table 2-68).

Trable 2-68 — | BP descriptor

Syntax No. of bits | Mnemonic

ibp_descriptor() {

descriptor_tag 8 uimsbf
déscriptor_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

closed_gop_flag — This 1-bit flag when set to 'l' indicates that a group of pictures header is encoded before every
I-frame and that the closed gop flag is 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.

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


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

2.6.36

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

M PEG-4 video descriptor

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

Syntax No. of bits | Mnemonic
MPEG-4 _video_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MPEG-4_visual_profile_and_level 8 urmsoft
}
2.6.37 [Semantic definition of fieldsin MPEG-4 video descriptor
MPEG-4] video_profile_and_level — This 8-bit field shall identify the profile and level of the JSO/IEC 14496-2 video
stream. This field shall be coded with the same value as the profile and level indication*field in the Visgal Object
Sequence|Header in the associated ISO/IEC 14496-2 stream.
2.6.38 [MPEG-4 audio descriptor
For indivjdual ISO/IEC 14496-3 streams directly carried in PES packets, asldefined in 2.11.2, the MPE{-4 audio
descriptoq provides basic information for identifying the coding parametersZof such audio elementary strgams. The
MPEG-4 Jaudio descriptor does not apply to ISO/IEC 14496-3 streams ,encapsulated in SL-packets and in| FlexMux
packets, as defined in 2.11.3.
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
}
2.6.39 [Semantic definition of fieldSin MPEG-4 audio descriptor
MPEG-4] audio_profile_and-level — This 8-bit field shall identify the profile and level of the ISO/IEC 14496-3 audio
stream cofresponding to the Table 2-71.
Table 2-71 — MPEG-4 _audio_profile and_level assignment values
Value Description
0x00-0xOF Reserved
0x10 Main profile, level 1
0x11 Main profile, level 2
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
0x2B-0x2F Reserved
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, levelk7.
0x3F Low delay audio profile, level8
0x40 Natural audio profile,level 1
0x41 Natural audio profile, level 2
0x42 Natural audio prefile, level 3
0x43 Natural audio profile, level 4
0x44-0x47 Reseryed
0x48 Maobileraudio internetworking profile, level 1
0x49 Mobile 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
select one of the ISO/IEC 14496 presentations identified by multiple IOD descriptors.

Table2-72 —10D descriptor

Syntax No. of bits | Mnemonic
I0OD_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 Uirnsbf
Scope_of |OD_label 8 uimsbf
10D_label 8 uimsbf
InitialObjectDescriptor () 8 uimsbf
}

2641 [Semantic definition of fieldsin |OD descriptor

Scope of| IOD_label — This 8-bit field specifies the scope of the IOD label field. A value of 0x10 indicatgs that the
IOD labq]l is unique within the Program Stream or within the_specific program in a Transport Stream in Wwhich the
10D desctiptor is carried. A value of 0x11 indicates that the IOD" label is unique within the Transport Streany in which
the IOD descriptor is carried. All other values of the Scope of\IOD label field are reserved.

IOD_lab@ — This 8-bit field specifies the label of the IOD descriptor.
I nitialObjectDescriptor () — This structure is definéd in 8.6.3.1 of ISO/IEC 14496-1.

2.6.42 [SL descriptor

The SL dgscriptor shall be used when a single ISO/IEC 14496-1 SL-packetized stream is encapsulated in PEB packets.
The SL descriptor associates the ESTID"of this SL-packetized stream to an elementary PID in case of a|Transport
Stream o1f to an elementary stream ‘id in case of a Program Stream. Within a Transport Stream, the SL descrjptor shall
be conveyed for the corresponding elementary stream in the descriptor loop immediately following the ES ijfo length
field in tHe Program Map Table. If a Program Stream Map is present in a Program Stream, the SL descriptgr shall be
conveyed|in the descriptoriloop immediately following the elementary stream_info length field within th¢ Program
Stream Map.

NOTE|- SL packetized streams may be used in a Program Stream. However, only one stream_id exists for ISO/IC 14496-1

SL-padketized_Streams. In order to associate multiple such streams within a Program Stream to an ISO/IEC 14496-1 scene,

FlexMpx has tosbe used and signalled appropriately by an FMC descriptor. This limitation does not exist in a Transgort Stream

where the/SL-descriptor provides unambiguous mapping between an ISO/IEC 14496-1 ES_ID value and an ITU-T Re¢. H.222.0 |
ISO/IHC 13818-1 elementary PID value.

Table 2-73 — 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 each SL_packetized stream in a FlexMux stream, the FlexMux channel shall be identified by a single entry in the
FMC descriptor.

Table 2-74 - FMC descriptor

Syntax No. of bits | Mnemoni¢
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
§
}
2.6.45 [Semantic definition of fieldsin FM C descriptor
ES ID —[This 16-bit field specifies the identifier of an ISO/IECH'4496-1 SL-packetized stream.
FlexM uxChannel — This 8-bit field specifies the numberefthe FlexMux channel used for this SL-packetized [stream.
2.6.46 [External ES ID descriptor
The Extefnal ES ID descriptor assigns an ES_ID, as defined in ISO/IEC 14496-1, to a program element to|which no
ES _ID vdlue has been assigned by other méans. This ES_ID allows reference to a non-ISO/IEC 14496 conjponent in

the scene |description or, for example, to associate a non-ISO/IEC 14496 component with an IPMP stream.

Within a

the corre
Program |
conveyed
Map.

[ransport stream, the assignment of an ES_ID shall be made by conveying an External ES ID des
ponding elementary stream in the descriptor loop immediately following the ES info length fi
Map Table. If a Prograin* Stream Map is present in a Program Stream, the External ES ID descript
in the descriptor Joop/immediately following the elementary stream info length field in the Progra

Table 2-75—External_ES |D descriptor

Criptor for
bld in the
r shall be
m Stream

2.6.47

Syntax No. of bits | Mnemonic
Extermai—ES D —descriptor O
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
External_ES ID 16 uimsbf
}

Semantic definition of fieldsin External_ES ID 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 program stream map version of each Program Stream Map, respectively, carrying the
MuxCode descriptor in their descriptor loop shall be incremented by 1 modulo 32.

Table 2-76 — M uxcode descriptor

Syntax No. of bits | Mnemoni¢
Muxcode_descriptor () {
descriptor_tag 8 Uimsbf
descriptor_length 8 uimsbf

for (i=0;1<N;it++) {
MuxCodeT ableEntry ()

}

2.6.49 [Semantic definition of fieldsin Muxcode descriptor
MuxCodgTableEntry () — This structure is defined in 11.2.4.3 of ISO/IEC 14496-1.

2.6.50 [FmxBufferSize descriptor

The FmxBufferSize descriptor conveys the size of the FlexMux buffer (FB) for each SL packetized stream multiplexed
in a FlexNlux stream.

One FmxBufferSize descriptor shall be associated to each elementary PID or elementary stream_id, regpectively,
conveying an ISO/IEC 14496-1 FlexMux stream. Within a Transport stream, the FmxBufferSize descriptqr shall be
conveyed| for the corresponding elementdry-stream in the descriptor loop immediately following the ES inffo_length
field in the Program Map Table. If-a’Program Stream Map is present in a Program Stream, the FmxBufferSize
descriptoq shall be conveyed in the ‘descriptor loop immediately following the elementary stream info lepgth field
within thq 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 (i=0; i<descriptor_length; i +=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 uimsof
TB_leak_rate 24 Oimsbf

}

2.6.53 [Semantic definition of fieldsin MultiplexBuffer descriptor

MB_buffer_size — This 24-bit field shall specify the size in byte of bufferMB, of the elementary strean] n that is
associated with this descriptor.

TB_leak Jrate — This 24-bit field shall specify in units of 400 bits perSecond the rate at which data is transfgrred from
transport puffer TB, to multiplex buffer MB,, for the elementary stféam n that is associated with this descriptoi.

2654 [FlexMuxTiming descriptor
See Tablg 2-79.

Table 2-79<<FlexM uxTiming descriptor

Syntax No. of bits | Mnemonic
FlexMuxTiming_descriptor () {
descriptor. tag 8 uimsbf
descriptor_length 8 uimsbf
FCRES ID 16 uimsbf
ECRResolution 32 uimsbf
FCRLength 8 uimsbf
FmxRatel ength 8 uimsbf

¥

2.6.55 [Semantic definition of fieldsin FlexM uxTiming descriptor

FCR_ES ID —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 Mnemonic
Content_labeling_descriptor () {
Hm‘ripfnr_f::n q wimshbf
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|6{7){
time_base_association_data“length 8 uimsbf
for (i=0; i< time_base association_data length;i++){
reserved 8 bslbf
}
b
for (i=0; i<N;it++){
private data.byte 8 bslbf
}
!
2.6.,57 [Semantic definition of fieldsin content labelling descriptor
metadatd application_format: The metadata_application_format is a 16-bit field, coded as defined in Table|2-81, that
specifies the application responsible for defining usage, syntax and semantics of the content_reference_id recprd and of
any other] privatély defined fields in this descriptor. See also 2.12.1. The value OXFFFF indicates that the|format is
signalled py.th¢ value carried in the metadata_application format_identifier field.

Table 2-81 — M etadata_application_for mat

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

O0xFFFF

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
format identifier field in the registration descriptor, as defined in 2.6.8.

NOTE - The assigned Registration Authority for the format identifier field is SMPTE.

content_feference_id_record_flag: The content reference id record flag is a 1-bit flag that signals the prepence of a
content_r¢ference id record in this descriptor.

content_fime_base indicator: The content time base_indicator is a 4-bit field which specifies the used coptent time
base. If the descriptor is associated with a program, then the content time base applies to all streams that are gart of that
program. A value of 1 indicates usage of the STC, while a value of '2' indicates usage of NPT, the’Normal Play Time as
defined i} ISO/IEC 13818-6. The values between 8 and 15 indicate usage of a privately defined content tinje base. If
coded with a value of '0', no content time base is defined in this descriptor. If no content time base is spec|fied for a
program for stream, then the mapping of time references in the metadata to the_éontent is not defingd in this
Specificafion.

Table 2-82 — Content_time _base_indicatorvalues

Value Description
0 No content time basé defined in this descriptor
1 Use of STC
2 Use of NPT
3-7 Reserved
8-15 Use of-privately defined content time base

content_fleference_id_record_length: The content reference id record length is an 8-bit field that spdcifies the
number of content_reference id bytes immediately following this field. This field shall not be coded with the [value '0'.

content_ileference_id_byte: The content-reference id byte is part of a string of one or more contiguous pytes that
assigns ofje or more reference identifications (labels) to the content to which this descriptor is associated. The|format of
this byte gtring is defined by the bedy indicated by the coded value in the metadata application_format field.

content_time_base value: The/content time base value is a 33-bit field that specifies a value in units of 90 kHz of the
content tifne base indicated by the content time base indicator field.

metadatd time_basé value: The metadata_time base value is a 33-bit field that is coded in units of 90 kHz| The field
is coded |with thelvalue of the metadata time base at the instant in time in which the time base indicated by
content_tjme base indicator reaches the value encoded in the content time base value field. Note that the metadata
time base|mdy use any time-scale, but that its value is to be coded in units of 90 kHz. For example, if a SMPTE type of
time code is\used, then the number of hours, minutes, seconds and frames is expressed in the corresponding humber of
90-kHz units.

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 used for

such carripge If the metadata 15 carried T PES packets; metadata sections, or 1sO7iEC 38 T8=6symchromizedjdownload
sections, [the metadata_service id field identifies the metadata service in the referenced metadata stregm. If an
ISO/IEC | 3818-6 carousel is used to carry the metadata, then the private data may provide informationto [signal the
metadata pervice, such as the applied value of the module id for carriage of the metadata in a data carousel, ahd the file
name of the metadata when the object carousel is used.
Receivery should be aware that multiple metadata services may be pointed to from the same program or apdiovisual
stream (a§ 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 pointed to
from sevdral programs or audiovisual streams by using a separate metadata pointer descriptors for each associgtion.
Table 2-83 — M etadata pointer descriptor
Syntax No. of bits | Mnemgnic
Methdata_pointer_descriptor () {
descriptor_tag 8 uimspf
descriptor_length 8 uimspf
metadata_application_format 16 uimspf
if (metadata_application format== 0xFFFF){
metadata_application_format_identifier 32 uimspf
metadata_format 8 uimspf
if (metadata_format== 0xFF){
metadata_format_identifier 32 uimspf
}
metadata_service_id 8 uimspf
metadata_locator_recor d.flag 1 bslf
MPEG_carriage flags 2 uimspf
reserved 5 bd bf
if (metadata_locater \record_flag =="'1"){
metadata~locator_record_length 8 uimspf
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 uimspf
)
if (MPEG_carriage flags == 1){
+ + ot ] 1 16 | LLILI f
ucal IqJUI I._J.I Calt I_IU\.;G.LIUI T LU u
transport_stream_id 16 uimsbf
)
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

The valug
by the bo
are avail
metadata |

metadata
field in th|

NOTE

metadata
within a 11

metadats
associated
a metadat

MPEG_g

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
OxFF Defined by metadata format_identifier field

s 0x10 and 0x11 identify ISO/IEC 15938-1 defined data. The value 0x3F indicates that the format
1y indicated by the metadata_application_format field. The values in the inclusive range, of 0x40 |
ble to signal use of private formats. The value OxFF indicates that the format’is signalle
format_identifier field.

| format_identifier: The coding of this 32-bit field is fully equivalent to the coding of the format]|
P registration_descriptor, as defined in 2.6.8.

