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Foreword

ISO (the International Organization for Standardization) and

IEC (the

International Electrotechnical Commission) form the specialized system for
worldwide standardization. National bodies that are members of ISO or IEC par-

ticipate in the development of International Standards through

technical

committees established by the respective organization to deal with pamfular fields

of technical activity. ISO and IEC technical committees collaborate-i
mutual interest. Other international organizations, governmental
governmental, in liaison with ISO and IEC, also take part in the work.

n fields of
and non-

In the field of information technology, ISO and IEG, have established a joint

technical committee, ISO/IEC JTC 1. Draft International Standards ado
joint technical committee are circulated to natignal bodies for voting.
as an International Standard requires approval by at least 75 % of t}
bodies casting a vote.

International Standard ISO/IEC 13818-1 was prepared by Joint
Committee ISO/IEC JTC 1, Information technology, in collaboration W
The identical text is published’as TTU-T Recommendation H.222.0.

ISO/IEC 13818 consists of the following parts, under the general title |
technology — Generic™ coding of moving pictures and associd
information:

—  Part 1: S§ystems

— Part2: Video

— ¢ Part 3: Audio

= Part 4: Compliance testing

—  Part 6: Extensions for DSM-CC

—  Part 9: Extension for real time interface for systems decoders

Annex A forms an integral part of this part of ISO/IEC 13818. Annexes
for information only.
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The systems part of this Recommendation | International Standard addresses the combining of one or more elementary
streams of video and audio, as well as other data, into single or multiple streams which are suitable for storage or
transmission. Systems coding follows the syntactical and semantic rules imposed by this Specification and provides
information to enable synchronized decoding of decoder buffers over a wide range of retrieval or receipt conditions.

System codipg shall be specified in two forms: the Transport Stream and the Program Stream. Each is optin
a different det of applications. Both the Transport Stream and Program Stream defined in this Recommen

ized for

dation |

Internationall Standard provide coding syntax which is necessary and sufficient to synchronize jthe decoding and

presentation [of the video and audio information, while ensuring that data buffers in the decoders.do not ove

nracAantatinn o
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sual data and time stamps concerning the delivery of the data stream itself. Both' stream definitions are
ed multiplexes.
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packet-orien
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Armatian

~code,

Quntaw

A gfarmea

Aronnarning th

ultiplexing approach for single video and audio elementary streams i$\illastrated in Figure Intro
dio data is encoded as described in ITU-T Rec. H.262 | ISO/IEC\13818-2 and ISO/IEC 13818
mpressed elementary streams are packetized to produce PES packets. Information needed to yse PES
pendently of either Transport Streams or Program Streams may,be added when PES packets are

flow or

f coded

1. The
-3. The

formed.

This informption is not needed and need not be added when PES packets are further combined with system level
information |to form Transport Streams or Program Streams. Thig\systems standard covers those processds to the
right of the Yertical dashed line.
] - Video PES
Vided _ Video N : a
Jata > encoder > Packetizer >
PS
Program |
Stream | ©
H mux
Audig > Audio > Packetizer Audio PES >
data " encoder " M
L]
TS
Transporf
Stream | ©
mux
Extent of systems specification
'« >
TISO5760-95/d01

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

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

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

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

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

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

Program and Transport Streams are designed for different applications and their definitions do not strictly follow a
layered model. It is possible and reasonable to convert from one to the other; however, one is not a subset or superset of
the other. In particular, extracting the contents of a program from a Transport Stream and creating a valid Program
Stream is
needed il a Program Stream are contained within the Transport Stream; some must be derived. The Transport Stream
may be uged to span a range of layers in a layered model, and is designed for efficiency and ease of implenpentation in
high bandwidth applications.

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

The systdms specification does not specify the architecture or implementation ofencoders or decoders, njpr those of
multiplexprs or demultiplexors. However, bit stream properties do impose functipnal and performance requjrements on
encoders,| decoders, multiplexors and demultiplexors. For instance, encoders must meet minimum clock tolerance
requiremgnts. Notwithstanding this and other requirements, a considerable degree of freedom exists in the|design and
implemerjtation of encoders, decoders, multiplexors, and demultiplexors.

Intro. 1 Transport Stream

The Tranpport Stream is a stream definition which is tailered for communicating or storing one or more grograms of
coded dafa according to ITU-T Rec. H.262 | ISO/IEC 13818-2 and ISO/IEC 13818-3 and other data in envifonments in
which sigLiﬁcant errors may occur. Such errors may-be manifested as bit value errors or loss of packets.

Transpor{ Streams may be either fixed or variable rate. In either case the constituent elementary streams may either be
fixed or pariable rate. The syntax and semantic constraints on the stream are identical in each of these|cases. The
Transpor{ Stream rate is defined by the-valnes and locations of Program Clock Reference (PCR) fields, which in general
are separgte PCR fields for each program.

There ar¢ some difficulties with\constructing and delivering a Transport Stream containing multiple programs with
independent time bases such that the overall bit rate is variable. Refer to 2.4.2.2.

The Trarlsport Stream<may be constructed by any method that results in a valid stream. It is possible o construct
Transpor{ Streams cofitaining one or more programs from elementary coded data streams, from Program Streams, or
from othgr Transport’Streams which may themselves contain one or more programs.

The Trarfsport Stream is designed in such a way that several operations on a Transport Stream are pdqssible with
minimunmeffort—Amons-these-are-

SO oT g thestarcs

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

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

3) Extract the Transport Stream packets of one or more programs from one or more 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 in Figure Intro. 4.

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

1X
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Figure Intro. 2 and Figure Intro. 3 illustrate prototypical demultiplexing and decoding systems which take as input a
Transport Stream. Figure Intro. 2 illustrates the first case, where a Transport Stream is directly demultiplexed and
decoded. Transport Streams are constructed in two layers:

—  asystem layer; and

~ acompression layer.

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

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

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

-~ Video Decoded
- decoder video "
Channel | | Channel specific R Transport .Stream R Clock
i decoder 4 depaitiplex control
/ and decoder
Transport Stream R Audio Decoded .
containing one or multiple programs g decoder audio "
TISO5770-95/d02

Figure Intros2—Prototypical transport demultiplexing and decoding example

Figure Intrq. 3 illustrates the second case, where a Transport Stream containing multiple programs is converted into a
Transport Streani containing a single program. In this case the re-multiplexing operation may necessitate the cprrection
of Program [Clock Reference (PCR) values to account for changes in the PCR locations in the bit stream.

Channel | Channel specific R Tradn:r;:]o?ﬁslt;iam
decoder uttip
f and decode
/ / TISO5780-95/d03
!
Transport Stream Transport Stream
containing multiple programs with single program

Figure Intro. 3 - Prototypical transport multiplexing example
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Figure Intro. 4 illustrates a case in which an multi-program Transport Stream is first demultiplexed and then converted
into a Program Stream.

Figures Intro. 3 and Intro. 4 indicate that it is possible and reasonable to convert between different types and
configurations of Transport Streams. There are specific fields defined in the Transport Stream and Program Stream
syntax which facilitate the conversions illustrated. There is no requirement that specific implementations of
demultiplexors or decoders include all of these functions.

Transport Stream
Channel Channel specific N demultiplex and ,
decoder 4 g Program Stream 4
muliplexor
/ / TISO5790:95404
Transport Stream Program Stream

containing multiple programs

Figure Intro. 4 — Prototypical Transport Stream to Program Stream conversion

Intro. 2 Program Stream

The Program Stream is a stream definition which is tailored for communicating or storing one program of coded data
and other data in environments where errors are very unlikely, and where processing of system coding, e.g. by software,
is a majqr consideration.

Program| Streams may be either fixed or variable rate. In either case, the constituent elementary streams njay be either
fixed or [variable rate. The syntax and semantics constrajnts'on the stream are identical in each case. The Program Stream
rate is d¢fined by the values and locations of the System'Clock Reference (SCR) and mux_rate fields.

— systen) decoder functions including decoder timing control might equally well be distributed among elementary stream
decoder$ and the channel specific decoder= but this figure is useful for discussion. The prototypical decoder design does
not imply any normative requirement for'the design of an Program Stream decoder. Indeed non-audio/vide¢ data is also
allowed| but not shown.

A prototypical audio/video Program Stream decoder system is depicted in Figure Intro. 5. The architecture fi‘s‘ not unique

R Video Decoded
" decoder vidleo "
Channel Channel specific R Program Stream | Clock
decoder " decoder " control
b R Audio Decoded .
rogram g decoder audio
Stream
TISO5800-95/d05

Figure Intro. 5 — Prototypical decoder for Program Streams
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The prototypical decoder for Program Streams shown in Figure Intro. 5 is composed of System, Video, and Audio
decoders conforming to Parts 1, 2, and 3, respectively, of ISO/IEC 13818. In this decoder, the multiplexed coded
representation of one or more audio and/or video streams is assumed to be stored or communicated on some channel in
some channel-specific format. The channel-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 as input a Program Stream and relies on a Program Stream Decoder to extract timing
information from the stream. The Program Stream Decoder demuitiplexes the stream, and the elementary streams so
produced serve as inputs to Video and Audio decoders, whose outputs are decoded video and audio signais. Inciuded in
the design, but not shown in the figure, is the 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 this timing information.

Program Streams are constructed in two layers a system layer and a compression layer. The 1nput stream to the Program

Qérnnes

oucaitii UCL GCr11a

lecoders

have only th¢ compression layer

ex-wide
layer is
erations

Operations
operations”),
divided into

erformed by the prototypical decoder either apply to the entire Program Stream (“multipi
or to individual elementary streams (“stream-specific operations™). The Program Stream ‘system
two sub-layers, one for multiplex-wide operations (the pack layer), and one for stream2specific op

(the PES pac

Intro. 3

It may be p
packets. This

ket layer).

Conversion between Transport Stream and Program Stream

ssible and reasonable to convert between Transport Streams and Program Streams by means
results from the specification of Transport Stream and Program Stream as embodied in 2.4.1 a

of PES
nd 2.5.1

of the nor
constraints,
bit stream.
program_pag

r;lative requirements of this Recommendation | International ~Standard. PES packets may, wilfr some
i

e mapped directly from the payload of one multiplexed bit§tream into the payload of another mulgiplexed
[t is anQIhIP to |dPnnfv the correct order of PES parl{ptc in a program to assist with thi

ket_sequence_counter is present in all PES packets.

il uil

lable in
jon.

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

Intro. 4 Packetized Elementary Stream

Transport §treams and Program Streams are‘each logically constructed from PES packets, as indicated in th
definitions ig 2.4.3.6. PES packets shall be @sed to convert between Transport Streams and Program Streams;
cases the PEP packets need not be modified' when performing such conversions. PES packets may be much lar,
the size of a [[ransport Stream packet.

P syntax
in some
per than

A continuoug sequence of PES packets of one elementary stream with one stream ID may be used to construg
Stream. Whe¢n PES packets drejused to form a PES stream, they shall include Elementary Stream Clock R
(ESCR) fields and Elementary Stream Rate (ES_Rate) fields, with constraints as defined in 2.4.3.8. The PES stre
shall be contjguous bytesdrom the elementary stream in their original order. PES streams do not contain some n
system inforfnation which is contained in Program Streams and Transport Streams. Examples include the informn
the Pack Hegder, System Header, Program Stream Map, Program Stream Directory, Program Map Table, and ¢
of the Transgort Sfream packet syntax.

t a PES
eference
am data
pcessary
ation in
lements

The PES Stream is a logical construct that may be useful within implementations of this Recommendation | International
Standard; however, it is not defined as a stream for interchange and 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 elementary stream, can be constructed with a common time base and
therefore carry a complete program, i.e. with audio and video.

Intro. 5 Timing model

Systems, Video and Audio all have a timing model in which the end-to-end delay from the signal input to an encoder to
the signal output from a decoder is a constant. This delay is the sum of encoding, encoder buffering, multiplexing,
communication or storage, demultiplexing, decoder buffering, decoding, and presentation delays. As part of this timing
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

xil
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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 cases it is the decoder’s
responsibility to perform in an acceptable manner. The timing is embodied in the normative specifications of this
Recommendation | International 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 slightly 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 constraint is to simplify sample rate recovery in decoders.

Intro. 6 Conditional access

Encryptign and scrambling for conditional access to programs encoded in the Program and Transport|Streams is
supported by the system data stream definitions. Conditional access mechanisms are not specified here. [The stream
definitions are designed so that implementation of practical conditional access systems is reasonable, and thefe are some
syntacticgl elements specified which provide specific support for such systems.

Intro. 7 Multiplex-wide operations

Multipley-wide operations include the coordination of data retrieval of the channel, the adjustment of clodks, and the
managenient of buffers. The tasks are intimately related. If the rate of data delivery of the channel is contrgllable, then
data deliyery may be adjusted so that decoder buffers neither overflow nor underflow; but if the data[rate is not
controllable, then elementary stream decoders must slave their timing to’ the data received from the chanijel to avoid
overflow [or underflow.

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

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

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

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

Intro. 8 Individual stream operations (PES Packet Layer)
The principal stream-specific operations are:
1) demultiplexing; and

2) synchronizing playback of multiple elementary streams.

Intro. 8.1 Demultiplexing

On encoding, Program Streams are formed by multiplexing elementary streams, 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 streams in 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.
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In the Program Stream both fixed and variable packet lengths are allowed subject to constraints as specified in 2.5.1
and 2.5.2. For Transport Streams the packet length is 188 bytes. Both fixed and variable PES packet lengths are allowed,

PRV LD I RO DIPLINN TR DRSS SRR, LT Ry
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On decoding, demultiplexing is required to reconstitute elementary streams from the multiplexed Program Stream or
Transport Stream. Stream_id codes in Program Stream packet headers, and Packet ID codes in the Transport Stream
make this possible.

Intro. 8.2 Synchronization

Synchronization among mumylc clementary streams is accomplished with Presentation Time otamps (PTS) in the
Program Stream and Transport streams. Time stamps are generally in units of 90 kHz, but the System Clock Reference
(SCR) the Program Clock Reference (PCR) and the opt1ona1 Elementary Stream Clock Reference (ESCR) have

.....................

another.
The master {ime 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

Because PT[Ss apply to the decoding of individual elementary streams, they reside in the RES packet layer of|both the
Transport Sfreams and Program Streams. End-to-end synchronization occurs when encaders save time stamps dt capture

time, when fhe time stamps propagate with associated coded data to decoders, and when.decoders use those time stamps
to schedule jpresentations.

Synchronization of a decoding system with a channel is achieved through the use of the SCR in the Program Stfeam and
by its analogue, the PCR, in the Transport Stream. The SCR and PCR aré time stamps encoding the timing ¢f the bit
stream itself, and are derived from the same time base used for the audiotand video PTS values from the same program.
Since each program may have its own time base, there are separate/PCR fields for each program in a Transpoft Stream
containing multiple programs. In some cases it may be possible, for programs to share PCR fields. Refer [to 2.4.4,
Program Specific Information (PSI), for the method of identifying which PCR is associated with a program. A|program
shall have dgne and only one PCR time base associated with it

Intro. 8.3 Relation to compression layer

The PES packet layer is independent of the compression layer in some senses, but not in all. It is independént in the
sense that PES packet payloads need not. start at compression layer start codes, as defined in Parts 2 and 3 of
ISO/IEC 13818. For example, video start.codes may occur anywhere within the payload of a PES packet, and start codes
may be splif by-a PES packet header. However, time stamps encoded in PES packet headers apply to presentatjon times
of compresgion layer constructs (namely, presentation units). In addition, when the elementary stream data confforms to
ITU-T Rec| H.262 | ISO/IEC }3818-2 or ISO/IEC 13818-3, the PES_packet_data_bytes shall be byte aligngd to the
bytes of thi§ Recommendation| International Standard.

Intro. 9 Systemreference decoder

Part 1 of ISO/IEC 13818 employs a “System Target Decoder” (STD), one for Transport Streams (refer to 2.4.2) referred
to as “Tranypoft-System Target Decoder” (T-STD) and one for Program Streams (refer to 2.5.2) referred to as ‘{Program
System Target Decoder” (P-STD), to provide a formalism for timing and buffering relationships. Because the STD is
parameterized in terms of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 fields (for example, buffer sizes) each elementary
stream leads to its own parameterization of the STD. Encoders shall produce bit streams that meet the appropriate STD’s
constraints. Physical decoders may assume that a stream plays properly on its STD. The physical decoder must
compensate for ways in which its design differs from that of the STD.

Intro. 10  Applications

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

Modern data communications networks may be capable of supporting ITU-T Rec. H.222.0 | ISO/IEC 13818-1 video and

ISO/IEC 13818 audio. A real time transport protocol is required. The Program Stream may be suitable for transmission
on such networks.
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The Program Stream is also suitable for multimedia applications on CD-ROM. Software processing of the Program
Stream may be appropriate.

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

Many applications require storage and retrieval of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstreams on various Digital
Storage Media (DSM). A Digital Storage Media Command and Control (DSM CC) protocol is specified in Annex B and
Part 6 of ISO/IEC 13818 in order to facilitate the control of such media.
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the initialization of buffering for decoding start up;

continuous buffer management; and

time identification.
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14 Additional references
~ IS0 639-2: ...2, Codes for the representation of names of languages — Part 2: Alpha-3 code.
— IS0 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 I: 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.
— ISOMEC 11172-3:1993, Information technology — Coding of moving pictures and associated audio for
digital storage media at up to about 1,5 Mbit/s — Part 3: Audio.
—  ISO/IEC 13522-1: ..2), Information technology — Coding of Multimedia and Hypermedia information —
Part 1: MHEG object representation — Base notation (ASN.1).
— | ISO/MEC 13818-3:1995, Information technology — Generic coding of moving pictures andasfociated
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 receivels in the
range 500-3000 MHz.
— | CCITT Recommendation J.17 (1988), Pre-emphasis used on sound-programme circuits.
— | IEEE Standard 1180:1990, Standard Specification for the Implérientations of 8 by 8 Inverse Discrete
Cosine Transform.
— | IEC Publication 908:1987, Compact disc digital audio system.
SECTION 2 - TECHNICAL ELEMENTS
2.1 Definitions
For the purppses of this Recommendation | Interhational Standard, the following definitions apply. If specific t¢ a Part,
this is parenthetically noted.
2.1.1 acgess unit (system): A coded representation of a presentation unit. In the case of audio, an access ufit is the
coded represpntation of an audio frame.
In the case of video, an access udit includes all the coded data for a picture, and any stuffing that follows it, up td but not
including thq start of the next acdess unit. If a picture is not preceded by a group_start_code or a sequence_head¢r_code,
the access pnit begins with the picture start code. If a picture is preceded by a group_start_code apd/or a
sequence_hepder_code, the-access unit begins with the first byte of the first of these start codes. If it is the lasf picture
preceding a|sequence.end_code in the bitstream, all bytes between the last byte of the coded picture pnd the
sequence_end_code (including the sequence_end_code) belong to the access unit.
2.1.2 bitrate: The rate at which the compressed bit stream is delivered fr i pder.

2.1.3
in the stream

2.14
2.1.5

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

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

coded representation: A data element as represented in its encoded form.

2 Tobe publ
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compression: Reduction in the number of bits used to represent an item of data.

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

constrained system parameter stream; CSPS (system): A Program Stream for which the constraints defined
in 2.7.9 of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 apply.

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

2.1.10 data element: An item 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 ITU-T Rec. H.222.0 | ISO/IEC 13818-1 that reads an input coded
bit streamh 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 headef-that ihdicates 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.

2.1.16 |DSM-CC: Digital storage media command and control.

2.1.17 | entitlement control message; ECM: Entitlement Control Messages are private conditional access [information
which spgcify control words and possibly other, typically stream-specific, scrambling and/or control parametgrs.

2.1.18 [ entitlement management message; EMM: Entitlement Management Messages are private condijlonal access
informat{on which specify the authorization levels or the services of spegific decoders. They may be addresged to single
decoders|or groups of decoders.

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

2.1.20 | elementary stream; ES (system): A generic term for one of the coded video, coded audio or othpr coded bit
streams n PES packets. One elementary stream is carried in a sequence of PES packets with one and only one
stream_igl.

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 ITU-T Rec. H.222.0 | ISO/IEC 13818-1, that readq a stream of
input pidures or audio samples)and produces a coded bit stream conforming to ITU-T Rec. H.222.0 | ISO/IEC 13818-1.
2.1.24 | entropy coding:-Variable length lossless coding of the digital representation of a signal to reduce rpdundancy.
2.1.25 | event: Anevent is defined as a collection of elementary streams with a common time base, an asspciated start
time, and an asseciated 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

2.1.28

2.1.29

forbidden: The term “forbidden”, when used in the clauses of ITU-T Rec. H.222.0 | ISO/IEC 13818-1
defining the coded bit stream, indicates that the value specified shall never be used.

(multiplexed) stream (system): A bit stream composed of 0 or more elementary streams combined in a
manner that conforms to ITU-T Rec. H.222.0 | ISO/IEC 13818-1.

layer (video and systems): One of the levels in the data hierarchy of the video and system specifications
defined in Parts 1 and 2 of ITU-T Rec. H.222.0 | ISO/IEC 13818-1.

2.1.30  pack (system): A pack consists of a pack header followed by zero or more packets. It is a layer in the system
coding syntax described in 2.5.3.3 of ITU-T Rec. H.222.0 | ISO/IEC 13818-1.

2.1.31

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

ITU-T Rec. H.222.0 (1995 E)
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2.1.32  packet identifier; PID (system): A unique integer value used to identify elementary streams of a program in a
single or multi-program Transport Stream as described in 2.4.3 of ITU-T Rec. H.222.0 | ISO/IEC 13818-1.

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

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

2135 PES(s

2.1.36  PES packet (system): The data structure used to carry elementary stream data. A PES packet consists of a
PES packet header followed by a number of contiguous bytes from an elementary data stream. It is a layer in the system
coding synlax described in 2.4.3.6 of ITU-T Rec. H.222.0 | ISO/IEC 13818-1.

ndb{ “inclitding the

PES_packgt_data_byte fields, where the stream is not a padding stream. In the case of a padding stfeam the PES packet
header is smilarly defined as the leading fields in a PES packet up to and not including padding_byfe fields.

2.1.37 HES packet header (system): The leading fields in a PES packet up to and

anx

T3

2.1.38 HES Stream (system): A PES Stream consists of PES packets, all of whose payloads consist of d4ta from a
single elementary stream, and all of which have the same stream_id. Specific semantic constraints apply) Refer to
Intro. 4 of J[TU-T Rec. H.222.0 | ISO/IEC 13818-1.

2.1.39  presentation time-stamp; PTS (system): A field that may be present-in.d PES packet header that indicates the
time that ajpresentation unit is presented in the system target decoder.

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

2.1.41 pgrogram (system): A program is a collection of programn elements. Program elements may be elementary
streams. Pfogram elements need not have any defined time, base; those that do, have a common time basg and are
intended fqr synchronized presentation.

2.1.42 Hrogram Clock Reference; PCR (system): A time stamp in the Transport Stream from which decodler timing
is derived.

2.1.43 pgrogram element (system): A generic term for one of the elementary streams or other data streamq that may
be included in a program.

2.1.44 FHrogram Specific Information; PSI (system): PSI consists of normative data which is necessaty for the
demultipleking of Transport Streams and the successful regeneration of programs and is described in 2.4.4 |of ITU-T
Rec. H.222.0 | ISO/IEC 13818<1,"An example of privately defined PSI data is the non-mandatory network information
table.

2.1.45 random access: The process of beginning to read and decode the coded bit stream at an arbitrary point.
2.1.46  reserved:-The term “reserved”, when used in the clauses defining the coded bit stream, indicates thaf the value

may be uged’in-the future for ISO defined extensions. Unless otherwise specified within ITU-T Rec. H.222.0 |
ISO/IEC 13818¢1, all reserved bits shall be set to '1'.

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

2.1.48 source stream: A single non-multiplexed stream of samples before compression coding.

2.1.49 splicing (system): The concatenation, performed on the system level, of two different elementary streams. The
resulting system stream conforms totally to ITU-T Rec. H.222.0 | ISO/IEC 13818-1. The splice may result in
discontinuities in timebase, continuity counter, PSI, and decoding.

2.1.50 start codes (system): 32-bit codes embedded in the coded bit stream. They are used for several purposes

including identifying some of the layers in the coding syntax. Start codes consist of a 24-bit prefix (0x000001) and an
8-bit stream_id as shown in Table 2-18 of ITU-T Rec. H.222.0 | ISO/IEC 13818-1.
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2.1.51  STD input buffer (system): A first-in first-out buffer at the input of a system target decoder for storage of
compressed data from elementary streams before decoding.

2.1.52  still picture: A coded still picture consists of a video sequence containing exactly one coded picture which is
intra-coded. This picture has an associated PTS and the presentation time of succeeding pictures, if any, is later than that
of the still picture by at least two picture periods.

2.1.53  system header (system): The system header is a data structure defined in 2.5.3.5 of ITU-T Rec. H.222.0 |
ISO/IEC 13818-1 that carries information summarizing the system characteristics of ITU-T Rec. H.222.01
ISO/IEC 13818-1 Program Stream.

2.1.54  System Clock Reference; SCR (system): A time stamp in the Program Stream from which decoder timing is
derived.

2.1.55 system target decoder; STD (system): A hypothetical reference model of a decoding process used to define
the semantics of an ITII-T Rec._H222 0L ISOAEC 138181 multiplexed-bit-stream-

2.1.56  time-stamp (system): A term that indicates the time of a specific action such as the arrival-0f'a hyte or the
presentatign of a Presentation Unit.

2.1.57 ransport Stream packet header (system): The leading fields in a Transport Stcgat packet, [up to and
including the continuity_counter field.

2.1.58 ariable bitrate: An attribute of Transport Streams or Program Streams wherein.the rate of arrival pf bytes at
the input tg a decoder varies with time.

2.2 ymbols and abbreviations

The mathgmatical operators used to describe this Recommendation | International Standard are similar to thdse 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 0.

2.2.1 Arithmetic operators

+ Addition

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

T- Decrement

forx  Multiplication

Power

Integer. division with truncation of the result toward 0. For example, 7/4 and —7/—4 are trupcated 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 is rounded to 2, and —3//2 is rounded to —2.

J A% Integer division with truncation of the resnlt towards —co

% Modulus operator. Defined only for positive numbers.
Sign() Sign(x) = 1 x>0
0 X ==
-1 x<0

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

sin Sine
cos Cosine
exp Exponential

ITU-T Rec. H.222.0 (1995 E) 5
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v Square root

logio Logarithm to base ten

loge Logarithm to base e
2.2.2 Logical operators
] Logical OR
&& Logical AND
! Logical NOT
2.2.3 Relational operators
> Greater than
2 Greater than or equal to
< Less than
< Less than or equal to
== Equal to
I+ Not equal to
ax [,...,JThe maximum value in the argument list
in [,...,] The minimum value in the argument list
2.2.4 itwise operators
& AND
| OR
>> Shift right with sign extension
<K Shift left with 0 fill
2.2.5 Assignment
= Assignment operator
2.2.6 NInemonics
The followjng mnemonics are defined te-describe the different data types used in the coded bit-stream.
bslbf Bit string; left bit first, where “left” is the order in which bit strings are writt¢n in this
Recommendation | International Standard. Bit strings are written as a string of |s and Os
within single quote marks, e.g. '1000 0001'. Blanks within a bit string are for ease ¢f reading
and have no significance.
ch Channel
ar Granule of 3 * 32 sub-band samples in audio Layer II, 18 * 32 sub-band sampleg in audio
Layer III.
main_data The main_data portion of the bit stream contains the scale factors, Huffman encoded data, and
ancillary information.
main_data_beg This gives the location in the bit stream of the beginning of the main_data for the frame. The
location is equal to the ending location of the previous frame’s main_data plus 1 bit. It is
calculated from the main_data_end value of the previous frame.
part2_length This value contains the number of main_data bits used for scale factors
rpchof Remainder polynomial coefficients, highest order first
sb Sub-band
scfsi Scalefactor selector information
switch_point_I Number of scalefactor band (long block scalefactor band) from which point on window
switching is used
6 ITU-T Rec. H.222.0 (1995 E)


https://iecnorm.com/api/?name=a2ff452f2c609cf0d19d8eae1545832e

ISO/IEC 13818-1 : 1996 (E)

switch_point_s Number of scalefactor band (short block scalefactor band) from which point on window
switching is used

tcimsbf Two’s complement integer, msb (sign) bit first
uimsbf Unsigned integer, most significant bit first
viclbf Variable length code, left bit first, where “left” refers to the order in which the variable length

codes are written

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

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

2.2.7

23

Constants
T 3.14159265359
2.71828182845

ethod of describing bit stream syntax

The bit streams retrieved by the decoder are described in 2.4.1 and 2.5.1. Each data item in theibit-Stream is in| bold type.

