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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 IS

O or IEC

participate in the development of International Standards through technical committees established by the respective
organization to deal with particular fields of technical activity. ISO and IEC technical committees collaborate in fields

of mutfial interest. Other International organizations, governmenial and non-governmental, In llaison with 1SO and

IEC, also take part in the work.

Interndtional Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’3.

In the [field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

Draft Ipternational Standards adopted by the joint technical committee are circulated tonational bodies
Publication as an International Standard requires approval by at least 75 % of the nationalkbodies casting a

Attentipn is drawn to the possibility that some of the elements of this part of ISQAEC 13818 may be the
patentjrights. ISO and IEC shall not be held responsible for identifying any or allsuch patent rights.

Interndtional Standard ISO/IEC 13818-1 was prepared by Joint Technicakh Committee ISO/IEC JTC 1, |
technology, Subcommittee SC 29, Coding of audio, picture, multimedia’and hypermedia information, in col

rt 4. Conformance testing

rt 5: Software simulation

rt 6: Extensigns'for DSM-CC

rt 7: Advanced Audio Coding (ACC)

— Part9:"Extension for real time interface for systems decoders

for voting.
vote.

subject of

hformation
aboration

echnically

ric coding

— Part 10: Conformance extensions for Digital Storage Media Command and Control (DSM-CC)

Annex A forms a normative part of this part of ISO/IEC 13818. Annexes B to S are for information only.
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Introduction

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

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

4

The basid multiplexing approach for single video and audio elementary streams is illustrated in Figuretntro. 1. Th¢
video and audio data is encoded as described in ITU-T Rec. H.262 | ISO/IEC 13818-2 and ISO/IEE "13818-3. Th¢
resulting compressed elementary streams are packetized to produce PES packets. Informationpneéded to use PES
packets ifjdependently of either Transport Streams or Program Streams may be added when RES packets are formed|
This information is not needed and need not be added when PES packets are further combined with system leve]
informatign to form Transport Streams or Program Streams. This systems standard covers\those processes to the right
of the verfical dashed line.

V|deo . Video ~ Packeti Video PES R
dhta i encoder > acketizer >
PS
Program
Stream
H mux
Audio ~ Audio _ et Audio PES -
dala i encoder > acketizer »
_>
TS
Transport
Stream
mux
Extent of systems specification
TISO5760-95/d01
Higure Intro. 1 — Simplified overview of the scope of this Recommendation | International Standard

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

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

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

Strea|
need(
may
high

The
syste
contr

The

multi
enco
requi
implg

In 1S possible and 1s accomplished through the common interchange tormat ot PES packets, but not all of the
d in a Program Stream are contained within the Transport Stream; some must be derived. The Transport-S
be used to span a range of layers in a layered model, and is designed for efficiency and ease of implementat
pandwidth applications.

cope of syntactical and semantic rules set forth in the systems specification differ: the syntactical rules ap

fields
[ream
on in

ply to

ns layer coding only, and do not extend to the compression layer coding of the video and audio specifications; by

hst, the semantic rules apply to the combined stream in its entirety.

ystems specification does not specify the architecture or implementation of encodérs or decoders, nor th
plexors or demultiplexors. However, bit stream properties do impose functional and performance requiremet
lers, decoders, multiplexors and demultiplexors. For instance, encoders ‘must meet minimum clock tole
fements. Notwithstanding this and other requirements, a considerable degree of freedom exists in the desig
mentation of encoders, decoders, multiplexors, and demultiplexors.

Intr¢. 1 Transport Stream

The
code
whicl

Tran
fixed
Tran:
are sq

Therd
indep

The

Tran
from

The

[ransport Stream is a stream definition which is tailor¢d for communicating or storing one or more progra
| data according to ITU-T Rec. H.262 | ISO/IEC 13818-2 and ISO/IEC 13818-3 and other data in environmej
1 significant errors may occur. Such errors may bemanifested as bit value errors or loss of packets.

port Streams may be either fixed or variableirate. In either case the constituent elementary streams may eit
or variable rate. The syntax and semantic-constraints on the stream are identical in each of these cases
port Stream rate is defined by the valuesiand locations of Program Clock Reference (PCR) fields, which in g
parate PCR fields for each program,

are some difficulties with Constructing and delivering a Transport Stream containing multiple programs
endent time bases such thatithe overall bit rate is variable. Refer to 2.4.2.2.

[ransport Stream may_be constructed by any method that results in a valid stream. It is possible to con
port Streams containing one or more programs from elementary coded data streams, from Program Strean
other TransportStreams which may themselves contain one or more programs.

Transport’Sfream is designed in such a way that several operations on a Transport Stream are possible

minium effort. Among these are:

1) Retrieve the coded data from one program within the Transport Stream, decode it and present the de

se of
its on
rance
h and

ms of
nts in

er be
The
tneral

with

struct
hs, or

with

toded

results as shown 1n 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.
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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 ("jmultiplex-wide operations"), or to individual elementary streams ("stream-specific operations"). The Transpoft
Stream system layer is divided into two sub-layers, one for multiplex-wide operations (the Transport Stream-packe¢t
layer), anfl one for stream-specific operations (the PES packet layer).

A prototypical decoder for Transport Streams, including audio and video, is also depicted in Figure Intro<2 to illustraf
the functjon of a decoder. The architecture is not unique — some system decoder functions, such, ‘@s) decoder timin
control, might equally well be distributed among elementary stream decoders and the channel specifie-decoder — but th
figure is piseful for discussion. Likewise, indication of errors detected by the channel specific decoder to the individugl
audio angl 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 requirementfor the design of a Transpoft
Stream d¢coder. Indeed non-audio/video data is also allowed, but not shown.

[¢]

©n 09

~ Video Decoded
" decoder video
Chapnel Channel specific . Transport.Stream Clock
" decoder " demultiplex control
and decoder —
Transport Stream R Audio Decoded
containing one or multiple programs " decoder audio

TISO5770-95/d02

Figure Intro. 2 - Prototypical transport demultiplexing and decoding example

Figure Infro. 3 illustrates the second case, where a Transport Stream containing multiple programs is converted into
Transpor{ Stream containing a single program. In this case the re-multiplexing operation may necessitate the correctio
of Prograin Cleck Reference (PCR) values to account for changes in the PCR locations in the bit stream.

=S

e Transport Stream
Channel Channel specific > demultiplex 5
decoder
and decoder
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 a 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 R
decoder g Program Stream
multiplexor
TISO5790-95(d04
Transport Stream Program Stream

containing multiple programs

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

Intry. 2 Program Stream

The |
other
majo

Progi
fixed
rate i

A pr
— SYS
streai
desig
data

rogram Stream is a stream definition which is tailored for communicating or storing one program of coded da
data in environments where errors are very unlikely, and where processing of system coding, e.g. by softwar
" consideration.

am Streams may be either fixed or variable rate. In either case, the constituent elementary streams may be
or variable rate. The syntax and semantics constraintsion the stream are identical in each case. The Program S
5 defined by the values and locations of the System'Clock Reference (SCR) and mux_rate fields.

totypical audio/video Program Stream decoder system is depicted in Figure Intro. 5. The architecture is not u
tem decoder functions including deceder timing control might as equally well be distributed among elemg
n decoders and the channel specific decoder — but this figure is useful for discussion. The prototypical de
h does not imply any normative reéquirement for the design of an Program Stream decoder. Indeed non-audio
s also allowed, but not shown/

a and
b, 1S a

either
tream

nique
ntary
coder
video

N Video Decoded | .
g decoder video "
Channel Channel specitic .| Program Stream N Clock
decoder g decoder " control
p R Audio Decoded
rogram " 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 demultiplexes the stream, and the elementary streams so
produced serve as inputs to Video and Audio decoders, whose outputs are decoded video and audio signals. Included 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 Btreams are constructed in two layers: a system layer and a compression layer. The input stream to the Progralln
Stream Diecoder has a system layer wrapped about a compression layer. Input streams to the Video and Audio decodets
have only| the compression layer.

Operatioys performed by the prototypical decoder either apply to the entire Program Stream ("multiplex-wid
operationg"), or to individual elementary streams ("stream-specific operations"). The Program Stream ‘system layer
divided ipto two sub-layers, one for multiplex-wide operations (the pack layer), and one for stream?specific operatior
(the PES packet layer).

©nn »n O

Intro. 3 Conversion between Transport Stream and Program Stream

It may b¢ possible and reasonable to convert between Transport Streams and Program Streams by means of PE
packets. This results from the specification of Transport Stream and Program, Stream as embodied in 2.4.1 and 2.5,
of the nprmative requirements of this Recommendation | International Standard. PES packets may, with som
constrain{s, be mapped directly from the payload of one multiplexed bit str€am’ into the payload of another multiplexe
bit streatp. It is possible to identify the correct order of PES packets' in a program to assist with this if th
program_[packet sequence_counter is present in all PES packets.

o o — N

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

Intro. 4 Packetized Elementary Stream

Transport Streams and Program Streams are €ach logically constructed from PES packets, as indicated in the synta
definitionfs in 2.4.3.6. PES packets shall be used/to convert between Transport Streams and Program Streams; in son
cases the|PES packets need not be modified when performing such conversions. PES packets may be much larger tha
the size of a Transport Stream packet.

5 o X

A contingous sequence of PES packets of one elementary stream with one stream ID may be used to construct a PE

S
Stream. When PES packets are-used to form a PES stream, they shall include Elementary Stream Clock Referende
(ESCR) ffelds and Elementapy Stream Rate (ES_Rate) fields, with constraints as defined in 2.4.3.8. The PES stream dafa
shall be dontiguous bytes ffom'the elementary stream in their original order. PES streams do not contain some necessaty
system infformation whi€h-i§ contained in Program Streams and Transport Streams. Examples include the information in
]

eader, System Header, Program Stream Map, Program Stream Directory, Program Map Table, and elemen
of the Trdnsport Stream packet syntax.

=

The PES [Str€am is a logical construct that may be useful within implementations of this Recommendation | Internationg
Standard;] hdwever, it is not defined as a stream for interchange and interoperability. Applications requiring strean
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.

w»n

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
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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.

Intrl). 6 Conditional access

Encryption and scrambling for conditional access to programs encoded in the Program and Transport Streams is
supp¢rted by the system data stream definitions. Conditional access mechanisms are not specifiedtere. The sfream
definftions are designed so that implementation of practical conditional access systems is reasonable,and there are|some
syntafctical elements specified which provide specific support for such systems.

