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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, aswell as other data, into single or multiple streamswhich are suitable
for storage or transmission. Systems coding follows the syntactical and semantic rulesimposed 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. Eachis
optimized for a different set of applications. Both the Trangport 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 ddlivery of the
data stream itself. Both stream definitions are packet-oriented multiplexes.

The basic multiplexing approach for single video and audio e ementary streamsisillustrated in figure 0-1 on
page xi . Thevideo 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 €l ementary streams are packetized to produce  PES packets.
Information needed to use PES packets independently of either Transport Streams or Program Streams may be
added when PES packets are formed. Thisinformation is not needed and need not be added when PES packets
are further combined with system level informationtoform Transport Streamsor Program Streams This
systems standard covers those processes to the right of the vertical dashed line.
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Figure 0-1 -- Simplified overview of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 scope

The Program Stream isanalogous and smilar to ISO/IEC 11172 Systems layer. It results from combining one
or more streams of PES packets, which have a common time base, into a single stream.

For applicationsthat 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 asinteractive 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 basesinto asingle
stream. PES packets made up of elementary streams that form a program share a common timebase. The
Transport Stream is designed for usein environments where errors are likely, such as storage or transmission
inlossy or noisy media. Trangport Stream packets are 188 bytesin length.

Program and Transport Streams are designed for different applications and their definitions do not strictly
follow alayered modd. It is possible and reasonable to convert from one to the other; however, oneisnot 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 arange of layersin alayered model, and is
designed for efficiency and ease of implementation in high bandwidth applications.
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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 contragt, the semantic rules apply to the combined stream in its entirety.

The systems specification does not specify the architecture or implementation of encoders or decoders, nor
those of multiplexors or demultiplexors. However, bit stream properties do impose functional and performance
requirements on encoders, decoders, multiplexors and demultiplexors. For instance, encoders must meet
minimum clock tolerance requirements. Notwithstanding this and other requirements, a considerable degree of
freedom existsin the design and implementation of encoders, decoders, multiplexors, and demultiplexors.

0.1 Transport Stream

The Trangport Stream is a stream definition which istailored for communicating or storing one or more
programs of coded data according to ITU-T Rec. H.262 | ISO/IEC 13818-2 and | SO/IEC 13818-3 and other
datain environmentsin which sgnificant errors may occur. Such errors may be manifested as bit value errors
or loss of packets.

Transport Streams may be either fixed or variable rate. In either case the congtituent el ementary streams may
either be fixed or variable rate. The syntax and semantic constraints on the stream are identical in each of these
cases. The Transport Stream rate is defined by the values and locations of Program Clock Reference (PCR)
fields, which in general are separate PCR fields for each program.

There are some difficulties with constructing and delivering a Transport Stream containing multiple programs
with independent time bases such that the overall bit rateisvariable. Refer to 2.4.2.2 on page 14.

The Transgport Stream may be constructed by any method that resultsin avalid stream. It ispossible to
congtruct Trangport Streams containing one or more programs from elementary coded data streams, from
Program Streams, or from other Transport Streams which may themselves contain one or more programs.

The Trangport Stream is designed in such away that several operations on a Transport Stream are possible
with minimum effort. Among these are:

1. Retrieve the coded data from one program within the Transport Stream, decode it and present the
decoded results as shown in figure 0-2 on page Xiii .

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 showninfigure  0-3 on page xiii .

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

4. Extract the contents of one program from the Transport Stream and produce as output a Program
Stream containing that one program as shown infigure  0-4 on page xiv .

5. Take a Program Stream, convert it into a Transport Stream to carry it over alossy environment, and
then recover avalid, and in certain cases, identical Program Stream.

Figure 0-2 on page xiii and figure 0-3 on pagexiii illugtrate prototypical demultiplexing and decoding systems
which take asinput a Transport Stream. F igure 0-2 on pagexiii illustratesthefirst case, where a Transport
Stream is directly demultiplexed and decoded. Transport Streams are constructed in two layers: a system layer
and a compression layer. The input stream to the Transport Stream decoder has a system layer wrapped about a
compression layer. Input streamsto 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 € ementary streams (" stream-specific
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operations’). The Transport Stream system layer is divided into two sub-layers, one for multiplex-wide
operations (the Transgport Stream packet layer), and one for stream-specific operations (the PES packet layer).

A prototypical decoder for Trangport Streams, including audio and video, is also depicted in figure 0-2 to
illustrate the function of a decoder. The architecture is not unique -- some system decoder functions, such as
decoder timing control, might equally well be distributed among el ementary stream decoders and the channel
specific decoder -- but thisfigure is useful for discusson. 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 dataisalso
allowed, but not shown.

., Video Decoded,,
decoder video
Channel Channel 'Is'transport lock
—— | specific g MEEAM > Cloc
decoder demultiplex control
and decoder
Trangport Stream
containin ' i
g one or multiple programs »  Audio Dec_oded
decoder audio

Figure 0-2 -- Prototypical transport demultiplexing and decoding example

Figure 0-3 illugtrates the second case, where a Transport Stream containing multiple programs is converted
into a Transport Stream containing a single program. In this case the remultiplexing operation may necessitate
the correction of Program Clock Reference (PCR) valuesto account for changesin the PCR locationsin the bit
stream.

Channd Channd 'Is'transport
— ™ gedific > ream_ i
decoder demultipex
and decode

Transgport Stream

containing multiple programs Transport Stream with

single program

Figure 0-3 -- Prototypical transport multiplexing example

Figure 0-4 on page xiv below illustrates a case in which an multi-program Transport Stream isfirst
demultiplexed and then converted into a Program Stream.
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Figure 0-4 -- Prototypical Transport Stream to Program Stream conversion

Figure 0-3 on page xiii and figure 0-4 indicate that it is possible and reasonable to convert between different
types and configurations of Transport Streams. There are pecific fieldsdefinedinthe  Transport Stream and
Program Stream syntaxes which facilitate the conversonsillustrated. Thereis no requirement that specific
implementations of demultiplexors or decodersinclude all of these functions.

0.2 Program Stream

The Program Stream is a stream definition which istailored 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, isamajor consideration.

Program Streams may be either fixed or variablerate. In either case, the congtituent elementary streams may be
either fixed or variablerate. 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
fidds.

A prototypical audio/video Program Stream decoder system isdepicted in figure 0-5 on page xv below. The
architectureis not unique -- system decoder functionsincluding decoder timing control might equally well be
distributed among elementary stream decoders and the channel specific decoder -- but thisfigureis useful for
discusson. The prototypical decoder design does not imply any normative requirement for the design of an
Program Stream decoder. Indeed non-audio/video datais also allowed, but not shown.
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Figure 0-5 -- Prototypical decoder for Program Streams

The prototypical decoder for Program Streams shown in figure 0-5  iscomposed of System, Video, and Audio
decoders conforming to parts 1, 2, and 3, respectively, of this Recommendation | International Standard. In
this decoder the multiplexed coded representation of one or more audio and/or video streams is assumed to be
stored or communi cated on some channel in some channel-specific format. The channe-specific format is not
governed by this Recommendation | International Standard, nor is the channel-specific decoding part of the
prototypical decoder.

The prototypical decoder accepts asinput 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
elementary streams so produced serve asinputsto Video and Audio decoders, whose outputs are decoded video
and audio signals. Included in the design, but not shown in the figure, isthe flow of timing information among
the Program Stream decoder, the Video and Audio decoders, and the channel-specific decoder. The Video and
Audio decoders are synchronized with each other and with the channel using thistiming information.

Program Streams are congtructed in two layers: a system layer and a compression layer. Theinput stream to
the Program Stream Decoder has a system layer wrapped about a compression layer. Input Sreamsto the
Video and Audio decoders have only the compression layer.

Operations performed by the prototypical decoder either apply to the entire Program Stream (" multiplex-wide
operations’), or to individual elementary streams ("' stream-specific operations’). The Program Stream system
layer isdivided into two sub-layers, one for multiplex-wide operations (the pack layer), and one for stream-
specific operations (the PES packet layer).

0.3 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. Thisresults from the specification of Transport Stream and Program Stream asembodied in
2.4.1 onpage 10 and 2.5.1 on page 53 of the normative requirements of this Recommendation | I nternational
Standard. PES packets may, with some congtraints, 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
packetsin a program to assst with thisif the program_packet _sequence_counter ispresent in all PES packets.

ITII T PNAas il AN N /AN T\



A2 £ L ) ) | B Iovi/iiLvw 1001071, .L:I:I“I‘\L)

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

0.4 Packetized Elementary Stream

Transport Streams and Program Streamsare each logically constructed from PES packets, asindicated in
the syntax definitionsin 2.4.3.6 on page 33. 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 congtraints as defined in 2.4.3.8
on page 44. The PES stream data shall be contiguous bytes from the elementary stream in their original order.
PES streams do not contain some necessary system information which is contained in Program Streams and
Transport Streams. Examples include the information in the Pack Header, System Header, Program Stream
Map, Program Stream Directory, Program Map Table, and elements of the Transport Stream packet syntax.

The PES Stream isalogical congtruct that may be useful within implementations of this sandard; however it is
not defined as a stream for interchange and interoperability. Applications requiring streams containing only

one elementary stream can use Program Streams or Transport Streams which each contain only one elementary
stream. These streams contain all of the necessary system information. Multiple Program Streams or Transport
Streams, each containing a single e ementary stream, can be constructed with a common time base and
therefore carry a complete program, i.e. with audio and video.

0.5 Timing model

Systems, Video and Audio all have atiming model in which the end-to-end delay from the signal input to an
encoder to the signal output from a decoder isa congtant. Thisdelay isthe sum of encoding, encoder buffering,
multiplexing, communication or storage, demultiplexing, decoder buffering, decoding, and presentation delays.
As part of thistiming model all video pictures and audio samples are presented exactly once, unless specifically
coded to the contrary, and the inter-picture interval and audio sample rate are the same at the decoder as at the
encoder. The system stream coding contains timing information which can be used to implement systems
which embody constant end-to-end delay. It is possible to implement decoders which do not follow this model
exactly; however, in such casesit isthe decoder's responsibility to perform in an acceptable manner. The
timing is embodied in the normative specifications of this standard, which must be adhered to by all valid bit
streams, regardless of the means of creating them.

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

In the Transport Stream the system clock frequency is constrained to have the exactly specified ratio to the

audio and video sample clocks at all times; the effect of this congtraint isto smplify sample rate recovery in
decoders.

0.6 Conditional access

Encryption and scrambling for conditional accessto programs encoded in the Program and Transport Streams
is supported by the system data stream definitions. Conditional access mechanisms are not specified here. The
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stream definitions are designed so that implementation of practical conditional access systemsis reasonable,
and there are some syntactical e ements specified which provide specific support for such systems.

0.7 Multiplex-wide operations

Multi plex-wide operationsinclude the coordination of data retrieval off the channel, the adjustment of clocks,
and the management of buffers. Thetasksareintimately related. If the rate of data delivery off the channdl is
controllable, then data delivery may be adjusted so that decoder buffers neither overflow nor underflow; but if
the data rateis not controllable, then elementary stream decoders must dave their timing to the data received
from the channel to avoid overflow or underflow.

Program Streams are composed of packs whose headersfacilitate the above tasks. Pack headers specify
intended times at which each byte isto enter the Program Stream Decoder from the channdl, and thistarget
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 isintended to enter a Transport Stream Decoder from the channdl.
This schedule provides exactly the same function as that which is specified in the Program Stream.

An additional multiplex-wide operation isa decoder's ability to establish what resources are required to decode
a Trangport Stream or Program Stream. Thefirst pack of each Program Stream conveys parametersto assst
decodersin thistask. 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 Transgport Stream and Program Stream each contain information which identifies the pertinent
characterigtics of, and rel ationshi ps between, the el ementary streams which congtitute each program. Such
information may include the language spoken in audio channels, aswell asthe relationship between video
streams when multi-layer video coding isimplemented.

0.8 Individual stream operations (PES Packet Layer)

The principal stream-specific operationsare 1) de-multiplexing, and 2) synchronizing playback of multiple
elementary streams.

0.8.1 De-multiplexing

On encoding, Program Streams are formed by multiplexing elementary streams, and Transport Streams are
formed by multiplexing elementary streams, Program Streams, or the contents of other Transport Streams.
Elementary streams may include private, reserved, and padding streamsin addition to audio and video streams.
The streams are temporally subdivided into packets, and the packets are serialized. A PES packet contains
coded bytes from one and only one elementary stream.

In the Program Stream both fixed and variable packet lengths are allowed subject to constraints as specified in
2.5.1 onpage 53 and 2.5.2 on page 53 of this specification. For Trangport Streams the packet length is 188
bytes. Both fixed and variable PES packet lengths are allowed, and will be relatively long in most applications.
On decoding, de-multiplexing isrequired to recongtitute elementary streams from the multiplexed Program

Stream or Transgport Stream. Stream_id codes in Program Stream packet headers, and Packet 1D codesin the
Transport Stream make this possible.

0.8.2 Synchronization
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Synchronization among multiple elementary streamsis accomplished with Presentation Time Stamps (PTS) in
the Program Stream and Transport streams. Time stamps are generally in units of 90kHz, but the System
Clock Reference (SCR), the Program Clock Reference (PCR) and the optional Elementary Stream Clock
Reference (ESCR) have extensonswith aresolution of 27MHz. Decoding of N elementary streamsis
synchronized by adjusting the decoding of streamsto a common master time base rather than by adjusting the
decoding of one stream to match that of another. The master time base may be one of the N decoders clocks,
the data source’ s clock, or it may be some external clock.

Each program in a Transport Stream, which may contain multiple programs, may have its own time base. The
time bases of different programs within a Transport Stream may be different.

Because PT Ss apply to the decoding of individual e ementary streams, they residein the PES packet layer of
both the Transport Streams and Program Streams. End-to-end synchroni zation occurs when encoders save time
stamps at capture time, when the time stamps propagate with associated coded data to decoders, and when
decoders use those time stamps to schedule presentations.

Synchronization of a decoding system with a channdl is achieved through the use of the SCR in the Program
Stream and by its analog, the PCR, in the Transport Stream. The SCR and PCR are time stamps encoding the
timing of the bit stream itsalf, and are derived from the same time base used for the audio and video PT S values
from the same program. Since each program may have its own time base, there are separate PCR fields for

each program in a Transport Stream containing multiple programs. In some cases it may be possible for
programsto share PCR fields. Refer to 2.4.4 on page 44, Program Specific Information (PSl), 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.

0.8.3 Relation to compression layer

The PES packet layer isindependent of the compression layer in some senses, but not in all. 1t isindependent
in the sense that PES packet payl oads need not start at compression layer start codes, as defined in parts 2 and
3 of this Recommendation | International Standard. 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 conformsto 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 ITU-T Rec.
H.222.0 | ISO/IEC 13818-1.

0.9 System reference decoder

Part 1 of ISO/IEC 13818 employsa " System Target Decoder,” (STD), one for Transport Streams (refer to 2.4.2
on page 11) referred to as" Trangport System Target Decoder”(T-STD) and one for Program Streams (refer to
2.5.2 on page 53) referred to as "Program System Target Decoder (P-STD), to provide a formalism for timing
and buffering relationships. Because the STD is parameterized in termsof ITU-T Rec. H.222.0 | ISO/IEC
13818 fidlds (for example, buffer sizes) each elementary stream leadsto its own parameterization of the STD.
Encoders shall produce bit streams that meet the appropriate STD's contraints. Physical decoders may assume
that a stream plays properly on its STD; the physical decoder must compensate for waysin which its design
differsfrom that of the STD.

0.10 Applications

The streams defined in this document are intended to be as useful as possible to awide variety of applications.
Application developers should sdlect the most appropriate stream.
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M odern data communications networks may be capable of supporting ITU-T Rec. H.222.0 | ISO/IEC 13818
video and ISO/IEC 13818 audio. A real timetransport protocol isrequired. The Program Stream may also be
suitable for transmission on such networks.

The Program Stream is al so suitable for multimedia applications on CD-ROM. Software processing of the
Program Stream may be appropriate.

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

Many applicationsrequire storage and retrieval of ITU-T Rec. H.222.0 | ISO/IEC 13818 hitstreams on various
digital sorage media (DSM). A Digital Storage Media Command and Control (DSM CC) protocol is specified
in Annex A and part 6 of this Recommendation | International Standard in order to facilitate the control of

such media.
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Information technology -- Coding of moving pictures
and associated audio

Systems

Section 1: General

1.1 Scope

Thispart of ITU-T Rec. H.222.0 | ISO/IEC 13818 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 this
Recommendation | International Standard. The system layer supports five basic functions: 1) the
synchronization of multiple compressed streams on decoding, 2) the interleaving of multiple compressed
sreamsinto a sngle stream, 3) theinitialization of buffering for decoding start up, 4) continuous buffer
management, and 5) time identification.

AnITU-T Rec. H.222.0 | ISO/IEC 13818 multiplexed bit stream iseither a Transport Stream or a Program
Stream. Both streams are congtructed from PES packets and packets containing other necessary information.
Both streams support multiplexing of video and audio compressed streams from one program with a common
timebase. The Transport Stream additionally supports the multiplexing of video and audio compressed

streams from multiple programs with independent time bases. For almost error-free environmentsthe  Program
Stream is generally more appropriate, supporting software processing of program information. The  Transport
Stream ismore suitable for use in environments where errors are likely.

AnITU-T Rec. H.222.0 | ISO/IEC 13818 multiplexed bit stream, whether a Transport Stream or a Program
Stream, is congtructed in two layers: the outermost layer isthe system layer, and the innermost isthe
compression layer. The system layer provides the functions necessary for using one or more compressed data
sreamsin a system. The video and audio parts of this specification define the compression coding layer for
audio and video data. Coding of other types of data is not defined by the specification, but is supported by the
system layer provided that the other types of data adhere to the constraintsdefinedin ~ 2.7. on page 80.

1.2 Normative References

Thefollowing Recommendations and I nternational standards contain provisionswhich, through referencein
thistext, congtitute provisions of this Recommendation | International Standard. At the time of publication, the
editionsindicated werevalid. All Recommendations and International Standards are subject to revison, and
parties to agreements based on this Recommendation | International Standard are encouraged to investigate the
possibility of applying the most recent editions of the Recommendations and International Standardsindicated
below. Membersof IEC and SO maintain registers of currently valid International Standards. The
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Telecommunications Standardization Bureau of the ITU maintainsalist of currently valid ITU-T
Recommendations.

1.3 Identical Recommendations | International Standards

ITU-T Rec. H.262 | ISO/IEC 13818-2:1994 Information technology - Coding of moving pictures and
associated audio - Part 2: Video.

1.4 Additional references

SO 8859-1:1987, Information processing- 8 bit single-byte coded graphic character Sets - Part 1: Latin
alphabet No. 1.

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 associated 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.

I SO/IEC 13818-3:1994 Information technology - Generic coding of moving pictures and associated audio
information- Part 3 Audio.

Recommendation ITU-R BT.601.3 Encoding parameters of digital television for studios.
Recommendation ITU-R BT.470-2 Television systems.
Recommendation ITU-R BR.648 Digital recording of audio signals.

Report ITU-R BO.955.2 Satellite sound broadcasting of vehicular, portable, and fixed receiversin the range
500 - 3000MHz.

CCITT Recommendation J.17 Pre-emphasis used on Sound-Programme Circuits.

|EEE Standard 1180-1990 Standard Specification for the Implementations of 8 by 8 Inverse Discrete Cosine
Transform.

IEC Publication 908:1987, CD Digital Audio System.

ISO/CD 13522-1;1993 Information technology - Coded representation of multimedia and hypermedia
information objects - Part 1:Base notation..

ISO/CD 639-2; 1991, Terminology - Codes for presentation of names of languages - Part 2: Alpha-3 code.

n ITII T PNAas il AN N /AN T\



A2 £ L ) ) | B Iovi/iiLvw 1001071, .L:I:I“I‘\L)

Section 2  Technical elements

2.1 Definitions

For the purposes of this Recommendation | International Standard, the following definitions apply. If specific
to a part, thisis parenthetically noted.

2.1.1 access unit [system]: A coded representation of a presentation unit. In the case of audio, an access unit
isthe 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 followsit, up
to but not including the start of the next access unit. If a pictureis not preceded by agroup_start_codeor a
sequence_header_code, the access unit begins with the picture start code. If a pictureis preceded by a
group_start_code and/or a sequence_header_code, the access unit begins with thefirst byte of thefirst of these
dart codes. If it isthelast 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) bel ong to the access
unit.

2.1.2 bitrate: Therate at which the compressed bit stream is delivered from the channel to the input of a
decoder.

2.1.3 bytealigned: A bit in a coded bit stream is byte-aligned if its position isa multiple of 8-bitsfrom thefirst
bit in the stream.

2.1.4 channel: A digital medium that stores or transportsan ITU-T Rec. H.222.0 | ISO/IEC 13818 stream.
2.1.5 coded representation: A data e ement asrepresented in its encoded form.
2.1.6 compression: Reduction in the number of bits used to represent an item of data.

2.1.7 constant bitrate: Operation where the bitrate is constant from start to finish of the compressed bit
stream.

2.1.8 constrained system parameter stream; CSPS [system]: A Program Stream for which the congtraints
defined in 2.7.9 on page 83 apply.

2.1.9 CRC: The Cyclic Redundancy Check to verify the correctness of data.

2.1.10 data element: Anitem of data as represented before encoding and after decoding.
2.1.11 decoded stream: The decoded reconstruction of a compressed bit stream.

2.1.12 decoder : An embodiment of a decoding process.

2.1.13 decoding (process): The process defined in this Recommendation | International Standard that reads an
input coded hit stream and outputs decoded pictures or audio samples.

2.1.14 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.

2.1.15 digital storage media; DSM: A digital storage or transmission device or system.
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2.1.16 DSM-CC,; digital sorage media command and control.

2.1.17 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.

2.1.18 entitlement management message; EM M : 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.

2.1.19 editing: The process by which one or more compressed bit streams are manipulated to produce a new
compressed bit stream. Conforming edited bit streams must meet the requirements defined in this
Recommendation | International Standard.

2.1.20 elementary stream; ES[system]: A generic term for one of the coded video, coded audio or other
coded hit streamsin PES packets. One elementary stream is carried in a sequence of PES packets with one and
only one stream_id.

2.1.21 Elementary Stream Clock Reference; ESCR [system]: A time stamp in the PES Stream from which
decoders of PES streams may derive timing.

2.1.22 encoder : An embodiment of an encoding process.
2.1.23 encoding (process): A process, not specified in this Recommendation | International Standard, that
reads a stream of input pictures or audio samples and produces a valid coded bit stream as defined in this

Recommendation | International Standard.

2.1.24 entropy coding: Variable length losd ess coding of the digital representation of a signal to reduce
redundancy.

2.1.25 event: An event isdefined as a collection of elementary streams with a common time base, an associated
start time, and an associated end time.

2.1.26 fast forward playback [video]: The process of displaying a sequence, or parts of a sequence, of pictures
in display-order faster than real-time.

2.1.27 forbidden: Theterm "forbidden", when used in the clauses defining the coded bit stream, indicates that
the value shall never be used. Thisisusually to avoid emulation of start codes.

2.1.28 ITU-T Rec. H.222.0 | ISO/IEC 13818 (multiplexed) stream [system]: A bit stream composed of O or
more elementary streams combined in the manner defined in this part of ITU-T Rec. H.222.0 | ISO/IEC 13818-
1

2.1.29 layer [video and systems]: One of the levelsin the data hierarchy of the video and system specifications
defined in parts 1 and 2 of this Recommendation | International Standard.

2.1.30 pack [system]: A pack congsts of a pack header followed by zero or more packets. Itisalayer inthe
system coding syntax described in 2.5.3.3 on page 58 of this Recommendation | International Standard.

2.1.31 packet [system]: A packet conssts of a header followed by a number of contiguous bytes from an
elementary data stream. It isalayer in the system coding syntax described in 2.4.3.6 on page 33 of this
Recommendation | International Standard.

2.1.32 packet data [system]: Contiguous bytes of data from an elementary stream present in a packet.
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2.1.33 packet identifier; PID [system]: A unique integer value used to associate elementary streams of a
program in a single or multi-program Transport Stream asdescribedin - 2.4.3 on page 21.

2.1.34 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 dot to the audio frame.

2.1.35 payload: Payload refersto the bytes which follow the header bytesin a packet. For example, the payload
of a Transport Stream packet includesthe PES packet _header and itsPES_packet_data_bytes, or pointer_field
and PSI sections, or private data; but a PES packet payload conssts of only PES packet data bytes. The
Transport Stream packet header and adaptation fields are not payload.

2.1.36 PES [system]: An abbreviation for Packetized Elementary Stream.

2.1.37 PES packet [system]: The data structure used to carry elementary stream data. It consists of a PES
packet header followed by PES packet payload and is described in 2.4.3.6 on page 33.

2.1.38 PES packet header [system]: Theleading fieldsin a PES packet up to and not including the

PES packet data bytefields, wherethe stream is not a padding stream. In the case of a padding stream the
PES packet header issimilarly defined asthe leading fieldsin a PES packet up to and not including
padding_bytefields.

2.1.39 PES Stream [system]: A PES Stream consists of PES packets, all of whose payloads consst of data
from a single elementary stream, and all of which have the same stream_id. Specific semantic constraints

apply.

2.1.40 presentation time-stamp; PTS [system]: A field that may be present in a PES packet header that
indicatesthe time that a presentation unit is presented in the system target decoder.

2.1.41 presentation unit; PU [system]: A decoded Audio Access Unit or a decoded picture.

2.1.42 program [system]: A program isa collection of program elements. Program elements may be
elementary streams. Program elements need not have any defined time base; those that do, have a common
time base and are intended for synchronized presentation.

2.1.43 Program Clock Reference; PCR [system]: A time stamp in the Transport Stream from which decoder
timing is derived.

2.1.44 program element[system]:A generic term for one of the e ementary streams or other data streams that
may be included in a program.

2.1.45 Program Specific Information; PSI [system]: PSI consists of normative data which is necessary for
the demultiplexing of Transport Streams and the successful regeneration of programs and isdescribed in 2.4.4
on page 44. One case of PSl, the non-mandatory network information table, is privately defined.

2.1.46 random access. The process of beginning to read and decode the coded hit stream at an arbitrary point.
2.1.47 reserved: Theterm "reserved"”, when used in the clauses defining the coded bit stream, indicates that

the value may be used in the future for 1SO defined extensions. Unless otherwise specified within this
Recommendation | International Standard, all reserved bitsshall be set to'1'.

2.1.48 scrambling[system]: The alteration of the characteristics of a video, audio or coded data stream in order

to prevent unauthorized reception of the information in a clear form. Thisalteration is a specified process
under the control of a conditional access system.
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2.1.49 sour ce stream: A single non-multiplexed stream of samples before compression coding.

2.1.50 splicing[system]: The concatenation, performed on the system level, of two different elementary
streams. The resulting system stream conformstotally to part 1 of this Recommendation | I nternational
Standard. The splice may result in discontinuitiesin timebase, continuity counter, PSI, and decoding.

2.1.51 start codes [system]: 32-bit codes embedded in the coded bit stream that are unique. They are used for
several purposes including identifying some of the layersin the coding syntax. Start codes consist of a 24 bit
prefix (0x000001) and an 8 hit stream_id as shown in table 2-19 on page 36.

2.1.52 STD input buffer [system]: A firg-in first-out buffer at the input of a system target decoder for storage
of compressed data from elementary streams before decoding.

2.1.53 still picture: A coded till picture consists of a video sequence containing exactly one coded picture

whichisintra-coded. This picture has an associated PTS and the presentation time of succeeding pictures, if
any, islater than that of the till picture by at least two picture periods.

2.1.54 system header [system]: The system header isa data structure defined in 2.5.3.5 on page 59 of this
Recommendation | International Standard that carries information summarizing the system characteristics of
the ITU-T Rec. H.222.0 | ISO/IEC 13818 multiplexed stream.

2.1.55 System Clock Reference; SCR [system]: A time stamp in the Program Stream from which decoder
timing is derived.

2.1.56 system tar get decoder; STD [system]: A hypothetical reference model of a decoding process used to
describe the semantics of an ITU-T Rec. H.222.0 | ISO/IEC 13818 multiplexed bit stream.

2.1.57 time-stamp [system]: A term that indicates the time of a specific action such asthe arrival of a byte or
the presentation of a Presentation Unit.

2.1.58 Transport Stream packet header [system]: Theleading fieldsin a Transport Stream packet, up to and
including the continuity _counter field.

2.1.59 variable bitr ate: Operation where the bitrate varies with time during the decoding of a compressed bit
stream.

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 specifically

defined. The bitwise operators are defined assuming two's-complement representation of integers. Numbering
and counting loops generally begin from O.

2.2.1 Arithmetic operators

+ Addition.

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

-- Decrement.

*or Multiplication.
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1

DIV
%

Sign(')

NINT ()

sn

exp

log10

loge
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Power.

Integer divison with truncation of the result toward 0. For example, 7/4 and-7/-4a retruncated
to 1 and -7/4 and 7/-4 are truncated to -1.

Integer division with rounding to the nearest integer. Half-integer values are rounded away from
0 unless otherwise specified. For example 3//2 isrounded to 2, and -3//2 is rounded to
-2.

Integer division with truncation of the result towards- .

Modulus operator. Defined only for positive numbers.

Sgnx) =1 x>0
0 X==
-1 X <0

Nearest integer operator. Re turnsthe nearest integer value to the real-valued argument. Half-
integer values are rounded away from O.

Sine.

Cosne.

Exponential.

Square root.
Logarithm to base ten.

Logarithmto basee.

2.2.2 Logical operators

&&

Logical OR.
Logical AND.

Logical NOT.

2.2.3 Relational operators

Greater than.

Greater than or equal to.
Lessthan.

Lessthan or equal to.
Equal to.

Not equal to.
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max [,...,]

min{[,...,]

the maximum value in the argument list.

the minimum value in the argument list.

2.2.4 Bitwise operators

& AND.

| OR.

Shift right with sign extension.

Shift left with O fill.

2.2.5 Assignment

= Assignment operator.

2.2.6 Mnemonics

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

bdl bf

ch

ar

main_data

main_data_beg

part2_length

rpchof

D
scfs

switch_point_|

switch_point_s

Bit gtring, l€ft bit first, where "left" isthe order in which bit strings are written in the
Recommendation | International Standard. Bit strings are written asa string of 1sand Os
within single quote marks, e.g. 1000 0001'. Blankswithin a bit string are for ease of
reading and have no significance.

channel.

granule of 3 * 32 subband samplesin audio Layer 11, 18 * 32 sub-band samplesin audio
Layer I11.

Themain_data portion of the bit stream contains the scale factors, Huffman encoded data,
and ancillary information.

Thisgivesthelocation in the bit stream of the beginning of the main_data for the frame.
Thelocation isequal to the ending location of the previous frames main_data plus 1 bit. It
iscalculated from the main_data_end value of the previous frame.

this value contains the number of main_data bits used for scale factors.

remainder polynomial coefficients, highest order first.

subband.
scalefactor selector information.

Number of scalefactor band (long block scalefactor band) from which point on window
switching isused.

Number of scalefactor band (short block scalefactor ba nd) from which point on window
switching isused.
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tcimsbf two's complement integer, msb (sign) bit fird.
uimsbf Unsigned integer, most significant bit firgt.
viclbf Variable length code, I€ft bit first, where "left” refersto the order in which the variable

length codes are written.
window Number of actual time dot in case of block_type==2,0 window 2.

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

2.2.7 Constants
3.14159265359

e 2.71828182845

2.3 Method of describing bit stream syntax

Thebit streamsretrieved by the decoder are describedin - 2.4.1 on page 10 and 2.5.1 on page 53. Each data
iteminthe bit sreamisin bold type. It isdescribed by its name, itslength in bits, and a mnemonic for itstype
and order of transmission.

The action caused by a decoded data e ement in a bit stream depends on the value of that data element and on
data elements previoudy decoded. The decoding of the data elements and definition of the state variables used
in their decoding are described in the clauses containing the semantic description of the syntax. The following
congtructs are used to express the conditions when data €l ements are present, and arein normal type:

Note this syntax usesthe " C"-code convention that a variable or expression evaluating to a non-zero valueis
equivalent to a condition that istrue.

while ( condition) { If the condition istrue, then the group of data € ements occurs next in
data_element the data stream. Thisrepeats until the condition is not true.
}
do{ The data element always occurs at least once. The data element is
data_element repeated until the condition is not true.
.
while ( condition)
if (condition) { If the condition istrue, then thefirst group of data elements occurs next
data_element in the data stream.
}
e { If the condition is not true, then the second group of data elements
data_element occurs next in the data stream.
}
for (i = O;i<n;i++) { The group of data e ements occurs n times. Conditional constructs
data_element within the group of data elements may depend on the value of the loop
. control variablei, which is set to zero for thefirst occurrence,
} incremented to 1 for the second occurrence, and so forth.

As noted, the group of data e ements may contain nested conditional constructs. For compactness, the{} are
omitted when only one data element follows.
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data_element [] data_element [] isan array of data. The number of data elementsis
indicated by the context.

data_element [n] data_element [n] isthe n+1th element of an array of data.

data_element [m][n] data_element [m][n] isthe m+1,n+1 th element of a two-dimensional
array of data.

data_element [I][m][n] data_eement [I][m][n] isthe [+1,m+1,n+1 th element of athree-
dimensional array of data.

data_element [m..n] istheinclusive range of bits between bit m and bit nin the

data_element.

While the syntax is expressed in procedural terms, it should not be assumed that either figure 2-6 on page 12

or figure 2-7 on page 54 implements a satisfactory decoding procedure. In particular, they define a correct and
error-free input bitstream. Actual decoders must include a meansto look for start codes and sync bytes
(Transport Stream) in order to begin decoding correctly, and to identify errors, erasures or insertionswhile
decoding. The methods to identify these situations, and the actions to be taken, are not standardized.
Definition of bytealigned function

The function bytealigned() returns 1 if the current position is on a byte boundary; that is, the next bit in the bit
dreamisthefirst bit in abyte. Otherwiseit returnsO.

Definition of nextbits function
The function nextbits() permits comparison of a bit string with the next bitsto be decoded in the bit stream.
Definition of next_start_code function

Thenext_gtart_code() function removes any zero bit and zero byte stuffing and locates the next start code.

Table 2-1 -- Next start code

Syntax No. of bits M nemonic
next_start _code() {
while ('bytealigned() )

zero_bit 1 0
while ( nextbits() !='0000 0000 0000 0000 0000 0001")
zero_byte 8 '00000000'

}

Thisfunction checks whether the current position isbyte aligned. If it isnot, O stuffing bits are present. After
that any number of O bytes may be present before the start-code. Therefore start-codes are always byte aligned
and may be preceded by any number of O stuffing bits.
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2.4 Transport Stream bitstream requirements

2.4.1 Transport Stream coding structure and parameters

The ITU-T Rec. H.222.0 | ISO/IEC 13818 Transport Stream coding layer all ows one or more programsto be
combined into asingle stream. Data from each elementary stream are multiplexed together with information
that allows synchronized presentation of the e ementary streams within a program.

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

Elementary Stream datais carried in PES packets. A PES packet conssts of a PES packet header followed by
packet data. PES packets are inserted into Transport Stream packets. Thefirst byte of each PES packet header
islocated 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 ssamps(DTS and
PTS). The PES packet header also contains other optional fields. The PES packet data field containsa variable
number of contiguous bytes from one el ementary stream.

Transport Stream packets begin with a4 byte prefix, which containsa 13 bit Packet ID (PID), defined in table
2-3 onpage 22 . The PID identifies, via the Program Specific Information (PSl) 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 e ementary stream.

The PSl tablesare carried in the Transport Stream. There are four PSI tables:

Program Association Table
Program Map Table
Conditional Access Table
Network Information Table

These tables contain the necessary and sufficient information to demultiplex and present programs. The
Program Map Table, in table 2-28 on page 50 , specifies, among other information, which PIDs, and therefore
which elementary streams are associated to form each program. Thistable also indicates the PID of the
Transport Stream packets which carry the PCR for each program. The Conditional Access Table shall be
present if scrambling is employed. The Network Information Table is optional and its contents are not specified
by this Recommendation | International Standard.

Transport Stream packets may be null packets. Null packets are intended for padding of Transport Streams.
They may be inserted or del eted by re-multiplexing processes and, therefore, the delivery of the payload of null
packets to the decoder cannot be assumed.

This standard does not specify the coded data which may be used as part of conditional access systems. The
standard does however provide mechanisms for program service providersto transport and identify this data
for decoder processing, and to reference correctly data which are specified by the standard. This type of support
is provided both through Transport Stream packet structures and in the conditional accesstable (refer to table
2-28 on page 49 of the PSI).

2.4.2 Transport Stream system target decoder
The semantics of the Transport Stream specified in 2.4.3 on page 21 and the constraints on these semantics

specified in 2.7. on page 80 require exact definitions of byte arrival and decoding events and the times at which
these occur. The definitions needed are set out in this Recommendation | International Standard using a
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hypothetical decoder known as the Transport Stream system target decoder (T-STD). Informative Annex D of
this Specification contains a more detailed explanation.

The T-STD is a conceptual model used to define these terms precisely and to model the decoding process
during the congtruction or verification of Transport Streams. The T-STD is defined only for this purpose.
There are three types of decodersin the T-STD: video, audio, and systems figure 2-6 on page 12 illustrates an
example. Neither the architecture of the T-STD nor the timing described precludes uninterrupted, synchronized

play-back of Trangport Streamsfrom a variety of decoders with different architectures or timing schedules.

i-th byte of
Transport Stream Rxy Rbx, Aq() Video
. —O
tdl(J) O} \ El(k)
TB]_ L MB]_ L EB]_ [e] tpl(k)
v
j-th access unit k-th presentation unit
(]
y 7o
- O
(i) © RX, An() Audio
o tdn(j) Pa(k)
TBn Bn Dn tpa(k)
R R
Xors ¥e System control
TBss Bys 5 S At
sys

Figure 2-6 -- Transport Stream system target decoder notation

Thefollowing notation is used to describe the Transport Stream system target decoder and is partially
illustrated in figure 2-6 above.

i,ii" areindicesto bytesinthe Transport Stream. Thefirst byte hasindex O.
j isan index to access unitsin the e ementary streams.

k, k', k" areindicesto presentation unitsin the elementary streams.

n isan index to the elementary streams.
p isan index to Transport Stream packetsin the Transport Stream.
t(i) indicates the time in seconds at which the ith byte of the Transport Stream enters the system target

decoder. Thevaluet(0) isan arbitrary constant.