— SMPTE is assigned as Registration Authority for the format_identifier field(

| service id: This 8-bit field references the metadata service. It i used for retrieving a metadata set
hetadata stream.

| locator_record_flag: The metadata locator record flag(is)a 1-bit field which, when set to '1' ind
metadata is available on a location outside of an ITU-T\Rec. H.222.0 | ISO/IEC 13818-1 stream, s
h locator record.

arriage flags: The MPEG carriage flags is a 2-bit field which specifies if the metadata stream cont

is defined
b to OXFE
d by the

| identifier

vice from

cates that
ecified in

ining the
hether the

associated metadata service is carried in an ITU-T Reécy H.222.0 | ISO/IEC 13818-1 stream, and if so, w
associated metadata is carried in a Transport Stredm or Program Stream. The coding of this field is defined in
Table 2-8p.
Table 2-85-MPEG_carrier_flags
Value Description

0 Carriage«n\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.
metadatd locator_record_length: The metadata locator record length is an 8-bit field that specifies the frumber of
metadata |lesator record bytes immediately following. This field shall not be coded with the value '0'".

metadata_locator_record_byte: The metadata locator record byte is part of a string of one or more contiguous bytes
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.
The descriptor specifies the format of the associated metadata, and contains the value of the metadata_service id to
identify the metadata service to which the metadata descriptor applies. As needed, the descriptor can convey
informatigs i adata—serv : eetion Fretadata—transHt H—8 carousel.
Optionally metadata application format specific private data can be carried.

The metddata descriptor also signals whether decoder configuration is required and is able to carey thg decoder
configurafion bytes, but this is only practical if the number of these bytes is small. If the décoder configuration
informatign is too large to be carried by the descriptor, it shall be contained in a metadata servi¢e. This may|be within
the metadata service itself, or in another metadata service within the same program. Identification of the| metadata
service thpat contains the decoder configuration is provided by the metadata descriptor. If a‘DSM-CC carousel|is used to
carry the [decoder configuration, then information can be provided how to retrieve the. decoder configuration) from the
carousel.
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Table 2-86 — M etadata descriptor

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 bdl bf
DSM-CC_flag 1 bslbf
reserved 4 bslbf
if (DSM-CC_flag =="1"){
service_identification_length 8 uimsbf
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 bslbf
}
)
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 ¢ 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 hyte 8 bslbf
5
}
2.6.61 [Semantic definition of fieldsin metadata descriptor
metadatd application, format: The metadata application format is a 16-bit field that specifies the application
responsible for defining usage, syntax and semantics of the service identification record and any privately defined
bytes in this deseriptor. The coding of this field is defined in Table 2-81.
metadatd 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.

metadata_format_identifier: The coding of this field is defined in 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.

O O heY 1
U U T\NCSCTVeTT

111 Privately defined.

10411
TUT, I'T

DSM-C(Q flag: This is a one-bit flag that is set to '1' if the stream with which this descriptor is associated is|carried in
an ISO/THC 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

service_iflentification length: This field specifies the number of service identification record bytes immediately
following]

service_iflentification_record_byte: This byte is part of a string of one or moré contiguous bytes that specify the
service identification_record. This record contains data on retrieval of the metadata service from a DSM-C( carousel.
The formpt of the metadata locator record is defined by the application indicated by the metadata applicati¢gn format.
When a PSM-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 metadata service. Similarly, in|case of a
DSM-CC]| data carousel, the record can for example provide the)transaction id and the module id of the| metadata
service.

decoder_ponfig_length: This field specifies the number of deeoder _config_bytes immediately following.

decoder_ponfig_byte: These bytes comprise the decodeér configuration information. This sequence of bytes fomprises
the configuration information needed by the receiverto decode this service. It is intended that carriage in thd metadata
descriptoq is only used when the configuration information is very small.

decoder_ponfig DSM-CC _id: This is the download identifier of the decoder configuration information yhen it is
transmittdd in a DSM-CC data carousel, orithe object identifier of the decoder configuration information if iff is carried
in a DSM}CC object carousel.

NOTE|2 — The use of the object or datacarousel is indicated by the applied stream-type value for this metadata stream

dec_config_identification_reeord_length: This field specifies the immediately following number of
dec_config identification record bytes.

dec_config_identification® record_byte: This byte is part of a string of one or more contiguous bytes that specify the
dec_config identification record. This record specifies how to retrieve the required decoder configuratign from a
DSM-CC]carousel."The format of the metadata locator record is defined by the metadata application formaf. When a
DSM-CC]lobject carousel is used, the record may for example comprise the unique object identifier (the IOP:IQR() from
11.3.1 angl 5.7,2°3 of ISO/IEC 13818-6 DSM-CC) for the decoder configuration. Similarly, in case of a DSM-CC data
carousel, thexrece 3 exa i ansaction—id-and-th e—id-of] nfiguratidn.

decoder_config_metadata service id: This is the value of the metadata_service id that is assigned to the metadata
service 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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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

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
reserved 2 bslbf
metadata_buffer_size 22 uimsbf
reserved 2 bsthf
metadata output_leak_rate 22 uimsbf
}

2.6.63 [Semantic definition of fieldsin metadata STD descriptor
metadatd input_leak_rate: The metadata_input_leak rate is a 22-bit field that specifies the leak Tate for the pssociated
metadata |stream in the T-STD model out of the buffer TB, into buffer B,. The leak mate’ is specified ip units of
400 bits/s} For metadata carried in a program stream, the coding of the metadata input leak rate field is not|specified,
as the ratq into B, equals the rate of the program stream.
metadatd buffer_size: The metadata buffer size is a 22-bit field that specifies-the size of buffer B, in the S['D model
for the asjociated metadata stream. The size of B, is specified in units of 1024-bytes.
metadatd output_leak_rate: The metadata_output_leak rate is a 22-bit field that specifies for the associated metadata
service the leak rate in the STD model out of buffer B, to the decoder’ The leak rate is specified in units of #00 bits/s.
For metadata streams transported synchronously (stream-type.€0XI5 or 0x19), the metadata access [units are
instantanqously 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.
2.6.64 [AVC video descriptor
For ITU-T Rec. H.264 | ISO/IEC 14496-10 video streams, the AVC video descriptor provides basic information for
identifying coding parameters of the associated AVC video stream, such as on profile and level parameters ificluded in
the SPS of an AVC video stream.
The AV({ video descriptor also signals the.presence of AVC still pictures and the presence of AVC 24-hour pictures in
the AVC pideo stream. If this descriptor:is-not included in the PMT for an AVC video stream in a transport stfeam or in
the PSM, |if present, for an AVC video.stream in a program stream, then such AVC video stream shall not corjtain AVC
still pictufes and shall not contaimlAVC 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 1ac 8 E]

constraint_setO_flag 1 bslbf

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
additional constraints are signalled, then the stream may need examination to determine which profile, if any, the entire stream
conforms to. If an AVC video descriptor is to be associated with an AVC video stream that does not conform to a single profile,
fal a single

profile|for each such sub-stream.

AVC_gtil|_present — This 1-bit field when set to 'l"' indicates that the AVC video stream may include AVC still
pictures. When set to '0', then the associated AVC video stream shall not contain AVC still pictures!

AVC_24|hour_picture flag — This 1-bit flag when set to 'l' indicates that the associated "AVC video stfeam may
contain AVC 24-hour pictures. For the definition of an AVC 24-hour picture, see 2.1.2-[f this flag is set|to '0', the
associated AVC video stream shall not contain any AVC 24-hour picture.

2.6.66 [AVC timingand HRD descriptor

The AV({ timing and HRD descriptor provides timing and HRD parameters of.the associated AVC video sfream. For
each AVC video stream carried in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream, the AVC timing jand HRD
descriptoq shall be included in the PMT or in the PSM, if PSM is present/irthe program stream, unless the AVC video
stream cafries VUI parameters with the timing_info_present flag set to 1"

*  for each IDR picture; and

*  for each picture that is associated with a recoverypoint SEI message.

Absence ¢f the AVC timing and HRD descriptor in the PMT, for an AVC video stream signals usage of the legk method
in the T-$TD is defined in 2.14.3.1 for the transfer from MB, to EB,, but such usage can also be signalled by the
hrd_manggement valid flag set to '0' in the AVC timing and HRD descriptor. If the transfer rate into buffer B, can be
determindd from HRD parameters contained in ain AVC video stream, and if this transfer rate is used in the T-STD for
the transfgr between MB,, to EB,, then the AVC timing and HRD descriptor with the hrd management valid [flag set to
'1" shall b¢ included in the PMT for that AVC'wideo 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

T (90KHZ flag == 07 3

N 32 uimsbf
K 32 uimsbf

}

num_units _in_tick 32 uimgbf
}
fixed_frame rate flag 1 bslbf
temporal_poc_flag 1 bdlbf
picture_to_display_conversion_flag 1 bslbf
reserved 5 bslbf

}
2.6.67 [Semantic definition of fieldsin AVC timing and HRD descriptor
hrd_management_valid_flag — This 1-bit field is only defined forluse in transport streams.

When the|l AVC timing and HRD descriptor is associated to an*AVC video stream carried in a transport streany, then the
following| applies. If the hrd management valid flag is sétito '1', then Buffering Period SEI and Picture Timing SEI
messages] as defined in Annex C of ITU-T Rec. H.264.} ISO/IEC 14496-10, shall be present in the associfited AVC
video stfeam. These Buffering Period SEI _amessages shall carry coded initial cpb _removal dglay and
initial cpp removal delay offset values for the NAL HRD. If the hrd management valid flag is set to '1}, then the
transfer of each byte from MB, to EB, in the E-STD shall be according to the delivery schedule for that byfe into the
CPB in tHe NAL HRD, as determined from, the coded initial cpb_removal delay and initial cpb_removal deflay offset
values fof SchedSelldx = cpb_cnt minusl: When the hrd management valid flag is set to '0', the leak method as
defined ir] 2.14.3.1 shall be used for the transfer from MB, to EB,, in the T-STD.

When the] AVC timing and HRD ‘descriptor is associated to an AVC video stream carried in a program streanj, then the
meaning ¢f the hrd management*valid flag is not defined.

picture_gnd_timing_info_present — This 1-bit field when set to '1' indicates that the 90kHz flag and parameters for
accurate thapping to 90-kHz system clock are included in this descriptor.

90kHz_flpg, N, K.'=The 90kHz_ flag when set to '1' indicates that the frequency of the AVC time base is 9 kHz. For
an AVC [videg~stream the frequency of the AVC time base is defined by the AVC parameter time scale in VUI
parametets, s defined in Annex E of ITU-T Rec. H.264 | ISO/IEC 14496-10. The relationship between|the AVC

SN2

(Nxsystem clock  frequency)
K

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.
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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 which no explicit PTS/DTS is carried. Repetition of most recently presented field of the
appropriate parity (or frame) is implied when the difference between the PTSs of the current and the next picture is greater than
2 X Atg g (or greater than At 4., when frame_mbs_only_flag is equal to 1).

may carry display information on coded pictures by providing the pic_struct field in picture timing SEI(mespages (see
Annex D|of ITU-T Rec. H.264 | ISO/IEC 14496-10) and/or by providing the Picture Order Count (POC) infformation
(PicOrderCnt), whereby pictures are counted in units of Atg4.( 1) (see also the semantics of temporal_pod flag), so
that timirjg information for a successive AVC access unit can be derived from the previouscpicture in dgcoding or
presentatipn order.

picture tpp_display_conversion flag — This 1-bit field when set to 1" indicates that the associated AVC Vl'{}eo stream

When thq picture to display_conversion_mode_flag is set to '0', then picture timing SEIL messages in the A[VC video
stream, if| present, shall not contain the pic_struct field, and hence the pic_struct preSent flag shall be set tq '0' in the
VUI parameters in the AVC video stream.

2.6.68 [MPEG-2AAC audio descriptor

For individual ISO/IEC 13818-7 streams directly carried in PES packets, the MPEG-2 AAC audio descriptor fdefined in
Table 2-9[l provides basic information for identifying the coding parameters of such audio elementary streams

Table 2-91 - MPEG-2 AAC. audio_descriptor

Syntax No. of bits | Mnemonic
MPEG-2_AAC_audio_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MPEG-2_AAC_prdfile 8 uimsbf
MPEG-2_AAC _.channel_configuration 8 uimsbf
MPEG-2 (AAC_additional_information 8 uimsbf
}

2.6.69 [Semantic definition.of fieldsin MPEG-2 AAC audio descriptor

MPEG-2| AAC_profilex~"This 8-bit field indicates the AAC profile according to the index in Talple 31 of
ISO/IEC | 3818-7:2006:

MPEG-2| AAC=channel_configuration — This 8-bit field indicates the number and configuration of audiq channels
presented|to the listener by the AAC decoder for the specified program. Values in the range from 1 to 6 indicate number
and configurdtion of audio channels as given for "Default bitstream index number" in Table 42 of
ISO/IEC 13818-7:2006. All other values indicate that the number and configuration of audio channels is undetined.

MPEG-2 AAC_additional_information — This 8-bit field indicates whether or not bandwidth 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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Restrictions on the multiplexed stream semantics

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.

272

Frequency of coding the program clock reference

The Tran
program |
PCR_PID

for all
program |

There shaj

discontinyities (refer to 2.4.3.4) to facilitate phase locking and extrapolation of-byte delivery times.

273

The Progi
is coded 1{
the bytes
ESCR en

for all i anid i’ where i and i’ are the indexes of the bytes containing the last bits of consecutive ESCR_base fiel

NOTE
this co:

274

The Prog
presentati

for all n, |

SPOTt STIEanT siat—be comnstructed Such tat the time Imerval betweeTT tHie Dytes CONtaiTing tie
clock reference base fields in successive occurrences of the PCRs in Transport Stream pack
for each program shall be less than or equal to 0.1 s. Thus:

[t(i)—t(i)| < 0.1s

and i’ where i and i’ are the indexes of the bytes containing the-'last bit of ¢
clock reference base fields in the Transport Stream packets of the PCR_PID) for each program.

[1 be at least two (2) PCRs, from the specified PCR_PID within a Trangport*Stream, between consec

Frequency of coding the elementary stream clock reference

n any PES packets containing data of a given elementafy stream the time interval in the PES STI
containing the last bit of successive ESCR_base fields shall be less than or equal to 0.7 s. In PES S
oding is required with the same interval. Thus:

[t(i)=$(i") < 0.7s

— The coding of elementary stream clock reference fields is optional; they need not be coded. However, if they
hstraint applies.