It is descriped by its name, its length in bits, and a mnemonic for its type and order of transmission.

The action caused by a decoded data element in a bit stream depends on the value of that data element ahd on data

elements
decoding

used to express the conditions when data elements are present, and are in normal type.

Note this

to a condifion that is true;

reviously decoded. The decoding of the data elements and definition f the state variables us¢d in their
e described in the clauses containing the semantic description of the,syntax. The following conjstructs are

yntax uses the “C”-code convention that a variable or expression ‘evaluating to a non-zero value is equivalent

while ( copdition ) { If the condition is true, then the group of data elements occurs next in the data stfeam. This

data_element repeats until the condition is not true}

do {

data_elpment ...} condition is not true.
while ( cdndition )

The data element alwaysioccurs at least once. The data element is repeated until the

if ( conditifon) { If the condition is true, then the first group of data elements occurs next in the data|stream.
data_elgment

}

else { If the condition is not true, then the second group of data elements occurs next in the data
data_elfment stream.

}

for (i = 0; ] <nhit+) { The group of data elements occurs n times. Conditional constructs within the grofip of data
data_element elements may depend on the value of the loop control variable i, which is set to zéro for the

}

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

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

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

data_element [1]lm][n]  data_element [1][m][n] is the 1+1,m+1,n+1th element of a three-dimensional array of data.

data_element [m..n] is the inclusive range of bits between bit m and bit n in the data_element.

ITU-T Rec. H.222.0 (1995 E) 7
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While the syntax is expressed in procedural terms, it shouid not be assumed that either Figure 2-1 or Figure 2-2
implements a satisfactory decoding procedure. In particular, they define a correct and error-free input bitstream. Actual
decoders must include a means to look for start codes and sync bytes (Transport Stream) in order to begm decodmg
......... hila danading Tha mathade ide thaca citn

bUllelly, dllu lU lUCllllly CllUlb, Cldbulcb Ul lllelllUllb WllllC UCqullls 1nc ulculvuo lU lu\allul_y Lll\n)\/
actions to be taken, are not standardized.

24 Transport Stream bitstream requirements

24.1 Transport Stream coding structure and parameters

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

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

dentifies the stream or stream fune to which the packe[

LT DO L9 (o7 L ULELIIS vviul UIU Suval SuTQid Ly W

data belongs. The PES packet header may contain decoding and presentation time stamps (DTS and PTS). |The PES
packet header also contains other optional fields. The PES packet data field contains a_variable number of contiguous
bytes from pne elementary stream.

Tha DECQ “%Cke hnud r haaging with a 3’7 I'\.f ctaﬂ,code t!

Transport Jtream packets begin with a 4-byte prefix, which contains a 13-bit Packet ID (PID), defined in Tablg 2-2. The
PID identiffies, via the Program Specific Information (PSI) tables, the contents of the data contained in the [lransport
Stream packet. Transport Stream packets of one PID value carry data of one‘and only one elementary stream.

The PSI tables are carried in the Transport Stream. There are four PSLtables:
¢| Program Association Table;

*| Program Map Table;

¢| Conditional Access Table;

¢| Network Information Table.

These tablgs contain the necessary and sufficient information to demultiplex and present programs. The Program Map
Table, in Table 2-28, specifies, among otherinformation, which PIDs, and therefore which elementary stfeams are
associated fo form each program. This tabl€ also indicates the PID of the Transport Stream packets which carry the PCR
for each prpgram. The Conditional AcCess Table shall be present if scrambling is employed. The Network Information
Table is opfional and its contents are not specified by this Recommendation | International Standard.

Transport $tream packets may be)null packets. Null packets are intended for padding of Transport Streams. Th¢y may be
inserted or|deleted by re-multiplexing processes and, therefore, the delivery of the payload of null packets to the decoder
cannot be gssumed.

This Recommmendation)l International Standard does not specify the coded data which may be used as part of cpnditional
access systems. This Specification does, however, provide mechanisms for program service providers to trarjsport and
identify thi data for decoder processing, and to reference correctly data which are spemﬁed by this Spemﬁcatlon. This
type of suppor p (refer to
Table 2-27 of the PSI).

24.2 Transport Stream system target decoder

The semantics of the Transport Stream specified in 2.4.3 and the constraints on these semantics specified in 2.7 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 hypothetical decoder known as the Transport Stream
System Target Decoder (T-STD). Informative Annex D contains further explanation of the T-STD.

The T-STD is a conceptual model used to define these terms precisely and to model the decoding process during the
construction or verification of Transport Streams. The T-STD is defined only for this purpose. There are three types of
decoders in the T-STD: video, audio, and systems. Figure 2-1 illustrates an example. Neither the architecture of the
T-STD nor the timing described precludes uninterrupted, synchronized play-back of Transport Streams from a variety of
decoders with different architectures or timing schedules.
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i-th byte of
Transport Stream
H RX4 Rbx 4 Al)  Video o Oy oy p
a4 () NN
' N o ®
B 1 MB1 EB 1 4 D1 -0
j-th access unit k-th presentation unit
RX,, é‘:(d)) Audio
H o
i. I o B B D\ Pn &)
tQ) " " | >~ tp, (K)
7
IED(sys Rsys
\ System control
TBgys Bsys Dy/
TISO5810-95/d06

Figure 2-1 - Transport Stream system target decoder notation

The follopving notation is used to describe the Transport Stream system target.decoder and is partially illustrated in
Figure 2-1 above.

i,i’,i”  are indices to bytes in the Transport Stream. The first byte*has index 0.
j is an index to access units in the elementary streams,

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

n is an index to the elementary streams.
p is an index to Transport Stream packets in the Transport Stream.
t(i) indicates the time in seconds_at Which the i-th byte of the Transport Stream enters the syjstem target

decoder. The value t(0) is an arbitrary constant.

PCR(i) is the time encoded- .ifi;the PCR field measured in units of the period of the 27 MHz system clock
where i is the byt index of the final byte of the program_clock_reference_base field.

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

tdn() is the decoding time, measured in seconds, in the system target decoder of the j-th ac¢ess unit in
elementary stream n.

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

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

t is time measured in seconds.

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

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

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

Bisys is the main buffer in the system target decoder for system information for the program that is in the

process of being decoded.

BSgys  is the size of Bgy,, measured in bytes.
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MB, is the multiplexing buffer, for elementary stream n. It is present only for video elementary streams.
MBS, is the size of MB,,, measured in bytes.

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

EBS, is the size of the elementary stream buffer EB,,, measured in bytes.

TBgys s the transport buffer for system information for the program that is in the process of being decoded.
TBSgys is the size of TBgy,, measured in bytes.

TB, is the transport buffer for elementary stream n.

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

Dgys is the decoder for system information in Program Stream n.

D is the decoder for elementary stream n.

0] is the re-order buffer for video elementary stream n.

Ryys is the rate at which data are removed from Bgys-

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

Rbx,, is the rate at which PES packet payload data are removed from MB,, when the leak method is used.

Defined only for video elementary streams.

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

Rxsys  The rate at which data are removed from TBgys.

R{ The video elementary stream rate coded in a sequencé-header.
2.4.2.1 System clock frequency

Timing infqrmation referenced in the T-STD is carried by(several data fields defined in this Specification. |[Refer to
2.4.3.4 and .4.3.6. In PCR fields this information is coded\as the sampled value of a program’s system clock. The PCR
fields are cqrried in the adaptation field of the Transport:Stream packets with a PID value equal to the PCR_PII) defined
in the TS_pfogram_map_section of the program beingdecoded.

Practical decoders may reconstruct this clock *frem these values and their respective arrival times. The folloWwing are
minimum cpnstraints 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 constraints:

27 0000000 — 810 < system_clock_frequency < 27 000 000 + 810

rate of change of system_clock_frequency with time < 75 x 10-3 Hz/s

NQTE= Sources of coded data should follow a tighter tolerance in order to facilitate compliant operation of konsumer
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 described in 2.6.20.

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

The notation “system_clock_frequency” is used in several places in this Specification to refer to the frequency of a clock
meeting these requirements. For notational convenience, equations in which PCR, PTS, or DTS appear, lead to values of
time which are accurate to some integral multiple of (300 x 233/system_clock_frequency) seconds. This is due to the
encoding of PCR timing information as 33 bits of 1/300 of the system clock frequency plus 9 bits for the remainder, and
encoding as 33 bits of the system clock frequency divided by 300 for PTS and DTS.

10 ITU-T Rec. H.222.0 (1995 E)
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24.2.2 Input to the Transport Stream system target decoder

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

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

Speciﬂcally:
PCR(i) = PCR_base(i) x 300 + PCR_ext(i) 2-1)
where:
PCR_base(i) = ((system_clock_ frequency x t(i)) DIV/300) % 233 (2-2)
PCR_ext(i) = ((system_clock_frequency x 1(i)) DIV 1) % 300 2-3)

For all Otl[er bytes the input arrival time, t(i) shown in equation 2<4 below, is computed from PCR(i”) and the transport
rate at which data arrive, where the transport rate is determined.as the number of bytes in the Transport Stream between
the bytes ¢ontaining the last bit of two successive program_clock_reference_base fields of the same program divided by
the differdnce between the time values encoded in these sarrie two PCR fields.

PCR(i") i— 1"
system_clock_ frequency + transport_rate (i)

(i) = 2-4)

where:

is the index ofiany byte in the Transport Stream fori” < i < i’.

”

is the index.of the byte containing the last bit of the most recent program_clock_reference| base field
applicable to the program being decoded.

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

The trans;rort rate is given by

((" = i) x system_clock_ frequency)
PCR(i') — PCR(i") @-5)

transport_rate(i) =

where

i is the index of the byte containing the last bit of the immediately following
program_clock_reference_base field applicable to the program being decoded.

NOTE - i" <i <1

In the case of a timebase discontinuity, indicated by the discontinuity_indicator in the transport packet adaptation field,
the definition given in equation 2-4 and equation 2-5 for the time of arrival of bytes at the input to the T-STD 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
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arrival of these bytes is determined according to equation 2-4 with the modification that the transport rate used is that
applicable between the last and next to last PCR of the old timebase.

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

is + 500 ns.
In the T-STD model, the inaccuracy will be reflected as an inaccuracy in the calculated transport rate using equation 2-5.

Transport Streams with multiple programs and variable rate

Transport Streams may contain multiple programs which have independent time bases. Separate sets of PCRs, as
indicated by the respective PCR_PID values, are required for each such independent program, and therefore the PCRs
cannot be co-located. The Transport Stream rate is piecewise constant for the program entering the T-STD. Therefore, if
the Transpprt Stream rate 1s variable it can only vary at the PCRs of the program under consideration. Since the PCRs,
and therefgre the points in the transport Stream where the rate varies, are not co-located, the rate at whiclthe|Transport
Stream enters the T-STD would have to differ depending on which program is entering the T-STD. Thereforg, it is not
possible tq construct a consistent T-STD delivery schedule for an entire Transport Stream when that Transprt Stream
contains multiple programs with independent time bases and the rate of the Transport Stream is varigble. It is

a ot C¢. writh v v alla o
(¥ lrarispou Streams with mult p ¢ variable rate prograims

A ha t $a1 tant hi
straightforvard, however, to construct constant bi

24.2.3 uffering

Complete [Fransport Stream packets containing data from elementary stream n, as indicated by its PID, are pagsed to the
transport Buffer for stream n, TB,. This includes duplicate Transport Stream(packets and packets with n¢ payload.
Transfer of the i-th byte from the system target decoder input to TB,, is instantaneous, so that the i-th byte|enters the
buffer for $tream n, of size TBS,, at time t(i).

All bytes that enter the buffer TB,, are removed at the rate Rx, specified below. Bytes which are part of the PES packet
or its conté¢nts are delivered to the main buffer B;, for audio elementary streams and system data, and to the myltiplexing
buffer MK, for video elementary streams. Other bytes are noty and may be used to control the system.|Duplicate
Transport ptream packets are not delivered to B,, MBy, or By

The buffer|TB,, is emptied as follows:
4+ When there is no data in TB,, Rx,, is.equal to zero.

- Otherwise for video:

Rx, = 1,2 X Raxlprofile, level]

where

Rmax[profile,‘level] is specified according to the profile and level which can be found in Tablle 8-13 of
ITU-T Rees"H.262 | ISO/MIEC 13818-2. This Table specifies the upper bound of the ratp of each
elementary video stream within a specific profile and level.

Rx;.is equal to 1, 2 * Ry, for ISO/IEC 11172-2 constrained parameter video streams, where K., refers
tothe maximum bitrate for a Constrained Parameters bitstream in ISO/IEC 11172-2.

—  For audio:
Rx, = 2 x 100 bits per second
—  For systems data:

Rx, = 1 x 10° bits per second
Rx,, 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, TBgys, at the Transport Stream rate. These include Transport Stream packets whose PID values
are 0 or 1, and all Transport Stream packets identified via the Program Association Table (see Table 2-25) as having the
program_map_PID value for the selected program. Network Information Table (NIT) data as specified by the NIT PID
is not transferred to TBgys.
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Bytes are removed from TBgy; at the rate Rx;ys and delivered to Bgys. Each byte is transferred instantaneously.

Duplicate Transport Stream packets are not delivered to Byys.
Transport packets which do not enter any TB,, or TBgy are discarded.

The transport buffer size is fixed at 512 bytes.

The elementary stream buffer sizes EBS| through EBS,, are defined for video as equal to the vbv_buffer_size as it is
carried in the sequence header. Refer to Summary of Constrained Parameters in ISO/IEC 11172-2 and Table 8-14 of

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

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

For Low and Main level

MBS, = BSpux + BSon + VBVa(profile, level] — vbv_buffer_size

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

BS,n = (1/750) seconds X R.[profile, level]

and BS,,,k, additional multiplex buffering is defined as:

BSux = 0.004 seconds * Rp,«[profile,level]

and wher¢ VBV . [profile, level] is defined in Table 8-14 in ITU-T'Rec. H.262 | ISO/IEC 13812-2 and Rjp,«[profile,
level] is defined in Table 8-13 in ITU-T Rec. H.262 | ISO/IEC 13818-2, and vbv buffer size is carried in tHe sequence

header depcribed in 6.2.2 of ITU-T Rec. H.262 | ISO/IEC 13818-2.

For High [1440 and High level

MBS,t= BSpux + BSoh

where BS};, is defined as:

BS;h= (1/750) seconds x Ry [profile, level]

and BS,4x is defined as:

BSux = 0.004 seconds * R.[profile, level]

and wherg¢ R, {,[profile, level] is defined in Table 8-13 in ITU-T Rec. H.262 | ISO/IEC 13818-2.

For ConstratredParameters ISOAEC 111722 bitstreams

MBS, = BS;ux + BSon + vbv_max — vbv_buffer_size

where BS,, is defined as:

BS,, = (1/750) seconds X Ryax

and BS,,,x is defined as:

BS,ux = 0.004 seconds * Rpax

ITU-T Rec. H.222.0 (1995 E)
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and where Ry,x and vbv_max refer to the maximum bitrate and the maximum vbv_buffer_size for a Constrained
Parameters bitstream in ISO/IEC 11172-2 respectively.

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

NOTE 1 - Buffer occupancy by PES packet overhead is directly bounded in PES streams by the PES-STD which is
defined in 2.5.2.4. It is possible, but not necessary, to utilize PES streams to construct Transport Streams.

Buffer BS,,

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

Audio

BS, = BSjux + BSgec + BSon = 3584 bytes

The size of the access unit decoding buffer BS 4., and the PES packet overhead buffer BS, are constrainéd,by

BSgec + BSy = 2848 bytes

A portion (736 bytes) of the 3584 byte buffer is allocated for buffering to allow multiplexing: The rest, 2848 Hytes, are
shared for a¢cess unit buffering BSgec, BSoh and additional multiplexing.

Systems
The main byffer Bgys for system data is of size BSgys = 1536 bytes.
Video

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

Leak meth¢d

The leak me¢thod transfers data from MB,, to EB,, usifig a leak rate Rp,. The leak method is used whenever any of the
following is|true:

* | the STD descriptor (refer to 2.6.32) for the elementary stream is not present in the Transport Stregm;
* | the STD descriptor is present:and the leak_valid flag has a value of '1";

* | the STD descriptor is present, the leak_valid has a value of '0', and the vbv_delay fields cod¢d in the
video stream have the value OxFFFF; or

e | trick mode status,is true (refer to 2.4.3.6).

For Low an{l Main level:

Rbx, = Ryaxlprofile, level]

For High-1420 and High level:

Rbx;, = Min {1.05 X Rg,, Ryax[profile, level]}

For Constrained Parameters bitstream in ISO/IEC 11172-2:
Rbx, = 1,2 X Ry

where Rpo« is the maximum bit rate for a Constrained Parameters bitstream in ISO/IEC 11172-2.

If there is PES packet payload data in MB,, and buffer EB,, is not full, the PES packet payload is transferred from MB,,
to EB,, at a rate equal to Ry,. If EB,; is full, data are not removed from MB,. When a byte of data is transferred from
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MB, to EB,, all PES packet header bytes that are in MB, and immediately precede that byte, are instantaneously
removed and discarded. When there is no PES packet payload data present in MB,, no data is removed from MB,,. All
data that enters MBy, leaves it. All PES packet payload data bytes enter EB,, instantaneously upon leaving MB,,

Vbv_delay method

The vbv_delay method specifies precisely the time at which each byte of coded video data is transferred from MB, to
EB,, using the vbv_delay values coded in the video elementary stream. The vbv_delay method is used whenever the
STD descriptor (refer to 2.6.32) for this elementary stream is present in the Transport Stream, the leak_valid flag in the
descriptor has the value '0', and vbv_delay fields coded in the video stream are not equal to OXFFFF. If any vbv_delay
values in a video sequence are not equal to OXFFFF, none of the vbv_delay fields in 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 picture j is transferred from MB,, to
the EB,, at the time td,(j) — vbv_delay(j), where tdy(j) is the decoding time of picture j. as defined above, and
vbv_delay(j) is the delay time, in seconds, indicated by the vbv_delay field of picture j. The transfer of bytes between
the final bytes of successive picture start codes (including the final byte of the second start code), into the’buffer EB,,, is
at a pieceyise constant rate, Ry,(j), which is specified for each picture j. Specifically, the rate, Ry,(j), of trans
buffer is given by:

Rpx() = NB(j) / (vbe_delay() — vbv_delay + 1) + tdn(j +-FH~ tda(j)) (2-6)

(j) is the number of bytes between the final bytes of the picture start cédes (including the final byte of the
code) of pictures j and j + 1, excluding PES packet header bytes.

OTE 2 ~ vbv_delay(j + 1) and td,(j + 1) may have values that differ from’those normally expected for petiodic video
display if the low_delay flag in the video sequence extension is set to '1'. It may tiot be possible to determine the corredt values by
examinatiof of the bit stream.

The Ryx(j} derived from equation 2-6 shall be less than or equal ta Ry« [profile, level] for elementary streamg of stream
type 0x02|(refer to Table 2-29), where R, [profile, level] is defined in ITU-T Rec. H.262 | ISO/IEC 13818-2, and shall

te of data is transferred from MB, to EBy; all PES packet header bytes that are in MB,, and immediately
t byte are instantaneously removed and-discarded. All data that enters MB,, leaves it. All PES packet payload

Removal pf access units

For each glementary stream buffer EB, and main buffer By, all data for the access unit that has been in the buffer longest,
any stuffing bytes that\immediately precede it that are present in the buffer at the time td,(j) ar¢ removed
usly at time tdy(j). The decoding time td,(j) is specified in the DTS or PTS fields (refer to 2.4.3.6)| Decoding
times td,({ + 1), tdy( + 2), ..--of access units without encoded DTS or PTS fields which directly follow access|unit j may
be deriveq from inforniation in the elementary stream. Refer to Annex C of ITU-T Rec. H.262 | ISO/IEC 13818-2,
ISO/IEC 13818-3, or- JSO/IEC 11172. Also refer to 2.7.5. In the case of audio, all PES packet headers that|are stored
immediatgly before.the access unit or that are embedded within the data of the access unit are removed simulltaneously
with the rgmoval of the access unit. As the access unit is removed it is instantaneously decoded to a presentatign unit.

System d

In the case of system data, data is removed from the main buffer Bgys at a rate of Rgys whenever there is at least 1 byte
available in buffer Bgys.

Rgys = max (80000 bits/s, transport_rate(i) * 8 bits/byte / 500) 2-7

NOTE 3 - The intention of increasing Rgys in the case of high transport rates is to allow an increased data rate for the
Program Specific Information.

Low delay

When the low_delay flag in the video sequence extension is set to 'l1' (see 6.2.2.3 of ITU-T Rec. H.262 |
ISO/IEC 13818-2) the EB,, buffer may underflow. In this case, when the T-STD elementary stream buffer EB,, is
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examined at the time specified by td,(j), the complete data for the access unit may not be present in the buffer 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 this time the entire access unit shall be removed from buffer EB,, instantaneously.
Overflow of buffer EB,, shall not occur.

When the low_delay_mode flag is set to '1', EB,, underflow is allowed to occur continuously without limit. The T-STD
decoder shall remove access unit data from buffer EB,, at the earliest time consistent with the paragraph above and any
DTS or PTS values encoded in the bit stream. Note that the decoder may be unable to re-establish correct decoding and
display times as indicated by DTS and PTS until the EB,, buffer underflow situation ceases and a PTS or DTS is found
in the bit stream.

Trick mode

When the DSM_trick_mode flag (2.4.3.6) is set to 'l1' in the PES Packet header of a packet containing the start of a
B-type vidp i ok — i i , or '100'
(slow revefse) the B-picture access unit is not removed from the video data buffer EB, until the last time(of possibly
multiple tines that any field of the picture is decoded and presented. Repetition of the presentation of fi€lds’and pictures
is defined in 2.4.3.8 under slow motion, slow reverse, and field_id_cntrl. The access unit is removed instarntaneously

from EB,, 4t the indicated time, which is dependent on the value of rep_cntrl.

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

2.4.24 Decoding

Elementary streams buffered in By through B, and EB; through“EB, are decoded instantaneously by de¢oders D,
through D} and may be delayed in re-order buffers O; through'O,, before being presented at the output of te T-STD.
Re-order Huffers are used only in the case of a video elementary stream when some access units are not [carried in
presentation order. These access units will need to be re-ofdered before presentation. In particular, if Py(k) is an I-picture
ora P-pic].\re carried before one or more B-pictures, then it must be delayed in the re-order buffer, O, of the T-STD

before being presented. Any picture previously stored in Oy, is presented before the current picture can be stored. P (k)
should be delayed until the next I-picture or P-picture is decoded. While it is stored in the re-order buffer, the shbsequent
B-pictures [are decoded and presented.

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

ITU-T Red. H,262 1 ISO/IEC 13818-2 explains re-ordering of video pictures in greater detail.

24.2.5 resentation

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

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

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

Transport Streams shall be constructed so that conditions defined in this subclause are satisfied. This subclause makes

use of the

notation defined for the System Target Decoder.

TB, and TBgys shall not overflow. TB,, and TBgy, shall empty at least once every second. By shall not overflow nor
underflow. Bgys shall not overflow.

EB,, shall not underflow except when the low delay flag in the video sequence extension is set to '1' (refer to 6.2.2.3 in
ITU-T Rec. H.262 | ISO/IEC 13818-2) or trick_mode status is true.

When the leak method for specifying transfers is in effect, MB,, shall not overflow, and shall empty at least once every
second. EB,, shall not overflow.

When the vbv_delay method for specifying transfers is in effect, MB,, shall not overflow nor underflow, and EB;, shall

not overfl

The delay
still pictur

For still p
An()-

Qw.

Definition| of overflow and underflow

Let F,,(t) Ye the instantaneous fullness of T-STD buffer By,

F,(t) = 0 ipstantaneously before t = t(0)

Overflow fdoes not occur if
F, () < 8BS,
for all t and n.
Underflow does not occur if
0L F,(®

for all t and n.

243

The follo

24.3.1

See Tabl

Kpecification of the Transport Stream syntax and semantics

Transpoert Stream

2-1

of any data through the System Target Decoders buffers shall be less than or equal to one seécond
e video data. Specifically: td,(j) — t(i) <= 1 second for all j, and all bytes i in access unit Ay()).

icture video data, the delay is constrained by td,(j) — t(i) <= 60 seconds for all j, and\all bytes I in

ving syntax{describes a stream of bytes. Transport Stream packets shall be 188 bytes long.

Table 2-1 - Transport Stream

except for

hccess unit

Syntax No. of bits

Mnemonic

MPEG_transport_stream() {

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

ITU-T Rec. H.222.0 (1995 E)
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2.4.3.2 Transport Stream packet layer

See Table 2-2.

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

Syntax No. of bits Mnemonic
transport_packet(){
sync_byte 8 bslbf
transport_error_indicator 1 bsibf
payload_unit_start_indicator 1 bslbf
;I‘ansport_priority 1 bsl
1D 13 uimsbf
transport_scrambling_control 2 bsl
ddaptation_field_control 2 bsl
dontinuity_counter 4 uimsbf
if(adaptation_field_control =="10'll adaptation_field_control == '11"){
adaptation_field()
if(adaptation_field_control =='01" Il adaptation_field_control =="'11") {
for (i=0;i<N; i+H){
data_byte 8 bslbff

2.4.3.3 Spmantic definition of fields in Transport;Stream packet layer

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

transport_grror_indicator — The transport_error_indicator is a 1-bit flag. When set to '1' it indicates that at least
1 uncorrectpble bit error exists in the associated Transport Stream packet. This bit may be set to '1' by entities ekternal to
the transpoft layer. When set to/ " this bit shall not be reset to '0' unless the bit value(s) in error have been corregted.

payload_unit_start_indicator — The payload_unit_start_indicator is a 1-bit flag which has normative mefning for
Transport Jtream packefs.that carry PES packets (refer to 2.4.3.6) or PSI data (refer to 2.4.4).

When the payload-of the Transport Stream packet contains PES packet data, the payload_unit_start_indicatdr has the
first byte
. If the
payload_unit_start_indicator is set to '1', then one and only one PES packet starts in this Transport Stream packet. This
also applies to private streams of stream_type 6 (refer to Table 2-29).

When the payload of the Transport Stream packet contains PSI data, the payload_unit_start_indicator has the following
significance: if the Transport Stream packet carries the first byte of a PSI section, the payload_unit_start_indicator value
shall be ‘1", indicating that the first byte of the payload of this Transport Stream packet carries the pointer_field. If the
Transport Stream packet does not carry the first byte of a PSI section, the payload_unit_start_indicator value shall be '0',

indicating that there is no pointer_field in the payload. Refer to 2.4.4.1 and 2.4.4.2. This also applies to private streams
of stream_type 5 (refer to Table 2-29).

For null packets the payload_unit_start_indicator shall be set to '0'.

The meaning of this bit for Transport Stream packets carrying only private data is not defined in this Specification.
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transport_priority — The transport_priority is a 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 transport mechanism
can use this to prioritize its data within an elementary stream. Depending on the application the transport_priority field

may be coded regardless of the PID or within one PID only. This field may be changed by channel specific encoders or
decoders.

PID - The PID is a 13-bit field, indicating the type of the data stored in the packet payload. PID value 0x0000 is
reserved for the Program Association Table (see Table 2-25). PID value 0x0001 is reserved for the Conditional Access

Table (see Table 2-27). PID values 0x0002 - 0x000F are reserved. PID value Ox 1FFF is reserved for null packets (see
Table 2-3).