Intre¢. 7 Multiplex-wide operations

Multiplex-wide operations include the co-ordination of data retrieval of the chanf¢l} the adjustment of clocks, and the
management of buffers. The tasks are intimately related. If the rate of data delivery of the channel is controllable} then
data |delivery may be adjusted so that decoder buffers neither overflow/nor’underflow; but if the data rate is not
contrpllable, then elementary stream decoders must slave their timing t0 the data received from the channel to javoid
overflow or underflow.

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

Simillarly, Transport Streams are composed of Transport Stream packets with headers containing information which
specifies the times at which each byte is intended to enter a Transport Stream Decoder from the channel. This scHedule
provides exactly the same function as that which 1s specified in the Program Stream.

An additional multiplex-wide operation®is a decoder’s ability to establish what resources are required to decpde a
Trangport Stream or Program Streami-The first pack of each Program Stream conveys parameters to assist decodprs in
this fask. Included, for example,-are’ the stream’s maximum data rate and the highest number of simultaneous [video
chanmels. The Transport Stream likewise contains globally useful information.

The Transport Stream and\Program Stream each contain information which identifies the pertinent characteristics of, and
relatipnships betweens~the elementary streams which constitute each program. Such information may include the
langyage spoken incaudio channels, as well as the relationship between video streams when multi-layer video codiing is
implgmented.

Intr¢. 8 Individual stream operations (PES Packet Layer)

The principal stteam-specilic 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.

© ISO/IEC 2000 — All rights reserved

XV


https://standardsiso.com/api/?name=9e85adc0420d0fc8184b02d4ce210f11

ISO/IEC 13818-1:2000(E)

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,
and will be relatively long in most applications.

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 multiple elementary streams is accomplished with Presentation Time Stamps (PTS) in the
Program Stream and Transport streams. Tlme stamps are generally in units of 90 kHz, but the System Clock Reference
(SCR), tic—P eTT e CTTIICT
extensionk w1th a resolutron of 27 MHz. Decodmg of N- elementary streams is synchronrzed by adjusting the decodmg f
streams t¢ a common master time base rather than by adjusting the decoding of one stream to match that of another."THe
master tithe 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 basexThe time basgs
of differeht programs within a Transport Stream may be different.

Because PTSs apply to the decoding of individual elementary streams, they reside in the PES(packet layer of both th
Transpor{ Streams and Program Streams. End-to-end synchronization occurs when encoders\save time stamps at captu
time, whdn the time stamps propagate with associated coded data to decoders, and when décoders use those time stamy
to schedufle presentations.

©n O O

Synchronjzation of a decoding system with a channel is achieved through the use ofthe SCR in the Program Stream and
by its anglogue, the PCR, in the Transport Stream. The SCR and PCR are time stamps encoding the timing of the bjt
stream itdelf, and are derived from the same time base used for the audio afid video PTS values from the same progranj.
Since eadh program may have its own time base, there are separate PCR\fields for each program in a Transport Strea

containing multiple programs. In some cases it may be possible fof\programs to share PCR fields. Refer to 2.4.4,

Program Bpecific Information (PSI), for the method of identifyingwhich PCR is associated with a program. A progra
shall hav¢ one and only one PCR time base associated with it.

Intro. 8.3 Relation to compression layer

The PES packet layer is independent of the compression layer in some senses, but not in all. It is independent in the senge
that PES Jpacket payloads need not start at compression layer start codes, as defined in Parts 2 and 3 of ISO/IEC 13818.
For example, video start codes may occur anywhere within the payload of a PES packet, and start codes may be split by
PES pacKet header. However, time stampsyencoded in PES packet headers apply to presentation times of compressio
layer cogstructs (namely, presentation—~umits). In addition, when the elementary stream data conforms to ITU-
Rec. H.2¢2 | ISO/IEC 13818-2 or ISQ7/IEC 13818-3, the PES packet data bytes shall be byte aligned to the bytes of th
Recommgndation | International Standard.

©n B &

Intro. 9 System reference decoder

Part 1 of [SO/IEC 13818 employs a "System Target Decoder" (STD), one for Transport Streams (refer to 2.4.2) referred
to as "Trgnsport System Target Decoder" (T-STD) and one for Program Streams (refer to 2.5.2) referred to as "Prograin
System Tlarget Decoder" (P-STD), to provide a formalism for timing and buffering relationships. Because the STD {s
parametefized \in terms of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 fields (for example, buffer sizes) each elementary
stream ledds-to its own paramPtPri72tinn of the STD Encoders shall prndnr‘e bit streams that meet the npprnprinte STDIs
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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RNATIONAL STANDARD

ITU-T RECOMMENDATION

INFORMATION TECHNOLOGY - GENERIC CODING OF MOVING
PICTURES AND ASSOCIATED AUDIO INFORMATION: SYSTEMS

SE(

1.1

TION 1 — GENERAL

Scope

This [Recommendation | International Standard specifies the system layer of the coding\t“was developed principdlly to

supp
layer

An T
Both

Supp

prog
appr
envir

An 17

constructed in two layers: th€outermost layer is the system layer, and the innermost is the compression layer. The s
provides the functiefis necessary for using one or more compressed data streams in a system. The video and jpudio

layer
parts
not d|

1.2

TralJ:port Stream additionally supports/the multiplexing of video and audio compressed streams from my
ms with independent time bases. -For almost error-free environments the Program Stream is generally [more
priate, supporting software proeessing of program information. The Transport Stream is more suitable for yise in

supports five basic functions:

1) the synchronization of multiple compressed streams on decoding;

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

4) continuous buffer management; and

5) time identification.

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

rt multiplexing of video and audio compressed streams from one program with a common time base

bnments where errors are likely.

'U-T Rec. H.222.0 | ISQ/ITEC 13818-1 multiplexed bit stream, whether a Transport Stream or a Program Stre

of this Specifieation define the compression coding layer for audio and video data. Coding of other types of d

Normative references

rt the combination of the video and audio coding methods defined in Parts 2 and B' of ISO/IEC 13818. The system

eam.

streams are constructed from PES packets and packets containing other necessary information. Both stream|types

The
Itiple

m, is

ystem

ata is

efined by thissSpecification, but is supported by the system layer provided that the other types of data adhere fo the
constraints defined'in 2.7.

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

valid

1.21

ITU-T Recommendations.

Identical Recommendations | International Standards

— ITU-T Recommendation H.262 (2000) | ISO/IEC 13818-2:2000, Information technology — Generic

coding of moving pictures and associated audio information: Video.
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1.2.2

1.2.3

Paired Recommendations | International Standards equivalent in technical content

ITU-T Recommendation T.171 (1996), Protocols for interactive audiovisual services: coded represen-

tation of multimedia and hypermedia objects.

ISO/IEC 13522-1:1997, Information technology — Coding of multimedia and hypermedia information —

Part 1: MHEG object representation — Base notation (ASN.1).

Additional references

ISO 639-2:1998, Codes for the representation of names of languages — Part 2: Alpha-3 code.

ISO 8859-1:1987, Information processing — 8-bit single-byte coded graphic character sets — Part 1:
alphabet No. 1.

ISOAEC 11172-1-1993  Information fpr*hnn]ng\) — ('n/]ing of moving pictures and associated aud,

Latin

o for

SE(

TION>2 — TECHNICAL ELEMENTS

digital storage media at up to about 1,5 Mbit/s — Part 1: Systems.

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

ISO/IEC 11172-3:1993, Information technology — Coding of moving pictures and a$sdciated aud)
digital storage media at up to about 1,5 Mbit/s — Part 3: Audio.

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

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

ISO/IEC 13818-7:1997, Information technology — Generic coding of moving pictures and assoq
audio information — Part 7: Advanced Audio Coding (AAC)

ISO/IEC 14496-1:1999, Information technology — Coding of qudio-visual objects — Part 1: Systems
ISO/IEC 14496-2:1999, Information technology — Coding.of audio-visual objects — Part 2: Visual
ISO/IEC 14496-3:1999, Information technology — Coding of audio-visual objects — Part 3: Audio

ISO/IEC 14496-3:1999/Amd.1:2000, Information-technology — Coding of audio-visual objects — P
Audio, Amendment 1: Audio extensions

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 receivers
range 500-3000 MHz.

CCITT Recommendation J.17 (1988), Pre-emphasis used on sound-programme circuits.

IEEE Standard 1180:1990, Standard Specification for the Implementations of 8 by 8 Inverse Di.
Cosine Transform.

IEC Publication 60908:1987, Compact disc digital audio system.

0 for

o for

iated

iated

iated

rt 3:

n the

crete

2.1

Definitions

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

2.1.1

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

In the case of video, an access unit includes all the coded data for a picture, and any stuffing that follows it, up to but not
including the start of the next access unit. If a picture is not preceded by a group start code or a sequence header code,
the access unit begins with the picture start code. If a picture is preceded by a group start code and/or a
sequence_header code, the access unit begins with the first byte of the first of these start codes. If it is the last picture
preceding a sequence end code in the bitstream, all bytes between the last byte of the coded picture and the
sequence_end_code (including the sequence end code) belong to the access unit.
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2.1.2 bitrate: The rate at which the compressed bit stream is delivered from the channel to the input of a decoder.

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

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

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

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

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

2.1.8 constrained system parameter stream; CSPS (system): A Program Stream for which the constraints.d¢fined

in 2.7.9 of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 apply.

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

2.1.1)  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.

2.1.18  decoding (process): The process defined in ITU-T Rec. H.222.0 | ISO/IEC 13818-1 that reads an input ¢oded
bit stteam and outputs decoded pictures or audio samples.

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

2.1.1p  digital storage media (DSM): A digital storage or tranismission device or system.
2.1.1p DSM-CC: Digital storage media command and eontrol.

2.1.1]  entitlement control message (ECM):~Entitlement Control Messages are private conditional gccess
inforation which specify control words and possibly other, typically stream-specific, scrambling and/or cntrol
pararpeters.
2.1.18  entitlement management message (EMM): Entitlement Management Messages are private conditional gccess
information which specify the authorization levels or the services of specific decoders. They may be addressed to $ingle

decodlers or groups of decoders.

2.1.1p  editing: The proeess’by which one or more compressed bit streams are manipulated to produce g new
compjressed bit stream. Edited bit streams meet the same requirements as streams which are not edited.

2.1.2)  elementary-stream; ES (system): A generic term for one of the coded video, coded audio or other codgd bit
streains in PES packets. One elementary stream is carried in a sequence of PES packets with one and only one strearh_id.

2.1.20  FElementary Stream Clock Reference; ESCR (system): A time stamp in the PES Stream from hich
decodlers 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 reads a stream of
input pictures 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 redundancy.

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

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.
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2.1.27  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.

2.1.28 (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.

2.1.29 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.