PCR(i) isthetime encoded inthe PCR field measured in unitsof th e period of the 27 MHz system clock
wherei isthe byte index of the final byte of the program_clock_reference_basefield.

An() isthejth accessunit in e ementary stream n. An(j) isindexed in decoding order.
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tdn()
Pn(k)

ton(k)

Fn(®

MBS

EBn

EBSh

TBSys

Rbxn

Rbxn(j)

isthe decoding time, measured in seconds, in the system target decoder of the jth accessunit in
elementary stream n.

isthe kth presentation unit in dementary streamn. P (k) results from decoding A n(j)- Pn(k) is
indexed in presentation order.

isthe presentation time, measured in seconds, in the system target decoder of the kth presentation unit
in elementary stream n.

istime measured in seconds.

isthefullness, measured in bytes, of the system target decoder input buffer for elementary stream n at
timet.

isthe main buffer for elementary stream n. It is present only for audio e ementary streams.
isthe size of buffer, Bn, measured in bytes.

isthe main buffer in the system target decoder for system information for the progra m that isin the
process of being decoded.

isthe size of Bsys, measured in bytes.
isthe multiplexing buffer, for elementary stream n. It is present only for video elementary streams.
isthe size of MBn, measured in bytes.

isthe eementary stream buffer for elementary stream n. It is present only for video elementary
streams.

isthe size of the dementary stream buffer EBn, measured in bytes.

isthetransport buffer for system information for the program  that isin the process of being decoded.
isthe sze of TBsys, measured in bytes.

isthe transport buffer for elementary stream n.

isthesize of TBn, measured in bytes.

isthe decoder for system information in Program Stream n.

isthe decoder for elementary stream n.

isthereorder buffer for video elementary stream n.

istherate at which data are removed fromB /g

isthe rate at which data are removed from TBn.

istherate at which PES packet payload data are removed from MB |, when the leak method is used.
Defined only for video elementary streams.

istherate at which PES packet payload data are removed from MB , when the vbv_delay method is
used. Defined only for video elementary streams.
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Rxsys Therate at which data are removed from TBsys.
Res The video elementary stream rate coded in a sequence header.
2.4.2.1 System clock frequency

Timing information referenced in the T-STD is carried by several data fields defined in this Recommendation |
International Standard. Refer to 2.4.3.4 on page 24, and 2.4.3.6 on page 33. In PCR fields thisinformation is
coded as the sampled value of a program's system clock. The PCR fields are carried in the adaptation field of
the Trangport Stream packets with a PID value equal to the PCR_PID defined inthe TS _program_map_section
of the program being decoded.

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

The value of the system clock frequency is measured in Hz and shall meet the following congtraints:
27000 000 - 810 system clock_frequency 27 000 000 + 810
rate of change of system_clock_frequency withtime 75 10-3 Hz/s

Note - Sources of coded data should follow a tighter tolerance in order to facilitate compliant
operation of consumer recorders and playback equipment.

A program's system_clock_frequency may be more accurate than required. Such improved accuracy may be
transmitted to the decoder via the System clock descriptor in 2.6.20 on page 76.

Bit rates defined in this Specification are measured in terms of system_clock_frequency. For example, a bit rate
of 27 000 000 bits per second in the T-STD would indicate that one byte of datais transferred every eight(8)
cycles of the system clock.

Thenotation "system_clock_frequency™ isused in several placesin this Recommendation | International
Standard to refer to the frequency of a clock meeting these requirements. For notational convenience, equations
inwhich PCR, PTS, or DTS appear |ead to values of time which are accurate to some integral multiple of
(300233/system_clock_frequency) seconds. Thisis due to the encoding of PCR timing information as 33 bits of
1/300 of the system clock frequency plus 9 bitsfor the remainder, and encoding as 33 bits of the system clock
frequency divided by 300 for PTSand DTS.

2.4.2.2 Input to the Transport Stream system target decoder

Input to the Trangport Stream system target decoder (T-STD) isa Transport Stream. A Transgport Stream may
contain multiple programs with independent time bases. However, the T-STD decodes only one program at a
time. Inthe T-STD modd all timing indications refer to the time base of that program.

Data from the Transport Stream entersthe T-STD at a piecewise constant rate. The ith byte entersat timet(i).
Thetime at which thisbyte entersthe T-STD can be recovered from the input stream by decoding the input
program clock reference (PCR) fields, 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 PCRsfor the
program to be decoded. The PCR isencoded in equation 2-3 in two parts; one, in units of the period of 1/300
timesthe system clock frequency (yielding 90 kHz), called program_clock_reference_base (equation 2-1), and
one, called program_clock_reference_ext (equation 2-2) in units of the period of the system clock frequency.
Thevalue encoded in the PCR field indicates the timet(i), wherei refersto the byte containing the last bit of
the program_clock_reference_basefidd.
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Specifically:
PCR_base(i) = ((system_clock_ frequency * (i)) DIV 300) % 2% (2-1)
PCR_ext(i) = ((system_clock_ frequency * (i) DIV 1) %300 (2-2)
PCRJ(i) = PCR_bass(i)" 300+ PCR_ext(i) (2-3)

For all other bytesthe input arrival time, t(i) shown in equation 2-4 on page 15 below, is computed from
PCR(i") and the transport rate at which data arrive, where the transport rate is determined as the number of
bytesin the Transport Stream between the bytes containing the last bit of two successive
program_clock_reference fields of the same program divided by the difference between the time values encoded
in these same two PCR fields.

(i) = PCR(i") i-i"

" system_clock_ frequency ¥ transport__rate(i) (2-4)

Where:
i istheindex of any bytein the Transport Stream for i"<i <i".
i" istheindex of the byte containing the last bit of the most recent program_clock_reference
base field applicable to the program being decoded.
PCR(i")  isthetimeencoded in the program clock reference base and extension fields in units of
the system clock.

Thetrangport rate is given by

((| i")” system_clock_ frequency)

transport_ rate(i) =

PCR(i') - PCR(i") (2-5)
where
i istheindex of the byte containing the last bit of the immediately following
program_clock_reference_base applicable to the program being decoded.
Note: i"i

In the case of a timebase discontinuity, indicated by the discontinuity_indicator in the transport packet
adaptation field, the definition given in equation 2-4 and equation 2-5 for the time of arrival of bytesat the
input to the T-STD is not applicable 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 bytesis determined according to equation 2-4 with the
modification that the transport rate used isthat applicable between the last and next to last PCR of the old
timebase.

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

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

Transport Streams with multiple programs and variable rate.
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Note - Transport Streams may contain multiple programs which have independent time bases. Separate sets of
PCRs, asindicated by the respective PCR_PID values, are required for each such independent program, and
therefore the PCRs cannot be co-located. The Transport Stream rate is piecewise constant for the program
entering the T-STD. Therefore, if the Transport Stream rate isvariableit can only vary at the PCRs of the
program under consideration. Since the PCRs, and therefore the pointsin the transport Stream where the rate
varies, are not co-located, the rate at which the Transport Stream entersthe T-STD would have to differ
depending on which program isentering the T-STD. Therefore, it isnot possible to construct a consgtent T-
STD ddivery schedule for an entire Trangport Stream when that Transport Stream contains multiple programs
with independent time bases and the rate of the Transport Streamisvariable. It is straightforward, however, to
construct constant hit rate Trangport Streams with multiple variable rate programs.

2.4.2.3 Buffering
Complete Transport Stream packets containing data from e ementary stream n, asindicated by itsPID, are
passed to the transport buffer for sreamn, TB . Thisincludes duplicate Transport Stream packets and packets
with no payload. Transfer of the ith byte from the system target decoder inputto TB isinstantaneous, so that
theith byte entersthe buffer for sream n, of Sze TBS , at timet(i).
All bytesthat enter the buffer TBn are removed at the rate Rxn specified below. Byteswhich are part of the
PES packet or its contents are delivered to the main buffer Bn for audio elementary streams and system data,
and to the multiplexing buffer MBn for video e ementary streams. Other bytes are not, and may be used to
control the system. Duplicate Transport Stream packets are not delivered to Bn, MBn, or Bsys.
Thebuffer TBnisemptied asfollows: when thereisno datain TBn, Rxn isequal to zero. Otherwise
for video Rxn = 1.2 x Rmax [profilelevel] where
Rmax[profilelevel] is specified according to the profile and level which can be found in table
8.12 of part 2 of this Specification. Table 8.12 specifies the upper bound of the rate of each
elementary video stream within a specific profile and level.

Rxnisequal to 1.2 * Rmax for ISO/IEC 11172-2 video streams, where Rmax refersto the
maximum bitrate for a Congtrained Parameters bitstream in ISO/IEC 11172-2.

for audio Rxn=2x 106 bits per second

for systems data Rxn =1 x 106 bits per second
Rxn is measured with respect to the system clock frequency.
Complete Transport Stream packets containing system information, for the program selected for decoding,
enter the system transport buffer, TB g, at the Transport Stream rate. These include Transport Stream packets
whose PID valuesare 0 or 1, and all Transport Stream packetsidentified via the Program Association Table
(table 2-26 on page 47 ) as having the program_map_PID valuefor the selected program. Network Information
Table (NIT) data as specified by the NIT PID is not transferred to TBsys.
Bytes are removed from TBsys at the rate Rxsys and ddlivered to Bsys. Each byteistransferred instantaneoudy.
Duplicate Transport Stream packets are not delivered to Bsys.

Transport packets which do not enter any TBn or TBsys are discarded.

Thetrangport buffer Szeisfixed at 512 bytes.
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The elementary stream buffer SzesEBS 1 through EBS are defined for video as equal to the vbv_buffer_size
asit iscarried in the sequence header. Refer to ISO/IEC 11172-2 and ITU-T Rec. H.262 | ISO/IEC 13818-2.

The multiplexing buffer sze MBS1 through MBSh are defined for video asfollows:
For Low and Main level
MBSn=BSmux + BSoh +VBVmax[profilelevel] - vbv_buffer_size,
where BSoh, PES packet overhead buffering is defined as:
BSoh = (1/750)seconds x Rmax[profile,level]
and BSmux,, additional multiplex buffering is defined as:
BSmux = 0.004 seconds* Rmax[profile,level]
and where VBV (o[ profilelevel] isdefined intable 8-12 and R o« [profilelevel] isdefined in table
8-13 of ITU-T Rec. H.262 | ISO/IEC 13818-2, and vbv buffer szeis carried in the sequence header (refer to

ITU-T Rec. H.262 | ISO/IEC 13818-2).

For High 1440 and High leve
MBSn=BSmux + BSoh

where BSoh is defined as:
BSoh = (1/750)seconds x Rmax[profile,level]
and BSmux isdefined as;
BSmux = 0.004 seconds* Rmax[profile,level]
and where R g« [profilelevel] is defined intable 8-13 of ITU-T Rec. H.262 | ISO/IEC 13818-2.
For Constrained Parameters |SO/IEC 11172-2 bitstreams
MBSn=BSmux + BSoh + vbv_max - vbv_buffer size
where BSoh is defined as:
BSoh = (1/750) seconds x Rmax
and BSmux isdefined as:
BSmux = 0.004 seconds* Rmax

and where Rmax and vbv_max refer to the maximum bitrate and the maximum
vbv_buffer_sizefor a Constrained Parameters bitstream in ISO/IEC 11172-2 respectively.

A portion BSmux = 4msx Rmax[profilelevel] of the MBSn isallocated for buffering to allow multiplexing.
Theremainder is available for BSoh and may also be available for initial multiplexing.

Note - Buffer occupancy by PES packet overhead is directly bounded in PES streams by the P-STD

whichisdefinedin 2.5.2.4 on page 57. It is possible, but not necessary, to utilize PES streamsto
congtruct Trangport Streams.
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Themain buffer szesBS 1 through BSp, are defined as follows:
for audio BSn = BSmux + BSdec + BSoh =3 584 bytes
The sze of the access unit decoding buffer BSdec, and the PES packet overhead buffer BSoh are constrained by
BSdec + BSoh 2 848 bytes

A portion (736 bytes) of the 3 584 byte buffer is allocated for buffering to allow multiplexing. Therest, 2 848
bytes, are shared for access unit buffering BSdec, BSoh and additional multiplexing.

Themain buffer B g s for system datais of sze BS 5= 1536 bytes.
Thefollowing applies only to video elementary streams.

For video e ementary streams, data istransferred from MB  ,to EB,, using one of two methods: the leak method
or the VBV delay method.

Leak method

Theleak method transfers data from MBn to EBn using a leak rate Rbx. Theleak method is used whenever any
of thefollowing istrue:
The STD descriptor for the elementary stream isnot present in the Transport Stream,
the STD descriptor is present and the leak_valid flag hasa value of 1,
the STD descriptor is present, theleak_valid hasavalue of ‘0", and the vbv_delay fieldscoded in  the
video stream have the value OxFFFF, or
trick mode statusist rue (refer to 2.4.3.6 on page 33).

For Low and Main level

Rbxn = Ry ax(profilelevel)
For High-1440 and High level

Rbxn = Min{1.05 x Res, R ynax(profilelevel)}
For Constrained Parameters bitstream in ISO/IEC 11172-2

Rbxn = 1.2 X Rypax Where Ry isthe maximum bit rate for a Constrained Parameters bitstream in
ISO/IEC 11172-2.

If thereis PES packet payload datain MB |, and buffer EB , isnot full, PES packet payload istransferred from
MB,, to EB, at arate equal to Ryy. If EBnisfull, data are not removed from MBn. When a byte of datais
transferred from MB , to EB,, al PES packet header bytesthat arein MB , and immediately precede that byte
are ingtantaneoudy removed and discarded. When thereis no PES packet payload data presentin MB |, no data
isremoved from MBn All data that enters MB , leavesit. All PES packet payload data bytesenter EB
instantaneoudy upon leaving MB |,

Vbv_delay method
Thevbv delay method specifies precisely the time at which each byte of coded video dataistransferred from
MBn to EBn, using the vbv_delay values coded in the video e ementary stream. The vbv_delay method isused

whenever the STD descriptor for this elementary stream is present in the Transport Stream, the leak_valid flag
in the descriptor hasthe value'0, and vbv_delay fields coded in the video stream are not equal to OxFFFF.
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Note that if any vbv_dday valuesin a video sequence are not equal to OxFFFF, none of the vbv_delay fieldsin
that sequence shall be equal to OXFFFF (refer to ISO/IEC 11172-2 and ITU-T Rec. H.262 | ISO/IEC 13818-2).

When the vbv_delay method is used, the final byte of the video picture start code for picturej istransferred

from MBn, to the EB h at thetimetd n(j) - vbv_dday(j), wheretd n(j) isthe decoding time of picturej, as defined
above, and vbv_delay(j) isthe delay time, in seconds, indicated by the vbv_delay field of picturej. The transfer
of bytes between the final bytes of successve picture start codes (including the final byte of the second start
code), into the buffer EBn, is at a piecewise constant rate, Rbx(j), which is specified for each picture .
Specifically, the rate, Rbx(j), of transfer into this buffer is given by:

Rbx(j) = NB(j) / (vbv_delay(j) - vbv_delay(j+1) + tdn(j+1) - tdn(j))

Note - vbv_deay(j+1) and tdn(j+1) may have valuesthat differ from those normally expected for
periodic video display if the low_delay flag in the video sequence extenson isset to'1'. It may not be possible
to determine the correct values by examination of the bit stream.

where NB(j) isthe number of bytes between the final bytes of the picture start codes (including the
final byte of the second start code) of picturesj and j+1, excluding PES packet header bytes.

The Rbx(j) derived from 2-10 shall belessthan or equal to R o« (profile,level) for elementary streams of
stream type ' Ox02’ (refer to table 2-36 on page 64), where R o (profilelevel) isdefined in ITU-T Rec. H.262 |
ISO/IEC 13818-2, and shall be lessthan or equal to the maximum bit rate allowed in the constrained
parameters set for elementary streams of stream type *0x01’, refer to ISO/IEC 11172-2.

When a byte of dataistransferred from MB , to EB,, al PES packet header bytesthat arein MB ,, and
immediately precede that byte are instantaneoudy removed and discarded. All data that entersMB  , leavesit.
All PES packet payload data bytes enter EB , instantaneoudy upon leaving MB ..

Removal of access units

For each elementary stream buffer EBn and main buffer Bn all data for the access unit that has been in the

buffer longest, An(j), and any stuffing bytesthat immediately precede it that are present in the buffer at the
timetdn(j) are removed instantaneoudy at timetdn(j). The decoding timetdn(j) is specifiedintheDTSor PTS
fields (refer to 2.4.3.6 on page 33). Decoding times tdn(j+1), tdn(j+2), ... of access units without encoded DTS
or PTSfiedswhich 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, | SO/IEC 13818-3, or ISO/IEC 11172. Also refer to
2.7.5 on page 81. Inthe case of audio all PES packet headersthat are stored immediately before the access unit
or that are embedded within the data of the access unit are removed smultaneoudy with the removal of the
access unit. Asthe accessunit isremoved it isinstantaneoudy decoded to a presentation unit.

System data

In the case of system data, data isremoved from the main buffer B g gat arate of Rg g whenever thereisat
least 1 byte availablein buffer B g

R,s = Max[80 000bits/s, transport_rate(i) * 8 bits/byte, 500] (2-:6)

Note - Theintention of increasing R g,5in the case of high transport ratesis to allow an increased data
rate for the Program Specific Information.

Low delay
When thelow_delay flag in the video sequence extensionisset to "1' (6.2.2.3 of ITU-T Rec. H.262 | ISO/IEC

13818-2) the EBn buffer may underflow. Inthiscase whenthe T-STD elementary stream buffer EB | is
examined at the time specified by td n(j), the complete data for the access unit may not be present in the buffer
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EB|,. When this case arises, the buffer shall be re-examined at intervals of two field-periods until the data for
the complete access unit is present in the buffer. At thistime the entire access unit shall be removed from
buffer EB|, ingtantaneoudly. Overflow of buffer EB [, shall not occur.

When inthelow_delay _mode, theflagisset to'1', EBn underflow isallowed to occur continuoudy without
limit. The T-STD decoder shall remove access unit data from buffer EBn at the earliest time consistent with
the paragraph above and any DTS or PT S values encoded in the bit ssream. Note that the decoder may be
unable to re-establish correct decoding and display timesasindicated by DTS and PTS until the EBn buffer
underflow situation ceasesand a PTS or DTS isfound in the bit stream.

Trick mode

When the DSM _trick_mode flag (2.4.3.6 on page 33) isset to 1" in the PES Packet header of a packet
containing the start of a B-type video access unit and the trick_mode_control field is set to ‘001" (dow mation)
or '010' (freeze frame), or 100" (dow reverse) the B picture access unit is not removed from the video data
buffer EBpy until the last time of possibly multiple timesthat any field of the pictureis decoded and presented.
Repetition of the presentation of fields and picturesis defined in 2.4.3.8 on page 44 under dow motion, dow
reverse, and field_id_cntrl. The access unit isremoved instantaneoudy from EB  p at the indicated time, which
is dependent on the value of rep_cnitrl.

When the DSM_trick_mode flag is set to "1' in the PES packet header of a packet containing thefirst byte of a
picture start code, trick_mode status becomes true when that picture start code in the PES packet is removed
from the buffer. Trick mode status remains true until a PES packet header isreceived by the T-STD in which
the DSM_trick_mode flag is set to ‘0" and thefirst byte of the picture start code after that PES packet header is
removed from the buffer. When trick mode statusistrue, the buffer EB  may underflow. All other constraints
from normal streams are retained when trick mode statusistrue.

2.4.2.4 Decoding

Elementary streams buffered in B 1 through B  and EB1 through EBn are decoded instantaneoudy by decoders
D1 through D , and may be delayed in reorder buffers O 1 through O before being presented to the viewer at
the output of the T-STD. Reorder buffers are used only in the case of a video e ementary stream when some
access units are not carried in presentation order. These access unitswill need to be reordered before
presentation. In particular, if P (k) isan I-picture or a P-picture carried before one or more B-pictures, then it
must be delayed in the reorder buffer, O p, of the T-STD before being presented. Any picture previoudy stored
in Op, is presented before the current picture can be stored. P (k) should be delayed until the next | -picture or
P-pictureisdecoded. Wh ileit isstored in the reorder buffer, the subsequent B-pictures are decoded and
presented.

Thetime at which a presentation unit P (k) is presented to the viewer istp n(k). For presentation units that do
not require reordering delay, tp n(k) isequal to tdn(j) since the access units are decoded instantaneoudy; thisis
the case, for example, for B-frames. For presentation unitsthat are delayed, tp (k) and tdn(j) differ by thetime
that Pn(k) isdelayed in the reorder buffer, which isa multiple of the nominal picture period. Care should be
taken to use adequate re-ordering delay from the beginning of video elementary streamsto meet the

requirements of the entire stream. For example, a stream which initially has only 1- and P-pictures but later
includes B-pictures should include re-ordering delay starting at the beginning of the stream.

Part 2 of this Recommendation | International Standard explains reordering of video picturesin greater detail.
2.4.2.5 Presentation

The function of a decoding system isto 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 havefinite and different delays and may have additional delaysimposed by post-processing
or output functions, the system target decoder models these delays as zero.
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Inthe T-STD in figure 2-6 on page 12 the display of a video presentation unit (a picture) occurs
instantaneoudy at its presentation time, tp (k).

Inthe T-STD the output of an audio presentation unit starts at its presentationtime, tp  n(k), when the decoder
instantaneoudy presentsthe first sample. Subsequent samplesin the presentation unit are presented in
sequence at the audio sampling rate.

2.4.2.6 Buffer management

Transport Streams shall be constructed so that conditions defined in this section are satisfied. This section
makes use of the notation defined for the System Target Decoder.

TBn and TBsys shall not overflow. TBn and TBsys shall empty at least once every second. Bn shall not
overflow nor underflow.

EBn may not underflow except when the low delay flag in the video sequence extensonisset to '1' (6.2.2.3 of
ITU-T Rec. H.262 | ISO/IEC 13818-2) or trick_mode statusistrue.

When the leak method for specifying transfersisin effect, MBn shall not overflow, and shall become empty at
least once every second.

When the vbv_delay method for specifying transfersisin effect, MBn shall not overflow nor underflow, and
EBn shall not overflow.

The deay of any data through the System Target Decoders buffers shall be less than or equal to one second
except for gill picture video data. Specifically: tdn(j)-t(i) <= 1 second for all j, and all bytesi in access unit
An()).

For still picture video data, the delay is constrained by tdn(j)-t(i) <= 60 second for all j, and all bytes| in access
unit An(j).

O£ Fy(t) £ BS, foraltandn
and Fn(t) = 0 instantaneoudy before t=t(0).
Fn(t) istheingtantaneous fullness of T-STD buffer B p.
2.4.3 Specification of the Transport Stream syntax and semantics

Thefollowing syntax describes a stream of bytes. Transport Stream packets shall be 188 byteslong.

2.4.3.1 Transport Stream
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Table 2-2 -- Transport Stream

Syntax No. of bits M nemonic
MPEG_transport_stream() {
do{

transport_packet()
} while (nextbits() == sync_byte)

2.4.3.2 Transport Stream packet layer

Table 2-3 -- ITU-T Rec. H.222.0 | 1 SO/IEC 13818 transport packet

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

2.4.3.3 Semantic definition of fields in Transport Stream packet layer

sync_byte -- The sync_byteisafixed 8 bit field whose value is'0100 0111' (0x47). Sync_byte emulation in the
choice of valuesfor other regularly occuring fields, such asPID, should be avoided.

transport_error_indicator -- Thetransport_error_indicator isa 1 bit flag. When set to '1' it indicates that at
least 1 uncorrectable bit error existsin the associated Transport Stream packet. Thisbit may be set to "1' by
entities external to the transport layer. When set to 1" this bit shall not be reset to ‘0" unlessthe bit value(s) in
error have been corrected.

payload_unit_start_indicator -- The payload_unit_start_indicator isa 1 bit flag which has normative
meaning for Transport Stream packetsthat carry PES packets or PSI data.

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 Trangport Stream packet.
If the payload_unit_start_indicator isset to'1' then one and only one PES packet startsin this Transport
Stream Packet. Thisalso appliesto private streams of stream_type 6 (refer to table 2-36 on page 64).
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When the payload of the Transport Stream packet contains PSI data, the payload_unit_start_indicator hasthe
following significance: If the Trangport Stream packet carriesthe first byte of a PSI section, the

payload unit_gtart_indicator value shall be'1’, indicating that the first byte of the payload of this Transport
Stream packet carriesthe pointer_field. If the Trangport Stream packet does not carry the first byte of a PS|
section, the payload_unit_start_indicator value shall be'0', indicating that thereisno pointer_field in the
payload. Refer to 2.4.4.1 and 2.4.4.2 on page 46. Thisalso appliesto private streams of Sream_type 5 (refer to
table 2-36 on page 64) .

For null packetsthe payload_unit_start_indicator shall be set to'0'.

Themeaning of thisbit for Transport Stream packets carrying only private data is not defined in this
Recommendation | International Standard.

transport_priority -- Thetransport_priority isa 1 bit indicator. When set to '1' it indicates that the associated
packet is of greater priority than other packets having the same PID which do not have the bit set to"1'. The
trangport mechanism can use thisto prioritize its data within an elementary stream. Depending on the
application the transport_priority field may be coded regardless of the PID or within one PID only. Thisfield
may be changed by channdl specific encoders or decoders.

PID -- The PID isa 13 hit field, indicating the type of the data stored in the packet payload. PID value 0x0000
isreserved for the Program Association Table (table 2-26 on page 47 ). PID value 0x0001 isreserved for the
Conditional Access Table (table 2-28 on page 49 ). PID values 0x0002-0x000F are reserved. PID value Ox1FFF
isreserved for null packets.

Table 2-4 -- PID table

value description
0x0000 Program Association Table
0x0001 Conditional Access Table
0x0002-0x000F reserved
0x00010 may be assigned as network_PID,
. Program_map PID, elementary PID,

Ox1FFE or for other purposes.

Ox1FFF Null packet

Note - The trangport packets with PID values 0x0000, 0x0001, and 0x0010-Ox1FFE areallo wed to
carry a PCR.

transport_scrambling_control -- This 2 bit field indicates the scrambling mode of the Transport Stream

packet payload. The Transport Stream packet header, and the adaptation field when present, shall not be
scrambled. In the case of a null packet the value of the transport_scrambling_control field shall be st to '00".

Table 2-5 -- Scrambling control values

value description
00 not scrambled
01 user defined
10 user defined
11 user defined

adaptation_field_control -- This2 bit field indicates whether this Transport Stream packet header is followed
by an adaptation field and/or payload.
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Table 2-6 -- Adaptation field control values

value description
00 reserved for future use by 1SO/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 with the
adaptation field_control field set to a value of '00". In the case of a null packet the value of the
adaptation _field_control shall be set to '01".

continuity_counter -- The continuity _counter isa 4 hit field incrementing with each Transport Stream packet
with the same PID. The continuity _counter wraps around to O after its maximum value. The
continuity_counter shall not be incremented when the adaptation field_control of the packet equals’'00' or '10'.

In Transport Streams, duplicate packets may be sent astwo, and only two, consecutive Transport Stream
packets of the same PID. The duplicate packets shall have the same continuity_counter value asthe original
packet and the adaptation field_control field shall be equal to '01' or '11". In duplicate packets each byte of the
original packet shall be duplicated, with the exception that in the program clock reference fidds, if present, a
valid value shall be encoded.

The continuity_counter in a particular Transport Stream packet is continuous when it differs by oneincrement
from the continuity _counter value in the previous Transport Stream packet of the same PID, or when ether of
the non-incrementing conditions (adaptation_field_control set to ‘00" or 10", or duplicate packets as described
above) aremet. The continuity counter may be discontinuous when the discontinuity_indicator isset to'1'
(refer to 2.4.3.4). Inthe case of a null packet the value of the continuity _counter is undefined.

data_byte -- Data bytes shall be contiguous bytes of data from the PES packets(refer to  2.4.3.6 on page 33),
PSI sectiong(refer to 2.4.4 on page 44), packet stuffing bytes after PS| sections, or private data not in these
gructures asindicated by the PID. In the case of null packetswith PID value Ox1FFF, data _bytesmay be
assigned any value. The number of data_bytes, N, is specified by 184 minusthe number of bytesin the
adaptation field(), asdescribedin 2.4.3.4 below.

2.4.3.4 Adaptation field

Table 2-7 -- 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 bdgbf
elementary_stream_priority_indicator 1 bdlbf
PCR_flag 1 bslbf
OPCR_flag 1 bslbf
splicing_point_flag 1 bdlbf
transport_private data flag 1 bdlbf
adaptation_field_extension_flag 1 bdgbf

if(PCR_flag=="1" {
program_clock_reference base 33  uimsbf
reserved 6  bslbf
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program_clock_reference extension 9  uimsbf

}
if(OPCR_flag=="1) {

original_program_clock_reference base 33  uimsbf
reserved 6  bslbf
original_program_clock_reference_extension 9  uimsbf
}
if (splicing_point_flag =="1") {
splice_countdown 8 tcimsbf
}
if(transport_private data flag=="1") {
transport_private data length 8 uimsbf
for (i=0; i<transport_private data length;i++){
private_data byte 8  bslbf
}
}

if (adaptation field _extenson flag=="1") {

adaptation_field_extension_length 8 uimsbf
ltw_flag 1  bslbf
piecewise rate flag 1 bdlbf
seamless _splice flag 1 bdlbf
reserved 5  bslbf
if (Itw_flag=="1") {
ltw_valid_flag 1  bslbf
ltw_offset 15  uimsbf
}
if (piecewise _rate flag=="1") {
reserved 2 bslbf
piecewise rate 22 uimsbf
}
if (seamless_splice flag=="1"){
splice_type 4 bdglbf
DTS next_AU[32..30] 3 bslbf
marker_bit 1 bdgbf
DTS next_AU[29..15] 15  bslbf
marker_bit 1 bdgbf
DTS next_AU[14..0] 15  bslbf
marker_bit 1 bdgbf
}
for (i=0;i<N;i++) {
reserved 8  bslbf
}
}
for (i=0;i<N;i++){
stuffing_byte 8  bslbf
}

}
}

2.4.3.5 Semantic definition of fields in adaptation field

adaptation_field_length -- The adaptation_field length isan 8 bit field specifying the number of bytesin the
adaptation_field immediately following the adaptation_field length. Thevalue O isfor inserting asingle
stuffing bytein a Transport Stream packet. When the adaptation_field control valueis'11', the value of the
adaptation_field_length shall bein therange O to 182. When the adaptation field_control valueis'10', the
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value of the adaptation_field_length shall be 183. For Transport Stream packets carrying PES packets, stuffing
is needed when thereisinsufficient 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
elementsin 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 isfilled with stuffing bytes.

Thisisthe only method of stuffing allowed for Transport Stream packets carrying PES packets. For Transport
Stream packets carrying PSI, an alternative stuffing method isdescribed in - 2.4.4 on page 44.

discontinuity_indicator -- Thisisa 1 bit field which when set to '1" indicates that the discontinuity state istrue
for the current Transport Stream packet. When the discontinuity_indicator is set to ‘0" or is not present, the
discontinuity state isfalse. The discontinuity indicator isused to indicate two types of discontinuities, system
time-base discontinuities and continuity _counter discontinuities.

A system time-base discontinuity isindicated by the use of the discontinuity_indicator in Transport Stream
packets of a PID designated asa PCR_PID (refer to 2.4.4.9 on page 50). When the discontinuity stateistrue
for a Trangport Stream packet of a PID designated asa PCR_PID, the next PCR in a Transport Stream packet
with that same PID represents a sample of a new system time clock for the associated program. The system
time-base discontinuity point is defined to be the instant in time when thefirst byte of a packet containing a
PCR of a new system time-base arrives at the input of the T-STD. The discontinuity_indicator shall be set to'1'
in the packet in which the system time-base discontinuity occurs. The discontinuity_indicator bit may also be
set to'1'in Transport Stream packets of the sasme PCR_PID prior to the packet which contains the new system
time-base PCR. In thiscase, once the discontinuity_indicator has been set to 1", it shall continue to be set to '1'
in all Transport Stream packets of the same PCR_PID up to and including the Transport Stream packet which
containsthe first PCR of the new system time-base. After the occurrence of a system time-base discontinuity,
no fewer than two PCRsfor the new system time-base shall be received before another system time-base
discontinuity can occur. Further, except when trick mode statusistrue, data from no more than two system
time-bases shall be present in the set of T-STD buffersfor one program at any time.

Prior to the occurrence of a system time-base discontinuity, the first byte of a Transport Stream packet which
containsa PTS or DTS which refersto the new system time-base shall not arrive at the input of the T-STD.
After the occurrence of a system time-base discontinuity, the first byte of a Trangport Stream packet which
containsa PTS or DTS which refersto the previous system time-base shall not arrive at the input of the T-
STD.

A continuity_counter discontinuity isindicated by the use of the discontinuity_indicator in any Transport
Stream packet. When the discontinuity state istrue in any Transport Stream packet of aPID not designated as
aPCR_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 istruein a Transport Stream packet of a PID that
isdesignated asa PCR_PID, the continuity _counter may only be discontinuous in the packet in which a system
time-base discontinuity occurs. A continuity counter discontinuity point occurs when the discontinuity Sateis
truein a Transport Stream packet and the continuity _counter in the same packet is discontinuous with respect
to the previous Trangport Stream packet of the same PID. A continuity counter discontinuity point shall occur
at most onetime from the initiation of the discontinuity state until the conclusion of the discontinuity state.
Furthermore, for all PIDsthat are not designated as PCR_PIDs, when the discontinuity_indicator issetto'1'in
apacket of a specific PID, the discontinuity_indicator may be set to '1' 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 purpose of this clause, an elementary stream access point is defined as follows:

video: thefirst byte of a video sequence header
audio: thefirst byte of an audio frame.

After a continuity counter discontinuity in a Transport packet which is designated as containing €l ementary
stream data, thefirst byte of elementary stream data in a Transport Stream packet of the same PID shall be the
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first byte of an elementary stream access point or in the case of video, the first byte of an elementary stream
access point or a sequence_end_code followed by an access point. Each Transport Stream packet which
contains elementary stream data with a PID not designated asa PCR_PID, and in which a continuity counter
discontinuity point occurs, and inwhichaPTS 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 istrue, 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 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 PS| data.

After the occurrence of a discontinuity_indicator set to'1'in a Trangport Stream packet which contains PS|
information, a single discontinuity in the verson_number of PSI sections may occur. At the occurrence of such
adiscontinuity, aversion 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. Thisindicatesa version changein PSI data.

random_access indicator -- The random_access indicator isa 1 bit field that indicates the current and
subsequent trangport packets with the same PID contain some information to aid random access at this point.
Specifically, when the bit is set to '1', the next PES packet to art in the payload of transport packets (refer to
table 2-36 on page 64) with the current PID shall contain thefirst byte of a video sequence header if the PES
sreamtypeis 1 or 2(video) or shall contain thefirst byte of an audio frameif the PES stream typeis3 or
4(audio). In addition, in these cases a presentation timestamp shall be present in this or a subsequent PES
packet for the first picture following the sequence header or for the audio frame. When the current PID is equal
to PCR_PID, the PCR_flag shall be set to '1".

elementary_stream_priority_indicator -- The elementary_stream priority_indicator isa one bit field. It
indicates, among packets with the same PID, the priority of the elementary stream data carried within the
payload of this Transport Stream packet. A 1" indicates that the payload has a higher priority than the payloads
of other Transport Stream packets. In case of video thisfield may be set to "1' only if the payload contains one
or more bytes from an intra-coded dice. A value of '0" indicates that the payload has the same priority asall
other packets which do not havethisbit set to '1".

PCR_flag-- ThePCR_flagisal bit flag. A value of "1' indicates that the adaptation_field containsa PCR field
coded in two parts. A value of '0' indicates that the adaptation field does not contain any PCR field.

OPCR_flag-- The OPCR _flagisal hit flag. A value of '1' indicates that the adaptation_field contains an
OPCR field coded in 2 parts. A value of '0' indicates that the adaptation field does not contain any OPCR
fidds.

splicing_point_flag -- The splicing_point_flagisa 1 bit flag. When set to 1", it indicates that a
splice_countdown field shall be present in the associated adaptation field, specifying the occurence of a splicing
point. A value of '0" indicates that a splice_countdown field is not present in the adaptation field.

transport_private data flag -- Thetransport_private data flagisal bit flag. A value of '1'indicatesthat
the adaptation field contains one or more private_data bytes. A value of '0' indicates the adaptation field does
not contain any private data bytes.

adaptation_field_extension_flag -- The adaptation_field _extenson flagisa1 hit field which when set to "1’
indicates the presence of an adaptation field extension. A value of '0' indicates that an adaptation field
extenson isnot present in the adaptation field.

program_clock_reference base; program_clock_reference extension -- The program_clock_reference
(PCR) isa 42 hit field coded in two parts. Thefirst part, program_clock_reference base, isa 33 bit field whose
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valueisgiven by PCR_base(i), asgiven in equation 2-1 on page 14 . The second part,
program_clock_reference_extension, isa 9 bit field whose value is given by PCR_ext(i), as given in equation 2-
2 on page 14 . 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.

For Transport Stream packets containing video or audio e ementary streams, If a PCR field ispresentina
Transport Strea, packet containing data from and audio or video elementary stream, it shall be valid fo that
elementary stream. Clause the adaptation field, that PCR field must be valid for the elementary stream
contained in its Transport Stream packet. Refer to  2.7.2 on page 81 for frequency of coding requirements.

original_program_clock_reference base; original_program_clock_reference extension -- The optional
original program reference (OPCR) isa 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 assigtsin the recongtruction of a single program Transport Stream from another Transport Stream.
When recongtructing the original single program Transport Stream, the OPCR may be copied to the PCR field.
Theresulting PCR valueisvalid only if the original single program Transport Stream is reconstructed exactly
initsentirety. Thiswould include at least any PS| and private data packets which were present in the original
Transport Stream and would possibly require other private arrangements. It also meansthat the OPCR must be
an identical copy of itsassociated PCR in the original single program Transport Stream.