Table 2-3 - PID table

Value Description
0x0000 Program Association Table
0x0001 Conditional Access Table
0x0002 - 0x000F Reserved
0x00010 May be assigned as network_PID, Program_map_PID;
elementary_PID, or for other purposes
O0x1FFE
Ox1FFF Null packet

NOTE - The transport packets with PID values 0x0000, 0x0001,Jand 0x0010 - O0x1FFE are
allowed to carry a PCR.

transporf_scrambling_control — This 2-bit field indicates the scrambling mode of the Transport Str¢am 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_contfél field shall be set to '00' (see Table 2-4).

Table 2-4 =Scrambling control values

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

adaptatipn{field_control — This 2-bit field indicates whether this Transport Stream packet header is follqgwed by an
adaptatio field and/or qulnm«l (cnp Table 2 ﬁ)

Table 2-5 — Adaptation field control values

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

ITU-T Rec. H.222.0 (1995 E) 19


https://iecnorm.com/api/?name=a2ff452f2c609cf0d19d8eae1545832e

ISO/IEC 13818-1 : 1996 (E)

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 is a 4-bit 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 as two, and only two, consecutive Transport Stream packets of the
same PID. The duplicate packets shall have the same continuity_counter value as the 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 fields, if present, a valid value shall be encoded.

The cont1nu1ty counter ina partlcular Transport Stream packet is continuous when it dlffers by a posmve value of one

The contingiity counter may be dlscontmuous when the dlscontmmty_mdlcator is set to '1' (refer to 2.4.34). I the case
of a null pagket the value of the continuity_counter is undefined.

1 AN K DCT 43 I'é
data_byte |- Data bytes shall be contiguous bytes of data from the PES packets (refer to 24.36), PSI sectipns (refer

to 2.4.4), prcket stuffing bytes after PSI sections, or private data not in these structures as indicated by the PID. In the
case of nul] packets with PID value Ox1FFF, data_bytes may be assigned any value. The number of data_bytes, N, is
specified by 184 minus the number of bytes in the adaptation_field(), as described in 2.4.3/4 below.

2.4.3.4 Adaptation field

See Table 3-6.

2.43.5 Semantic definition of fields in adaptation field

adaptation_field_length — The adaptation_field_length is “an’ 8-bit field specifying the number of bytes in the
adaptation {field immediately following the adaptation_field.<fength. The value 0 is for inserting a single stuffing byte in
a Transporf Stream packet. When the adaptation_field_control value is '11', the value of the adaptation_field_lepgth shall
be in the rdnge 0 to 182. When the adaptation_field-control value is '10', the value of the adaptation_ﬁeld_leilgth shall

be 183. Fof Transport Stream packets carrying PES packets, stuffing is needed when there is insufficient PES packet
data to completely fill the Transport Stream packet payload bytes. Stuffing is accomplished by defining an gdaptation
field longet than the sum of the lengths of thé-data elements in it, so that the payload bytes remaining after the ddaptation
field exactlly accommodates the available PES packet data. The extra space in the adaptation field is filled with stuffing
bytes.

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

discontinujty_indicatér— This is a 1-bit field which when set to '1' indicates that the discontinuity state is trjie for the
current Trahsport Stream packet. When the discontinuity_indicator is set to '0' or is not present, the discontinuify state is
false. The ‘Fiscontinuity indicator is used to indicate two types of discontinuities, system time-base discontingities and

continuity_foGnter discontinuities.

A system time-base discontinuity is indicated by the use of the discontinuity_indicator in Transport Stream packets of a
PID designated as a PCR_PID (refer to 2.4.4.9). When the discontinuity state is true for a Transport Stream packet of a
PID designated as a PCR_PID, the next PCR in a Transport Stream packet with that same PID represents a 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 the first 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 'l' in Transport Stream packets of the same PCR_PID prior to the packet
which contains the new system time-base PCR. In this case, once the discontinuity_indicator has been set to 'l', 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 contains the first PCR of the new system time-base. After the occurrence of a system time-base
discontinuity, no fewer than two PCRs for the new system time-base shall be received before another system time-base
discontinuity can occur. Further, except when trick mode status is true, data from no more than two system time-bases
shall be present in the set of T-STD buffers for one program at any time.
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Table 2-6 — Transport Stream adaptation field

Syntax No. of bits Mnemonic
adaptation_field() {
adaptation_field_length 8 uimsbf
if (adaptation_field_length > 0) {
discontinuity_indicator 1 bslbf
random_access_indicator 1 bslbf
elementary_stream_priority_indicator 1 bslbf
PCR_flag 1 bslbf
OPCR_flag 1 bslbf
splicing_point_flag 1 bslbf
transport_private_data_flag 1 bsibf
i i 1 bsibf
if (PCR_flag =="1") {
program_clock_reference_base 33 uimsbf
reserved 6 bsibf
program_clock_reference_extension 9 uimsbf
}
if (OPCR_flag =="1") {
original_program_clock_reference_base 33 uimsbf
reserved 6 bsE):f
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+#) { '.E
private_data_byte 8 bslbf
}
if (adaptation_field_extension_flag =="'1") {
adaptation_field_extension_length 8
Itw_flag 1
piecewise_rate_flag 1
seamless_splice_flag 1
reserved 5
if (Itw_flag =="1") {
Itw_valid (flag 1
Itw_offset 15
if (piecewise_rate_flag =="'1") {
reserved 2
piecewise_rate 22
if (seamless_splice_flag =="'1") {
splice_type 4
DTS_next_AU[32..30] 3
marker_bit 1
DTS_next_AU[29..15] 15
marker_bit 1
DTS_next_AU[14..0] 15
marker_bit 1
)
for (i=0;i<N;i++) {
reserved 8 bslbf
}
for i=0;1<N;i++) {
stuffing_byte 8 bslbf
}
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Prior to the occurrence of a system time-base discontinuity, the first byte of a Transport Stream packet which contains a
PTS or DTS which refers to the new system time-base shall not arrive at the input of the T-STD. After the occurrence of
a system time-base discontinuity, the first byte of a Transport Stream packet which contains a PTS or DTS which refers
to the previous system time-base shall not arrive at the input of the T-STD.

A continuity_counter discontinuity is indicated by the use of the discontinuity_indicator in any Transport Stream packet.
When the discontinuity state is true in any Transport Stream packet of a PID not designated as a PCR_PID, the
continuity_counter in that packet may be discontinuous with respect to the previous Transport Stream packet of the same
PID. When the discontinuity state is true in a Transport Stream packet of a PID that is designated as a PCR_PID, the
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 state is true in a Transport Stream packet and the
continuity_counter in the same packet is discontinuous with respect to the previous Transport Stream packet of the same
PID. A continuity counter discontinuity point shall occur at most one time from the initiation of the discontinuity state
until the conclusion of the discontinuity state. Furthermore, for all PIDs that are not designated as PCR_PIDs, when the
discontinuify_frdicator s set to - ima packer of aspecific PID; e discontinuity_indicator may be set to "I 1h the next
Transport §tream 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 — The first byte of a video sequence header.

Audio - The first byte of an audio frame.

After a conftinuity counter discontinuity in a Transport packet which is designated as containing elementary strieam data,
the first byte of elementary stream data in a Transport Stream packet of the-same PID shall be the first byte of an
elementary| stream access point or in the case of video, the first byte cof an elementary stream access point or a
sequence_gnd_code followed by an access point. Each Transport Streafir packet which contains elementary stfeam data
with a PID|not designated as a PCR_PID, and in which a continuity counter discontinuity point occurs, and ifi which a
PTS or DTIS occurs, shall arrive at the input of the T-STD after. the system time-base discontinuity for the gssociated
program o¢curs. In the case where the discontinuity state is ¢rie; if two consecutive Transport Stream packgts of the
same PID ¢ccur which have the same continuity_counter valué and have adaptation_field_control values set|to '01' or
‘11", the sedond packet may be discarded. A Transport Stréam shall not be constructed in such a way that discarding such
a packet will cause the loss of PES packet payload data.or PSI data.

After the ofcurrence of a discontinuity_indicator.set to '1' in a Transport Stream packet which contains PSI information,
a single digcontinuity in the version_number of PSI sections may occur. At the occurrence of such a discor tinuity, a
version of the TS_program_map_sections ©f the appropriate program shall be sent with section_length == 1B 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
incrementefl by one and the cprrent_next_indicator == 1, containing a complete program definition. This ifdicates a
version chgnge in PSI data.

random_agcess_indicator — The random_access_indicator is a 1-bit field that indicates that the current [ransport
Stream padket, and, possibly subsequent Transport Stream packets with the same PID, contain some informatjon to aid
random acfess at“this point. Specifically, when the bit is set to 'l', the next PES packet to start in the payload of
Transport §tream-packets with the current PID shall contain the first byte of a video sequence header if the PES stream
type (refer fto"Table 2-29) j i i i isB or 4. In
addition, in the case of video, a presentation timestamp shall be present in the PES packet containing the first picture
following the sequence header. In the case of audio, the presentation timestamp shall be present in the PES packet
containing the first byte of the audio frame. In the PCR_PID the random_access_indicator may only be set to '1' in
Transport Stream packet containing the PCR fields.

elementary_stream_priority_indicator — The elementary_stream_priority_indicator is a 1-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 'l' indicates that the payload has a higher priority than the payloads of other Transport Stream packets. In the
case of video, this field may be set to 1" only if the payload contains one or more bytes from an intra-coded slice. A
value of '0" indicates that the payload has the same priority as all other packets which do not have this bit set to '1".

PCR_flag — The PCR_flag is a 1-bit flag. A value of '1" indicates that the adaptation_field contains a PCR field coded in
two parts. A value of '0" indicates that the adaptation field does not contain any PCR field.
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OPCR _flag — The OPCR _flag is a 1-bit flag. A value of 'l" indicates that the adaptation_field contains an OPCR field
coded in two parts. A value of ‘0" indicates that the adaptation field does not contain any OPCR field.

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

transport_private_data_flag — The transport_private_data_flag is a 1-bit flag. A value of '1' indicates that 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_extension_flag is a 1-bit field which when set to '1' indicates
the presence of an adaptation field extension. A value of '0' indicates that an adaptation field extension is not present in
the adaptation field.

program[CIocK_Teference_base; program_clock_relerence_extension — The program_clock_reference {PCR) is a
42-bit field coded in two parts. The first part, program_clock_reference_base, is a 33-bit field whose value |s given by
PCR_basg(i), as given in equation 2-2. The second part, program_clock_reference_extension, is a.9-bit field whose
value is given by PCR_ext(i), as given in equation 2-3. The PCR indicates the intended time of arrival of the byte

containing the last bit of the program_clock_reference_base at the input of the system target decodér.

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

OPCR aspists in the reconstruction of a single program Transport Stréam from another Transport Stream. When
reconstrugting the original single program Transport Stream, the OPCR may be copied to the PCR field. THe resulting
PCR valug is valid only if the original single program Transport Stieam is reconstructed exactly in its entirety. This
would indlude at least any PSI and private data packets which weré present in the original Transport Stream [and would
possibly rpquire other private arrangements. It also means that tfie'OPCR must be an identical copy of its assogiated PCR
in the original single program Transport Stream.

The OPCR is expressed as follows:

OPCR(i) = OPECR_base(i) x 300 + OPCR_ext(i) (2-8)

where

OPCR_base(i) = ((system_clock_frequency x t(i)) DIV 300) % 233 (2-9)

OPCR_ext(i) = ((system_clock_ frequency x t(i)) DIV 1) % 300 (2-10)

The OPC]I( field.is ignored by the decoder. The OPCR field shall not be modified by any multiplexor or decodgr.

splice_countdown — The splice_countdown is an 8-bit field, representing a value which may be positive or negative. A
positive value specifies the remaining number of Transport Stream packets, of the same PID, following the associated
Transport Stream packet until a splicing point is reached. Duplicate Transport Stream packets and Transport Stream
packets which only contain adaptation fields are excluded. The splicing point is located immediately after the last byte of
the Transport Stream packet in which the associated splice_countdown field reaches zero. In the Transport Stream
packet where the splice_countdown reaches zero, the last data byte of the Transport Stream packet payload shall be the
last byte of a coded audio frame or a coded picture. In the case of video, the corresponding access unit may or may not
be terminated by a sequence_end_code. Transport Stream packets with the same PID, which follow, may contain data
from a different elementary stream of the same type.

The payload of the next Transport Stream packet of the same PID (duplicate packets and packets without payload being
excluded) shall commence with the first byte of a PES packet. In the case of audio, the PES packet payload shall
commence with an access point. In the case of video, the PES packet payload shall commence with an access point, or
with a sequence_end_code, followed by an access point. Thus, the previous coded audio frame or coded picture aligns
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with the packet boundary, or is padded to make this so. Subsequent to the splicing point, the countdown field may also
be present. When the splice_countdown is a negative number whose value is minus n (—n), it indicates that the associated
Transport Stream packet is the n-th packet following the splicing point (duplicate packets and packets without payload
being excluded).

For the purposes of this subclause, an access point is defined as follows:
*  Video - The first byte of a video_sequence_header.

e Audio - The first byte of an audio frame.

transport_private_data_length — The transport_private_data_length is an 8-bit field specifying the number of
private_data bytes immediately following the transport private_data_length field. The number of private_data bytes shall
not be such that private data extends beyond the adaptation field.

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

adaptationl_field_extension_length — The adaptation_field_extension_length is an 8-bit field. It indicates the rlumber of
bytes of th¢ extended adaptation field data immediately following this field, including reserved bytes if present.

Itw_flag (Iggal time window_flag) — This is a 1-bit field which when set to '1' indicates the presence ‘of the Jtw_offset
field.

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

seamless_gplice_flag — This is a 1-bit flag which when set to '1' indicates that the splice_type and DTS_next_AU fields
are presentf A value of '0' indicates that neither splice_type nor DTS_next_AU fields‘are present. This field shall not be
set to 'l" in| Transport Stream packets in which the splicing_point_flag is not set fo J1'. Once it is set to '1" in a [Transport
Stream padket in which the splice_countdown is positive, it shall be set to ‘I'Zin all the subsequent Transpdrt Stream
packets of |the same PID that have the splicing_point_flag set to '1', untjlithe packet in which the splice_cpuntdown
reaches zerp (including this packet). When this flag is set, if the elementary stream carried in this PID is an audjo stream,
the splice_{ype field shall be set to '0000'". If the elementary stream cafried in this PID is a video stream, it shall [fulfill the
constraints|indicated by the splice_type value.

Itw_valid_flag (legal time window_valid_flag) — This is a 1-bit field which when set to '1" indicates that the vallue of the
Itw_offset $hall be valid. A value of '0' indicates that the valu@’in the ltw_offset field is undefined.

Itw_offset [legal time window offset) — This is a 15-bit:field, the value of which is defined only if the ltw_valif flag has
a value of [1'. When defined, the legal time window“offset is in units of (300/fs) seconds, where f is the sysfem clock
frequency ¢f the program that this PID belongs te, and fulfills:

offset = t;(i) — t(i)

Itw_offset = offset//1

where i is the index of the first byte of this Transport Stream packet, offset is the value encoded in this field, t(i) is the
arrival timg of byte i(inythe T-STD, and t;(i) is the upper bound in time of a time interval called the Legal Timd Window
which is aspociated-with this Transport Stream packet.

The Legal [Fime Window has the property that if this Transport Stream is delivered to a T-STD starting at {ime t;(i),

L.e. at the emdtof TtsTegalTime Window, and-attother Transport Stream packets of the same program are delivered at

the end of their Legal Time Windows, the

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

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

Depending on factors including the size of the buffer MB, and the rate of data transfer between MB,, and EB,), it is
possible to determine another time to(i), such that if this packet is delivered anywhere in the interval [to(d), t;(1)], no
T-STD buffer violations will occur. This time interval is called the Legal Time Window. The value of t; is not defined in
this Recommendation | International Standard.
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The information in this field is intended for devices such as remultiplexers which may need this information in order to
reconstruct the state of the buffers MB,,.

piecewise_rate — The meaning of this 22-bit field is only defined when both the Itw_flag and the ltw_valid_flag are set
to 'I'. When defined, it is a positive integer specifying a hypothetical bitrate R which is 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 the
legal_time_window_offset field.

Assume that the first byte of this Transport Stream packet and the N following Transport Stream packets of the same
PID have indices A, Aj 4 1, ..., Aj + N, respectively, and that the N latter packets do not have a value encoded in the field
legal_time_window_offset. Then the values t;(A; . ;) shall be determined by:

ti(Ai+j) = tj(A) + j * 188 * 8-bits/byte /R

where j goes from 1 to N.

All packefs between this packet and the next packet of the same PID to include a legal_time_window_offset field shall
be treated|as if they had the value:

offset = t;(A;) — t(A))

correspongling to the value t;(.) as computed by the formula above encodédin the legal_time_window_offset Field. t(j) is
the arrival time of byte j in the T-STD.

The medning of this field is not defined when it, js\'present in a Transport Stream packetl with no
legal_tim¢_window_offset field.

splice_type — This is a 4-bit field. From the first occurrence of this field onwards, it shall have the same value in all the
subsequerjt Transport Stream packets of the $ame PID in which it is present, until the packet in |which the
splice_coyntdown reaches zero (including this-packet). If the elementary stream carried in that PID is an aulio stream,
this field ghall have the value '0000'. If the elementary stream carried in that PID is a video stream, this field irldicates the
conditiong that shall be respected by this elementary stream for splicing purposes. These conditions are d¢fined as a
function df profile, level and splice_type'in Table 2-7 through Table 2-16.

In these tgbles, a value for 'splice_decoding_delay' and 'max_splice_rate' means that the following conditiops shall be
satisfied by the video elementary stream:

1) The last’byte of the coded picture ending in the Transport Stream packet in which the splice_fountdown
reaches zero shall remain in the VBV buffer of the VBV model for an amount of timp equal to
(splice_decoding_delay t,, , | — t,), where for the purpose of this subclause:

which the
splice_countdown reaches zero, i.e. the coded picture referred to above.

* tyisdefined in C.3.1 of ITU-T Rec. H.262 | ISO/IEC 13818-2.

*  (ty4+1—ty) is defined in C.9 through C.12 of ITU-T Rec. H.262 | ISO/IEC 13818-2.

NOTE - t, is the time when coded picture n is removed from the VBV buffer, and (t,, + | —ty) is the duration for
which picture n is presented.

2) The VBV buffer of the VBV model shall not overflow if its input is switched at the splicing point to a
stream of a constant rate equal to ‘'max_splice_rate' for an amount of time equal to
'splice_decoding_delay'.
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Table 2-7 — Splice parameters Table 1

Simple Profile Main Level, Main Profile Main Level, SNR Profile Main Level (both layers),
Spatial Profile High-1440 Level (base layer), High Profile Main Level (middle + base layers)

splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 15.0 x 10° bits
0001 splice_decoding_delay = 150 ms; max_splice_rate = 12.0 x 10° bit/s
0010 splice_decoding_delay = 225 ms; max_splice_rate = 8.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 7.2 x 10° bit/s
OT00-T0TT Reserved
1100-1111 User-defined

Table 2-8 — Splice parameters Table 2

Main Profile Low Level, SNR Profile Low Level (both'layers),
High Profile MainLevel (base layer) Vidéo

splice_type Conditions
0000 splice_decoding_delay = 115 ms; max_spliCe rate = 4.0 x 10° bi's
0001 splice_decoding_delay = 155 ms; max, splice_rate = 3.0 x 10° bit/s
0010 splice_decoding_delay = 230 ms;max_splice_rate = 2.0 X 10° bit/s
0011 splice_decoding_delay = 250:ms; max_splice_rate = 1.8 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined

Table 2-9 - Splice parameters Table 3

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

[splice_fype Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 60.0 x 10° bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate = 45.0 x 10° bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 30.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 28.5 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined
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Table 2-10 —-Splice parameters Table 4

Main Profile High Level, High Profile High-1440 Level (all layers),

High Profile High Level (middle + base layers) Video

splice_type

Conditions

0000 splice_decoding_delay = 120 ms; max_splice_rate = 80.0 x 10° bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate = 60.0 X 10° bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 40.0 X 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 38.0 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined

Table 2-11 — Splice parameters Table 5

SNR Profile Low Level (base layer) Video

splice_type

Conditions

0000 splice_decoding_delay = 115 ms; max_splicé_rate = 3.0 X 10° bit/s
0001 splice_decoding_delay = 175 ms; max)splice_rate = 2.0 X 10° bit/s
0010 splice_decoding_delay = 250,ms; max_splice_rate = 1.4 X 10% bit/s
0011-1011 Reserved
1100-1111 User-defined

Table 2-12 — Splice parameters Table 6

SNR Profile Main Level (base layer) Video

Splice_type

Conditions

0000 splice_decoding_delay = 115 ms; max_splice_rate = 10.0 x 10" bit/s
0001 splice_decoding_delay = 145 ms; max_splice_rate = 8.0 x 10° bit/s
0010 splice_decoding_delay = 235 ms; max_splice_rate = 5.0 x 10° bi's
0011 splice_decoding_delay = 250 ms; max_splice_rate = 4.7 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined
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Table 2-13 — Splice parameters Table 7

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

splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 40.0 x 10° bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate = 30.0 X 10° bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 20.0 X 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 19.0 x 10° bit/s
0+60-16+ Reserved
1100-1111 User-defined

Table 2-14 — Splice parameters Table 8

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

splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_spli¢e_rate = 20.0 X 10° bit/s
0001 splice_decoding_delay = 160 ms; max_-splice_rate = 15.0 x 10° bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 10.0 X 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 9.5 x 106 bit/s
0100-1011 Reserved
1100-1111 User-defined

Table 2-15 - Splice parameters Table 9

High Profile High Level (base layer) Video

splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 25.0 x 10° bit/s
0001 splice_decoding_delay = 165 ms; max_splice_rate = 18.0 X l()6 bit/s
0010 splice_decoding_delay = 250 ms; max_splice_rate = 12.0 x 10° bit/s
0011-1011 Reserved
1100-1111 User-defined
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Table 2-16 — Splice parameters Table 10

High Profile High Level (all layers) Video

: 1996 (E)

splice_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 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 48.0 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined

DTS_next
continuou
following
packet in
same valu
which the

stuffing_H
decoder.

2436 |

See Table

24.3.7

packet_start_code_prefix ~ The packet_start_code_prefix is a 24-bit code. Together with the stream_id thaf

constituteq

'0000 0000 0000 0000 0000 0001' (0x000001).

stream_id

_AU (decoding time stamp next access unit) — This is a 33-bit field, coded in three parts. In t

and periodic decoding through this splicing point it indicates the décoding time of the first &
the splicing point. This decoding time is expressed in the time base\which is valid in the Transp
which the splice_countdown reaches zero. From the first occurrence’ of this field onwards, it sha
e in all the subsequent Transport Stream packets of the same PID in which it is present, until the
splice_countdown reaches zero (including this packet).

PES packet

2-17.

Semantic definition of fields in PES packet

a packet start-code that identifies the beginning of a packet. The packet_start_code_prefix is th

~In Program Streams, the stream_id specifies the type and number of the elementary stream as

he case of
ccess unit
brt Stream
I have the
packet in

yte — This is a fixed 8-bit value equal to '1111 1111’ that can be inserted by the encoder. It is discarded by the

follows it
e bit string

defined by

the stream_id Table 2-18. In Transport Streams, the stream_id may be set to any valid value which correctly describes
the elementary stream type as defined in Table 2-18. In Transport Streams, the elementary stream type is specified in the
Program Specific Information as specified in 2.4.4.

PES_packet_length — A 16-bit field specifying the number of bytes in the PES packet following the last byte of the
field. A value of O indicates that the PES packet length is neither specified nor bounded and is allowed only in
PES packets whose payload consists of bytes from 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 (see Table 2-19).
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Table 2-17 — PES packet

Syntax No. of bits Mnemonic
PES_packet() {
packet_start_code_prefix 24 bslbf
stream_id 8 uimsbf
PES_packet_length 16 uimsbf
if (stream_id != program_stream_map
&& stream_id != padding_stream
&& stream_id != private_stream_2
&& stream_id !'= ECM
&& stream_id '= EMM
&& stream_id != program_stream_directory
&& stream_id '= DSMCC_stream
&& stream_id !=ITU-T Rec. H.222.1 type E stream) {
'10' 2 hslhf
PES_scrambling_control 2 bslhf
PES_priority 1 bsihf
data_alignment_indicator 1 bsihf
copyright 1 bslhf
original_or_copy 1 bslhf
PTS_DTS_flags 2 bslhf
ESCR_flag 1 bslhf
ES_rate_flag 1 bslhf
DSM._trick_mode_flag 1 bslhf
additional_copy_info_flag 1 bslhf
PES_CRC _flag 1 bslhf
PES_extension_flag 1 bslhf
PES_header_data_length 8 uimsbf
if (PTS_DTS_flags =="10") {
'0010' 4 bsihf
PTS [32..30] 3 bslhf
marker_bit 1 bslhf
PTS [29..15] 15 bslhf
marker_bit 1 bslhf
PTS [14..0] 15 bslaf
marker_bit 1 bslhf
}
if (PTS_DTS_flags =="11") {
‘0011 4 bslhf
PTS [32..30] 3 bSIEf
marker_bit 1 bslhf
PTS [29..15] 15 bsihf
marker_bit 1 bslhf
PTS [14..0] 15 bslhf
marker_bit 1 bslhf
‘0001 4 bslhf
DTS [32.:30] 3 bslhf
marker \bit 1 bslhf
DTS 129..15] 15 bslbf
marker_bit 1 bslkf
DTS [14..0] 15 bslbf
marker_bit 1 bslbf
}
if(ESCR_flag =="1") {
reserved 2 bslbf
ESCR_base[32..30] 3 bslhf
marker_bit 1 bslhf
ESCR_base[29..15] 13 bsIbf
marker_bit 1 bslbf
ESCR_base[14..0] 15 bslbf
marker_bit 1 bslbf
ESCR_extension 9 uimsbf
marker_bit 1 bslbf
)
if (ES_rate_flag=="1") {
marker_bit 1 bslbf
ES_rate 22 uimsbf
marker_bit 1 bslbf
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Syntax

No. of bits

Mnemonic

if (DSM_trick_mode_flag =="'1") {

trick_mode_control

if ( trick_mode_control == fast_forward ) {
field_id
intra_slice_refresh
frequency_truncation

else if ( trick_mode_control == slow_motion ) {
rep_cntrl

else if ( trick_mode_control == freeze_frame ) {
field_id
reserved

)

N = N w

uimsbf
bslbf

bslbf
bslbf

uimsbf

uimsbf
bslbf

else if ( trick_mode_control == fast_reverse ) {
field_id
intra_slice_refresh
frequency_truncation

else if ( trick_mode_control == slow_reverse ) {
rep_cntrl

}

else
reserved

}
if (additional_copy_info_flag =="'1") {

marker_bit
additional_copy_info

}
if (PES_CRC_flag =="'1") {

previous_PES_packet_CRC

}
if (PES_extension_flag =="'1") {

PES_private_data_flag

pack_header_field_flag

program_packet_sequence_countér-flag

P-STD_buffer_flag

reserved

PES_extension_flag 2

if (PES_private_data_flag =="1") {
PES_private\ data

}

if (pack_header_field_flag =="1") {
pack: field_length
pack_header()

if (program_packet_sequence_counter_flag =="'1") {
marker_bit
program_packet_sequence_counter
marker_bit
MPEG1_MPEG2_identifier
original_stuff_length

}

if (P-STD_buffer_flag =="'1") {
o1’
P-STD_buffer_scale
P-STD_buffer_size

16

Pt 0 ek ek ket

128

QN bt ek <

W =N

bslbf
bslbf
bslbf

uimsbf

bslbf

e

}
if (PES_extension_flag_2 =="1") {
marker_bit
PES_extension_field_length
for (i = 0; i < PES_extension_field_length; i++) {
reserved
}

}

)
for (i=0;i <NI1;i++) {

}

stuffing_byte

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

}

PES_packet_data_byte

bsibf

bslbf
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Tabie 2-17 — PES packet (conciuded)

Syntax No. of bits Mnemonic

else if ( stream_id == program_stream_map
Il stream_id == private_stream_2

ii stream_id == ECM

Il stream_id == program_stream_directory

Il etream id == DSMOC ctream

HSUTAll_1U == L Jiviu L _suvlaiii

il stream_id == ITU-T Rec. H.222.1 type E stream ) {
for (i = 0; i < PES_packet_length; i++) {
PES_packet_data_byte 8 bslbf

1
J

else if ( stream_id == padding_stream) {
for 1 =0:i <PES_packet_length; i-++) {

32

padding_byte 8 bsIbf
)
}
Tabie 2-18 - Siream_id assignmenis
stream_id Note Stream coding
1011 1100 1 program_stream_map
1011 1101 2 private_stream/_1
10111110 padding_stréam
1011 1111 3 private_stream_2
110x xxxx ISO/IEC.13818-3 or ISO/IEC 11172-3 audio
stream number X XXXX
1110 xxxx ITU-T Rec. H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2
video stream number xxxx
1111 0000 3 ECM_stream
1111 0001 3 EMM_stream
1111 0010 5 ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Annex B or
ISO/IEC 13818-6_DSMCC_stream
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
11110110 6 ITU-T Rec. H.222.1 type C
11110111 6 ITU-T Rec. H.222.1 type D
1111 1000 6 ITU-T Rec. H.222.1 type E
1111 1001 7 ancillary_stream
11111010 ... 11111 HO Reserved data stream
1111111 4 program_stream_directory
The nqtation x means-that the value '0' or '1" are both permitted and results in the same stream type. The stream numbgr is
given by the values taken by the x’s.
NOTEP
1 PES packets of type program_stream_map have unique syntax specified in 2.5.4.1.