2.13

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

2.1.38  padding (audio): A method to adjust the average length of an audio frame in time to\thé duration ¢f the
correpponding 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 payldad of
some| Transport Stream packets includes a PES packet header and its PES packet data®Bytes, or pointer field and PSI
sectigns, or private data; but a PES packet payload consists of only PES packet data bytes. The Transport Sfream
packgt header and adaptation fields are not payload.

2.1.35  PES (system): An abbreviation for Packetized Elementary Stream,

2.1.3p  PES packet (system): The data structure used to carry elemertary stream data. A PES packet consists of § PES
packg¢t header followed by a number of contiguous bytes from an elementary data stream. It is a layer in the system
coding syntax described in 2.4.3.6 of ITU-T Rec. H.222.0 | ISO/IE€J3818-1.

2.1.3] PES packet header (system): The leading fields in a PES packet up to and not including the

PES [packet data byte fields, where the stream is not a padding stream. In the case of a padding stream the PES packet
headgr is similarly defined as the leading fields in a PES‘packet up to and not including padding_byte fields.

2.1.38 PES Stream (system): A PES Stream,consists of PES packets, all of whose payloads consist of data ffom a
singl¢ elementary stream, and all of which-lave the same stream id. Specific semantic constraints apply. Refer to
Intro} 4 of ITU-T Rec. H.222.0 | ISO/IEC 13818-1.

2.1.3D  presentation time-stamp; PIS (system): A field that may be present in a PES packet header that indicats the
time fhat a presentation unit is presented in the system target decoder.

2.1.4) presentation unit; PU (system): A decoded Audio Access Unit or a decoded picture.
2.1.4]1 program (system): A program is a collection of program elements. Program elements may be elemgntary
streafns. Program elemeénts need not have any defined time base; those that do, have a common time base and are

intenfled for synchronized presentation.

2.1.42  Program Clock Reference; PCR (system): A time stamp in the Transport Stream from which decoder tjming
is detived:

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

2.1.44 Program Specific Information; PSI (system): PSI consists of normative data which is necessary for the
demultiplexing of Transport Streams and the successful regeneration of programs and 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 that the value

may be used 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".
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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.

2.1.51  STD input buffer (system): A first-in first-out buffer at the input of a system target decoder for storgge of
compressed data from elementary streams before decoding.

2.1.5p  still picture: A coded still picture consists of a video sequence containing exactly one coded picture which is
intradcoded. This picture has an associated PTS and the presentation time of succeeding pictures, if any, is later thap that
of thg still picture by at least two picture periods.

2.1.58 system header (system): The system header is a data structure defined in 2.5.3:5 of ITU-T Rec. H.2P2.0 |
ISO/AEC 13818-1 that carries information summarizing the system characteristi¢s’ ,of ITU-T Rec. H.222.0 |
ISO/REC 13818-1 Program Stream.

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

2.1.55 system target decoder; STD (system): A hypothetical refererice)model of a decoding process used to define
the s¢mantics of an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 multiplexedbit stream.

2.1.5p time-stamp (system): A term that indicates the time of‘\a”specific action such as the arrival of a byte ¢r the
presentation of a Presentation Unit.

2.1.5] Transport Stream packet header (system): The leading fields in a Transport Stream packet, up t¢ and
inclugling the continuity counter field.

2.1.58  variable bitrate: An attribute of Transpott Streams or Program Streams wherein the rate of arrival of byjtes at
the irfput to a decoder varies with time.

2.2 Symbols and abbreviations

The mathematical operators used to-describe this Recommendation | International Standard are similar to those uged in
the (-programming language—~However, integer division with truncation and rounding are specifically defined| The
bitwipe operators are defin€d-assuming two’s-complement representation of integers. Numbering and counting [loops
genetjally begin from 0.

221 Arithmetic operators
+ Addition

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

£ Tnerement

-— Decrement
Oor x  Multiplication
" Power

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

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

DIV Integer division with truncation of the result towards —oo
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2.2.2

2.2.3

224

2.2.5

2.2.6

%
Sign()

NINT() Nearest integer operator. Returns the nearest integer value to the real-valued argument. Half-integer

Modulus operator. Defined only for positive numbers.

Sign(x) = 1 x>0
0 x==0
-1 x<0

values are rounded away from 0.

sin Sine

cos Cosine

exp Exponential

v Square root

logio Logarithm to base ten
loge Logarithm to base e

Logical operators

I
&&

Logical OR
Logical AND
Logical NOT

Relational operators

>

=

Greater than

Greater than or equal to
Less than

Less than or equal to
Equal to

Not equal to

max [,...,] The maximum value in the argument list

min [,...,] The minimum value in thelargument list

Bitwise operators

& AND

| OR

>> Shift right' with sign extension
<< Shiftleft with 0 fill
Assignment

= Assignment operator
Mnemonics

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

bslbf

ch
ar

main_data

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

Channel

Granule of 3 [132 sub-band samples in audio Layer II, 18 [J32 sub-band samples in audio
Layer III.

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

ITU-T Rec. H.222.0 (2000 E)
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main_data_beg

part2_length
rpchof

sb

scfsi

switch_point_1

switch_point s

ISO/IEC 13818-1 : 2000 (E)

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.

This value contains the number of main_data bits used for scale factors
Remainder polynomial coefficients, highest order first

Sub-band

Scalefactor selector information

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

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

tcimsbf
uimsbf
viclbf

window

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

2.2.7 Constants

23 Method of describing bit stream syntax

) 3.14159265359
e 2.71828182845

switching is used
Two’s complement integer, msb (sign) bit first
Unsigned integer, most significant bit first

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

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

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

It is described by its name, its length in bits, and a mnemonic £or'its type and order of transmission.

The #action caused by a decoded data element in a bit stream depends on the value of that data element and or data
elemg¢nts previously decoded. The decoding of the data elements and definition of the state variables used in| their
decodling are described in the clauses containing,thé semantic description of the syntax. The following constructs are

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

Note|this syntax uses the "C"-code convention'that a variable or expression evaluating to a non-zero value is equiyalent

to a dondition that is true:

whilg ( condition ) {
dafa_element

}

do {
data_element

}

whilq ( condition )

if ( cpridition ) {

If the gondition is true, then the group of data elements occurs next in the data stream| This
repedts until the condition is not true.

The data element always occurs at least once. The data element is repeated unt]l the
condition is not true.

If the condition is true, then the first group of data elements occurs next in the data stream.

data_element

}

else {
data_element

}

for 1=0;1<n;i++) {
data_element

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

The group of data elements occurs n times. Conditional constructs within the group of data
elements may depend on the value of the loop control variable i, which is set to zero for the
first occurrence, incremented to 1 for the second occurrence, and so forth.
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https://standardsiso.com/api/?name=9e85adc0420d0fc8184b02d4ce210f11

ISO/IEC 13818-1 : 2000 (E)

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 [l][m][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.

Whilp—the—syntax—is—expressed—n—procedural—terms—H—should—not—be—assumed—tha her—Fisyre or—Fisure 2-2
implgments a satisfactory decoding procedure. In particular, they define a correct and error-free input bitstream, ¥ ctual
decodlers must include a means to look for start codes and sync bytes (Transport Stream) in order to begin decpding
correftly, and to identify errors, erasures or insertions while decoding. The methods to identify these situations, and the
actiops 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 compined
into [a single stream. Data from each elementary stream are multiplexed together with information that gllows
synchronized presentation of the elementary streams within a program.

A Trgnsport Stream consists of one or more programs. Audio and video el€émentary streams consist of access units.

Elempntary Stream data is carried in PES packets. A PES packet consists of a PES packet header followed by gacket
data.|PES packets are inserted into Transport Stream packets. Théfirst byte of each PES packet header is located pt the
first gvailable payload location of a Transport Stream packet.

The PES packet header begins with a 32-bit start-code that-also identifies the stream or stream type to which the gacket
data pelongs. The PES packet header may contain deecading and presentation time stamps (DTS and PTS). Thq PES
packgt header also contains other optional fields. The PES packet data field contains a variable number of contiguous
bytes| from one elementary stream.

Trangport Stream packets begin with a 4-byte prefix, which contains a 13-bit Packet ID (PID), defined in Table 2-3. The
PID |dentifies, via the Program Specific, Information (PSI) tables, the contents of the data contained in the Trapsport
Strean packet. Transport Stream packets of one PID value carry data of one and only one elementary stream.

The BSI tables are carried in the Ttransport Stream. There are four PSI tables:
e Program Asseciation Table;

e  Program Map Table;

¢ Conditional Access Table;

¢ Network Information Table.

Thes¢ tables contain the necessary and sufficient information to demultiplex and present programs. The Program Map
Tablg, 41) Table 2-28, specifies, among other information, which PIDs, and therefore which elementary streanjs are
associated tfo form each program. This table also indicates the PID of the Transport Stream packets which carry the PCR
for each program. The Conditional Access Table shall be present if scrambling is employed. The Network Information
Table is optional and its contents are not specified by this Recommendation | International Standard.

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

This Recommendation | International Standard does not specify the coded data which may be used as part of conditional
access systems. This Specification does, however, provide mechanisms for program service providers to transport and
identify this data for decoder processing, and to reference correctly data which are specified by this Specification. This
type of support is provided both through Transport Stream packet structures and in the conditional access table (refer to
Table 2-27 of the PSI).
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2.4.2 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.

i-th byte of
Transport Stream
0 RX1 RbX1 A1 (J) Video 01
i PL{k)
td; () ]
| tp3 (k)
TB1 MB1 EB1 P I D1 o}
; x
j-th access unit k-th presentation unit
2 RX,, Adn((J'J)) Audio
° td, (j
v P, (kK
v_ I e, TBn Bn k n( )
t(i) tp,, (K)
RXsys Rsys
TBays Biys Dy, System control
TISO5810-95/d06

Figure 2-1 — Transpokt-Stream system target decoder notation

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

L,1,1 are indicesto bytes in the Transport Stream. The first byte has index 0.
j is an index to access units in the elementary streams.

k, k', k" are.ndices 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(1) indicates the time in seconds at which the i-th byte of the Transport Stream enters the system farget

1

d dax 1 O\ 3e—a1- it font
GCCOOCT O VartC— o sanarortrar y Constant

PCR(i) is the time encoded in the PCR field measured in units of the period of the 27 MHz system clock
where 1 is the byte index of the final byte of the program_clock reference base field.

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

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

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

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

Fa(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.

Bsys 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.

2.4.2

Timi}
2.4.3
fieldd
in thd

Pract

minipum constraints. which apply to the program’s system clock frequency as represented by the values of the

fieldd
The Y

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

AW apIAl ratlo 2 £ R = I A

lVlUun IS5 UIV S1IZLV UL lVlUn, TIIVAsSuIrvu IIr U.y o,

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

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

TB is the transport buffer for system information for the program that is in the process.of being deco

sys
TBSgys is the size of TBgys, measured in bytes.

is the transport buffer for elementary stream n.