Frequency of presentation‘timestamp coding

ram Stream and Transport Stream shall be constructed so that the maximum difference betwyq
pn timestamps referting to each elementary video or audio stream is 0.7 s. Thus:

|tpn(k) - tpn(k”)| <0.7s

[, and k™ satisfying:

ast bit of
rts of the

nsecutive

htive PCR

am Stream and Transport Stream shall be constructed such-that if the elementary stream clock refefence field

between
reams the

ds.

are coded,

en coded

o P.(k) and P.(k”) are presentation units for which presentation timestamps are coded;

The 0.7-s

94

+  kand k” are chosen so that there is no presentation unit, P (k") with a coded presentation timestamp and

with k <k’ <k”; and
e No decoding discontinuity exists in elementary stream n between P,(k) and P,(k”).
constraint does not apply in the case of:
«  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 ac

cess units

differs by more than 0.7 s. In this particular case, the VUI parameters num_units_in_tick and time 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.

2175

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
discontinuity except when trick mode status is true.

When low

_delay is '1' a PTS shall be encoded for the first access unit after an EB, or B, underflow

A PTS m
header if

hy only be present in a ITU-T Rec. H.222.0 | ISO/IEC 13818-1 video or audio elementary stream PES packet
he first byte of a picture start code or the first byte of an audio access unit is contained in the-RES packet.

A decodifg_timestamp (DTS) shall appear in a PES packet header if and only if the following two conditions pre met:

For each

a PTS is present in the PES packet header;

the decoding time differs from the presentation time.

IAVC 24-hour picture, no explicit PTS and DTS value shall be encoded in_the PES header. For Juch AVC

access unfit, decoders shall infer the presentation time from the parameters within'the AVC video stream. Therefore,

each AV(

The folldg
ISO/IEC
a coded P
four bulle

| video stream that contains one or more AVC 24-hour picture(s):

shall either carry picture timing SEI messages with ,coded values of cpb removal delay and
dpb_output_delay; or
shall carry VUI parameters with the fixed frame rate~flag set to '1' and shall carry Picture Order Count
(POC) information (PicOrderCnt) whereby pictures are€ counted in units of Aty 4,,( 1 ), where Atg gon( 1)
is specified in equation E-10 of ITU-T Rec. H.264\| ISO/IEC 14496-10.

NOTE 1 — The requirements in the second bullet are’inet if an AVC timing and HRD descriptor is associatpd with the
AVC video stream with the fixed frame rate flag(set to '1' and the temporal poc_flag set to '1".

wing applies to AVC access units in @an AVC video stream carried in an ITU-T Rec. H.222.0 |
3818-1 stream. For each AVC access unif’that does not represent an AVC 24-hour picture, a PES h¢ader with
TS and, if applicable, DTS value shall be provided, unless all conditions expressed under one of the|following
(s are true:

In the AVC video sequence the following SEI messages are present, as signalled by VUI parameters:

a) picture timing SEI messages providing the cpb removal delay and the dpb oufput delay
parameters; and

b) buffering( period SEI messages providing the initial cpb removal delay Jand the
initial épb removal delay offset parameters.
NOTE-2,>"When picture timing SEI messages are present in the AVC video sequence, then these mpssages are
present for each AVC access unit, as required by ITU-T Rec. H.264 | ISO/IEC 14496-10. When buffdring period
SElmessages are present in the AVC video sequence, then these messages shall be present for each |[DR access

unit and for each access unit that is associated with a recovery point SEI message, as required| by ITU-T
Rec. H.264 | ISO/IEC 14496-10.

An AVC timing and HRD descriptor is associated with the AVC video stream and in this des¢riptor the

fixed frame rate flag is set to 'l' and the temporal poc flag is set to 'l".

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', 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 the
picture to_display conversion_flag is set to '0'".

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:

+  If both sequences have the same frame rate, the set of presentation times for both sequences shall be the
same.

NOTE — This does not imply that the picture coding type 1s the same 1n both layers.

* If the sequences have different frame rates, the set of presentation times shall be such. that as many
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- op P-picture;

—  the second most recently decoded lower layer picture that is an I ¢r P-picture, and providg¢d that the
lower layer does not have the low_delay flag set to '1'.

If a videq sequence is coded as a temporally scalable enhancement of another-sequence, such as specified in 7.9 of
ITU-T Rdc. H.262 | ISO/IEC 13818-2, then the following lower layer pictures-may be used as the reference. [[imes are
relative tq presentation times of:

* the coincident or most recently presented lower layer picture;

* the next lower layer picture to be presented.

2717 Frequency of coding P-STD_buffer_sizein PES packet headers

In a Progfam Stream, the P-STD_buffer scale and P-STD, buffer size fields shall occur in the first PES packiet of each
elementarly stream and again whenever the value changes. They may also occur in any other PES packet.

2.7.8 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 hdader. The
system hdader shall be present in the first.pack of an Program Stream. The values encoded in all the system headers in
the Progragm Stream shall be identical,

279 Constrained system parameter Program Stream

A Progragn Stream is a "Cgnstrained System Parameters Stream" (CSPS) if it conforms to the bounds speciffed in this
subclause} Program Streams are not limited to the bounds specified by the CSPS. A CSPS may be identified|by means
of the CSPS _flag defined in the system header in 2.5.3.5. The CSPS is a subset of all possible Program Streans.

Packet r4
In the CS

te

SiAhe maximum rate at which packets shall arrive at the input to the P-STD is 300 packets per sedond if the
value enkteded—in—the—rate—bound—field—(refer—to—2-53-6)—is—le han—or—equal—to—4-500-000—bitd/s if the
packet rate 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 to '0". For higher bit rates the CSPS packet rate is bounded by a linear relation to the value 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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packet rate restriction_flag is set to a value of '0'

SN kit &}
NP < (t(i") - t(i ))X3ooxmax[l’ 2.5%x10°

R,.x =8x50xrate_bound  bit/s

(2-28)

(2-29)

NP is the number of packet start code prefixes and system header start codes between adjacent
pack start codes or between the last pack start code and the MPEG program end code as

defined in Table 2-37 and semantics in 2.5.3.2.

Decoder

In the cas
apply for

In the cas
following]

BS, has §
Rec. H.24

BS,q4 1s specified as:

where R,
stream.

In the cas|

BS, has a

where R, |

where cp
hrd_paraif
the cpb_s
applied l¢

In the cas

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, immedidately
pack p, or in the case of the final pack in the Program Stream, the time of ‘arrival d
containing the last bit of the MPEG_program_end_code.

puffer size

e of a CSPS the maximum size of each input buffer in the system target decoderis bounded. Differd
video elementary streams and audio elementary streams.

e of an ITU-T Rec. H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 video elementary stream in a
applies:

2 | ISO/IEC 13818-2 or ISO/IEC 11172-2 stream, respectiv€ly, and an additional amount of buffer

BSu < MAX [6 % 1024, Rirex % 0.001] bytes

.x 1S the maximum bit rate of the ITU-T Rec. H:262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 video ¢

e of an ITU-T Rec. H.264 | ISO/IEC 14496-10 video elementary stream in a CSPS, the following apj

size which is equal to the sum of cpb’ size and an additional amount of buffering BS,44. BS,4q 1S speq

BSui < MAX [6 % 1024, Ryrex ¥ 0.001] bytes

ax 1S the maximum yideo bit rate of the AVC video stream, and

b _size is the CpbSize[ cpt_cnt minusl ] size of the CPB for the byte stream format signalled in|

ze shall bethe size defined as 1200 x MaxCPB in Annex A of ITU-T Rec. H.264 | ISO/IEC 14496
vel.

b ofan audio elementary stream in a CSPS, the following applies:

following
f the byte

nt bounds

CSPS, the

size which is equal to the sum of the size of the Video Buffer Verifier (VBV) as specified in the ITU-T

ing BSadd.

lementary

lies:

ified as:

the NAL

heters() in the AV C video stream. If the NAL hrd parameters() are not present in the AVC video stfeam, then

10 for the

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:

27.10

BS, < 8976 bytes

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
audio sample rate in the T -SID

LAR =

. X .
The notation 7 denotes real division.

(2-30)

Nominal audio
sampling

16 32 22.05 44.1 24

frequend

ktiz)

SCA

27 000 000

27 000 000 27 000 000 27 000 000 27 000 000

SR

16 000 32 000 22 050 44100

For all pr
Transport]
the value

psentation units in each ISO/IEC 11172-2 video and ITU-T Rec. H.262 | ISO/IEC 1381852 video str
Stream, the ratio of system clock frequency to the actual video frame rate, SCFR;; 15 constant an
indicated in the following table at the nominal frame rate indicated in the video stream.

system clock  fregquency
frame rate in _the T -SID

LFR=

bam in the
1 equal to

(2-31)

frame r
(Hz)

Nominfal

te 23.976 24 25 29.97 30 50 59.94

60

SCFR

1126 125 1 125 000 1 080 000 900 900 900 000 540 000 450 450

50 000

The valug
nominal r

For ISO/1
as define
system ¢
sequence,

For ITU-1
video strgj
parametet
N and K
example,
system_c

2.8
The Prog

s of the SCFR are exact. The actual frame rate differs slightly from the nominal rate in cases
hte is 23.976, 29.97, or 59.94 frames per second.

FC 14496-2 video streams carried in a Transport Stream, the time base of the ISO/IEC 14496-2 vid
| by vop_time increment resolution, shall be locked to the STC and shall be exactly equal tq
ock frequency divided by K, with N~and K integers that have a fixed value within each vis
with K greater than or equal to N.

[ Rec. H.264 | ISO/IEC 14496-10 video streams, the time base of the ITU-T Rec. H.264 | ISO/IEC
am shall be locked to the systém clock frequency. The frequency of the AVC time base is defined by
time_scale, and this frequency shall be exactly equal to N times system_clock frequency divided 1
integers that have a~fixed value within each AVC video sequence and K greater than or equal
if the time scale jis’ set to 90 000, then the frequency of the AVC time base is exactly
ock frequencydivided by 300.

Compatibility with 1SO/IEC 11172

ram ‘Stream of this Recommendation | International Standard is defined to be forward compal

where the

PO stream,
N times
hal object

14496-10
the AVC
y K, with
to N. For
equal to

lible with

ISO/IEC

N92-1. Decoders of the Program Stream as defined in this Recommendation | International Stan|

dard shall

also support decoding of ISO/IEC 11172-1.

29
291

Registration of copyright identifiers
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.
The registered copyright identifier is hereafter referred to as the Registered Identifier (RID).

Upon seleetion—oftheRegistration-AutherityFc——shallrequire—the—ereationof-aResistrationManagement Group
(RMG) which will review appeals filed by organizations whose request for a RID to be used in conjungtion with
ITU-T Rgce. H.222.0 | ISO/IEC 13818-1 has been denied by the Registration Authority.

Annexes |, M and N provide information on the procedure for registering a unique copyright identifier.

2.10 Registration of private data for mat

The regisfration descriptor of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 is provided by this text in order to enable users of
this Specffication to unambiguously carry data when its format is not recognized by, this Specification. This|provision
will permiit this Specification to carry all types of data while providing for a methed of unambiguous identification of
the charagteristics of the underlying private data.

2.10.1 [General

In the following subclause and Annexes O and P, the benefits and-s¢§ponsibilities of all parties to the regigtration of
private data format are outlined.

2.10.2 [Implementation of a Registration Authority (RA)

ISO/IEC JTC 1/SC 29 shall call for nominations from member bodies of ISO or National Committees of IEC yhich will
serve as the Registration Authority for the format_identifier as defined in 2.6.8 and 2.6.9. The selected organization
shall servg as the Registration Authority. The so-named Registration Authority shall execute its duties in cpmpliance
with Anngx H/JTC 1 Directives. The registered private data format identifier is hereafter referred to as the Registered
Identifier (RID).

Upon sel¢ction of the Registration Authotity, JTC 1 shall require the creation of a Registration Managemgnt Group
(RMG) which will review appeals filed,by organizations whose request for an RID to be used in conjunctior} with this
Specification has been denied by the Reégistration Authority.

Annexes D and P provide information on the procedures for registering a unique format identifier.

211  [Carriage ofSO/IEC 14496 data

2.11.1 |Introduction

An ITU-T Ree._H.222.0 | ISO/IEC 13818-1 stream may carry individual ISO/IEC 14496-2 and 14496-3 elementary
streams af‘Well 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 1n a Transport
Stream and 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'

'

ISOAECT4496-3audio Carriage i PES packers Stream type = OXTT Stream_1d = "TTOX XX}x

If a PTS ¢r DTS is present in the PES packet header it shall refer to the visual object that follows eithet:the [first VOP
start codd or the first still texture object startcode that commences in the PES packet. Each ISO/IEC 14496-2 video
stream cdrried by ITU-T Rec. H.222.0 | ISO/IEC 13818-1 shall contain the information requiréd to dpcode the
ISO/IEC |4496-2 video stream; consequently the stream shall contain Visual Object Sequencg Headers, Visgal Object
Headers and Video Object Layer Headers.

In case of an ISO/IEC 14496-3 elementary stream, before PES packetization the elementary stream data shgll be first
encapsuldted in the LATM/LOAS AudioSyncStream() transport syntax defined in ISOAEC 14496-3. If a PTS|is present
in the PEP packet header, it shall refer to the first audio frame that follows the first’syncword that commengces in the
payload of the PES packet.

Carriage ¢f individual ISO/IEC 14496-2 and ISO/IEC 14496-3 elementary‘streams in PES packets shall be idgntified by
appropriafe stream_id and stream_type values, indicating the use of ISO/IEC 14496-2 Visual or 14496-3 |Audio. In
addition, puch carriage shall be signalled by the MPEG-4 video deseriptor or MPEG-4 audio descriptor, regpectively.
These degcriptors shall be conveyed in the descriptor loop for the)respective elementary stream entry in th¢ Program
Map Table in case of a Transport Stream or in the Program Stream Map, when present, in case of a Progran Stream.
ITU-T R¢c. H.222.0 | ISO/IEC 13818-1 does not specify *presentation of ISO/IEC 14496-2 and ISO/IE( 14496-3
elementarly streams in the context of a program.