2 PES packets of type private_stream_1 and ISO/IEC_13552_stream follow the same PES packet syntax as those for
ITU-T Rec. H.262 | ISO/IEC 13818-2 video and ISO/IEC 13818-3 audio streams.

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.

4 PES packets of type program_stream_directory have a unique syntax specified in 2.5.5.
5 PES packets of type DSM-CC_stream have a unique syntax specified in ISO/IEC 13818- 6.
6 This stream_id is associated with stream_type 0x09 in Table 2-29.

7 This stream_id is only used in PES packets, which carry data from a Program Stream or an ISO/IEC 11172-1
System Stream, in a Transport Stream (refer to 2.4.3.7).
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Table 2-19 — PES scrambling control values

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

PES_priority — This is a 1-bit field indicating the priority of the payload in this PES packet. A '1' indi
priority of the payload of the PES packet payload than a PES packet payload with this field set to '0'. A mult
use the PES_priority bit to prioritize its data within an elementary stream. This field shall not be chan;
transport mechanism.

data_alighment_indicator — This is a 1-bit flag. When set to a value of '1' it indicates that,the) PES packs
immediatgly followed by the video start code or audio syncword indicated in the data_stream_alignment
in 2.6.10 {f this descriptor is present. If set to a value of '1' and the descriptor is not present, alignment as i
alignment| type '01' in Table 2-47 and Table 2-48 is required. When set to a value of '0' it is not defined w
such alignment occurs or not.

copyrightl — This is a 1-bit field. When set to '1' it indicates that the material-of the associated PES packet
protected by copyright. When set to '0' it is not defined whether the material is protected by copyright. A
descriptor|described in 2.6.24 is associated with the elementary stream which contains this PES packet and thg
flag is set fo '1' if the descriptor applies to the material contained in this®ES packet.

original_¢r_copy — This is a 1-bit field. When set to '1' the contents of the associated PES packet payload is 4
When set [o '0" it indicates that the contents of the associated PES packet payload is a copy.

PTS_DTS_flags — This is a 2-bit field. When the PTS_DTS_flags field is set to '10', the PTS fields shall be]
the PES phcket header. When the PTS_DTS_flags field is set to '11', both the PTS fields and DTS fields shall
in the PEY packet header. When the PTS_DTS_flags field is set to '00' no PTS or DTS fields shall be present
packet hedder. The value '01" is forbidden.

ESCR_flag — A 1-bit flag, which when-$et to '1' indicates that ESCR base and extension fields are present
packet hegder. When set to '0' it indicates that no ESCR fields are present.

ES_rate_flag — A 1-bit flag, which when set to 'l' indicates that the ES_rate field is present in the PES pac
When set fo '0' it indicates thatno ES_rate field is present.

DSM_tridk_mode_flag >~ A 1-bit flag, which when set to '1" it indicates the presence of an 8-bit trick mode f]
set to '0" it|indicates(that this field is not present.

: 1996 (E)
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additional_copy~ info_flag — A 1-bit flag, which when set to '1" indicates the presence of the additional_copy] info field.

When set {o '0"it indicates that this field 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

'0" it indicates that this field is not present.

PES_extension_flag — A 1-bit flag, which when set to 'l' indicates that an extension field exists in this PES packet

header. When set to '0' it indicates that this field is not present.

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 fields is indicated in the byte that precedes

the PES_header_data_length field.

marker_bit — A marker_bit is a 1-bit field that has the value '1°.
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PTS (presentation time stamp) — Presentation times shall be related to decoding times as follows: The PTS is a 33-bit
number coded in three separate fields. It indicates the time of presentation, tp,(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 PTS according to equation 2-11
below. Refer to 2.7.4 for constraints on the frequency of coding presentation timestamps.

PTS(k) = ((system_clock_frequency x tp, (k)) DIV 300) % 233 (2-11)

where tpp(k) is the presentation time of presentation unit P,(k).

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

In the case of video, if a PTS is present in a PES packet header it shall refer to the access unit containing the first picture
start code that commences in this PES packet. A picture start code commences in PES packet if the first byte of the
picture starft code is present in the PES packet.

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

For I- and|P-pictures in non-low_delay sequences and in the case when there is no decoding discontinuity between
access unifs (AUs) k and k', the presentation time tpp(k) shall be equal to the decoding time td,(k') off the next
transmitted I- or P-picture (refer to 2.7.5). If there is a decoding discontinuity, or the stream ends, the difference between
tp(k) and {d, (k) shall be the same as if the original stream had continued without a disContinuity and without epding.

NOTE 1 - A low_delay sequence is a video sequence in which the low_delay flag is set (refer to 6.2.2.3 of ITU-T
Rec. H.262 [ ISO/IEC 13818-2).

If there is [filtering in audio, it is assumed by the system model that filt€ring introduces no delay, hence the sample
referred to[by PTS at encoding is the same sample referred to by PTS‘at decoding. In the case of scalable cofling refer
to 2.7.6.

DTS (decading time stamp) — The DTS is a 33-bit number coded'in three separate fields. It indicates the deco ling time,
td,(j), in the system target decoder of an access unit j of elementary stream n. The value of DTS is specified in units of
the period of the system clock frequency divided by 300.(yielding 90 kHz). The decoding time derived fron] the DTS
according fo equation 2-12 below:

DTS() = ((system_clock_ frequency X tdy, (j)) DIV 300) % 233 (2-12)

where td(]) is the decoding time of access‘unit Ap(j).

In the case|of video, if a DTS is presentin a PES packet header it shall refer to the access unit containing the fifst picture
start code fhat commences in this \PES packet. A picture start code commences in PES packet if the first byte of the
picture staft code is present in_the)PES packet.

In the caselof scalable coding refer to 2.7.6.

ESCR_basge; ESCR extension — The elementary stream clock reference is a 42-bit field coded in two parts{ The first
part, ESCR_baseis.a 33-bit field whose value is given by ESCR_base(i), as given in equation 2-14. The se¢ond part,
ESCR_ext{is a 9-bit field whose value is given by ESCR_ext(i), as given in equation 2-15. The ESCR field indicates the

intended tifne of arrival of the byte containing the last bit of the ESCR_base at the input of the PES-STI} for PES
streams (refer 10 2.5.2.4).

Specifically:

ESCR(i) = ESCR_base(i) x 300 + ESCR_ext(i) (2-13)

where

ESCR_base(i) = ((system_clock_frequency * t(i)) DIV 300) % 233 (2-14)

ESCR_ext(i)

I

((system_clock_ frequency * t(i)) DIV 1) % 300 (2-15)
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The ESCR and ES_rate field (refer to semantics immediately following) contain timing information relating to the
sequence of PES streams. These fields shall satisfy the constraints defined in 2.7.3.

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

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

When trick_ mode status is false, the number of times N, a picture is output by the decoding process for progressive
sequenceg; of ITU-T
Rec. H.242 | ISO/IEC 13818-2 Video, and is specified through the sequence - header in the case of ISO/AEC 11172- 2
Video.

For interlaced sequences, when trick_mode status is false, the number of times N, a picture is_output by the decoding
process for progressive sequences, is specified for each picture by the repeat_first_field and progtessive_frame fields in
the case of ITU-T Rec. H.262 | ISO/IEC 13818-2 Video.

When trigk mode status is true, the number of times that a picture shall be displayed depends on the value of N

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

*  continuity counter discontinuity.

Table 2-20 - Trick mode control values

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

In the comtext of trick mode, the non-normal speed of decoding and presentation may cause the values of cdrtain fields

defined in video elementary stream data to be incorrect. Likewise, the semantic constraint on the slice structiire may be

invalid. The video syntax elements to which this exception applies are:

¢ bit_rate;

. vbv_delay;

e repeat_first_field;
*  v_axis_positive;

* field_sequence;

*  subcarrier;

e burst_amplitude;

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

Decoders are not normatively required to decode the trick_mode_control field. However, the following normative
requirements shall apply to decoders that do decode the trick_mode_control field.

fast forward — The value '000', in the trick_mode_control field. When this value is present it indicates a fast forward
video stream and defines the meaning of the following five bits in the PES packet header. The intra_slice_refresh bit
may be set to 'l' indicating that there may be missing macroblocks which the decoder may replace with co-sited
macroblocks of previously decoded pictures. The field_id field, defined in Table 2-21, indicates which field or fields
should be displayed. The frequency_truncation field indicates that a restricted set of coefficients may be included. The
meaning of the values of this field are shown in Table 2-22.

slow motion — The value '001', in the trick_mode_control field. When this value is present it indicates a slow motion
video stream and defines the meaning of the following five bits in the PES packet header. In the case of progressive
sequences, the picture should be displayed N * 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 sequepces, the
picture shoyld be displayed for N * rep_cntrl picture duration.

In the cas¢ of ITU-T Rec. H.262 | ISO/IEC 13818-2 interlaced sequences, the picture should“be displayed for
N *rep_cntrl field duration. If the picture is a frame picture, the first field to be displayed is the tof field if
top_field_first is 1, and the bottom field if top_field_first is ‘O’ (refer to ITU-T Rec. H.262¥ISO/IEC 13818-2). This
field is digplayed for N * rep_cntrl/2 field duration. The other field of the picture’is”then displayed [for N —
N * rep_cnfrl / 2 field duration.

freeze frampe — The value '010', in the trick_mode_control field. When this valué is present it indicates a fregze frame
video strearp and defines the meaning of the following five bits in the PES packet header. The field_id field, defined in
Table 2-21/ identifies which field(s) should be displayed. The field_id field tefers to the first video access |unit that
commences| in the PES packet which contains the field_id field, unless the-PES packet contains zero payload |bytes. In
the latter cabe the field_id field refers to the most recent previous videg access unit.

fast reversg¢ — The value '011, in the trick_mode_control fields\When this value is present it indicates a fagt reverse
video streamn and defines the meaning of the following five bits)in the PES packet header. The intra_slice_r¢fresh bit
may be seff to 'l' indicating that there may be missing_macroblocks which the decoder may replace with| co-sited
macroblocks of previously decoded pictures. The field_id field, defined in Table 2-21, indicates which field [or fields
should be displayed. The frequency_truncation field indicates that a restricted set of coefficients may be included. The
meaning of [the values of this field are shown in Table2-22, “Coefficient selection values”.

slow reverge — The value '100', in the trick_mode_control field. When this value is present it indicates a slow reverse
video stre and defines the meaning ©of the following five bits in the PES packet header. In the|case of
ISO/IEC 11{172-2 Video and ITU-T Rec. H.262 | ISO/IEC 13818-2 Video progressive sequences, the picture should be
displayed fqr N * rep_cntrl picture duration, where N is defined above.

In the casq of ITU-T Rec. H.262 | ISO/IEC 13818-2 interlaced sequences, the picture should be displpyed for
N * rep_cntrl field duration.\If the picture is a frame picture, the first field to be displayed is the botton) field if
top_field_fifst is 1, and the-top field if top_field_first is ‘0" (refer to ITU-T Rec. H.262 | ISO/IEC 13818-2). This field is
displayed for N * rep—cnirl / 2 field duration. The other field of the picture is then displayed for N — N * rep| cntrl / 2
field duratign.

field_id — A 2¢bit field that indicates which field(s) should be displayed. It is coded according to Table 2-21.

Table 2-21 - Field_id field control values

Value Description
'00' Display from top field only
or Display from bottom field only
'10' Display complete frame
1 Reserved
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intra_slice_refresh — A 1-bit flag, which when set to 'l’, indicates that there may be missing macroblocks between
coded slices of video data in this PES packet. When set to '0' this may not occur. For more information see ITU-T
Rec. H.262 I ISO/IEC 13818-2. The decoder may replace missing macroblocks with co-sited macroblocks of previously
decoded pictures.

frequency_truncation — A 2-bit field which indicates that a restricted set ot coefficients may have been used in coding
the video data in this PES packet. The values are defined in Table 2-22.

Table 2-22 ~ Coefficient selection values

Value Description
‘00’ Only DC coefficients are non-zero
‘01" Only the first three coefficients are non-zero
10 Only the first six coefficients are non-zero
1 All coefficients may be non-zero

rep_cntrl- A 5-bit field that indicates the number of times each field in an interlaced picture should be displayed, or the
number off times that a progressive picture should be displayed. It is a function of the tfick_mode_control figld and the
top_field_first bit in the video sequence header whether the top field or the bottom field should be displayed [first in the
case of interlaced pictures. The value '0' is forbidden.

additiona)_copy_info — This 7-bit field contains private data relating to copyright information.

previous_[PES_packet_CRC - The previous_PES_packet_CRC is-a, 16-bit field that contains the CRC value|that yields
a zero output of the 16 registers in the decoder similar to the one.defined in Annex A, but with the polynomial

x16 + x1247x5 + 1

after procgssing the data bytes of the previous PES-packet, exclusive of the PES packet header.

NOTE 2 — This CRC is intended for use imynetwork maintenance such as isolating the source of intermittent errprs. It is not
intended fdr use by elementary stream decoders. It is calculated only over the data bytes because PES packet header data can be
modified ci]:ing transport.

PES_private_data_flag — A 1-bit flag“which when set to '1" indicates that the PES packet header contains pfivate data.
When set o a value of '0' it indicates that private data is not present in the PES header.

pack_heafer_field_flag —(A) 1-bit flag which when set to '1"' indicates that an ISO/IEC 11172-1 pack header or a
Program $tream pack header is stored in this PES packet header. If this field is in a PES packet that is confained in a
Program Stream, ther'this field shall be set to '0'. In a Transport Stream, when set to the value '0’ it indicates that no pack
header is present in'the PES header.

program [packet_sequence_counter_flag - A 1-bit flag which when set to 'l' indicates | that the

program_packet sequence counter  MPEG1 MPEG?_identifier and original stuff length fields are present in this

PES packet. When set to a value of '0' it indic;tes that these fields are not presen; in the PES header.

P-STD_buffer_flag — A 1-bit flag which when set to '1' indicates that 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-bit field which when set to '1' indicates the presence of the PES_extension_field_length
field and associated fields. When set to a value of '0' this indicates that the PES_extension_field_length field and any
associated fields are not present.

PES_private_data — This is a 16-byte field which contains private data. This data, combined with the fields before and
after, shall not emulate the packet_start_code_prefix (0x000001).

pack_field_length — This is an 8-bit field which indicates the length, in bytes, of the pack_header_field().
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program_packet_sequence_counter — The program_packet_sequence_counter field is a 7-bit field. It is an optional
counter that increments with each successive PES packet from a Program Stream or from an ISO/IEC 11172-1 Stream or
the PES packets associated with a single program definition in a Transport Stream, providing functionality similar to a
continuity counter (refer to 2.4.3.2). This allows an application to retrieve the original PES packet sequence of a
Program Stream or the original packet sequence of the original ISO/IEC 11172-1 stream. The counter will wrap around
to O after its maximum value. Repetition of PES packets shall not occur. Consequently, no two consecutive PES packets
in the program multiplex shall have identical program_packet_sequence_counter values.

MPEG1_MPEG?2_identifier — A 1-bit flag which when set to '1' indicates that this PES packet carries information from
an ISO/IEC 11172-1 stream. When set to '0' it indicates that this PES packet carries information from a Program Stream.

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

P-STD_buffe : e e is 2 n h ES packet
is containefl in a Program Stream. It mdlcates the scalmg factor used to 1nterpret the subsequent P STD .cbpffer_size
field. If the preceding stream_id indicates an audio stream, P-STD_buffer_scale shall have the value '0". df the preceding

stream_id indicates a video stream, P-STD_buffer_scale shall have the value '1'. For all other stream types, [the value
may be either '1' or '0'.

P-STD_buffer_size — The P-STD_buffer_size is a 13-bit unsigned integer, the meaning of which is only defied if this
PES packet is contained in a Program Stream. It defines the size of the input buffer) BS,, in the B-STD. If
P-STD_buffer_scale has the value '0', then the P-STD_buffer_size measures the buffér,size in units of 128 bytes. If
P-STD_buffer_scale has the value '1', then the P-STD_buffer_size measures the buffér/size in units of 1024 bytes. Thus:

if (P-STD_buffer_scale == 0)

_ (2-16)
BS, = P — STD_buffer_size x 128

else

BS,, = P — STD_buffer_size x 1024 (2-17)

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

PES_extension_field_length — This is(a 7-bit field which specifies the length, in bytes, of the data following thiis field in
the PES exfension field up to and including any reserved bytes.

stuffing_byte — This is a fixed(8-bit value equal to '1111 1111' that can be inserted by the encoder, for example to meet
the requirements of the channel. It is discarded by the decoder. No more than 32 stuffing bytes shall be presdnt in one
PES packe{ header.

PES_packgt_data byte — PES_packet_data_bytes shall be contiguous bytes of data from the elementafy stream
indicated |by the. packet’s stream_id or PID. When the elementary stream data conforms t¢ ITU-T
Rec. H.262| ISO/IEC 13818 2 or ISO/IEC 13818 3, the PES_packet data bytes shall be byte allgned to the by es of this
Recommendation ; ¢ S v ; umber of
PES_packet_ data bytes N is speCJﬁed by the PES_packet length field. N shall be equal to the value indicated in the

PES_packet_length minus the number of bytes between the last byte of the PES_packet_ length field and the first
PES_packet_data_byte.

In the case of a private_stream_1, private_stream_2, ECM_stream, or EMM._stream, the contents of the
PES_packet_data_byte field are user definable and will not be specified by ITU-T | ISO/IEC in the future.

padding_byte — This is a fixed 8-bit value equal to '1111 1111". It is discarded by the decoder.
2.4.3.8 Carriage of Program Streams and ISO/IEC 11172-1 Systems streams in the Transport Stream

The Transport Stream contains optional fields to support the carriage of Program Streams and ISO/IEC 11172-1 Systems
streams, in a way that allows simple reconstruction of the respective stream at the decoder.
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When placing a Program Stream into a Transport Stream, Program Stream PES packets with stream_id values of
private_stream_1, ITU-T Rec. H.262 |ISO/IEC 13818-2 or ISO/IEC 11172-2 video, and ISO/IEC 13818-3 or
ISO/IEC 11172-3 audio, are carried in Transport Stream packets.

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

For Program Streams PES packets with stream_id values of program_stream_map, padding_stream, private_stream_2,
ECM, EMM, DSM_CC_stream, or program_stream_directory, all the bytes of the Program Stream PES packet, except
for the packet_start_code_prefix, are placed into the data_bytes fields of a new PES packet. The stream_id of this new
PES packet has the value of ancillary_stream (refer to Table 2-18). This new PES packet is then carried in Transport
Stream packets.

When reconstructing the Program Stream at the Transport Stream decoder, for PES packets with a stream_id value of

ancillary_stream_id, packet_start_code_prefix is written to the Program Stream being reconstructed, followed by the
data_byte ields from these Tr')nc?nrt Strearm-PES

Lat
A PAacRUtsy

ISO/IEC 11172-1 streams are carried within Transport Streams by first replacing ISO/IEC 11172-1 packet’headers with
ITU-T Req. H.262 | ISO/IEC 13818-1 PES packet headers. ISO/IEC 11172-1 packet header field valugs-are co pied to the
equivalentITU-T Rec. H.262 | ISO/IEC 13818-1 PES packet header fields.

The program_packet_sequence_counter field is included 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 packets in the origindl Program
Stream, orfpackets in the original ISO/IEC 11172-1 System stream, to be reproduced at the decoder.

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

24.4 Jrogram specific information

Program Specific Information (PSI) includes both ITU-T Rec. H.222.0.1 ISO/IEC 13818-1 normative data ahd private
data that epable demultiplexing of programs by decoders. Programs afe composed of one or more elementary streams,
each labeled with a PID. Programs, elementary streams or parts thereof may be scrambled for conditionlal access.
However, Program Specific Information shall not be scrambled;

In Transpdrt Streams, Program Specific Information is classified into four table structures as shown in Table 2423. While
these strudtures may be thought of as simple tables, they shall be segmented into sections and inserted in Transport
Stream pagkets, some with predetermined PIDs and.6thers with user selectable PIDs.

Table 2-23 — Program specific information

Strufture Name Stream Type PID number Description
Program Association Table | ITUsRRec. H.222.01 0x00 Associates Program Number and
ISO/IEC 13818-1 Program Map Table PID
Program Mlap Table ITU-T Rec. H.222.0 Assignment indicated | Specifies PID values for
ISO/IEC 13818-1 in the PAT components of one or morg
programs
Network Ipformation Table | Private Assignment indicated | Physical network parametgrs such
in the PAT as FDM frequencies, Trangponder
Numbers-ete————————
Conditional Access Table ITU-T Rec. H.222.0} 0x01 Associates one or more (private)
ISO/EC 13818-1 EMM streams each with a 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 is a syntactic structure that shall be used for mapping each ITU-T
Rec. H.222.0 1 ISO/IEC 13818-1 defined PSI table into Transport Stream packets.

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

Sections may be variable in length. The beginning of a section is indicated by a pointer_field in the Transport Stream
packet payload. The syntax of this field is specified in Table 2-24.

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

Within a Transport Stream, packet stuffing bytes of value OxFF may be found after the last byte of a section, in which
case all foflowing bytes until the end of the Transport Stream packet shall also be stuffing bytes of value OXFF. These
bytes may|be discarded by a decoder. In such a case, the payload of the next Transport Stream packet withthe|same PID
value shall begin with a pointer_field of value 0x00 indicating that the next section starts immediately thereaftgr.

Each Transport Stream shall contain one or more Transport Stream packets with PID value 0x0000. These| Transport
Stream pagkets together shall contain a complete Program Association Table, providing a compleéte list of al] programs
within the|Transport Stream. The most recently transmitted version of the table with the current_,next_indi;aI)r setto a
value of 'II' shall always apply to the current data in the Transport Stream. Any changes in the programs cartiied within
the Transpgort Stream shall be described in an updated version of the Program Association Table carried in| Transport
Stream pagkets with PID value 0x0000. These sections shall all use table_id value 0x00. Only sections with thjs value of
table_id afe permitted within Transport Stream packets with PID value of 0x0000. For a new version of tIle PAT to
become vplid, all sections (as indicated in the last_section_number) with-a new version_number and| with the
current_ngxt_indicator set to '1' must exit Bgys defined in the T-STD (refer.to 2.4.2). The PAT becomes vali when the
last byte of the section needed to complete the table exits Bgys.

Whenever| one or more elementary streams within a Transport Stréam are scrambled, Transport Stream pacKets with a
PID valud 0x0001 shall be transmitted containing a complete:Conditional Access Table including CA_descriptors
associated| with the scrambled streams. The transmitted Transport Stream packets will together form one complete
version of|the conditional access table. The most recently-transmitted version of the table with the current_nex{_indicator
set to a value of '1' shall always apply to the current data in the Transport Stream. Any changes in scrambling making the
existing tgble invalid or incomplete shall be described in an updated version of the conditional access taple. These
sections Will all use table_id value 0x01. Only sections with this table_id value are permitted within Transpprt Stream
packets with a PID value of 0x0001. For a new version of the CAT to become valid, all sections (as indicgted in the
last_section_number) with a new version_number and with the current_next_indicator set to 'l' must exit Bsys The CAT
becomes valid when the last byte of the-séction needed to complete the table exits Bgys.

Each Tranpport Stream shall contdin one or more Transport Stream packets with PID values which are labeled under the
program apsociation table as Transport Stream packets containing TS program map sections. Each program lited in the
Program Association Table shall be described in a unique 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 dppropriate
Program Map Table section is part of the program. Other private data may exist in the Transport Stream without being
listed in the Prograin Map Table section. The most recently transmitted version of the TS_program_map_section with
the currenf_next: indicator set to a value of 'l' shall always apply to the current data within the Transport Stream. Any
gn updated

2 2 2 e IPID value
identified as the program_| map PID for that specrﬁc program. All Transport Stream packets whrch carry a given
TS_program_map_section shall have the same PID value. During the continuous existence of a program, including all of
its associated events, the program_map_PID shall not change. A program definition shall not span more than one
TS_program_map_section. A new version of a TS_program_map_section becomes valid when the last byte of that
section with a new version_number and with the current_next_indicator set to '1" exits Bgy

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

The Network Information Table is optional and its contents are private. If present it is carried within Transport Stream
packets that will have the same PID value, called the network_PID. The network_PID value is defined by the user and,
when present, shall be found in the Program Association Table under the reserved program_number 0x0000. If the
network information table exists, it shall take the form of one or more private_sections.
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The maximum number of bytes in a section of a ITU-T Rec. H.222.0 | ISO/IEC 13818-1 defined PSI table is 1024 bytes.
The maximum number of bytes in a private_section is 4096 bytes.

There are no restrictions on the occurrence of start codes, sync bytes or other bit patterns in PSI data, whether this
Recommendation | International Standard or private.

2.44.1 Pointer

The pointer_field syntax is defined in Table 2-24.

Table 2-24 — Program specific information pointer

Syntax No. of bits Mnemonic

pointer_field 8 uimsbf

2.4.4.2 Semantics definition of fields in pointer syntax

pointer_flield — This is an 8-bit field whose value shall be the number of bytes, immediately)following the pointer_field
until the first byte of the first section that is present in the payload of the Transport Streani packet (so a valuel of 0x00 in
the pointer_field indicates that the section starts immediately after the pointer_field). When at least one section begins in
a given Transport Stream packet, then the payload_unit_start_indicator (refer to 2/4.322) shall be set to 1 ahd the first
byte of the payload of that Transport Stream packet shall contain the pointer)\, When no section begins [in a given

Transport| Stream packet, then the payload_unit_start_indicator shall be set-to-0 and no pointer shall be fent in the
payload of that packet.

2.4.4.3 [Program association Table
The Progfam Association Table provides the correspondence .between a program_number and the PID value of the
Transport|Stream packets which carry the program definition, Thé program_number is the numeric label assofiated with
a progran].

The overdll table is contained in one or more sections with the following syntax. It may be segmented to occupy multiple
sections (3ee Table 2.25).

Table'2-25 — Program association section

Syntax No. of bits Mngmonic
program Jassociation_section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf
‘0 1 bslbf
reserved 2 bslbf
section_length 12 uimnsbf
transport_stream_id 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
Lsection—pumber 8 sbhf
last_section_number 8 uimsbf
for (i=0;1<N; i++) {

program_number 16 uimsbf

reserved 3 bslbf

if (program_number =='0") {

network_PID 13 uimsbf
1
else {
program_map_PID 13 uimsbf
CRC_32 32 rpchof
}
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2.4.4.4 Table_id assignments

The table_id field identifies the contents of a Transport Stream PSI section as shown in Table 2-26.