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

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

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

is the rate at which data are removed from Byys.

is the rate at which data are removed from TB,

~ ~ O O U 43 H
GEFSTT 8

is the rate at which PES packet payload data’are removed from MB,, when the leak method is
Defined only for video elementary streams:

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

Rxgys The rate at which data are removed from TBgys.
Reg The video elementary stréam rate coded in a sequence header.
1 System clock frequency

g information referenced in'the T-STD is carried by several data fields defined in this Specification. Re
4 and 2.4.3.6. In PCR fields-this information is coded as the sampled value of a program’s system clock. The
are carried in the adaptation field of the Transport Stream packets with a PID value equal to the PCR_PID dg
TS program map section of the program being decoded.

cal decoders may reconstruct this clock from these values and their respective arrival times. The followin

when they are received by a decoder.

alue ofrthe system clock frequency is measured in Hz and shall meet the following constraints:

ded.

used.

nod is

fer to
PCR
fined

g are
PCR

27000000 = 810 < system clock frequency < 27 000000 + 810

rate of change of system_clock frequency with time < 75 x 1073 Hz/s

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

A program’s system_clock frequency may be more accurate than required. Such improved accuracy may be transmitted
to the decoder via the System clock descriptor 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.

10
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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.

2.4.2.2 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 TFSTD is defined by decoding the program clock reference (PCR) fields in the input stream, encoded in the Trafsport
Strean packet adaptation field of the program to be decoded and by counting the bytes in the complete Transport Sfream
betwgen successive PCRs of that program. The PCR field (see equation 2-1) is encoded in two parts: one, in‘units pf the
period of 1/300 times the system clock frequency, called program_clock reference base (see equation 2-2); and ¢ne in
units|of the system clock frequency called program clock reference extension (see equation 2-3). Thevalues encoded in
these| are computed by PCR_base(i) (see equation 2-2) and PCR_ext(i) (see equation 2-3) respectively. The [value
encodled in the PCR field indicates the time t(i), where i is the index of the byte containing the last bit gf the
progiam_clock reference base field.

Specifically:

PCR(i) = PCR_base(i) x 300 + PCR_ext() 2-1)

wherg:
PCR _base(i) = ((system_clock_frequency~x t(i)) DIV 300) % 233 2-2)
PCR_ext(i) = ((system_clock_ fréquency x 1(i)) DIV 1) % 300 2-3)

For 4l other bytes the input arrival time, t(i) showr_in equation 2-4 below, is computed from PCR(i") and the tragjsport
rate 4t which data arrive, where the transport raté.is determined as the number of bytes in the Transport Stream befween
the bltes containing the last bit of two successive program clock reference base fields of the same program divided by
the djfference between the time values encoded in these same two PCR fields.

PCR(" i =i
t(H'\= (") + - 2-4)
system_clock _frequency ~ transport rate (i)
wherg:
i is'the index of any byte in the Transport Stream for i" < i < i'.
i" is the index of the byte containing the last bit of the most recent program_clock reference basq field

applicable to the program being decoded.

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

clock

The transport rate is given by

' (@' = i") x system_clock_frequency)
transport_rate(i) = PCR(i) — PCR(")

(2-5)

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<{
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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
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

Tran:
indic
cann
the T|
and t
Streal
possi|
conty
straig

2.4.2

Comj
transj
Tran:
buffe

All b|
or its
buffe]
Tran:

The §

wher¢

Rmax

| ISO
profi

Rx,
maxi

port Streams may contain multiple programs which have independent time bases. Separate sets Sf\PCH
hited by the respective PCR_PID values, are required for each such independent program, and therefore the

t be co-located. The Transport Stream rate is piecewise constant for the program entering the T-STD. Theref
ransport Stream rate is variable it can only vary at the PCRs of the program under considerationSince the |
herefore the points in the transport Stream where the rate varies, are not co-located, the rate,afwhich the Trar
m enters the T-STD would have to differ depending on which program is entering the T*SSTD. Therefore, it
ble to construct a consistent T-STD delivery schedule for an entire Transport Stream when that Transport S
ins multiple programs with independent time bases and the rate of the Transport Stream is variable.
htforward, however, to construct constant bit rate Transport Streams with multiple“yariable rate programs.

3 Buffering

plete Transport Stream packets containing data from elementary streath¢h, as indicated by its PID, are passed
port buffer for stream n, TB,. This includes duplicate TranspoptyStream packets and packets with no paj
fer of the i-th byte from the system target decoder input to TB, is instantaneous, so that the i-th byte ente
I for stream n, of size TBS,, at time t(i).

ytes that enter the buffer TB,, are removed at the rate Rxg specified below. Bytes which are part of the PES y
contents are delivered to the main buffer B;, for audig\elémentary streams and system data, and to the multipl,
I MB,, for video elementary streams. Other bytegare not, and may be used to control the system. Dup
port Stream packets are not delivered to B,, MBj'0r Byys.

uffer TB,, is emptied as follows:
—  When there is no data in TBg; RX,, is equal to zero.

—  Otherwise for video:

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

[ profile, level]4s specified according to the profile and level which can be found in Table 8-13 of ITU-T Rec. 1
IEC 13818-2>-This Table specifies the upper bound of the rate of each elementary video stream within a sp
e and levél,

s equal to 1, 2 X Ry for ISO/IEC 11172-2 constrained parameter video streams, where R,y refers {
mum bitrate for a Constrained Parameters bitstream in ISO/IEC 11172-2.

(s, as
PCRs
re, if
CRs,
Isport
IS not
[ream
It is

to the
load.
s the

acket
exing
licate

H.262
ecific

o the

For ISO/IEC 13818-7 ADTS audio,

12

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

3-8 5529 600

9-12 8294 400

13-48 33 177 600
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Channels: channels that require their own decoder buffer in this elementary stream (i.e. individual channel streams in a
single channel element or channel pair element and independently switched coupling channel elements).

For other audio,

Rx, =2 % 10% 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

alues

syste
are 0

prog
not t
Bytes
Dupl

Tran

The transport buffer size is fixed at 512 bytes.

The
carrig
ITU-

The 1

For I

wher

and H

and
level
headgs

For H

s tiallbl)\}lt Luff\.d, TBsys, at tll\.« TlallDPUJ‘t Stl\.«alll lat\u. Tll\.«b\a ;uuludu Tlauoyuft Stl\.«alll yau}\uto W}JUDU PID
or 1, and all Transport Stream packets identified via the Program Association Table (see Table 2-25) as havit
m_map_PID value for the selected program. Network Information Table (NIT) data as specified by the NI
nsferred to TBygys.

are removed from TBgys at the rate Rxgys and delivered to Bgys. Each byte is transferred instantaneously.
cate Transport Stream packets are not delivered to Bgys.

port packets which do not enter any TB), or TBgys are discarded.

blementary stream buffer sizes EBS; through EBS,, are defined for video,as.equal to the vbv_buffer size a
d in the sequence header. Refer to Summary of Constrained Parameters™inh ISO/IEC 11172-2 and Table 84
[ Rec. H.262 | ISO/IEC 13818-2.

hultiplexing buffer size MBS, through MBS, are defined for videoas follows:

ow and Main level

MBS, = BSqux + BSon + VBV uxlprofile, level] — vbv_buffer size

e BSonh, PES packet overhead buffering is defined as:

BSoh = (1/750) seconds x Rpyx[profile, level]

Smux> additional multiplex buffering is defined as:

BSux = 0.004 seconds X Ryax[profile, level]

vhere VBV hax[prefilé, level] is defined in Table 8-14 in ITU-T Rec. H.262 | ISO/IEC 13812-2 and Ryax[p1
is defined in/Mable 8-13 in ITU-T Rec. H.262 | ISO/IEC 13818-2, and vbv buffer size is carried in the seq
1 described itp6:2.2 of ITU-T Rec. H.262 | ISO/IEC 13818-2.

[igh 1440-and High level

MBS, = BSyux + BSon

1g the
ID is

b it is
14 of

ofile,
ilence

where BS,, is defined as:

BSon = (1/750) seconds X Rpyax[profile, level]

and BS,,x is defined as:

BSiux = 0.004 seconds x Rpy.¢[profile, level]

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

ITU-T Rec. H.222.0 (2000 E)

13


https://standardsiso.com/api/?name=9e85adc0420d0fc8184b02d4ce210f11

ISO/IEC 13818-1 : 2000 (E)

For Constrained Parameters ISO/IEC 11172-2 bitstreams

MBS, = BSjux + BSon + vbv_max — vbv_buffer size

where BS,, is defined as:

BSon = (1/750) seconds X Rpax

and BS;,,x is defined as:

BS;ux = 0.004 seconds X Rpax

and ywhere Rp,x and vbv_max refer to the maximum bitrate and the maximum vbv_buffer size for a.Constfained
Pararpeters bitstream in ISO/IEC 11172-2 respectively.

A partion BS;,,x = 4 ms x Ry.[profile, level] of the MBS, is allocated for buffering to @low multiplexing} The
remajnder is available for BS,}, and may also be available for initial multiplexing.

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

—-

Buffér BS,
The 1hain buffer sizes BS| through BS,, are defined as follows.
Audip

For ISO/IEC 13818-7 ADTS audio,

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

Chanhels: channels that\require their own decoder buffer in this elementary stream (i.e. individual channel streamf in a
singl¢ channel elem€nt-or channel pair element and independently switched coupling channel elements).

For other audie;

BS; = BSpux + BSdec + BSon = 3584 bytes

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

BSgec + BSon < 2848 bytes

A portion (736 bytes) of the 3584 byte buffer is allocated for buffering to allow multiplexing. The rest, 2848 bytes, are
shared for access unit buffering BS4.., BS,h, and additional multiplexing.

Systems

The main buffer Bgy for system data is of size BSgys = 1536 bytes.
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Video

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

Leak method

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

e the STD descriptor (refer to 2.6.32) for the elementary stream is not present in the Transport Stream;

e the STD descriptor is present and the leak valid flag has a value of '1";

e the STD descriptor 1s present, the leak valid has a value of '0", and the vbv_delay fields coded in the [video
stream have the value OXFFFF; or

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

For Ijow and Main level:

Rbx, = Rpax[profile, level]

For High-1440 and High level:

Rbx, = Min {1.05 x Rgg, Ryax[profile, level]}

For (Jonstrained Parameters bitstream in ISO/IEC 11172-2:

Rbx, = 1,2 X Ryx

wherg R,« is the maximum bit rate for a Constrained Parafueters bitstream in ISO/IEC 11172-2.