The OPCR isexpressed asfollows:

OPCR_bas<(i) = ((system_clock_ frequency” t(i)) DIV 300) % 2% 2-7)
OPCR_ext(i) = ((system_clock _ frequency” t(i)) DIV 1) % 300 29)
OPCR(i) = OPCR_base(i)~ 300+ OPCR_ ext(i) (2-9)

The OPCR fiddisignored by the decoder. The OPCR field shall not be modified by any multiplexor or
decoder.

plice_countdown -- The galice_countdown is an 8 hit fidd, represanting a value which may be pogtive or negative A
postive vaue adfies the remaining number of Trangport Stream packets of the same PID, fallowing the assodated
Trangport Stream packet until a galicng paint isreached. Duplicate Trangport Stream packets and Trangport Stream peckets
which only contain adaptation fiddsare exduded. The alidng point occursimmediatdy after thetrander from buffer TBnin

the STD modd of the Trangport Stream packet in which the galice_countdown reaches the value zero. In the Trangport

Stream packet wherethe golice_countdown reaches zero, thelagt byte of the Trangport Stream packet payload shall bethelast
byte of a coded audio frame or a coded picture In the case of video, the correponding acoess unit may or may not be
terminated by a sequence end code Trangport Stream packets with the same PID, which fallow, may contain data from a
different dementary Sream of thesametype

The payload of the next Trangport Stream packet of the same PID (duplicate packets and packets without payload being
exdudad) shal commence with thefirg byte of a PES padcke. In the case of audio, the PES packet payload shall commence
with an access point. In the case of video, the PES packet payload dhdl commence with an access point, or with a
ssquence_end _oode, fallowed by an access point. Thus the previous coded audio frame or coded picture digns with the
packet boundary, or is padded to make this 0. Subssquernt to the galicing paint, the countdown fidd may also be present.

When the lice_countdown is a negative number whose vaue is minus n (-n), it indicates that the assodated Trangport

Stream packet isthe nth padket following the licing point (duplicate packetsand packetswithout payload beaing exd uded).
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For the purposes of this clause, an access point is defined as follows:

video: thefirst byte of avideo_sequence _header
audio: thefirst byte of an audio frame

transport_private data length -- Thetransport_private data lengthisan 8 bit field specifying the number of
private_data bytesimmediately following the transport private_data length field. The number of private data
bytes shall not be such that private data extends beyond the adaptation field.

private_data byte-- The private data byteisan 8 bit field that shall not be specified by 1SO/IEC.

adaptation_field_extension_length -- The adaptation_field_extension_length isan 8 bit field. It indicates the
number of bytes of the extended adaptation field data following the end of thisfield, including reserved bytesif
present.

Itw_flag (legal timewindow_flag) -- Thisisal bit field which when set to '1' indicates the presence of the
[tw_offset field.

piecewise rate flag -- Thisisa 1 bit field which when set to 1" indicates the presence of the piecewise rate
fidd.

seamless splice flag - Thisisaonebit flag whichwhen st to "1 indicatesthat the alice typeand DTS next AU fiddsare
present. A valueof '0' indicatesthat nather alice typenor DTS next AU fiddsarepresent. Thisfidd shdll notbesstto™1'in
Trangport Stream packetsin which thelicing_point_flagisnat st to'1'. Onceitissat to'1' ina Trangport Stream packet in
which the galice_countdown is paditive, it Shdl be st to 1" in dl the subssquent Trangport Stream packets of the ssme PID
that have the galidng_point_flag st to *1', until the packet in which the splice_countdown reaches zero (induding this
packet). When thisflag is s, if the dementary gream carried in thisPID isan audio Sream, the lice typefidd ddl best
to 0000. If the dementary dream carried in this PID is a video dream, it shal fulfill the condraints indicated by the

Flice typevdue

Itw_valid_flag(legal timewindow_valid_flag) -- Thisisa 1 bit field which when set '1" indicates that the value
of theltw_offset shall be valid. A value of '0' indicates that the value in the Itw_offset field is undefined.

Itw_offset (legal timewindow_offseat) -- Thisisa 15 bit field, the value of which isdefined only if the
Itw_valid flag hasavalueof ‘1’. When defined, thelegal_time_window_offset isin units of (300/fs) seconds,
wherefsisthe system clock frequency of the program that thisPID belongsto, and fulfills:

ta(i) - (i) = offset,

wherei istheindex of the first byte of this Transport Stream packet, offset isthe value encoded in thisfield,
t(i) isthe arrival time of bytei inthe T-STD, and t1(i) isthe upper bound in time of atime period called the
Legal Time Window which is associated with this Transport Stream packet.

The Legal Time Window hasthe property that if this Transport Stream isdelivered to a T-STD starting at time
t1(i), i.e at theend of its Legal Time Window, and all other Transport Stream packets of the same program
are delivered at the end of their Legal Time Windows, then

for video: the MBn buffer for thisPID in the T-STD will contain lessthan 184 bytes of elementary
stream data at the time the first byte of the payload of this Transport Stream packet entersit, and no buffer
violationsin the T-STD will occur.

for audio: the Bn buffer for thisPID inthe T-STD will contain lessthan BSdec + 1 bytes of elementary

stream data at the time the first byte of this Transport Stream packet entersit, and no buffer violationsin the T-
STD will occur.
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Depending on factors including the size of the buffer MBn and the rate of data transfer between MBn and EBn,
it is possble to determine another time tO(i), such that if this packet is delivered anywhere in the interval [tO(i),
t1(i)], no T-STD buffer violationswill occur. Thistime period iscalled the Legal Time Window. The value of
t0 is not defined in this Recommendation | International Standard.

Theinformationin thisfield isintended for devices such as remultiplexers which may need thisinformation in
order to reconstruct the state of the buffers MBn.

piecewise _rate -- The meaning of this 22 bit field is only defined when both the Itw_flag and the

Itw_valid flagaresetto ‘1. When defined, it isa positiveinteger specifying a hypothetical bitrate R whichis
used to define the end times of the Legal Time Windows of Transport Stream packets of the same PID that
follow this packet but do not include thelegal_time _window_offset field.

Assumethat thefirst byte of this Transport Stream packet and the N following Transport Stream packets of the
same PID haveindices Ai, Ai+1, ..., Ai+N, respectively, and that the N latter packets do not have a value
encoded inthefield legal_time window_offset. Then the valuest1(Ai+j) shall be determined by

t1(Ai+j) = t1(Ai) + j*188*8 hits/byte /R,
wherej goesfrom 1 to N.

All packets between this packet and the next packet of the same PID to include alegal _time window_offset
field shall betreated asif they had the value

offset = t1(Ai) - t(Ai),

corresponding to the value t1(.) as computed by the formula above encoded in the legal_time_window_offset
field. Note: t(j) isthearrival time of bytej inthe T-STD.

Themeaning of thisfield isnot defined when it is present in a Transport Stream packet with no
legal_time window_offset field.

plice type-- Thisisa4 hit fidd. Fromthefirg occurrence of thisfidd onwards it shdl havethesamevaueindl the
ubssguent Trangport Stream packetsof thesame PID inwhichit ispresent, until the packet inwhich the plice_countdown
reacheszero (induding thispacket). If thedementary gream carried inthat PID isan audio $ream, thisfidd shall havethe
vaue0000. If thedementary sream carried inthet PID isavideo dream, thisfidd indicatesthe conditionsthat shdl be
regpected by thisdementary gream for galicing purposes These conditionsare defined asafunction of profile, levd and
Flice typein table 2-8 through table 2-17 on page 32 below.

Inthesetables avauefor 'glice_decoding dday' and 'max_splice rate meansthat the following conditions shall be stidfied
by thevideo dementary sream:

1. Thelad byte of the coded picture ending in the Trangport Stream packet in which the plice_countdown reaches
zero Sdl remainin the VBV buffer of the VBV modd for an amount of time equd to (plice decoding dday -
Dpn(k)), wherefor the purposeof thisdause
DPn(k) istheduration for which Pn(k) ispresented.
K issuch that tpn(k) = tdn(j), wherej is such that An(j) contains the coded picture ending in the Trangport
Stream packet inwhich thealice_countdown reaches zero, i.e the coded picturereferred to above

2. The VBV buffer of the VBV modd shdl nat overflow if itsinput is switched at the gpliding paint to a gream of
acondant rateequal to'max_gplice rate for an amount of timeegua to'gplice_decoding dday'.

Table 2-8 -- Splice parameterstable 1
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Simple Profile Main Level, Main Profile Main Level, SNR Profile Main Level (both layers),
Spatial Profile High-1440 L evel (base layer), High Profile Main Level (middle + base

layers)

plice type conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate=15.0 x 106 bit/s
0001 splice_decoding_delay = 150 ms; max_splice_rate=12.0 x 106 bit/s
0010 splice_decoding_delay = 225 ms; max_splice_rate= 8.0 x 106 bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate= 7.2 x 106 bit/s

0100-1011 reserved

1100-1111 user-defined

Table 2-9 -- Splice parameterstable 2

Main Profile Low Level, SNR Profile Low Level (both layers), High Profile M ainL evel
(base layer) Video

plice type conditions
0000 splice_decoding_delay = 115 ms; max_splice_rate= 4.0 x 106 bit/s
0001 splice_decoding_delay = 155 ms; max_splice_rate= 3.0 x 106 bit/s
0010 splice_decoding_delay = 230 ms; max_splice_rate= 2.0 x 106 bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate= 1.8 x 106 bit/s

0100-1011 reserved

1100-1111 user-defined

Table 2-10 -- Splice parameterstable 3

Main Profile High-1440 L evel, Spatial Profile High-1440 Level (all layers), High Profile
High-1440 L evel (middle + base layers) Video

plice type conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 60.0 x 106 bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate = 45.0 x 106 bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 30.0 x 106 bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 28.5 x 106 bit/s

0100-1011 reserved

1100-1111 user-defined

Table 2-11 --Splice parameterstable 4

Main Profile High Level, High Profile High-1440 L evel (all layers), High Profile High
Level (middle + base layers) Video

plice type conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 80.0 x 106 bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate = 60.0 x 106 bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 40.0 x 106 bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 38.0 x 106 bit/s

0100-1011 reserved

1100-1111 user-defined
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Table 2-12 -- Splice parameterstable 5

SNR Profile Low Level (baselayer) Video

plice type conditions
0000 splice_decoding_delay = 115 ms; max_splice_rate= 3.0 x 106 bit/s
0001 splice_decoding_delay = 175 ms; max_splice_rate= 2.0 x 106 bit/s
0010 splice_decoding_delay = 250 ms; max_splice_rate= 1.4 x 106 bit/s

0011-1011 reserved

1100-1111 user-defined

Table 2-13 -- Splice parameterstable 6

SNR Profile Main L evel (baselayer) Video

plice type conditions
0000 splice_decoding_delay = 115 ms; max_splice_rate=10.0 x 106 bit/s
0001 splice_decoding_delay = 145 ms; max_splice_rate= 8.0 x 106 bit/s
0010 splice_decoding_delay = 235 ms; max_splice_rate=5.0 x 106 bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate=4.7 x 106 bit/s

0100-1011 reserved

1100-1111 user-defined

Table 2-14 -- Splice parameterstable 7

Spatial Profile High-1440 L evel (middle + base layers) Video

plice type conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 40.0 x 106 bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate = 30.0 x 106 bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 20.0 x 106 bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate=19.0 x 106 bit/s

0100-1011 reserved

1100-1111 user-defined

High Profile Main Level (all layers), High Profile High-1440 L evel (base layer) Video

Table 2-15 -- Splice parameterstable 8

plice type conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 20.0 x 106 bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate=15.0 x 106 bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate=10.0 x 106 bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate= 9.5 x 106 bit/s

0100-1011 reserved

1100-1111 user-defined

Table 2-16 -- Splice parameterstable 9
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High Profile High Level (base layer) Video

plice type conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 25.0 x 106 bit/s
0001 splice_decoding_delay = 165 ms; max_splice_rate=18.0 x 106 bit/s
0010 splice_decoding_delay = 250 ms; max_splice_rate=12.0 x 106 bit/s

0011-1011 reserved

1100-1111 user-defined

Table 2-17 -- Splice parameterstable 10

High Profile High Level (all layers) Video

plice type conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate=100.0 x 106 bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate= 75.0 x 106 bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 50.0 x 106 bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 48.0 x 106 bit/s

0100-1011 reserved

1100-1111 user-defined

DTS next_ AU (decoding time gamp next acoessunit)  -- Thisisa 33 it fidd, coded in three parts It indicatesthe decoding
time of the firg access unit falowing the glidng paint, in the case where no solidng  (or seamless galicing) has been
performed on this galicding point. This decoding time is expressed in the time base which isvalid in the Trangport Stream
Packet in which the galice_countdown reaches zero. From the firg occurrence of this fidd onwards it shall have the same
vauein dl the subsquent Trangport Stream packets of the same PID inwhich it is present, until the packet in which the
Flice_countdown reaches zero (induding thispacket).

stuffing_byte-- Thisisafixed 8-bit value equal to'1111 1111 that can be inserted by the encoder. Itis
discarded by the decoder.

2.4.3.6 PES packet

Table 2-18 -- PES packet
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No. of Bits  Mnemonic
PES packet() {

packet_start_code prefix 24 bdlbf

stream_id 8  uimsbf

PES packet_length 16  uimsbf

if( stream_id != program_stream_map

& & stream _id I= padding_stream

&& dream id = private_stream_2

&& stream id!= ECM

&& dream id!'= EMM

& & stream _id != program_stream_directory

&& dream id'= DSMCC_stream

&& stream _id!=I1TU-T Rec. H.222.1 type E_gtream) {
'10' 2 bslbf
PES scrambling_control 2 bdlbf
PES priority 1 bdlbf
data_alignment_indicator 1 bdbf
copyright 1 bdlbf
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original_or_copy

PTS DTS flags

ESCR_flag

ES rate flag

DSM _trick_mode flag

additional_copy_info_flag

PES CRC flag

PES extension_flag

PES header_data length

if (PTS_ DTS flags=="10") {
‘0010
PTS[32..30]
marker_bit
PTS[29..15]
marker_bit
PTS[14..0]
marker_bit

}

if (PTS_ DTS flags=="11") {
‘0011
PTS[32..30]
marker_bit
PTS[29..15]
marker_bit
PTS[14..0]
marker_bit
‘00071
DTS[32..30]
marker_bit
DTS[29..15]
marker_bit
DTS[14..0]
marker_bit

}

if (ESCR_flag=="1") {
reserved
ESCR_base[32..30]
marker_bit
ESCR_base[29..15]
marker_bit
ESCR_base[14..0]
marker_bit
ESCR_extension
marker_bit

}

if (ES rate flag=="1"){
marker_bit
ES rate
marker_bit

}
if (DSM_trick_mode flag=="1") {
trick_mode _contral
if (trick_mode_control == fagt_forward) {
field_id
intra_dlice refresh
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bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
uimsbf

bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
bslbf

bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
bslbf

bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
bslbf
uimsbf
bslbf

bslbf
uimsbf
bslbf

uimsbf

bslbf
bslbf
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}

}
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frequency_truncation 2
}
elseif (trick_mode_control == dow_motion) {
rep_cntrl 5
}
elseif (trick_mode_control == freeze frame) {
field_id 2
reserved 3
}
elseif (trick_mode_control == fast_reverse') {
field_id 2
intra_slice refresh 1
frequency_truncation 2
elseif (trick_mode_control == dow_reverse) {
rep_cntrl 5
}
ese
reserved 5
if (additional_copy_info_flag=="1") {
marker_bit 1
additional_copy_info 7
if (PES_ CRC flag=="1"){
previous PES packet CRC 16
if (PES extenson flag=="1") {
PES private data flag 1
pack_header_field_flag 1
program_packet_sequence _counter_flag 1
P-STD_buffer_flag 1
reserved 3
PES extension_flag_2 1
if (PES private data flag=="1") {
PES private data 128
}
if (pack_header_field flag=="1") {
pack_field_length 8
pack_header()
}
if(program_packet sequence _counter_flag=="1"}{
marker_bit 1
program_packet_sequence_counter 7
marker_bit 1
MPEG1 MPEG2 identifier 1
original_stuff_length 6
}
if (P-STD_buffer_flag=="1") {
‘01 2
P-STD_buffer_scale 1
P-STD_buffer_size 13
}
if (PES extenson flag 2 =="1"{
marker_bit 1

PES extension_field_length 7
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for(i=0;i<PES_extenson _field_length;i++) {

reserved 8  bslbf
}
}
}
for (i=0;i<NZ1;i++) {
stuffing_byte 8  bslbf
}
for (i=0;i<N2;i++) {
PES packet_data byte 8  bslbf
}

}

elseif ( sream_id == program_stream_map
| stream _id == private_stream 2

| stream _id == ECM

| stream _id == EMM

| stream id == program_stream_directory

| stream _id == DSMCC_dtream)

|| stream id == ITU-T Rec. H.222 .1 type E stream {
for (i1=0;i<PES_packet_length;i++) {
PES packet_data byte 8  bslbf
}
}

elseif ( sream_id == padding_stream) {
for (i1=0;i<PES_packet_length;i++) {
padding_byte 8  bslbf
}

}

2.4.3.7 Semantic definition of fields in PES packet

packet_start_code prefix -- The packet_start code prefix is a 24-bit code. Together with the stream _id that
followsit congtitutes a packet start code that identifies the beginning of a packet. The packet_start code prefix
isthe bit string ‘0000 0000 0000 0000 0000 0001’ (0x000001).

stream_id -- In Program Streams, the stream _id specifies the type and number of the elementary stream as
defined by the stream_id table 2-19. In Transport Streams, the stream_id may be set to any valid value which
correctly describes the elementary stream type as defined in table 2-19. In Transport Streams, the elementary
stream typeis specified in the Program Specific Information as specifiedin - 2.4.4 on page 44.

Table 2-19 -- Stream_id assignments

stream_id Note stream coding

1011 1100 1 program_stream_map

10111101 2 private stream_1

1011 1110 padding_stream

10111111 3 private stream 2

110X XXXX ISO/IEC 13818-3 or ISO/IEC 11172-3 audio
stream number X XXxx

1120 xxxx ITU-T Rec. H.262 | ISO/IEC 13818-2 or ISO/IEC
11172-2 video stream number Xxxx

1111 0000 3 ECM_stream
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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_gtream
1111 0011 2 ISO/IEC_13522_stream
1111 0100 6 ITU-T Rec. H.222.1 type A
1111 0101 6 ITU-T Rec. H.222.1 type B
1111 0110 6 ITU-T Rec. H.222.1 type C
1111 0111 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... 1111 1110 reserved data stream
11111111 4 program_stream_directory

The notation x meansthat the value'0' or '1' are both permitted and resultsin the same stream type.
The stream number is given by the valuestaken by the x's.

Note 1: PES packets of type program_stream_directory have unique syntax specified in 2.5.4.1 on page
63.

Note 2: PES packets of type private_stream_1 and ISO/IEC_13552_stream follow the same PES packet
syntax asthose for ITU-T Rec. H.222.0 | ISO/IEC 13818-2 video and | SO/IEC 13818-3 audio streams.
Note 3: PES packets of type private_stream_2, ECM_stream and EMM_stream are similar to
private_stream_1 except no syntax is specified after PES packet_length field.

Note 4: PES packets of type program_stream_directory have a unique syntax specifiedin. 2.5.5.1 on
page 65.

Note 5: PES packets of type DSM-CC_stream have a unique syntax specified in ISO/IEC 13818- 6,
which isa compatible extension of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Annex A.

Note 6: Thisstream id isassociated with stream_type 0x09 in table 2-36 on page 64.

Note 7. Thisstream_id isonly used in PES packets, which carry data from a Program Stream or an
ISO/IEC 11172-1 System Stream, in a Transport Stream.

PES packet_length -- A 16 bit field pecifying the number of bytesin the PES packet following the last byte
of thefield. A value of O indicates that the PES packet length is neither specified nor bounded and is allowed
only in PES packets whose payload is a video elementary stream contained in Transport Stream packets.

PES scrambling_control -- The 2 bit PES_scrambling_control field indicates the scrambling mode of the

PES packet payload. When scrambling is performed at the PES level, the PES packet header, including the
optional fields when present, shall not be scrambled.

Table 2-20 -- PES scrambling control values

Value Description
00 not scrambled
01 user defined
10 user defined
11 user defined

PES priority -- Thisfieldisa 1 bit field indicating the priority of the payload in this PES packet. A '1'
indicates a higher priority of the payload of the PES packet payload than a PES packet payload with thisfield
st to'0'. A multiplexor can usethe PES priority bit to prioritize its data within an elementary stream. This
field shall not be changed by the transport mechanism.
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data_alignment_indicator -- Thisisa 1 bit flag. When set to a value of 1" it indicates that the PES packet
header is immediately followed by the video dart code or audio syncword indicated in the
data_stream_alignment_descriptor in table 2-47 on page 72. When st to avalue of '0' it is not defined whether
any such alignment occurs or not. If the descriptor is not present, alignment as indicated in alignment_type '01'
in table 2-48 on page 72 and table 2-49 on page 73 isrequired.

copyright -- Thisisa1 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 (refer to 2.6.24 on page 77) is associated with the elementary stream which
containsthis PES packet and the copyright flag is set to "1' the descriptor appliesto the material contained in
this PES packet.

original_or_copy -- If thishit isset to'1', the contents of the associated PES packet payload isan original.
When set to '0' it indicatesthat it isa copy.

PTS DTS flags-- Thisisa?2 hit field. If the PTS DTS flagsfield equals10', the PT Sfields shall be present
in the PES packet header. If the PTS DTS flagsfield equals'11', both the PTSfieldsand DTS fields shall be
present in the PES packet header. If the PTS DTS flagsfield equals'00' no PTS or DT Sfields shall be present
in the PES packet header. The value '01" isforbidden.

ESCR_flag -- A 1 bit flag, which when set to "1' indicates that ESCR base and extension fields are present in
the PES packet header. When set to avalue of '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 ratefield is present in the PES packet
header. When set to avalue of ‘0" it indicates that no ES ratefield 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 avalue of '0' it indicates that thisfield is not present.

additional_copy_info_flag -- A 1 hit flag, which when set to '1" indicates the presence of the
additional_copy_info field. When set to avalue of '0' it indicatesthat thisfield is not present.

PES CRC flag-- A 1 bit flag, which when set to "1' indicates that a CRC field is present in the PES packet.
When set to avalue of '0' it indicatesthat thisfield isnot present.

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

PES header_data length -- An 8 bit field specifying the total number of bytes occupied by the optional fields
and any stuffing bytes contained in this PES packet header. The presence of optional fieldsisindicated in the
byte that precedesthe PES header_data length field.

marker_bit -- A marker_bitisa 1 hit field that hasthe value'1'.

PTS (presentation time stamp) -- Presentation times shall be related to decoding times as follows:

The PTSisa 33 bit number coded in three separate fields. It indicates the time of presentation, tpn(k), in the
system target decoder of a presentation unit k of elementary stream n. The value of PTS is specified in units of
the period of the system clock frequency divided by 300 (yielding 90 kHz). The presentation time is derived
from the PT S according to equation 2-10 below. Refer to 2.7.4 on page 81 for constraints on the frequency of
coding presentation timestamps.

B 3 33
PTS(k) = ((system_clock_ frequency” tp, (k)) DIV 300) %2 (2-10)
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where
tpn(k) isthe presentation time of presentation unit P (k).

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

In the case of video, if aPTSispresent 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 commencesin PES packet if the
first byte of the picture start code is present in the PES packet.

For audio presentation units (PUs), video PUs in low_delay sequences, and B-pictures, the presentation time
tpn(k) shall be equal to the decoding time tdn(k).

For | and P picturesin non-low_delay sequences and in the case when there is no decoding discontinuity
between access units (AUSs) k and k', the presentation time tpn(k) shall be equal to the decoding time tdn(k’) of
the next transmitted | or P picture (refer to  2.7.5 on page 81). If there isa decoding discontinuity, or the stream
ends, the difference between tpn(k) and tdn(k) shall be the same asif the original stream had continued without
a discontinuity and without ending.

Note - A low_delay sequenceisavideo sequencein which the low_delay flag is set (refer to 6.2.2.3 of
ITU-T Rec. H.262 | ISO/IEC 13818-2).

If thereisfiltering in audio, it is assumed by the system model that filtering introduces no delay, hence the
samplereferred to by PTS at encoding isthe same sample referred to by PTS at decoding. In the case of
scalable coding refer to 2.7.6 on page 82.

DTS (decoding time stamp) -- The DTSisa 33 bit number coded in three separate fields. It indicates the
decoding time, tdn(j), in the system target decoder of an access unit j of eementary stream n. Thevalue of DTS
is specified in units of the period of the system clock frequency divided by 300 (yielding 90 kHz). The decoding
time derived from the DTS according to equation 2-11 below.

DTYj) = ((system_clock_ frequency ” td, (j)) DIV 300) % 2% (2-11)

where
tdn(j) isthe decoding time of accessunit A n(j).

In the case of video, if aDTSispresent 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 commencesin PES packet if the
first byte of the picture start code is present in the PES packet.

In the case of scalable coding refer to 2.7.6 on page 82.

ESCR_base; ESCR_extension --The el ementary stream clock referenceisa42 bit field coded in two parts.
Thefirst part, ESCR_base, isa 33 bit field whose value is given by ESCR_base(i), as given in equation 2-12.
The second part, ESCR_ext, isa 9 bit fiedld whose value is given by ESCR_ext(i), asgivenin equation 2-13 .
The ESCR field indicates the intended time of arrival of the byte containing the last bit of the ESCR_base at
theinput of the PES-STD for PES streams (refer to 2.5.2.4 on page 57)..
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Specifically:
ESCR_base(i) = ((system_clock_ frequency* t(i)) DIV 300)%233 (2-12)
ESCR_ext(i) = ((system_clock_ frequency* t(i)) DIV 1) % 300 (2-13)
ESCR(i) = ESCR_base(i)” 300+ ESCR_ ext(i) (2-14)

The ESCR and ES ratefidld (refer to semanticsimmediately following) contain timing information relating to
the sequence of PES streams. These fields shall satisfy the contraints
definedin 2.7.3 on page 81.

ES rate (elementary stream rate) -- The ES ratefield isa 22 bit unsgned 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 rateis
valid in the PES packet in which it isincluded and in subsequent PES packets of the same PES stream until a
new ES ratefield isencountered. The value of the ES rate is measured in units of 50 bytes/second. The value
0 isforbidden. Thevalue of the ES rate is used to define the time of arrival of bytesat the input of a P-STD for
PES streams defined in clause 2.5.2.4 on page 57 of this Recommendation | International Standard. The value
encoded inthe ES ratefield may vary from PES_packet to PES packet.

trick_mode_control -- A 3 hit field that indicates which trick modeis applied to the associated video stream.
In cases of other types of elementary streams, the meanings of thisfield 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 on page 15

When trick_mode statusisfalse, the number of times, N, a pictureis output by the decoding processfor
progressive sequencesis specified for each picture by therepeat_first field and top_field_first fieldsin the case
of ISO/IEC 13818-2 Video, and is specified through the sequence header in the case of ISO/IEC 11172-2
Video.

For interlaced sequences, when trick_mode statusisfalse, the number of times, N, a pictureis output by the
decoding processfor is specified for each picture by therepeat_first_field and progressive framefieldsin the
case of |SO/IEC 13818-2 Video.

When trick mode statusis true, the number of times that a picture should be displayed is dependent on N.

Note that when the value of thisfield changes or trick mode operations cease any combination of the following
may occur:

discontinuity in the time base

decoding discontinuity
continuity counter discontinuity

Table 2-21 -- Trick mode control values

value description

'000' fast forward

'001' dow motion

'010' freeze frame

'011' fast reverse

'100' dow reverse
'101-"111' reserved
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In the context of trick mode, the non-normal speed of decoding and presentation may cause the values of
certain fields defined in video elementary stream data to be incorrect. Likewise, the semantic constraint on the
dice structure may beinvalid. The video syntax el ements to which this exception applies are:

bit rate

vbv_delay

- repeat_firg_field
V_axis _podtive
field_sequence
subcarrier
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 thisvalueis present it indicates
afast forward video stream and defines the meaning of the following five bitsin the PES packet
header. Theintra_dice refresh bit may be set to '1' indicating that there may be missing macroblocks
which the decoder may replace with co-sited macroblocks of previoudy decoded pictures. Thefield id
field, defined in table 2-22 on page 41, 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 thisfield are shown intable 2-23 on page 42.

slow motion -- thevalue'001', in the trick_mode_control field. When thisvalueis present it indicates
a dow moatiion video stream and defines the meaning of the following five bitsin 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.

Inthe 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 isa frame picture, thefirst field to be
displayed isthetop field if top_field_first is1, and the bottom field if top_field firstis*0’ (refer to
ITU-T Rec. H.262 | ISO/IEC 13818-2). Thisfield isdigplayed for N x rep_cntrl /2 field duration. The
other field of the pictureisthen displayed for N - N x rep_cntrl / 2 field duration.

freeze frame -- the value'010', in the trick_mode_control field. When thisvalueis present it indicates
afreeze frame video stream and defines the meaning of the following five bitsin the PES packet
header. Thefield_id fidd isdefined intable 2-22, "Field ID field control values'. Thefield_id field
refersto the first video access unit that commencesin the PES packet which containsthefield_id

field, unless the PES packet contains zero payload bytes. In thiscasethe field_id field refersto the
most recent previous video access unit.

fast reverse-- thevalue'011', in thetrick_mode_control field. When thisvalueis present it indicates
afast reverse video stream and defines the meaning of the following five bits in the PES packet

header. Theintra_dice _refresh bit may be set to '1' indicating that there may be missing macroblocks
which the decoder may replace with co-sited macroblocks of previoudy decoded pictures. Thefield id
field, defined intable 2-22 , 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 thisfield are shown in table 2-23, on page 42 " Coefficient sdlection values'.
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slow_reverse-- thevalue 100, in thetrick_mode_control field. When thisvalueis present it

indicates a dow reverse video stream and defines the meaning of the following five bitsin the PES
packet header. 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, where N is
defined above.

Inthe 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 isa frame picture, thefirst field to be

displayed isthe bottom field if top_field firstis1, and thetop field if top_field firstis*0’ (refer to
ITU-T Rec. H.262 | ISO/IEC 13818-2). Thisfield isdigplayed for N x rep_cntrl /2 field duration. The
other field of the pictureisthen displayed for N - N x rep_cntrl / 2 field duration.

fidd_id - A 2 bit fidd thet indicateswhichfidd(s) should bedigilayed. Itiscoced acoordingtotele 2-22

Table 2-22 -- Field_id field control values

value description
‘00’ display fromtop field only
‘01’ display from bottom field only
'10' display complete frame
‘11 reserved

intra_dice refresh—- A 1 hitflag, whichwhen st to'1, indicatesthet theremay bermissing macrabl odksbatwean coded
dicesof video datainthisPES packet. When s to 0 thismay not oocur. For moreinformation ssepart 2 of this
Recommenction | International Standerd. Thedeooder may replace missing macrod ockswith co-5ted mearobl odks of
previoudy deooded pidtures.

frequency_truncation - A 2 hit fiddwhichindicatesthat aredricted st of codffidentsmay havebesnusedincodingthe
video datainthisPES packd. Thevaduesareddiinedintable2-23.

Table 2-23 -- Coefficient selection values

value description
‘00’ Only DC coefficients are non-zero
‘01 typically only the firgt three coefficients are non-zero
‘10 typically only thefirst six coefficients are non-zero
‘11 all coefficients may be non-zero

rep_cntrl - A 5hitfidd that indicatesthenumber of timeseach fiddin anintarlaced pidureshould bedigilayed, or the
number of timesthat aprogressve pidureshould bedigalayed. Itisafundion of thetridk_mode contrd fiddandthe

top fidd firg bitinthevideo ssoquence heeder whether thetopfidd or thebattom fidd should bedigplayed firg inthecase
of interlacad pidtures Thevaue O isforbidden.

additional_copy_info -- This7 bit field contains private data relating to copyright information.
previous PES packet CRC -- Theprevious PES packet CRC isa 16 hit field that containsthe CRC value
that yields a zero output of the 16 registersin the decoder smilar to the one defined in Annex B, but with the
polynomial

X16+X12+X5+1
after processing the data bytes of the previous PES packet, exclusive of the PES packet header.
Note: ThisCRC isintended for use in network maintenance such asisolating the source of intermittent errors.

It isnot intended for use by elementary stream decoders. It is calculated only over the data bytes because PES
packet header data can be modified during transport.
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PES private data flag-- A 1 bit flag which when set to "1" indicates that the PES packet header contains
private data. When set to avalue of '0' it indicates that private datais not present in the PES header.

pack_header_field_flag -- A 1 bit flag which when set to "1" indicates that an I1SO/IEC 11172 pack header or a
Program Stream pack header is stored in this PES packet header. If thisfield isin a PES packet that is
contained in a Program Stream, then thisfield 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 '1' indicates that the
program_packet_sequence_counter, MPEG1_MPEG2_identifier, and original_stuff length fields are present in
this PES packet. When st to avalue of '0' it indicates that these fields are not present in the PES header.

P-STD_buffer_flag-- A 1 bit flag which when set to "1" indicatesthat the P-STD_buffer_scale and P-
STD_buffer_size are present in the PES packet header. When set to a value of '0' it indicates that these fields
are not present in the PES header.

PES extension_flag 2 -- A 1 hit field which when set to "1 indicates the presence of the PES_extension_field
length field and associated fields. When set to avalue of '0' thisindicatesthat the PES extension_field_length
field and any associated fields are not present.

PES private data-- Thisisa 16 byte field which contains private data. This data, combined with the fields
before and after, shall not emulate the packet_start_code prefix (0x000001).

pack_field_length -- Thisisan 8 bit field which indicates the length, in bytes, of the pack_header_field().

program_packet_sequence_counter -- The program_packet sequence_counter fieldisan 7 bit field. Itisan
optional counter that increments with each successive PES packet from a Program Stream or from an |SO/IEC
11172 System Stream or the PES packets associated with a single program definition in a Transport Stream,
providing functionality smilar to a continuity counter. This allows an application to retrieve the original PES
packet sequence of a Program Stream or the original packet sequence of the original 1SO/IEC 11172 system
stream. The counter will wrap around to O after its maximum value. Repetition of PES packets shall not occur.
Conseguently, no two consecutive PES packetsin the program multiplex shall have identical
program_packet_sequence_counter values.

MPEG1 MPEG2_identifier -- A 1 hit flag which when set to 1" indicates that this PES packet carries
information from an ISO/IEC 11172 system stream. When set to '0' it indicates that this PES packet carries
information from a Program Stream.

original_stuff_length -- This6 bit field specifies the number of suffing bytesused in the original ITU-T Rec.
H.222.0 | ISO/IEC 13818-1 PES packet header or inthe original 1SO/IEC 11172-1 packet header.

P-STD_buffer_scale-- The P-STD_buffer_scaleisa 1 bit field, the meaning of which isonly defined if this
PES packet is contained in a Program Stream. It indicates the scaling factor used to interpret the subsequent P-
STD_buffer_gizefield. If the preceding stream _id indicates an audio stream, P-STD_buffer_scale shall have
thevalue'0. If the preceding stream_id indicates a video stream, P-STD_buffer_scale shall havethe value'1".
For all other stream types, the value may be either '1' or '0'.

P-STD_buffer_size--The P-STD_buffer_sizeisa 13-bit unsigned integer, the meaning of whichisonly

defined if this PES packet is contained in a Program Stream. It defines the size of the input buffer, BS 4, inthe
P-STD. If P-STD_bhuffer_scale hasthe value'0' then the P-STD _buffer size measuresthe buffer szein units

of 128 bytes. If P-STD_buffer_scale hasthe value '1' then the P-STD_buffer_size measures the buffer sizein
unitsof 1024 bytes. Thus.
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if (P-STD_buffer_scale== 0)
BSh = P-STD_buffer_size 128; (2-15)

dse
BSy = P-STD_buffer_size 1024; (2-16)

The encoded value of the P-STD buffer size takes effect immediately when the P-STD_buffer_size field is
received by the ITU-T Rec. H.222.0 | ISO/IEC 13818 System Target Decoder. Refer to 2.7.7 on page 83.

PES extension_field_length -- Thisisa 7 bit field which specifiesthe length, in bytes, of the data following
thisfield in the PES extension field up to and including any reserved bytes.

stuffing_byte -- Thisisafixed 8-bit value equal to 1111 1111 that can be inserted by the encoder, for
example to meet the requirements of the channdl. It isdiscarded by the decoder. No more than 32 stuffing
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 el ementary
stream indicated by the packet's stream_id or PID. When the elementary stream data confirmsto 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
ITU-T Rec. H.222.0 | ISO/IEC 13818-1. 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
valueindicated 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 aprivate_stream 1 or private_stream_2, the contents of the PES _packet_data bytefield isuser
definable and will not be specified by 1SO in the future.

padding_byte -- Thisisafixed 8 bit valueequal t0'1111 1111". It isdiscarded by the decoder.

2.4.3.8 Carriage of Program Streams and ISO/IEC 11172-1 Systems streams in the Transport
Stream

The Trangport Stream contains fields to support the carriage of Program Streamsand | SO/IEC 11172-1
Systems streams, in away that allows smple 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 | SO/IEC 11172-2 video, and | SO/IEC 13818-3
or ISO/IEC 11172-3 audio, are carried in Transport Stream packets.

For these PES packets, when recongtructing 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. Thestream id of this new PES packet hasthe value of ancillary_stream. This new PES packet isthen

carried in Transport Stream packets.

When recongtructing the Program Stream at the Transport Stream decoder, for PES packets with a stream _id

value of ancillary_stream _id, packet_start_code_prefix iswritten to the Program Stream being reconstructed,
followed by the data_byte fields from these Trangport Stream PES packets.
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ISO/IEC 11172-1 dreams are carried within Transport Streams by first replacing | SO/IEC 11172-1 packet
headerswith ITU-T Rec. H.262 | ISO/IEC 13818-1 PES packet headers. 1SO/IEC 11172-1 packet header field
values are copied to the equivalent ITU-T Rec. H.262 | ISO/IEC 13818-1 PES packet header fields.

The program_packet _sequence_counter field isincluded within the header of each PES packet carrying data
from a Program Stream, or an ISO/IEC 11172-1 System stream. This allows the order of PES packetsin the
original Program Stream, or packetsin the original ISO/IEC 11172-1 System stream, to be reproduced at the
decoder.

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

2.4.4 Program specific information

Program Specific Information (PSl) includes both ITU-T Rec. H.222.0 | ISO/IEC 13818-1 normative data and
private data that enable de-multiplexing of programs by decoders. Programs are composed of one or more
elementary streams, each labeled with a PID. Programs, eementary streams or parts thereof may be scrambled
for conditional access. However, Program Specific Information shall not be scrambled.