2.11.2.2 [STD extensionsfor individual | SO/IEC 14496 elementary streams

The T-STD model includes a transport buffer <[B,, and a multiplex buffer B, prior to decoding of each |ndividual
ISO/IEC 14496 elementary stream n. Note that in the T-STD the single multiplex buffer B, is also applied for
ISO/IEC ]4496-2 video, as indicated in Figure 2-4, instead of the approach with two buffers MB, and EB}, used for
ISO/IEC [13818-2 video in the T-STD:. Fer buffers TB, and B, and the rate Rx, between TB, and B, the [following
constraints apply.

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


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

I Transport Stream | : j-th access unit : I k-th Composition unit |

 Demultiplexing |  emm—m _\_
e e e |

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

e —_———————————————

| | e e |

Rx Al Video C1(0

B, B,

| clementary stream |
_________ NS
I ! . _ Ca(k)
I i-th biyte of ! ALG) Aud n
| Tranbport Stream | RX, \ td, () ‘ udio tcn(k)
S ' | T8, B, ’ D,
T160931P-00/d09
Figure 2-4 — T-STD modd extensions for individual | SO/IEC 14496 elementary streams
In case of| carriage of an ISO/IEC 14496-2 stream:
Size BS, of Buffer B,:
BS,, = BSiux T BSon = VBV &i[profile,level]
where:

In case of]

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 gdprofile,level] and R.[profile,level] are defined in ISO/IEC 14496-2 for each profile
For profiles and levels for which no VBV .« value is specified, the size of B, and the rate R
déftined.

and level.
., are user

cartiage 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:

BSqec + BSon < 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 e

lementary

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.

2113 Carriageof audiovisual 1SO/IEC 14496-1 scenes and associated | SO/IEC 14496 streams
2.11.3.1 Introduction

This clause describes the encapsulation and signaling when an audiovisual scene represented by ISO/IEC 14496 data is
carried in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Program Stream or Transport Stream. ISO/IEC 14496 content
consists of the initial obJect descrlptor and a variable number of streams such as Ob_ICCt descrlptor streams scene

descriptiof
audiovisupl streams Each of the ISO/IEC 14496 streams shall be contarned in an SL- packetrzed stream
optionall
Rec. H.222.0 | ISO/IEC 13818-1 Program Stream or Transport Stream, these SL-packetized streams and
streams shall contain encoded Object Clock Reference (OCR) and FlexMux Clock Reference (ECR) fields as
in 2.11.3.4 and in 2.11.3.5, respectively. The SL-packetized streams or FlexMux streams are then-encapsulate
PES pacKets or in ISO _IEC 14496 sections prior to Transport Stream packetization andUmultiplexing ot
Stream mpltiplexing. ISO_IEC 14496 sections are built on the long format of H.222.0 | ISO/IEC 13818-1 seq

21132

An ISO/IEC 14496-1 scene carried over an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream may associate a
ISO/IEC 14496, ISO/IEC 13818 and other streams by the use of the ES B parameter. The scene and the
streams njay be carried over the same ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream, but a scene may also
streams chrried elsewhere, for example over an IP network. How todidentify such other means is not defin
Specificafion.

Assignment of ES _|D values

ISO/IEC ]4496-1 defines name scoping rules for identifiers. These rules allow the same ES_ID value to be us
different ptreams within ISO/IEC 14496 content. When one or multiple ISO/IEC 14496-1 scenes are car
ITU-T Rgc. H.222.0 | ISO/IEC 13818-1 Program, duplicate’ES ID values shall not occur within the program
each ISO[IEC 14496 SL-packetized stream or ISO/IEC.14496-1 FlexMux channel has a unique ES_ID va
program.

2.11.3.3 [Timing of 1SO/IEC 14496 scenes and associated streams

When cafried over an ITU-T Rec. H.222:0-| ISO/IEC 13818-1 stream, the object time base of each ISO/I
stream shfll be locked to the ITU-T ReesH'222.0 | ISO/IEC 13818-1 STC, that is:

If X(t) = fstc(t)/fobject(t)

then the vialue of X(t) shall be’constant at any time t.

where:
fie(t) denotes the intended frequency of the STC at time t, i.e., 27 000 000 Hz

fobject(t)  denotes the frequency of the object time base at time t

be multiplexed into a FlexMux stream, both defined in ISO/IEC 14496-1. For cartiage |i

specified
1 either in

Program
tions.

humber of
hssociated
reference
ed in this

bd for two
fied in an
such that
lue in the

EC 14496

stream is

The obje¢ttime base of ISOAEC 14496 streams carried over an [TU-T Reec H222.0 | ISOAEC 138181
conveyed as follows:

—  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 1449
contained within the same FlexMux stream share the same object time base.

6 streams

—  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 (fi(t)/300)/f,, 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 o

f cycles per second, f; can be selected as appropriate for the scene.

The ISO/IEC 14496 time stamps coded in the SL packet header shall refer to instants of the object time base of the

stream ¢

ied in the SI. packet. The resolution of each such time stamp shall be of a factor 2X smalle

r than the

resolutiony of the OCRs or FCRs associated to the stream, with k a positive integer larger than or equal\tq zero. To
achieve tlhe same wrap around, the length of the time stamp fields, TimeStampLength, shall be k bit smallgr than the

length offthe OCR or FCR field, OCRLength and FCRLength, respectively. Hence for each stréam-the [following
condition shall apply for encoding of time stamps:

L TimeStampResolution = (OCRResolution or FCRResolution respectively)/2¥, with k a positije integer
larger than or equal to zero. ISO/IEC 14496-1 requires TimeStampResolution to represent in integer
number of cycles per second.

-  TimeStampLength = OCRLength or FCRLength respectively — k.

The relatjonship between a value of the STC and the corresponding value gfi\the object time base of a|stream is

establishe

21134
To carry |

Delivery timing of SL-packetized streams

d by associating PTS fields in PES packet headers with the OCR of ECR in SL packet headers and FlexMux
Stream pdckets, respectively, as specified in 2.11.3.6 and 2.11.3.7.

SO/IEC 14496 content in an ITU-T Rec. H.222.0 | ISQ/FEC 13818-1 stream, ISO/IEC 14496-1 SL-packetized

streams gre used. In each SL-packetized stream carried in~a PES packet without the use of FlexMux, the

objectClogkReference field shall be encoded as follows:
1) An objectClockReference (OCR) field shall be present in the first SL packet header of a SL-packetized
stream.
2) The SL-packetized stream shall be constructed such that the time interval between the bytes ¢ontaining
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 c¢nsecutive
OCR fields in the FlexMux stream.
If an objeftClockReference is encoded in an SL packet header, also the instantBitrate field shall be coded.
2.11.3.5 [Ddiverytiming of FlexMux streams
Next to SL.-pagketized streams also the ISO/IEC 14496-1 FlexMux tool may be used to carry ISO/IEC 14496 [content in
ITU-T R¢c{H;222.0 | ISO/IEC 13818-1 streams. The payload of FlexMux packets shall consist of SL packets as
specified In ISQ/EC 14496-1 In each FlexMux stream carried in an ITU-T Rec H 222 0 | ISO/TEC 13R18-1 $tream the

fmxClockReference field shall be encoded as follows:

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 consecutive

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
corresponds to the value of the object time base at the instant in time indicated by the OCR.

PES packets with a payload consisting of FlexMux packets shall be identified by stream id = OxFB' in"the PES packet
header. An integer number of FlexMux packets shall constitute the payload of one PES packet, i.e., the payload of a
PES packpet carrying a FlexMux stream shall start with a FlexMux packet header and shall end with the las{ byte of a

If an fmx{"lockReference (FCR) field is encoded in one of the FlexMux packets contaihed in a PES packet, then a PTS
shall be epcoded in the header of the PES packet that contains such FlexMux pacKet, This PTS shall be encpded with
the 33-bifj value of the 90-kHz portion of the STC that corresponds to the value-of\the object time base of thg FlexMux
stream at[the instant in time indicated by the FCR. In case multiple FlexMug-pdckets with an encoded FCR field are
contained|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.

The ES IDs associated to each SL-packetized stream conveyed in‘the¢ FlexMux stream shall be signalled by an FMC
descriptoq as specified in 2.6.44.

2.11.3.8 |Carriage of SL packetsand FlexM ux packetsin'sections

For transport of ISO/IEC 14496 content in sections, ISO\IEC 14496 _sections are defined. Only SL-packetired object
descriptoq streams and scene description streams shalliuse ISO_IEC 14496 sections. A single ISO_IEC 14496 section
shall confain either an entire SL packet of an SLipacketized stream or an integer number of FlexMux padkets each
carrying gn SL packet of the same ISO/IEC 14496-1 elementary stream.

Table 2-944 shows the syntax of ISO _IEE€/L14496 sections defined to convey ISO/IEC 14496-1 elementary streams,
qualified [py the table id as either object’descriptor or scene description stream data. Object descriptor stfeam data
consists of an Object Descriptor Table.that comprises a number of object descriptors. The Object Descriptor Table may
be transmiitted in multiple ISO_IEC 14496 sections. Scene description data consists of a Scene Description [Cable that
may conjprise a number of~BIFS commands. The Scene Description Table may be transmitted in| multiple
ISO_IEC| 14496 sections. It is"hot required that a complete table be received in order to process its payload. [However,
the paylogd of sections_shall be processed in the correct order, as indicated by the value of the section_number field in
the ISO_IEC 14496 (section header bytes.
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Table 2-94 — Section syntax for transport of | SO/IEC 14496 stream

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 bslbf
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

}

table id 1 This 8-bit field shall be set to '0x04' or {0x05' in case of an ISO_IEC 14496 section. A valug of '0x04'
indicates pn ISO_IEC 14496 scene description_:séction that carries an ISO/IEC 14496-1 scene description [stream. A
value of |'0x05' indicates an ISO IEC 14496 object descriptor section that carries an ISO/IEC 14494-1 object
descripto stream.

section_gyntax_indicator — This 1-bit field shall be set to '1".
private ihdicator — This 1-bit field shall not be specified by this Specification.

ISO_IEQ 14496 section_length™— This 12-bit field shall specify the number of remaining bytes in the section
immediatgly following the(ISO IEC 14496 section length field up to the end of the ISO IEC 14496 se¢tion. The
value of this field shall not.exceed 4093 (0OXxFFD).

table id_lextension=<This 16-bit field shall not be specified by this Specification; its use and value are defied by the
user.

version_number — This 5-bit field shall represent the version number of the Object Descriptor Table|or Scene
Descriptien Table respectively. The version number shall be incremented by 1 modulo 32 with each new verdion of the
table. Version control is at the discretion of the application.

current_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.

ITU-T Rec. H.222.0 (05/2006) 105


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

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

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.

21139 T-STD exten

sions

2.11.39.1 T-STD Modd 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.

____________ —————————g------
I j-th access unit | : k-th compositipn unit :
|m——————————===  ————————— === —— === ==& 1
I FlexMux :
: Demultiplexing :
- N A ()
______________ : o | e Ch®
| FlexMux stream | u u tcy, (k)
| |
: Transpprt Stream | \ AL(3)
,  Demult|plexing | td. (i
| | 120) Clz(k)
tcy,(K)
Cimk)
tCy (k)
| ithbydof
i-th bytqd o I AL
| Transpgrt Stream | RX, ! d"%.)) ’
e —— ! TB: DB, n D, Ca(K)
te, (k)
T1607319-99/d10
Figure2-5—T-STD model for 1 SO/I EC 14496 content
The folloying nofation is used in Figure 2-5 and its description:
TB, is the transport buffer.
MB_isthe mn]tiplpy buffer for FlexMux stream n or for ST _pnr‘l(Pﬁ7Pd streamn
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,, is the decoder for the elementary stream in FlexMux channel p of FlexMux stream n.
D, is the decoder for elementary 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.

tcy(k) is the composition time, measured in seconds, in the system target decoder of the kth
composition unit in elementary stream n.

t(i) indicates the time in seconds at which the ith byte of the Transport Stream enters the system
target decoder.

211.3.9.4 Processing of FlexMux streams

Complete| Transport Stream packets containing data from FlexMux stream n are passed to, the transport puffer for
FlexMux [stream n, TB,. The size of TB, is fixed at 512 bytes. All bytes that enter TB, are femoved from TH, at a rate
Rx,, spedified by the TB leak rate field in the MultiplexBuffer descriptor associated with’FlexMux strean} n. When
there is n¢ data in buffer TB,, rate Rx, is equal to zero. Duplicate Transport Stream pagckets are not delivered tp MB,.

In case off carriage in PES packets, the PES packet header and payload data bytes ate-delivered to buffer MBY; all other
bytes leqving TB, do not enter MB,, and may be used to control the¢' system. In case of cqrriage in
ISO _IEC| 14496 _sections, the section header, payload and CRC-32 data bytes are delivered to buffer MB,} all other
bytes do mot enter MB,, and may be used to control the system. In either case, the size of MB, shall be speciffied by the
MB _buff¢r size field in the MultiplexBuffer descriptor.

The FlexMux Stream packet bytes in buffer MB, are all delivered to their associated FlexMux buffer gt the rate
specified [by the field fmxRate encoded in the FlexMux stream and in compliance with the FlexMux bufifer model
defined i 11.2.9 of ISO/IEC 14496-1. Only FlexMux packet-payload data bytes in FlexMux channel p ofl FlexMux
stream n ¢nter buffer FB,,. FlexMux packet header bytes ifYFlexMux channel p of FlexMux stream n are disdarded and
may be uged to control the system. The rate specified by the fmxRate field shall be applicable for all FlexMyx packets
in the strdam immediately following the FlexMux Clock Reference channel packet up to the next encountered FlexMux
Clock Reference channel packet. When there is ng\FlexMux stream data present in MB,,, no data is removed from MB,.
Bytes from the PES packet header or from the, ISO IEC 14496 section header that immediately precede a| FlexMux
header afe 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 FlexMux Stream packet in the sectign payload
are remoyed instantaneously and discarded and may be used to verify the integrity of the data. Bytes from thg FlexMux
Clock Reference channel are instantancously removed and discarded and may be used to lock the ISO/IEC 14496 object
time base|to the STC. When there\is 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 thg FlexMux
demultiplgxer instantanequsly upon leaving MB,,.