If thare is PES packet payload data in MB,,, and buffér*EB,, is not full, the PES packet payload is transferred from{ MB,
to EB, at a rate equal to Ryy. If EB,, is full, data*are not removed from MB,,. When a byte of data is transferred| from
MB,|to EB,, all PES packet header bytes that-are in MB,, and immediately precede that byte, are instantangously
remojed and discarded. When there is no PES packet payload data present in MB,,, no data is removed from MB},. All
data fhat enters MB,, leaves it. All PES packet payload data bytes enter EB,, instantaneously upon leaving MB,,

Vbv |delay method

The ybv_delay method specifies precisely the time at which each byte of coded video data is transferred from MB,, to
EB,,|using the vbv_delay &alues coded in the video elementary stream. The vbv_delay method is used whenev¢r the
STD |descriptor (refer to/2.6.32) for this elementary stream is present in the Transport Stream, the leak valid flag |n the
descifiptor has the value)'0', and vbv_delay fields coded in the video stream are not equal to OXFFFF. If any vbv |delay
valugs in a video._sequence are not equal to OXFFFF, none of the vbv_delay fields in that sequence shall be eqpal to
OxFFFF (refer toISO/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 BBy at ‘the time td,(j) — vbv_delay(j), where tdy(j) is the decoding time of picture j, as defined above, and
va_1elav(j\ is the delav time in seconds indicated by the vhv_delav field of pi(‘tnrej The transfer of bytes betweén the
final bytes of successive picture start codes (including the final byte of the second start code), into the buffer EB,, is at a
piecewise constant rate, Rp(j), which is specified for each picture j. Specifically, the rate, Ryy(j), of transfer into this
buffer is given by:

Rpx(j) = NB(j) / (vbv_delay(j) — vbv delay(j + 1) + td,(G + 1) — tdy(j)) (2-6)

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

NOTE 2 — vbv_delay(j + 1) and td,(j + 1) may have values that differ from those normally expected for periodic video display if
the low_delay flag in the video sequence extension is set to 'l'. It may not be possible to determine the correct values by
examination of the bit stream.
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The Rpx(j) derived from equation 2-6 shall be less than or equal to R,x[profile, level] for elementary streams of stream
type 0x02 (refer to Table 2-29), where Ry .«[profile, level] is defined in ITU-T Rec. H.262 | ISO/IEC 13818-2, and shall
be less than or equal to the maximum bit rate allowed for constrained parameter video elementary streams of stream
type 0x01, refer to ISO/IEC 11172-2.

When a byte of data is transferred from MB, to EB,, all PES packet header bytes that are in MB,, and immediately
precede that byte are instantaneously removed and discarded. All data that enters MB,, leaves it. All PES packet payload
data bytes enter EB,, instantaneously upon leaving MB,,.

Removal of access units

For each elementary stream buffer EB,, and main buffer B, all data for the access unit that has been in the buffer longest,
Ay} and any stuffing bytes that immediately precede it that are present in the buffer at the time td,(j) are renpoved
instamtaneously at time td,(j). The decoding time td,(j) is specified in the DTS or PTS fields (refer to 2.4.3.6).(Decpding
timeq td,(j + 1), tdy( + 2), ... of access units without encoded DTS or PTS fields which directly follow access-unit j may
be d¢rived from information in the elementary stream. Refer to Annex C of ITU-T Rec. H.262 | ISO/IEC 13§18-2,
ISONEC 13818-3, or ISO/IEC 11172. Also refer to 2.7.5. In the case of audio, all PES packet headers that are §tored
immddiately before the access unit or that are embedded within the data of the access unit are removed simultangously
with the removal of the access unit. As the access unit is removed it is instantaneously decoded td aypresentation unif.

Systgm data

In th¢ case of system data, data is removed from the main buffer By at a rate of Rgys whenever there is at least | byte

availgble in buffer Bgys.

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

NPTE 3 — The intention of increasing Rgyg in the case of high transport rates is to allow an increased data rate for the Prpgram
Specific Information.

Low |delay

When the low delay flag in the video sequenée extension is set to 'l' (see 6.2.2.3 of ITU-T Rec. H.pP62 |
ISO/NEC 13818-2) the EB, buffer may underflow. In this case, when the T-STD elementary stream buffer E[B, is
examined at the time specified by td,(j), thercomplete 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,, instantanegusly.
Overflow of buffer EB,, shall not occur.

When the low_delay mode flag,is set to 'l', EB, underflow is allowed to occur continuously without limit. The TFSTD
decodler shall remove access-unit data from buffer EB,, at the earliest time consistent with the paragraph above and any
DTS lor PTS values encéded in the bit stream. Note that the decoder may be unable to re-establish correct decodingg and
display times as indicated by DTS and PTS until the EB,, buffer underflow situation ceases and a PTS or DTS is foynd in
the bt stream.

Trick mode

When the DSM trick mode flag (2.4.3.6) is set to 'l' in the PES Packet header of a packet containing the starf of a
B-type video access unit and the trick_ mode_control field is set to '001' (slow motion) or '010' (freeze frame), or '100'
(slow reverse) the B-picture access unit is not removed from the video data buffer EB,, until the last time of possibly
multiple times that any field of the picture is decoded and presented. Repetition of the presentation of fields and pictures
is defined in 2.4.3.8 under slow motion, slow reverse, and field id cntrl. The access unit is removed instantaneously
from EB,, at the indicated time, which is dependent on the value of rep_cntrl.

When the DSM_trick_mode flag is set to 'l1' 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 removed from buffer EB,,.
Trick mode status remains true until a PES packet header is received by the T-STD in which the DSM_trick_mode flag
is set to '0' and the first byte of the picture start code after that PES packet header is removed from buffer EB,,. When
trick mode status is true, the buffer EB,, may underflow. All other constraints from normal streams are retained when
trick mode status is true.
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2.4.2.4 Decoding

Elementary streams buffered in B through B, and EB; through EB, are decoded instantaneously by decoders D;
through D, and may be delayed in re-order buffers O; through O, before being presented at the output of the T-STD. Re-
order buffers 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-ordered before presentation. In particular, if P,(k) is an I-picture
or a P-picture carried before one or more B-pictures, then it must be delayed in the re-order buffer, O,, of the T-STD
before being presented. Any picture previously stored in O, is presented before the current picture can be stored. Py (k)
should be delayed until the next [-picture or P-picture is decoded. While it is stored in the re-order buffer, the subsequent
B-pictures are decoded and presented.

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

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

2.4.2]5 Presentation

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

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

In the T-STD the output of an audio presentation unit starts at its presentation time, tp,(k), when the defoder
instamtaneously presents the first sample. Subsequent samplesCini’the presentation unit are presented in sequence pt the
audiq sampling rate.

2.4.2{6 Buffer management

Trangport Streams shall be constructed so that-gonditions defined in this subclause are satisfied. This subclause makes
use off the notation defined for the System Target’Decoder.

TB,, pnd TBgys shall not overflow. TBy‘and TBgys shall empty at least once every second. B, shall not overflow nor
undefflow. Bgys shall not overflow.

EB,, phall not underflow except when the low delay flag in the video sequence extension is set to 'l' (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 foryspecifying transfers is in effect, MB,, shall not overflow, and shall empty at least once [every
secorjd. EB,, shall not‘everflow.

When the vbv deldy method for specifying transfers is in effect, MB,, shall not overflow nor underflow, and EB,| shall
not operflow,

The delay‘of any data through the System Target Decoder buffers shall be less than or equal to one second except fof
still picture video data and ISO/IEC 14496 streams. Specifically: td.,(j) — t(i) < 1 second for all j, and all bytes i in a¢cess
unit A,(j).

For still picture video data, the delay is constrained by td,(j) — t(i) £ 60 seconds for all j, and all bytes i in access
unit A, ().

N

For ISO/IEC 14496 streams, the delay is constrained by td,(j)-t(i) < 10 second for all j, and all bytes i in access
unit A, ().

Definition of overflow and underflow
Let F(t) be the instantaneous fullness of T-STD buffer B,,.

F,(t) = 0 instantaneously before t = t(0)
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Overflow does not occur if

F, () < BS,

for all t and n.

Underflow does not occur if

0 < F, ()

foralltandn

2.4.2{7 T-STD extensions for carriage of ISO/IEC 14496 data

For decoding of ISO/IEC 14496 data carried in a Transport Stream the T-STD model is extended. T-STD_parametdrs for
decodling of individual ISO/IEC 14496 elementary streams are defined in subclause 2.11.2, while.subclause 3.11.3
defings T-STD extensions and parameters for decoding of ISO/IEC 14496 scenes and associated streams.

243 Specification of the Transport Stream syntax and semantics

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

2.4.3{1 Transport Stream
See Table 2-1.

Table 2-1 — Transport Stream

Syntax No. of bits Mnemonic

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

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
tranpport_packet()¥
syne_byte 8 bslbf
transport_error_indicator 1 bslbf
payload_unit_start_indicator 1 bslbf
transport_priority 1 bslbf
PID 13 uimsbf—
transport_scrambling_control 2 bslbf
adaptation_field_control 2 bslbf
continuity counter 4 uimsbf
if(adaptation_field control =="'10'|| adaptation_field control =="11"){
adaptation_field()
h
if(adaptation_field control =="'01" || adaptation field control =="11") {
for (1=0; i <N;it+){
data_byte 8 bslbf
b
}
b
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2.4.3.3 Semantic 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 for other regularly occurring fields, such as PID, should be avoided.

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

payload_unit_start_indicator — The payload unit start indicator is a 1-bit flag which has normative meaning for
Transport Stream packets that carry PES packets (refer to 2.4.3.6) or PSI data (refer to 2.4.4).

When_the payload of the Transport Stream packet contains PES packet data, the payload unit_start indicator has the
folloywing significance: a 'l' indicates that the payload of this Transport Stream packet will commence with the firsf byte
of al PES packet and a '0' indicates no PES packet shall start in this Transport Stream packét.)) If the
payldad unit_start indicator is set to 'l', then one and only one PES packet starts in this Transport Streampacket| This
also dpplies 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 _indieator has the follpwing
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
Trangport Stream packet does not carry the first byte of a PSI section, the payload unit start-indicator value shall pe '0',
indicpting 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
streain_type 5 (refer to Table 2-29).