In Transport Streams, Program Specific Information is classified into four table structures as shown in the table

bel ow. While these structures may be thought of as smple tables, they shall be segmented into sections and
inserted in Trangport Stream packets.

Table 2-24 -- Program specific infor mation

Structure Name Stream Type Reserved PID # || Description

Program Association ITU-T Rec. 0x00 Associates Program Number and

Table H.222.0 | Program Map Table PID
ISO/IEC 13818-1

Program Map Table ITU-T Rec. Assgnedin Specifies PID valuesfor
H.222.0 | thePAT components of one or more
ISO/IEC 13818-1 programs

Network Information Private Assignedin the Physical network parameters

Table PAT such asFDM frequencies,

Transponder Numbers, etc.

Conditional AccessTable | ITU-T Rec. 0x01 Associates one or more (private)
H.222.0 | EMM streams each with a
ISO/IEC 13818-1 unique PID value

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 isa syntactic structure that shall be used for mappingall ~ ITU-T
Rec. H.222.0 | ISO/IEC 13818-1-defined PS] tablesinto Transport Stream packets.

Along with ITU-T Rec. H.222.0 | ISO/IEC 13818-1-defined PS| tables, it ispossibleto 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 carryingof  ITU-T Rec. H.222.0 | ISO/IEC
13818-1-defined PSI tables, such that the syntax for mapping this private dataisidentical to that used for the
mapping of 1TU-T Rec. H.222.0 | ISO/IEC 13818-1-defined PSI tables. For this purpose, a private section is
defined. If the private datais carried in Transport Stream packets with the same PID value as Transport Stream
packets carrying Program Map Tables, (asidentified 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 packetsisnot defined by ITU-T Rec. H.222.0 | ISO/IEC 13818-1.
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Sections may be variable in length. The beginning of a section isindicated by a pointer_field in the Transport
Stream packet payload. The syntax of thisfield is specified in table 2-25 on page 46.

Adaptation fields may occur in Transport Stream packets carrying sections.

Within a Trangport Stream, packet stuffing bytes of value OxFF may be found after the last byte of a section, in
which case all following bytes until the end of the Transport Stream packet shall also be suffing bytes of value
OxFF. These bytes may be discarded by a decoder. In such a case, the payload of the next Transport Stream
packet with the same PID value shall begin with a pointer_field of value 0x00 indicating that the next section
gartsimmediately thereafter.

Each Trangport Stream shall contain one or more Transport Stream packets with PID value 0x0000. These
Transport Stream packets together shall contain a completelist of all programswithin the Transport Stream.
Themost recently transmitted version of the table with the current_next_indicator set to avalue of '1' shall
always apply to the current data in the Transport Stream. Any changesin the programs carried within the
Transport Stream shall be described in an updated version of the Program Association Table carried in
Transport Stream packets with PID value 0x0000. These sections shall all usetable _id value 0x00. Only
sections with thisvalue of table_id are permitted within Transport Stream packets with PID value of 0x0000.
For a new version of the PAT to becomevalid, all sections (asindicated in the last_section_number) with a
new verson_number and with the current_next_indicator set to '1' must exit Bsys defined in the T-STD (refer
to 2.4.2 on page 11). The PAT becomes valid when the last byte of the section needed to complete the table
exits Bsys.

Whenever one or more € ementary streamswithin a Transport Stream are scrambled, Transport Stream packets
with a PID value 0x0001 shall be transmitted containing CA_sections containing CA_descriptors appropriate
to the scrambled streams. The transmitted Transport Stream packets shall together form one complete version
of the conditional accesstable. The most recently transmitted version of the table with the
current_next_indicator set to avalue of "1' shall always apply to the current data in the Transport Stream. Any
changes in scrambling making the existing table invalid or incomplete shall be described in an updated version
of the conditional accesstable. These sections shall all usetable id value 0x01. Only sectionswith thistable id
value are permitted within Transport Stream packets with a PID value of 0x0001. For a new version of the
CAT to becomevalid, all sections (asindicated in the last_section_number) with a new verson_number and
with the current_next_indicator set to '1' mugt exit Bsys. The CAT becomesvalid when the last byte of the
section needed to complete the table exits Bsys.

Each Transport Stream shall contain one or more Transport Stream packetswith PID values which are labeled
under the program association table as Transport Stream packets containing TS program map sections. Each
program listed in the Program Association Table shall be described inaunique TS _program_map_section.
Every program shall be fully defined within the Transport 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 without being listed in the Program Map Table section. The mogt recently
transmitted version of the TS _program _map_section with the current_next_indicator set to a value of 1" shall
always apply to the current data within the Transport Stream. Any changesin the definition of any of the
programs carried within the Transport Stream shall be described in an updated version of the corresponding
section of the program map table carried in Transport Stream packets with the PID value identified asthe
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
gpan morethanone TS _program _map_section. A new versonof aTS_program_map_section becomesvalid
when the last byte of that section with a new verson_number and with the current_next_indicator set to '1'
exits Bsys.

Sectionswith atable id value of 0x02 shall contain Program Map Table information. Such sections may be
carried in Trangport Stream packets with different PID values.
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The Network Information Table is optional and its contents are private. If present it is carried within Transport
Stream packetsthat shall have the same PID value, called the network_PID. The network_PID valueis defined
by the user and, when present, shall be found in the Program Association Table under the reserved
program_number 0x0000. If the network information table exigts, it shall take the form of one or more

private _sections.

The maximum number of bytesin asectionof a ITU-T Rec. H.222.0 | ISO/IEC 13818-1-defined PS| tableis
1024 bytes. The maximum number of bytesin a private_section is 4096 bytes.

There are no redtrictions on the occurrence of start codes, sync bytes or other bit patternsin PS| data, whether
ITU-T Rec. H.222.0 | ISO/IEC 13818-1 or private.

2.4.4.1 Pointer
The pointer_field syntax is defined in table 2-25 below.

Table 2-25 -- Program specific infor mation pointer

ntax 0. of bits nemonic
No. of bi M i
pointer field 8 uimsbf

2.4.4.2 Semantics definition of fields in pointer syntax

pointer_field -- Thisisan 8-bit field whose value shall be the number of bytes, immediately following the
pointer_field until the first byte of the first section that is present in the payload of the Transport Stream packet
(so avalue of 0x00 inthe pointer_field indicatesthat the section startsimmediately after the pointer_field).
When at |east one section beginsin a given Transport Stream packet, then the payload_unit_start_indicator
shall be set to 1 and thefirst byte of the payload of that Transport Stream packet shall contain the pointer.
When no section beginsin a given Transport Stream packet, then the payload _unit_gtart_indicator shall be set
to 0 and no pointer shall be sent in the payload of that packet.

2.4.4.3 Program association table

The Program Association Table provides the correspondence between a program_number and the PID value of
the Transport Stream packets which carry the program definition. The program_number isthe numeric label
associated with a program.

The overall tableisto be split into one or more sections with the following syntax.

Program number 0x0000 isreserved to specify the network PID. Thisidentifiesthe Transport Stream packets
which carry the Network Information Table.
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Table 2-26 -- Program association section

Syntax No. of bits M nemonic
program_association_section() {

table id 8 uimsbf
section_syntax_indicator 1 bglbf
(0) 1 bslbf
reserved 2 bdglbf
section_length 12 uimsbf
transport_stream_id 16 uimsbf
reserved 2 bdglbf
version_number 5 uimsbf
current_next_indicator 1 bglbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (i=0; i<N;i++) {

program_number 16 uimsbf

reserved 3  bdlbf

if(program_number =="'0") {

network_PID 13  uimsbf
}
ese{
program_map_PID 13 uimsbf

}
}
CRC_32 32 rpchof

}

2.4.4.4 Table_id assignments
Thetable id field identifies the content of a Transport Stream PSI section as shown in table 2-27 below.

Table 2-27 -- table_id assignment values

value description
0x00 program_association section
0x01 conditional _access section(CA_section)

0x02 TS program map section
0x03-0x3F || ITU-T Rec. H.222.0 | ISO/IEC 13818
reserved
0x40-0XFE || User private

OxFF forbidden

2.4.4.5 Semantic definition of fields in program association section

table id -- Thisisan 8 bit field, which shall be set to 0x00 as shown in table 2-27 on page 47 above.
section_syntax_indicator -- The section_syntax_indicator isa 1 bit field which shall be set to '1".
section_length -- Thisisatwelve bit field, the first two bits of which shall be'00'. It specifies the number of
bytes of the section, starting immediately following the section_length field, and including the CRC. The value
inthisfield shall not exceed 1021

transport_stream_id -- Thisisa 16 hit field which servesasalabel to identify this Transport Stream from any
other multiplex within a network. Itsvalue is defined by the user.
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version_number -- This5 bit field isthe verson number of the whole Program Association Table. The version
number shall beincremented by 1 whenever the definition of the Program Association Table changes. Upon
reaching the value 31, it wraps around to 0. When the current_next_indicator is set to '1', then the
verson_number shall be that of the currently applicable Program Association Table. When the
current_next_indicator is set to '0', then the verson_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 -- This8 bit field gives the number of this section. The section_number of the first sectionin
the Program Association Table shall be 0x00. It shall be incremented by 1 with each additional sectionin 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.

program_number -- Program_number isa 16 bit field. It specifies the program to which the
program_map PID isapplicable. If thisis set to 0x0000 then the following PID reference shall be the network
PID. For all other casesthe value of thisfield isuser defined. Thisfield shall not take any single value more
than once within one version of the program association table. The program_number may be used asa
designation for a broadcast channel, for example.

network_PID -- network_PID isa 13 hit field specifying 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 2-4 on page 23. The presence of the network_PID isoptional.

program_map_PID -- program_map_PID isa 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 isdefined by the user, but shall only take values as specified in table 2-4 on page 23.

CRC_32-- Thisisa 32 bit field that contains the CRC value that gives a zero output of the registersin the
decoder defined in Annex B 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
streams and any special parameters associated with them. Refer to  2.6.16 on page 74 for a definition of the
descriptor() field below.

The table may be segmented into one or more sections, before insertion into Transport Stream packets, with the

following syntax.

Table 2-28 -- Conditional access section

Syntax No. of bits Mnemonic
CA_section() {
table id 8 uimsbf
section_syntax_indicator 1 bglbf
‘0 1 bslbf
reserved 2  bdglbf
section_length 12 uimsbf
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reserved 18 Dbdlbf
version_number 5 uimsbf
current_next_indicator 1 bglbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (i=0; i<N;i++) {

descriptor()
}
CRC_32 32 rpchof

}

2.4.4.7 Semantic definition of fields in conditional access section
table id -- Thisisan 8 hit field, which shall be always set to 0x01 as shown in table 2-27 on page 47 above.
section_syntax_indicator -- The section_syntax_indicator isa 1 bit field which shall be set to '1".

section_length -- Thisisa 12 hit field, the first two bits of which shall be '00". It specifies the number of bytes
of the section starting immediately following the section_length field, and including the CRC. The valuein this
field shall not exceed 1021.

version_number -- This5 bit field is the version number of the whole conditional accesstable. The version
number shall beincremented by 1 modulo 32 when a changein the information carried within the CA table
occurs. When the current_next_indicator is set to '1', then the verson_number shall be that of the currently
applicable Conditional Access Table. When the current_next_indicator is set to '0', then the verson_number
shall be that of the next applicable Conditional Access Table.

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 isset to '0', it indicates that the Conditional Access Table sent isnot
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 modulo 256 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-- Thisisa 32 bit field that contains the CRC value that gives a zero output of the registersin the
decoder defined in Annex B after processing the entire conditional access section.

2.4.4.8 Program Map Table

The Program Map T able provides the mappings between program numbers and the program el ements that
comprisethem. A singleinstance of such a mapping isreferred to asa "program definition.” The program
map table isthe complete collection of al program definitionsfor a Transport Stream. Thistable shall be
transmitted in packets, the PID values of which are selected by the encoder. More than one PID value may be
used, if desired. The table may be segmented into one or more sections, before insertion into Transport Stream
packets, with the following syntax. In each section the section number field shall be set to zero. Sectionsare
identified by the program_number field.

Definition for the descriptor() fields may befound in 2.6. on page 67 of this Recommendation | International
Standard.
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Table 2-29 -- Transport Stream program map section

Syntax No. of bits  Mnemonic
TS program_map_section() {

table id 8 uimsbf
section_syntax_indicator 1 bglbf
0 1 bslbf
reserved 2 bdlbf
section_length 12 uimsbf
program_number 16 uimsbf
reserved 2 bdlbf
version_number 5 uimsbf
current_next_indicator 1 bglbf
section_number 8 uimsbf
last_section_number 8 uimsbf
reserved 3  bdlbf
PCR_PID 13  uimsbf
reserved 4  bglbf
program_info_length 12 uimsbf
for (i=0; i<N; i++) {

descriptor()
}
for (i=0;i<NZ1;i++) {

stream_type 8 uimsbf

reserved 3  bdlbf

elementary PID 13  uimsnf

reserved 4  bglbf

ES info_length 12 uimsbf

for (i=0; i<N2; i++) {

descriptor()

}
}
CRC_32 32 rpchof

}

2.4.4.9 Semantic definition of fields in Transport Stream program map section

table id -- Thisisan 8 it field, which inthe case of a TS _program_map_section shall be always set to 0x02
asshown in table 2-27 on page 47 above.

section_syntax_indicator -- The section_syntax_indicator isa 1 bit field which shall be set to '1".

section_length -- Thisisa 12 hit field, the first two bits of which shall be '00". It specifies 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.

program_number -- program_number isa 16 hit field. It specifiesthe program to which the
program_map_PID isapplicable. One program definition shall be carried within only one

TS program_map_section. Thisimpliesthat a program definition is never longer than 1016 bytes. See
Informative Annex C for waysto deal with the cases when that length is not sufficient. The program_number
may be used as a designation for a broadcast channdl, for example. By describing the different program
elements belonging to a program, data from different sources (e.g. sequential events) can be concatenated
together to form a continuous set of streams using a program_number. For examples of applicationsrefer to
Annex C.
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version_number -- This5 bit field isthe verson number of the TS _program_map_section. The version
number shall be incremented by 1 modulo 32 when a change in the information carried within the section
occurs. Verson number refersto the definition of a single program, and therefore to a single section. When the
current_next_indicator isset to '1', then the verson_number shall be that of the currently applicable

TS program_map_section. When the current_next_indicator is set to '0', then the version_number shall be that
of the next applicable TS _program_map_section.

current_next_indicator -- A 1 bit field, which when set to "1" indicatesthat the TS _program_map_section sent
iscurrently applicable. When the bit isset to '0', it indicates that the TS_program_map_section sent isnot yet
applicable and shall bethenext TS _program_map_section to become valid.

section_number -- The value of this 8 bit field shall be always 0x00.
last_section_number -- The value of this 8 bit field shall be always 0x00.

PCR_PID-- Thisisa 13 bit field indicating the PID of the Transport Stream packets which shall contain the
PCR fiddsvalid for the program specified by program_number. If no PCR is associated with a program
definition for private streams then thisfield shall take the value of Ox1FFF. Refer to the semantic definition of
PCR in 2.4.3.5 on page 25 for regtrictions on the choice of PCR_PID value.

program_info_length -- Thisisa 12 bit field, thefirst two bits of which shall be'00'. It specifies the number of
bytesof the descriptorsimmediately following the program_info_length field.

stream_type -- Thisisan 8 bit field specifying the type of program element carried within the packets with the
PID whose valueis specified by the elementary PID. The values of stream_type are specified in table 2-36 on

page 64.

elementary PID -- Thisisa 13 bit field specifying the PID of the Transport Stream packets which carry the
associated program el ement.

ES info_length -- Thisisa 12 hit field, thefirst two bits of which shall be'00'. It specifies the number of bytes
of the descriptors of the associated program element immediately following the ES info_length field.

CRC_32-- Thisisa 32 bit field that contains the CRC value that gives a zero output of the registersin the
decoder defined in Annex B after processing the entire Transport Stream program map section.
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2.4.4.10 Syntax of the Private section

The use of the private_section is mandatory when private datais sent in Transport Stream packetswith a PID
value designated as a Program Map Table PID in the Program Association Table. Thisprivate _section allows
data to be transmitted with the absolute 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 to '1', then the whole structure
common to all tables shall be used; if theindicator is set to '0', then only thefields 'table_id' through
‘private_section_length' shall follow the common structure syntax and semantics and the rest of the
private_section may take any form the user determines. Examples of extended use of this syntax arefound in
Informative Annex C.

A private table may be made of several private sections, all with the sametable id.

Table 2-30 -- Private section

Syntax No. of bits  Mnemonic
private_section() {
table id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
reserved 2 bglbf
private_section_length 12 uimsbf
if (section_syntax_indicator =="'0") {
for (i=0;i<N;i++) {
private data byte 8 bdglbf
}
}
ese{
table id_extension 16 uimsbf
reserved 2 bglbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (i=0;i<private_section_length-9;i++) {
private data byte 8 bdglbf
}
CRC_32 32 rpchof
}
}

2.4.4.11 Semantic definition of fields in private section

table id -- Thisan 8-bit field, the value of which identifiesthe Private Table this section belongsto. Some
values are reserved ( table 2-27 on page 47).

section_syntax_indicator -- Thisisal bit indicator. When set to ', it indicates that the private section
follows the generic section syntax beyond the private_section length field. When set to ‘0, it indicates that the
private_data_bytesimmediately follow the private section length field.

private_indicator -- Thisisa 1 bit user definable flag that shall not be specified by ITU-T |ISO/IEC in the
future.
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private_section_length -- A 12-hit field. It specifies the number of remaining bytesin the private section
immediately following the private_section_length field up to the end of the private_section. The valuein this
field shall not exceed 4093.

private_data byte-- Theprivate data bytefield isuser definable and shall not be specified by ITU-T |
ISO/IEC in the future.

table id_extension -- Thisisa 16-hit field. Its use and value are defined by the user.

version_number -- This5-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 sametable id and section_number.

current_next_indicator -- A 1 bit field, which when set to 1" indicates that the private_section sent is
currently applicable. When the current_next_indicator is set to '1', then the verson_number shall be that of the
currently applicable private_section. When the bit isset 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.

section_number -- This8-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 beincremented by 1 modulo 256 with each
additional section in this private table.

last_section_number -- This8-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 isa part.

CRC_32-- Thisisa 32 bit field that contains the CRC value that gives a zero output of the registersin the
decoder defined in Annex B after processing the entire private section.

2.5 Program Stream bitstream requirements

2.5.1 Program Stream coding structure and parameters

The Program Stream coding layer allows one or more el ementary streams to be combined into a single stream.
Data from each elementary stream is multiplexed and encoded together with information that allows
elementary streamsto bereplayed in synchronism.

A Program Stream conssts of one or more elementary streams from one program multiplexed together. Data
from elementary streamsis stored in PES packets. A PES packet consists of a PES packet header followed by
packet data.

The PES packet header begins with a 32-bit start-code that also identifies the stream (refer to table 2-19 on
page 36) to which the packet data belongs. The PES packet header may contain just a presentation timestamp
or both a presentation timestamp and a decoding timestamp. The PES packet header also contains a number of
flags opening a range of optional fields. The packet data contains a variable number of contiguous bytes from
one e ementary stream.

In aProgram Stream, PES packets are organized in packs. A pack commenceswith a pack header and is
followed by zero or more PES packets. The pack header beginswith 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 repeated. The system header carriesa
summary of the system parameters defined in the stream.
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This standard does not specify the coded data which may be used as part of conditional access systems. The
standard does however provide mechanisms for program service providersto transport and identify this data
for decoder processing, and to reference correctly data which are specified by the standard.

2.5.2 Program Stream system target decoder

The semantics of the Program Stream specified in 2.5.4 on page 62 and the constraints on these semantics
specified in 2.5.4 on page 62 require exact definitions of decoding events and the times at which these events
occur. The definitions needed are set out in this Recommendation | International Standard using a hypothetical
decoder known as the Program Stream system target decoder (P-STD).

The P-STD isa conceptual model used to define these terms precisely and to model the decoding process
during the congtruction of Program Streams. The P-STD is defined only for this purpose. Neither the
architecture of the P-STD nor the timing described precludes uninterrupted, synchronized play-back of
Program Streams from a variety of decoderswith different architectures or timing schedules.

i-th byte of
multiplex stream —O Py(K)
A S o
© tp1(k)
v
Lo R, RS
y 7o

) o
tG) . T
’ Pu(k)
Bn
tpn(K)

System control

Figu
re 2-7 -- Program Stream system tar get decoder notation

Thefollowing notation is used to describe the Program Stream system target decoder and is partially illustrated
infigure 2-7 above.

i areindicesto bytesin the Program Stream. Thefirst byte hasindex O.
j isan index to access unitsin the e ementary streams.
k, k',k" areindicesto presentation unitsin the elementary streams.

n isan index to the elementary streams.
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t(i) indicates the time in seconds at which the ith byte of the Program Stream enters the system target
decoder. Thevaluet(0) isan arbitrary constant.

SCR(i) isthetime encoded in the SCR field measured in units of the 27 MHz system clock wherei isthe byte
index of the final byte of the system clock_reference basefield.

An() isthejth accessunit in elementary stream n. An(j) isindexedind ecoding order.

tdn(j)  isthe decoding time, measured in seconds, in the system target decoder of the jth access unit in
elementary stream n.

Pn(k) isthekth presentation unit in elementary stream n. Pn(k) isindexed in presentation order.

tpn(k) isthe presentation time, measured in seconds, in the system target decoder of the kth presentation unit
in elementary stream n.

t istime measured in seconds.

Fn(t)  isthefullness, measured in bytes, of the system target decoder input buffer for d  ementary stream n at
timet.

Bn the input buffer in the system target decoder for e ementary stream n.
BSh isthe size of the system target decoder input buffer, measured in bytes, for elementary stream n.
Dn isthe decoder for elementary stream n.
On isthereorder buffer for video elementary stream n.
2.5.2.1 System clock frequency
Timing information referenced in P-STD is carried by several data fields defined in this Recommendation |
International Standard. Thefields are defined in 2.5.3.3 on page 58, and 2.4.3.6 on page 33. Thisinformation
is coded as the sampled value of a system clock.
The value of the system clock frequency is measured in Hz and shall meet the following congtraints:

27 000 000 - 810 <= system_clock_frequency <= 27 000 000 + 810

rate of change of system_clock_frequency withtime<=75 10-3 Hz/s
Thenotation "system _clock_frequency™ isused in several placesin this proposed standard to refer to the
frequency of a clock meeting these requirements. For notational convenience, equationsin which SCR, PTS,
or DTS appear, lead to values of time which are accurate to some integral multiple of
(300233/system_clock_frequency) seconds. Thisisdueto the encoding of SCR timing information as 33 bits of
1/300 of the system clock frequency plus 9 bitsfor the remainder, and encoding as 33 bits of thesystem clock
frequency divided by 300 for PTSand DTS.
2.5.2.2 Input to the Program Stream system target decoder
Data from the Program Stream entersthe system target decoder. Theith byte entersat timet(i). Thetimeat
which this byte enters the system target decoder can be recovered from the input stream by decoding the input
system clock reference (SCR) fields and the program_mux_rate field encoded in the pack header. The SCR, as
defined in equation 2-19 , is coded in two parts; one, in unitsthe period of 1/300  the system clock frequency,

called system clock_reference_base (equation 2-17), and one, called system _clock_reference_ext equation
(equation 2-18), in units of the period of the system clock frequency. In the following the values encoded in
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these fields are denoted by SCR_base(i) and SCR_ext(i). The value encoded in the SCR field indicatestime (i),
wherei refersto the byte containing the last bit of the system_clock_reference_basefield.

Spexifically:
SCR_bassi) = (system_clock _ frequency” t(i)) DIV 300)962 (2-17)
SCR_ext(i) =((system_clock _ frequency” (i) DIV 1) % 300 (2-18)
SCR(i) = SCR_base(i)~ 300+ SCR_ext(i) (2-19)

Theinput arrival time, t(i), asgivenin equation 2-20, for all other bytes shall be constructed from SCR(i) and
therate at which data arrives, where the arrival rate within each pack isthe value represented in the
program_mux_rate field in that pack's header.

_ SCRIi") i- i
t(i) = + -
system_clock_ frequency program_mux_rate” 50 (2-20)

Where:
i istheindex of the byte containing the last bit of the
system_clock_reference _base field in the pack header.
i istheindex of any bytein the pack, including the pack header.
SCR(i") isthetime encoded in the system clock reference base and extension fieldsin
units of the system clock.
program_mux_rate isafield defined in 2.5.3.3 on page 58.

After delivery of thelast byte of a pack there may be atimeinterval during which no bytes are delivered to the
input of the P-STD.

2.5.2.3 Buffering

The PES packet data from eementary stream n is passed to the input buffer for sreamn, B . Transfer of bytei
from the system target decoder input to B p isinstantaneous, so that bytei entersthe buffer for stream n, of size
BSy, at timet(i).

Bytes present in the pack header, system headers, or PES packet headers of the Program Stream such as SCR,
DTS, PTS, and packet_length fields, are not delivered to any of the buffers, but may be used to control the
system.

Theinput buffer szesBS 1 through BSp are given by the P-STD buffer size parameter in the syntax in equation
2-15 and equation 2-16 on page 43.

At the decoding time, td n(j), all data for the access unit that has been in the buffer longest , An(j), and any
stuffing bytesthat immediately preceed it that are present in the buffer at the time tdn(j),are removed
instantaneoudy at time tdn(j). The decoding timetdn(j) is specified in the DTS or PT Sfields. Decoding times
tdn(j+1), tdn(j+2), ... of access unitswithout encoded DTS or PT S fields which directly follow access unit j
may be derived from information in the e ementary 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 on page 81. Asthe access unit is removed
from the buffer it isinstantaneoudy decoded to a presentation unit.
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The Program Stream in the notation described in 2.5.2 on page 53, and the PES packets defined in 2.4.3.6 on
page 33 shall be constructed and t(i) shall be chosen so that the input buffersof sze BS 1 through BSy, neither
overflow nor underflow in the program system target decoder. That is:

O£ Fy(t) £ BS, foral tandn
and Fnp(t) = 0 instantaneoudy before t=t(0).
Fn(t) isthe instantaneous fullness of P-STD buffer B .

An exception to this condition isthat the P-STD buffer B, may underflow when the low_delay flag in the video
sequence header isset to "1' (refer to 2.4.2.3 on page 15) or during trick mode operation (refer to 2.4.3.8 on

page 44).

For all Program Streamsthe delay caused by system target decoder input buffering shall be less than or equal to
1 second except for still picture video data. The input buffering delay isthe difference in time between a byte
entering the input buffer and when it is decoded.

Specifically: in the case of no ill picture video data then the delay is constrained by

td, () - t(i) £1
elseinthe case of dtill picture video data the delay is constrained by:

tdy () - t(i) £60

for all bytes contained in access unit j.

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

When the low_delay flag in the video sequence extenson isset to '1' (refer t0 6.2.2.3 of ITU-T Rec. H.262 |
ISO/IEC 13818-2) the VBV buffer may underflow. In this case when the P-STD elementary stream buffer Bn
isexamined at the time specified by td n(j), the complete data for the access unit may not be present in the
buffer Bn. When this case arises, the buffer shall be re-examined at intervals of two field-periods until the data
for the compl ete access unit is present in the buffer. At thistime the entire access unit and associated system
dataif any shall be removed from buffer Bn instantaneoudly.

VBV buffer underflow is allowed to occur continuoudy without limit. The P-STD decoder shall remove access
unit data from buffer Bn at the earliest time consistent with the paragraph above and any DTS or PTS values
encoded in the bitstream. Note that the decoder may be unable to re-establish correct decoding and display
timesasindicated by DTS and PTS until the VBV buffer underflow situation ceasesand aPTS or DTSisfound
in the bitstream.

2.5.2.4 PES streams

It is possibleto construct a stream of data as a contiguous stream of PES packets each containing data of the
same el ementary stream and with the same stream _id. Such a stream is called a PES stream. The PES-STD
modd for a PES stream isidentical to that for the Program Stream, with the exception that the Elementary
System Clock Reference (ESCR) isused in place of the SCR, and ES rate in place of program_mux_rate. The
demultiplexor sends data to only one elementary stream buffer.

Buffer SzesBSn inthe PES-STD mode are defined asfollows:

For video, BSn = VBV max[profilelevel] + BSoh
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BSoh = (1/750) seconds* Rmax[profile,level], where VBVmax|profilelevel] and
Rmax[profilelevel] are the maximum VBV size and bit rate per profile, level, and layer as
defined in tables 8.12 and 8.13 of part 2 of this Recommendation | International Standard.
BSoh isallocated for PES packet header overhead.
For audio, BSn = 2 848 bytes.
2.5.2.5 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 on page 20, and 2.4.2.5 on page 20 respectively.

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

2.5.3.1 Program Stream

Table 2-31 -- Program Stream

Syntax No. of bits  Mnemonic
MPEG2_program_stream() {
do{
pack()
} while (nextbits() == pack_start_code)
MPEG_program_end_code 32 bslbf
}

2.5.3.2 Semantic definition of fields in Program Stream

MPEG_program_end_code-- The MPEG_program_end_codeisthe bit string ‘0000 0000 0000 0000 0000
0001 1011 1001' (Ox000001B9). It terminatesthe Program Stream.

2.5.3.3 Pack layer of Program Stream

Table 2-32 -- Program Stream pack

Syntax No. of bits  Mnemonic
pack() {
pack_header()
while (nextbity)) == packet_start_code prefix) {
PES packet()
}
}

Table 2-33 -- Program Stream pack header

Syntax No. of bits M nemonic
pack _header() {
pack_start_code 32 bslbf
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‘01 2 bslbf
system_clock_reference_base [32..30] 3 bslbf
marker_bit 1 bslbf
system_clock_reference_base [29..15] 15 bslbf
marker_bit 1 bslbf
system_clock_reference_base[14..0] 15 bslbf
marker_bit 1 bslbf
system_clock_reference_extension 9 uimsbf
marker_bit 1 bslbf
program_mux_rate 22 uimsbf
marker_bit 1 bslbf
marker_bit 1 bslbf
reserved 5 bslbf
pack_stuffing_length 3 uimsbf
for (i=0;i<pack_stuffing_length;i++) {

stuffing_byte 8 bslbf
}
if (nextbity)) == system_header_start_code) {

system_header ()
}

}

2.5.3.4 Semantic definition of fields in program stream pack

pack_start_code -- The pack_gtart_code isthe bit string ‘0000 0000 0000 0000 0000 0001 1011 1010
(OxO00001BA). It identifiesthe beginning of a pack.

system_clock_reference_base; system_clock_reference _extension -- The sysem clock_reference (SCR) isa
42 bit field coded in two parts. Thefirst part, system_clock_reference_base, isa 33 bit field whose valueis

given by SCR_base(i) asgiven in equation 2-17 on page 55. The second part,

system_clock_reference_extension, isa 9 bit field whose value isgiven by SCR_ext(i), as given in equation 2-

18 on page 55. The SCR indicates the intended time of arrival of the byte containing the last bit of the
system_clock_reference _base at the input of the program target decoder.

The frequency of coding requirements for the SCR field aregivenin  2.7.1. on page 80

marker_bit -- A marker_bitisal hit field that hasthe value'1'.

program_mux_rate-- Thisisa 22 hit integer specifying the rate at which the P-STD receives the Program
Stream during the pack in which it isincluded. The value of program_mux_rate is measured in units of 50
bytes/second. Thevalue O isforbidden. The value represented in program_mux_rateis used to define the time
of arrival of bytes at the input to the P-STD in 2.5.2 on page 53 of this Recommendation | I nternational
Standard. The value encoded in the program_mux_rate field may vary from pack to pack inan ITU-T Rec.
H.222.0 | ISO/IEC 13818-1 program multiplexed stream.

pack_stuffing_length -- A 3 bit integer specifying the number of stuffing bytes which follow thisfield.
stuffing_byte -- Thisisafixed 8-bit value equal to'1111 1111" that can be inserted by the encoder, for
example to meet the requirements of the channdl. It isdiscarded by the decoder. In each pack header no more
than 7 stuffing bytes shall be present.

2.5.3.5 System header
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Table 2-34 -- Program Stream system header

Syntax No. of Bits M nemonic
system_header () {
system_header_start_code 32  bslbf
header_length 16  uimsbf
marker_bit 1 bdbf
rate_bound 22  uimsbf
marker_bit 1 bdbf
audio_bound 6  uimsbf
fixed_flag 1  bslbf
CSPS flag 1  bslbf
system_audio_lock_flag 1 bdbf
system_video lock_flag 1 bdbf
marker_bit 1 bdbf
video _bound 5  uimsbf
packet_rate restriction_flag 1 bdbf
reserved_byte 7  bslbf
while (nextbits () =="1") {
stream_id 8 uimsbf
11 2 Dbslbf
P-STD_buffer_bound_scale 1 bdgbf
P-STD_buffer_size bound 13  uimsbf
}
}

2.5.3.6 Semantic definition of fields in system header

system_header_start_code -- The system_header_start _code isthe bit string ‘0000 0000 0000 0000 0000 0001
1011 1011' (Ox000001BB). It identifies the beginning of a system header.

header _length -- This 16 bit field indicates the length in bytes of the system header following the
header_length field. Note that future extensions of this Recommendation | International Standard may extend
the system header.

rate _bound -- A 22 bit field. Therate_bound is an integer value greater than or equal to the maximum value
of the program_mux_rate field coded in any pack of the Program Stream. It may be used by a decoder to assess
whether it is capable of decoding the entire stream.

audio_bound -- A 6 bit field. Theaudio_bound is an integer in the inclusive range from O to 32 greater than or
equal to the maximum number of 1SO/IEC 13818-3 and IOSIEC 11172-3 audio streamsin the Program
Stream for which the decoding processes are smultaneoudy active. For the purpose of this Clause, the
decoding process of an ISO/IEC 13818-3 or ISO/IEC 11172-3 audio sream isactive if the STD buffer is not
empty or if a Presentation Unit is being presented in the P-STD mode.

fixed flag -- Thefixed flagisal bit flag. If itsvalueisset to 1’ fixed bitrate operation isindicated. If its
valueisset to ‘0" variable bitrate operation isindicated. During fixed bitrate operation, the value encoded in

all system_clock_reference fieldsin the multiplexed ITU-T Rec. H222.0 | ISO/IEC 13818 stream shall adhere
to the following linear equation:

SCR_base(i) = ((cl * i + c2) DIV 300) %2 33 (2-21)

SCR_ext(i) = ((c1 * i + c2) DIV 1) % 300 (2-22)
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Nominal audio sampling 16 32

frequency (kHz)

22,05 441 24

48

SCASR

27000 000

27000 000

27000 000

27000 000

27000 000

27000 000

16 000

32000

22050

44 100

24000

48 000

where
cl isareal-valued congtant valid for all i;
c2 isareal-valued constant valid for all i;
i istheindex inthe ITU-T Rec. H.222.0 | ISO/IEC 13818 multiplexed stream of the byte
containing the final bit of any system clock_reference field in the stream.

CSPS flag -- The CSPS flagisal hit field. If itsvalue isset to'l' the Program Stream meets the constraints
defined in 2.7.9 on page 83 of this Recommendation | International Standard.

system_audio_lock_flag -- The system _audio _lock_flagisal 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. 2.5.2 on page 53 defines system_clock_frequency and the audio sampling rate is specified in
ISO/IEC 13818-3. The system_audio_lock_flag may only be set to '1' if, for all presentation unitsin all audio
elementary streamsin the Program 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.

CAR = system_ clock _ frequency
~audio_sample_rate_in_the P- STD

(2-23)

The notation é denotesreal divison.

system_video lock_flag -- The system video lock flagisal bit field indicating that there is a specified,
constant rational relationship between the video picture rate and the system clock frequency in the system
target decoder. 2.5.2 on page 53 defines system_clock_frequency and the video picture rateis specified in part
2 of this Recommendation | International Standard. The system_video lock_flag may only be set to '1' if, for all
presentation unitsin all video elementary streamsinthe ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program, the
ratio of system_clock_frequency to the actual video picturerate, SCPR, is constant and equal to the value
indicated in the following table at the nominal picture rate indicated in the video stream.

_ system_clock _ frequency
" picture_rate_in_the_P- STD

(2-24)

Nominal picture 24 25

rate (Hz)

23,976 29,97 30 50 59,94

60

SCPR 1126125 | 1125000 | 1080000 | 900900 | 900 000 | 540 000 | 450450

450 000

Thevalues of theratio SCPR areexact. The actual picture rate differs dightly from the nominal rate in cases
where the nominal rateis 23,976, 29,97, or 59,94 picturesper s econd.

video_bound -- Thevideo_boundisab hit integer in the inclusive range from 0 to 16 greater than or equal to
the maximum number of ITU-T Rec. H.262 | ISO/IEC 13818-2 and ISO/IEC 11172-2 streamsin the Program
Stream of which the decoding processes are smultaneoudy active. For the purpose of this Clause, the
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decoding process of an ITU-T Rec. H.262 | ISO/IEC 13818-2 and ISO/IEC 11172-2 video stream is active if
the P-STD buffer is not empty, or if a Presentation Unit is being presented in the P-STD modd, or if the
reorder buffer isnot empty.

packet_rate restriction_flag -- The packet_rate redtriction_flagisal hit flag. If the CSPSflagisset to 1,
the packet_rate restriction_flag indicates which congtraint is applicable to the packet rate, as specified in 2.7.9
on page 83. If the CSPSflag is set to value of ‘0", then the meaning of the packet_rate redriction flagis
undefined.

reserved_byte -- Thisbyteisreserved for future use by 1ISO/IEC. Until otherwise specified by ITU-T |
ISO/IEC it shall havethevalue'1111 1111".

stream_id -- The stream_id isan 8 hit 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 fieldsrefer.

If sream_id equals 1011 1000’ the P-STD_buffer_bound_scale and P-STD_buffer_size bound fieldsfollowing
the stream_id refer to al audio streamsin the Program Stream.

If sream_id equals 1011 1001 the P-STD_buffer_bound scale and P-STD_buffer_size bound fieldsfollowing
the stream_id refer to all video streamsin the Program Stream.

If the stream _id takes on any other valueit shall be a byte value greater than or equal to 1011 1100' and shall
be interpreted as referring to the stream coding and elementary stream number according to table 2-19 on page
36.