2.11.3.9.3 Definition-of FlexMux Buffer, FB,,

For each|channel-p of a FlexMux stream n, the size of FlexMux buffer FB,, is defined using the FmxBufferSize
descriptoy. FlexMux packet payload bytes are transferred from buffer FB,, to decoder buffer DB,, in complfance 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.

2.11.3.9.4 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
buffer DB, is given by the bufferSizeDB of the DecoderConfigDescriptor defined in ISO/IEC 14496-1.

2.11.3.9.5—Buffer mmaragerment
Transportstreams shall be constructed so that conditions defined in this subclause are satisfied.

TB, shall|not overflow and shall be empty at least once every second. MB,, shall not overflow. FBy, 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 npt present in DB, at the decoding time associated with this access unit. Underflow of DB, occurs when one or
more bytds of an access unit are not present in DB, at the decoding time associated with thiS)aecess unit.

211.3.10 Carriagewithin a Transport Stream
2.11.3.10J1 Overview

A Transpprt Stream may contain one or more programs, each described by-a Program Map Table. ISO/IEC 14496
content cpn be conveyed in addition to the already defined stream types for such a program. Elements of the
ISO/IEC |4496 content may be conveyed in one or more ITU-T Re¢.,H.222.0 | ISO/IEC 13818-1 progranm] elements
referenceql by a unique PID value within a Transport Stream. As a\special case, it is possible that a program within a
Transport Stream consists only of ISO/IEC 14496 program elements. ISO/IEC 14496 content associated to § program
and carrigd in the Transport Stream shall be referenced in the\Program Map Table of that program. An inifial object
descriptoq shall be used to define an ISO/IEC 14496-1 scene; the use of this descriptor is specified in 2.11.3.1(.2.

Carriage ¢f ISO/IEC 14496 content in a PID is signalleéd'by a stream_type value of 0x12 or 0x13 in the Program Map
Table in gssociation with that PID value. A value of-0x12 indicates carriage in PES packets. The stream_id fjeld in the
PES pacKet header signals whether the PES packet’contains a single SL packet or a number of FlexMux fgackets. A
stream_type value of 0x13 in the Program Map Table indicates that the program element carries an object [descriptor
stream o1] a BIFS-Command stream contained in sections. In this case the table id in the section header| indicates
whether gn object descriptor stream is_carried in the sections or a BIFS-Command stream. See also Table P-95. The
section c@ntains either a single SL packet or a number of FlexMux packets, as indicated by the presence|of an SL
descripto] or a FMC descriptor respectively in the descriptor loop of the Program Map Table for the ITU-T Rec.
H.222.0 ||JISO/IEC 13818-1 program element that carries the sections. When ISO/IEC 14496 content is carri¢d, the SL
descripto] and the FMC descriptor shall specify the ES ID for each encapsulated ISO/IEC 14496 stream. [When the
assignmeft of ES_ID values-changes, the Program Map Table shall be updated and the version number off the PMT
shall be jncremented.by*1 modulo 32. An example of a content access procedure for ISO/IEC 14494 program
componeits withina-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

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

object descriptor
streams

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

ISO/IEC 14496-1

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 = 0x04

scene degcription

Multiplex into FlexMux
packets

Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream_id ="1411{1011"
streams SL packets followed b o .

M pe . y Carriage in ISO_IEC _ Stream_type = 0x13 Table id =(0x04

ultiplex into FlexMux 14496 sections

packets -
All other[[SO/IEC | Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream_id ='1111{1010'
14496 stipams SL packets

Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream_id ='1111{1011"

SL packets followed by

2.11.3.10)2

Initial Object Descriptor

In case of carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496-~initial object descriptor serves as

access po
the descril

int to all associated streams. The initial object descriptor shall be conveyed in the IOD descriptor
ptor loop immediately following the program_info_length.field in the Program Map Table of the p

the initial
located in
rogram to

which thejscene is associated. It contains ES_Descriptors identifying the scene description and object descriptpr streams
that form| part of this program. It may also contain ES Deseriptors identifying one or more associated| IPMP or
OCI streajmns. Identification of streams is done by means of ES* IDs as specified in clause 8 of ISO/IEC 1449641.
211311 P-STD Model for 14496 content
Figure 2-¢ shows the STD model when ISO/IEC 14496 systems data are carried in a Program Stream.
oo i T i v
: j-th access unit | : k-th composition unjit |
_________ -1 —_—— e ————— —_———d
| Flexuxs | | FlexMux buffer model | \
| Demultiplexing | ‘/: (see ISO/IEC 14496-1) | A ()
FByy DBy, Dyy 4
tc,{(k)
o 1 N T ,
| Prpgram Stream 4 / AN Ag2())
| Dgmultiplexing ) / \ td,, (i) chw
TTTTNVO ’ / Or——FBy,|; DBy, Dy, g
| \ tch(K)
Bl | |
L \ o)
/// A \\ O !
O &~ L ___________ \ ; -
/ A
j \ | SlL-packetized | ~4-7 im()
i O stream 1) C,(K)
" ! FBim|: DBy Dim m
(i) ! tCym(K)
\
\
\
AN C.(k)
DB, D, n
tc, (K)
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I i-th byte of :
| Program Stream | T1607320-99/d11

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.

A,(j) is the jth 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 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 jthraccpss 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). 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.

tegp(k) is the composition time, measured in seconds, in the ¢system target decoder df the kth
composition unit in elementary stream in FlexMux channel p of FlexMux stream n.

teo(k) is the composition time, measured in seconds, if’the system target decoder gf the kth
composition unit in elementary stream n.

t(i) indicates the time in seconds at which the ithbyte of the Program Stream enters the system
target decoder.

21131141 Processing of FlexMux streams

At the ifput of the STD each byte in the payload of PES packets carrying a FlexMux stream n is tfansferred
instantandously to buffer B,. The i-th byte enters B, at titne t(i). PES packet header bytes do not enter buffer B}, and may
be used fo control the system. The size of B, isspecified by the P-STD buffer size field in the header of the
PES packpt that carries stream n.

The FlexMux stream packet bytes in buffer; By are all delivered to their associated FlexMux buffer at the ratd specified
by the fiqld fmxRate encoded in the FlexMux stream and in compliance with the FlexMux buffer model {lefined in
11.2.9 of [SO/IEC 14496-1. Only FlexMux packet payload data bytes in FlexMux channel p of FlexMux stredm n enter
buffer FBY,,. FlexMux packet header bytes in FlexMux channel p of FlexMux stream n are discarded and may pe used to
control the system. The rate speeified by the fmxRate field shall be applicable for all FlexMux packets in the [stream up
to the nejt encountered FlexMux Clock Reference channel packet. Bytes from the FlexMux Clock Referende channel
are instantaneously remoyed-and discarded and may be used to lock the ISO/IEC 14496 object time base to the STC.
When thefe is no PES-packet payload data present in B,, no data is removed from B,,. All data that enters B leaves it.
All PES packet paylead bytes of stream n enter the FlexMux demultiplexer instantaneously upon leaving B,,.

211.3.11f2 Definition of FlexMux Buffer, FBp,

For each [channel p of a FlexMux stream n, the size of FlexMux buffer FB,, is defined using the FmxBufferSize
descriptor if a Program Stream Map is present in the Program Stream. FlexMux packet payload bytes are transferred
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

2113121 Overview

A Progratln Stream contains only one program. ISO/IEC 14496 data can be conveyed in addition to the already defined
stream types for such a program. As a special case, it is also possible that a Program Stream carries only 1SQ/IEC 14496
data. If a Program Stream Map is present, ISO/IEC 14496 content carried in the Program Stream shall|be refgrenced as
follows. Qarriage of ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams in SL and FlexMux packets is
indicated [by the appropriate stream id and by an initial object descriptor; the use of this descriptor is specified in
2.11.3.12]2. For each carried ISO/IEC 14496 stream the SL descriptor and the FMC descripfershall specify the ES ID.
When th¢ assignment of ES ID values changes, the Program Stream Map, if present,’shall be updated and the
program_ptream _map_version shall be incremented by 1 modulo 32. Note that in a Program Stream the ISO/IEC 14496
content mlay also be referenced by private means.

For an expmple of a content access procedure for ISO/IEC 14496 program components within a Program Sfream, see
Annex R.

2.11.3.12f2 Initial object descriptor

In case off carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496.initial object descriptor serves as the inifial access
point to a]l associated streams. If a Program Stream Map is present in the Program Stream, the initial object [descriptor
shall be [conveyed in the IOD descriptor that is located>in the descriptor loop immediately follqwing the
program_ptream_info_length field. It contains ES Descriptors identifying the scene description and object [descriptor
streams df the scene that form part of this program.xlt may also contain ES Descriptors identifying on¢ or more
associated IPMP or OCI streams. Identification of streams is done by means of ES IDs as specified in clause 8 of
ISO/IEC |4496-1. In a Program Stream, the initial-object descriptor may also be conveyed by private means.

212 Carriage of metadata

2.12.1 |Introduction

An ITU-T Rec. H.222.0 | ISO/IEG, 13818-1 stream can carry metadata. The format of the metadata may be defined by
ISO or by any other authority. This subclause defines how to carry the metadata; transport mechanisms are {lefined as
well as metadata related-signalling, the applied metadata timing model and extensions of the STD model foil decoding
of metadata.

A metadafa serviceis,defined to be a coherent set of metadata of the same format delivered to a receiver for|a specific
purpose. Metadatasservices 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 definition of a
Metadata JAcéess Unit is metadata format specific, but each metadata service is assumed to represent a concatgnation (or
a collection) of mefadafa Access Units.

When transporting a metadata service over an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream, a unique metadata
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.
Each time indication made in the metadata refers to a certain metadata content time line specific to the actual metadata
format and/or metadata application format. For example, one metadata (application) format may use UTC, while
another nfetadata application format may use SMPTE time codes. To allow for transport of the content at any]time over
any medi4, the metadata content time line is expected but not required to be transport agnostic.

When trapsporting content and the associated metadata over ITU-T Rec. H.222.0 | ISO/IEC 13818-1 streamd, accurate
time refefences from the metadata to the content are to be maintained. The same is needed if the metadata is| delivered
over othef means. To achieve this, the time line model of Figure 2-7 is assumed in this Specification.

Ceontent time line as

Metadata timing, \pecified in the

transport agnostic NﬁT ¥ Metadata (format is
\Y ‘ metadata specific:
A/V Content _ \ UTC, SMPTE, ...)
7 production N o
7 transport 7 I \ N
X
A/V Content (1) ‘ A/V Content (2) Delivery tinje
| i » line (STC)
» Receiver Contefit
RT time line (singlg
format)

H.222.0_FAMD1-1

Figure 2-7 — Timing modél for delivery of content and metadata

Metadata|is associated to the audiovisual*content, usually in a transport agnostic way, at production or any dther stage
prior to transport. Where needed, -time information is embedded in the metadata to indicate for example specific
segments [within the content, using.the metadata content time line used in the metadata. For example UTC qr 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
audiovisupl stream itself. \For example, the metadata time line may utilize UTC, while SMPTE time fodes are
embedded in the video stream.

The folloyving requiréments shall be met for each metadata stream:
* motime 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 line. 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 inaccuracies, receivers shall assume that when reference is made to a picture or audio frame the closest match shall
be used. For example, the translated 90-kHz metadata time reference shall be matched with the picture or frame whose
PTS valug is closest to the translated value.

When usihg NPT, during playback in any mode at any point in time the offset remains constant betwéen thg metadata
time base| and the NPT time base. As long as neither STC discontinuities nor insertions with other-content pccur, the
same is tipe for the offset in time between the metadata time base and the STC time base, but only in normal playback
mode. For privately defined time lines the offset is also required to be constant, but possibly ‘within consfraints not
defined ir this Specification.

When syrjchronous transport of metadata is applied in PES packets or by using the synchronized DSM-CC |[download
protocol, |PTSs are assigned to the metadata. Such PTS may for example indicdte the point in time at hich the
metadata |becomes valid. This implies a priori knowledge of how to associate. the” metadata to the delivefy timing.
However,| synchronously transported metadata may also contain time references, which are to be mapped from the
metadata content time line to the receiver content time line using the specified-offset between both time lineq. See also
Figure 2-§.
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Figure 2-8 — Delivery of metadata in PES packets

2123 Optionstor transport of metadata

To acknowledge the very diverse characteristics of metadata, a variety of tools is defined to transport 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
Specification allows for carriage of a metadata service in a DSM-CC carousel, but does not constrain how many
metadata services can be carried in one DSM-CC carousel.

Metadata|decoder configuration data is signalled explicitly when carried in a metadata descriptor, in PES.pa¢kets with
stream_type 0x15 and stream_id OxFC, in metadata sections or in synchronized DSM-CC download sectiqns. When
metadata jdecoder configuration data is carried in a DSM-CC carousel, the signalling of such data is réquired, but not
defined by this Specification; instead, such signalling is left at the discretion of applications.

2124 |Useof PES packetsto transport metadata

PES pacKets provide a mechanism for synchronous transport of metadata. By means of*the PTS in the PES packet
header th¢ metadata access units are associated to a certain instant of the STC, without'the need for time refprences in
the metadata. This implies a priori knowledge of how to associate the metadata’to the delivery timingl Specific
stream_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| Metadata
Access Unit Wrapper shall be used as the tool to align PES packets and the metadata Access Unlits, using
metadata |AU_cells. This allows random access indication, whose meaning depends on the format of the methdata, and
a cell seqpience counter to identify loss of metadata AU cells. Each metadata Access Unit is carried and, if apjpropriate,
fragmentqd in one or more metadata AU cells. In each PES packet that carries metadata, |the first
PES pacliet data byte shall be the first byte of a Metadata *AU_cell. For each metadata Access Unit contaiped in the
same PEY packet, the PTS in the PES header applies. The PTS signals the time at which the metadata Accesq Units are
decoded |nstantaneously and removed from buffer Bjlin the STD. Note that the relationship between 3§ decoded
metadata JAccess Unit and audiovisual content is beyond the scope of this Specification.