For null packets the payload unit_start indicator shall be set to '0'.
The 1heaning of this bit for Transport Stream packets carrying only private data is not defined in this Specification.

trandport_priority — The transport_priority is a 1-bit indicator. Whenrset to '1' it indicates that the associated padket is
of greater priority than other packets having the same PID which do'not have the bit set to 'l1'. The transport mechanism
can Use this to prioritize its data within an elementary stream.Dépending on the application the transport priority field
may bpe coded regardless of the PID or within one PID only. TFhis field may be changed by channel specific encodprs or
decodlers.

PID |- The PID is a 13-bit field, indicating the type of the data stored in the packet payload. PID value 0x0Q00 is
reseryed for the Program Association Table (seg Table 2-25). PID value 0x0001 is reserved for the Conditional Alccess
Tablg (see Table 2-27). PID values 0x0002 = 0x000F are reserved. PID value Ox1FFF is reserved for null packetf (see
Tablg 2-3).

Table 2-3 — PID table

Value Description
0x0000 Program Association Table
0x0001 Conditional Access Table
0x0002 Transport Stream Description Table
Dx0003-0x000F Reserved
0x00010 May be assigned as network PID, Program _map PID, elementary PID, or for other purposes
OXIFFE
Ox1FFF Null packet
NOTE - The transport packets with PID values 0x0000, 0x0001, and 0x0010-0x1FFE are allowed to carry a PCR.

transport_scrambling_control — This 2-bit field indicates the scrambling mode of the Transport Stream packet payload.
The Transport Stream packet header, and the adaptation field when present, shall not be scrambled. In the case of a null
packet the value of the transport_scrambling_control field shall be set to '00' (see Table 2-4).
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Table 2-4 — Scrambling control values

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

adapjtation_field_control — This 2-bit field indicates whether this Transport Stream packet header ispfollowed

adapt

ation field and/or payload (see Table 2-5).

Table 2-5 — Adaptation field control values

by an

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-
adapt
shall

[ Rec. H.222.0 | ISO/IEC 13818-1 ydeécoders shall discard Transport Stream packets with
ation_field control field set to a value of '00.. In the case of a null packet the value of the adaptation field c
be set to '01'.

continuity_counter — The continuity ‘oounter is a 4-bit field incrementing with each Transport Stream packet wi

same
incre

In Ty
same
adapt
dupli

The
from

PID. The continuity counter wraps around to 0 after its maximum value. The continuity counter shall n
mented when the adaptation( field control of the packet equals '00' or '10'".

pansport Streams, duplicate packets may be sent as two, and only two, consecutive Transport Stream packets
PID. The duplicate packets shall have the same continuity counter value as the original packet an

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

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

ontinuity counter in a particular Transport Stream packet is continuous when it differs by a positive value g
the” continuity counter value in the previous Transport Stream packet of the same PID, or when either of the

incre

the
ntrol

h the
ot be

bf the
d the
all be

f one
non-

ménting conditions (adaptation field control set to '00' or '10'. or duplicate packets as described above) arg

met.

The continuity counter may be discontinuous when the discontinuity indicator is set to '1' (refer to 2.4.3.4). In the case of
a null packet the value of the continuity counter is undefined.

data_byte — Data bytes shall be contiguous bytes of data from the PES packets (refer to 2.4.3.6), PSI sections (refer
to 2.4.4), packet stuffing bytes after PSI sections, or private data not in these structures as indicated by the PID. In the
case of null 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 2-6.
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2.4.3.5 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 length. The value 0 is for inserting a single stuffing byte in
a Transport Stream packet. When the adaptation_field control value is '11', the value of the adaptation_field length shall
be in the range 0 to 182. When the adaptation field control value is '10', the value of the adaptation_field length shall
be 183. For Transport Stream packets carrying PES packets, stuffing is needed when there is insufficient PES packet data
to completely fill the Transport Stream packet payload bytes. Stuffing is accomplished by defining an adaptation field
longer than the sum of the lengths of the data elements in it, so that the payload bytes remaining after the adaptation field
exactly accommodates the available PES packet data. The extra space in the adaptation field is filled with stuffing bytes.

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

disc«Jntinuity_indicator — This is a 1-bit field which when set to 'l' indicates that the discontinuity state is true fpr the
currept Transport Stream packet. When the discontinuity indicator is set to '0' or is not present, the discontinvity sfate is
false| The discontinuity indicator is used to indicate two types of discontinuities, system time-base discontinuities and
contifuity counter discontinuities.

A sygtem time-base discontinuity is indicated by the use of the discontinuity indicator in Transpopt, Stream packetf of a
PID {lesignated as a PCR_PID (refer to 2.4.4.9). When the discontinuity state is true for a Transport Stream packdt of a
PID glesignated as a PCR_PID, the next PCR in a Transport Stream packet with that same PID represents a samplg of a
new $ystem time clock for the associated program. The system time-base discontinuity point“is defined to be the ipstant
in time when the first byte of a packet containing a PCR of a new system time-base atrives at the input of the T{STD.
The fliscontinuity indicator shall be set to 'l' 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 gacket
which contains the new system time-base PCR. In this case, once the discontinuity indicator has been set to 'l', iff shall
contipue to be set to '1' in all Transport Stream packets of the same PCR_PID up to and including the Transport Sfream
packgt which contains the first PCR of the new system time-base~‘After the occurrence of a system timg-base
discontinuity, no fewer than two PCRs for the new system time-base.shall be received before another system timg-base
discontinuity can occur. Further, except when trick mode status is«true, data from no more than two system time4bases
shall pe present in the set of T-STD buffers for one program at any, time.

Prior|to the occurrence of a system time-base discontinuity,\the first byte of a Transport Stream packet which contgins a
PTS pr DTS which refers to the new system time-base shall not arrive at the input of the T-STD. After the occurreiice of
a sysfem time-base discontinuity, the first byte of a Transport Stream packet which contains a PTS or DTS which pefers
to thq previous system time-base shall not arrive atthe 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 dny“Transport Stream packet of a PID not designated as a PCR_PIID, the
contifity counter in that packet may be‘discontinuous with respect to the previous Transport Stream packet of the[same
PID. [When the discontinuity state isstrue in a Transport Stream packet of a PID that is designated as a PCR_PIID, the
contipuity counter may only be-discontinuous in the packet in which a system time-base discontinuity occurs. A
contifuity counter discontinuity peint occurs when the discontinuity state is true in a Transport Stream packet and the
contipuity counter in the same_packet is discontinuous with respect to the previous Transport Stream packet of the|same
PID. [A continuity counterdiscontinuity point shall occur at most one time from the initiation of the discontinuity state
until fthe conclusion of-the/discontinuity state. Furthermore, for all PIDs that are not designated as PCR_PIDs, wh¢n the
discontinuity indicafor s set to '1' in a packet of a specific PID, the discontinuity indicator may be set to 'l' in th¢ next
Trangport Stream packet of that same PID, but shall not be set to 'l' in three consecutive Transport Stream packet df that
same|PID.

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

. Videa — The first hyte of'a video sequence header
¢ Audio — The first byte of an audio frame.

After a continuity counter discontinuity in a Transport packet which is designated as containing elementary stream data,
the first byte of elementary stream data in a Transport Stream packet of the same PID shall be the first byte of an
elementary stream access point or in the case of video, the first byte of an elementary stream access point or a
sequence_end_code followed by an access point. Each Transport Stream packet which contains elementary stream data
with a PID not designated as a PCR_PID, and in which a continuity counter discontinuity point occurs, and in which a
PTS or DTS occurs, shall arrive at the input of the T-STD after the system time-base discontinuity for the associated
program occurs. In the case where the discontinuity state is true, if two consecutive Transport Stream packets of the same
PID occur which have the same continuity counter value and have adaptation_field control values set to '01' or '11, the
second packet may be discarded. A Transport Stream shall not be constructed in such a way that discarding such a packet
will cause the loss of PES packet payload data or PSI data.
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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 bslbf
adaptation_field_extension_flag 1 bslbf
if (PCR_flag =="1") {
program_clock reference_base 33 uimsbf
reserved 6 bslbf
program_clock reference_extension 9 uimsbf
}
if (OPCR flag =="1") {
original_program_clock reference_ base 33 uimsbf
reserved 6 bslbf
original_program_clock_reference_extension 9 uimsbf
}
if (splicing_point_flag =="1") {
splice_countdown 8 tcimsbf
h
if (transport_private data flag =="'1") {
transport_private data length 8 uimsbf
for (1 = 0; i <transport private data length; i++¥) {
private_data_byte 8 bslbf
b
}
if (adaptation_field extension flag =="1") {
adaptation_field_extension_length 8 uimsbf
Itw_flag 1 bslbf
piecewise_rate flag 1 bslbf
seamless_splice_flag 1 bslbf
reserved 5 bslbf
if (Itw_flag =="1)}{
Itw valid_flag 1 bslbf
Itw offset 15 uimsbf
H
if (piecewise rate flag=="1") {
reserved 2 bslbf
piecewise_rate 22 uimsbf
}
if (seamless_splice flag =="1") {
splice_type 4 bslbf
DTS_next_AU[32..30] 3 bslbf
marker_bit 1 bslbf
DTS_next_AU[29..15] 15 bslbf
marker_bit 1 bslbf
DTS next AU[14..0] 15 bslbf
marker_bit 1 bslbf
}
for i=0;i<N;i++) {
reserved 8 bslbf
}
}
for (i=0; i <N;i++) {
stuffing_byte 8 bslbf
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After the occurrence of a discontinuity indicator set to '1' in a Transport Stream packet which contains PSI information,
a single discontinuity in the version number of PSI sections may occur. At the occurrence of such a discontinuity, a
version of the TS program map_sections of the appropriate program shall be sent with section_length == 13 and the
current_next_indicator == 1, such that there are no program_descriptors and no elementary streams described. This shall
then be followed by a version of the TS program map section for each affected program with the version number
incremented by one and the current next indicator == 1, containing a complete program definition. This indicates a
version change in PSI data.

random_access_indicator — The random_access_indicator is a 1-bit field that indicates that the current Transport
Stream packet, and possibly subsequent Transport Stream packets with the same PID, contain some information to aid
random access at this point. Specifically, when the bit is set to 'l', the next PES packet to start in the payload of Transport
Stream packets with the current PID shall contain the first byte of a video sequence header if the PES stream type (refer
to TTle 2-29) 1s 1 or 2, or shall contain the first byte of an audio frame if the PES stream type is 3 or 4. In additipn, in

the cqse of video, a presentation timestamp shall be present in the PES packet containing the first picture following the
sequgnce header. In the case of audio, the presentation timestamp shall be present in the PES packet containing the first
byte pf the audio frame. In the PCR_PID the random_access_indicator may only be set to 'l' in Transport ‘Stfeam placket
containing the PCR fields.

elementary_stream_priority_indicator — The elementary stream priority_indicator is a 1-bit field. It indicates, among
packgts with the same PID, the priority of the elementary stream data carried within the paylead of this Transport Stream
packgt. A 'l' indicates that the payload has a higher priority than the payloads of other Transport Stream packets. In the
case pf video, this field may be set to 'l' only if the payload contains one or more bytes from an intra-coded slice. A
valug 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 farts. A value of '0' indicates that the adaptation field does not contain-any PCR field.