Each eementary stream present in the Program Stream shall haveitsP -STD_buffer_bound_scale and
P-STD_buffer_size bound specified exactly once by this mechanism in each system header.

P-STD_buffer_bound_scale -- The P-STD_buffer_bound_scaleisa1 hit field that indicates the scaling factor
used to interpret the subsequent P-STD_buffer_size bound field. If the preceding stream _id indicates an audio
stream, P-STD_buffer_bound_scale shall have the value'0'. If the preceding stream_id indicates a video
stream, P-STD_buffer_bound_scale shall have the value 1. For all other stream types, the value of the P-
STD_buffer_bound_scale may be either "1' or '0".

P-STD_buffer_size bound -- The P-STD_buffer_size bound isa 13 bit unsigned integer defining a value
greater than or equal to the maximum P -STD input buffer sze, BS, over all packetsfor sream ninthe
Program Stream. If P-STD_buffer_bound_scale hasthe value'0’ then

P-STD_buffer_size bound measures the buffer size bound in units of 128 bytes. If

P-STD_buffer_bound scale hasthe value "1’ then P-STD_buffer _size bound measures the buffer size bound in
unitsof 1024 bytes. Thus

if (P-STD_buffer_bound_scale==0)
BS, £ P- STD_buffer_size_bound ~ 128,

ese
BS, £ P- STD_ buffer_size_bound "~ 1024;
2.5.3.7 Packet layer of Program Stream

The packet layer of the Program Stream is defined by the PES packet layer 2.4.3.6 on page 33
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2.5.4 Program Stream map

The Program Stream Map provides a description of the elementary streamsin 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 OxBC.

Definition for the descriptor() fields may befound in 2.6. on page 67 of this Recommendation | International
Standard.

2.5.4.1 Syntax of Program Stream map

Table 2-35 -- Program Stream map

Syntax No. of bits M nemonic
program_stream_map() {
packet_start_code prefix 24  bslbf
map_stream_id 8 uimsbf
program_stream_map_length 16 uimsbf
current_next_indicator 1 bslbf
reserved 2 bglbf
program_stream_map_version 5 uimsbf
reserved 7 bslbf
marker_bit 1 bslbf
program_stream_info_length 16 uimsbf
for (i=0;i<N;i++) {
descriptor()
}
elementary_stream_map_length 16 uimsbf
for (i=0;i<NZ1;i++) {
stream_type 8 uimsbf
elementary_stream_id 8 uimsbf
elementary_stream_info_length 16 uimsbf
for (i=0;i<N2;i++) {
descriptor()
}
}
CRC_32 32 rpchof
}

2.5.4.2 Semantic definition of fields in Program Stream map

packet_start_code prefix -- The packet start code prefix isa 24-bit code. Together with themap_stream id
that followsit congtitutes a packet start code that identifiesthe begi  nning of a packet. The
packet start code prefix isthe bit string ‘0000 0000 0000 0000 0000 0001' (0x000001 in hexadecimal)

map_stream_id -- Thisisan 8 bit field whose value is always OxBC in hexadecimal.
program_stream_map_length -- The program_stream_map_length isa 16 hit field indicating the total
number of bytesin the program_stream _map immediately following thisfield. The maximum value of thefield
is1018 (bytes).

current_next_indicator -- A 1 bit field, which when set to "1' indicates that the Program Stream Map sent is

currently applicable. When the bit isset to ‘0, it indicates that the Program Stream Map sent is not yet
applicable and shall be the next one to become valid.
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program_stream_map_version-- This5 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 '1', 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 isa 16 bit field indicating the total length
of the descriptorsimmediately following thisfield.

marker_bit -- A marker_bitisal hit field that hasthe value'1'.

elementary_stream_map_length -- Thisisa 16 bit field specifying the total length, in bytes, of all elementary
stream information in this program stream map.

stream_type -- sream_typeisa 8 hit field specifying the type of the elementary stream according to the
following table.

Table 2-36 -- Stream type assignments

Value Description
0x00 ITU-T | ISO/IEC Reserved
0x01 ISO/IEC 11172 Video
0x02 ITU-T Rec. H.262 | ISO/IEC 13818-2 Video or
ISO/IEC 11172-2 congtrained parameter video
stream
0x03 ISO/IEC 11172 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
Ox0A ISO/IEC 13818-6 type A
0x0B ISO/IEC 13818-6 type B
0x0C ISO/IEC 13818-6 type C
0x0D ISO/IEC 13818-6 type D
OxOE ISO/IEC 13818-1 auxiliary
OxOF-0x7F ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Reserved
0x80-0xFF User Private

Note - An ISO/IEC 13818-1 auxiliary stream isavailable for data types defined by this Specification,
other than audio, video, and DSM CC, such as Program Stream Directory and Program Stream Map.

elementary_stream_id -- The dlementary_stream id isan 8 bit field indicating the value of the stream id
field in the PES packet headers of PES packetsin which this elementary stream is stored.

elementary_stream_info_length -- Theelementary _stream _info_length isa 16 bit field indicating the length
in bytes of the descriptorsimmediately following thisfield.
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CRC_32-- Thisisa 32 bit field that contains the CRC value that gives a zero output of the registersin the
decoder defined in Annex B after processing the entire program stream map.

2.5.5 Program Stream directory

Thedirectory for an entire stream ismade up of all the directory data carried by PES packets identified with
thedirectory_stream_id. The syntax for program_stream_directory PES packetsis defined table 2-37 on page
65.

Note - This syntax differsfrom the PES packet syntax described 2.4.3.6 on page 33.
Directory entries may be required to reference I-picturesin a video stream as defined in part 2 of this
Recommendation | International Standard and ISO/IEC 11172. If an |-picturethat isreferenced in a directory
entry is preceded by a sequence header with no intervening picture headersthe directory entry shall reference
thefirst byte of the sequence header. If an I-picturethat isreferenced in adirectory entry is preceded by a
group of pictures header with no intervening picture headers and no immediately preceding sequence header
the directory entry shall reference the first byte of the group of pictures header. Any other picture that a
directory entry references shall be referenced by thefirst byte of the picture header.
Note 1 - It isrecommended that | -picturesimmediately following a sequence header should be referenced in
directory structures so that the directory contains an entry at every point where the decoder may be reset
completely.
Directory referencesto audio streams as defined in | SO/IEC 13818-3 shall be the syncword of the audio frame.
Note 2 - It isrecommended that the distance between referenced access units not exceed half a second.

Access units shall be included in the directory in the same order that they appear in the bitstream.

2.5.5.1 Syntax of the PES packet for the Program Stream directory

Table 2-37 -- PES packet syntax for Program Stream directory

Syntax No. of Bits Mnemonic

directory PES packet(){
packet_start_code prefix 24  bslbf
directory_stream_id 8 uimsbf
PES packet_length 16 uimsbf
number_of access units 15 uimsbf
marker_bit 1 bglbf
prev_directory_offset[44..30] 15 uimsbf
marker_bit 1 bglbf
prev_directory_offset[29..15] 15 uimsbf
marker_bit 1 bglbf
prev_directory_offset[14..0] 15 uimsbf
marker_bit 1 bglbf
next_directory_offset[44..30] 15 uimsbf
marker_bit 1 bglbf
next_directory_offset[29..15] 15 uimsbf
marker_bit 1 bglbf
next_directory_offset[14..0] 15 uimsbf
marker_bit 1 bglbf
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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 bglbf
PES header_position_offset[29..15] 15 uimsbf
marker_bit 1 bglbf
PES header_position_offset[14..0] 15 uimsbf
marker_bit 1 bglbf
reference offset 16 uimsbf
marker_bit 1 bglbf
reserved 3  bdlbf
PTS32..30] 3 uimsbf
marker_bit 1 bglbf
PTS29..15] 15 uimsbf
marker_bit 1 bglbf
PTS14..0] 15 uimsbf
marker_bit 1 bglbf
bytes to read[22..8] 15 uimsbf
marker_bit 1 bglbf
bytes to read[7..0] 8 uimsbf
marker_bit 1 bglbf
intra_coded_indicator 1 bglbf
coding_parameters_indicator 2 bdlbf
reserved 4  bglbf
}
}

2.5.5.2 Semantic definition of fields in Program Stream directory

packet_start_code prefix - The packet_start_code prefix isa 24-bit code. Together with the stream_id that
followsit congtitutes a packet start code that identifies the beginning of a packet. The packet_start code _prefix
isthe bit string ‘0000 0000 0000 0000 0000 0001’ (0x000001 in hexadecimal).

directory_stream_id - Thisisan 8 bit field whose value is always OxFF in hexadecimal.

PES packet_length - The PES packet_lengthisa 16 bit field indicating the total number of bytesin the
program_stream_directory immediately following thisfield.

number_of_access_units- This 15 hit field isthe number of access unitsthat are referenced in this Directory
PES packet.

prev_directory_offset - This45 bit unsigned integer gives the byte address offset of the 1t byte of the start
code of the previous PES packet that contains Program Stream Directory information. Thisaddress offset is
relative to the 1t byte of the start code of the PES packet which containsthis previous directory_offset field.
Thevalue'0'isreserved to indicate that there is no previous Program Stream Directory information.

next_directory_offset - This45 bit unsigned integer gives the byte address offset of thefirst byte of the start
code of the next PES packet that contains Program Stream Directory information. This address offset isrelative
to the 1t byte of the start code of the PES packet which containsthis next_directory _offset field. The value'0’
isreserved to indicate that there is no next Program Stream Directory information.
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packet_stream_id - This8 bit field isthe stream _id of the elementary stream that contains the access unit
referenced by this directory entry.

PES header_position_offset_sign - This 1 hit field isthe arithmetic sign for the PES _header position_offset
described immediately following. A value of ‘0" indicates that the PES header position_offset isa postive
offset. A value of '1' indicatesthat the PES header position_offset is a negative offset.

PES header_position_offset - This44 bit unsigned integer givesthe byte offset address of the 1t byte of the
PES packet containing the access unit referenced. The offset addressisreative to the 1t byte of the start code
of the PES packet containing this PES _header_position_offset field. The value'0" isreserved to indicate that no
access unit isreferenced.

reference_offset - This16 bit field isan unsigned integer indicating the position of thefirst byte of the
referenced access unit, measured in bytesrelative to the first byte of the PES packet containing the first byte of
the referenced access unit.

PTS (presentation_time_stamp) - This33 bit field isthe PTS of the access unit that isreferenced. The
semantics of the coding of the PTSfield are as described in 2.4.3.6 on page 33.

bytes to read - Thisisa 23 bit unsigned integer giving the number of bytesin the Program Stream after the
byte indicated by reference_offset that are needed to decode the access unit completely. This number includes
any bytes multiplexed at the systems layer including those containing information from other streams.

intra_coded_indicator - Thisisal bit flag. When set to 1" it indicates that the referenced access unit is not
predictively coded. Thisisindependent of other coding parameters that might be needed to decode the access
unit. For example, for video Intra framesthisfield shall be coded as'1', whereasfor 'P and 'B' framesthis bit
shall be coded as'0'. For all PES packets containing data which isnot from an ITU-T Rec. H.262 | ISO/IEC
13818-2 video stream, the value of thisfield is reserved.

Table 2-38 -- Intra_coded indicator

Value M eaning
0 Not Intra
1 Intra

coding_parameters indicator - This2 bit field is used to indicate the location of coding parametersthat are
needed to decode the access unitsreferenced. For example, thisfield can be used to determine the location of
guantization matrices for video frames.

Table 2-39 -- Coding_parametersindicator

Value M eaning

00 All coding parameters are set to their default
values.

01 All coding parameters are set in this access unit,
at least one of themisnot set to a defaullt.

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
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Program and program element descriptors are structures which may be used to extend the definitions of
programs and program elements. All descriptors have aformat which beginswith an 8 bit tag value. Thetag
valueisfollowed by an 8 bit descriptor length and data fields.

2.6.1 Semantic definition of fields in program and program element descriptors
Thefollowing semantics apply to the descriptors defined in 2.6.2 through 2.6.29 on page 78.

descriptor_tag -- The descriptor_tag isan 8 bit field which identifies each descriptor. Itsmeaning isgivenin
table 2-40. Some values have normative meaning, some are reserved for future ITU-T | ISO/IEC use and the
remaining values may be user defined.

Table 2-40 below providesthe 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' inthe TS or PS columnsindicates the
applicability of the descriptor to either the Transport Stream or Program Stream respectively. Note that the
meaning of fieldsin a descriptor may depend on which stream it isused in. Thisis specified in the descriptor
semantics below.

Table 2-40 -- Program and program element descriptors

descriptor _tag TS PS I dentification
0 na na | Reserved
1 na na | Reserved
2 X X video_stream_descriptor
3 X X audio_stream_descriptor
4 X X hierarchy _descriptor
5 X X registration_descriptor
6 X X data_stream_alignment_descriptor
7 X X || target_background_grid_descriptor
8 X X video_window_descriptor
9 X X CA_descriptor
10 X X ISO_639_language descriptor
11 X X || system_clock_descriptor
12 X X multiplex_buffer_utilization descriptor
13 X X copyright_descriptor
14 X maximum bitrate descriptor
15 X X private data indicator descriptor
16 X X || smoothing buffer descriptor
17 X STD_descriptor
18 X X | BP descriptor
19-63 na | na | ITU-T Rec. H.222.0|1SO/IEC 13818-1 Reserved
64-255 na n‘a | User Private

descriptor_length -- The descriptor_length isan 8 hit field specifying the number of bytes of the descriptor
immediately following descriptor_length field.

2.6.2 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.
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Table 2-41 -- 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 bslbf
constrained_parameter_flag 1 bslbf
still_picture flag 1 bslbf
if (MPEG_1_only flag==1){
profile_and_level_indication 8 uimsbf
chroma_format 2 uimsbf
frame_rate extension_flag 1 bslbf
reserved 5 bslbf
}
}

2.6.3 Semantic definitions of fields in video stream descriptor

multiple_frame rate flag -- Thisisa 1 hit field which when set to '1' indicates that multiple frame rates may
be present in the video stream. When set to avalue of '0' only a single framerate is present.

frame rate code-- Thisisa4 bit field asdefined in ITU-T Rec. H.262 | ISO/IEC 13818-2 6.3.3, except that

when the multiple_frame rate flagisset to avalue of '1' the indication of a particular frame rate also permits
certain other frame ratesto be present in the video stream, as specified below:

Table 2-42 -- Framerate code

coded as alsoincludes

23,976

24,0 23,976

25,0

29,97 23,976

30,0 23,976 24,0 29,97

50,0 25,0

59,94 23,976 29,97

60,0 23,976 24,0 29,97 30,0 59,94

MPEG_1 only flag -- Thisisa 1 bit field which when set to '1" indicates that the video stream contains only
ISO/IEC 11172-2 data. If set to '0' the video stream may contain both 1SO/IEC 13818-2 video data and
congtrained parameter | SO/IEC 11172-2 video data.

constrained_parameter_flag -- Thisisa 1 bit field which when set to '1' indicates that the video stream shall
not contain unconstrained |SO/IEC 11172-2 video data. If thisfield isset to '0' the video stream mat contain
both constrained parameters and unconstrained | SO/IEC 11172-2 video streams. If the MPEG_1_only flagis
st t0'0', the constrained _parameter flag shall besetto 1.

still_picture flag -- Thisisa1 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 -- Thisisan 8 bit field which is set to the same value asthe
profile_and level_indication fieldsin the video stream.
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chroma_format -- Thisisa 2 bit field which is set to the same value asthe chroma_format fieldsinthe ITU-T
Rec. H.262 | ISO/IEC 13818-2 video stream.

frame_rate extension_flag -- Thisisa1 hit flag which when set to "1' indicates that either or both of the
frame_rate_extenson_n and frame_rate extenson d fieldsinthe  TU-T Rec. H.262 | ISO/IEC 13818-2 video
stream are non-zero.

2.6.4 Audio stream descriptor

Theaudio stream descriptor provides basi ¢ information which identifies the coding version of an audio
elementary stream as described in 1SO/IEC 13818-3 or ISO/IEC 11172-3.

Table 2-43 -- Audio stream descriptor

Syntax No. of bits Mnemonic
audio_stream_descriptor(){
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
free format_flag 1 bslbf
ID 1 bslbf
layer 2 bslbf
variable rate audio_indicator 1 bslbf
reserved 3 bslbf
}

2.6.5 Semantic definition of fields in audio stream descriptor

free format_flag -- Thisisa 1 bit field which when set to "1" indicates that the audio stream data hasthe
bitrate index set to '0000'. If set to '0' then the bitrate_index is not '0000".

ID -- Thisisal bit field which is set to the same value asthe ID fieldsin the audio stream.

layer -- Thisisa 2 bit field which is set to the same value as the layer fieldsin the audio stream.

variable rate audio_indicator -- Thisisa 1 bit flag, which when set to "1' indicates that the associated audio
stream may contain audio framesin which the bit rate changes. In all casesthe audio stream isintended to be
presented without any decoding discontinuity

2.6.6 Hierarchy descriptor

The hierarchy descriptor provides information to identify the program elements containing components of
hierarchically-coded video and audio, and private streams which is multiplexed in multiple streams as

described in ITU-T Rec. H.222.0 | ISO/IEC 13818-1, ITU-T Rec. H.262 | 1SO/IEC 13818-2 and | SO/IEC
13818-3.
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Table 2-44 -- Hierarchy descriptor

Syntax No. of bits  Mnemonic

hierarchy_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 4  bslbf
hierarchy_type 4  uimsbf
reserved 2  bslbf
hierarchy_layer_index 6 uimsbf
reserved 2  bslbf
hierarchy_embedded_layer_index 6 uimsbf
reserved 2  bslbf
hierarchy_channel 6 uimsbf

}

2.6.7 Semantic definition of fields in hierarchy descriptor

hierarchy_type -- The hierarchical relation between the associated hierarchy | ayer and its hierarchy embedded
layer is defined by the following table 2-45 below.

Table 2-45 -- Hierarchy_type field values

value description

0 resrved

1 ITU-T Rec. H.262 | ISO/IEC 13818-2 Spatial Scalahility

2 ITU-T Rec. H.262 | ISO/IEC 13818-2 SNR Scalahility

3 ITU-T Rec. H.262 | ISO/IEC 13818-2 Temporal Scalability

4 ITU-T Rec. H.262 | ISO/IEC 13818-2 Data partitioning

5 ISO/IEC 13818-3 Extension hitstream

6 ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Private Stream
7-14 resrved

15 Base layer

hierarchy layer_index -- The hierarchy layer_index isa 6 bit field that defines a unique index of the
associated program element in a table of coding layer hierarchies. Indices shall be unique within asingle
program definition.

hierarchy_embedded_layer_index -- The hierarchy_embedded layer index isa 6 hit field that definesthe
hierarchy table index of the program element that needs to be accessed before decoding of the elementary
stream associated with this hierarchy _descriptor. Thisfield isundefined if the hierarchy_type valueis 15 (base
layer).

hierarchy_channel -- The hierarchy_channd isa 6 bit field that indicates the intended channel number for the
associated program element in an ordered set of transmission channels. The most robust transmission channel
isdefined 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.

2.6.8 Registration descriptor

Theregigtration_descriptor provides a method to uniquely and unambiguoudy identify formats of private data.
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Table 2-46 -- Registration descriptor

Syntax No. of bits I dentifier
registration_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
format_identifier 32 uimsbf
for(i=0;i <N;i++){
additional_identification_info 8 bslbf
}
}

2.6.9 Semantic definition of fields in registration descriptor

format_identifier -- Theformat_identifier isa 32-bit value obtained from a Registration Authority as
designated by SC29.

additional _identification_info -- The meaning of additional _identification _info bytes, if any, are defined by
the assignee of that format_identifier, and once defined, shall not change.

2.6.10 Data stream alignment descriptor
The data stream alignment descriptor describes which type of alignment is present in the associated elementary

stream. If the data_alignment_indicator in the PES packet header is set to '1' and the descriptor is present
alignment as specified in this descriptor isrequired.

Table 2-47 -- Data stream alignment descriptor

Syntax No. of bits M nemonic

data_stream_alignment_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
alignment_type 8 uimsbf

}

2.6.11 Semantics of fields in data stream alignment descriptor

alignment_type -- Table 2-48 describes the video alignment type when the data_alignment_indicator in the
PES packet header hasavalueof '1'. In each case of alignment_type valuethefirst PES packet data byte
following the PES header shall bethe first byte of a start code of the type indicated in table 2-48. The definition
of access unit for video dataisgivenin 2.1.1 on page 3. At the beginning of a video sequence, the alignment
shall occur at the start code of the first sequence header.

Table 2-48 -- 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

ITII T PNaa 11 ANA N /AN T\ ixZal



Iovi/iivw 1001071, .L:I:I“I‘\L) A2 £ L ) ) | B

Table 2-49 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 header is the fr&t byte of an
audio syncword.

Table 2-49 -- Audio stream alignment values

alignment type Description
00 reserved
01 syncword
02-FF reserved

2.6.12 Target background grid descriptor

It is possible to have one or more video streams which, when decoded, are not intended to occupy the full
display area (e. g. amonitor). The combination of target_background_grid_descriptor and
video_window_descriptors allows the display of these video windowsin their desired locations. The
target_background_grid_descriptor isused to describe a grid of unit pixels projected on to the display area. The
video_window_descriptor isthen used to describe, for the associated stream, the location on the grid at which
thetop left pixel of the display window or display rectangle of the video presentation unit should be displayed.
Thisisrepresented in the diagram below.

o0 A A
vertical offset
ey o
horizontal vertical size
offset video presented
here
ey L
horizontal size '
Figure 2-8 -- Target background grid descriptor display area
Table 2-50 -- Target background grid descriptor
Syntax No. of bits M nemonic

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

}

2.6.13 Semantics of fields in target background grid descriptor

horizontal_size -- The horizontal size of the target background grid in pixels.
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vertical_size -- The vertical sze of the target background grid in pixels.

aspect_ratio_information -- Specifies the sample aspect ratio or display aspect ratio of the target background
grid. Aspect_ratio_information is defined in part 2 of this Recommendation | International Standard.

2.6.14 Video window descriptor
The video window descriptor is used to describe the window characteristics of the associated video el ementary

stream. Its values reference the target background grid descriptor for the same stream. Also see
target_background_grid_descriptor in 2.6.12 on page 73.

Table 2-51 -- Video window descriptor

Syntax No. of bits M nemonic
video_window_descriptor() {

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

}

2.6.15 Semantic definition of fields in video window descriptor

horizontal _offset -- The value indicates the horizontal position of the top left pixel of the current video display
window or display rectangleif indicated in the picture display extenson on the target background grid for
display asdefined in the target_background _grid_descriptor. The top |eft pixel of the video window shall be
one of the pixels of the target background grid.

vertical_offset -- Thevalueindicatesthe vertical position of thetop left pixel of the current video display
window or display rectangleif indicated in the picture display extenson on the target background grid for
display as defined in the target_background _grid_descriptor. The top |eft pixel of the video window shall be
one of the pixels of the target background grid.

window_priority -- The valueindicates how windows overlap. A value of 0 being lowest priority and avalue
of 15 isthe highest priority, i.e. windows with priority 15 are alwaysvisble.

2.6.16 Conditional access descriptor

The conditional access descriptor isused to specify both system-wide conditional access management
information such as EMMs and elementary stream-specificinfor mation such as ECMs. It may be used in both
the TS program_map_section and the program_stream_map. If any elementary stream is scrambled, a CA
descriptor shall be present for the program containing that elementary stream. If any system-wide conditional
access management information exists within a Transport Stream, a CA descriptor shall be present in the
conditional accesstable.

When the CA descriptor isfound inthe TS _program_map_section (table_id = 0x02), the CA_PID pointsto
packets containing program related access control information, such as ECMSs. Its presence as program
information indicates applicability to the entire program. In the same casg, its presence as extended ES
information indicates applicability to the associated program element. Provision is also made for private data.

When the CA descriptor isfound in the CA_section (table_id = 0x01), the CA_PID pointsto packets
containing system-wide and/or access control management information, such asEMMs.
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The contents of the Transport Stream packets containing conditional access information are privately defined.

Table 2-52 -- Conditional access descriptor

Syntax No. of bits M nemonic

CA_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
CA_system_ID 16 uimsbf
reserved 3  bslbf
CA_PID 13  uimsbf
for (i=0; i<N;i++){

private data byte 8 uimsbf

}

}

2.6.17 Semantic definition of fields in conditional access descriptor

CA_system_ID -- Thisisan 16 hit field indicating the type of CA system applicablefor either the associated
ECM and/or EMM streams. The coding of thisis privately defined and is not specified by ITU  -T | ISO/IEC.

CA_PID -- Thisisan 13 bit field indicating the PID of the Transport Stream packetswh ich 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 packetsindicated by the CA_PID is determined from the context in which the
CA_PIDisfound, i.e aTS_program_map_section or the CA tablein the Transport Stream, or the Stream _id
field in the Program Stream.

2.6.18 I1SO 639 language descriptor

Thelanguage descriptor isused to speci fy the language of the associated program e ement.

Table 2-53 -- SO 639 language descriptor

Syntax No. of bits M nemonic
ISO_639_language descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for (i=0;i<N;i++) {
ISO_639_language _code 24 bslbf
audio_type 8 Dbdlbf
}
}

2.6.19 Semantic definition of fields in ISO 639 language descriptor
ISO_639_language_code -- Identifies the language or languages used by the associated program element. The
ISO_639_language code contains a 3 character code as specified by 1SO 639 part 2. Each character is coded
into 8 bits according to 1SO 8859-1 and inserted in order into the 24 bit field. In the case of multilingual audio
streams the sequence of 1ISO_639_language code fields shall reflect the content of the audio stream.
audio_type -- Theaudio_typeisan 8 bit field which specifiesthe type of stream defined by the table 2-54.

Table 2-54 -- Audio type values
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value description

0x00 undefined

0x01 clean effects

0x02 hearing impaired

0x03 visual impaired commentary
0x04-0xFF reserved

clean effects -- Thisfield indicates that the referenced program element has no language.

hearing impaired -- This field indicates that the referenced program element is prepared for the hearing
impaired.

visual_impaired_commentary -- Thisfield indicates that the referenced program element is prepared for the
visually impaired viewer.

2.6.20 System clock descriptor
This descriptor conveysinformation about the system clock that was used to generate the timestamps.

If an external clock reference was used, the external_clock reference indicator should be set. The decoder
optionally may use the same external referenceif it isavailable.

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.

clock_accuracy _integer 10-Clock_accuracy_exponent pom (2-25)

If clock_accuracy_integer = 0, then the system clock accuracy is 30 ppm.
When both parts of the descriptor are used, the clock accuracy pertainsto the external reference clock.

Table 2-55 -- System clock descriptor

Syntax No. of bits M nemonic

system_clock_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
external_clock_reference indicator 1 bglbf
reserved 1 bslbf
clock_accuracy_integer 6 uimsbf
clock_accuracy_exponent 3 uimsbf
reserved 5 bslbf

}

2.6.21 Semantic definition of fields in system clock descriptor

external_clock_reference_indicator -- Thisisal bit indicator. When set to '1', it indicates that the system
clock has been derived from an external frequency reference that may be available at the decoder.

clock_accuracy_integer -- Thisisa6 hit integer. Together with the clock_accuracy exponent, it givesthe
fractional frequency accuracy of the system clock in parts per million.

clock_accuracy_exponent -- Thisisa 3 bit integer. Together with the clock_accuracy_integer, it givesthe
fractional frequency accuracy of the system clock in parts per million.
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2.6.22 Multiplex buffer utilization descriptor
The multiplex buffer utilization descriptor provides bounds on the occupancy of the STD multiplex buffer.

Thisinformation isintended for devices such as remultiplexers, which may use thisinformation to support a
desired remultiplexing strategy.

Table 2-56 -- M ultiplex buffer utilization descriptor

Syntax No. of bits M nemonic

multiplex_buffer_utilization descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
bound_valid_flag 1 bslbf
LTW offset_lower bound 15 uimsbf
reserved 1 bslbf
LTW_offset_upper_bound 14  uimsbf

}

2.6.23 Semantic definition of fields in multiplex buffer utilization descriptor

bound_valid_flag-- A valueof ‘1’ indicatesthat the LTW_offset_lower_bound and the
LTW _offset_upper_bound fields are valid.

LTW_offset_lower_bound -- This 15 hit field isdefined only if the bound_valid hasavalueof ‘1’. When
defined, thisfield hasthe units of (27 MHz/ 300) clock periods, as defined for the LTW _offset. 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 ispresent. Thisboundis
valid until the next occurrence of this descriptor.

LTW_offset_upper_bound -- This 15 bit field is defined only if the bound valid hasavalueof ‘1. When
defined, thisfield hasthe units of (27 MHz/ 300) clock periods, as defined for the LTW _offset. The

LTW _offset_upper_bound representsthe 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 coded in the bitstream when the multiplex buffer utilization descriptor ispresent. Thisboundis
valid until the next occurrence of this descriptor.

2.6.24 Copyright descriptor

The copyright_descriptor provides a method to enable audio-visual worksidentification. This
copyright_descriptor appliesto programsor program elements within programs.

Table 2-57 -- Copyright descriptor

Syntax No. of bits I dentifier
copyright_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
copyright_identifier 32  uimsbf
for(i=0;i <N;i++){
additional_copyright_info 8 bslbf
}
}
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2.6.25 Semantic definition of fields in copyright descriptor

copyright_identifier -- Thisfield isa 32-bit value obtained from SC29 which identifies the copyright
Regigtration Authority.

additional_copyright_info -- The meaning of additional_copyright_info bytes, if any, are defined by the
assignee of that copyright_identifier, and once defined, shall not change.

2.6.26 Maximum bitrate descriptor

Table 2-58 -- Maximum bitrate descriptor

Syntax No. of bits I dentifier
maximum_bitrate descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2  bslbf
maximum_bitrate 22 uimsbf

}

2.6.27 Semantic definition of fields in maximum bitrate descriptor

maximum_bitrate -- The maximum bitrate is coded as a 22 bit positive integer in the field maximum_hitrate.
Thisinteger indicates an upper bound of the maximum bitrate, including transport overhead, that will be
encountered in this program element or program.T he value of maximum_bitrate is expressed in units of 50
bytes/second. The maximum_bitrate descriptor isincluded in the Program Map Table (PMT). Its presence as
extended program information indicates applicability to the entire program. Its presence as ES information
indicates applicability to the associated program el ement.

2.6.28 Private data indicator descriptor

Table 2-59 -- Private data indicator descriptor

Syntax No. of bits  Identifier

private data_indicator_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
private_data indicator 32 uimsbf

}

2.6.29 Semantic definition of fields in Private data indicator descriptor

private_data indicator -- Thevalue of the private data indicator is private and will not be defined by ITU-T |
ISO/IEC.

2.6.30 Smoothing buffer descriptor

Thisoptional descriptor conveysinformation about the size of a smoothing buffer, SBn, associated with this
descriptor, and the associated leak rate out of that buffer, for the program element(s) that it refersto.
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In the case of Transport Streams, bytes of Trangport Stream packets of the associated program el ement(s)
present in the Transport Stream are input to a buffer SBn of size given by sb_size, at the time defined by
equation 2-4 on page 15.

In the case of Program Streams, bytes of all PES packets of the associated elemetary streams, are input to a
buffer SBn of size given by sh_size, at the time defined by equation 2-20 on page 56.

When thereis data present in this buffer, bytes are removed from this buffer at a rate defined by sb_leak_rate.
The buffer, SBn shall never overflow. During the continuous existence of a program, the value of the elements
of the Smoothing Buffer descriptor of the different program element(s) in the program, shall not change.

The meaning of the smoothing buffer_descriptor isonly defined when it isincluded inthe PMT or the Program
Stream Map.

If, inthe case of a Transport Stream, it is present in the ES info in the Program Map Table, all Transport
Stream packets of the PID of that program element enter the smoothing buffer.

If, inthe case of a Trangport Stream, it is present in the program information -
all Trangport Stream p ackets of all PIDslisted as elementary PIDsin the extended program
information aswell as,
all Trangport Stream packets of the PID which isequal to the PMT_PID of this section, enter the
smoothing buffer.

All bytesthat enter the associated buffer also exit it.

At any given time there shall be at most one descriptor referring to any individual program element and at
most one descriptor referring to the program in its entirety.

Table 2-60 -- Smoothing buffer descriptor

Syntax No. of bits Mnemonic
smoothing_buffer_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 Dbslbf
sb leak rate 22 uimsbf
reserved 2 Dbslbf
sb size 22 uimsbf
}

2.6.31 Semantic definition of fields in smoothing buffer descriptor

sb_leak_rate -- iscoded asa 22 hit positive integer inthesh_leak ratefield. Thisinteger givesthe value of
the leak rate out of the SB , buffer for the associated el ementary stream or other data in units of 400 bits/second.

sb_size -- iscoded asa 22 hit postiveinteger inthe sb_sizefied. Thisinteger givesthe value of the size of the
multiplexing buffer smoothing buffer SB , for the associated elementary stream or other data in units of 1 byte.

2.6.32 STD descriptor

This descriptor does not apply to Program Streams.
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Thisoptional descriptor applies only to the T-STD model and to video elementary streams, and isused as
Specified 2.4.2 on page 11.

Table 2-61 -- STD Descriptor

Syntax No. of bits Mnemonic

STD_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 7  bdbf
leak_valid_flag 1 bdbf

}

2.6.33 Semantic definition of fields in STD descriptor

leak_valid_flag -- Theleak_valid flagisal bit flag. When set to '1', the transfer of data from the buffer MB
to the buffer EB ,, in the T-STD usesthe leak method as defined in 2.4.2.3 on page 15. If thisflag hasa value
equal to'0, and the vbv_delay fields present in the associated video stream do not have the value OxFFFF, the
transfer of data from the buffer MB |, to the buffer EB , usesthe vbv_delay method as defined in 2.4.2.3 on page
15.

Thisoptional descriptor provides information about some charactersistics of the sequence of frame typesin the
video sequence.

2.6.34 IBP_descriptor

Syntax No. of bits Mnemonic

ibp_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
closed_gop_flag 1 uimsbf
identical_gop_flag 1 uimsbf
max_gop-length 14 uimsbf

} bd bf

2.6.35 Semantic definition of fields in IBP_descriptor

closed_gop_flag - Thisisaone bit flag which when set to '1' indicates that a group of pictures header is
encoded before every I-frame and that the closed_gop flag isset to '1' in all group of pictures headersin the
video sequence.

identical_gop_flag - Thisisa one bit flag which 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 |-picturesisthe
same throughout the sequence, except possibly for the pictures up to the second I-picture.

max_gop_length - Thisisfourteen bit unsigned integer which indicates the maximum number of the coded
pictures between any two consecutive |-picturesin the sequence. The value zero shall not be used.

2.7 Restrictions on the multiplexed stream semantics
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2.7.1 Frequency of coding the system clock reference

The Program Stream shall be constructed so that the time interval between the bytes containing the last bit of
system_clock_reference _base fields in successive packs shall belessthan or equal to 0,7 seconds. Thus:

It(i) - t(i)| £0,7 sec

for all i andi* wherei and i’ are the indexes of the bytes containing the last bit of consecutive
system_clock_reference basefields.

2.7.2 Frequency of coding the program clock reference
The Trangport Stream shall be constructed so that the time interval between the bytes containing the last bit of
program_clock_reference_base fieldsin successive occurrences of the PCRsin Transport Stream packets of the
PCR_PID for each program shall be lessthan or equal to 0,1 seconds. Thus:

It(i) - t(i)| £01sec

for all i andi* wherei and i’ are the indexes of the bytes containing the last bit of consecutive
program_clock_reference_basefieldsin the Transport Stream packets of the PCR_PID for each program.

There shall be at least two(2) PCRs, from the specified PCR_PID within a Transport Stream, between
consecutive PCR discontinuities to facilitate, phase locking and extrapolation of byte delivery times.

2.7.3 Frequency of coding the elementary stream clock reference
The Program Stream and Transport Stream shall be constructed so that if the elementary stream clock
reference field is coded in any PES packets containing data of a given elementary stream the time interval
between the bytes containing the last bit of successve ESCR_base fields shall be lessthan or equal to 0,7
seconds. In PES Streams the ESCR encoding is required with the sameinterval. Thus:

It(i) - t(i)| £0,7 sec

for al i andi' wherei and i' are the indexes of the bytes containing the last bits of consecutive ESCR_base
fidds.

NOTE - The coding of dlementary stream clock reference fieldsis optional; they need not be coded. However if
they are coded, this congtraint applies.

2.7.4 Frequency of presentation time stamp coding

The Program Stream and Transport Stream shall be constructed so that the maximum difference between coded
presentation time stamps referring to each elementary video or audio stream is0,7 seconds. Thus:

[tpy(K) - tp, (k") £ 0,7sec
for al n, k, and k" satisfying:
1. Pp(k) and Pn(k") are presentation units for which presentation time stamps are coded;

2. kandk" are chosen so that there isno presentation unit, P n(k’) with a coded presentation time
stamp and with k < k' < k"; and
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3. No decoding discontinuity existsin elementary stream n between P (k) and Pn(k").

This0,7 second constraint does not apply in the case of gill pictures.

2.7.5 Conditional coding of time stamps

For each elementary stream of a Program Stream or Transport Stream, the presentation time stamp (PTS) shall
be encoded for the first access unit.

A decoding discontinuity exists at the start of an access unit An(j) in an e ementary stream n if the decoding
timetdn(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 statusistrue or when low_delay flagis'1', thisis
allowed only at the start of a video sequence. If a decoding discontinuity existsin any elementary video or
audio stream in the Transport Stream or Program Stream then a PT S shall be encoded referring to the first
access unit after each decoding discontinuity except when trick mode statusistrue.

When low_delay is'1' a PT S shall be encoded for the first access unit after an EBn or Bn underflow.

A PTSmay only bepresentinal TU-T Rec. H.222.0 | ISO/IEC 13818-1 video or audio e ementary stream PES
packet header if the first byte of a picture start code or thefirst byte of an audio access unit is contained in the
PES packet.

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

a) A PTSispresent in the PES packet header
b) The decoding time differs from the presentation time.

2.7.6 Timing constraints for scalable coding
If an audio sequenceis coded using an | SO/IEC 13818-3 extension bitstream, corresponding
decoding/presentation unitsin the two layers shall haveidentical PTS values.

If avideo sequenceis coded as a SNR enhancement of another sequence, as specified in 7.8 of ITU-T Rec.
H.262 / 1SO/IEC 13818-2, the set of presentation timesfor both sequences shall be the same.