Table 2-26 - 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 1 ISO/IEC 13818-1 reserved
0x40 - OxFE User private

OxFF Forbidden

2.4.4.5 Spmantic definition of fields in program association section
table_id - Trhis is an 8-bit field, which shall be set to 0x00 as shown in Table 2-26:

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

section_lenjgth — This is a 12-bit field, the first two bits of which shall'bé.'00". The remaining 10 bits specify th
of bytes of the section, starting immediately following the section_léngth field, and including the CRC. The val

field shall rfot exceed 1021 (0x3FD).

transport_ptream_id — This is a 16-bit field which serves.@s a label to identify this Transport Stream from

multiplex Within a network. Its value is defined by the user.

version_number — This 5-bit field is the version nuniber of the whole Program Association Table. The versio

e number
ue in this

hny other

h number

shall be in¢remented by 1 modulo 32 wheneyerythe definition of the Program Association Table changes. When the

current_next_indicator is set to '1', then the version_number shall be that of the currently applicable Program As
Table. When the current_next_indicator is.$et to ‘0", then the version_number shall be that of the next applicable

Associatior] Table.

current_ngxt_indicator — A 1-bit:indicator, which when set to '1' indicates that the Program Association Tab
currently applicable. When the bit is set to '0', it indicates that the table sent is not yet applicable and shall be

table to become valid.

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

Associatior] Table.

sociation
Program

le sent is
the next

bn in the
Program

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

Association Table.

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

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

Table 2-3. The presence of the network_PID is optional.
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program_map_PID - The program_map_PID is a 13-bit field specifying the PID of the Transport Stream packets
which shall contain the program_map_section applicable for the program as specified by the program_number. No
program_number shall have more than one program_map_PID assignment. The value of the program_map_PID is
defined by the user, but shall only take values as specified in Table 2-3.

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

2.4.4.6 Conditional access Table

The Conditional Access (CA) Table provides the association between one or more CA systems, their EMM streams and
any special parameters associated with them. Refer to 2.6.16 for a definition of the descriptor() field in Table 2-27.

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

Table 2-27 — Conditional access section

Syntax No. of bits Mnemonic

CA_section() {

table_id 8 uimsbf

section_syntax_indicator 1 bslbf

'0' 1 bslbf

reserved 2 bslbf

section_length 12 uimsbf

reserved 18 bslbf

version_number 5 uimsbf

current_next_indicator 1 bslbf

section_number 8 uimsbf

last_section_number 8 uimsbf

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

descriptor()

)

CRC_32 32 rpchof
}

2.4.47 PSemantic definition of fields in conditional access section
table_id - This is an 8-bit field, which shall be'set to 0x01 as specified in Table 2-26.
section_syntax_indicator — The sectionxsyntax_indicator is a 1-bit field which shall be set to '1'.

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

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

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

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

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

ITU-T Rec. H.222.0 (1995 E) 43


https://iecnorm.com/api/?name=a2ff452f2c609cf0d19d8eae1545832e

ISO/TEC 13818-1 : 1996 (E)
2.4.4.8 Program Map Table

The Program Map Table provides the mappings between program numbers and the program elements that comprise
them. A single instance of such a mapping is referred to as a “program definition”. The program map table is the
complete collection of all program definitions for a Transport Stream. This table 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 is contained in
one or more sections with the following syntax. It may be segmented to occupy multiple sections. In each section, the
section number field shall be set to zero. Sections are identified by the program_number field.

Definition for the descriptor() fields may be found in 2.6 (see Table 2-28).

Table 2-28 — Transport Stream program map section

Syntax No. of bits Mnemonic
TS_program_map_section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
'0' 1 bslbf
reserved 2 bslbf
section_length 12 uimsbf
program_number 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
reserved 3 bslbf
PCR_PID 13 uimsbf
reserved 4 bslbf
program_info_length 12 uimsbf
for i=0;1<N;i++) {
descriptor()
}
for i=0;i<NI1; i+) {
stream_type 8 uimsbf
reserved 3 bslbf
elementary_PID 13 uimsbf
reserved 4 bslbf
ES_info_length 12 uimsbf
for (i=0;i < N2yit++) {
descriptor()
| }
CRC_32 32 rpchof
}
24.4.9 S¢mantic definition of fields in Transport Stream program map section
table_id — This is‘an*8-bit field, which in the case of a TS_program_map_section shall be always set to 0x02 fs shown
in Table 2-36.

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

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

program_number — program_number is a 16-bit field. It specifies the program to which the program_map_PID is
applicable. One program definition shall be carried within only one TS_program_map_section. This implies that a
program definition is never longer than 1016 (0x3F8). See Informative Annex C for ways to deal with the cases when
that length is not sufficient. The program_number may be used as a designation for a broadcast channel, 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 applications
refer to Annex C.
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version_number — This 5-bit field is the version 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. Version number refers
to the definition of a single program, and therefore to a single section. When the current_next_indicator is set to '1', then
the version_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 'I' indicates that the TS_program_map_section sent is
currently applicable. When the bit is set to '0', it indicates that the TS_program_map_section sent is not yet applicable
and shall be the next TS_program_map_section to become valid.

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

PCR_PID - This is a 13-bit field indicating the PID of the Transport Stream packets which shall contain the PCR fields

valid for the—pregram—sp d-by—program—namber 0 assocTated T progran on for private
streams, then this field shall take the value of Ox 1FFF. Refer to the semantic definition of PCR in 2.4.3.5-aad| Table 2-3
for restrictjons on the choice of PCR_PID value.
program_jinfo_length — This is a 12-bit field, the first two bits of which shall be '00". The remaining 10 bits 3 pecify the
number of|bytes of the descriptors immediately following the program_info_length field.
stream_type — This is an 8-bit field specifying the type of program element carried within the packets with the PID
whose valye is specified by the elementary_PID. The values of stream_type are specified in Table 2-29.
Table 2-29 — Stream type assignments

Value Description

0x00 ITU-T | ISO/IEC reserved

Px01 ISO/IEC 11172-2 Video

Px02 ITU-T Rec. H.262 | ISO/IEC 13818-25Yideo or ISO/IEC 11172-2 constrained parameter videg stream

Px03 ISO/IEC 11172-3 Audio

Dx04 ISO/IEC 13818-3 Audio

PDx05 ITU-T Rec. H.222.0 I ISO/IEC 13818-1 private_sections

PDx06 ITU-T Rec. H:222.0 | ISO/IEC 13818-1 PES packets containing private data

Dx07 ISO/MECY13522 MHEG

PDx08 Annéx“A — DSM CC

Dx09 ITU-T Rec. H.222.1

Px0A ISO/IEC 13818-6 type A

x0B ISO/IEC 13818-6 type B

0X0C TSONTEC 13818-6 type C

0x0D ISO/IEC 13818-6 type D

0x0E ISO/IEC 13818-1 auxiliary

0xOF - Ox7F ITU-T Rec. H.222.0 | ISO/IEC 13818-1 reserved
0x80 - OxFF User private

NOTE - An ITU-T Rec. H.222.0 | ISO/IEC 13818-1 auxiliary stream is available for data types defined by this
Specification, other than audio, video, and DSM CC, such as Program Stream Directory and Program Stream Map.
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elementary_PID - This is a 13-bit field specifying the PID of the Transport Stream packets which carry the associated
program element.

ES_info_length — This is a 12-bit field, the first two bits of which shall be '00'. The remaining 10 bits specify the
number of bytes of the descriptors of the associated program element immediately following the ES_info_length field.

CRC_32 - This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder
defined in Annex B after processing the entire Transport Stream program map section.

2.4.4.10 Syntax of the Private section

When private data is sent in Transport Stream packets with a PID value designated as a Program Map Table PID in the
Program Association Table the private_section shall be used. The private_section allows data to be transmitted with a
minimum of structure while enabling a decoder to parse the stream. The sections may be used in two ways: if the
section_sy T i . €S shall be used; 1 the indicator is set to
‘0, then only the fields 'table_id' through 'private_section_length' shall follow the common structure)syptax and
semantics and the rest of the private_section may take any form the user determines. Examples of extehded uke of this
syntax are fpund in Informative Annex C.

A private table may be made of several private_sections, all with the same table_id (see Table 2-30):

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 bslbf
private_section_length 12 uimsbf
if (section_syntax_indicator =="'0") {
for(i=0;i<N;i++) {
private_data_byte 8 bslbf
}
}
else {
table_id_extension 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next. indicator 1 bslbf
section_namber 8 uimsbf
last_section_number 8 uimsbf
for (i=0; i < private_section_length-9; i++) {
private_data_byte 8 bslbf
}
€RC_32 32 rpchof
}
}

2.4.4.11 Semantic definition of fields in private section

table_id — This 8-bit field, the value of which identifies the Private Table this section belongs to. Only values defined in
Table 2-26 as “user private” may be used.

section_syntax_indicator — This is a 1-bit indicator. When set to '1', 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_bytes

immediately follow the private_section_length field.

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

private_section_length — A 12-bit field. It specifies the number of remaining bytes in the private section immediately

following the private_section_length field up to the end of the private_section. The value in this field shall not exceed
4093 (OxFFD).
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private_data_byte — The private_data_byte field is user definable and shall not be specified by ITU-T | ISO/IEC in the
future.

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

version_number — This 5-bit field is the version number of the private_section. The version_number shall be
incremented by 1 modulo 32 when a change in the information carried within the private_section occurs. When the
current_next_indicator is set to ‘0", then the version_number shall be that of the next applicable private_section with the
same table_id and section_number.

current_next_indicator — A 1-bit field, which when set to '1' indicates that the private_section sent is currently
applicable. When the current_next_indicator is set to 'l', then the version_number shall be that of the currently
applicable private_section. When the bit is set to '0', it indicates that the private_section sent is not yet applicable and
shall be the next private_section with the same section_number and table_id to become valid.

Section_n mber — This 8-bi 'll es the number of the pri ate_se ion he se gnn mber of the st section in a
private tale shall be 0x00. The section_number shall be incremented by 1 with each additional section inthis private
table.

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

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

2.5 Program Stream bitstream requirements

2.5.1 Program Stream coding structure and parameters

The ITUT Rec. H.222.0 I ISO/IEC 13818-1 Program Stream codidg layer allows one program of ong or more
elementarly streams to be combined into a single stream. Data from-each elementary stream are multiplexed together with
informatign that allows synchronized presentation of the elementary streams within the program.

A Programp Stream consists of one or more elementary streams from one program multiplexed together. Audig and video
elementarly streams consist of access units.

Elementaty Stream data is carried in PES packets -A*PES packet consists of a PES packet header followed by packet
data. PES|packets are inserted into Program Streampacks.

The PES packet header begins with a 32-bit start-code that also identifies the stream (refer to Table 2-18) tg which the
packet data belongs. The PES packet hedder may contain just a Presentation Time Stamp (PTS) or both a pfesentation
timestamp and a Decoding Time Stafnp(DTS). The PES packet header also contains other optional fields. The packet
data contdins a variable number of contiguous bytes from one elementary stream.

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

The Proggam Streain begins with a system header that optionally may be repeated. The system header carries p summary
of the sysfem parameters defined in the stream.

This Recqmmeéndation | International Standard does not specify the coded data which may be used as part of ¢onditional
access systems. This Recommendation | International Standard does, however, provide mechanisms for program service
providers to transport and identify this data for decoder processing, and to correctly reference data which are here
specified.

2.5.2 Program Stream system target decoder

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

The P-STD is a conceptual model used to define these terms precisely and to model the decoding process during the
construction 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 decoders
with different architectures or timing schedules.
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Figure 2-2 — Program Stream system target decoder notation

are indices to bytes in the Program Stream. The first byté)has index 0.
is an index to access units in the elementary streams,

are indices to presentation units in the elemeritary streams.

is an index to the elementary streams.

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

is the time encoded in the SER field measured in units of the 27 MHz system clock whel
byte index of the final byte of the system_clock_reference_base field.

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

is the decoding.time, measured in seconds, in the system target decoder of the j-th acce
elementary stream n.

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

is the-presentation time, measured in seconds, in the system target decoder of the k-th prg
unit in elementary stream n.

is time measured in seconds.

llustrated

em target

e 11is the

BS unit in

sentation

at time t.

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

Fy i ; i ; T INput buller 10T elementary stream n

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

is the decoder for elementary stream n.

is the reorder 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 Specification. The fields are
defined in 2.5.3.3 and 2.4.3.6. This information is coded as the sampled value of a system clock.
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The value of the system clock frequency is measured in Hz and shall meet the following constraints:
— 27000 000 - 810 <= system_clock_frequency <= 27 000 000 + 810;

— rate of change of system_clock_frequency with time <= 75 X 103 Hz/s.

The notation “system_clock_frequency” is used in several places in this Recommendation | International Standard
torefer to the frequency of a clock meeting these requirements. For notational convenience, equations in
which SCR, PTS, or DTS appear, lead to values of time which are accurate to some integral multiple of
(300 x 233/system_clock_frequency) seconds. This is due to the encoding of SCR timing information as 33 bits of 1/300

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

2.5.2.2 Input to the Program Stream system target decoder

OLEs ream-en he-systermtarget-decoder—Th by at-tirre—t(H—TFhe-time-af which this
efs 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 SCRj;-as|defined in
equation P-18, is coded in two parts: one, in units the period of 1/300 x the system clock frequepcy, called
system_clock_reference_base (see equation 2-19), and one, called system_clock geference_ex{ equation
(see equation 2-20), in units of the period of the system clock frequency. In the following the values encoded in these
fields are[denoted by SCR_base(i) and SCR_ext(i). The value encoded in the SCR field indicates time t(i), where i refers
to the byte containing the last bit of the system_clock_reference_base field.

Specifically:

SCR(i) = SCR_base(i) x 300 + SGR ext(i) (2-18)

where
SCR_base(i) = ((system_clock_freguency X t(i)) DIV 300) % 233 (2-19)
SCR_ext(i) = ((system_clock_frequency x t(i)) DIV 1) % 300 (2-20)

The inpuf arrival time, t(i), as given in equation 2-21, for all other bytes shall be constructed from SCR(i) an{l the rate at
which dala arrives, where the arrival rate(within each pack is the value represented in the program_mux_rate [field in that
pack’s hgader.

SCR(@") . i— i
system_clock_ frequency ~ program_mux_rate x 50

i) = 2-21)
where

i is the index of the byte containing the last bit of the system_clock_ref¢rence_base
field in the pack header

i is the index of any byte in the pack, including the pack header

SCR(i") is the time encoded in the system clock reference base and extension fields in units of
the system clock

program_mux_rate is a field defined in 2.5.3.3.

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

2.5.2.3 Buffering

The PES packet data from elementary stream n is passed to the input buffer for stream n, B;,. Transfer of byte i from the
system target decoder input to By, is instantaneous, so that byte i enters the buffer for stream n, of size BS,, at time t(i).
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Bytes present in the pack header, system headers, Program Stream Maps, Program Stream Directories, 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.

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

At the decoding time, td,(j), all data for the access unit that has been in the buffer longest, A,(j), and any stuffing bytes
that immediately precede it that are present in the buffer at the time td,(j), are removed instantaneously at time td,(j).
The decoding time td,(j) is specified in the DTS or PTS fields. Decoding times td,(j + 1), tdy(j + 2), ... of access units
without encoded DTS or PTS fields which directly follow access unit j may be derived from information in the
elementary stream. Refer to Annex C of ITU-T Rec. H.262 | ISO/IEC 13818-2, ISO/IEC 13818-3, ISO/IEC 11172-2 or
ISO/IEC 11172-3. Also refer to 2.7.5. As the access unit is removed from the buffer, it is instantaneously decoded to a
presentation unit.

The Program

sam—sha onstructed—and al-b he yugh BS,
neither oveqflow nor underflow in the program system target decoder. That is:

0 < Fu(v) £ BS,

for all t and|n

and

F,0 =0

instantaneoysly before t = t(0).
Fy(t) is the {nstantaneous fullness of P-STD buffer B,

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

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

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

tdy(j) — (i) < 1sec

else in the dase of still picture video\data the delay is constrained by:

tdy(j) — t(i) < 60 sec

for all byteq 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—ftag—mthe—videosequence extension 1s—ser 1ot refer 1© 6.2.2.3 of TTU-T Rec. H.262 |
ISO/IEC 13818-2) the VBV buffer may underflow. In this case when the P-STD elementary stream buffer B, is
examined at the time specified by td,(j), the complete data for the access unit may not be present in the buffer B,. 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 this time the entire access unit shall be removed from buffer B, instantaneously.

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

2.5.2.4 PES streams

It is possible to construct a stream of data as a contiguous stream of PES packets each containing data of the same
elementary stream and with the same stream_id. Such a stream is called a PES stream. The PES-STD model for a PES
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stream is identical to that for the Program Stream, with the exception that the Elementary Stream Clock Reference
(ESCR) is used 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 sizes BS,, in the PES-STD model are defined as follows:
—  ForITU-T Rec. H.262 | ISO/IEC 13818-2 video:

BS, = VBVp[profile, level] + BSy,

BSoh = (1/750) seconds * Rypay[profile, level], where VBV . [profile, level] and Rypax[profile, level] are
the maximum VBV size and bit rate per profile, level, and layer as defined in Tables 8-14 and 8-13,
respectively, of ITU-T Rec. H.262 | ISO/IEC 13818-2. BS,y, is allocated for PES packet header overhead.

- For ISO/IEC 11172-2 video:

BS, = VBV + BSy

BSon = (1/750) seconds * Rpay, where R,y and vbv_max refer to the maximum bitrate and|maximum
vbv_buffer_size for a constrained parameter bitstream in ISO/IEC 11172-2'tespectively.

1+ ForlISO/IEC 11172-3 or ISO/IEC 13818-3 audio:

BS, = 2848 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 sygtem target decoder in 2.4.2.4, and 2.4.2.5 respectively.

2.5.3 $pecification of the Program Stream syntax and semantics

The following syntax describes a stream of bytes.

2.5.3.1 Program Stream

See Table[2-31.

Table 2-31 — Program Stream

Syntax No. of bits Mnemonic
MPEG2_program_stream() {
do {
pack()
i == pacR_start_codc)
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_code is the bit string ‘0000 0000 0000 0000 0000 0001 1011
1001' (0x000001B9). It terminates the Program Stream.

2.5.3.3 Pack layer of Program Stream

See Table 2-32.
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Table 2-32 — Program Stream pack

Syntax No. of bits Mnemonic
pack() {
pack_header()
while (nextbits() == packet_start_code_prefix) {
PES_packet()
}
}
Table 2-33 - Program Stream pack header
Syntax No. of bits Mnemonic
pack_header() {
pack_start_code 32 bslbf
'01' 2 bslbf
system_clock_reference_base [32..30] 3 bslbf
marker_bit 1 bslbf
system_clock_reference_base [29..15] 15 bslbf
marker_bit 1 bslbf
system_clock_reference_base [14..0] 15 bslbf
marker_bit 1 bslbf
system_clock_reference_extension 9 uimsbf
marker_bit 1 bslbf
program_mux_rate 22 uimsbf
marker_bit 1 bslbf
marker_bit 1 bslbf
reserved 5 bslbf
pack_stuffing_length 3 uimsbf
for (i = 0; i < pack_stuffing_length; i++) {
stuffing_byte 8 bslbf

}

if (nextbits() == system_header_start, code) {
system_header ()

}

2.5.3.4 Pemantic definition of fields in program stream pack

pack_stant_code — The pack~start_code is the bit string ‘0000 0000 0000 0000 0000 0001 1011 1010' (0x000

identifies the beginning of*a pack.

system_clock_reference_base; system_clock_reference_extension — The system clock reference (SCR)
field codgd in“two parts. The first part, system_clock_reference_base, is a 33-bit field whose value i
(

SCR_bas

1)\as given in equation 2-19. The second part, system_clock_reference_extension, is a 9-bit field w

DO1BA). It

s a 42-bit
given by

hose value

is given by SCR_ext(i), as given in equation 2-20. 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 are given in 2.7.1.

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

program_mux_rate — This is a 22-bit integer specifying the rate at which the P-STD receives the Program Stream
during the pack in which it is included. The value of program_mux_rate is measured in units of 50 bytes/second. The
value O is forbidden. The value represented in program_mux_rate is used to define the time of arrival of bytes at the
input to the P-STD in 2.5.2. The value encoded in the program_mux_rate field may vary from pack to pack in an ITU-T

Rec. H.222.0 | ISO/IEC 13818-1 program multiplexed stream.
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pack_stuffing_length — A 3-bit integer specifying the number of stuffing bytes which follow this field.

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

be present.
2.5.3.5 System header
See Table 2-34.

Table 2-34 — Program Stream system header

Syntax No. of bits Mnemonic
Qyﬁtpm_hpndﬂr Q {

system_header_start_code 32 bslbf
header_length 16 uimsbf
marker_bit 1 bslbf
rate_bound 22 uimsbf
marker_bit 1 bslbf
audio_bound 6 uimsbf
fixed_fiag 1 bslbf
CSPS_flag 1 bsibf
system_audio_lock_flag 1 bslbf
system_video_lock_flag 1 bsibf
marker_bit 1 bslbf
video_bound 5 uimsbf
packet_rate_restriction_flag 1 bslbf
reserved_bits A bslbf
while (nextbits () =="'1") {

stream_id 8 uimsbf

s 2 bslbf

P-STD_buffer_bound_scale i bsibl

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 is the bit string '0000 0000 0000 0000 0000 0001 1011
1011' (04000001BB). 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.
Future extensions of this Speeification may extend the system header.

rate_bound — A 22-bittficld. The rate_bound is an integer value greater than or equal to the maximum yalue 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 gf decoding the entire stream.

audio_bpund.—)A 6-bit field. The audio_bound is an integer in the inclusive range from 0 to 32 and is set to a value
greater than'of equal to the maximum number of ISO/IEC 13818-3 and ISO/IEC 11172-3 audio streams in {he Program
Stream for which the decoding processes are simultaneously active. For the purpose of this subclause, the decoding
process of an ISO/IEC 13818-3 or ISO/IEC 11172-3 audio stream is active if the STD buffer is not empty or if a
Presentation Unit is being presented in the P-STD model.

fixed_flag — The fixed_flag is a 1-bit flag. When set to '1' fixed bitrate operation is indicated. When set to '0' variable
bitrate operation is indicated. During fixed bitrate operation, the value encoded in all system_clock_reference fields in
the multiplexed ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream shall adhere to the following linear equation:

SCR_base(i) = ((c1 * i +c2) DIV 300) % 233 (2-22)

SCR_ext(i) = ((c1 * 1 +¢2) DIV 300) % 300 (2-23)
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where
cl

c2

is a real-valued constant valid for all i

is a real-valued constant valid for all i

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

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

in2.7.9.

system_audio_lock_flag — The system_audio_lock_flag is a 1-bit field indicating that there is a specified, constant
rational relationship between the audio sampling rate and the system_clock_frequency in the system target decoder. The
system_clock_frequency is defined in 2.5.2.1 and the audio sampling rate is specified in ISO/IEC 13818-3. The
system_audjo lock flag may only be set to '1'if, for all presentation units in all audio elementary streams-in the, Program

Stream, the| ratio of system_clock_frequency to the actual audio sampling rate, SCASR, is constant and eqyal to the
value indicgted in the following table at the nominal sampling rate indicated in the audio stream.
system_clock_ frequency
ASR = ; ; 2-24
s¢ audio_sample_ rate_in _the_P-STD ( )
X -
The notatiop Y denotes real division.
Nominal gudio
samplifig 16 32 22,05 44,1 24 18
frequency (kHz)
SCASR 27 000 000 27 000 000 27 0009000 27 000 000 27 000 000 27 000 000
16 000 32000 22 050 44 100 24 000 48000
system_video_lock_flag — The system-video_lock_flag is a 1-bit field indicating that there is a specified,|constant
rational relgtionship between the video’frame rate and the system clock frequency in the system target |decoder.
Subclause 2.5.2.1 defines system_.clock_frequency and the video frame rate is specified in ITU-T Rec. H.262 |[ISO/IEC
13818-2. The system_video_lock )flag may only be set to '1' if, for all presentation units in all video elementary streams
in the ITU-II' Rec. H.222.0 | ISO/IEC 13818-1 program, the ratio of system_clock_frequency to the actual vidgo frame
rate, SCFR fis constant and'\equal to the value indicated in the following table at the nominal frame rate indicated in the
video strearp.
system_clock_ frequency
SCFR = - 2-
frame_rate_in _the P—STD (2-25)
Nominal
frame rate 23,976 24 25 29,97 30 50 59,94 60
(Hz)
SCFR 1126125 1125 000 1 080 000 900 900 900 000 540 000 450 450 450 000

The values of the ratio SCFR are exact. The actual frame rate differs slightly from the nominal rate in cases where the
nominal rate is 23,976, 29,97, or 59,94 frames per second.
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video_bound — The video_bound is a 5-bit integer in the inclusive range from 0 to 16 and is set to a value greater than
or equal to the maximum number of ITU-T Rec. H.262 | ISO/IEC 13818-2 and ISO/IEC 11172-2 streams in the Program
Stream of which the decoding processes are simultaneously active. For the purpose of this subclause, the 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 model, or if the reorder buffer is not empty.

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

reserved_bits — This 7-bit field is reserved for future use by ISO/IEC. Until otherwise specified by ITU-T | ISO/IEC it
shall have the value '111 1111".

stream_id — The stream_id is an 8-bit field that indicates the coding and elementary stream number of the stream to
which the following P-STD_buffer_bound_scale and P-STD_buffer_size_bound fields refer.

If stream|id equals '1011 1000' the P-STD_buffer_bound_scale and P-STD_buffer_size_bound fields following the
stream_id[refer to all audio streams in the Program Stream.

If stream|id equals '1011 1001' the P-STD_buffer_bound_scale and P-STD_buffer_size_bound fiélds fol owing the
stream_id|refer to all video streams in the Program Stream.

If the strqam_id takes on any other value it 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 2-18.

Each elementary stream present in the Program Stream shall have its“/P-STD_buffer_bound_kcale and
P-STD_byffer_size_bound specified exactly once by this mechanism in each system header.

P-STD_bpffer_bound_scale — The P-STD_buffer_bound_scale is a 1-bit‘field that indicates the scaling facfor used to
interpret fhe subsequent P-STD_buffer_size_bound field. If the preceding stream_id indicates an audio stream,
P-STD_byffer_bound_scale shall have the value ‘0. If the (préceding stream_id indicates a viddo stream,
P-STD_buffer_bound_scale shall have the value '1'. For/ all other stream types, the valu¢ of the
P-STD_byffer_bound_scale may be either '1' or '0'.

P-STD_bpffer_size_bound - The P-STD_buffer_size_bound is a 13-bit unsigned integer defining a value greater than
or equal fo the maximum P-STD input buffer size, BSy, over all packets for stream n in the Program |Stream. If
P-STD_buffer_bound_scale has the value '0', then P-STD_buffer_size_bound measures the buffer size bound|in units of
128 bytes| If P-STD_buffer_bound_scale has the\Value '1', then P-STD_buffer_size_bound measures the buffer size
bound in ynits of 1024 bytes. Thus:

if (P-STD: buffer_bound_scale == 0)
BS; £ P — STD_buffer_size_bound x 128

else

BS, < P — STD_buffer_size_bound x 1024

2.5.3.7 Packetlayerof Program Stream
The packet layer of the Program Stream is defined by the PES packet layer in 2.4.3.6.

2.54 Program Stream map

The Program Stream Map (PSM) provides a description of the elementary streams in the Program Stream and their
relationship to one another. When carried in a Transport Stream this structure shall not be modified. The PSM is present
as a PES packet when the stream_id value is 0XBC (refer to Table 2-18).

NOTE - This syntax differs from the PES packet syntax described in 2.4.3.6.

Definition for the descriptor() fields may be found in 2.6.