OPCR flag — The OPCR flag is a 1-bit flag. A value of 'l' indicates-that the adaptation_field contains an OPCR field
codedl 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 'l', it indicates that a splice_countdown field
shall |be present in the associated adaptation field, specifyinig the occurrence of a splicing point. A value of '0' indjcates
that g splice_countdown field is not present in the adaptation field.

trandport_private_data_flag — The transport,private data flag is a 1-bit flag. A value of 'l' indicates thgt the
adapfation field contains one or more private data bytes. A value of '0' indicates the adaptation field does not contain any
privafe data bytes.

adapitation_field extension_flag-~ The adaptation field extension flag is a 1-bit field which when set to 'l1' indjcates
the pfesence of an adaptation field/extension. A value of '0' indicates that an adaptation field extension is not prespnt in
the adlaptation field.

program_clock reference_base; program_clock reference extension — The program clock reference (PCR] is a
42-bit field coded in‘two parts. The first part, program_clock reference base, is a 33-bit field whose value is given by
PCR [base(i), as-given in equation 2-2. The second part, program_clock reference extension, is a 9-bit field whose [value
is gien by RCRYext(i), as given in equation 2-3. The PCR indicates the intended time of arrival of the byte contdining
the Igst bit afthe program_clock reference base at the input of the system target decoder.

origi refe : : i
program reference (OPCR) is a 42-bit ﬁeld coded in two parts These two parts, “the base and the extension, are coded
identically to the two corresponding parts of the PCR field. The presence of the OPCR is indicated by the OPCR _flag.
The OPCR field shall be coded only in Transport Stream packets in which the PCR field is present. OPCRs are permitted
in both single program and multiple program Transport Streams.

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

ITU-T Rec. H.222.0 (2000 E) 23


https://standardsiso.com/api/?name=9e85adc0420d0fc8184b02d4ce210f11

ISO/IEC 13818-1 : 2000 (E)

The OPCR is expressed as follows:

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

where
OPCR_base(i) = ((system_clock_frequency % t(i)) DIV 300) % 233 (2-9)
OPCR_ext(i) = ((system_clock _frequency x t(i)) DIV 1) % 300 (2-10)

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

splice_countdown — The splice_countdown is an 8-bit field, representing a value which may be positive_or'negative. A
positjve value specifies the remaining number of Transport Stream packets, of the same PID, following the assogiated
Trangport Stream packet until a splicing point is reached. Duplicate Transport Stream packets and Transport Spream
packg¢ts which only contain adaptation fields are excluded. The splicing point is located immediately after the last byyte of
the Tjransport Stream packet in which the associated splice countdown field reaches zero. In the*Transport Stream flacket
wherg the splice_countdown reaches zero, the last data byte of the Transport Stream packet'payload shall be the lasf byte
of a jcoded audio frame or a coded picture. In the case of video, the corresponding adetss unit may or may not be
termipated by a sequence end code. Transport Stream packets with the same PID, which follow, may contain datal 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 peing
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 p sequence_end code, followed by an access point. Thus, the previous coded audio frame or coded picture gligns
with the packet boundary, or is padded to make this so. Subsequent-to the splicing point, the countdown field may also
be prpsent. When the splice_countdown is a negative number whose value is minus n (—n), it indicates that the assog¢iated
Trangport Stream packet is the n-th packet following the splieing 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.

¢ Audio — The first byte of an‘audio frame.

tranyport_private_data_length —~The transport private data length is an 8-bit field specifying the numbpr of
privafe data bytes immediately following the transport private data length field. The number of private data byteq shall
not bp such that private data extends beyond the adaptation field.

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

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

Itw_flag (legal time window_flag) — This is a 1-bit field which when set to 'l' indicates the presence of the Itw_pffset
field.

piecewt

seamless_splice_flag — This is a 1-bit flag which when set to '1' indicates that the splice type and DTS next AU fields
are present. A value of '0' indicates that neither splice_type nor DTS next AU fields are present. This field shall not be
set to '1' in Transport Stream packets in which the splicing_point_flag is not set to 'l'. Once it is set to 'l' in a Transport
Stream packet in which the splice_countdown is positive, it shall be set to 'l' in all the subsequent Transport Stream
packets of the same PID that have the splicing point flag set to 'l', until the packet in which the splice_countdown
reaches zero (including this packet). When this flag is set, if the elementary stream carried in this PID is an audio stream,
the splice_type field shall be set to '0000'. If the elementary stream carried in this PID is a video stream, it shall fulfil the
constraints indicated by the splice type value.

Itw_valid_flag (legal time window_valid flag) — This is a 1-bit field which when set to 'l' indicates that the value of the
Itw_offset shall be valid. A value of '0' indicates that the value in the ltw_offset field is undefined.
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Itw_offset (legal time window offset) — This is a 15-bit field, the value of which is defined only if the Itw_valid flag has

a value of 'l'. When defined, the legal time window offset is in units of (300/f;) seconds, where f; is the system clock
frequency of the program that this PID belongs to, and fulfils:

offset = (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 time of byte i in the T-STD, and t|(i) is the upper bound in time of a time interval called the Legal Time Window
whiclrisassociated wittr this- T ramsport StreanT packet:

The Legal Time Window has the property that if this Transport Stream is delivered to a T-STD starting at-time| t;(i),
i.e. af the end of its Legal Time Window, and all other Transport Stream packets of the same program are delivered fat the
end df their Legal Time Windows, then

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

e For audio — The B,, buffer for this PID in the T-STD shall contain less than(BS4e. + 1 bytes of elemgntary
stream data at the time the first byte of this Transport Stream packet ¢nters it, and no buffer violatipns 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
possiple to determine another time ty(i), such that if this packet is deliyeréd anywhere in the interval [ty(i), t;(i)], no
T-ST[D buffer violations will occur. This time interval is called the Legal)Time Window. The value of t; is not defied in
this Recommendation | International Standard.

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

piecawise_rate — The meaning of this 22-bit field is only defined when both the Itw_flag and the Itw_valid flag are set
to '1'l When defined, it is a positive integer specifying.a*hypothetical bitrate R which is used to define the end timpes of
the Ljegal 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 samg PID
have[indices A;j, Aj + 1, ---» Aj + N, respectively, and that the N latter packets do not have a value encoded in thq field
legal| time_window_offset. Then the ¥alues t(A; + ;) shall be determined by:

ti(Aj+j) = ti(A) +j x 188 x B-bits/byte /R

wher¢ j goes from 1 to'N.

All ppckets between-this packet and the next packet of the same PID to include a legal time window offset field shall
be trqated as ifthey had the value:

offset = t1(A)) — t(A))

corresponding to the value t;(.) as computed by the formula above encoded in the legal time window_offset field. t(j) is
the arrival time of byte j in the T-STD.

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

splice_type — This is a 4-bit field. From the first occurrence of this field onwards, it shall have the same value in all the
subsequent Transport Stream packets of the same PID in which it is present, until the packet in which the
splice_countdown reaches zero (including this packet). If the elementary stream carried in that PID is an audio stream,
this field shall have the value '0000'. If the elementary stream carried in that PID is a video stream, this field indicates the
conditions that shall be respected by this elementary stream for splicing purposes. These conditions are defined as a
function of profile, level and splice type in Table 2-7 through Table 2-16.
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In these tables, a value for 'splice_decoding_delay' and 'max_splice rate' means that the following conditions shall be
satisfied by the video elementary stream:

1) The last byte of the coded picture ending in the Transport Stream packet in which the splice _countdown
reaches zero shall remain in the VBV buffer of the VBV model for an amount of time equal to
(splice_decoding_delay t, + | — t,), where for the purpose of this subclause:

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

e t,is defined in C.3.1 of ITU-T Rec. H.262 | ISO/IEC 13818-2.
e (ty+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, 4+ 1 —t,) is the duration
for which picture n is presented.

2) The VBV buffer of the VBV model shall not overflow if its input is switched at the splicing point to a
stream of a constant rate equal to 'max splice rate' for an amount of times equgl to
'splice_decoding_delay'.

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 layér),
High Profile Main Level (middle + basé layers),
Multi-view Profile Main Level (basedayér) Video

splice_type Ceonditions
0000 splice_decoding_delay = 120 ms; mdx. splice_rate = 15.0 x 106 bit/s
0001 splice_decoding_delay = 150 ms} max_splice_rate = 12.0 x 106 bit/s
0010 splice_decoding_delay =225 ms; max_splice_rate = 8.0 x 10° bit/s
0011 splice_decoding .delay = 250 ms; max_splice_rate = 7.2 x 10° bit/s

0100-1011 Reserved

1100-1111 User-defined

Table 2-8 — Splice parameters Table 2

Main Profile Low Level, SNR Profile Low Level (both layers),
High Profile Main Level (base layer),
Multi-view Profile Low Level (base layer) Video

splice_type Conditions
0000 splice_decoding_delay = 115 ms; max_splice_rate = 4.0 x 10° bit/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
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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),
Multi-view Profile High-1440 Level (base layer) Video
splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 60.0 x 106 bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate =45.0 x 10 bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 30.0 x 106 bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 28.5 x 100 bit/s
0100-1011 Reserved
1100-1111 User-defined
Table 2-10 — Splice parameters Table 4
Main Profile High Level, High Profile High-1440 Level (all layers),
High Profile High Level (middle + base layers),
Multi-view Profile High Level (baselayer) Video
splice_type Conditions
0000 splice_decoding_delay = 120 ms;\max_splice_rate = 80.0 x 106 bit/s
0001 splice_decoding_delay = 160'ms; max_splice_rate = 60.0 x 106 bit/s
0010 splice_decoding_delay =240 ms; max_splice_rate = 40.0 x 106 bit/s
0011 splice_decoding ‘delay = 250 ms; max_splice_rate = 38.0 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined
Table 2-11 — Splice parameters Table 5
SNR Profile Low Level (base layer) Video
splice_type Conditions
0000 splice_decoding_delay = 115 ms; max_splice_rate = 3.0 X 10° bit/s
0001 splice_decoding_delay = 175 ms; max_splice_rate = 2.0 x 10° bit/s
0010 splice_decoding_delay = 250 ms; max_splice_rate = 1.4 x 10° bit/s
0011-1011 Reserved
1100-1111 User-defined
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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 106 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° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate =4.7 x 10° bit/s