If avideo sequenceis coded astwo partitions, as specified in 7.10 of ITU-T Rec. H.262 / ISO/IEC 13818-2, the
set of presentation times for both partitions shall be the same.

If avideo sequenceis coded as a spatial scalable enhancement of another sequence, as specified in 7.7 of ITU-T
Rec. H.262 / ISO/IEC 13818-2, the following shall apply.

If both sequences have the same framerate, the set of presentation times for both sequences shall be the
same. Note that this does not imply that the picture coding typeisthe samein 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 predictionismade shal | be one of the following:
the coincident or most recently decoded lower layer picture;

the coincident or most recently decoded lower layer picturethat isan | or P picture.
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the second most recently decoded lower layer picturethat isan | or P picture, and provided
that the lower layer does not have low_delay setto'1'.

If avideo sequenceis coded as a temporally scalable enhancement of another sequence, as specified in 7.9 of
ITU-T Rec. H.262 / ISO/IEC 13818-2, the following lower layer pictures may be used asthe reference. Note
that times are relative to presentation times:

the coincident or most recently presented lower layer picture;

the next lower layer picture to be presented.

2.7.7 Frequency of coding P-STD_buffer_size in PES packet headers

In aProgram Stream, the P-STD_buffer_scaleand P-STD_buffer_sizefields shall occur in thefirst PES packet
of each elementary 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 header.
The system header shall be present in the first pack of an Program Stream. The values encoded in all the
system headersin the Program Stream shall  beidentical.

2.7.9 Constrained system parameter Program Stream

A Program Stream isa " congtrained system parameters stream” (CSPS) if it conforms to the bounds specified
in this clause. 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 on page 59. The CSPSisa subset of all
possible Program Streams.

Packet Rate

In the CSPS, the maximum rate at which packets shall arrive at the input to the P-STD is 300 packets per
second if the value encoded in therate_bound field (refer to  2.5.3.6 on page 60)islessthan or equal to 4 500
000 hits/second if the packet_rate restriction flagisset to'1', and lessthan or equal to 2 000 000 hits/ second
if the packet_rate redtriction_flagisset 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 al packs p in the Program Stream when the packet_rate  regtriction flagissettoa
valueof '1',

A i) 2007 meS _ Rmax_ U
NP £ (tm(id - tm(i)) * 300 meé"4.5'1065 226

and if the packet_rate redtriction_flag is set to a value of ‘0’

NP £ (tm(id - tm(i))* 300" max&
€2 (2-27)

where

R =8 50" rate_bound bits/sec (2-28)
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NP isthe number of packet_start_code prefixes and system_header_gtart_codes between
adjacent pack_gtart_codes or between the last pack_start_code and the
MPEG_program_end_code asdefined intable 2-31 on page 58 and semanticsin
2.5.3.2 on page 58.

ty(i)  isthetime, measured in seconds, encoded in the SCR of pack p.

ty(i)  isthetime, measured in seconds, encoded in the SCR for pack p+1, immediately
following pack p, or in the case of thefinal pack in the Program Stream, the time of
arrival of the byte containing the last bit of the MPEG_program_end_code.

Decoder Buffer Size

In the case of a CSPS the maximum size of each input buffer in the system target decoder is bounded.
Different bounds apply for video elementary streams and audio e ementary streams.

In the case of a video e ementary stream in a CSPS the following applies:

BS,, hasa sizewhich isequal to the sum of the size of the video buffering verifier as specified in part 2 of this
Recommendation | International Standard and an additional amount of buffering BS 5. BSgqq is Specified as

BS,qq £ MAX[6" 1024, R, ~ 0,001]bytes

where Ry, max isthe peak video bit rate
In the case of an audio e ementary stream in a CSPS the following applies.

BS, £ 4096bytes.

2.7.10 Transport Stream
Sample Rate Locking 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 picture rate and the system clock frequency. 2.4.2 on page 11 defines
system_clock_frequency. The video picturerate is specified in part 2 of this Recommendation | I nternational
Standard or in part 2 of 1ISO 11172. The audio sampling rateis specified in ISO/IEC 13818-3 or in ISO/IEC
11172-3. For all presentation unitsin all audio elementary streamsin the Transport Stream, the ratio of
system_clock_frequency to the actual audio sampling rate, SCASR, is constant and equal to the value indicated
in the following table at the nominal sampling rate indicated in the audio stream.

system_ clock _ frequency

SCASR =
audio_sample_rate_in_the T- STD (2-29)

The notation é denotesreal divison.
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Nominal audio 16 32 22,05 441 24 48

sampling frequen cy

(kHz)

SCASR 27000 000 | 27 000 000 | 27 000 000 | 27 000 000 | 27 000 000 | 27 000 000
16 000 32000 22050 44100 24000 48 000

For all presentation unitsin all video e ementary streamsin the Transport Stream, the ratio of
system_clock_frequency to the actual video picture rate, SCPR, is constant and equal to the value indicated in
the following table at the nominal picture rate indicated in the video stream.

system_ clock _ frequency

" picture_rate_in_the T- STD

(2-30)
Nominal picture 23,976 24 25 29,97 30 50 59,94 60
rate (Hz)
SCPR 1126125 | 1125000| 1 080000 | 900 900 | 900 000 | 540 000 | 450 450 | 450 000

Thevalues of the SCPR areexact. The actual picture rate differs dightly from the nominal rate in cases where
the nominal rateis 23,976, 29,97, or 59,94 pictures per second.

2.8

Compatibility with ISO/IEC 11172

The Program Stream of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 is defined to be forward compatible with
ISO/IEC 11172-1. Decoders of the Program Stream as defined in ITU-T Rec. H.222.0 | ISO/IEC 13818-1 shall
also support decoding of 1SO/IEC 11172-1.

or
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Annex A
(Informative)

Digital Storage Medium Command and Control [DSM CC]

A.0 Introduction

TheDSM CC protocol isa specific application protocol intended to provide the basic control functions and
operations specific to managing a I TU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream on digital storage
media. ThisDSM CC isalow-level protocol above network/OS layers and below application layers.

The DSM CC shall be trangparent in the following sense:

1. it isindependent of the DSM used
2. it isindependent of whether the DSM islocated at alocal or remote Site,
3. it isindependent of the network protocol with which the DSM CC isinterfaced,

it isindependent of the various operating systems on which the DSM is operated.

A.0.1 Purpose

Many applicationsof ITU-T Rec. H.222.0 | ISO/IEC 13818-1 DSM Control Commands require accessto
an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream stored on a variety of digital storage media at alocal
or remote Ste. Different DSM have their own specific control commands and thus a user needs to know
different sets of gpecific DSM control commandsin order to accessI TU-T Rec. H.222.0 | 1SO/IEC 13818-
1 bitstreams from different DSM. This brings many difficulties to the interface design of an ITU-T Rec.
H.222.0 | ISO/IEC 13818-1 or SO 11172-1 application system. To overcome this difficulty, a set of
common DSM control commands, which isindependent of the specific DSM used, is suggested in this
annex. Thisannex isinformative only. ISO/IEC 13818-6 defines DSM-CC extension with a broader

scope.

A.0.2 Future applications

Beyond the immediate applications supported by the current DSM control commands, future applications
based on extensions of DSM command control could include the following:

Video on demand
Video programs are provided as requested by a customer through various communication channels. The
customer could select a video program from alist of programs available from a video server. Such
applications could be used by hotels, cable TV, educational ingtitutions, hospitals, etc.

I nter active 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, el ectronic shopping,
€tc.

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 thiskind of application.
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A.0.3 Benefits

By specifying the DSM control commands independently from the DSM, end-users can perform I TU-
T Rec. H.222.0 | ISO/IEC 13818-1 decoding without having to understand fully the detailed
operation of the specific DSM used.

The DSM control commands are codesto give end users the guarantee that the 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.

A.0.4 Basic functions
A.0.4.1 Stream selection

The DSM CC providesthe meansto select an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream on
which to perform the succeeding operations. Such operations include creation of a new bitstream.
Parameters of thisfunction include:

1. index of the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream (the mapping between this
index and a name meaningful to an application is outside the scope of the current DSM CC)
2. mode (retrieval/storage)

A.0.4.2 Retrieval
The DSM CC providesthe meansto:

play anidentified ITU-T Rec. H.222.0 | ISO/IEC 13818-1 hitstream,

play from a given presentation time,

st the playback speed (normal or fast),

set the playback duration (until a specified presentation time, the end of the bitstreamin
forward play or the beginning in reverse play or the issuance of a stop command),

set the direction (forward or reve rse),

pause,

resume,

change the access point in the bitstream,

stop.

pPODNE

©oo~No O

A.0.4.3 Storage
The DSM CC providesthe meansto:

1. causestorage of avalid bitstream for a specified duration,
2. causedorageto stop.

DSM CC provides a useful but limited subset of functionality that may be required in DSM based ITU-T

Rec. H.222.0 | ISO/IEC 13818-1 applications. It isfully expected that significant additional capabilities
will be added through subsequent extensions.

on ITII T PNAas il AN N /AN T\



A2 £ L ) ) | B

A.1 General elements

A.1.1 Scope

Iovi/iivw 1001071, .L:I:I“I‘\L)

The scope of thiswork conssts of the devel opment of an international standard to specify a useful 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 mediain 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 aDSM.

A.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 sysemis
capable of retrieving al TU-T Rec. H.222.0 | ISO/IEC 13818-1 hitstream and is also [optionally] capable of
generating a I TU-T Rec. H.222.0 | ISO/IEC 13818-1 hitstream. The control channel over which the DSM
commands and acknowledgments are sent is shown in figure A-1 as an out of band channel. Thiscan also
be accomplished by inserting the DSM CC commands and acknowledgmentsinto the ITU-T Rec. H.222.0

| ISO/IEC 13818-1 bitstreamsif an out of band channel is not available.

DSMCC
-

DSM ACK
—»

DSM| [ISO/IEC 13818

Bitstream System
P Target
Decoder
ISO/IEC 13818
j itstream
System
encoder

User
Video bitstream
o
Audio bitst
udio bitstream -
Video bitst
- ideo bitstream
- Audio bitstream

Figure A-1 -- Configuration of DSM CC application

A.1.3 The transmission of DSM CC commands and acknowledgments

TheDSM CC isencoded into aDSM CC hitstream according to the syntax and semantics defined in
subelabses-A.2.2 through A.2.9. The DSM CC bitstream can be transmitted both as a stand alone
bitsream andinalTU-T Rec. H.222.0 | ISO/IEC 13818-1 Systems bitstream.

When the DSM CC bitstream is transmitted in stand alone mode, its relationship to the Systems bitstream
and the decoding processisillustrated in figure A-2 on page 89. In this case, the DSM CC hitstream is not
embedded in the Systems bitstream. This transmission mode can be used in the applications when the

DSM isconnected directly with the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 decoder. It can also beused in
the applications where the DSM CC bitstream could be controlled and transmitted by other types of

network multiplexors.
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) Video Bitstream
ISO/IEC 13818 Bitstream -
(No DSM-CC Embedded) Systems
|
Decoder Audio Bitstream
Decoded DSM-CC
DSM-CC Bitstream
| DSM-CC |
Decoder

Figure A-2 -- DSM CC bitstream decoded as a standalone bitstream

For some applications, it is desirable to transmit theDSM CC inan ITU-T Rec. H.222.0 | ISO/IEC 13818-
1 systems bitstream so that some features of the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 systems bitstream
could be applied to the DSM CC hitstream aswell. In this case, the DSM CC hitstream is embedded in the
systems hitstream by the systems multiplexor.

The DSM CC hitstream is encoded by the systems encoder in the following process. First, the DSM CC
bitstream is packetized into an packetized element stream (PES) according to the syntax described in
2.4.3.6 of this Recommendation | International Standard. Then the PESis multiplexed into either a
program stream (PS) or a trangport stream (TS) according to the requirement of the transmission media.
The decoding procedures are the inverse of the encoding procedures and areillustrated in the block
diagram of the Systems decoder depicted in Figure A-3.

ISO/IEC 13818 Bitstream
(DSM-CC is Embedded)

Video Bitstream

Audio Bitstream
—— | System .
Decoder

= DSM-CC |—

DSM-CC Decoder Decoded
Bitstream DSM-CC

Figure A-3 -- DSM CC bitstream decoded as part of the system bitstream

In figure A-3, the output of the Systems decoder is a video bitstream, audio bitstream and/or DSM CC
bitstream. The DSM CC bitstream isidentified by the stream id, which isequal to the binary code '1111
0010’ as defined by the stream _id table 2-19 on page 36 of the System part of the IS. Oncethe DSM CC
bitstream isidentified, the succeeding bitstream shall be directed to the DSM CC decoder until the next
non-DSM CC stream id is detected.

A.2 Technical elements
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A.2.1 Definitions

A.2.1.1 DSM CC -- Digital Storage Media Control Commandsthat are specified by this International
Standard for the control of digital storage media at alocal or remote Site containing an 1TU-T Rec.
H.222.0 | ISO/IEC 13818-1 hitstream.

A.2.1.2 DSM ACK -- The acknowledgment from the DSM CC command receiver to the command
initiator.

A.2.1.3 MPEG bitstream -- An ISO/IEC 11172-1 Systems stream, Program Stream or Transport Stream.

A.2.1.4DSM CC server -- A system, either local or remote, used to store and/or retrieve an ITU-T Rec.
H.222.0 | ISO/IEC 13818-1 hitstream.

A.2.1.5 Paint of random access-- A pointinan ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream with
the property that for at least one elementary stream within the bitstream, the next access unit, 'N',
completely contained in the bitstream can be decoded without reference to previous access units, and for
every e ementary stream in the bitstream all access unitswith the same or later presentation times are
completely contained subsequently in the bitstream and can be completely decoded by a system target
decoder without access to information prior to the point of random access. The bitstream as stored on the
DSM may have certain points of random access, the output of the DSM may include additional points of
random access manufactured by the DSM's own manipulation of the stored material (e.g., storing
guantization matrices so that a sequence header can be generated whenever necessary). A point of random
access has an associated PTS, namely the actual or implied PTS of accessunit 'N'.

A.2.1.6 Current Operational PTS Value -- Theactual or implied PTS associated with the last point of
random access preceding the last access unit provided from the DSM from the currently selected ITU-T
Rec. H.222.0 | ISO/IEC 13818-1 hitstream. 1f no access unit has been provided from thisI TU-T Rec.
H.222.0 | ISO/IEC 13818-1 bitstream the DSM isincapable of providing random accessinto the current
bitstream, then the current operational PTS valueisthe first point of random accessin the ITU-T Rec.
H.222.0 | ISO/IEC 13818-1 hitstream.

A.2.1.7 DSM CC Bitstream -- A sequence of bits satisfying the syntax of section A.2.2.
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A.2.2 Specification of DSM CC syntax

Every DSM control command shall start with a start code, which isa 32-bit string derived from

the packet_gtart_code_prefix and the stream_id in the Table A-1 shown below;

Every DSM control command shall have a packet_length to specify the number of byteinaDSM CC
packet;

When the DSM CC bitstream istransmitted as a PES packet asdefined in Section 2.4.3.6 of ITU-T
Rec. H.222.0 | ISO/IEC 13818-1, the packet_start code prefix isidentical field asthe
packet start code prefix and the packet_length isidentical field asthe PES packet length as
specified in Section 2.4.3.6. In other words, if the DSM CC packet is encapsulated in a PES packet
the PES packet start codeis the only start code at the beginning of the packet;

Theactual control command or acknowledgment shall immediately follow the packet_length;

An acknowledgment strea m shall be provided by the DSM control bitstream receiver after the
requested operation is started or is done, depending on the specific command received;

TheDSM isresponsible at all timesfor providing alegal ITU-T Rec. H.222.0 | ISO/IEC 13818-1
systems hitstream. This may include manipulating the trick mode bits defined in the system part of
thelS.

Table A-1--1TU-T Rec. H.222.0 | 1SO/IEC 13818-1 DSM CC

Syntax No. of bits M nemonic
DSM_CC() {
packet_start_code prefix 24 bslbf
stream_id 8 uimsbf
packet_length 16 uimsbf
command_id 8 uimsbf
If (command_id=="01") {
control()
} dseif (command_id =="'02) {
ack()
}
}

A.2.3 Semantics of fields in specification of DSM CC syntax
packet_start_code prefix -- Thisisa 24-bit code. Together with the stream_id that follows it congtitutes
aDSM CC packet start code that identifies the beginning of a DSM CC packet bitstream. The
packet_gtart_code prefix isthe bit string ‘0000 0000 0000 0000 0000 0001" (0x000001).

stream_id -- Thisisa 8-bit field specifying the bitstream identification that takesthe value‘1111 0010°
for the DSM CC hitstream.

packet_length -- A 16-hit field specifying the number of bytein the DSM CC packet following the last
byte of thefield.

command_id -- Thisisan 8-bit unsggned integer. It identifieswhether a bitstream isa control command
or an acknowledgment. The valueisdefined in table A-2 below.

Table A-2 -- Command_id assigned values

value command id

0x00 forbidden

0x01 control

0x02 ack
0x03-0xFF reserved
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A.2.4 Control layer
Constraints on setting flagsin DSM CC control:

At most one of the flags for select, playback and storage shall be set to '1' for each DSM control
command. If none of these bits are set, then this command isignored.

At most one of pause_mode, resume_mode, stop_mode, play_flag, and jump_flag shall be set for each
retrieval command. If none of these bits are set then this command isignored.

At most one of record_flag and stop_mode shall be selected for each storage command. 1f none of
these bits are set then this command isignored.
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Table A-3-- DSM_CC contral

&/

Syntax No. of bits Mnemonic
control() {
select_flag 1 bglbf
retrieval_flag 1 bglbf
storage flag 1 bglbf
reserved 12 bslbf
marker_bit 1 bdbf
If (sdlect_flag=="1"){
bitstream_id[31..17] 15 bslbf
marker_bit 1 bdbf
bitstream_id[16..2] 15 bslbf
marker_bit 1 bdbf
bitstream_id[1..0] 2 Dbslbf
select_mode 5 bdbf
marker_bit 1 bdbf
}
if (retrieve_flag=="1") {
jump_flag 1 bglbf
play_flag 1 bglbf
pause_mode 1 bglbf
resume_mode 1 bglbf
stop_mode 1 bglbf
reserved 10 bslbf
marker_bit 1 bdbf
if jump_flag=="1"){
reserved 7 bslbf
direction_indicator 1 bdbf
time_code()
}
if (play_flag=="1"){
speed_mode 1 bglbf
direction_indicator 1 bglbf
reserved 6 bslbf
time_code()
}
}
if (sorage flag=="1") {
reserved 6 bslbf
record_flag 1 bglbf
stop_mode 1 bglbf
if (record_flag=="1") {
time_code()
}
}

A.2.5 Semantics of fields in control layer

marker_bit --Thisisa one-bit marker that isalways set to '1' to avoid start code emulation.

1ovi/iiL\w

reserved_bits -- Thisisa specific number of bitsthat isreserved for future extension of the ITU-T Rec.
H.222.0 | ISO/IEC 13818-1 DSM control commands. These bits shall be set to ‘0" in all the syntax of DSM

CC.
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select_flag -- Thisone-bit flag specifies a bitstream selection operation whenitisset to'1'.

retrieval_flag -- Thisisaone-hit flag specifying that a specific retrieval [playback] action will occur
when the flag isset to '1'. The operation starts from the current operational PTS value.

storage_flag -- Thisisa one-bit flag specifying that a sorage operation isto be executed when theflagis
sttol.

bitstream_ID -- Thisisa 32 hit string. They are combined from three fields as defined in the syntax to
form an unsigned integer to specify which ITU-T Rec. H.222.0 | ISO/IEC 13818-1 hitstream isto be
selected. It isthe DSM server’ sresponsbility to map the names of the ITU-T Rec. H.222.0 | ISO/IEC
13818-1 bitstreams stored on its DSM uniquely to a series of numbers which could be represented by the
bitstream_ID.

select_mode -- Thisisa5 bit unsigned integer to specify which mode of bitstream operation is requested.
The table bel ow specifies the defined modes.

Table A-4 -- Select mode assigned values

code mode
0 forbidden
1 dorage
2 retrieval
3-31 reserved

storage -- Thefollowing syntax elements are a bitstream storage command.
retrieval -- Thefollowing syntax elements are a bitstream retrieval command.

jump_flag -- Thisisa one-bit flag specifying to jump the playback pointer to a new access unit. The new
PTSis specified by arelative time_code with respect to the current operational PTSvalue. Thisactivity is
only valid when the current ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream isin the "stop" mode.

play_flag -- Thisisa one-hit flag specifying to play a bitstream for a certain time period. The speed,
direction, and play duration are additional parametersin the bit sreem when the play flagissetto'1'. The
play startsfrom the current operational PTS value.

pause_mode -- Thisisa one-bit code specifying to pause the playback action and keep the playback
pointer at the current operational PTS value.

resume_mode -- Thisisa one-bit code specifying to continue the playback action from the current
operational PTSvalue. Resume only has meaning if the current bitstream isin the "pause" state, and the
bitstream will be et to the forward play state at normal speed.

stop_mode -- Thisisa one-bit code specifying to stop a bitstream transmission.

direction_indicator -- Thisisa one-hit code to indicate the playback direction. If thisbitissetto“1”, it
gtands for aforward play. Otherwiseit stands for a backward play.

speed_mode -- Thisisa 1-bit code to specify the speed scale. If thishit issat to '1', it specifiesthat the
speed isnormal play. If thisbit isset to'0', it specifiesthat the speed isfast play [i.e., fast forward or fast
reverse).

record_flag -- Thisisone-bit flag to specify the request of recording the bitstream from an end user to a
DSM for a specified duration or until the reception of a stop command, whichever comesfirg.
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A.2.6 Acknowledgement layer
Constraints on setting flagsin DSM CC control:

Only one of the acksfor select, retrieval, storage, and error shall be selected (set to “1”) for each DSM ack
bitstream.

Table A-5-- DSM CC Acknowledgement

Syntax No. of bits  Mnemonic
ack() {
select_ack 1 bdbf
retrieval_ack 1 bdbf
storage_ack 1 bdlbf
error_ack 1 bdbf
reserved 10 bslbf
marker_bit 1 bdbf
cmd_status 1 bdbf
If (cmd_gtatus=="1"'&&
(retrieval_ack =="1" | storage_ack =="1")) {
time_code()
}
}

A.2.7 Semantics of fields in acknowledgement layer

select_ack -- Thisisa1-bit code. Whenitisset to 1, it specifiesthat the ack() command isto
acknowledge a select command.

retrieval_ack -- Thisisa1-bit code. Whenitisset to 1", it specifiesthat the ack() command isto
acknowledge a retrieval command.

storage_ack -- Thisisa1-bit code. Whenitisset to 1, it specifiesthat the ack() command isto
acknowledge a storage command.

error_ack -- This1-bit codeidentifiesa DSM error when set to '1'. Currently defined errors are EOF
[end of file on forward play or start of file on reverse play] on a stream being retrieved and Disk Full on a
stream being stored. If thishit isset, cmd_statusisundefined. In either case, the current bitstream is ill
sl ected.

cmd_status -- Thisisa 1-hit flag. It providesto a DSM control commandsinitiator the response of the
DSM command receiver. If it isset to'1', it Specifiesthat the command is accepted, otherwise, the
command is rejected. Depending the type of command received, there are the following semantics:

If select_ack isset and cmd_statusis set to 1, it specifiesthat 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 operation. The current
operational PTSvalueis st to thefirst point of random access of the newly selected ITU-T Rec. H.222.0 |
ISO/IEC 13818-1 bitstream. If cmd_statusis set to '0', the operation has failed and no bitstream is

sl ected.

If retrieval_ack isset and cmd_statusisset to 1", it specifiesthat the retrieval operation isinitiated for all

retrieval commands. The position of the current operational PTS pointer is reported by the succeeding
time_code.
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For the play_flag command with infinite_time flag !="1", a second acknowledgment will be sent. This
will acknowledge that the play operation has ended by reaching the duration defined by the play_flag
command.

If thecmd_statusisset to '0" in aretrieval acknowledgment, the operation hasfailed. Possible reasonsfor
thisfailureinclude an invalid bitstream_ID, jumping beyond the end of afile, or afunction not supported
such asreverse play in sandard speed.

If storage_ack isset, it specifiesthat the storage operation isbeing started for the record_flag command or
is completed by the ssop_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
acknowledgment shall be sent and the current operational PT S value after the recording shall be reported.

If the cmd_statusis set to ‘0" in a storage acknowledgment, the operation hasfailed. Possble reasons for
thisfailureinclude an invalid bitstream_ID, or the inability of the DSM to store data.

A.2.8 Time code
Constraints on time code

A forward operation of specified duration given by atime_code terminates after the actual or implied
PTS of an access unit is observed such that PTS minus the current operational PT S value at the start
of the operation modulo 233 exceeds the duration.

A backward operation of specified duration given by atime_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 minusthat PTS modulo 233 exceeds the duration.

For all the commandsin the control () layer, thetime_codeis specified as a relative duration with
respect to the current operational PTS value.

For all the commandsin the ack() layer, thetime_code is specified by the current operational PTS

value.
Table A-6 -- Time code
Syntax No. of bits Mnemonic
time_code() {
reserved 7 bslbf
infinite_time_flag 1 bslbf
if (infinite_time_flag=="0") {
reserved 4 bslbf
PTS32..30] 3  bslbf
mar ker 1 bglbf
PTS29..15] 15 bslbf
marker_bit 1 bslbf
PTS14..0] 15 bslbf
marker_bit 1 bslbf
}
}

A.2.9 Semantics of fields in time code
infinite_time_flag -- Thisisa one-hit flag to specify an infinite time period when thisflagisset to 1.

Thisflagisset to '1' in such applications when atime period for a specific operation could not be defined
in advance.
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PTS[32..0] -- The presentation timestamp of the access unit of the bitstream. Depending upon the
function, this can be an absolute value or arelative time delay in cycles of the 90 kHz system clock.
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Annex B
(Normative)

CRC Decoder Model

B.0 CRC decoder model
The 32 bit CRC Decoder Modd is specified in figure B-1 bel ow.

received data and CRC_32 bits
(most significant bit first)

] 0l

z(1) — =

z2(2) —m= z@3) [ ()

P 74) [—oo00

000 ——@(7(31)

Figure B-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 isthe 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. Seefigure above.

Thisisthe CRC calculated with the polynomial:
X32 + X26 + X23 + X22 + x16 + x12 + X11 + X10 + X8 + X7 + X5+ x4 + X2 + X +1.

At the input of the CRC decoder bytes are received. Each byteis shifted into the CRC decoder one bit at a
time, with the most significant bit (msb) firgt, i. e. from byte 0x01 ( the last byte of the startcode prefix),
first the seven '0's enter the CRC decoder, followed by the one '1'. Before the CRC processing of the data
of a section the output of each delay element z(i) isset toitsinitial value'1'. After thisinitialization, each
byte of the section is provided to the input of the CRC decoder, including the four CRC_32 bytes. After
shifting the lagt 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) isread. In case of no errors, each of the outputs of z(i)
hasto be zero. At the CRC encoder the CRC_32 field is encoded with such value that thisis ensured.
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Annex C
(Informative.)

Program Specific Information

C.0 Explanation of Program Specific Information in Transport Streams

Section 2.4.4 contains the normative syntax, semantics and text concerning Program Specific | nformation.
In all cases, compliance with the constraints of section 2.4.4 isrequired. Thisannex provides explanatory
information on how to use the PSI functions, and considers examples of how it may be used in practice.

C.1 Introduction

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

The PSI may be thought of as belonging to four tables:
Program Association Table (PAT)

2. TSProgram Map Table (PMT)

3. Network Information Table (NIT)

4. Conditional Access Table (CAT)

The contents of the PAT, PMT and CAT are specified in thisstandard. TheNIT isa privatetable, but the
PID value of the Transport Stream packets which carry it is specified in the PAT. It must however follow
the section structure defined in this standard.

C.2 Functional Mechanism

Thetableslisted above are conceptual in that they need never be regenerated in a specified form within a
decoder. While these structures may be thought of as smple tables, they may be partitioned before they are
sent in Transport Stream packets. The syntax supports this operation by allowing the tablesto be
partitioned into sections and by providing a normative mapping method into Trangport Stream packet
payloads. A method isalso provided to carry private datain a Smilar format. Thisis advantageous asthe
same basic processing in the decoder can then be used for both the PSI data and the private data helping to
keep cost down. For advice on the optimum placing of PSI in the Transport Stream, see Annex D.

Each section isuniquely identified by the combination of the following elements:
i) table id

The 8 bit table_id identifies to which table the section belongs.

Sections with table_id 0x00 belong to the Program Association Table.

Sections with table_id 0x01 belong to the Conditional Access Table.
Sectionswith table_id 0x02 belong to the TS Program Map Table.

Other values of the table_id can be allocated by the user for private purposes.

Itispossibleto set up filterslooking at thetable id field to identify whether a new section belongsto a
table of interest or not.
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ii) table id_extenson

This 16 hit field existsin thelong version of a section. In the Program Association Tableit isused to
identify the transport_stream_id of the stream - effectively a user-defined label which allows one Transport
Stream to be distinguished from another within a network or across networks. In the Conditional Access
Tablethisfied currently has no meaning and istherefore marked as "reserved” meaning that it shall be
coded as 'OxFFFF, but that a meaning may be defined by 1SO in a subsequent revision of the 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. Thetable id_extension can also be used as afilter 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. Thereis no obligation within the standard that sections must be transmitted in numerical
order, but thisisrecommended, unlessit isdesired to transmit some sections of the table more frequently
than others, e.g. due to random access considerations.

iv) verson_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 PS| 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 isidentical
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. Thisis achieved by sending a
section with the sametable id, table id_extension, and section_number as the previous section containing
the relevant data, but with the next value verson_number.

V) current_next_indicator

It isimportant to know at what point in the bitstream the PSI isvalid. Each section can therefore be
numbered asvalid "now" (current), or asvalid in theimmediate future (next). Thisallowsthe
transmission of a future configuration in advance of the change, giving the decoder the opportunity to
prepare for the

change. There ishowever no obligation to transmit the next version of a section in advance, but if it is
transmitted, then it shall be the next correct version of that section.

C.3 The Mapping of Sections into Transport Stream Packets

Sections are mapped directly into Transport Stream packets, that isto say without a prior mapping into
PES packets. Sections do not have to start at the beginning of Transport Stream packets, (although they
may), because the gtart of the first section in the payload of a Transport Stream packet is pointed to by the
pointer_field. The presence of the pointer_field issignaled by the payload unit_start_indicator being set
toavalueof '1'in PSl packets. (In non-PSI packets, the indicator signalsthat a PES packet startsin the
Transport Stream packet). The pointer_field pointsto the start of the first section in the Transport Stream
packet. Thereisnever more than one pointer_field in a Transport Stream packet, asthe start of any other
section can be identified by counting the length of the first and any subsequent sections, since no gaps
between sections within a Transport Stream packet are allowed by the syntax.

It isimportant to note that within Transport Stream packets of any single PID value, one section must be
finished before the next one is allowed to be started, or eseit isnot possible to identify to which section
header the data belongs. If a section finishes before the end of a Transport Stream packet, but it is not
convenient to open another section, a stuffing mechanism is provided to fill up the space. Stuffing is
performed by filling each remaining byte of the packet with the value 'OxFF. Consequently the table id
value 'OxFF isforbidden, or el se thiswould 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 stuffed with 'OxFF bytes,
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allowing a decoder to discard the rest of the Trangport Stream packet. Stuffing can also be performed
using the normal adaptation_field mechanism.

C.4 Repetition Rates and Random Access

In systems where random access is a consderation, it is recommended to re-transmit PS| sections several
times, even when changes do not occur in the configuration, asin the general case, a decoder needsthe

PSI data to identify the contents of the Transport Stream, to be able to start decoding. ITU-T Rec. H.222.0
| ISO/IEC 13818-1 does not place any requirements on the repetition or occurrence rate of PS| sections.
Clearly though, repeating sections frequently hel ps random access applications, whilst causng an
increase in the amount of bitrate used by PS| data. If program mappings are static or quasi-gatic, they may
be stored in the decoder to allow faster accessto the data than having to wait for it to be re-transmitted.
The trade-off between the amount of storage required and the desired impact on channel acquisition time
may be made by the decoder manufacturer.

C.5 Whatis aProgram?
The concept of a program has a precise definition within thisstandard - (Seerefer to Error! Reference

sour ce not found.seetion-2-1-37) “program [system]):-A-program-isa-coHection-of elementary-streams—
thht-neceemmentlmebasei For aTransport Stream thetime base |sdef|ned by the PCR tneen%pt—thls

eteek Th|s effecnvely creat&s avirtual channel wi th| n the Transport Stream

Note that thisis not the same definition asis commonly used in broadcasting, where a"program” isa
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 isa 16-bit unsgned integer and thus permits 65535 unique programsto exist within a
Transport Stream (program_number O isreserved for identification of the NIT). Where several Transport
Streams are available to 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
acquidgtiontime. Inthiscase, it needsto be transmitted only often enough to support timely decoder
initialization setup 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 casesto group together all the program element elementary-sirearms-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, commonto all. In general , though, a broadcaster may prefer to logically
split up the Transport Stream into several programs, where the PCR_PID (location of the clock reference)
isalwaysthe same. Thismethod of splittingthe program elements elementary-streams-into pseudo-
independent programs can have several uses, two examplesfollow:

i) multilingual transmissonsinto separate markets

One video stream may be accompanied by several audio streamsin different languages. It isadvisableto
include an example of the ISO_639_language_descriptor associated with each audio stream to enable the
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selection of the correct program and audio. It is reasonable to have several program definitions with
different program_numbers, where all the programs reference the same video stream and PCR_PID, but
have different audio PIDs. It ishowever also reasonable and possible to list the video stream and all the
audio streams as one program, where this does not exceed the section size limit of 1024 bytes.

ii) Very large program definitions

Thereisamaximum limit on the length of a section of 1024 bytes (including section header and

CRC_32). Thismeansthat no single program definition may exceed thislength. For the great majority of
cases, even with each program elements elementary-stream-having several descriptors, thissizeis
adequate. However, one may envisage casesin very high bitrate systems, which could exceed thislimit. It
isthen in general possible to identify methods of splitting the references of the streams, so that they do not
all haveto belisted together. Some program elements elementary-sirearms-could be referenced under more
than one program, and some under only one or the other, but not both.

C.7 Usage of PSlin a Typical System

A communications system, especially in broadcast applications, may consist of many individual Transport
Streams. Each one of the four PS| data structures may appear in each and every Transport Streamin a
system. There must always be a complete version of the program association table listing all programs
within the Transport Stream and a complete TS program map table, containing complete program
definitions for all programs within the Trangport Stream. If any streams are scrambled, then there must
also be a conditional accesstable present listing the relevant EMM streams (Entitlement Management
Messages). The presence of aNIT isfully optional.

The PSl tables are mapped into Transport Stream packets via the section structure described above. Each
section hasatable id field in itsheader, allowing sections from PS| tables and private datain
private_sectionsto be mixed in Transport Stream packets of the same PID value or even in the same
Transport Stream packet. Note however that within packets of the same PID a complete section must be
transmitted before the next section can be started. Thisisonly possible for packetslabeled as containing
TS Program Map Table section or NIT packets however, since private sections may not be mapped into
PAT or CAT packets.

Itisrequired that all PAT sections be mapped into Trangport Stream packetswith PID=0 x0000 and all CA
sections be mapped into packets with PID= 0x0001. PMT sections may be mapped into packets of user-
selected PID value, listed asthe PMT_PID for each program in the Program Association Table. Likewise,
the PID for the NI T-bearing Transport Stream packetsis user-selected, but must be pointed to by the entry
"program_number == 0x00" inthe PAT, if the NIT exids.

The contents of any CA parameter Sreams are entirely private, but EMMsand ECMsmust also be sent in
Transport Stream packets to be compliant with the 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.

C.8 The Relationships 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 sections, each PS| table is described.
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NETWORK INFORMATION
PROGRAM ASSOCIATION TABLE (PID 0)

TABLE

Program 0 Network PID

PROGRAM MAP PID Program 1
Program 2 Private
Program 45
Program 20 Network

Data

Program X
Program Y

Program 1 Audio

Elementary Stream PID o
Program 45 Decoder
Program 20 | Elemen\téml dSergam PID NVM

PROGRAM MAP TABLE

EMM Sys 2 Program 1 Program 20 EMM Sys 1 MPEG-2
Audio Video TRANSPORT
STREAM

CA System 1 —l CAPID I
| CAPID |7 CA System 2

CONDITIONAL ACCESS TABLE (PID 1)
Figure C-1 -- Program and networ k mapping relationships

C.8.1 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 packetsthat 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
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overall PAT. This partitioning may be desirable to minimize datalossin error conditions. That is, packet
loss or bit errors may be localized to smaller sections of the PAT, thus allowing other sectionsto still be
received and correctly decoded. If all PAT information is put into one section, an error causing a changed
bit in thetable id, for example, would cause the loss of the entire PAT. However, thisis still permitted as
long as the section does not extend beyond the 1 024 byte maximum length limit.

Program O (zero) isreserved and is used to specify the Network PID. Thisisa pointer to the Transport
Stream packets which carry the Network Information Table.

The Program Association Table is always transmitted without encryption.

C.8.2 Program Map Table

The Program Map Table provides the mapping between a program number and the  program el ements
elementary-strearms-that compriseit. Thistableis 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 thetable idfield. It ispossbleto have TSPMT sectionsreferring to different programs
carried in Transport Stream packets having a common PID value.

ITU-T Rec. H.222.0 | ISO/IEC 13818-1 requires a minimum of program identification: program number,

PCR PID, elementary-stream typesand program elements elementary-stream-PIDs. Additional
information for either programs or elementary streams may be conveyed by use of the descriptor()

congruct. See-Refer to section C. 89..6.

Private data may also be sent in Transport Stream packets denoted as carrying TS program map table
sections. Thisisaccomplished by the use of the private_section(). In a private_section() the application
decideswhether verson_number and current_next_indicator represent the values of these fieldsfor a
single section or whether they are applicable to many sections as parts of alarger private table.

Note 1: Trangport stream packets containing the Program Map Table are transmitted unencrypted.

Note 2: It is possible to transmit information on eventsin private descriptors carried within the
TS program_map_section()s.