A PES pafcket may contain a single metadata AU-=cell. This is useful if a metadata Access Unit does not fit info a single
PES packpt, in which case the fragmentation ‘ef-the metadata Access Unit is handled by the metadata AU _cell

When mefadata is carried by PES packets\in a Program Stream, and if a Program Stream Map is applied in that Program
Stream, tijen the Program Stream Map_shall specify which PES packets contain the associated metadata.

2.12.4.1 [Metadata Access Unit-Wrapper

The metddata Access Unit Wrapper shall be used when carrying metadata Access Units in PES packdts with a
stream_type of 0x15 and\a‘stream_id value of OxFC or in synchronized DSM-CC download sections of stfeam_type
0x19. Th¢ wrapper défines a structure consisting of a concatenated number of Metadata AU _cells. By codirlg the size
of the corftained metadata in each metadata AU _cell, metadata agnostic parsing is possible in receivers: the parser can
retrieve the metadata and provide it to a metadata decoder without a priori knowledge on any detail of the [metadata.
The Metddata"AU 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

Syntax No. of bits Mnemonic

Metadata AU cell () {

metadata_service id 8 uimsof
sequence_number 8 uimsbf
cell_fragment_indication 2 bslbf
decoder_config_flag 1 bslbf
random_access indicator 1 bslbf
reserved 4 bslbf
AU_cell_data_length 16 uimsbf
for i=0; I <AU cell data length; i++){

AU_cell_data byte 8 bslbf

}

}

metadatd service id: This 8-bit field identifies the metadata service associated to'the metadata Access Unit|carried in
this metadata AU cell.

sequence] number: This 8-bit field specifies the sequence number of thé_metadata AU _cell. This number ipcrements
by one fof each successive metadata AU_cell constituting the metadata AU wrapper, independent of the cdded value
of the mefadata_service id.

cell_fragment_indication: This 2-bit field conveys information on the metadata Access Unit carrigd in this
metadata |AU_cell, corresponding to Table 2-98.

Table 2-98 ~Cell fragment indication

Value Description
11 A single eéll carrying a complete metadata Access Unit.
10 TheAfirst cell from a series of cells with data from one metadata Access Unit.
01 The Tast 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_jaccess indicator:* This 1-bit field, when coded with the value '1', indicates that the metadata carrjed in this
metadata |AU_cell répresents an entry point to the metadata service where decoding is possible without infformation
from prevfious metadata AU _cells. The meaning of a random access point is defined by the format of the metqdata.

decoder_fonfigJflag: This 1-bit field signals the presence of decoder configuration information in the carried metadata
Access Uhit, Note that this does not preclude the presence of metadata in the Access Unit next to decoder conffiguration
data.

AU_cedll_data_length: This 16-bit field specifies the number of AU_cell_data_bytes immediately following.

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
Metadata Table contains one or more complete metadata Access Units from one or more metadata services.
Conceptually, the transport mechanism of Metadata Tables is comparable to the transport mechanism of Program Map
Tables arfd Program Association Tables. Each Metadata Table may be made up of multiple metadata sectjons. Each
Metadata[Table may contain metadata from multiple metadata services.

Specific dtream_type and table id values are assigned to metadata sections. Metadata decoder configuration data can
also be cdrried in sections, signalled by a metadata description value, as assigned by the metadata decoder conffiguration
descriptoy.

Table 2-99 — Section syntax for transport of metadata

Syntax Na:ef 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.
section_gyntax_indicatar :‘This 1-bit field shall be set to '1".
private ipdicator: This-1-bit field is not specified by this Specification.

random_pccess.indicator: This 1-bit field, when coded with the value '1', indicates that the metadata carrjed in this
metadata |section) represents an access point to the metadata service where decoding is possible without infformation
from previious,metadata sections. The meaning of a random access point is defined by the format of the metadgta.

decoder_config_flag: This 1-bit field, when coded with the value 'l', indicates that decoder configuration information
is present in the metadata Access Unit carried in this metadata section.

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.

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.
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services within a DSM-CC object carousel is required, but not defined by this Specification.

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, by a
stream_id value of 0xFC indicating a metadata stream.

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 of 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
information on the metadata service it is associated with.

2.12.9.2 [Signalling of content for use by a metadata system

In 2.6.56 jand 2.6.57, a content labelling descriptor is defined that can be used to assign a metadata applieation format
specific feference, the content reference id record, to audiovisual or any other content carried.oyer an| MPEG-2
Transport Stream or Program Stream. The content reference id record can be used by the metadata system aq a label to
refer to sych content. The content may represent, for example, a program or a stream or segments thereof. The content
labelling fescriptor also provides information on the content time base used for time refeféncing from the |metadata,
including|the constant offset in time between the metadata time base and the applied content time base. The descriptor
allows ¢arriage of private data. The metadata application format may(" define constraints | on the
content_r¢ference record, such as constraints on the time period during which it is yalid:

2.12.9.3 |Association of metadata to content

In 2.6.58 fand 2.6.59 the metadata pointer descriptor is defined to associaté.a single metadata service to audipvisual or
any other|content in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream The metadata is associated to the content within
the context as defined by the location of the descriptor. In a transpoft stream, the descriptor may be located i} the PMT
in the dedcriptor loop for either the program or an elementary stfeam, but may also be located in tables not flefined in
this Specilfication, such as tables describing bouquets of broadcast-services.

The metaglata pointer descriptor points from the content's context to the metadata service associated to that coptent. The
descriptoq provides the value of the metadata service id\that is assigned to the associated metadata service, ps well as
one or mdre locations of the associated metadata. Thetlocation may for example be within the same Transport|Stream as
the conteht, or within another Transport Streams'but also at a non-ITU-T Rec. H.222.0 | ISO/IEC 1381§-1 stream
location spich as the Internet.

2.12.9.4 [Signalling decoder configuratjon-data

Decoding| of metadata may require, the availability of metadata decoder configuration data. If needed, decoder
configurafion data shall be contained in one of the metadata services in the same program in the sampe ITU-T
Rec. H.222.0 | ISO/IEC 13818-Istream as the metadata service. If decoder configuration data is needed tof decode a
metadata [service, then the metadata descriptor either carries such data or provides the information on retrigval of the
decoder cpnfiguration data from the same or another metadata service. In a transport stream such other service can be
found by| searching ncthe PMT for a metadata descriptor with the metadata service id as specifigd in the
decoder_gonfig_metadata service id field (and with the same metadata format and the same metadata application
format).

21295 |Oveview of metadata signalling

Figure 2-9 provides an example of metadata signalling, in which a single program carries the content (or essence), the
"content program”, and the metadata is carried in a separate program, the "metadata program". In this example, the
metadata program and the content program exist on the same transport stream.
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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 STD
descriptor. The size BS, of buffer B, is equal to the size defined in the metadata buffer size field in the metadata STD
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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 me‘iﬁr‘ instance is defined pnwingp of ISQ 15938 data shall meet each TP{}]l‘if'PmPﬂf defined in 2.12,

but in addition the requirements defined in this subclause shall apply for transport of ISO 15938 data.

2.13.2 [ISO 15938 decoder configuration data

Decoding| of ISO 15938 data requires the availability of decoder configuration data. Consequenfly, when IBO 15938
data is cafried in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream, then the metadata descriptor shall signal darriage of
associated decoder configuration data in the same ITU-T Rec. H.222.0 | ISO/IEC 1381851 stream by coding p value of
the decodpr_config_flags of either '001' or '010' or '011' or '100".

214  [Carriageof ITU-T Rec. H.264 | ISO/IEC 14496-10 video

2.14.1 |Introduction

This Spegification defines the carriage of ITU-T Rec. H.264 | ISOAEC 14496-10 elementary stream withjin ITU-T
Rec. H.222.0 | ISO/IEC 13818-1 systems, both for program and trfansport streams. Typically, an ITU-T Ref. H.264 |
ISO/IEC 14496-10 stream will be an element of an ITU-T Rec. .H222.0 | ISO/IEC 13818-1 program, as defiped by the
PMT in 4 Transport Stream and the PSM in a Program Strean)" The carriage and buffer management of A[VC video
streams if defined using existing parameters from this Recommendation | International Standard such as PTS|and DTS,
as well as|information present within an AVC video streafh.

Carriage ¢f AVC video streams in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream defines accurate mappinf between
STD parameters and HRD parameters that may be.present in an AVC video stream. Requirements are defined for the
presence pf HRD parameters in the AVC videoystream, to ensure that it can be verified whether each STD refjuirement
is met forfeach AVC video stream carried in a‘transport stream or a program stream.

NOTE]|1 — Though the timing informatien-present in the AVC video stream may not use a 90-kHz clock, the PT$ and DTS
timestdmps need to be expressed in units of 90 kHz.

When an [TU-T Rec. H.264 | ISOAEC 14496-10 stream is carried in an ITU-T Rec. H.222.0 | ISO/IEC 13818}1 stream,
the ITU-T Rec. H.264 | ISO/IEC 14496-10 coded data shall be contained in PES packets. The ITU-T Re¢. H.264 |
ISO/IEC [14496-10 coded data shall comply with the byte stream format defined in Annex B of ITU-T Ref. H.264 |
ISO/IEC |4496-10, with_the following constraints:

*  Each-A¥VC 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 present, is
the first NAL Unit within an AVC access unit. Access unit delimiter NAL Units simplify the ability t¢ detect the

boundary between pictures; they avoid the need to process the content of slice headers, and they are particularly
useful for the Baseline and Extended prnﬁlpc where slice order can be arbitrars

*  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.

2142 Carriagein PES packets

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
AVC video stream as well as a profile that the entire stream conforms to should be signalled using the AVC video

descriptor If an AVC video ﬂecm‘ip‘rnr is associated with an AV C video stream_then this dpcnripfnr shall be

in the de
Stream o1
Internatio|

a progran.

For PES |
and, wher
14496-10
2.4.3.7 an|

2143

21431

The T-ST]
ITU-T Rq

DPB,, bul

criptor loop for the respective elementary stream entry in the Program Map Table in case of'\a
in the Program Stream Map, when PSM is present, in case of a Program Stream. This Reeomm
hal Standard does not specify presentation of ITU-T Rec. H.264 | ISO/IEC 14496-10 streands|in the

packetization, no specific data alignment constraints apply. For synchronization and'STD managen|
| appropriate, DTSs are encoded in the header of the PES packet that carries the ITTU-T Rec. H.264
video elementary stream data. For PTS and DTS encoding, the constraints and semantics apply as
d2.7.

STD extensions

T-STD extensions

D model includes a transport buffer TB, and a multiplex buffer MB,, prior to buffer EB, for decodit
c. H.264 | ISO/IEC 14496-10 video elementary stream n,.Se¢ Figure 2-11.

Transport Stream
demultiplexing

Rx;
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endation |
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ent, PTSs
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s —

H.222.0AMD3 |

Figure2:21 — T-STD model extensionsfor ITU-T Rec. H.264 | | SO/IEC 14496-10 video

fer management

Carriage

fan’AVC video stream over ITU-T Rec. H.222.0 | ISO/IEC 13818-1 does not impact the size of bu

FO1

fer DPB,.

For decoding of an AVC video stream in the STD the size of DPB, is as defined in ITU-T Rec. H.264 | ISO/IEC
14496-10. The DPB buffer shall be managed as specified in Annex C of ITU-T Rec. H.264 | ISO/IEC 14496-10
(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 level 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:

BSo,= (1/750) seconds x max {1200 x MaxBR[level], 2 000_000 bit/s}

and BS,,.x, additional multiplex buffering, is defined as:

BS,ux = 0.004 seconds x max {1200 x MaxBR[leyvel], 2 000 000 bit/s}

where MaxCPBJlevel] and MaxBR[level] are’ défined for the byte stream format in Table A.1
(Level Limits) in ITU-T Rec. H.264 | ISO/IEE 14496-10 for the level of the AVC video stfeam, and

where cpb_size is the size CpbSize[ cpb cnt _minusl ] of the CPB for the byte stregm format
signalled in the NAL hrd parametets()-carried in VUI parameters in the AVC video streafn. If NAL
hrd_parameters() are not present in the AVC video stream, then the cpb_size shall bg the size
1200 x MaxCPB defined in Anfiex A of ITU-T Rec. H.264 | ISO/IEC 14496-10 for the 1gvel of the
AVC video stream.

Rate Rx,:
when there is no datain TB, then Rx, is equal to zero.
Otherwise: Rx, = bit_rate

where bit_rateis the bit rate BitRate[ cpb cnt minusl ] of data flow into the CPB fof the byte
stream format signalled in the NAL hrd parameters() carried in VUI parameters in the AIVC video
stream. TENAL hrd_parameters() are not present in the AVC video stream, then the bit _rafe shall be
the bit rate 1200 x MaxBR[level] defined in Annex A of ITU-T Rec. H.264 | ISO/IEC 14496-10 for
the Ievel 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 to 'l’,
then the transfer of data from MB_ to ER, shall follow the HRD defined scheme for datal arrival 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, shall be

constraing

Buffer m

Transport

NOTE
specifi
stream
this inf
are me
in timg

21432

The P-ST
multiplex
size BS,, d

d by td,(j) — W(1) < 00 seconds 1ot all j, and all bytes 110 AVC access umit A,(J)-

Anagement conditions

streams shall be constructed so that the following conditions for buffer management are satistied:
*  TB, shall not overflow and shall be empty at least once every second.
~  MB,, EB,, and DPB, shall not overflow.

*  EB, shall not underflow, except when VUI parameters are present for the AVC video sequeng
low_delay hrd flag set to 'l'. Underflow of EB, occurs for AVC aCeess unit A,(j) when on
bytes of A,(j) are not present in EB, at the decoding time td,(j).

2 — An AVC video stream may carry information to determine compliancCe,of the AVC video stream to th

bd in Annex C of ITU-T Rec. H.264 | ISO/IEC 14496-10. The presencecof\this information can be signalled in

using the AVC timing and HRD descriptor with the hrd management cvalid flag set to '1". Irrespective of the
ormation, compliance of an AVC video stream to the T-STD ensures,that HRD buffer management requiremen

when each byte in the AVC video stream is delivered to and remoyed from CPB, in the HRD at exactly the s

at which the byte is delivered to and removed from EB,, in the{P-STD.