2.5.4.1 Syntax of Program Stream map
See Table 2.35.
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Table 2-35 — Program Stream map

Syntax No. of bits Mnemonic
program_stream_map() {

packet_start_code_prefix 24 bslbf
map_stream_id 8 uimsbf
program_stream_map_length 16 uimsbf
current_next_indicator 1 bslbf
reserved 2 bslbf
program_stream_map_version 5 uimsbf
reserved 7 bslbf
marker_bit 1 bslbf
program_stream_info_length 16 uimsbf
for (i=0; i< N; i++) {

descriptor()
}
elementary_stream_map_length 16 uimsbf
for i=0;i<NI;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 is a 24-bif code. Together with the map_stream_id that
follows it qonstitutes a packet start code that identifies the beginning of a packet. The packet_start_code_prefix is the bit
string '000p 0000 0000 0000 0000 0001' (0x000001 in hexadecimal):

map_stregm_id — This is an 8-bit field whose value shall be-OxBC.

program_stream_map_length — The program_stream_map_length is a 16-bit field indicating the total numbgr of bytes
in the program_stream_map immediately following this field. The maximum value of this field is 1018 (0x3FA)).

current_ngxt_indicator — This is a 1-bit field,.when set to '1' indicates that the Program Stream Map sent i currently
applicable| When the bit is set to '0', it indicates that the Program Stream Map sent is not yet applicable and shall be the
next table fo become valid.

program_stream_map_version — This-5-bit field is the version number of the whole Program Stream Map. The version
number shall be incremented by _1tmodulo 32 whenever the definition of the Program Stream Map changes. [When the
current_nekt_indicator is set to\'", then the program_stream_map_version shall be that of the currently ppplicable
Program Sfream Map. Wher the current_next_indicator is set to '0', then the program_stream_map_version shgll be that
of the next|applicable Program Stream Map.

program_stream_info length — The program_stream_info_length is a 16-bit field indicating the total length of the
descriptors|immediately following this field.

marker_bjt < A marker_bit is a 1-bit field that has the value '1'.

elementary_stream_map_length — This is a 16-bit field specifying the total length, in bytes, of all elementary stream
information in this program stream map. It includes the stream_type, elementary_stream_id, and
elementary_stream_info_length fields.

stream_type — This 8-bit field specifies the type of the stream according to Table 2-29. The stream_type field shall only
identify elementary streams contained in PES packets. A value of 0x05 is prohibited.

elementary_stream_id — The elementary_stream_id is an 8-bit field indicating the value of the stream_id field in the
PES packet headers of PES packets in which this elementary stream is stored.

elementary_stream_info_length — The elementary_stream_info_length is a 16-bit field indicating the length in bytes of
the descriptors immediately following this field.

CRC_32 - This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder
defined in Annex A after processing the entire program stream map.
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2.5.5 Program Stream directory

The directory for an entire stream is made up of all the directory data carried by Program Stream Directory packets
identified with the directory_stream_id. The syntax for program_stream_directory packets is defined in Table 2-36.

NOTE 1 - This syntax differs from the PES packet syntax described in 2.4.3.6.

Directory entries may be required to reference I-pictures in a video stream as defined in ITU-T Rec. H.262 | ISO/IEC
13818-2 and ISO/IEC 11172-2. If an I-picture that is referenced in a directory entry is preceded by a sequence header
with no intervening picture headers, the directory entry shall reference the first byte of the sequence header. If an
I-picture that is referenced in a directory 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 the first byte of the picture
header.

NOTE 2 - It is recommended that I-pictures immediately following a sequence header should be referenced in directory
structures se-th he-ditecte oRtaRs-ahR-ex B4R here-the-decodermav-be-reset-complete

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

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

Access upits shall be referenced in a program_stream_directory packet in the same order ‘that they appear in the
bitstream

2.5.5.1 [Syntax of Program Stream directory packet
See Tablg 2-36.

2.5.5.2 |Semantic definition of fields in Program Stream directory

packet_sfart_code_prefix — The packet_start_code_prefix is a 24<bit code. Together with the stream_id thaf follows, it
constitutgs a packet start code that identifies the beginning of.a‘packet. The packet_start_code_prefix is tHe bit string
'0000 000 0000 0000 0000 0001' (0x000001 in hexadecimal).

directory_stream_id — This 8-bit field shall have a value~}111 1111' (OxFF).

PES_padket_length —~ The PES_packet_lengthis: a 16-bit field indicating the total number of bytes in the
program _[stream_directory immediately following this field (refer to Table 2-18).

number_|of_access_units — This 15-bit field is the number of access_units that are referenced in this Directory PES
packet.

prev_directory_offset — This 45-bit unsigned integer gives the byte address offset of the first byte of the packet start
code of the previous Program Stream Directory packet. This address offset is relative to the first byte of the dtart code of
the packgt which contains this_previous_directory_offset field. The value '0' indicates that there is no previous Program
Stream Dlirectory packet:

next_dirpctory_offset — This 45-bit unsigned integer gives the byte address offset of the first byte of the jpacket start
code of the next Program Stream Directory packet. This address offset is relative to the first byte of the start|code of the
packet which(contains this next_directory_offset field. The value '0' indicates that there is no next Program Stream
Directory packet.

packet_stream_id — This 8-bit field is the stream_id of the elementary stream that contains the access unit referenced by
this directory entry.

PES_header_position_offset_sign — This 1-bit field is the arithmetic sign for the PES_header_position_offset described
immediately following. A value of '0' indicates that the PES_header_position_offset is a positive offset. A value of 'I'
indicates that the PES_header_position_offset is a negative offset.

PES_header_position_offset — This 44-bit unsigned integer gives the byte offset address of the first byte of the PES
packet containing the access unit referenced. The offset address is relative to the first byte of the start-code of the packet
containing this PES_header_position_offset field. The value '0' indicates that no access unit is referenced.

reference_offset — This 16-bit field is an unsigned integer indicating the position of the first byte of the referenced

access unit, measured in bytes relative to the first byte of the PES packet containing the first byte of the referenced
access unit.
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Table 2-36 — Program Stream directory packet

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 bslbf
prev_directory_offset[44..30] 15 uimsbf
marker_bit 1 bslbf
prev_directory_offset[29..15] 15 uimsbf
marker_bit 1 bslbf
prev_directory_offset[14..0] 15 uimsbf
marker_bit 1 bslbf
next_directory_offset[44..30] 15 uimsbf
marker—bit 1 bsibt
next_directory_offset[29..15] 15 uimsbf
marker_bit 1 bslbf
next_directory_offset[14..0] 15 uimsbf
marker_bit 1 bslbf
for (i = 0; i < number_of_access_units; i++) {
packet_stream_id 8 uimsbf
PES_header_position_offset_sign 1 teimsbf
PES_header_position_offset[43..30] 14 uimsbf
marker_bit 1 bslbf
PES_header_position_offset[29..15] 15 uimsbf
marker_bit 1 bslbf
PES_header_position_offset[14..0] 15 uimsbf
marker_bit ) bslbf
reference_offset 16 uimsbf
marker_bit 1 bslbf
reserved 3 bslbf
PTS[32..30] 3 uimsbf
marker_bit 1 bslbf
PTS[29..15] 15 uimsbf
marker_bit 1 bslbf
PTS[14..0] 15 uimsbf
marker_bit 1 bslbf
bytes_to_read[22..8] 15 uimsbf
marker_bit 1 bslbf
bytes_to_read[7..0] 8 uimsbf
marker_bit 1 bslbf
intra_coded_indicator 1 bslbf
coding_parameters_indicator 2 bslbf
reserved 4 bslbf
}
1
PTS (presentation_time_stamp) — This 33-bit field is the PTS of the access unit that is referenced. The semantics of
the coding o¢f the PTS field‘are as described in 2.4.3.6.
bytes_to_r¢ad — This-23-bit unsigned integer is the number of bytes in the Program Stream after the byte indjcated by
reference_offset that.are needed to decode the access unit completely. This value includes any bytes multiplexied at the
systems laygr in¢luding those containing information from other streams.
intra_coded_i a_1-bit flac. When set to '1' it indicates—that—the referenced—accas fit is not

predictively coded. This is independent of othr coding parameters that might be needed to decode the access unit. For
example, this field shall be coded as '1' for video Intra frames, whereas for 'P' and 'B' frames this bit shall be coded as ‘0.

For all PES packets containing data which is not from an ITU-T Rec. H.262 | ISO/IEC 13818-2 video stream, this field
is undefined (see Table 2-37).

Table 2-37 — Intra_coded indicator

Value Meaning
0 Not Intra
1 Intra
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coding_parameters_indicator — This 2-bit field is used to indicate the location of coding parameters that are needed to
decode the access units referenced. For example, this field can be used to determine the location of quantization matrices
for video frames.

Table 2-38 — Coding_parameters indicator

Value Meaning
00 All coding parameters are set to their default values
01 All coding parameters are set in this access unit, at least

one of them is not set to a default

10 Some coding parameters are set in this access unit

2.6

Program 4§
program ¢
8-bit desc

2.6.1
The folloy
descripto
Table 2-3

reserved,
descriptor|

may depefd on which stream it is used in. Each_¢ase is specified in the descriptor semantics below.

11 No coding parameters are coded in this access unit

Program and program element descriptors

nd program element descriptors are structures which may be used to extend the definitions of prd
lements. All descriptors have a format which begins with an 8-bit tag value. The tag value is follo
iptor length and data fields.

Semantic definition of fields in program and program element descriptors

ing semantics apply to the descriptors defined in 2.6.2 through 2.6.34.

F_tag — The descriptor_tag is an 8-bit field which identifies each descriptor.

D provides the ITU-T Rec. H.222.0 | ISOAEC 13818-1 defined, ITU-T Rec. H.222.0 | ISO/IE

pnd user available descriptor tag valuesAn 'X' in the TS or PS columns indicates the applicab
to either the Transport Stream or Program Stream respectively. Note that the meaning of fields in a

Table 2-39 - Program and program element descriptors

grams and
wed by an

C 13818-1
lity of the
descriptor

descriptor_tag TS PS Identification
0 n/a n/a | Reserved
1 n/a n/a | Reserved
2 X X video_stream_descriptor
3 X X audio_stream_descriptor
4 X X hierarchy_descriptor
5 X X registration_descriptor
6 X X data_stream_alignment_descriptor
1 X X rarget_harl(grmmd_grirl_rlpcm-iptnr
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 IBP descriptor
19-63 n/a n/a | ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Reserved
64-255 n/a n/a | User Private

ITU-T Rec. H.222.0 (1995 E)

59


https://iecnorm.com/api/?name=a2ff452f2c609cf0d19d8eae1545832e

ISO/IEC 13818-1 : 1996 (E)

descriptor_length — The descriptor_length is an 8-bit 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 (see Table 2-40).

Table 2-40 — 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 % uimsbf
MPEG_1_only_flag 1 bslbf
constrained_parameter_flag 1 bslbf
still_picture_flag 1 bslbf
if (MPEG_1_only_flag == "0"){

profile_and_level_indication 8 uimsbf

chroma_format 2 uimsbf

frame_rate_extension_flag 1 bslbf

reserved 5 bslbf

2.6.3 Semantic definitions of fields in video stream descriptor

multiple_frame_rate_flag — This 1-bit field when set to '1' indicates\that muitiple frame rates may be pres

video strean. When set to a value of '0' only a single frame rate is ptesent.

ent in the

frame_rat¢_code — This is a 4-bit field as defined in 6.3.3 of ITU-T Rec. H.262 | ISO/IEC 13818-2, except that when

the multipl¢_frame_rate_flag is set to a value of 'l1' the indication of a particular frame rate also permits cer

frame rates|to be present in the video stream, as specified*in Table 2-41:

Table2-41 — Frame rate code

ain other

Coded a$ Also includes
23,976

24,0 23,976

25,0

29,97 23,976

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

50,0 25,0

59,94 23,976 29,97

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

MPEG_1_only_flag — This is a 1-bit field which when set to 'l' indicates that the video stream contains only
ISO/IEC 11172-2 data. If set to '0' the video stream may contain both ISO/IEC 13818-2 video data and constrained
parameter ISO/IEC 11172-2 video data.

constrained_parameter_flag — This is a 1-bit field which when set to '1" indicates that the video stream shall not
contain unconstrained ISO/IEC 11172-2 video data. If this field is set to '0' the video stream may contain both
constrained parameters and unconstrained ISO/IEC 11172-2 video streams. If the MPEG_1_only_flag is set to '0', the
constrained_parameter_flag shall be set to 1.
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still_picture_flag — This is a 1-bit field, which when set to '1" indicates that the video stream contains only still pictures.
If the bit is set to '0' then the video stream may contain either moving or still picture data.

profile_and_level_indication — This bit field is the same manner as the profile_and_level_indication fields in the
ITU-T Rec. H.262 | ISO/IEC 13818-2 video stream. The value of this field indicates a profile and level that is equal to or
higher than any profile and level in any sequence in the associated video stream. For the purposes of this subclause, an
ISO/IEC 11172-2 constrained parameter stream is considered to a be a Main Profile at Low Level stream (MP @ LL).

chroma_format — This 2-bit field is coded in the same manner as the chroma_format fields in the ITU-T Rec. H.262 |
ISO/IEC 13818-2 video stream. The value of this field shall be at least equal to or higher than the value of the
chroma_format field in any video sequence of the associated video stream. For the purposes of this subclause, an
ISO/EC 11172-2 video stream is considered to have chroma_format field with the value '01', indicating 4:2:0.

frame_rate_extension_flag — This is a 1-bit flag which when set to 'l' indicates that either or both the
frame_rate_exten _ d th ame_rate_exten _ ds_are non-zero in—an ideo—segquences of the
ITU-T Re¢. H.262 | ISO/IEC 13818-2 video stream. For the purposes of this subclause, an ISO/IEC 1112-2 video
stream is donstrained to have both fields set to zero.

2.6.4 Audio stream descriptor

‘The audiof stream descriptor provides basic information which identifies the coding version of an audio ¢lementary
stream as dlescribed in ISO/IEC 13818-3 or ISO/IEC 11172-3 (see Table 2-42).

Table 2-42 — 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 $emantic definition of fields in'audio stream descriptor

free_forn]at_ﬂag — This 1-bit field'when set to '1' indicates that the audio stream may contain one or more auflio frames
with the bitrate_index set to '0000". If set to '0', then the bitrate_index is not ‘0000’ (refer to 2.4.2.3 of ISO/IEC 13818-3)
in any audjo frame of the audio stream.

ID - This [I-bit field-when set to '1" indicates that the ID field is set to '1' in each audio frame in the audio stream (refer to
2.4.2.3 of [SO/TEC\13818-3).

layer — Tqis 2:bit field is coded in the same manner as the layer field in the ISO/IEC 13818-3 or ISO/IEC 111§2-3 audio
streams (refer 10 24723 0f ISO/IEC 13818-3). The layer indicated in this field shall be equal fo or higher than the
highest layer specified in any audio frame of the audio stream.

variable_rate_audio_indicator — This 1-bit flag, when set to '0’ indicates that the bit rate of the associated audio stream
may vary between consecutive audio frames. Continuously coded variable rate audio should be presented without
discontinuities.

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 are multiplexed in multiple streams as described in this

Recommendation | International Standard, in ITU-T Rec. H.262 | ISO/IEC 13818-2 and in ISO/IEC 13818-3.
(See Table 2-43.)
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Table 2-43 — 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 layer and its hierarchy embedded layer is
defined in Table 2-44.

Table 2-44 — Hierarchy_type field values

Value Description

0 Reserved

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

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

3 ITU-T Rec. H.262 | ISO/IEC'3818-2 Temporal Scalability

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

5 ISO/IEC 13818-3 Extension bitstream

6 ITU-T Ree: H.222.0 | ISO/IEC 13818-1 Private Stream
7-14 Reserved

15 Base layer

hierarchy [layer_index — The hierarchy_layer_index is a 6-bit field that defines a unique index of the dssociated
program el¢mentiin.a table of coding layer hierarchies. Indices shall be unique within a single program definition.

hierarchy_lembeddedlayer—inde he—hterarehy—embeddedtayer—ind e c-hierarchy
table index of the program element that needs to be accessed before decoding of the elementary stream associated with
this hierarchy_descriptor. This field is undefined if the hierarchy_type value is 15 (base layer).

hierarchy_channel — The hierarchy_channel is a 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 is defined
by the lowest value of this field with respect to the overall transmission hierarchy definition.

NOTE - A given hierarchy_channel may at the same time be assigned to several program elements.
2.6.8 Registration descriptor

The registration_descriptor provides a method to uniquely and unambiguously identify formats of private data
(see Table 2-45).
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Table 2-45 — Registration descriptor

ISO/IEC 13818-1 : 1996 (E)

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

2.6.9 Semantic definition of fields in registration descriptor

format_identifier — The format_identifier is a 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 defifed by the

assignee f that format_identifier, and once defined they shall not change.

2.6.10 ata stream alignment descriptor

The data qtream alignment descriptor describes which type of alignment is present in the associated elementary stream. If
the data_glignment_indicator in the PES packet header is set to '1' and the descriptor is-present, alignment — gs specified

in this descriptor — is required (see Table 2-46).

Table 2-46 — Data stream alignment descriptor

Syntax No. of bits Mnemonic
data_stream_alignment_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
alignment_type 8 uimsbf
}

2.6.11 BSemantics of fields in data stream:alignment descriptor

alignment_type — Table 2-47 describes the video alignment type when the data_alignment_indicator in the RES packet
header hag a value of '1". In each caselof alignment_type value the first PES_packet_data_byte following the RES header
shall be the first byte of a start code of the type indicated in Table 2-47. At the beginning of a video sequence, the

alignment|shall occur at the starf'code of the first sequence header.

header.

The definjition of access unit for video data is given in 2.1.1.

Table 2-47 — Video stream alignment values

NOTE — Specifying(alignment type '01' from Table 2-47 does not preclude the alignment from beginning at a GOP or SEQ

Alignment type Description
00 Reserved
01 Slice, or video access unit
02 Video access unit
03 GOP, or SEQ
04 SEQ
05-FF Reserved
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Table 2-48 describes the audio alignment type when the data_alignment_indicator in the PES packet header has a value
of 'I'. In this case the first PES_packet_data_byte following the PES header is the first byte of an audio sync word.

Table 2-48 — Audio stream alignment values

Alignment type

Description

00 Reserved
01 Sync word
02-FF Reserved
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Figure 2-3 - Target background grid descriptor display area

2.6.13 Semantics of fields in target background grid descriptor

horizontal |size — The-horizontal size of the target background grid in pixels.

vertical_siTz < The vertical size of the target background grid in pixels.

TISO5830-95/d(8

aspect_ratio_information — Specifies the sample aspect ratio or display aspect ratio of the target background grid.

Aspect_ratio_information is defined in ITU-T Rec. H.262 | ISO/IEC 13818-2 (see Table 2-49).

Table 2-49 — Target background grid descriptor

Syntax No. of bits Mnemonic
target_background_grid_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
horizontal_size 14 uimsbf
vertical_size 14 uimsbf
aspect_ratio_information 4 uimsbf
}
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2.6.14 Video window descriptor

The video window descriptor is used to describe the window characteristics of the associated video elementary stream.
Its values reference the target background grid descriptor for the same stream. Also see
target_background_grid_descriptor in 2.6.12 (see Table 2-50).

Table 2-50 - Video window descriptor

Syntax No. of bits Mnemonic

video_window_descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
horizontal_offset 14 uimsbf
vertical_offset 14 uimsbf
window_priority 4 uimsbf

=

2.6.15 emantic definition of fields in video window descriptor

horizonta)_offset — The value indicates the horizontal position of the top left pixel of the current-video displgy window
or display [rectangle if indicated in the picture display extension on the target background grid for display as|defined in
the target |background_grid_descriptor. The top left pixel of the video window shall be ‘on€ of the pixels of| the target
background grid (refer to Figure 2-3).

vertical_offset — The value indicates the vertical position of the top left pixel of \thé current video display window or
display reqtangle if indicated in the picture display extension on the target background grid for display as defined in the
target_background_grid_descriptor. The top left pixel of the video window.shall be one of the pixels of|the target
backgrounf grid (refer to Figure 2-3).

window_griority — The value indicates how windows overlap. A value of 0 being lowest priority and a valje of 15 is
the highes{ priority, i.e. windows with priority 15 are always visible

2.6.16 Conditional access descriptor

The condifional access descriptor is used to specify both.system-wide conditional access management informption such
as EMMS$ and elementary stream-specific information such as ECMs. It may be used in [both the
TS_program_map_section (refer to 2.4.4.8) and thé‘program_stream_map (refer to 2.5.3). If any elementary| stream is
scrambled] a CA descriptor shall be present for the program containing that elementary stream. If any syptem-wide
conditiona| access management information exists within a Transport Stream, a CA descriptor shall be predent in the
conditional access table.

When the |CA descriptor is found in the TS_program_map_section (table_id = 0x02), the CA_PID points fo packets
containing| program related accesscontrol information, such as ECMs. Its presence as program informatior} indicates
applicability to the entire program. In the same case, its presence as extended ES information indicates applicability to
the associdted program element. Provision is also made for private data.

When the A descriptor is found in the CA_section (table_id = 0x01), the CA_PID points to packets containing system-
wide and/dr access_cortrol management information, such as EMMs.

The contents, of ythe Transport Stream packets containing conditional access information are privately defined
(see Table[2-54).

Table 2-51 - Conditional access descriptor

Syntax No. of bits Mnemonic
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
}
}
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2.6.17 Semantic definition of fields in conditional access descriptor

CA_system_ID - This is a 16-bit field indicating the type of CA system applicable for either the associated ECM and/or
EMM streams. The coding of this is privately defined and is not specified by ITU-T | ISO/IEC.

CA_PID - This is a 13-bit field indicating the PID of the Transport Stream packets which shall contain either ECM or
EMM information for the CA systems as specified with the associated CA_system_ID. The contents (ECM or EMM) of
the packets indicated by the CA_PID is determined from the context in which the CA_PID is found, ie. a
TS_program_map_section or the CA table in the Transport Stream, or the stream_id field in the Program Stream.

2.6.18 IS0 639 language descriptor

The language descriptor is used to specify the language of the associated program element (see Table 2-52).

Table 2-52 — ISO 639 language descriptor

Syntax No. of bits Mnemonic

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 bslbf

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_lIgnguage_code contains a 3-character code as specified:byISO 639, Part 2. Each character is coded ihto 8 bits
according to ISO 8859-1 and inserted in order into this 24sbit field. In the case of multilingual audio streams the
sequence of ISO_639_language_code fields shall reflect the content of the audio stream.

audio_typd — The audio_type is an 8-bit field which specifies the type of stream defined in Table 2-53.

Table 2-53 — Audio type values

Value Description

0x00 Undefined

0x01 Clean effects

0x02 Hearing impaired

0x03 Visual impaired commentary
0x04 - OxFF Reserved

clean effects — This field 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 - This field indicates that the referenced program element is prepared for the visually
impaired viewer.

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

If an external clock reference was used, the external_clock_reference_indicator may be set to '1'. The decoder optionally
may use the same external reference if it is available.
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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 x 1(—clock_accuracy_exponent pm (2-26)

If clock_accuracy_integer is set to 0O, then the system clock accuracy is 30 ppm. When the
external_clock_reference_indicator is set to 'l', the clock accuracy pertains to the external reference clock (see
Table 2-54).

Table 2-54 — System clock descriptor

Syntax No. of bits Mnemonic

systerm_ctock_descriptor(

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
external_clock_reference_indicator 1 bslbf
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 - This is a 1-bit indicator. When(set to '1', it indicates that the system clock has
been derjved from an external frequency reference that may be available at the decoder.

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

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

2.6.22 |Multiplex buffer utilization descriptor

The multiplex buffer utilization descriptor provides bounds on the occupancy of the STD multiplex buffer. This
informatfon is intended for devices \Such as remultiplexers, which may use this information to suppoft a desired
re-multifflexing strategy (see Table 2-55).

Table 2-55 — Multiplex buffer utilization descriptor

Syntax No. of bits Mnemonic

multiplex_buffer_utilization_descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
bound_valid_flag 1 bslbf
LT W offsetlower—bound 15 uimshf
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 value of '1' indicates that the LTW_offset_lower_bound and the LTW_offset_upper_bound fields
are valid.

LTW_offset_lower_bound — This 15-bit field is defined only if the bound_valid flag has a value of '1'. When defined,
this field has the units of (27 MHz / 300) clock periods, as defined for the LTW_offset (refer to 2.4.3.4). The
LTW_offset_lower_bound represents the lowest value that any LTW_offset field would have, if that field were coded in

ITU-T Rec. H.222.0 (1995 E) 67


https://iecnorm.com/api/?name=a2ff452f2c609cf0d19d8eae1545832e

ISO/IEC 13818-1 : 1996 (E)

every packet of the stream or streams referenced by this descriptor. Actual LTW_offset fields may or may not be coded
in the bitstream when the multiplex buffer utilization descriptor is present. This bound is valid until the next occurrence
of this descriptor.

LTW_offset_upper_bound — This 15-bit field is defined only if the bound_valid has a value of '1'. When defined, this
field has the units of (27 MHz / 300) clock periods, as defined for the LTW_offset (refer to 2.4.3.4). The
LTW _offset_upper_bound represents the largest value that any LTW_offset field would have, if that field were coded in
every packet of the stream or streams referenced by this descriptor. Actual LTW_offset fields may or may not be coded

in the bitstream when the multiplex buffer utilization descriptor is present. This bound is valid until the next occurrence
of this descriptor.

2.6.24 Copyright descriptor

The copyright_descriptor provides a method to enable audio-visual works identification. This copyright_descriptor

applies to programs-or-program-clements-withimprograms-tsee-Table-2-56)-

Table 2-56 — Copyright descriptor

Syntax No. of bits Identifier

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

}

2.6.25 Semantic definition of fields in copyright descriptor
copyright |identifier — This field is a 32-bit value obtainéd from the Registration Authority.

additional| copyright_info — The meaning of additional_copyright_info bytes, if any, are defined by the assigfee of that
copyright_jdentifier, and once defined, they shall,not change.

2.6.26 Maximum bitrate descriptor

See Table 2-57.

Table 2-57 - Maximum bitrate descriptor

Syntax No. of bits Identifier

maximum_bitrate_descriptor() {

descriptor_tag 8 uimsbf
. 3 imshf

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 this field. The value indicates an
upper bound of the bitrate, including transport overhead, that will be encountered in this program element or program.
The value of maximum_bitrate is expressed in units of 50 bytes/second. The maximum_bitrate_descriptor is included 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 element.
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2.6.28 Private data indicator descriptor

See Table 2-58.

Table 2-58 - 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 £emantic definition of fields in Private data indicator descriptor

private_

ta_indicator — The value of the private_data_indicator is private and shall not be defined H y ITU-T |
ISO/IEC.

2.6.30 Smoothing buffer descriptor

This descfiptor is optional and conveys information about the size of a smoothing buffer, SB,, associated with this
descriptor} and the associated leak rate out of that buffer, for the program element(s) that it refers to.

In the cas¢ of Transport Streams, bytes of Transport Stream packets of the associated program element(s) prgsent in the
Transport(Stream are input to a buffer SB,, of size given by sb_size, at the time-defined by equation 2-4.

In the cas¢ of Program Streams, bytes of all PES packets of the associated ‘elementary streams, are input to a puffer SB,
of size given by sb_size, at the time defined by equation 2-21.

When thefe is data present in this buffer, bytes are removed frem ‘this buffer at a rate defined by sb_leal_rate. The
buffer, SB, shall never overflow. During the continuous existence of a program, the value of the elemgnts of the
Smoothing Buffer descriptor of the different program element(s)'in the program, shall not change.

The mean|ng of the smoothing buffer_descriptor is only defined when it is included in the PMT or the Progrpm Stream
Map.

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

If, in the ¢ase of a Transport Stream, it i§ present in the program information, the following Transport Stregm packets
enter the smoothing buffer:

all Transport Stream _packets of all PIDs listed as elementary_PIDs in the extended program inpformation
as well as;

all Transpaort‘Stream packets of the PID which is equal to the PMT_PID of this section;
all TranSport Stream packets of the PCR_PID of the program.