C.8.3 Conditional Access Table

The Conditional Access (CA) Table givesthe association between one or more CA systems, their EMM
streams and any special parameters associated with them.

Note: The (private) contents of the Transport Stream packets containing EMM and CA parametersif
present will, in general, be encrypted (scrambled).

C.8.4 Network Information Table

The contents of the NIT are private and not specified by this standard. In general, it will contain

mappings of user-selected serviceswith transport_stream ids, channel frequencies, satellite transponder
numbers, modulation characteristics, etc.

C.8.5 Private_section()
Private _sections() can occur in two basic forms, the short version (where only thefields up to and

including section_length are included) or the long version (where all the fields up to and including
last_section_number are present, and after the private data bytesthe CRC_32 field is present).
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Private_section()s can occur in PIDswhich arelabeled asPMT_PIDsor in Trangport Stream packets with
other PID valueswhich contain exclusively private sections(), including the PID allocated to the NIT. If
the Transport Stream packets of the PID carrying the private_section()s areidentified asa PID carrying
private sections (stream_type assignment value 0x05) then only private_sections may occur in Transport
Stream packets of that PID value; the sections may be either of the short or long type.

C.8.6 Descriptors

There are several normative descriptors defined in this standard. Many more private descriptors may also
be defined. All descriptors have a common format: {tag, length, data}. Any privately defined descriptors
must adhereto thisformat. 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 elementary-streams-when it isfoundina TS PMT section.
When found in a CA section it refersto EMMSs.

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 asthefirst field of the private data bytes of the private
descriptor. The described structure is asfollows:

Table C-1 -- Composite_descriptor

Syntax No. of bits M nemonictd
-+
Composite_descriptor(){
descriptor_tag(privately defined) 8 uimsbf
descriptor_length 8 uimsbf

for(i=0;i<N;i++){
sub_descriptor()

}
}
Table C-2 -- Sub-descriptor
Syntax No. of bits M nemonictde
-
sub_descriptor() {
sub_descriptor_tag 8 uimsbf
sub_descriptor_length 8 uimsbf
for (i=0;i<N;i++) {
private data byte 8 uimsbf
}
}

C.9 Bandwidth Utilization and Signal Acquisition Time

Any implementation of an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream must make reasonable
bandwidth demands for PSI information and, in applications where random access is a consideration,
should promote fast signal acquisition. This section analyses thisissue and gives some broadcast
application examples.

The packet-based nature of the Transport Stream allows for the interspersing of PSI information with fine

granularity in the multiplexed data. This provides significant flexibility in the congtruction and
transmission of PSI.
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Signal acquisitiontimein areal decoder is dependent on many factors, including: FDM tuning dew time,
demultiplexing time, sequence headers, |-frame occurrence rate and scrambling key retrieval and
processing.

This section examines both the bitrate and signal acquigition time impacts of the PSI syntax sections
2444 and2.4.4.9. Itisassumed that the Conditional Access Table does not need to be received
dynamically at every program change. Thisassumption isalso made of the private EMM streams. Thisis
because these streams do not contain the quickly-varying ECM componentsused for — program el ement

elementary-stream-scrambling (encryption).

Also, in the discussion below, the time to acquire and process ECM s has been neglected.

The tables given below provide bandwidth usage values for arange of Transport Stream conditions. One
axis of the table isthe number of programs contained in asingle Transport Stream. The other axisisthe
frequency with which the PSI information is transmitted in the Transport Stream.

Thisfrequency will be a key determinant of the component of signal acquisition time dueto PS| structures.

Both bandwidth usage tables assume that only the minimum program mapping information is provided.
Thismeans that the PID values and stream types are provided with no additional descriptors. All
programsin the example are composed of two elementary streams. Program associations are 2 byteslong,
while the minimal program map is 26 byteslong. Thereisadditional overhead associated with version
numbers, section lengths, etc. Thiswill be on the order of 1-3% of the total PSI bitrate usage in sections
of moderate to maximum length (a few hundred bytesto 1024 bytes) and will thus beignored here.

The above assumptions allow forty-six (46) program associationsto map into one Program Association
TabletTransport Stream packet (if no adaptation field is present). Similarly, seven (7)

TS program _map_sectionsfitinto asingle tTransport Stream packet. It may be noted that to facilitate
easy "drop/add" it is possibleto transmit only one (1) TS program map_section per PMT_PID. Thismay
cause an undesirable increasein PSI bitrate usage, however.

Table C-3 -- Program association table bandwidth usage (bps)

Number of Programs Per Transport Stream

1 5 10 32 128

1 1504 1504 1504 1504 4512
Frequency of 10 15040 15040 15040 15040 45120
PA Table 25 37600 37600 37600 37600 112800
Information 50 75200 75200 75200 75200 225600
(sec-1) 100 150400 150400 150400 150400 451200

Note: snce46 program_association_sections fit into one transport packet, the numbersin the table do
not change until the last column.

Table C-4 -- Program map table bandwidth usage (bps)

Number of Programs Per Transport Stream

1 5 10 32 128
1 1504 1504 3008 7520 28576
Frequency of 10 15040 15040 30080 75200 285760
PM Table 25 37600 37600 75200 188000 714400
Information 50 75200 75200 150400 376000 1428800
(sec-1) 100 150400 150400 300800 601600 2857600

ENaYsl ITII T PNAas il AN N /AN T\



A2 £ L ) ) | B Iovi/iivw 1001071, .L:I:I“I‘\L)

Using a frequency of 25Hz for the two PSI Tables, yields a worst case contribution to the signal acquisition
time of approximately 80 ms. Thiswould only occur when the required PAT data was "just missed" and
then, once the PAT was acquired and decoded, therequired PMT datawasalso "just missed”. This
doubling of the worst case acquisition time is one disadvantage of the extra level of indirection introduced
by the PAT gructure. Thiseffect could be reduced by coordinated transmission of related PAT and PMT
packets. Presumably, the advantage that this approach offersfor "drop/add" re-multiplexing operationsis
compensatory.

With the 25Hz PSl frequency, the following examples may be constructed (all examples leave ample
allowancefor various datalink, FEC, CA and routing overheads):

6 MHz CATV channel:

five 5.2-Mbps programs: 26.5 Mbps (includes transport overhead)
total PSI bandwidth: 75.2 kbpskbps
CA bandwidth: 500 kbpskbps

total ITU-T Rec. H.222.0 | ISO/IEC 13818-1 transport bandwidth: 27.1 Mbps

PSl Overhead: 0.28 %

OC-3fiber channel (155 M bps):

32 3.9-Mbps programs 127.5 Mbps (includes transport overhead)
total PSI bandwidth: 225.6 kbpskbps
CA bandwidth: 500 kbpskbps

total ITU-T Rec. H.222.0 | ISO/IEC 13818-1 transport bandwidth: 128.2 Mbps

PSl Overhead: 0.18%

C-band satellite transponder :

128 256-kbpsibps audio programs: 33.5 Mbps (includes transport overhead)
total PSI bandwidth: 826.4 kbpskbps
CA bandwidth: 500 kbpskbps

total ITU-T Rec. H.222.0 | ISO/IEC 13818-1 transport bandwidth: 34.7 Mbps

PSI Overhead: 2.4 % (actually would be lower if only one PID used per program)
As expected, the percent overhead increases for lower-rate services Snce many more services are possible
per Transport Stream. However, the overhead isnot excessivein all cases. Higher transmission rates

(than 25Hz) for the PSI data may be used to decrease the impact on channel acquisition time with only
modest bitrate demand increases.
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Annex D
(Informative.)

ITU-T H.222.0 | ISO/IEC 13818-1 Systems Timing Model and Application
I mplications

D.0 Introduction

ThelTU-T Rec. H.262 | ISO/IEC 13818-2 Systems specification includes a specific timing model for the
sampling, encoding, encoder buffering, transmission, reception, decoder buffering, decoding, and presentation
of digital audio and video in combination. This model isembodied directly in the specification of the syntax
and semantic requirements of compliant ITU-T Rec. H.222.0 | ISO/IEC 13818-1 data streams. Given that a
decoding system receives a compliant bit stream that is delivered correctly in accordance with the timing
modd it is straightforward to implement the decoder such that it produces as output high quality audio and
video which are properly synchronized. Thereisno normative regquirement, however, that decoders be
implemented in such away asto provide such high quality presentation output. In applications where the data
are not delivered to the decoder with correct timing, it may be possible to produce the desired presentation
output, however such capabilities are not in general guaranteed. This Informative Annex describesthe ITU-T
Rec. H.222.0 | ISO/IEC 13818-1 Systemstiming model in detail, and gives some suggestions for implementing
decoder systemsto suit sometypical applications.

D.0.1 Timing Model

ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Systems embodies a timing model in which all digitized pictures and
audio samplesthat enter the encoder are presented exactly once each, after a constant end to end delay, at the
output of the decoder. As such, the samplerates, i.e. the video picture rate and the audio samplerate, are
precisaly the same at the decoder asthey are at the encoder. Thistiming modd is diagrammed in the following
figure:
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Figure D-1 -- Constant delay model

Asindicated in thefigure, the delay from the input to the encoder to the output or presentation from the

decoder iscongtant in thismodel 1, while the delay through each of the encoder and decoder buffersisvariable.
Not only isthe delay through each of these buffers variable within the path of one elementary stream, the
individual buffer delaysin the video and audio paths differ aswell. Therefore the relative location of coded bits
representing audio or video in the combined stream does not indicate synchronization information. The

relative location of coded audio and video is constrained only by the System Target Decoder (STD) mode such
that the decoder buffers must behave properly; therefore coded audio and video that represent sound and
picturesthat are to be presented smultaneoudy may be separated in time within the coded bit stream by as
much as one second, which is the maximum decoder buffer delay that is allowed in the STD modd.

Theaudio and video samplerates at the encoder are significantly different from one another, and may or may
not have an exact and fixed relationship to one another, depending on whether the combined streamisa
Program Stream or a Transport Stream, and on whether the System_audio_|locked and System_video _|ocked
flags are sat in the Program Stream. The duration of a block of audio samples (an audio presentation unit) is
generally not the same as the duration of a video picture.

Thereisasingle, common system clock in the encoder, and this clock is used to create time stamps that
indicate the correct presentation and decoding timing of audio and video, aswell asto create time stamps that
indicate the instantaneous val ues of the system clock itself at sampled intervals. The time stamps that indicate
the presentation time of audio and video are called Presentation Time Stamps (PTS); those that indicate the
decoding time are called Decoding Time Stamps (DTS); and those that indicate the value of the system clock
are called the System Clock Reference (SCR) in Program Streams and the Program Clock Reference (PCR) in
Transport Streams. It isthe presence of this common system clock in the encoder, the time ssampsthat are
created from it, and the recreation of the clock in the decoder and the correct use of the time stamps that
provide the facility to synchronize properly the operation of the decoder.

Encoder implementations may not follow this model exactly, however the data stream which results from the
actual encoder, storage system, network, and one or more multiplexor must follow the model precisaly.
(Ddivery of the data may deviate somewhat, depending on the application). Therefore in this Annex the term
"encoder system clock™ isused to mean either the actual common system clock as described in this model or
the equivalent function, however it may be implemented.

Since the end-to-end delay through the entire system is constant, the audio and video presentations are
precisaly synchronized. The construction of System bit streamsis constrained such that when they are decoded
by a decoder that follows this model with the appropriately sized decoder buffers those buffers are guaranteed
never to overflow nor underflow, with specific exceptions allowing intentional underflow.

1Congtant delay asindicated for the entire system is required for correct synchronizaton; however some
deviations are possible. Network delay is discussed as being congtant; dight deviations may be tolerated,
and network adaptation may allow greater variations of network delay. Both of these are discussed later.
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In order for the decoder system to incur the precise amount of delay that causes the entire end-to-end delay to
be congtant, it is necessary for the decoder to have a system clock whose frequency of operation and absolute
instantaneous val ue match those of the encoder. The information necessary to convey the encoder's system
clock isencoded in the SCR or PCR; thisfunction is explained below.

Decoders which are implemented in accordance with thistiming model such that they present audio samples
and video pictures exactly once (with specific intentionally coded exceptions), at a constant rate, and such that
decoder buffers behave asin the modd, are referred to in this Annex as precisdy timed decoders, or those that
produce precisely timed output. Decoder implementations are not required by this International Standard to
present audio and video in accordance with thismodel; it is possible to construct decoders that do not have
constant delay, or equivalently do not present each picture or audio sample exactly once. In such
implementations, however, the synchronization between presented audio and video may not be precise, and the
behavior of the decoder buffers may not follow the reference decoder moddl. It isimportant to avoid overflow
at the decoder buffers, as overflow causes aloss of data that may have significant effects on the resulting
decoding process. This Annex covers primarily the operation of such precisely timed decoders and some of the
optionsthat are available in implementing these decoders.

D.0.2 Audio and Video Presentation Synchronization

Within the coding of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Systems data are time stamps concerning the
presentation and decoding of video pictures and blocks of audio samples. The pictures and blocks are called
"Presentation Units', abbreviated PU. The sets of coded bits which represent the PUs and which are included
within the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 hit stream are called "Access Units’, abbreviated AU. An
audio access unit is abbreviated AAU, and a video access unit is abbreviated VAU. In 1SO/.IEC 13818-3 audio
theterm "audio frame" has the same meaning as AAU or APU depending on the context. A VPU isapicture,
and aVAU isacoded picture.

Some, but not necessarily all, AAUs and VAUSs have associated with them PTSs. A PT S indicates the time that
the PU which results from decoding the AU which is associated with the PT S should be presented to the user.
Theaudio PTSsand video PT Ss are both samples from a common time clock, which isreferred to asthe
System Time Clock or ST C. With the correct values of audio and video PT Ssincluded in the data stream, and
with the presentation of the audio and video PUs occurring at the time indicated by the appropriate PTSsin
terms of the common ST C, precise synchronization of the presented audio and video is achieved at the
decoding system. While the STC isnot part of the normative content of thisInternational Standard, and the
equivalent information is conveyed in the Standard via such terms as the System_Clock_Frequency, the STCis
an important and convenient element for explaining the timing model, and it is generally practical to

implement encoders and decoders which include an ST C in some form.

PTSsarerequired for the conveyance of accurate relative timing between audio and video, since the audio and
video PUs generally have significantly different and essentially unrelated durations. For example, audio PUs of
1152 samples each at a samplerate of 44,100 samples per second have a duration of approximately 26,12ms,
and video PUs at aframe rate of 29,97 Hz have a duration of approximately 33,76ms. In general the temporal
boundaries of APUs and VPUsrarely if ever coincide. Separate PT Ssfor audio and video provide the
information that indicates the precise temporal relation of audio and video PUs without requiring any specific
relationship between the duration and interval of audio and video PUs.

Thevalues of the PT Sfields are defined in terms of the System Target Decoder or STD, whichisa
fundamental normative congtraint on all System bit streams. The STD isa mathematical model of an idealized
decoder which specifies precisaly the movement of all bitsinto and out of the decoder's buffers, and the basic
semantic congtraint imposed on the bit stream isthat the buffers within the STD must never overflow nor
underflow, with specific exceptions provided for underflow in special cases. Inthe STD model the virtual
decoder is always exactly synchronized with the data source, and audio and video decoding and presentation
are exactly synchronized. While exact and consigtent, the STD is somewhat simplified with respect to physical
implementations of decodersin order to clarify its specification and to facilitate its broad application to a
variety of decoder implementations. In particular, in the STD mode each of the operations performed on the
bit stream in the decoder is performed instantaneoudy, with the obvious exception of the time that bits spend
in the decoder buffers. In areal decoder system the individual audio and video decoders do not perform
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instantaneoudy, and their delays must be taken into account in the design of the implementation. For example,
if video pictures are decoded in exactly one picture presentation interval 1/P, where P isthe picturerate, and
compressed video data are arriving at the decoder at bit rate R, the completion of removing bits associated with
each picture is delayed from the time indicated in the PTS and DT Sfields by 1/P, and the video decoder buffer
must be larger than that specified in the STD model by R/P. The video presentation is likewise delayed with
respect to the STD, and the PT S should be handled accordingly. Since the video is delayed, the audio decoding
and presentation should be delayed by a similar amount in order to provide correct synchronization. Delaying
decoding and presentation of audio and video in a decoder may be implemented for example by adding a
constant to the PT S values when they are used within the decoder.

Another difference between the STD and precise practical decoder implementation isthat in the STD model
the explicit assumption is made that the final audio and video output is presented to the user instantaneoudy
and without further delay. This may not be the case in practice, particularly with cathode-ray tube displays, and
this additional delay should also be taken into account in the design. Encoders are required to encode audio

and video such that the correct synchronization is achieved when the data is decoded with the STD. Delaysin
theinput and sampling of audio and video, such asvideo camera optical charge integration, must be taken into
account in the encoder.

In the STD mode proper synchronization is assumed and the time ssamps and buffer behavior are tested
againg this assumption as a condition of bit stream validity. Of coursein a physical decoder precise
synchronization is not automatically the case, particularly upon start-up and in the presence of timing jitter.
Precise decoder timing isa goal to be targeted by decoder designs. Inaccuracy in decoder timing affectsthe
behavior of the decoder buffers. These topics are covered in more detail in later sections of this Annex.

The STD includes Decoding Time Stamps (DTS) aswell as PTSfields. The DT Srefersto thetimethat an AU
isto be extracted from the decoder buffer and decoded in the STD modd . Since the audio and video e ementary
stream decoders are instantaneousin the ST D, the decoding time and presentation time are identical in most
cases, the only exception occurs with video pictures which have undergone re-ordering within the coded bit
dtream, i.e. | and P picturesin the case of non-low-delay video sequences. In cases where reordering exists, a
temporary delay buffer in the video decoder is used to store the appropriate decoded | or P picture until it
should be presented. In all cases where the decoding and presentation timesareidentical inthe STD, i.e. all
AAUSs, B-picture VAUs, and | and P picture VAUs within low-delay video sequences, the DT Sis not coded, as
it would have the same value asthe PTS. Where the values differ, both are coded if either is coded. For all AUs
where only the PTS s coded, thisfield may beinterpreted as being both the PTSand the DTS.

Since PTSand DTS values are not required for every AAU and VAU, the decoder may choose to interpolate
values which are not coded. PT S values are required with intervals not exceeding 700ms in each el ementary
audio and video stream. Thesetime intervals are measured in presentation time, that is, in the same context as
the values of the fields, not in terms of the times that the fields are transmitted and received. In cases of data
streams where the system, video and audio clocks are locked, as defined in the normative part of this
International Standard, each AU following one for whicha DTS or PTSisexplicitly coded has an effective
decoding time of the sum of that for the previous AU plus a fixed and specified difference in value of the STC.
For example, in video coded at 29,97 Hz each picture has a difference in time of 3003 cycles of the 90kHz
portion of the STC from the previous picture when the video and system clocks are locked. The sametime
relationship exigts for decoding successive AUs, although re-ordering delay in the decoder affectsthe
relationship between decoder AUs and presented PUs. When the data stream is coded such that the video or
audio clock is not locked to the system clock the time difference between decoding successive AUs may be
estimated using the same values as indicated above; however these time differences are not exact due to the fact
that relationships between the picture rate, audio sample rate, and system clock frequency were not exact at the
encoder.

Note that the PTS and DT Sfields do not, by themselves, indicate the correct fullness of the decoder buffers at
gtart up nor at any other time, and equivalently, they do not indicate the amount of time delay that should
elapse upon receiving the initial bits of a data stream before decoding should start. Thisinformation is
retrieved by combining the functions of the PTS and DT Sfields and correct clock recovery, which is covered
below. In the STD model, and therefore in decoders which are modeled after it, the decoder buffer behavior is
determined completely by the SCR (or PCR) values, the times that they arereceived, and the PTSand DTS
values, assuming that data is delivered in accordance with the timing model. Thisinformation specifiesthe
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time that coded data spendsin the decoder buffers. The amount of data that isin the coded data buffersis not
explicitly specified, and thisinformation is not necessary, sincethetiming isfully specified. Note also that the
fullness of the data buffers may vary considerably with timein a fashion that is not predictable by the decoder,
except through the proper use of the time stamps.

In order for the audio and video PT Ssto refer correctly to a common STC, a correctly timed common clock
must be made available within the decoder system. Thisis subject of the next section.

D.0.3 System Time Clock recovery in the decoder

Withinthe ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Systems data stream there are, in addition to the PTS and
DTSfieds, clock reference time stamps. These references are samples of the system time clock, which are
applicable both to a decoder and to an encoder. They have a resolution of one part in 27,000,000 per second,
and occur at intervals up to 100msin Transport Streams, or up to 700msin Program Streams. As such, they
can be utilized to implement clock reconstruction control loopsin decoders with sufficient accuracy for all
identified applications.

In the Program Stream, the clock reference field is called the System Clock Reference or SCR. In the Transport
Stream, the clock reference field is called the Program Clock Reference or PCR. In general the SCR and PCR
definitions may be considered to be equivalent, although there are distinctions. The remainder of this sub-
section usesthe term SCR for clarity; the same statements apply to the PCR except where otherwise noted. The
PCR in Transport Streams provides the clock reference for one program, where a program is a set of
elementary streams that have a common time base and are intended for synchronized decoding and
presentation. There may be multiple programsin one Transport Stream, and each may have an independent
time base and a separate set of PCRs.

The SCR fidd indicates the correct value of the STC when the SCR isreceived at the decoder. Since the SCR
occupies more than one byte of data, and System data streams are defined as Streams of bytes, the SCR is
defined to arrive at the decoder when the last byte of the system_clock_reference basefield isreceived at the
decoder. Alternatively the SCR can beinterpreted as the time that the SCR field should arrive at the decoder,
assuming that the STC is already known to be correct. Which interpretation is used depends on the structure of
the application system. In applications where the data source can be controlled by the decoder, such asalocally
attached DSM, it is possible for the decoder to have an autonomous ST C frequency, and so the ST C need not
be recovered. In many important applications, however, this assumption cannot be made correctly. For
example, consder the case where a data stream is delivered simultaneoudy to multiple decoders. If each
decoder hasits own autonomous ST C with its own independent clock frequency, the SCRs cannot be assured to
arrive at the correct time at all decoders; one decoder will in general require the SCRs sooner than the sourceis
ddivering them, while another requires them later. This difference cannot be made up with afinite Size data
buffer over an unbounded length of time of data reception. Therefore the following addresses primarily the case
wherethe STC mugt daveitstiming to the received SCRs (or PCRS).

In acorrectly constructed and delivered ITU-T Rec. H.222.0 | ISO/IEC 13818-1 data stream, each SCR arrives
at the decoder at precisdly the time indicated by the value of that SCR. In this context, "time" means correct
value of the STC. In concept, this STC value isthe same value that the encoder's ST C had when the SCR was
stored or transmitted. However, the encoding may have been performed not in real time or the data stream may
have been modified since it was originally encoded, and in general the encoder or data source may be
implemented in a variety of ways such that the encoder's STC may be a theoretical quantity.

If the decoder's clock frequency matches exactly that of the encoder, then the decoding and presentation of
video and audio will automatically have the same rate asthose at the encoder, and the end to end delay will be
constant. With matched encoder and decoder clock frequencies, any correct SCR value can be used to et the
instantaneous value of the decoder's STC, and from that time on the decoder's ST C will match that of the
encoder without the need for further adjustment. This condition remainstrue until thereis a discontinuity of
timing, such asthe end of a Program Stream or the presence of a discontinuity indicator in a Transport Stream.

In practice a decoder's free-running system clock frequency will not match the encoder's system clock
frequency which is sampled and indicated in the SCR values. The decoder's STC can be made to daveits
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timing to the encoder using the received SCRs. The prototypical method of daving the decoder’s clock to the
received data stream is via a phase-locked loop (PLL). Variations of abasic PLL, or other methods, may be
appropriate, depending on the specific application requirements.

A draight-forward PLL which recoversthe STC in a decoder is diagrammed and described here.

SCR or
PCR Subtractor L ow-pass Voltage- 27 MHz
filter & |——| controlled |—4——®
= gain oscillator system
clock
frequency
v L oad

Figure D-2 -- STC recovery using PLL

The diagram showsa classic PLL, except that the reference and feedback terms are numbers (STC and SCR or
PCR values) ingtead of signal events such as edges.

Upon initial acquisition of a new time base, i.e. a new program, the STC is set to the current value encoded in
the SCRs. Typically thefirst SCR isloaded directly into the STC counter, and the PLL is subsequently
operated as a closed loop. Variations on this method may be appropriate, i.e. if the values of the SCRs are
suspect dueto jitter or errors.

The closed-loop action of the PLL isasfollows. At the moment that each SCR (or PCR) arrives at the decoder,
that valueis compared with the current value of the STC. The difference is a number, which has one part in
units of 90kHz and one part in terms of 300 timesthisfrequency, i.e. 27 MHz. The differencevalueis
linearized to be in a single number space, typically unitsof 27MHz, andiscalled" €", the error termin the
loop. The sequence of etermsisinput to the low-pass filter and gain stage, which are designed according to
the requirements of the application. The output of thisstageisacontrol signal " f* which controlsthe
instantaneous frequency of the voltage controlled oscillator (VCO). The output of the VCO isan oscillator
signal with anominal frequency of 27MHz; thissignal is used as the system clock frequency within the
decoder. The 27 MHz clock isinput to a counter which produces the current ST C values, which consist of both
a 27 MHz extension, produced by dividing by 300, and a 90kHz base value which is derived by counting the
90kHz resultsin a 33 hit counter. The 33 bit, 90kHz portion of the ST C output is used as needed for
comparison with PTSand DTS values. The complete ST C is also the feedback input to the subtractor.
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The bounded maximum interval between successive SCRs (700ms) or PCRs (100ms) allows the design and
congtruction of PLLswhich are known to be stable. The bandwidth of the PLLs has an upper bound imposed
by thisinterval. As shown below, in many applicationsthe PLL required has a very low bandwidth, and so this
bound typically does not impose a significant limitation on the decoder design and performance.

If the free-running or initial frequency of the VCO is close enough to the correct, encoder's system clock
frequency, the decoder may be able to operate satisfactorily as soon asthe STC isinitialized correctly, before
the PLL hasreached a defined locked state. For a given decoder ST C frequency which differs by a bounded
amount from the frequency encoded in the SCRs and which is within the absol ute frequency bounds required
by the decoder application, the effect of the mis-match between the encoder's and the decoder's STC
frequenciesif there were not PLL isthe gradual and unavoidable increase or decrease of the fullness of the
decoder's buffers, such that overflow or underflow would occur eventually with any finite size of decoder
buffers. Therefore the amount of time allowable before the decoder's ST C frequency islocked to that of the
encoder is determined by the allowable amount of additional decoder buffer size and delay.

If the SCRs are received by the decoder with values and timing that reflect instantaneoudy correct samples of a
constant frequency ST C in the encoder, then the error term e convergesto an essentially constant value after
the loop has reached the locked state. This condition of correct SCR valuesis synonymous with either constant-
delay storage and transmission of the data from the encoder to the decoder, or if thisdelay is not congtant, the
effective equivalent of constant delay storage and transmission with the SCR values having been corrected to
reflect the variationsin delay. With the valuesof e converging to a constant, variationsin the instantaneous
VCO frequency become essentially zero after theloop islocked; the VCO is said to have very littlejitter or
frequency dew. While the loop isin the process of locking, the rate of change of the VCO frequency, the
frequency dew rate, can be controlled Strictly by the design of the low passfilter and gain stage. In general the
VCO dew rate can be designed to meet application requirements, subject to constraints of decoder buffer size
and delay.

D.0.4 SCR and PCR Jitter

If anetwork or a Trangport Stream re-multiplexor variesthe delay in delivering the data stream from the
encoder or storage system to the decoder, such variations tend to cause a difference between the values of the
SCRs (or PCRs) and the values that they should have when they are actually received. Thisisreferred to as
SCR or PCR jitter. For example, if the delay in delivering one SCR is greater than the delay experienced by
other amilar fieldsin the same program, that SCR islate. Similarly, if the delay islessthan for other clock
reference fieldsin the program, thefield is early.

Timing jitter at the input to a decoder is reflected in the combination of the values of the SCRs and the times
when they are received. Assuming a clock recovery structure asillustrated in figure D-2 on page 113, any such
timing jitter will be reflected in the values of the error term  €; and non-zero values of e induce variationsin the
values of f, resulting in variationsin the frequency of the 27MHz system clock. Variationsin the frequency of
the recovered clock may or may not be acceptabl e within decoder systems, depending on the specific
application requirements. For example, in precisaly timed decoders that produce composite video output, the
recovered clock frequency istypically used to generate the composite video sample clock and the chroma sub-
carrier; the applicable specifications for sub-carrier frequency stability may permit only very dow adjustment
of the system clock frequency. In applications where a significant amount of SCR or PCR jitter is present at the
decoder input and there are tight constraints on the frequency dew rate of the STC, the congtraints of
reasonable additional decoder buffer Sze and delay may not allow proper operation.

The presence of SCR or PCR jitter may be caused for example by network transmisson which incorporates
packet or cell multiplexing or variable delay of packets through the network, as may be caused by queuing
delays or by variable network accesstimein shared-media systems.

Multiplexing or re-multiplexing of Transport or Program Streams changes the order and relative temporal
location of data packets and therefore also of SCRs or PCRs. The change in temporal location of SCRS causes
the value of previoudy correct SCRsto become incorrect, snce in general the time at which they are delivered
viaa congtant delay network is not correctly represented by their values. Similarly, a Program Stream or
Transport Stream with correct SCRs or PCRs may be delivered over a network which imposes a variable delay
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on the data stream, without correcting the SCR or PCR values. The effect isonce again SCR or PCR jitter,
with attendant effects on the decoder design and performance. The worst case amount of jitter whichis
imposed by a network on the SCRs or PCRsreceived at a decoder depends on a number of factorswhich are
beyond the scope of this International Standard, including the depth of queues implemented in each of the
network switches and the total number of network switches or re-multiplexing operations which operatein
cascade on the data stream.

In the case of a Transport Stream, correction of PCRsis necessary in a remultiplex operation, creating a new
Transport Stream from one or more Transgport Streams. This correction is accomplished by adding a correction
term to the PCR; thisterm can be computed as.

PCR = ddlact - delconst

where delact isthe actual delay experienced by the PCR, and delconst is a congtant which isused for all PCRs
of that program. The value which should be used for delconst will depend on the strategy used by the original
encoder/multiplexor. This strategy could be, for instance, to schedule packets as early aspossible, in order to
allow later transmission linksto delay them. Below, three different multiplex strategies are shown together
with the appropriate value for delconst.

Table D-1 -- Remultiplexing strategy

Strategy delconst
early delmin
late delmax
middle ddavg

When designing a system, private agreements may be needed asto what strategy should be used by the
encoder/multiplexors, sincethiswill have an effect on the ability to perform any additional remultiplexing.

The amount of multiplex jitter allowed is not normatively bounded in this standard. However, 4 msisintended
to be the maximum amount of jitter in awell behaved system.

In systems which include remultiplexors special care might be necessary to ensure that the information in the
Transport Stream is consstent. In particular, this appliesto PSl and to discontinuity points. Changesin PSI
tables might need to be inserted into a Transport Stream in such away that subsegquent remultiplexor steps
never move them o far that information becomesincorrect. For instance, a new verson of PMT section in
some cases should not be sent within 4 ms of the data affected by the change.

Similarly, it may be necessary for an encoder/mux to avoid inserting PTSor DTSina 4 mswindow around a
discontinuity point.

D.0.5 Clock Recovery in the Presence of Network Jitter

In applicationsin which there isany significant amount of jitter present in the received clock referencetime
stamps, there are several choices available for decoder designs, how the decoder is designed dependsin large
part on the requirements for the decoder's output signal characteristics aswell asthe characterigtics of the
input data and jitter.

Decodersin various applications may have differing requirements for the accuracy and stability of the
recovered system clock, and the degree of this stability and accuracy that is required may be considered to fall
along a single axis. One extreme of this axis may be considered to be those applications where the
reconstructed system clock isused directly to synthesize a chroma sub-carrier for use in composite video. This
requirement generally exists where the presented video is of the precisdly timed type, as described above, such
that each coded picture is presented exactly once, and where the output is composite video in compliance with
the applicable specifications. In that case the chroma sub-carrier, the pixel clock, and the picturerate all have
exactly specified ratios, and all of these have a defined rel ationship to the system clock. The composite video
sub-carrier must have at least sufficient accuracy and stability that any normal television receiver's chroma sub-
carrier PLL can lock to the sub-carrier, and the chroma signal s which are demodulated using the recovered

110 ITII T PNAas il AN N /AN T\



A2 £ L ) ) | B Iovi/iivw 1001071, .L:I:I“I‘\L)

sub-carrier do not show visible chrominance phase artifacts. The requirement in some applicationsisto usethe
system clock to generate a sub-carrier that isin full compliance with the NTSC, PAL, or SECAM
specifications, which are typically even more stringent than those imposed by typical television receivers. For
example, the SMPTE specification for NTSC requires a sub-carrier accuracy of 3ppm, with a maximum short
term jitter of 1 nsper horizontal line time and a maximum long term drift of 0,1Hz per second.

In applications where the recovered system clock is not used to generate a chroma sub-carrier, it may sill be
used to generate a pixel clock for video and it may be used to generate a sample clock for audio. These clocks
have their own stability requirements that depend on the assumptions made about the receiving display
monitor and on the acceptable amount of audio frequency drift, or "wow and flutter”, at the decoder's output.

In applications where each picture and each audio sample is not presented exactly once, i.e. picture and audio
sample"dipping” is allowed, the system clock may have relatively loose accuracy and stability requirements.
Thistype of decoder may not have precise audio-video presentation synchronization, and the resulting audio
and video presentation may not have the same quality asfor precisaly timed decoders.

The choice of requirements for the accuracy and stability of the recovered system clock is application
dependent. The following focuses on the most stringent requirement which isidentified above, i.e. where the
system clock isto be used to generate a chroma sub-carrier.

D.0.6 System clock used for chroma sub-carrier generation

The decoder design requirements can be determined from the requirements on the resulting sub-carrier and the
maximum amount of network jitter that must be accepted. Similarly, if the system clock performance
requirements and the decoder design's capabilities are known, the tolerable maximum network jitter can be
determined. Whileit is beyond the scope of thisInternational Standard to state such requirements, the numbers
which are needed to specify the design are identified in order to clarify the statement of the problem and to
illustrate a representative design approach.

With aclock recovery PLL circuit asillugtrated in figure D-2 on page 113, the recovered system clock must
meet the requirements of aworst case frequency deviation from the nominal, measured in units of ppm (parts

per million), and aworst case frequency dew rate, measured in ppm/s (ppm per second). The peak to peak
uncorrected network timing jitter has a value that may be specified in milliseconds. In such a PLL the network
timing jitter appearsasthe error term e inthe diagram, and Sncethe PLL actsasa low-passfilter on jitter at
itsinput, the worst case effect on the 27 MHz output frequency occurs when there is a maximum amplitude

step function of PCR timing at the input. Thevalue e then has a maximum amplitude equal to the peak-to-peak
jitter, which is represented numerically as the jitter times 2**33 in the base portion of the SCR or PCR

encoding. The maximum rate of change of the output of the low passfilter (LPF), f, with this maximum value
of eat itsinput, directly determines the maximum frequency dew rate of the 27MHz output. For any given
maximum value of e and maximum rate of change of f aLPF can be specified. However, asthe gain or cut-off
frequency of the LPF isreduced, the time required for the PLL to lock to the frequency represented by the
SCRsor PCRsisincreased. Implementation of PLLswith very long time constants can be achieved through

the use of digital LPF techniques, and possibly analog filter techniques. With digital LPF implementations,

when the frequency term f istheinput to an analog VCO, f isquantized by a digital to analog converter, whose
step size should be considered when cal culating the maximum dew rate of the output frequency.

In order to ensurethat e convergesto avalue that approaches zero, the open loop gain of the PLL must be very
high, such as might be implemented in an integrator function in the low-passfilter in the PLL.

With a given accuracy requirement, it may be reasonable to construct the PLL such that the initial operating
frequency of the PLL meets the accuracy requirement. In this case theinitial 27MHz frequency before the PLL
islocked is sufficiently accurate to meet the stated output frequency requirement. If it were not for the fact that
the decoder's buffers would eventually overflow or underflow, thisinitial system clock frequency would be
aufficient for long term operation. However, from the time the decoder begins to receive and decode data until
the system clock islocked to the time and clock frequency that is represented by the received SCRs or PCRs,
dataisarriving at the buffers at a different rate than it is being extracted, or equivalently the decoder is
extracting access units at times that differ from those of the System Target Decoder (STD) mode. The decoder
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bufferswill continue to become more or lessfull than those of the STD according to the trajectory of recovered
system clock frequency with respect to the encoder's clock frequency. Depending on the relative initial VCO
frequency and encoder system clock frequency, decoder buffer fullnessis either increasing or decreasing.
Assuming this relationship is not known, the decoder needs additional data buffering to allow for either case.
The decoder should be consgtructed to delay all decoding operations by an amount of timethat is at least equal
to the amount of time that is represented by the additional buffering that is allocated for the case of the initial
VCO frequency being greater than the encoder's clock frequency, in order to prevent buffer underflow. If the
initial VCO frequency is not sufficiently accurate to meet the stated accuracy requirements, then the PLL must
reach the locked state before decoding may begin, and there is a different set of consderations regarding the
PLL behavior during thistime and the amount of additional buffering and static delay which is appropriate.

A step function in the input timing jitter which produces a step function inthe error term e of thePLL in
figure D-2 on page 113 must produce an output frequency term  f such that when it is multiplied by the VCO
gain the maximum rate of change isless than the specified frequency dew rate. The gain of the VCO is stated
in terms of the amount of the change in output frequency with respect to a change in contral input. An
additional congtraint on the LPF inthe PLL isthat the satic valueof e when the loop islocked must be
bounded in order to bound the amount of additional buffering and static decoding delay that must be
implemented. Thisterm is minimized when the L PF has very high DC gain.

Clock recovery circuits which differ somewhat from that shown in figure D-2 on page 113 may be practical.
For example, it may be possible to implement a control 1oop with a Numerically Controlled Oscillator (NCO)
instead of a VCO, wherein the NCO uses a fixed frequency oscillator and clock cycles areinserted or deleted
from normally periodic events at the output in order to adjust the decoding and presentation timing. There may
be some difficulties with this type of approach when used with composite video, asthere is a tendency to cause
either problematic phase shifts of the sub-carrier or jitter in the horizontal or vertical scan timing. One possible
approach isto adjust the period of horizontal scans at the start of vertical blanking, while maintaining the
phase of the chroma sub-carrier.