P-STD extensions

D model for the decoding of an ITU-T Rec~H.264 | ISO/IEC 14496-10 elementary stream i
buffer B, and a decoder D, followed by a buffer DPB,, (see Figure 2-12). For each AVC video strg

e with the
e Oor more

e HRD, as
a transport
presence of
s for CPB,
me instant

ncludes a
am n, the

f buffer B, in the P-STD is defined by theZP-STD buffer size field in the PES packet header.
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Figure 2-12 — P-STD model extensionsfor ITU-T Rec. H.264 | | SO/IEC 14496-10 video

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 AVC access

unit_An(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 | Intérnational Standard)

A.0 CRC decoder model
The 32-bif 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

ToT »—Z(3T)

TISO5840-95/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 control functions and pperations
specific t¢ managing an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream on digital storage,media. This DSM-CC is a
low-level[protocol above network/OS layers and below application layers.

The DSM}-CC shall be transparent in the following sense:

e It is independent of the DSM used;

* it is independent of whether the DSM is located at a local or,réemote site;

* it is independent of the network protocol with which the,DSM-CC is interfaced;

* itis independent of the various operating systems onvhich the DSM is operated.

B.0.1 Purpose

Many applications of ITU-T Rec. H.222.0 | ISO/IEC 1383#8-1 DSM Control Commands require access to [an I[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| Different
DSM have their own specific control commands and:thus, a user would need to know different sets of spe¢ific DSM
control cgmmands in order to access ITU-T Reg.d.222.0 | ISO/IEC 13818-1 bitstreams from different JSM. This
brings mgny difficulties to the interface design of an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 or ISO/IE( 11172-1
application system. To overcome this difficulty; a set of common DSM control commands, which is independent of the
specific [DSM used, is suggested in thiscafnex. This annex is informative only. ISO/IEC 13818-6 defines| DSM-CC
extension|with a broader scope.

B.0.2  |Futureapplications

Beyond the immediate applications supported by the current DSM control commands, future applications| based on
extensionp of DSM command control could include the following:

Video on|demand

Video prdgrams‘are provided as requested by a customer through various communication channels. The customer could
select a video program from a list of programs available from a video server. Such applications could be used[by hotels,
cable TV |educational institutions, hospitals, etc.

I nteractive 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 succeeding operations. Such operations include creation of a new bitstream. Parameters of this function include:

Tmdexof the 1=t RecH:222:6 i 1SOAECT3818=tbitstream \Lhc ulappiug betweenthrsmdex and a
name meaningful to an application is outside the scope of the current DSM-CC);

*  mode (retrieval/storage).

B.0.4.2 |Retrieval

The DSM|-CC provides the means to:

*  play an identified ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream;
e play from a given presentation time;

»  set the playback speed (normal or fast);

* set the playback duration (until a specified presentation time,the end of the bitstream in forwdrd play 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 DSM|-CC provides the means to:

*  cause storage of a valid bitstream for a specified duration;

*  cause storage to stop.

DSM-CC]lprovides a useful but dimited subset of functionality that may be required in DSM based ITU-T Rec| H.222.0 |
ISO/IEC |13818-1 applications.) It is fully expected that significant additional capabilities will be addefl through
subsequent extensions.

B.1 Gener alr'éelements

B.1.1 Scope

The scopd ofithis work consists of the development of a Recommendation | International Standard to specify aluseful set
of commands for control of digital storage media on which an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream is
stored. The commands can perform remote control of a digital storage media in a general way independently of the
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

Thetransmission of DSM-CC commands and acknowledgements

-CC is encoded into a DSM-CC bitstream according to the syntax and semantics-defined in B.2
e DSM-CC bitstream can be transmitted both as a stand-alone bitstream and\in’an ITU-T Rec.
3818-1 Systems bitstream.

process is illustrated in Figure B.2. In this case, the DSM-CC bitstream is not embedded in th
This transmission mode can be used in the applications when the\DSM is connected directly with
2.0 | ISO/IEC 13818-1 decoder. It can also be used in the applications where the DSM-CC bitstrean

and transmitted by other types of network multiplexors.
ISO/IEC 13818 Bitstream Video bitstream -
(No DSM-CC Embedded) | systems g
"| Decoder Audio bitstream -
DSM-CC Bitstream S| DSM-CC Decoded DSM-CC R
~}* Decoder "
TISO5860-95/d14

Figure B.2 —BSM:CC bitstream decoded as a stand-alone bitstream

applications, it is desirable to transmit the DSM-CC in an ITU-T Rec. H.222.0 | ISO/IEC 13818
so that some feattres of the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 systems bitstream could be app
bitstream as well: In this case, the DSM-CC bitstream is embedded in the systems bitstream by th
DI

-CC bigstream is encoded by the systems encoder in the following process. First, the DSM-CC bi

packetize

then multipléxed into either a Program Stream (PS) or a Transport Stream (TS) according to the requirem|

1 into_a packetized elementary stream (PES) according to the syntax described in 2.4.3.6. The PES

D through
H.222.0 |

DSM-CC bitstream is transmitted in stand-alone mode, its relationship o the Systems bitstrean and the

b Systems
he ITU-T
i could be

| systems
lied to the
e systems

tstream is
packet is

ent of the

transmission media. The decoding procedures are the inverse of the encoding procedures and are il[ustrated in the block
diagram 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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ISO/IEC 13818 Bitstream
(DSM-CC is embedded)

Video bitstream

v

System Audio bitstream _
decoder "
| .| DSM-CC
DSM-CC decoder Decoded
bitstream DSM-CC

TISO5870-95/d15

Figure B.3—DSM-CC bitstream decoded as part of the system bitstream

For the pyrposes of this Recommendation | International Standard, the following definitions apply:

B.2.1.1 |DSM-CC: Digital Storage Media Command and Control Commands that are “specified §
Rec. H.222.0 | ISO/IEC 13818-1 for the control of digital storage media at a local or remoté-site containing
Rec. H.222.0 | ISO/IEC 13818-1 bitstream.

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 Rec. H.222.0 | ISO/IEC 13818-
Stream orf ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Transport stream.

B.2.14 |DSM-CC server: A system, either local or remote, used to store and/or retrieve an ITU-T Rec.
ISO/IEC | 3818-1 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 th
that for
bitstream|can be decoded without reference to previous aceess units, and for every elementary stream in the
all accessfunits with the same or later presentation times:are completely contained subsequently in the bitstrea
be complgtely decoded by a system target decoder without access to information prior to the point of randd
The bitstqeam as stored on the DSM may have eeftain points of random access; the output of the DSM mj
additional] points of random access manufacturediby the DSM's own manipulation of the stored material (e.
quantization matrices so that a sequence header-can be generated whenever necessary). A point of random acg]
associated PTS, namely the actual or implied-PTS of access unit 'N'.

B.2.1.6 [current operational PTS value: The actual or implied PTS associated with the last point of rand
preceding the last access unit, provided from the DSM from the currently selected ITU-T Rec.

ISO/IEC |3818-1 bitstream. Ifhe ‘access unit has been provided from this ITU-T Rec. H.222.0 | ISO/IE(
bitstream/) the DSM is incapable of providing random access into the current bitstream, then the current of
PTS valug is the first point 0f random access in the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream.

B.2.1.7 |DSM-CCbitstream: A sequence of bits satisfying the syntax of B.2.2.

B.22  |Specification of DSM-CC syntax

y ITU-T
an ITU-T

Program

H.222.0 |

P property

least one elementary stream within the bitstream, \the next access unit, 'N', completely contaiged in the

bitstream
m and can
m access.
y include
b, storing
ess has an

m access
H.222.0 |

13818-1
perational

. &/ 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
DSM-CC packet.

*  When the DSM-CC bitstream is transmitted as a PES packet as defined in 2.4.3.6, the fields

yte in a

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 beginn
packet.

ing of the

*  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
operation is started or is completed, depending on the command received.

requested

« 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

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

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.2.3

packet_sf
packet stg
string '00

stream_i
Refer to 1

packet_lé
byte of th

}

Semantics of fieldsin specification of DSM-CC syntax

art_code _prefix — This is a 24-bit code. Together with the stream_id that follows it constitutes a|DSM-CC
rt code that identifies the beginning of a DSM-CC packet bitstream. The packet. 'start code prefiy is the bit
0 0000 0000 0000 0000 0001' (0x000001).

| — This 8-bit field specifies the bitstream type and shall have a value '1114,0010' for the DSM-CC |pitstream.
able 2-23.

ngth — This 16-bit field specifies the number of bytes in the DSM4E¢ packet immediately followifg the last
s field.

commandl_id — This 8-bit unsigned integer identifies the bitstreani\ds a control command or an acknowledgement

stream. T

B.24

Constrai

he values are defined in Table B.2.

Table B.2 — Command\id assigned values

hts on setting flagsin.DSM-CC contr ol

At most_one of the flags for select, playback and storage shall be set to 'l' for each DSM control
command: If none of these bits are set, then this command shall be ignored.

Command_id
Forbidden
Control
Ack
0x03-0xFF Reserved
Control layer

At«most one of pause_mode, resume_mode, stop_mode, play flag, and jump flag shall be sqt for each
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 norje of these

bitsare set, then this command shall be ignored.
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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 bdlbf
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") {
reserved 7 bdlbf
direction_indicator 1 bslbf
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 bdlbf
if (record_flag=="1") {
time_code()
}
§
}
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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.

bitstream_ID — This 32- b1t field is coded in three parts The parts are cornblned to form an unsrgned 1nteger specifying
which ITH-FRe b 3 H ity to map
the namey of the ITU T Rec H 222 O | ISO/IEC 13818 1 brtstreams stored on 1ts DSM unrquely to a series ofnumbers
which coyld be represented by the bitstream_ID.

select_ma@de— This 5-bit unsigned integer specifies which mode of bitstream operation is requested: Table B.4 specifies
the defingd 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 Jnnthe playback pointer to a new access unit] The new
PTS is spgcified by a relative time code with respect to the ‘€urrent operational PTS value. This function is pnly valid
when the purrent 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 to\play a bitstream for a certain time period. The speed,|direction,
and play quration are additional parameters in the bit’stream. The play starts from the current operational PTS [value.

pause_ mpde — This is a one-bit code specifying to pause the playback action and keep the playback pointer at the
current ofjerational PTS value.

resume_rhode — This is a one-bit Code specifying to continue the playback action from the current operational
PTS valug¢. Resume only has meaning if the current bitstream is in the "pause" state, and the bitstream will bq set to the
forward pflay state at normal speed.

stop_modle — This is a one-bit code specifying to stop a bitstream transmission.

direction| indicator - This is a one-bit code to indicate the playback direction. If this bit is set to 'l', it stands for a
forward pflay. Othepwise it stands for a backward play.

speed_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 normal
play. If thiis bit'is'set to '0', it specifies that the speed is fast play (i.e., fast forward or fast reverse).

record_flag — This 1s one-bit Ilag to specily the request ol 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.2.7
select_acl
retrieval |

Semantics of fieldsin Acknowledgement layer

Syntax No. of bits | Mnemonic
ack() {
select_ack 1 bslbf
retrieval_ack 1 bdlbf
storage_ack 1 bslbf
error_ack T bSbf
reserved 10 bslbf
marker_hit 1 bslbf
cmd_status 1 bslbf
If (cmd_status =="1' &&
(retrieval ack =='1"|| storage ack =="1")) {
time_code()
}
}

— This 1-bit field when it is set to '1' indicates that the ack().command is to acknowledge a select cgmmand.

lack — This 1-bit field when set to 'l' indicates that-the’ ack() command is to acknowledge 4 retrieval
command|.

storage_ack — This 1-bit field when set to '1" indicates that the-ack() command is to acknowledge a storage command.

error_acl
play or st
to 'l', cmd

cmd_stat
is rejected

— This 1-bit field when set to 'l' indicates a DSM error. The defined errors are EOF (end of file gn forward
et of file on reverse play) on a stream being retrieved and Disk Full on a stream being stored. If thif bit is set
| status is undefined. The current bitstream’is still selected.

s — This 1-bit flag set to 'l' indicates-that the command is accepted. When set to '0' it indicates the command
. The semantics vary according to:the command received as follows:

If select ack is set (and’ cmd status is set to 'l', it specifies that the ITU-T Rec. H.222.0 |
ISO/IEC 13818-1 bitstream is selected and the server is ready to provide the selected mode of pperation.
The current operational PTS value is set to the first point of random access of the newly selecfed ITU-T
Rec. H.222.0_\ISO/IEC 13818-1 bitstream. If cmd_status is set to '0', the operation has failgd and no
bitstream is selected.

If retrieyal "ack is set and cmd_status is set to '1', it specifies that the retrieval operation is initidted for all
retrieval commands. The position of the current operational PTS pointer is reported by the spcceeding
times code.

For the play flag command with infinite time flag !="1', a second acknowledgement will be [sent. This

132

will acknowledge that the play operation has ended by reaching the duration defined by thelplay flag
command.

If the cmd_status is set to '0' in 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 value.

See TabldB'6.

Table B.6 — Time code

Syntax No. of bits | Mnemonic
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

infinite_tyme flag — This 1-bit flag when-set to '1' indicates an infinite time period. This flag is set to '1' in agplications
where a time period for a specific operation could not be defined in advance.

PTS[32.)0] — The presentation timestamp of the access unit of the bitstream. Depending upon the function, this can be
an absolufe value or a relativetinie 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 NIT is a private table, and the PID value of the Transport Stream packets which carry it is specified in the PAT.