All bytes that enterthe associated buffer also exit it.

At any giyen_time there shall be at most one descriptor referring to any individual program element and a{ most one

descriptor eeferring to the program-in-its-eatirety-

Table 2-59 — Smoothing buffer descriptor

Syntax No. of bits Mnemonic

smoothing_buffer_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
sb_leak_rate 22 uimsbf
reserved 2 bslbf
sb_size 22 uimsbf
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2.6.31 Semantic definition of fields in smoothing buffer descriptor

sb_leak_rate — This 22-bit field is coded as a positive integer. Its contents indicate the value of the leak rate out of the
SB,, buffer for the associated elementary stream or other data in units of 400 bits/s.

sb_size — This 22-bit field is coded as a positive integer. Its contents indicate the value of the size of the multiplexing
buffer smoothing buffer SB;, for the associated elementary stream or other data in units of 1 byte (see Table 2-59).

2.6.32 STD descriptor

This descriptor is optional and applies only to the T-STD model and to video elementary streams, and is used as
specified 2.4.2. This descriptor does not apply to Program Streams (see Table 2-60).

Table 2-60 — STD descriptor

Syntax No. of bits Mnemonic

STD_descriptor () {

descriptor_tag 8 uimisbf
descriptor_length 8 nimsbf
reserved 7 bslbf
leak_valid_flag 1 bslbf

2.6.33  §emantic definition of fields in STD descriptor
leak_valid_flag — The leak_valid_flag is a 1-bit flag. When set to {I")the transfer of data from the buffer MB,, to the
buffer EB}, in the T-STD uses the leak method as defined in _2:4.2.3. If this flag has a value equal to '(f, and the
vbv_delay|fields present in the associated video stream do not'have the value OxFFFF, the transfer of datd from the
buffer MBY, to the buffer EB,, uses the vbv_delay method as defined in 2.4.2.3.
2.6.34 1IBP descriptor

This optiopal descriptor provides information abeut some characteristics of the sequence of frame types in|the video
sequence (see Table 2-61).

Table 2-61 — 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
}

2.6.35  Semantic definition of fields in IBP descriptor

closed_gop_flag — This 1-bit flag when set to '1' indicates that a group of pictures header is encoded before every
I-frame and that the closed_gop flag is set to '1" in all group of pictures headers in the video sequence.

identical_gop_flag — This 1-bit flag when set to '1' indicates that the number of P-frames and B-frames between
I-frames, and the picture coding types and sequence of picture types between I-pictures is the same throughout the
sequence, except possibly for the pictures up to the second I-picture.

max_gop_length — This 14-bit unsigned integer indicates the maximum number of the coded pictures between any two
consecutive I-pictures in the sequence. The value of 0 is forbidden.
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2.7 Restrictions on the multiplexed stream semantics

2.7.1 Frequency of coding the system clock reference

The Program Stream shall be constructed such that the time interval between the bytes containing the last bit of
system_clock_reference_base fields in successive packs shall be less than or equal to 0,7 s. Thus:

lt(i) — 1)1 £0,7s

for all i and i’ where i and i’ are the indexes of the bytes containing the last bit of consecutive
system_clock_reference_base fields.

2.7.2 Frequency of coding the program clock reference

The Tranfport Stream shall be constructed such that the time interval between the bytes containing the|last bit of
program_flock_reference_base fields in successive occurrences of the PCRs in Transport Stream (packets of the
PCR_PID for each program shall be less than or equal to 0,1 s. Thus:

1)) — 1@ £ 0,18

for all and i' where i and i' are the indexes of the bytes containing the last bit of donsecutive
program_tlock_reference_base fields in the Transport Stream packets of the PCR_RID;for each program.

There shafll be at least two (2) PCRs, from the specified PCR_PID within a Trahsport Stream, between consegutive PCR
discontingities (refer to 2.4.3.4) to facilitate phase locking and extrapolation of-byte delivery times.

2.7.3 Frequency of coding the elementary stream clock reference

The Progfam Stream and Transport Stream shall be constructed such’that if the elementary stream clock refdrence field
is coded ip any PES packets containing data of a given elementaty stream the time interval in the PES_STD between the
bytes confaining the last bit of successive ESCR_base fields.shall be less than or equal to 0,7 s. In PES Ytreams the
ESCR engoding is required with the same interval. Thus:

L 1@, = 1)1 £0,7s

for all i and i’ where i and i' are the indexes.of the bytes containing the last bits of consecutive ESCR_base fielfls.

INOTE - The coding of elemenptary stream clock reference fields is optional; they need not be coded. However if they are
coded, this|constraint applies.

2.7.4 Frequency of presentation timestamp coding

The Program Stream and Transport Stream shall be constructed so that the maximum difference betwleen coded
presentatipn timestamps teferring to each elementary video or audio stream is 0,7 s. Thus:

| tpn(k) — tpp(K”)1 < 0,7 s

for all n, k, and k” satisfying:
*  Py(k) and P, (k") are presentation units for which presentation timestamps are coded;

»  kand k” are chosen so that there is no presentation unit, P;(k’) with a coded presentation timestamp and
with k < k’ <k”; and

*  No decoding discontinuity exists in elementary stream n between P,(k) and P,(k").

In the case of still pictures the 0,7 s constraint does not apply.

2.7.5 Conditional coding of timestamps

For each elementary stream of a Program Stream or Transport Stream, a presentation timestamp (PTS) shall be encoded
for the first access unit.
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A decoding discontinuity exists at the start of an access unit A,(j) in an elementary stream n if the decoding time td,(j)
of that access unit is greater than the largest value permissible given the specified tolerance on the
system_clock_frequency. For video, except when trick mode status is true or when low_delay flag is '1', this is allowed
only at the start of a video sequence. If a decoding discontinuity exists in any elementary video or audio stream in the
Transport Stream or Program Stream, then a PTS shall be encoded referring to the first access unit after each decoding
discontinuity except when trick mode status is true.

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

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

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

* aPTS is present in the PES packet header;

the decoding time differs from the presentation time.

2.7.6 Tliming constraints for scalable coding

If an audio Eequence is coded using an ISO/IEC 13818-3 extension bitstream, corresponding decoding/presentdtion units
in the two lpyers shall have identical PTS values.

If a video pequence is coded as a SNR enhancement of another sequence, as specified in 7.8 of ITU-T Re¢. H.262 |
ISO/IEC 13818-2, the set of presentation times for both sequences shall be the same.

If a video Jequence is coded as two partitions, as specified in 7.10 of ITU-T Rec~H.262 | ISO/IEC 13818-2, [the set of
presentatiop times for both partitions shall be the same.

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

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

NOTE - that this does not imply that the picture:coding type is the same in both layers.

*| If the sequences have different frameé’rates, the set of presentation times shall be such that[ as many
presentation times as possible shall be common to both sequences.

*[  The picture from which the spatial prediction is made shall be one of the following:
e the coincident or most recently decoded lower layer picture;
» the coincident.ormost recently decoded lower layer picture that is an I- or P-picture;

» the secorid most recently decoded lower layer picture that is an I- or P-picture, and providdd that the
lowerlayer does not have low_delay set to '1".

If a video $equence (is)coded as a temporally scalable enhancement of another sequence, as specified in 7.9 jof ITU-T
Rec. H.262 | ISOAIEC 13818-2, the following lower layer pictures may be used as the reference. Times are gelative to
presentatiop tifnes:

e 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 a Program Stream, the P-STD_buffer_scale and P-STD_buffer_size fields shall occur in the first 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 headers in the
Program Stream shall be identical.
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2.79 Constrained system parameter Program Stream

A Program Stream is a “Constrained System Parameters Stream” (CSPS) if it conforms to the bounds specified in this
subclause. Program Streams are not limited to the bounds specified by the CSPS. A CSPS may be identified by means of
the CSPS_flag defined in the system header in 2.5.3.5. The CSPS is a subset of all possible Program 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 the rate_bound field (refer to 2.5.3.6) is less than or equal to 4500000 bits/s if the
packet_rate_restriction_flag is set to '1', and less than or equal to 2 000 000 bits/s if the packet_rate_restriction_flag is set
to '0". For higher bit rates the CSPS packet rate is bounded by a linear relation to the value encoded in the rate_bound
field.

Specifically, for all packs p in the Program Stream when the packet_rate_restriction_flag (refer to 2.5.3.5) is set to a

value of '’
NP < (1(i') — 1(i)) x 300 X max [1 —R&] (2-27)
= W ' '4.5 x 106 ”
and if the packet_rate_restriction_flag is set to a value of '0'
NP < (#(i') — 1(i)) x 300 x max [1 —M—] (2-28)
= : 7 2.0 X106 )
where
Rmax = 8 X 50 x rate_bound bits/s (2-29)

NP is the number of packet_start_code_prefixes* and system_header_start_codes betweer adjacent
pack_start_codes or between the last pack start_code and the MPEG_program_end_code as|defined in
Table 2-31 and semantics in 2.5.3.2.

(i) 1is the time, measured in seconds, encoded in the SCR of pack p.

(") is the time, measured in seconds, encoded in the SCR for pack p + 1, immediately following pgck p, or in
the case of the final pack in the-Program Stream, the time of arrival of the byte containing thd last bit of
the MPEG_program_end_code.

Decoder Buffer Size
In the cas¢ of a CSPS the maximum size of each input buffer in the system target decoder is bounded. Differgnt bounds
apply for yideo elementary streams and audio elementary streams.
In the cas¢ of a video elementary stream in a CSPS, the following applies:
BSy has a[size which'is equal to the sum of the size of the video buffer verifier (vbv) as specified in ITU-T Rkc. H.262 |
ISO/IEC 13818-2:and an additional amount of buffering BS,q4. BS,4q is specified as:

BSpiq £ MAX[6 X 1024, R,pa X 0,001] bytes

where Rymay is the maximum video bit rate of the video elementary stream.

In the case of an audio elementary stream in a CSPS, the following applies:

BS, < 4096 bytes

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
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frame rate and the system clock frequency.The system_clock_frequency is defined in 2.4 .2. The video frame rate is
specified in ITU-T Rec. H.262 | ISO/IEC 13818-2 or in ISO/IEC 11172-2. The audio sampling rate is specified in
ISO/TEC 13818-3 or in ISO/IEC 11172-3. For all presentation units in all audio elementary streams in the Transport
Stream, the ratio of system_clock_frequency to the actual audio sampling rate, SCASR, is constant and equal to the
value indicated in the following table at the nominal sampling rate indicated in the audio stream.

system_clock_ frequency

SCASR = audio_simple_rate_in_the_T-STD (2-30)
X L
The notation Y denotes real division.
Nominallaudio
sampling 16 32 22,05 44,1 24 48
frequency (kHz)
SCABR 27 000 000 27 000 000 27 000 000 27 000 000 27 000 000 27 (00 000
16 000 32000 22 050 44100 24,000 4B 000
For all prepentation units in all video elementary streams in the Transport Stream, the ratio of system_clock_|frequency
to the actupl video frame rate, SCFR, is constant and equal to the value indicated in’the’following table at the nominal
frame rate jndicated in the video stream.
system_clock_ frequency.
SCFR = frame_rate_in_the_T<STD (2-31)
Nominil
frame rafe 23,976 24 25 2997 30 50 59,94 60
(Hz)
SCFR 1126125 1125 000 1 080 000 900 900 900 000 540 000 450 450 450 000
The value$ of the SCFR are exact. Theactual frame rate differs slightly from the nominal rate in cases where the
nominal rate is 23,976, 29,97, or 59,94frames per second.
2.8 Compatibility with ISO/IEC 11172
The Program Stream of this Recommendation | International Standard is defined to be forward compatible with
ISO/IEC 1{1172-1. Decoders of the Program Stream as defined in this Recommendation | International Standard shall

also suppo

rt decoding.of ISO/IEC 11172-1.
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(This annex forms an integral part of this Recommendation | International Standard)

A0 CRC decoder model

The 32-bit CRC Decoder Model is specified in Figure A.1.

Received data and CRC_32 hits =
(most significant bit first) ~
_.C[.B‘._
> 2(0)
L] z1) n
z(2) > z(3)

| z(4) p—o000

000 —» z(31) |—

TISO5840-95/d09
Figure-A.1 - 32-bit CRC decoder model

The 32-Hit CRC Decoder operates at bit level and consists of 14 adders '+ and 32 delay elements z(i). The jinput of the
CRC degoder is added, to:the output of z(31), and the result is provided to the input z(0) and to one of the inputs of each
remaining adder. The other input of each remaining adder is the output of z(i), while the output of each remgining adder
is conneqted to the input of z(i + 1), withi=0,1,3,4,6,7,9, 10, 11, 15, 21, 22, and 25. Refer to Figure A.1|above.

This is tHe CRC/calculated with the polynomial:

x32 + x26 + x23 4+ x22 + x16 + xI12 4 x11 + x10 + x8 + X7 + x5 + x4 + x2 + x + 1 (A-1)

Bytes are received at the input of the CRC decoder. Each byte is shifted into the CRC decoder one bit at a time, with the
left most bit (msb) first. For example, if the input is byte 0x01 the seven '0's enter the CRC decoder first, followed by the
one 'l". Before the CRC processing of the data of a section the output of each delay element z(i) is set to its initial value
'1'. After this initialization, each byte of the section is provided to the input of the CRC decoder, including the four
CRC_32 bytes. After shifting the last bit of the last CRC_32 byte into the decoder, i.e. into z(0) after the addition with
the output of z(31), the output of all delay elements z(i) is read. In the case where there are no errors, each of the outputs
of z(i) shall be zero. At the CRC encoder the CRC_32 field is encoded with a value such that this is ensured.
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Annex B

Digital Storage Medium Command and Control (DSM-CC)

(This annex does not form an integral part of this Recommendation | International Standard)

B.0 Introduction

The DSM CC protocol is a specific application protocol intended to provide the basic control functions and operations
specific to managing an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream on digital storage media. This DSM CC is a
low-level protocol above network/OS layers and below application layers.

The DSM-CC shall be transparent in the following sense:
e [ itis independent of the DSM used;

* | itis independent of whether the DSM is located at a local or remote site;
* | itis independent of the network protocol with which the DSM-CC is interfaced;

¢ | itis independent of the various operating systems on which the DSM is operated,

B.0.1 Pyrpose

Many applications of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 DSM Controly\'Commands require accegs to an
ITU-T Rec.|H.222.0 | ISO/IEC 13818-1 bitstream stored on a variety of digital-storage media at a local or rempote site.
Different DSM have their own specific control commands and thus, a user would need to know different sets of specific
DSM contrgl commands in order to access ITU-T Rec. H.222.0 | ISO/IEC, 13818-1 bitstreams from different D$M. This
brings many| difficulties to the interface design of an ITU-T Rec. H.22270 } ISO/IEC 13818-1 or ISO 11172-1 application
system. To jovercome this difficulty, a set of common DSM control commands, which is independent of the| specific
DSM used, |is suggested in this annex. This annex is informative only. ISO/IEC 13818-6 defines DSM-CC ¢xtension
with a broader scope.

B.0.2 Fyture applications

Beyond the| immediate applications supported by_the current DSM control commands, future applications based on
extensions df DSM command control could include the following:

Video on d¢mand

Video programs are provided as requésted by a customer through various communication channels. The custonger could
select a vidgo program from a list'of programs available from a video server. Such applications could be used Hy hotels,
cable TV, educational institutiens,/hospitals, etc.

Interactive [video services

In these applications;.the user provides frequent feedback controlling the manipulation of stored video and audjo. These
services canfinclide video based games, user controlled video tours, electronic shopping, etc.

Video networks

Various applications may wish to exchange stored audio and video data through some type of computer network. Users
could route AV information through the video network to their terminals. Electronic publishing and multimedia
applications are examples of this kind of application.

B.0.3 Benefits

Specifying the DSM control commands independ of the DSM, end-users can perform ITU-T Rec. H.222.0 |
ISO/IEC 13818-1 decoding without having to fully understand the detailed operation of the specific DSM used.

The DSM control commands are codes to give end users the assurance that the 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.
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B.0.4 Basic functions

B.0.4.1 Stream selection

|

The DSM-CC provides the means to select an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream upon which to perform
a

the succeeding operations. Such operations include creation of a new bitstream. Parameters of this function include:

*  index of the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream (the mapping between thig index and a

name meaningful to an application is outside the scope of the current DSM-CC)

The DSM €€ providesthemeans-to:

e[ play an identified ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream;

o[ play from a given presentation time;

o[ set the playback speed (normal or fast);

o| set the playback duration (until a specified presentation time, the end of the\bitstream in forward play or

the beginning in reverse play or the issuance of a stop command);
o[ set the direction (forward or reverse);

*| pause;

o resume;

|  change the access point in the bitstream;

o|  stop.
B.0.4.3 Storage

The DSM-CC provides the means to:
o cause storage of a valid bitstreani for a specified duration;

o cause storage to stop.

DSM-CC provides a useful but limited subset of functionality that may be required in DSM based ITU-T Rec] H.222.0 |
ISO/IEC 13818-1 applications./It is fully expected that significant additional capabilities will be addefl through
subsequent extensions.

B.1 Generalelements

B.1.1  $cope

The scope of this work consists of the development of a Recommendation | 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 media in a general way independently of the
specific DSM and apply to any ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream stored on a DSM.

B.1.2  Overview of the DSM-CC application

The current DSM-CC syntax and semantics cover the single user to DSM application. The user’s system is capable of
retrieving an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream and is also (optionally) capable of generating an
ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream. The control channel over which the DSM commands and
acknowledgments are sent is shown in Figure B.1 as an out of band channel. This can also be accomplished by inserting
the DSM-CC commands and acknowledgments into the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstreams if an out of
band channel is not available.
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P DSMCC
User
DSM ACK R
DSM ISONIEC 13818 Video bitstream
Bitstream R System >
”|  decoder Audio bitstream R
ISOAEC 13818 Video bitstream
J Bitstream System [
< encoder | Audio bitstream

Figure B.1 - Configuration of DSM-CC application

B.1.3 The transmission of DSM-CC commands and acknowledgments

The DSM{CC is encoded into a DSM-CC bitstream according to the syntax_and semantics defined in B.2.2 through
B.2.9. Thel DSM-CC bitstream can be transmitted both as a stand alone-bitstream and in an ITU-T Rec. [H.222.0 |
ISO/IEC 1B818-1 Systems bitstream.

When the [DSM-CC bitstream is transmitted in stand alonemiode, its relationship to the Systems bitstrearn and the
decoding process is illustrated in Figure B.2. In this case;the DSM-CC bitstream is not embedded in thg¢ Systems
bitstream. [This transmission mode can be used in the applications when the DSM is connected directly| with the
ITU-T Req. H.222.0 | ISO/IEC 13818-1 decoder. It can also be used in the applications where the DSM-CC|bitstream
could be c¢ntrolled and transmitted by other types of:network multiplexors.

ISONEC 13818 Bitstream Video bitstream .
(NoDSM{CE Embedded) | systems "
Decoder Audio bitstream -

DSM-CC Bitstream .l Dsm-cc Decoded DSM-CC
"] Decoder "
TISO5860-95/d11

Figure B.2 - DSM-CC bitstream decoded as a standalone bitstream

For some applications, it is desirable to transmit the DSM-CC in an 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 bitstream as well. In this case, the DSM-CC bitstream is embedded in the systems bitstream by the systems
multiplexor.

The DSM-CC bitstream is encoded by the systems encoder in the following process. First, the DSM-CC bitstream is
packetized into a packetized elementary stream (PES) according to the syntax described in 2.4.3.6. The PES packet is
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then multiplexed into either a Program Stream (PS) or a Transport Stream (TS) according to the requirement of the
transmission media. The decoding procedures are the inverse of the encoding procedures and are illustrated in the block
diagram of the Systems decoder depicted in Figure B.3.

In Figure B.3, the output of the Systems decoder is a video bitstream, audio bitstream and/or DSM-CC bitstream. The
1

nn th ¢+ id Tahla 9
DSM-CC bitstream is identified by the stream_id, value '1111 0010’ as defined by the stream_id Table 2

DSM-CC bitstream is identified, it follows the rules as specified by T-STD or P-STD.

ISO/IEC 13818 Bitstream
(DSM-CC is embedded)

Video bitstream R
I >
]
. System Audio bitstream R
"| decoder >
l .| DSM-CC
DSM-CC decoder Decoded
bitstream DSM-GC
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B.2 Technical elements

B.2.1  [Definitions
For the purposes of this Recommendation | International Standard, the following definitions apply:

B.2.1.1 |DSM-CC: Digital Storage Media Command and Control Commands that are specified by Recommendation
H.222.0 [ISO/IEC 13818-1 for the control of digital storage media at a local or remote site containing an [TU-T Rec.
H.222.0 I[ISO/IEC 13818-1 bitstream.

B.2.1.2 [DSM ACK: The acknowledgment from the DSM-CC command receiver to the command initiator.

B.2.1.3 |MPEG bitstream: An-ISO/IEC 11172-1 Systems stream, ITU-T Rec. H.222.0 | ISO/IEC 13818}1 Program
Stream of ITU-T Rec. H.222.04ISO/IEC 13818-1 Transport stream.

B.2.1.4 |DSM-CC server: A system, either local or remote, used to store and/or retrieve an ITU-T Red. H.222.0 |
ISO/IEC [13818-1 bitstream.

B.2.1.5 pomt of random access: A pomt m an ITU T Rec. H.222. 0 I ISO/IEC 13818 1 bxtstream with the property
that for i 3 , p—th : : contained in the
bitstream can be decoded w1thout reference to previous access units, and for every elementary stream in the bitstream all
access units with 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
quantization 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 access unit 'N'.

B.2.1.6 current operational PTS value: The actual 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 bitstream. If no access unit has been provided from this ITU-T Rec. H.222.0 | ISO/IEC 13818-1
bitstream, the DSM is incapable of providing random access into the current bitstream, then the current operational PTS
value is the first point of random access in the ITU-T Rec. H.222.0 1 ISO/IEC 13818-1 bitstream.
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B.2.1.7 DSM-CC bitstream: A sequence of bits satisfying the syntax of B.2.2.

B.2.2  Specification of DSM-CC syntax
. Every DSM control command shall commence with a start_code, as specified in Table B.1.

»  Every DSM control command shall have a packet_length to specify the number of byte in a DSM-CC
packet. :

e« When the DSM-CC bitstream is transmitted as a PES packet as defined in 2.4.3.6, the fields up to the
packet_length field are identical to those specified in 2.4.3.6. In other words, if the DSM-CC packet is
encapsulated in a PES packet, the PES packet start code is the only start code at the beginning of the
packet.

»  The actual control command or acknowledgment shall follow the last byte of the packet_length field.

after the requested

o/ At all times the DSM is responsible for providing a normative ITU-T Rec. H.222.0 | ISO/IE( 13818-1
stream. This may include manipulating the trick mode bits defined in 2.4.3.6.

Table B.1 - DSM-CC syntax

Syntax No. of bits Mnemonic
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()
} else if (command_id =="'02") {

ack()

B.2.3  Semantics of fields in specification of DSM-CC syntax

packet_start_code_prefix — This is a 24-bit code. Together with the stream_id that follows it constitutes al DSM-CC
packet staft code that identifies the beginning of a DSM-CC packet bitstream. The packet_start_code_prefi¥ is the bit
string '0000 0000 0000 0000 0000 0001 (0x000001).

stream_id — This 8-bit field specifies the bitstream type and shall have a value '1111 0010' for the DSM-CC|bitstream.
Refer to Thble 2-19.

packet_length — This 16-bit field specifies the number of bytes in the DSM-CC packet immediately followipg the last
byte of thip field.

command_id - This 8-bit unsigned integer identifies the bitstream is a control command or an acknowledgm¢nt stream.
The valued aré.defined in Table B.2.

Table B.2 - Command_id assigned values

Value Command_id
0x00 Forbidden
0x01 Control
0x02 Ack
0x03 - OxFF Reserved
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B.2.4 Control layer

Constraints on setting flags in 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 shall be ignored.

* 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 shall be ignored.

* At most one of record_flag and stop_mode shall be selected for each storage command. If none of these
bits are set, then this command shall be ignored.

See Table B.3.

Fable B:3—=DSM=-E€-~controt
Syntax No. of bits Mnemonic
control() {
select_flag 1 bslbf
retrieval_flag 1 bslbf
storage_flag 1 bslbf
reserved 12 bslbf
marker_bit 1 bslbf
If (select_flag =="1") {
bitstream_id [31..17] 15 bslbf
marker_bit 1 bslbf
bitstream_id [16..2] 15 bslbf
marker_bit 1 bslbf
bitstream_id [1..0] 2 bslbf
select_mode 5 bslbf
marker_bit 1 bslbf
if ( retrieve_flag =="1") {
jump_flag 1 bslbf
play_flag 1 bslbf
pause_mode 1 bslbf
resume_mode 1 bslbf
stop_mode 1 bslbf
reserved 10 bslbf
marker_bit 1 bslbf
if Gump_flag=="1") {
reserved 7 bslbf
direction_indicator 1 bslbf
time_code()
}
if (play_flag =="1"){
speed_mode 1 bslbf
direction_indicator 1 bslbf
reserved 6 bslbf
time_code()
}
}
if (storage_flag =="1") {
reserved 6 bslbf
record_flag 1 bslbf
stop_mode 1 bslbf
if (record_flag =="1") {
time_code()
}
}
}

B.2.5  Semantics of fields in control layer
marker_bit ~This is a 1-bit marker that is always set to '1' to avoid start code emulation.
reserved_bits — This 12-bit field is reserved for future use by this Recommendation | International Standard for DSM

control commands. Until otherwise specified by ITU-T | ISO/IEC it shall have the value '0000 0000 0000'.
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select_flag — This 1-bit flag when set to '1' specifies a bitstream selection operation. When it is set to '0' no bitstream
selection operation shall occur.

retrieval_flag — This 1-bit flag when set to 'l" specifies that a specific retrieval (playback) action will occur. The
operation starts from the current operational PTS value.

storage_flag — This 1-bit flag when set to '1' specifies that a storage operation is to be executed.

bitstream_ID — This 32-bit field is coded in three parts. The parts are combined to form an unsigned integer specifying
which ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream is to be selected. It is the DSM server’s responsibility to map
the 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 — This 5-bit unsigned integer specifies which mode of bitstream operation is requested. Table B. 4
specifies thf defined modes.

Table B.4 — Select mode assigned values

Code Mode
0x00 Forbidden
0x01 Storage
0x02 Retrieval
0x03 - Ox1F Reserved

Jump_flag|- This 1-bit flag when set to '1' specifies a jump in the playback pointer to a new access unit. The ngw PTS is
specified by a relative time_code with respect to the currént'operational PTS value. This function is only valid [when the
current ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstrear is in the “stop” mode.

play_flag + This 1-bit flag when set to 1" specifiesto play a bitstream for a certain time period. The speed, diregtion, and
play duratign are additional parameters in the bit-stream. The play starts from the current operational PTS value

pause_mode — This is a one-bit code specifying to pause the playback action and keep the playback poinfer at the
current operational PTS value.

resume_mpde — This is a one-bit code specifying to continue the playback action from the current operatipnal PTS
value. Resime only has meaning if the current bitstream is in the “pause” state, and the bitstream will be fet to the
forward pldy state at normal speed.

stop_modgq - This.is.a’one-bit code specifying to stop a bitstream transmission.

direction_{ndicator — This is a one-bit code to indicate the playback direction. If this bit is set to 'l", it stands for a
forward play. Otherwise it stands for a backward play.

speed_mode — This is a 1-bit code to specify the speed scale. If this bit is set to '1', it specifies that the speed is normal
play. If this bit is set to '0', it specifies that the speed is fast play (i.e. fast forward or fast reverse).

record_flag — This is one-bit flag to specify the request of recording the bitstream from an end user to a DSM for a
specified duration or until the reception of a stop command, whichever comes first.