In summary, depending on the values specified for the requirements, it may or may not be practical to
construct a decoder which reconstructs the system clock with sufficient accuracy and stability, while
maintaining desired decoder buffer sizes and added decoding delay.

D.0.7 Component video and audio reconstruction

If component video is produced at the decoder output, the requirements for timing accuracy and stability are
generally less stringent than isthe case for composite video. Typically the frequency tolerance isthat which the
display deflection circuitry can accept, and the stability tolerance is determined by the need to avoid visible
image displacement on the display.

The same principles asillustrated above apply, however the specific requirements are generally easier to mest.

Audio sample rate reconstruction again follows the same principles, however the stability requirement is
determined by the amount of acceptable long and short term samplerate variation. Using a PLL approach as
illustrated in the previous section, short term deviation can be made to be very small, and longer term
frequency variation is manifested asvariation in perceived pitch. Again, once specified bounds on this
variation are set specific design requirements can be determined.

D.0.8 Frame Slipping

In some applications where precise decoder timing is not required, the decoder's system time clock may not
adjugt its operating frequency to match the frequency represented by received SCRs (or PCRS); it may have a
free-running 27MHz clock instead, while still daving the decoder's ST C to the received data. In this case the
STC value must be updated as needed to match the received SCRs. Updating the ST C upon receipt of SCRs
causes discontinuitiesin the STC value. The magnitude of these discontinuities depends upon the difference
between the decoder's 27MHz frequency and the encoder's 27MHz, i.e. that which is represented by the
received SCRs, and upon thetime interval between successive received SCRs or PCRs. Since the decoder's
27MHz system clock frequency is not locked to that of the received data, it cannot be used to generate the video
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or audio sample clocks while maintaining the precise timing assumptions of presenting each video and audio
presentation unit exactly once and of maintaining the same picture and audio presentation rate at the decoder
and the encoder, with precise audio and video synchronization. There are multiple possihilities for
implementing decoding and presentation systems using this structure.

In one type of implementation the pictures and audio samples are decoded at the time indicated by the
decoder's STC, while they are presented at dightly different times, according to the locally produced sample
clocks. Depending on the relationships of the decoder's sample clocks to the encoder's system clock, pictures
and audio samples may on occasion be presented more than one each or not at al; thisisreferred to as "frame
dipping" or "sample dipping", in the case of audio. There may be perceptible artifactsintroduced by this
mechanism. The audio-video synchronization will in general not be precise, due to the units of time over which
pictures, and perhaps audio presentation units, are repeated or deleted. Depending on the specific
implementation, additional buffering in the decoder is generally needed for coded data or decoded presentation
data. Decoding may be performed immediately before presentation, and not quite at the time indicated in the
decoder's STC, or decoded presentation units may be stored for delayed and possibly repeated presentation. If
decoding is performed at the time of presentation, a mechanismisrequired to support deleting the presentation
of pictures and audio samples without causing problemsin the decoding of predictively coded data.

D.0.9 Smoothing of network jitter

In some applicationsit may be possible to introduce a mechanism between a network and a decoder in order to
reduce the degree of jitter which isintroduced by a network. Whether such an approach is feasible depends on
the type of streams received and the amount and type of jitter which is expected.

Both the Transport Stream and the Program Stream indicate within their syntax the rate at which the stream is
intended to be input to a decoder. These indicated rates are not precise, and cannot be used to reconstruct data
stream timing exactly. They may however be useful as part of a smoothing mechanism.

For example, a Transport Stream may be received from a network such that the dataisddivered in burds. It is
possible to buffer the received data and to transmit data from the buffer to the decoder at an approximately
constant rate such that the buffer remains approximately one-half full.

However, avariable rate stream should not be ddlivered at constant rate, and with variable rate sreamsthe
smoothing buffer should not always be one-half full. A constant average delay through the buffer requiresa
buffer fullnessthat varies with the data rate. The rate that data should be extracted from the buffer and input to
the decoder can be approximated using the rate information present in the data stream. In Trangport Streams
theintended rate is determined by the values of the PCR fields and the number of Transport Stream bytes
between them. In Program Streams the intended rate is explicitly specified as the Program_mux_rate, although
as specified in the Standard the rate may drop to zero at SCR locations, i.e. if the SCR arrives before the time
expected when the data is delivered at the indicated rate.

In the case of variable rate streams, the correct fullness of the smoothing buffer varies with time, and may not
be determined exactly from the rate information. In an alternative approach, the SCRs or PCRs may be used to
measure the time when data enter the buffer and to control the time when data leave the buffer. A control loop
can be designed to provide constant average delay through the buffer. It may be observed that such adesignis
similar to the control loop illustrated in figure D-2 on page 113. The performance obtainable from inserting
such a smoothing mechanism before a decoder can also be achieved by cascading multiple clock recovery
PLLs, thergection of jitter from the received timing will benefit from the combined low passfilter effect of the
cascaded PLLs.
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Annex E
(Informative.)

Data Transmission Applications

E.O0 CONSIDERATIONS

&/
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ITU-T Rec. H.222.0 | ISO/IEC 13818-1 trangport multiplex will be used to transmit dataaswel | as

video and audio.

Data elementary streams are not continuous as may appear video and audio streams in broadcast

applications.

Whileit isalready possible to identify the beginning of a data PES packet, it isnot always possible to
identify the end of a data PES packet by the beginning of the next data PES packet, as one (or more)

Transport packet carrying data PES packets may be logt.

E.1 Suggestion

A suitable solution isto transmit, just after an associated PES packet, the following PES packet. When

thereis no PES packet to send, a PES packet without payload may be send instead.

Following is an example of such a PES packet.:

Table E-1 -- PES packet header example

PES packet header fields values
packet start code prefix 0x000001
sream id assigned
PES packet_length 0x0003
'10' '10'
PES scrambling_control ‘00’
PES priority (0}
data_alignment_indicator 0
copyright (0}
original_or_copy (0}
PTS DTS flags ‘00’
ESCR_flag ()
ES rate flag 0
DSM_trick_mode flag 0
additonal_copy_info_flag (0}
PES CRC flag ()
PES extenson flag 0
PES header data length 0x00

ERalal
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(Informative.)
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Graphics of Syntax for ITU-T H.222.0 | ISO/IEC 13818-1

Introduction

Program Stream syntax . This part in no way replaces the any normative section.

In order to produce clear drawings, not all fields have been fully described or represented. Reserved fields

may be omitted or signaled by shaded areas. Fields length are indicated in bits.

F.0.1 Transport Stream syntax

& 188 bytes ———— W

transport
packet header payload header payload header payload
stream
sync | transport payload transport transport adaptation continuity adaptation
byte | €rror unit start priority PID | scrambling field counter field
indicator indicator control control
8 1 1 1 13 2 4
adaptation discontinuity random elementary optional stuffing
field indicator access str.ealrtn 5 flags fields bytes
riori
length indicator p . Y
indicator
8 1 1 5 ‘
transport transport adaptation optional
PCcR |opcr | SPlice private private field 3flags | fiolds
countdown data d extension
ata
length length
42 42 8 8 3
Itw_valid Itw piecewise splice
DTS_next_au
flag offset rate type
1 15 2 22 4 33

FigureF-1-- Transport Stream syntax diagram
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F.0.2 PES packet

&/

1ovi/iiL\w

packet PES optional
start stream packet PES PES packet data bytes
code 'd length | HEADER
prefix
24 16
PES PES data original PES optional stuffing
i jori i i head
1o |scrambling priority alignment copyright or copy 7 flags dztaa er fields bytes
control indicator (OXFF)
length
2 2 1 1 1 8 A m*8
ES DSM additional previous PES
PTS X . i
ESCR |rate | trick copy info PES extension
DTS
mode CRC
33 42 22 8 7 1
33 optional
5 flags fields
PES pack program P-STD PES PES
private header | packet buffer zé}gnsmn extension
data field seq cntr length field data
128 8 8 16 7
Figure F-2 -- PES packet syntax diagram
F.0.3 Program Association Section
table | section section transport version current section last N CRC
id syntax o | |length stream number | next number section loop 32
indicator id indicator number
8 1 12 12 16 2 5 1 8 2
program network program program
number 0 PID number i map
PID_i
16 3 13 16 3 13

aNna

Figure F-3 -- Program association section diagram
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F.0.4 CA section

table | section section version current section last N CRC
id syntax o length number next number section loop 32
indicator indicator number descriptors
8 1 12 12 18 5 1 8 8 32

Figure F-4 -- Conditional access section diagram

F.0.5 TS program map section

table | section section program version current section last PCR
id syntax o length number number next number section PID
indicator indicator number
8 1 1 212 16 2 5 1 8 8 3 13 4
program N N
info loop loop CRC_32
length descriptors
stream e|ementary ES info N
type PID length loop
descriptors

Figure F-5-- TS program map section diagram
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F.0.6 Private section
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table section private
rivate .
id syntax priv section
indicator indicator length
8 1 1 2 12
- N private data bytes
table version current section last N CRC
L g id number next number section private 32
extension indicator number data
16 2 5 1 8 8 32

Figure F-6 -- Private section diagram
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F.0.7 Program Stream

13818 | pack pack pack
Program | pheader pack 1 header pack 2 header pack n
Stream
pack program pac pack system
pack :
layer start SCR | mux stuffing stuffing header PES packet 1
code rate length byte
32 2 42 22 5 3
L g | PES packet i PES packet n
system header |rate audio fixed CSPS | audio | video video N loop
header length  |bound |bound | flag flag lock lock bound
start
code flag flag
32 16 22 6 1 5
P-STD P-STD
.stream 1| buffer buffer
id 1' | bound size
scale bound
8 2 1 13
Figure F-7 -- Program Stream diagram
F.0.8 Program Stream map
packet map program current program program N
start stream | stream next stream stream loop
code . map - i
) id indicator map info descriptors
prefix )
length version length
24 8 16 1 2 5 7 16
elementary N CRC
—— = stream loops 32
map
length
3
stream elementary elementary N
type stream stream loop
id info descriptors
length
8 8 16
Figure F-8 -- Program Stream map diagram
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Annex G
(Informative.)

General Information

G.0 General Information

G.0.1 Sync Byte Emulation

In the choice of PID valuesit is recommended that the regular emulation of sync bytes should be avoided.
Such emulation may potentially occur within the PID field or asa combination of the PID field and
adjacent flag settings. It is recommended that emulation of the sync byte is permitted to occur in the same
position of the packet header for a maximum of 4 consecutive transport packets.

G.0.2 Skipped picture status and decoding process

Assume that the sequence being displayed containsonly | and P frames. Denote the next pictureto be
decoded by picture_next, and the picture currently being displayed by picture_current. Because of the fact
that the video encoder may skip pictures, it is possible that not all of the bits of picture_next are present in
the STD buffers EBn or Bn when the time arrives to remove those bits for instantaneous decoding and

display. Whenthiscasearises, no bits are removed from the buffer and -aH-the bitsforpicture—hext-that—
aretnthe STB-are instantaneoudy-remeved,and— picture_current isdisplayed again. When the next

picture display time arrives, if the remainder of the bits corresponding to picture_next arenow in  buffer
EBn or Bn the SFDB-buffer, all the these-bits of picture next are removed and picture_next isdisplayed. If
all the bits of picture_next arenot inthe STB-buffer EBn or Bn, the above process of remevingthesebits:
that-arepresent-and-—redisplaying picture_current isrepeated. This processis repeated until picture_next

can bedisplayed. Notethat if a PTS preceded picture_next in the bitstream, it will bewrong by some
multiple of the picture display interval, which itself may depend on some parameters, and must beignored.

Whenever the skipped picture situation described above occurs, the encoder isrequired to insert aPTS
before the picture to be decoded after picture_next. Thisallowsthe decoder to immediately verify that it
has correctly displayed the received picture sequence.

G.0.3 Selection of PID Values

Applications are encouraged to use low numbered PID values and group values together as much as
possble.

G.0.4 PES start_code emulation

Three consecutive bytes having the value of a packet_start_code_prefix (0x000001), which when
concatenated with a fourth byte, may emulate the four bytes of a PES _packet _header at a unintended place
in the stream.

Such, so called, start code emulation isnot possible in video elementary streams. It is possiblein audio and

data elementary streams. It isalso possible at the boundary of a PES packet _header and a PES packet
payload, even if the PES packet payload is video.
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Annex H
(Informative.)

Private Data

H.0 Private Data

Private dataisany user datawhichisnot coded according to astandard pedified by ITU-T | ISO/IEC and rferred toin
this Spedification. The contents of thisdataisnot and shall not be spedified within ITU-T Rec. H.222.0 |ISO/IEC
13818-1 inthefuture The ST D defined in this pedification doesnot cover privete data other than the demultiplex
process A privete party may defineeach STD for private Sreams

Privete datamay be carried in thefallowing locationswithinthe I TU-T Rec. H.222.0 | ISO/IEC 13818-1 gyntax.
1. Trangport Stream packet table 2-3 on page 22.

Thedata bytesof thetrangport_packet() syntax may contain private data. Private data carried inthisformat isreferred to
asusy privatewithinthedream type table 2-36 on page 64. It ispermitted for Trangport Stream packetscontaining
privatedatato dsoindudeadaptation fidd()s

2. Trangport Stream Adaptation Held  table 2-7 on page 24.

The pressnce of any optiond private_data_bytesintheadaptation fidd() issgnalled by thetransport_private data flag.
Thenumber of theprivate_data bytesisinherently restricted by the samarntic of the adaptation fidd lengthfidd, where
thevaueof theadaptation field_length shall not excesd 183 bytes

3. PES packe table 2-18 on page 33

Therearetwo posshilitiesfor carrying private datawithin PES packets Thefirg posshility iswithinthe

PES packet_header, withintheoptiona 16 bytesof PES privete data The pressnceof thisfiddissgndled by the
PES private data flag. Thepressnceof the PES private data flagissgndled by thePES extendon flag. If presant,
these bytes when consdered with the adjacent fidds shall not emulatethepacket_dart_code prefix.

Thesecond posshility iswithinthe PES packet data. bytefidd. Thismay bereferred to asprivate datawithin PES
packetsunder thedream type table 2-36 on page 64 . Thiscategory of private data can be it in two:
private_sream 1 refersto private datawithin PES packetswhich fallow the PES _packet() syntax such that dl fiddsup
toandinduding, but not limited to, PES heeder_data |length are presart; private sream 2 refersto private datawithin
PES packetswhere only thefirg threefiddsshdll be present followed by the PES packet data bytescontaining private
data.

Notethat PES packetsexig within both Program Stresmsand Trangport Sreamstherefore private dream 1 and
private dream 2 exis within bath Program Streamsand Trangport Streams

4. Desiptors

Degiptorsexig within Program Streamsand Trangport Sireams A range of private descriptors may be defined by the
user. Thesedestriptorsshall commencewith destriptor_tag and descriptor_lengthfidds For private destriptors the
vaueof desriptor_tag may takethevaues64 - 255 asidertifiedin  table 2-40 on page 68 . Thesedestriptorsmay be
placed within aprogram_dream map() table 2-36 on page 64, aCA_stion() table 2-28 on page 49, a

TS program_map_sedtion(), table 2-29 on page 50 andinany privatesection(), table 2-30 on page 52.
Soedificaly private_data_bytesaso appear inthe CA_destriptor().

5. Private Section
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Theprivate_section table 2-30 on page 52 providesafurther meansto carry privatedataasointwo forms Thistype
of dementary sream may beidentified under dream type table 2-36 on page 64 asprivate datain PS ssctions One
typeof private_setion() indudesonly thefirg five defined fidds andisfollowed by private data. For thisstructurethe
sdtion_gyntax_indicator shall beset toavaueof ‘0. For the other typethe sedtion syntax indicator dhdll beset toavalue
of '1' and thefull syntax uptoandinduding last_saction_number shall be present, followed by private data bytesand
endingwiththeCRC_32.
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Annex |
(Informative.)

List of companies having provided patent statements for ITU-T Rec.
H.222.0 | ISO/IEC 13818

1.0 Companies having provided patent statements for ITU-T Rec. H.222.0
| ISO/IEC 13818-1

Theuser'sattention is called to the possibility that - for some of the processes specified in ITU-T Rec.
H.222.0 | ISO/IEC 13818-1 conformance with this Recommendation | International Standard may require
use of an invention covered by patent rights.

By publication of thispart of ITU-T Rec. H.222.0 | ISO/IEC 13818-1, no position istaken with respect to
the validity of thisclaim or of any patent rights in connection therewith. However, each company listed in
this annex has undertaken to file with the Information Technology Task Force (ITTF) a statement of
willingnessto grant alicense under such rightsthat they hold on reasonable and non-discriminatory terms
and conditions to applicants desiring to obtain such alicense. Information regarding such patents can be
obtained from the following organizations.

The table summarizesthe formal patent statements received and indicates the parts of the standard to
which the statement applies. Thelist includesall organizations that have submitted informal patent
datements. However, if no "X" is present, no formal patent statement has yet been received from that
organization.

Table -1 -- List of companies supplying patent statements

Company V]A ]S
AT&T XX X
BBC Research Department

Bellcore X

Belgian Science Policy Office X [ X | X
BOSCH XX X
CCETT

CSELT X

David Sarnoff Research Center X [ X | X
Deutsche Thomson-Brandt GmbH X [ X | X
France Telecom CNET

Fraunhofer Gesdllschaft X | X
GC Technology Corporation X [ X | X
General Instruments

Goldstar

Hitachi, Ltd.

International Business Machines Corporation X [ X | X
IRT X
KDD X
Massachusetts Ingtitute of Technology X [ X | X
Matsushita Electric Indudtrial Co., Ltd. X [ X | X
Mitsubishi Electric Corporation

National Transcommunications Limited

NEC Corporation X
Nippon Hoso Kyokai X
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Nippon Telegraph and Telephone

Nokia Research Center

Norwegian Telecom Research

Philips Consumer Electronics

OKI

Qualcomm Incorporated

Royal PTT Nederland N.V., PTT Research (NL)
Samsung Electronics

Scientific Atlanta XX X
SiemensAG X
Sharp Corporation

Sony Corporation

Texas Instruments

Thomson Consumer Electronics
Toshiba Corporation X
TV/Com X[ X X
Victor Company of Japan Limited

XXX X

x| X
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Annex J
(Informative.)

Systems conformance and real-time interface

K.0 Systems conformance and real-time interface

Conformancefor ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Program Streams and Transport Streamsis
specified in terms of the normative specificationsin this Part of this Recommendation | International
gtandard. These specificationsinclude, among other requirements, a System Target Decoder (T-STD and
P-STD) which specifies the behavior of an idealized decoder when the stream istheinput to such a
decoder. Thismodel, and the associated verification, do not include information concerning the real-time
ddivery performance of the stream, except for the accuracy of the system clock frequency whichis
represented by the Transport Stream and the Program Stream. All Transport Streams and Program
Streams must comply with this specification.

In addition, there is a real-time interface specification for input of Transport Streams and Program
Streamsto a decoder. This specification allows standardization of the interface between MPEG decoders
and adaptors to networks, channels, or sorage media. The timing effects of channels, and the inability of
practical adaptersto eiminate completely these effects, causes deviations from the idealized byte delivery
schedule to occur. Whileit is not necessary for all MPEG decoders to implement thisinterface,
implementations which include the interface shall adhere to the specifications. This specification covers
the real-time delivery behavior of Transport Streams and Program streams to decoders, such that the
coded data buffersin decoders are guaranteed not to overflow nor underflow, and decoders are guaranteed
to be able to perform clock recovery with the performance required by their applications.

The MPEG real-time interface specifies the maximum allowable amount of deviation from the idealized

byte delivery schedule which isindicated by the Program Clock Reference (PCR) and System Clock
Reference (SCR) fields encoded in the stream.
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Annex K
(Informative.)

Interfacing Jitter-Inducing Networks to MPEG-2 Decoders

K.0 Introduction

In this Annex the expression system stream will be used to refer to both MPEG-2 transport streams and
MPEG-2 program streams. When theterm STD isused, it is understood to mean the P-STD (Program
System Target Decoder) for program streams and the T-STD (Transport System Target Decoder) for
trangport streams.

Theintended byte delivery schedule of a sys ytem stream can be deduced by analyzing the stream. A
system stream is compliant if it can be decoded by the STD, which isa mathematical model of anidealized
decoder. If acompliant system stream istransmitted over a jitter-inducing network, the true byte delivery
schedule may differ Sgnificantly from the intended byte delivery schedule. In such casesit may not be
possible to decode the system stream on such an idealized decoder, because jitter may cause buffer
overflows or underflows and may make it difficult to recover the time base. Animportant example of such
ajitter-inducing network isATM.

The purpose of this Annex isto provide guidance and insght to entities concerned with sending system
streams over jitter-inducing networks. Network specific compliance models for transporting system
sreams are likely to be devel oped for several types of networks, including ATM. The STD plusareal-
timeinterface definition can play an integral rolein defining such models. A framework for developing
network compliance modelsis presented in SectionE2.

Three examples of network encoding to enable the building of jitter-smoothing network adapters are
discussed in Section 3. In the first example a congtant bitrate system stream isassumed and aFIFO is
used for jitter smoothing. In the second example the network adaptation layer includes timestampsto
facilitate jitter smoothing. In thefinal example a common network clock is assumed to be avail able end-
to-end, and is exploited to achieve jitter smoothing.

Section 4 presents two examples of decoder implementations in which network-induced jitter can be
accommodated. In thefirst example, ajitter-smoothing network adapter isinserted between a network's
output and an MPEG-2 decoder. The MPEG-2 decoder is assumed to conform to a real-time MPEG-2
interface specification. Thisinterface requiresan MPEG-2 decoder with more jitter tolerance than the
idealized decoder of the STD. The network adapter processes the incoming jittered bitstream and outputs a
system stream whose true byte delivery schedule conformsto the real-time specification. Example oneis
discussed in Section 4.1. For some applications the network adapter approach will be too costly because it
requirestwo stages of processing. Therefore, in the second exampl e the dejittering and MPEG-2 decoding
functions are integrated. The intermediate processing of the jitter-removal deviceisbypassed, so only a
single stage of clock recovery isrequired. Decodersthat perform integrated dejittering and decoding are
referred to in this Annex as integrated network-specific decoders, or smply integrated decoders.

Integrated decoders are discussed in Section 4.2.

In order to build either network adapters or integrated decoders a maximum value for the peak-to-peak

network jitter must be assumed. In order to promote interoperability, a peak-to-peak jitter bound must be
specified for each relevant network type.

K.1 Network compliance models

One way to model the transmission of a system stream across a jitter-inducing network is shown in Figure
1

ITII T PNaa 11 ANA N /10N T\ aNnr



Iovi/iivw 1001071, .L:I:I“I‘\L) A2 £ L ) ) | B

System
Stream
MPEG-2
Network decoder
Network- Jitter-Inducing Bitstream System
q)aj fl C —> Network Stream
encoding Network specific
B decoding (includes
jitter removal)
Network Decoder

Figure K-1 -- Sending system streams over a jitter-inducing networ k

The system stream isinput to a network-specific encoding device that convertsthe system stream into a
network specific format. Information to assist in jitter removal at the network output may be part of this
format. The network decoder comprises a network-specific decoder and an MPEG-2 decoder. The MPEG-
2 decoder is assumed to conform to a real-time interface specification, and could have the same
architecture asthe STD with appropriate buffers made larger to provide morejitter tolerance. The
network-specific decoder removes the non-M PEG-2 data added by the network-specific encoder and
dgjittersthe network's output. The output of the network-specific decoder is a system stream that conforms
to the real-time specification.

A network target decoder (NTD) can be defined based on the above architecture. A compliant network
bitstream would be one that was able to be decoded by the NTD. A network decoder would be compliant
provided it could decode any network bitstream able to be decoded by the NTD. A real network decoder
might or might not have the architecture of the NTD.

K.2 Network specification for jitter smoothing

In the case of congtant bit rate system streams, jitter smoothing can be accomplished with a FIFO;
additional data that provides specific support for dejittering is not required in the network adaptation
layer. After the bytes added by the network encoding are removed, the system stream dataisplaced in a
FIFO. A PLL keepsthe buffer approximately half full by adjusting the output rate in response to changes
in buffer fullness. In this example the amount of jitter-smoothing achieved will depend on the sze of the
FIFO and the characteristics of the PLL.

Figure 2 illugtrates a second way to accomplish jitter smoothing; in this example timestamp support from a
network adaptation layer isassumed. Using thistechnique both constant bit rate and variable bit rate
system streams can be degjittered.
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Dejittered
System system stream
stream
data *
System
Stream NXP  |gm| NDP || Djittering
_ _ decode Decode Buffer
Jitter-Inducing
Network
CR *
NDP TC <g——p| Remova
encode Recover Control
Y NDP TC
+
TC | CRINsat | NXP J2 . TCd
encode — S

Figure K-2 -- Jitter smoothing using networ k-layer timestamps

Assume the network adapter is designed to compensate for a peak-to-peak jitter of J seconds. The
intended byte delivery scheduleisreconstructed using clock reference samples (CRs) taken from atime
clock (TC). The CRsand the TC are analagousto PCRs and the STC. The network data packet (NDP)
encode converts each system stream packet into a network data packet (NDP). The network data packets
contain afield for carrying CR values, and the current value of the TC isinserted into thisfield asthe
NDP leavesthe NDP encoder. The network transport packetization (NXP) function encapsul ates the
NDPsinto network transport packets. After transmission across the network, the CRs are extracted by the
NDP decoder asthe NDPs enter the NDP decoder. The CRs are used to reconstruct the TC, for example
by usngaPLL. Thefirst MPEG-2 packet isremoved from the dgjittering buffer when the delayed TC
(TCd) isequal to the firs MPEG-2 packet's CR. Subsequent MPEG-2 packets are removed when their CR
values equal the value of the TCd.

Ignoring implementation details such asthe speed of the TC clock recovery loop and the spectral purity of

the TC, the sze of the dgjittering buffer depends only on the maximum peak-to-pesk jitter to be smoothed
and the largest transport rate that occursin the system stream. The dgittering buffer size,Bdj , isgiven by

By = JRux
where Rmax is the maximum data rate of the system stream in bits per second. When packets traversing
the network experience the nominal delay, the buffer ishalf full. When they experience a delay of J/2
seconds, the buffer is empty, and when they experience a delay (advance) of -J/2 seconds the buffer isfull.
Asafinal example, in some cases a common network clock will be available end-to-end, and it may be

feasbleto lock the system clock frequency to the common clock. The network adapter can smooth jitter
with a FIFO. The adapter uses PCRs or SCRsto reconstruct the original byte delivery schedule.

K.3 Example decoder implementations

K.3.1 Network adapter followed by an MPEG-2 decoder
In thisimplementation a network adapter conforming to the network compliance specificationis

connected to an MPEG-2 decoder conforming to the real-time interface specification.
K.3.2 Integrated decoder
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The example presented in Section 4.1 requires two stages of processing. Thefirst stageisnecessary to
dgjitter the network's output; the second stage, recovering the ST C by processing PCRs or SCRs, is
required for STD decoding. The example presented in this section is a decoder that integratesthe
dgjittering and decoding functionsin asingle system. The STC clock isrecovered directly using the
jittered PCR or SCR values. For presenting this example, an MPEG-2 transport stream will be assumed.

Figure 3 illugtrates the operation of theintegrated decoder. The stream of network packetsinput to the
decoder is assumed to be the same as the one shown in Figure 2.

NXP &

NDP Decod
| dgjittering Buffer

PID Filter | —m=| Integrated decoding/ (—m=1 ES Decode

PCRs STC
MPEG-2 » Clock —— - S
transport Recovery +

dream data _
J2

Figure K-3 -- Integrated dejittering and M PEG-2 decoding

Theincoming network packets are reassembled into MPEG-2 transport stream data by the NXP and NDP
decode functions. Thejittered MPEG-2 transport stream packets are then filtered to extract packets with
thedesired PID. For the caseillugtrated, the PID being decoded is also carrying the PCRs. The PCR
valuesare sent to aPLL to recover the STC. Entire packetsfor the selected PID are placed in the
integrated buffer. A positive value of J/2 secondsis subtracted from the STC to obtain the delayed STC,
STCd. Again, Jisthe peak-to-peak jitter the network-savvy decoder can accommodate. The delay is
introduced to guarantee that all the data required for an access unit has arrived in the buffer when the
PTS/DTS of the access unit equal sthe current value of the STCd.

Ignoring implementation detail s such as the speed of the STC clock recovery loop and the spectral purity
of theSTC
Bsize = Bdec * Bmux * Bon 512+ B,

=B, +512+B;

where,Bj = Rmax Jand Rmax the maximum rate at which data isinput to the PID filter. Depending on
the implementation, the integrated memory could be broken into two components asin the transport STD.
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Annex L
(Informative.)

Splicing Transport Streams

L.0 Introduction

For the purpose of this annex, the term 'oliding' refers to the concatenation performed on the Trangport leve of two

different dementary dreams, the resulting Trangport Stream conforming totally to this Recommendation | International

Sandard. Thetwo dementary sSreamsmay have been generated a different locationsand/or at different times, and were
not necessarily intended to be gliced together when they weere generated. In the fallowing wewill call the'dd sream a
continuous dementary dream (video or audio), which has been superseded by anather dream (the ‘new' one) from a
certain paint on. This paint is called the galice 1t is the boundary between data bdonging to the 'old’ dream and data

bd onging tothe'new’ one

A licecan bessamlessor non -ssamless

- A ssamless gliceisa golice induding no decoding discontinuity (refer to 2.7.6 of this Spedfication). This means that
the decoding time of the firg access unit of the 'new’ dream is condgent with repect to the decoding time of the access
unit of the 'dld' sream preceding the glice, i.e it isequd to the one that the next access unit would have hed if the'old

gream had continued. In thefollowing, wewill cal thisdecoding timethe'ssamless decoding time.

- A non-seamless lliceisa splicewhich resultsin a decoding discontinuity, i.e the decoding time of thefirst acoessunit
of the'new dream is greater than the seamless decoding time (N.B: a decoding time lower than the seamless decoding
timeisforbidden).

Fdlicng isalowed to be paformed at any trangport dream packet boundary, Sncethereaulting dreamislegd. Butina
generd cass, if nothing is known about the location of PES packe darts and acoess unit darts, this condraint imposes
that not only the Trangport layer is parsed, but aso the PES layer and the Elementary Stream layer, and may in some
cases make some processing on the payload of Trangport Stream packets necessary. If uch complex operations are
wished to be avoided, splicding should be performed &t locations where the Trangport Stream has favourable properties
these propertiesbang indicated by the presence of agaliding point.

The presence of a golidng paint is indicated by the salice flag and galice_countdown fidds (refer to 2.4.3.4 of this
Soedification for the ssmantics of thee fidds). In the fdlowing, the Trangport Stream packet in which the
glice_countdown fidd value reaches zero will be called 'olicing packet'. The splidng point islocated immediatdy after
thelag byte of the splicing packet.

L.1  Thedifferent types of splicing point
A slidng point can bedther an ordinary splicing point or aseamlessplicing point:
L.1.1 Ordinary splicing points

If the ssamless gplice flag fidd is not presant, or if itsvalueis zero, the galicing point is ordinary. The presence of an
ordinary splicdng point only sgnalsalignment properties of the Elementary Stream: the gpliding packet endson the lagt
byte of an Access Unit, and the payload of the next Trangport Stream packet of thesame PID will gart with the heeder of
a PES packe, the payload of which will gart with an Elementary Stream Access Point (or with a ssquence_ end _code()
immediatdy followed by an Elementary Siream Access Point, in the case of viden). These properties alow 'Cut and
Pade operationsto be parformed eadly on the Trangport levd, while regpecting syntactical condraints and ensuring bit
dream condgency. However, it does not provide any information conoarning timing or buffer properties As a
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conseguence, with such splidng points, ssamless gplicing can only be done with the hdp of private arrangements or by
andlyzing the payload of the Trangport Stream Packetsand tracking buffer datusand timesampvalues

L.1.2 Seamless splicing points

If the ssamless golice flag fidd is presat and its value is one, information is given by the licing point, indicating
ome properties of the 'old gream. Thisinformation is not aimed at decoders Its primary god isto fadlitate ssamless
Flidng. Suchagiliang point iscalled aseamlessgalicing point. Theavaildbleinformationis

- the ssamless decoding time, which isencoded asa DTS vaueinthe DTS next ~ AU-—aufidd. ThisDTS
vaueisexpresad inthetimebasewhichisvdidinthe lidng pecket.

- inthecaseof avideo dementary ream, the condraintsthat have been gpplied to the'old Sreamwhen it was
generated, aiming at fadlitating ssamless golicding. These conditionsare given by thevaue of theplice typefidd, inthe
table correponding to the profileand levd of thevideo sream.

Notethat a ssamless golidng point can be used as an ordinary salicing point, by discarding this additional informeation.
This information may a0 be usad if judged hdpful to paform non -seamless lidng, or for purposes other than
slidng.

L.2  Decoder behaviour on splices

L.2.1 On non-seamless splices
Asdestribed above, anon -ssamlessgliceisagplicewhich resultsinadecoding disco  ntinuity.

It sdl be noted thet with such a Flice, the condraints rdated to the decoding discontinuity (section 2.7.6 of this
Recommendation | International Standard) shall befulfilled. In particular:

- aPTS sdl be encoded for the firg access unit of the 'new’ ream (exogpt during trick mode operation or
whenlow_dday="1)

- the decoding time derived from this PTS (or from the assodated DTS) shdl not be erlier than the ssamless
decodingtime.

- inthe case of avideo demeattary  stream, if the goliding padket does not end on a sequence end_code), the
'new’ dream shdll beginwith assquence_end_code() immediatdy followed by assquence_heeder().

In theory, dnce they introduce decoding discontinuities, such splices redult in a non  -continuous presantation of
presentation units (i.e a variable length deed time between the digdlay of two consecutive pictures or between two
consecutive audio frames). In practice, the result will degpend on how the decoder isimplemented, epeddly in video.
With some video decoders the freezing of one or more pictures may be the preferred solution. See Part 4 of this
Recommendation | Internationa Standard.

L.2.2 On seamless splices

Theam of having no decoding discontinuity isto dlow having no presantation discontinuity. In the case of audio, this
can dwaysbe enaured. But it hasto be noted thet in the case of video, presantation continuity isin theory not possblein
casssl. and 2. bdow:

1. The'dd dreeam endson theend of alow -dday ssquence and the ‘new’ sream begins with the dart of a
non-low-dday sequence

2. The'new dream endsontheend of anon  -low-ddlay sequence, and the 'new’ dream beginswith the dart of
alon-dday ssquence
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The dfects induced by such Stuations is implementation dependent. For ingance, in case 1, a picture may haveto be
presented during two frame periods and in case 2, a picture may haveto be skipped. However, it istechnically possble
that someimplementations support such Stuationswithout any undesrable effect.

In addition, referring t0 6.1.1.6 of part 2 of this Recommendation | International Standard, a sequence_end codg() shal
be presant before the firg sequence_heeder() of the 'new' sream, if at least one ssquence parameter (i.e a parameter
defined in the ssquence header or in a saquence heeder extenson) has a different value in bath greams, with the only
exogption of those defining the quantization matrix. As an example, if the bit rate fidd has not the same vduein the
'new dream asin the 'dld one, a ssquence_end _code() shl be presart. Thus if the galicing packet doesnat end ona
ssquence_end_code the'new’ sream shdll begin with asequence end _codefollowed by a ssguence_heeder.

According to the previous paragraph, a sequence_end _code will be mandatory in mogt golices even seamless ones It
has to be noted that Part 2 of this Recommendation | Internationa Standard Specifies the deooding process of video
sequences (i.e data comprised between a ssquence_header() and asequence_end _code()), and nothing is pedified about
how to hande a sequence change Thus for the behaviour of the decoders when such alices are encountered, refer to
part 4 of this Recommendtion | Internationl Standard.

L.2.3 Buffer Overflow

Evenif both dementary dreams obey the T-STD modd before being saliced, it is not necessarily ensured thet the STD
buffersdo not overflow with the pliced dream in thetimeinterval during which bitsof both Sreamsarein these buffers

Inthe case of condant bit rate video, if no particular conditions have been applied to the'old' dream, and if no particular
precautions have been taken during salicing, this overflow is possble in the case where the video bit rate of the 'new
dreamisgrester thanthevideo bit rate of the'old one: Indead, it iscertainly truethet the buffersMBnand EBn of the T-
STD do not overflow if bitsareddivedtothe T-STD at the'dld rate. But if the ddivery rateisswitched to ahigher value
at theinput of TBn before'dd bitsare completdy removed from the T-STD, the fullness of the STD bufferswill become
higher than if the'dld’ gream had continued without splicing, and may cause overflow of EBn and/or MBn. In the case
of variable hit rate video, the same prollem can occur if the ddivery rate of the 'new’ sream is higher than the one for
which provison was made during the crestion of the'dld' sream. Such astuationisforbidden.

However, it is possble for the encoder generating the ‘dld gream to add conditionsin the VBV buffer management in
the neighbourhood of galidng points o that provisonismadefor any ‘new’ video bit ratelower than achosen value For
ingance, in the case of a seamless glidng point, uch additiona conditions can beindicated by a'glice type vaueto
which entries correspond in table table 2-8 through talle 2-17 for ‘glice_decoding_dday' and 'max_splice rate. Inthat
cass, if thevideo bit rate of the 'new’ dream islower than 'max_gplice rate, it isensured that the gpliced Sreamwill not
leed to overflow during thetimeinterval duringwhich bitsof bath Sreamsareinthe T-STD buffer.

In the case where no such condraints have been applied, this prablem can be avoided by introdudng a deed timein the
ddivay of hitsbetween the'dd sream and the'new’ one, in order to let the T-STD buffers get suffidently empty before
the bits of the'new’ sream are ddivered. If we cal tin the time a which the last byte of the last access unit of the ‘old
dream entersthe STD, and tout thetimea which it exitsthe STD, it isaufficient to ensurethat no more bitsenter the T-
STD thetimeinterva [tin, tout] with the gliced gream than if the 'old' sream had continued without lidng. Asan
example, in the casewhere the 'dld' sream has a condant hit rate Rold, and the 'new’ one a condant hit rate Rnew, it is
auffident tointroduce a dead time Td satidfying thefollowing rd ationsto avoid thisrisk of overflow:

Td3 0and Td 3 (tout - tin) X (1 - Rold/Rnew)
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