Both the NIT and ICIT must follow the structure defined in this Recommendation 1 International Standard

C2

The table
While thd
Stream p
providing]
private dg
both the
Transport

Each sect

Functional mechanism

5 listed above are conceptual in that they need never be regenerated in a specified form. within :
se structures may be thought of as simple tables, they may be partitioned before they are sent in
hckets. The syntax supports this operation by allowing the tables to be partitibhed into sections and by
a normative mapping method into Transport Stream packet payloads. A method is also provide
ta in a similar format. This is advantageous as the same basic processing in‘the decoder can then b
PSI data and the private data helping to keep cost down. For advice on<the¢ optimum placing of
Stream, see Annex D.

on 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 Progfam Association Table.
Sections with table id 0x01 belong to thé«onditional Access Table.
Sections with table id 0x02 belong to-thé 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 0xQ5 belong to the ISO_IEC 14496 object descriptor_section.
Sections with table id-0x06 belong to the metadata_section.

Sections with table 1d 0x07 belong to the IPMP_Control Information section.

Other values of théitable id can be allocated by the user for private purposes.

It is possible t@_set up filters looking at the table id field to identify whether a new section bg
table of interest or not.

ii) table jd extension

Thig, 16-bit field exists in the long version of a section. In the Program Association Table it
identify the transport stream id of the stream — effectively a user-defined label which a
TFransport Stream to be distinguished from another within a network or across networ
Conditional Access Table this field currently has no meaning and is therefore marked as

decoder.
Transport

1 to carry
e used for
PSI in the

longs to a

is used to
lows one
s. In the

reserved"
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meaning that it shall be coded as OxFFFF, but that a meaning may be defined by ITU-T | ISO/IEC in a
subsequent revision of this Recommendation | International Standard. In a TS Program Map section the
field contains the program_number, and thereby identifies the program to which the data in the section
refers. The table id extension can also be used as a filter point in certain cases.

iii) section_number

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
numbered as valid "now" (current), or as valid in the immediate future (next). This allows the
transmission of a future configuration in advance of the change, giving the decoder the opportunity to
prepare for the change. There is however no obligation to transmit the next version of/a pection in
advance, but if it is transmitted, then it shall be the next correct version of that section.

C.3 [The Mapping of Sectionsinto Transport Stream Packets

Sections gre mapped directly into Transport Stream packets, that is to say without a prior mapping into PEP packets.
Sections do not have to start at the beginning of Transport Stream packets, (although they hiay), because the dtart of the
first sectipn in the payload of a Transport Stream packet is pointed to by the pointer* field. The preserjce of the
pointer field is signalled by the payload unit start indicator being set to avalue of 'l' in PSI pafkets. (In
non-PSI gackets, the indicator signals that a PES packet starts in the Transport Stream packet.) The pointer ffeld points
to the stayt of the first section in the Transport Stream packet. There is never more'than one pointer field in a|Transport
Stream pdcket, as the start of any other section can be identified by counting the length of the first and any spbsequent
sections, §ince no gaps between sections within a Transport Stream packet-are allowed by the syntax.

It is impoftant to note that within Transport Stream packets of any single PID value, one section must be finished before
the next dne is allowed to be started, or else it is not possible to identify to which section header the data belongs. If a
section fihishes before the end of a Transport Stream packet, butuit is not convenient to open another section,|a stuffing
mechanisfn is provided to fill up the space. Stuffing is performed by filling each remaining byte of the packgt with the
value OxHF. Consequently the table id value OXFF is forbidden, or else this would be confused with stuffing. Once a
OxFF byte has occurred at the end of a section, then “the rest of the Transport Stream packet must be styffed with
OxFF bytgs, allowing a decoder to discard the rest of-thie Transport Stream packet. Stuffing can also be performed using
the normgl adaptation_field mechanism.

C4 Repetition rates and randomi-access

In systemks where random access is d consideration, it is recommended to re-transmit PSI sections several times, even
when changes do not occur in the configuration, as in the general case, a decoder needs the PSI data to identify the
contents ¢f the Transport Streafii;\to be able to start decoding. This Recommendation | International Standargl does not
place any requirements on-the repetition or occurrence rate of PSI sections. Clearly though, repeating sections
frequently helps randomqaceess applications, whilst causing an increase in the amount of bitrate used by PpI data. If
program mappings are,static or quasi-static, they may be stored in the decoder to allow faster access to the|data than
having to|wait for itt0. be re-transmitted. The trade-off between the amount of storage required and the desifed impact
on channdl acquisitioh time may be made by the decoder manufacturer.

C5 What isa program?

The concept of a program has a precise definition within this Recommendation | International Standard [refer to 2.1.60
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 program. It is conceivable to have a multi-service Transport Stream with only one set of PCRs, common to all. In
general, though, a broadcaster may prefer to logically split up the Transport Stream into several programs, where the
PCR_PI (1U\,aﬁuu ofthe—ctock Lbful\.«u\,\.«) 1§ alvva_yo the—same—Fhtsmethod—of oyhtt;ué the progrant etements into

pseudo-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 advisable to
include an example of the ISO 639 language descriptor associated with each audio stream to pnable the
selection of the correct program and audio. It is reasonable to have severalprogram definifions with
different program numbers, where all the programs reference the same video)stream and PCR| PID, but
have different audio PIDs. It is, however, also reasonable and possible to list the video stream gnd all the
audio streams as one program, where this does not exceed the section(size limit of 1024 bytes.

ii) Verylarge program definitions

There is a maximum limit on the length of a section of 1024 bytes (including section hpader and
CRC _32). This means that no single program definition may,exceed this length. For the great majority of
cases, even with each program element having several{descriptors, this size is adequate. HowWever, one
may envisage cases in very high bitrate systems, which could exceed this limit. It is then |n general
possible to identify methods of splitting the referenCes of the streams, so that they do not all have to be
listed together. Some program elements could, be'referenced under more than one program, jand some
under only one or the other, but not both.

C.7 Usage of PS| in atypical system

A commynications system, especially in broadeast applications, may consist of many individual Transpor} Streams.
Each one of the four PSI data structures maysappear in each and every Transport Stream in a system. There myist always
be a complete version of the program assgeiation table listing all programs within the Transport Stream and g complete
TS progrgm map table, containing complete program definitions for all programs within the Transport Stregm. If any
streams dre scrambled, then there must also be a conditional access table present listing the relevant Eptitlement
Managemjent Messages (EMM) streams. The presence of a NIT is fully optional.

The PSI thbles are mapped into/Transport Stream packets via the section structure described above. Each sedtion has a
table_id field in its header;-allowing sections from PSI tables and private data in private_sections to belmixed in
Transport] Stream packets: of the same PID value or even in the same Transport Stream packet. Note, however, that
within pafkets of the.same PID, a complete section must be transmitted before the next section can be start¢d. This is
only possjble for_packets labelled as containing TS Program Map Table section or NIT packets however, since private
sections rhay,notpe mapped into PAT or CAT packets.

It is requited-that all PAT sections be mapped into Transport Stream packets with PID = 0x0000 and all CA skctions be
mapped into packets with PID = 0x0001. PMT sections may be mapped into packets of user-selected PID value, listed
as the PMT PID for each program in the Program Association Table. Likewise, the PID for the NIT-bearing Transport
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
T Program 2
Program 45 Private
Program 20 Network
Data
Program X
Program Y
Audio
Priogram 1 Elementary Stream PID
Program 45 = =
Program 20 Video Decodgr
J Elementary Stream PID NVM
Program Y

Program Map Table

Program 1 Program 20 MPEG-2
BMM Sys 2 gra g EMM Sys 1 Transport
Audio Video dtream
CA System 1 ] CAPID |
CAPID ——— CA System 2
_______ TISC5880-95/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

ITU-T Rec. H.222.0 (05/2006) 137


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

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

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, stregm types and program elements PIDs. Additional information for either programs or elementary, strpams may
be conveyed by use of the descriptor() construct. Refer to C.8.6.

Private dgta may also be sent in Transport Stream packets denoted as carrying TS program map tablelsectiofs. This is
accomplighed by the use of the private section(). In a private section() the application decides whether versiop number
and currept next indicator represent the values of these fields for a single section or whether‘they are applicable to
many secfions 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 withinthe TS program_map_spction()s.

c.8.3 Conditional Access Table

The Conditional Access (CA) Table gives the association between one or more CA systems, their EMM stfeams and
any specigl parameters associated with them.

NOTE|- The (private) contents of the Transport Stream packets containing EMM and CA parameters if present will,|in general,
be encfypted (scrambled).

c.84 Network Information Table

The contgnts of the NIT are private and not specified by. this Recommendation | International Standard. In peneral, it
will contdin mappings of user-selected services with, transport stream_ids, channel frequencies, satellite trinsponder
numbers, jnodulation characteristics, etc.

C.85 [Private section()

Private_s¢ctions() can occur in two basic. forms, the short version (where only the fields up to and |including
section_lgngth are included) or the long-version (where all the fields up to and including last section nyimber are
present, apd after the private data bytes.the CRC 32 field is present).

Private_s¢ction()s can occur in*RIDs which are labelled as PMT PIDs or in Transport Stream packets with jother PID
values which contain exclusively private_sections(), including the PID allocated to the NIT. If the Transpqrt Stream
packets Qf the PID cargying’ the private section()s are identified as a PID carrying private sections (stfeam type
assignmeft value 0x05);~then only private sections may occur in Transport Stream packets of that PID value. The
sections rhay be eithet<of the short or long type.

C.86 |Descriptors

There are| several normative descriptors defined in this Recommendation | International Standard. Many mqre private
descriptors may also be defined. All descriptors have a common format: {tag, length, data}. Any privately defined
descriptors 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.

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


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

	CONTENTS
	FOREWORD
	Introduction
	SECTION 1 - GENERAL
	1.1 Scope
	1.2 Normative references

	SECTION 2 - TECHNICAL ELEMENTS
	2.1 Definitions
	2.2 Symbols and abbreviations
	2.3 Method of describing bit stream syntax
	2.4 Transport Stream bitstream requirements
	2.5 Program Stream bitstream requirements
	2.6 Program and program element descriptors
	2.7 Restrictions on the multiplexed stream semantics
	2.8 Compatibility with ISO/IEC 11172
	2.9 Registration of copyright identifiers
	2.10 Registration of private data format
	2.11 Carriage of ISO/IEC 14496 data
	2.12 Carriage of metadata
	2.13 Carriage of ISO 15938 data
	2.14 Carriage of ITU-T Rec. H.264 | ISO/IEC 14496-10 video

	Annex A – CRC decoder model (This annex forms an integral part of this Recommendation | International Standard)
	A.0 CRC decoder model
	Annex B – Digital Storage Medium Command and Control (DSM-CC) (This annex does not form an integral part of this Re...
	B.0 Introduction
	B.1 General elements
	B.2 Technical elements
	Annex C – Program Specific Information (This annex does not form an integral part of this Recommendation | Internat...
	C.0 Explanation of Program Specific Information in Transport Streams
	C.1 Introduction
	C.2 Functional mechanism
	C.3 The Mapping of Sections into Transport Stream Packets
	C.4 Repetition rates and random access
	C.5 What is a program?
	C.6 Allocation of program_number
	C.7 Usage of PSI in a typical system
	C.8 The relationships of PSI structures
	C.9 Bandwidth utilization and signal acquisition time
	Annex D – Systems timing model and application implications of this Recommendation | International Standard (This a...
	D.0 Introduction
	Annex E – Data transmission applications (This annex does not form an integral part of this Recommendation | Intern...
	E.0 General considerations
	E.1 Suggestion
	Annex F – Graphics of syntax for this Recommendation | International Standard (This annex does not form an integral...
	F.0 Introduction
	Annex G – General information (This annex does not form an integral part of this Recommendation | International Sta...
	G.0 General information
	Annex H – Private data (This annex does not form an integral part of this Recommendation | International Standard)
	H.0 Private data
	Annex I – Systems conformance and real-time interface (This annex does not form an integral part of this Recommenda...
	I.0 Systems conformance and real-time interface
	Annex J – Interfacing jitter-inducing networks to MPEG-2 decoders (This annex does not form an integral part of thi...
	J.0 Introduction
	J.1 Network compliance models
	J.2 Network specification for jitter smoothing
	J.3 Example decoder implementations
	Annex K – Splicing Transport Streams (This annex does not form an integral part of this Recommendation | Internatio...
	K.0 Introduction
	K.1 The different types of splicing point
	K.2 Decoder behaviour on splices
	Annex L – Registration procedure (see 2.9) (This annex does not form an integral part of this Recommendation | Inte...
	L.1 Procedure for the request of a Registered Identifier (RID)
	L.2 Responsibilities of the Registration Authority
	L.3 Responsibilities of parties requesting an RID
	L.4 Appeal procedure for denied applications
	Annex M – Registration application form (see 2.9) (This annex does not form an integral part of this Recommendation...
	M.1 Contact information of organization requesting a Registered Identifier (RID)
	M.2 Statement of an intention to apply the assigned RID
	M.3 Date of intended implementation of the RID
	M.4 Authorized representative
	M.5 For official use only of the Registration Authority
	Annex N – (This annex does not form an integral part of this Recommendation | International Standard)
	Annex O – Registration procedure (see 2.10) (This annex does not form an integral part of this Recommendation | Int...
	O.1 Procedure for the request of an RID
	O.2 Responsibilities of the Registration Authority
	O.3 Contact information for the Registration Authority
	O.4 Responsibilities of parties requesting an RID
	O.5 Appeal procedure for denied applications
	Annex P – Registration application form (This annex does not form an integral part of this Recommendation | Interna...
	P.1 Contact information of organization requesting an RID
	P.2 Request for a specific RID
	P.3 Short description of RID that is in use and date system that was implemented
	P.4 Statement of an intention to apply the assigned RID
	P.5 Date of intended implementation of the RID
	P.6 Authorized representative
	P.7 For official use of the Registration Authority
	Annex Q – T-STD and P-STD buffer models for ISO/IEC 13818-7 ADTS (This annex does not form an integral part of this...
	Q.1 Introduction
	Q.2 Leak rate from Transport Buffer
	Q.3 Buffer size
	Q.4 Conclusion
	Annex R – Carriage of ISO/IEC 14496 scenes in ITU-T Rec. H.222.0 | ISO/IEC 13818-1 (This annex does not form an in...
	R.1 Content access procedure for ISO/IEC 14496 program components within a Program Stream
	R.2 Content access procedure for ISO/IEC 14496 program components within a Transport Stream