B.2.6  Acknowledgment layer

Constraints on setting flags in DSM-CC control

Only one of the acks bits specified below can be set to '1' for each DSM ack bitstream (see Table B.5).
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Table B.5 - DSM-CC Acknowledgment

Syntax No. of bits Mnemonic
ack() {

select_ack 1 bslbf
retrieval_ack 1 bslbf
storage_ack 1 bslbf
error_ack 1 bslbf
reserved 10 bslbf
marker_bit 1 bslbf
cmd_status 1 bslbf
If (cmd_status =="'1' &&

(retrieval_ack =="1"ll storage_ack =="1")) {

time_code()
)

B.2.7

Semantics of fields in acknowledgment layer

select_ack — This 1-bit field when it is set to '1' indicates that the ack() command is to acknowledge a select command.

retrieval

| ack — This 1-bit field when set to '1" indicates that the ack() command is to acknowledge a retrievallcommand.

storage_ack — This 1-bit field when set to '1" indicates that the ack() command is to-acknowledge a storage cqmmand.

error_ac
play or st
‘1", cmd_3

cmd_stat

rejected.

k — This 1-bit field when set to '1' indicates a DSM error. The defined etrors are EOF (end of file [on forward
art of file on reverse play) on a stream being retrieved and Disk Full'on a stream being stored. If this|bit is set to
tatus is undefined. The current bitstream is still selected.

us — This 1-bit flag set to '1' indicates that the command is-acéepted. When set to '0' it indicates the dommand is
'he semantics vary according to the command received 4s follows:

If select_ack is set and cmd_status is set to '1'; it\Specifies that the ITU-T Rec. H.222.0 | ISO/IEC 13818-1
bitstream is selected and the server is ready“to provide the selected mode of operation. The current
operational PTS value is set to the first point of random access of the newly selected ITU-T Rec. H.222.0
I ISO/IEC 13818-1 bitstream. If cmd.\status is set to '0', the operation has failed and no bitstream is
selected.

If retrieval_ack is set and cmd cstatus is set to '1', it specifies that the retrieval operation is initjated for all
retrieval commands. The position of the current operational PTS pointer is reported by the [succeeding
time_code.

For the play_flag command with infinite_time_flag !='1', a second acknowledgment will bg sent. This

will acknowledge ‘that the play operation has ended by reaching the duration defined by thg play_flag
command.

If the cmd, status is set to '0' in a retrieval acknowledgment, the operation has failed. Possible [reasons for
this faiture’include an invalid bitstream_ID, jumping beyond the end of a file, or a function ngt supported
suchras'reverse play in standard speed.

If storage_ack is set, it specifies that the storage operation is being started for the record_flag command or
is completed by the stop_mode command. The PTS of the last complete access unit stored is feported by

B.2.8

the succeedina time code
o

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 PTS value after the recording shall be
reported.

If the cmd_status is set to '0' in a storage acknowledgment, the operation has failed. Possible reasons for
this failure include an invalid bitstream_ID, or the inability of the DSM to store data.

Time code

Constraints on time code

A forward operation of specified duration given by a time_code terminates after the actual or implied PTS
of an access unit is observed such that PTS minus the current operational PTS value at the start of the
operation modulo 233 exceeds the duration.
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» A backward operation of specified duration given by a time_code terminates after the actual or implied
PTS of an access unit is observed such that current operational PTS value at the start of the operation
minus that PTS modulo 233 exceeds the duration.

«  For all the commands in the control() layer, the time_code is specified as a relative duration with respect
to the current operational PTS value.

»  For all the commands in the ack() layer, the time_code is specified by the current operational PTS value.

See Table B.6.

Table B.6 - Time code

Syntax No. of bits Mnemonic
time_code() {
reserved 7 bsIbf
infinite_time_flag 1 bslbf
if (infinite_time_flag =="0") {
reserved 4 bsibf
PTS [32..30] 3 bslbf’
marker 1 bsibf
PTS [29..15] 15 hslbf
marker_bit 1 bsibf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf
}
)

B.2.9 Semantics of fields in time code

infinite_time_flag — This 1-bit flag when set to '1' indicates an infinite time period. This flag is set to '1" in applications
where a tihe period for a specific operation could not be defined:in advance.

PTS [32..0] - The presentation timestamp of the access unitiof the bitstream. Depending upon the function, this can be
an absolute value or a relative time delay in cycles of the‘90 kHz system clock.
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Annex C

Program Specific Information
(This annex does not form an integral part of this Recommendation | International Standard)

C.0 Explanation of Program Specific Information in Transport Streams

Subclause 2.4.4 contains the normative syntax, semantics and text concerning Program Specific Information. In all
cases, compliance with the constraints of 2.4.4 is required. This annex provides explanatory information on how to use
the PSI functions, and considers examples of how it may be used in practice.

C.1 Introduction

This Reqommendation | International Standard provides a method for describing the contents of Trans;lort 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 fay be thought of as belonging to four tables:
) Program Association Table (PAT);

) TS Program Map Table (PMT);
) Network Information Table (NIT);
) Conditional Access Table (CAT).

The contgnts of the PAT, PMT and CAT are specified in this Recommeéndation | International Standard. The NIT is a
le, but the PID value of the Transport Stream packets which(carry it is specified in the PAT. It mu§t however,
follow the section structure defined in this Recommendation | International Standard.

C.2 Functional Mechanism

The tablep listed above are conceptual in that they need*never be regenerated in a specified form within a decgder. While
these stryctures may be thought of as simple tables,'they may be partitioned before they are sent in Transiort Stream

packets. The syntax supports this operation by_allowing the tables to be partitioned into sections and by roviding a
normativ¢ mapping method into Transport Stream packet payloads. A method is also provided to carry private data in a
similar fqrmat. This is advantageous as the, 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 Transpprt Stream,
see Annek D.

on is uniquely identified\by the combination of the following elements:

i) table_id

The 8-bit.table_id identifies to which table the section belongs.

e (Sections with table_id 0x00 belong to the Program Association Table.
J Sections with table_id 0x01 belong to the Conditional Access Table.

»  Sections with 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.

It is possible to set up filters looking at the table_id field to identify whether a new section belongs to a
table of interest or not.

ii) table_id_extension

This 16-bit field exists in the long version of a section. In the Program Association Table it is used 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 Table this field currently has no meaning and is therefore marked as “reserved”
meaning that it shall be coded as OXxFFFF, but that a meaning may be defined by ITU-T | ISO/IEC in a
subsequent revision of this Recommendation | International Standard. In a TS Program Map section the
field contains the program_number, and thereby identifies the program to which the data in the section
refers. The table_id_extension can also be used as a filter point in certain cases.
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iii) section_number

The section_number field allows the sections of a particular table to be reassembled in their original order
by the decoder. There is no obligation within this Recommendation | International Standard that sections
must be transmitted in numerical order, but this is recommended, unless it is desired to transmit some
sections of the table more frequently than others, e.g. due to random access considerations.

iv) version_number

When the characteristics of the Transport Stream described in the PSI change, (e.g. extra programs added,
different composition of elementary streams for a given program), then new PSI data has to be sent with
the updated information as the most recently transmitted version of the sections marked as “current” must
always be valid. Decoders need to be able to identify whether the most recently received section is
identical with the section they have already processed / stored (in which case the section can be
discarded), or whether it is different, and may therefore signify a configuration change. This is achieved
i I I i i i i €r as e previous

section containing the relevant data, but with the next value version_number.
v) current_next_indicator

It is important to know at what point in the bitstream the PSI is valid. Each séétion can thdrefore be
numbered as valid “now” (current), or as valid in the immediate future)(next). This allows the
transmission of a future configuration in advance of the change, giving the ‘decoder the oppdrtunity to
prepare for the change. There is however no obligation to transmit the next version of a gection in
advance, but if it is transmitted, then it shall be the next correct version/of that section.

C3 The Mapping of Sections into Transport Stream Packets

Sections are mapped directly into Transport Stream packets, that is to{say without a prior mapping into PE$ packets.
Sections dq not have to start at the beginning of Transport Stream packets, (although they may), because the start of the
first sectiop in the payload of a Transport Stream packet is poifited to by the pointer_field. The presente of the
pointer_field is signaled by the payload_unit_start_indicator, being set to a value of 'l1' in PSI packets. (Ij non-PSI
packets, the indicator signals that a PES packet starts in the, Transport Stream packet). The pointer_field poilts to the
start of the ffirst section in the Transport Stream packet. Thére is never more than one pointer_field in a Transpqrt Stream
packet, as the start of any other section can be identified, by counting the length of the first and any subsequen{ sections,
since no gaps between sections within a Transport Sttéam packet are allowed by the syntax.

It is importpant to note that within Transport Stréam packets of any single PID value, one section must be finished before
the next onle is allowed to be started, or elsetit is not possible to identify to which section header the data belpngs. If a
section finishes before the end of a Transport Stream packet, but it is not convenient to open another section, p stuffing
mechanisny is provided to fill up the space. Stuffing is performed by filling each remaining byte of the packe} with the
value OxFH. Consequently the table. id value OXFF is forbidden, or else this would be confused with stuffing. Once a
OxFF byte [has occurred at th¢ end of a section, then the rest of the Transport Stream packet must be stuffed with
OxFF bytes} allowing a decoder to discard the rest of the Transport Stream packet. Stuffing can also be perfored using
the normal jadaptation_field ' mechanism.

C4 Repetition Rates and Random Access

In systems|whefe random access is a consideration, it is recommended to re-transmit PSI sections several times, even
when changes do not occur in the configuration, as in the general case, a decoder needs the PSI data to identify the
contents of the Transport Stream, to be able to start decoding. This Recommendation | International Standard does not
place any requirements on the repetition or occurrence rate of PSI sections. Clearly though, repeating sections frequently
helps random access applications, whilst causing an increase in the amount of bitrate used by PSI data. If program
mappings are static or quasi-static, they may be stored in the decoder to allow faster access to the data than having to
wait for 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.S5 What is a Program?
The concept of a program has a precise definition within this Recommendation | International Standard [refer to 2.1.42

program (system)]. For a Transport Stream the time base is defined by the PCR. This effectively creates a virtual channel
within the Transport Stream.
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Note that this is not the same definition as is commonly used in broadcasting, where a “program” is a collection of
elementary streams not only with a common timebase, but also with a common start and end time. A series of
“broadcaster programs” (referred to in this annex as events) can be transmitted sequentially in a Transport Stream using
the same program_number to create a “broadcasting conventional” TV-channel (sometimes called a service).

Event descriptions could be transmitted in private_sections().

A program is denoted by a program_number which has significance only within a Transport Stream. The
program_number is a 16-bit unsigned integer and thus permits 65535 unique programs to exist within a Transport
Stream (program_number O is reserved 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 ea i 3 e 2 ishe i < i e atic able ethatthe

case, it negds to be transmitted only often enough to support timely decoder initialization set-up operations.) T
of the NIT| are private, but shall take at least the minimum section structure.

C.6 Allocation of program_number
It may nof be convenient in all cases to group together all the program element which share a common clock r¢ference as
one program. It is conceivable to have a multi-service Transport Stream with only<oné set of PCRs, commoh to 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) is always the same. This method. of splitting the program elements into
pseudo-inflependent programs can have several uses. Two examples follow;

) multilingual transmissions into separate markets

One video stream may be accompanied by several audio streams in different languages. It is aflvisable to
include an example of the ISO_639_language, descriptor associated with each audio stream to|enable the
selection of the correct program and audio;, It is reasonable to have several program definjtions with
different program_numbers, where all th¢{programs reference the same video stream and PCR_PID, but
have different audio PIDs. It is, however, also reasonable and possible to list the video stream [and all the
audio streams as one program, wherethis does not exceed the section size limit of 1024 bytes.

i) Very large program definitions

There is a maximum limit’on the length of a section of 1024 bytes (including section Header and
CRC_32). This means ‘thit no single program definition may exceed this length. For the great majority of
cases, even with each-program element having several descriptors, this size is adequate. Hoywever, one
may envisage eases in very high bitrate systems, which could exceed this limit. It is then [in general
possible to identify methods of splitting the references of the streams, so that they do not all have to be
listed together. Some program elements could be referenced under more than one program,|and some
under ofily-one or the other, but not both.

C7 [Usage of PSI in a Typical System

A communications system, especially in broadcast applications, may consist of many individual Transport Streams. Each
one of the four PSI data structures may appear in each and every Transport Stream in 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 Transport Stream. If any
streams are scrambled, then there must also be a conditional access table present listing the relevant EMM streams
(Entitlement Management Messages). The presence of a NIT is fully optional.

The PSI tables are mapped into Transport Stream packets via the section structure described above. Each section has a
table_id field in its header, allowing sections from PSI tables and private data in private_sections to 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. This is
only possible for packets labeled as containing TS Program Map Table section or NIT packets however, since private
sections may not be mapped into PAT or CAT packets.
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It is required that all PAT sections be mapped into Transport Stream packets with PID = 0x0000 and all CA sections be
mapped into packets with PID = 0x0001. PMT sections may be mapped into packets of user-selected PID value, listed as
the PMT_PID for each program in the Program Association Table. Likewise, the PID for the NIT-bearing Transport
Stream packets is user-selected, but must be pointed to by the entry “program_number == 0x00” in the PAT, if the NIT
exists.

The contents of any CA parameter streams are entirely private, but EMMs and ECMs must also be sent in Transport
Stream packets to be compliant with this Recommendation | International Standard.

Private data tables may be sent using the private_section() syntax. Such tables could be used for example in a
broadcasting environment to describe a service, an upcoming event, broadcast schedules and related information.

(OR ] The Relationships of PSI Structures

Figure C.1{shows an example of the relationship between the four PSI structures and the Transport Streqgm. Other
examples afe possible, but the figure shows the primary connections.

In the follopving subclauses, each PSI table is described.

CS8.1 Program Association Table

Every Trarjsport Stream must contain a complete valid Program Association Table. The ‘Program Association Table
gives the dorrespondence between a program_number and the PID of the Transport-Stream packets that [carry the
definition df that program (the PMT_PID). The PAT may be partitioned into up to 255 sections before it is mapped into
Transport §tream packets. Each section carries a part of the overall PAT. This partitioning may be desirable to minimize
data loss i error conditions. That is, packet loss or bit errors may be localized to smaller sections of the BAT, thus
allowing other sections to still be received and correctly decoded. If all PAT information is put into one sectior], an error
causing a ¢hanged bit in the table_id, for example, would cause th€ doss of the entire PAT. However, tHis is still
permitted as long as the section does not extend beyond the 1024-byté:maximum length limit.

Program O (zero) is reserved and is used to specify the Network\PID. This is a pointer to the Transport Strean packets
which carry the Network Information Table.

The Progran Association Table is always transmitted without encryption.

The Program Map Table provides the mapping between a program number and the program elements that comprise it.
This table |s present in Transport Stream packets having one or more privately-selected PID values. These [[ransport
Stream padkets may contain other private structures as defined by the table_id field. It is possible to have TS PMT

This Recoimendation | Intérnafional Standard requires a minimum of program identification: program numper, PCR
PID, strean) types and program elements PIDs. Additional information for either programs or elementary streanjs may be
conveyed bly use of the‘descriptor() construct. Refer to C.8.6.

Private data may-also be sent in Transport Stream packets denoted as carrying TS program map table sections. This is

accomplishedcby the use of the private_section(). In a private_section() the application decides whether version_number
and currenf_ie indicator represent the values of these field or a single secti vhether thev are applicable to
many sections as parts of a larger private table.

NOTES

1 Transport stream packets containing the Program Map Table are transmitted unencrypted.

2 Itis possible to transmit information on events in private descriptors carried within the TS_program_map_section()s.

Cs8.3 Conditional Access Table

The Conditional Access (CA) Table gives the 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 parameters if present will, in
general, be encrypted (scrambled).
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Figure C.1 - Program and network mapping relationships
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C.8.4 Network Information Table

The contents of the NIT are private and not specified by this Recommendation | International Standard. In general, it will

contain mappings of user-selected services with 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 the fields 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 bytes the CRC_32 field is present).

Private_section()s can occur in PIDs which are labeled as PMT_PIDs or in Transport Stream packets with other PID
values which contain exclusively private_sections(), including the PID allocated to the NIT. If the Transport Stream
packets of the PID carrying the private_section()s are identified as a PID carrying private_sections (stream_type

assignmentvatue Ox05); themronly private_sections Tmay occur in ITansport Stream packets of that PID vialue. The
sections may be either of the short or long type.

C.8.6  Descriptors

There are geveral normative descriptors defined in this Recommendation | International Standard. Many mofe private
descriptors| may also be defined. All descriptors have a common format: {tag, length, data}. Any privately defined
descriptors|must adhere to this format. The data portion of these private descriptors are privately defined.

One descriptor (the CA_descriptor()), is used to indicate the location (PID value. of transport packets) of ECM data
associated Wwith program elements when it is found in a TS PMT section. When found'in a CA section it refers o EMMs.

In order tq 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 dlefining a

further sub_descriptor as the first field of the private data bytes of the private descriptor. The described strugture is as
indicated ip Tables C.1 and C.2.

Table C.1 - Composite_descriptor

Syntax No. of bits Mnemonic
Composite_descriptor(){
descriptor_tag(privately-defined) 8 uimsbf
descriptor_length 8 uimsbf

for i=0; 1 <N;i++){
sub_descriptor()
}

Table C.2 - Sub-descriptor

Syntax No. of bits Mnemonic

sub_descriptor() {

sub_descriptor_tag 8 uimsbf

sub_descriptor_length 8 uimsbf

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

private_data_byte 8 uimsbf

}

}

C9I 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 subclause analyses this issue and gives some broadcast application examples.
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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 construction and transmission of PSI.

Signal acquisition time in a real decoder is dependent on many factors, including: FDM tuning slew time, demultiplexing
time, sequence headers, I-frame occurrence rate and scrambling key retrieval and processing.

This subclause examines both the bitrate and signal acquisition time impacts of the PSI syntax subclauses 2.4.4.4 and
2.4.49. It is assumed that the Conditional Access Table does not need to be received dynamically at every program
change. This assumption is also made of the private EMM streams. This is because these streams do not contain the
quickly-varying ECM components used for program element scrambling (encryption).

Also, in the discussion below, the time to acquire and process ECMs has been neglected.

The tables given below provide bandwidth usage values for a range of Transport Stream conditions. One axis of the
table is the number of programs contained in a single Transport Stream. The other axis is the frequency with which the
PSI information is transmitted in the Transport Stream.

This freqency will be a key determinant of the component of signal acquisition time due to PSI structures!

Both banglwidth usage tables assume that only the minimum program mapping information is provided:=-This means that
the PID vplues and stream types are provided with no additional descriptors. All programs in the éxample ar¢g composed
of two elpmentary streams. Program associations are 2 bytes long, while the minimal programymap is 26 |bytes long.
There is 4dditional overhead associated with version numbers, section lengths, etc. This wilhbe on the order|of 1-3% of
the total BSI bitrate usage in sections of moderate to maximum length (a few hundred bytesto 1024 bytes) apd will thus
be ignorefl here.

The abovp assumptions allow forty-six (46) program associations to map into one*Pregram Association Table Transport
Stream ppcket (if no adaptation field is present). Similarly, seven (7) TS_program_map_sections fit inIo a single
Transpor{ Stream packet. It may be noted that to facilitate easy “drop/add” it is possible to transmit oply one (1)
TS_program_map_section per PMT_PID. This may cause an undesirable ificrease in PSI bitrate usage, howeyer.

Table C.3 - Program association table.bandwidth usage (bit/s)

Number of Programs Per.Transport Stream

1 5 10 32 128
] 1504 1504 1504 1504 4512
Frequendy of PA Table 10 15040 15040 15040 15040 45120
Informatjon
1 [
(™) 50 75200 75200 75200 75200 225600
100 150400 150400 150400 150400 451200

NOTE —|Since 46 program \association_sections fit into one transport packet, the numbers in the table do not change until the last
column.

Table C.4 - Program map table bandwidth usage (bit/s)

Number of Programs Per Iransport Stream

I S 10 32 128

1 1504 1504 3008 7520 28576

Frequency of PM Table 285760

Information

_l RO SR A RRD S RO i
™) 75200 150400 376000 1428800

100 150400 150400 300800 601600 2857600
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Using a frequency of 25 Hz for the two PSI Tables, yields a worst case contribution to the signal acquisition time of
approximately 80 ms. This would only occur when the required PAT data was “just missed” and then, once the PAT was
acquired and decoded, the required PMT data was also “just missed”. This doubling of the worst case acquisition time is
one disadvantage of the extra level of indirection introduced by the PAT structure. This effect could be reduced by
coordinated transmission of related PAT and PMT packets. Presumably, the advantage that this approach offers for
“drop/add” re-multiplexing operations is compensatory.

With the 25 Hz PSI frequency, the following examples may be constructed (all examples leave ample allowance for
various datalink, FEC, CA and routing overheads):

6 MHz CATY channel
* five 5.2-Mbit/s programs: 26.5 Mbit/s (includes transport overhead)
¢ total PSI bandwidth: 5.2 kbit/s
¢ CA bandwidth: 500 kbit/s

total ITU-T Rec. H.222.0 | ISO/IEC 13818-1 transport bandwidth: 27.1 Mbit/s

¢|.  PSI Overhead: 0.28 %

OC-3 fiber channel (155 Mbit/s)
| 32 3.9-Mbit/s programs: 127.5 Mbit/s (includes transport overhead)
| total PSI bandwidth: 225.6 kbit/s
o/ CA bandwidth: 500 kbit/s

total ITU-T Rec. H.222.0 | ISO/IEC 13818-1 transport bandwidth: 128.2 Mbit/s

o PSI Overhead: 0.18 %

C-band satellite transponder

As expectg
Stream. Hg

be used to

92

o| 128 256-kbit/s audio programs:  33.5 Mbit/s (includes-transport overhead)
| total PSI bandwidth: 826.4 kbit/s

CA bandwidth: 500 kbit/s
total ITU-T Rec. H.222.0 | ISO/IEC 13818-d-transport bandwidth: 34.7 Mbit/s

¢/  PSI Overhead: 2.4 % (actually would bedower if only one PID used per program)

decrease the impact on channel acquisition time with only modest bitrate demand increases.

d, the percent overhead increases for lower-rate services since many more services are possible per
bwever, the overhead is not excessivé.in all cases. Higher transmission rates (than 25 Hz) for the PS

Transport
data may
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Annex D

Systems Timing Model and Application Implications

of this Recommendation | International Standard
(This annex does not form an integral part of this Recommendation | International Standard)

D.0 Introduction

The ITU-T Rec. H.222.0 | ISO/IEC 13818-1 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 is embodied directly in the specification of the syntax and semantic requirements of
compliant ITU-T Rec H.222.01 ISO/IEC 13818-1 data streams leen that a decodmg system recelves a compllant bit
stream th i :

In applictions where the data are not delivered to the decoder with correct timing, it may be possible to groduce the
desired presentation output, however such capabilities are not in general guaranteed. This informative annek describes
the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Systems timing model in detail, and givesCsome suggestions for
implementing decoder systems to suit some typical applications.

D.0.1 iming Model

ITU-T Rege. H.222.0 | ISO/IEC 13818-1 Systems embodies a timing model in which all digitized pictures|and audio
samples that enter the encoder are presented exactly once each, after a constant end to end delay, at the output of the
decoder. fAs such, the sample rates, i.e. the video frame rate and the audio.Sample rate, are precisely the same at the
decoder a$ they are at the encoder. This timing model is diagrammed in Figtire D.1:

. Vi
Mb Encoder — Buffer — — Buffer |— Encoder o';eo
System System
Coder | | .\ Storage | | decoder
and of Transmission and
Multiplex demultiplex
ﬂj_dlo_ln_’ Encoder |— Buffer |— — Buffer |— Encoder g‘:‘:’o
D —— — N o—

Variable delay Constant delay Variable delay

Constant delay TISQ5890-95/d 14

Figure D.1 — Constant delay model

As indicated in Figure D.1, the delay from the input to the encoder to the output or presentation from the decoder is
constant in this model?), while the delay through each of the encoder and decoder buffers is variable. Not only is the
delay through each of these buffers variable within the path of one elementary stream, the individual buffer delays in the
video and audio paths differ as well. 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

2) Constant delay as indicated for the entire system is required for correct synchronizaton, however some deviations are possible.
Network delay is discussed as being constant. Slight deviations may be tolerated, and network adaptation may allow greater
variations of network delay. Both of these are discussed later.
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constrained only by the System Target Decoder (STD) model such that the decoder buffers must behave properly;
therefore coded audio and video that represent sound and pictures that are to be presented simultaneously 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 model.

The audio and video sample rates 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 stream is a Program Stream or a
Transport Stream, and on whether the System_audio_locked and System_video_locked flags are set 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.

There is a single, common system clock in the encoder, and this clock is used to create timestamps that indicate the
correct presentation and decoding timing of audio and video, as well as to create timestamps that indicate the
instantaneous values of the system clock itself at sampled intervals. The timestamps that indicate the presentation time of
audio and video are called Presentation Time Stamps (PTS). Those that indicate the decoding time are called Decoding
Timestamps (DTS), and those that indicate the value of the system clock are called the System Clock Reference (SCR)
in Progran} Streams and the Program Clock Reference (PCR) in Transport Streams. It is the presence of’thi§ common
system clogk in the encoder, the timestamps that are created from it, and the recreation of the clock in.the degcoder and
the correct|use of the timestamps that provide the facility to synchronize properly the operation of the.decoder.

Encoder iplementations 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 précisely. (Delivery af the data
may deviate somewhat, depending on the application). Therefore in this annex, the term “encoder system clodk” is used
to mean eitfher the actual common system clock as described in this model or the equiyalent function, however| it may be
implemented.

Since the jend-to-end delay through the entire system is constant, the audio”and video presentations are| precisely
synchronized. The construction of System bit streams is constrained such that when they are decoded by a defcoder that
follows th{s model with the appropriately sized decoder buffers, those’ buffers are guaranteed never to ovgrflow nor
underflow] with specific exceptions allowing intentional underflow,

In order for the decoder system to incur the precise amount, of delay that causes the entire end-to-end d¢lay to be
constant, i{ is necessary for the decoder to have a system clogk wWhose frequency of operation and absolute insfantaneous
value matgh those of the encoder. The information necgssary to convey the encoder’s system clock is encofled in the
SCR or P(R; this function is explained below.

Decoders hich are implemented in accordance with this timing model such that they present audio samples |and video
pictures ejactly once (with specific intentionally coded exceptions), at a constant rate, and such that decoder buffers
behave as jn the model, are referred to in this annex as precisely timed decoders, or those that produce precifely timed
output. D¢coder implementations are-not required by this International Standard to present audio and| video in
accordancg with this model; it is possible to construct decoders that do not have constant delay, or equivalently do not
present eath picture or audio sample exactly once. In such implementations, however, the synchronization between
presented pudio and video may not be precise, and the behaviour of the decoder buffers may not follow the] reference
decoder mpdel. It is important/to avoid overflow at the decoder buffers, as overflow causes a loss of data that/may have
significant|effects on the.resulting decoding process. This annex covers primarily the operation of such precigely timed
decoders and some of the-options that are available in implementing these decoders.

D.0.2  Audio and Video Presentation Synchronization

Within the—eeding—ef—thisRecommendation—+International—Standard—Systems—data—are—timestamps—eonecrning 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 bit stream are called “Access Units”, abbreviated AU. An audio access unit is
abbreviated AAU, and a video access unit is abbreviated VAU. In ISO/IEC 13818-3 audio the term “audio frame” has
the same meaning as AAU or APU depending on the context. A VPU is a picture, and a VAU is a coded picture.

Some, but not necessarily all, AAUs and VAUs have associated with them PTSs. A PTS indicates the time that the PU
which results from decoding the AU which is associated with the PTS should be presented to the user. The audio PTSs
and video PTSs are both samples from a common time clock, which is referred to as the System Time Clock or STC.
With the correct values of audio and video PTSs included in the data stream, and with the presentation of the audio and
video PUs occurring at the time indicated by the appropriate PTSs in terms of the common STC, precise synchronization
of the presented audio and video is achieved at the decoding system. While the STC is not part of the normative content
of this Recommendation | International Standard, and the equivalent information is conveyed in this Recommendation |
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