0100-1011 Reserved

1100-1111 User-defined

Table 2-13 — Splice parameters Table 7

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

splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice rate =40.0 x 10° bit/s
0001 splice_decoding_delay = 160 ms; max.splice_rate = 30.0 x 106 bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 20.0 x 106 bit/s
0011 splice_decoding_delay =250 ms; max_splice_rate = 19.0 x 106 bit/s

0100-1011 Reserved

1100-1111 User-defined

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_splice_rate = 20.0 x 106 bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate = 15.0 x 106 bit/s
0010 splice_decoding_delay =240 ms; max_splice_rate = 10.0 x 100 bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 9.5 x 10° bit/s

0100-1011 Reserved

1100-1111 User-defined

ITU-T Rec. H.222.0 (2000 E)



https://standardsiso.com/api/?name=9e85adc0420d0fc8184b02d4ce210f11

ISO/IEC 13818-1 : 2000 (E)

Table 2-15 — Splice parameters Table 9

High Profile High Level (base layer),
Multi-view Profile Main Level (both layers) Video

splice_type

Conditions

0000 splice_decoding_delay = 120 ms; max_splice_rate = 25.0 x 106 bit/s
0001 splice_decoding_delay = 165 ms; max_splice_rate = 18.0 x 106 bit/s
0010 splice_decoding_delay = 250 ms; max_splice_rate = 12.0 x 106 bit/s
ooTtT=ToTt Reserved
1100-1111 User-defined
Table 2-16 — Splice parameters Table 10
High Profile High Level (all layers),
Multi-view Profile High-1440 Level (both layers) Video
splice_type Condifions
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 s} max_splice_rate = 50.0 x 106 bit/s
0011 splice_decoding_delay =250 ms; max_splice_rate =48.0 x 106 bit/s
0100-1011 Reserved
1100-1111 User-defined
Table 2-16-1 — Splice parameters Table 11
4:2:2 Profile Main Level Video
splice_type Conditions
0000 splice_decoding_delay = 45 ms; max_splice rate = 50.0 x 10° bit/s
0001 splice_decoding_delay = 90 ms; max_splice rate = 50.0 x 10° bit/s
0010 splice_decoding_delay = 180 ms; max_splice_rate = 50.0 x 106 bit/s
0011 splice_decoding_delay = 225 ms; max_splice_rate =40.0 x 106 bit/s
0100 splice_decoding_delay =250 ms; max_splice_rate = 36.0 x 100 bit/s
0101-1011 Reserved
1100-1111 User-defined
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Table 2-16-2 — Splice parameters Table 12
Multi-view Profile Low Level (both layers) Video

splice_type Conditions
0000 splice_decoding_delay = 115 ms; max_splice_rate = 8.0 x 10° bit/s
0001 splice_decoding_delay = 155 ms; max_splice_rate = 6.0 X 10° bit/s
0010 splice_decoding_delay = 230 ms; max_splice_rate = 4.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 3.7 x 10° bit/s
0100-1011 Reserved
1100-1111 User-defined
Table 2-16-3 — Splice parameters Table 13
Multi-view Profile High Level (both layers) Video
splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 130.0 % 106 bit/s
0001 splice_decoding_delay = 150 ms; max_splice rate’='104.0 x 106 bit/s
0010 splice_decoding_delay = 240 ms; max_splice fate = 65.0 x 106 bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 62.4 x 10 bit/s
0100-1011 Reserved
1100-1111 User-defined
Table 2-16-4 _ Splice parameters Table 14
4:2:2 Profile High Level Video
splice_type Conditions
0000 splice_decoding_delay = 45 ms; max_splice rate = 300.0 x 106 bit/s
0001 splice_decoding_delay = 90 ms; max_splice rate = 300.0 x 106 bit/s
00100611 Reserved
0100 splice_decoding_delay = 250 ms; max_splice_rate = 180.0 x 106 bit/s
0101-1011 Reserved
1100-1111 User-defined

DTS _next AU (decoding time stamp next access unit) — This is a 33-bit field, coded in three parts. In the case of
continuous and periodic decoding through this splicing point it indicates the decoding time of the first access unit
This decoding time is expressed in the time base which is valid in the Transport Stream
packet in which the splice countdown reaches zero. From the first occurrence of this field onwards, it shall have the
same value in all the subsequent Transport Stream packets of the same PID in which it is present, until the packet in

following the splicing point.

which the splice_countdown reaches zero (including this packet).

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

decoder.
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2.43.6 PES packet

See Table 2-17.

2.4.3.7 Semantic definition of fields in PES packet

ISO/IEC 13818-1 : 2000 (E)

packet_start code_prefix — The packet start code prefix is a 24-bit code. Together with the stream_id that follows it
constitutes a packet start code that identifies the beginning of a packet. The packet start code prefix is the bit string

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

stream_id — In Program Streams, the stream_id specifies the type and number of the elementary stream as defined by the
stream_id Table 2-18. In Transport Streams, the stream_id may be set to any valid value which correctly describes the

elem¢nfary stream type as defined in Table 2-18. In Transport Streams, the elementary stream type is specified

Progfam 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 theplast’byte
field.| A value of 0 indicates that the PES packet length is neither specified nor bounded and gs.allowed of

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 f
payldad. When scrambling is performed at the PES level, the PES packet header, including the optional fields

present, shall not be scrambled (see Table 2-19).

Table 2-17 — PES packet

n the

f the
lly in

acket
'when

Syntax No. of bits Mnemonic
PEY 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 bslbf
PES_scrambling’ control 2 bslbf
PES_priority 1 bslbf
data_aligriment_indicator 1 bslbf
copyright 1 bslbf
original or_copy 1 bslbf
PTS_DTS_flags 2 bslbf
ESCR flag 1 bslbf
ES_rate_flag 1 bslbf
DSM_trick_mode_flag 1 bslbf
additional_copy_info_flag 1 bslbf
PES_CRC _flag 1 bslbf
PES_extension_flag 1 bslbt
PES_header_data_length 8 uimsbf
if (PTS_DTS_flags =="'10") {
'0010' 4 bslbf
PTS [32..30] 3 bslbf
marker_bit 1 bslbf
PTS [29..15] 15 bslbf
marker_bit 1 bslbf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf
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Table 2-17 — PES packet (continued)

}

Syntax No. of bits Mnemonic
if (PTS DTS flags =="11") {
‘0011 4 bslbf
PTS [32..30] 3 bslbf
marker_bit 1 bslbf
PTS [29..15] 15 bslbf
marker_bit 1 bslbf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf
'0001" 4 bslbf
DTS [32.30] 3 bsibt
marker_bit 1 bslbf.
DTS [29..15] 15 bsIbf
marker_bit 1 bsibf
DTS [14..0] 15 bslbf
marker_bit 1 bslbf
}
if (ESCR flag=="1") {
reserved 2 bslbf
ESCR_base[32..30] 3 bslbf
marker_bit 1 bslbf
ESCR_base[29..15] 15 bslbf
marker_bit 1 bslbf
ESCR_base[14..0] 15 bslbf
marker_bit 1 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
h
if (DSM_trick mode flag =="1") {
trick_mode_control 3 uimsbf
if ( trick_mode_control ==Tfast forward ) {
field_id 2 bslbf
intra_slice:refresh 1 bslbf
frequency_truncation 2 bslbf
else if (rick’ mode control == slow_motion ) {
rep_cntrl 5 uimsbf
else’if (trick_ mode control == freeze frame ) {
field_id 2 uimsbf
reserved 3 bslbf
b
else if ( trick_ mode_control == fast reverse ) {
field_id 2 bslbf
intra_slice_refresh 1 bslbf
frequency_truncation 2 bslbf
else if (trick_mode control == slow_reverse ) {
’ Cll_\,ntl } 5 tHmsbi—
}
else
reserved 5 bslbf
}
if (additional copy info_flag =="'1") {
marker_bit 1 bslbf
additional_copy_info 7 bslbf
h
if (PES_CRC_flag =="1") {
previous PES packet CRC 16 bslbf

32 ITU-T Rec. H.222.0 (2000 E)



https://standardsiso.com/api/?name=9e85adc0420d0fc8184b02d4ce210f11

ISO/IEC 13818-1 : 2000 (E)

Table 2-17 — PES packet (concluded)

Syntax No. of bits Mnemonic
if (PES_extension flag =="'1") {
PES_private_data_flag 1 bslbf
pack_header_field flag 1 bslbf
program_packet_sequence_counter_flag 1 bslbf
P-STD_buffer flag 1 bslbf
reserved 3 bslbf
PES_extension_flag 2 1 bslbf
if (PES private data flag=="1") {
PES_private_data 128 bslbf
}
if (pack header field flag=="1") {
pack_field_length 8 uimsbf
pack header()
}
if (program_packet sequence counter flag=="1") {
marker_bit 1 bslbf
program_packet_sequence_counter 7 uimsbf
marker_bit 1 bslbf
MPEG1_MPEG?2_identifier 1 bslbf
original_stuff length 6 uimsbf
H
if (P-STD_buffer flag=="1") {
or' 2 bslbf
P-STD_buffer_scale 1 bslbf
P-STD_buffer_size 13 uimsbf
}
if (PES_extension flag 2 =="1") {
marker_bit 1 bslbf
PES_extension_field_length 7 uimsbf
for (1=0; 1 <PES extension field length; i++) {
reserved 8 bslbf
b
b
}
for 1i=0;1<NI1;i++) {
stuffing_byte 8 bslbf
}
for (1 = 0; 1 <N2; i)\ §
PES_packet_data_byte 8 bslbf
}
b
else if ( stream_id &= program_stream_map
|| stream_id ==¢rivate stream 2
|| stream_id ==ECM
|| stream_id/== EMM
|| stream \id == program_stream_directory
|| stream’ id == DSMCC _stream
[Nstteam_id == ITU-T Rec. H.222.1 type E stream ) {
for (1=0; i <PES packet length; i++) {
PES packet data byte 8 bslbf
}
}
else if ( stream_id == padding_stream) {
for (1=0; i <PES packet length; i++) {
padding_byte 8 bslbf
b
b
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Table 2-18 — Stream_id assignments

stream_id Note stream coding

1011 1100 1 program_stream map

1011 1101 2 private_stream_1

1011 1110 padding_stream

1011 1111 3 private stream 2

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

1110 xxxx ITU-T Rec. H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 or ISO/IEC
144962 video streamnumber oot

1111 0000 3 ECM_stream

1111 0001 3 EMM_stream

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

1111 0011 2 ISO/TIEC 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

1111 0111 6 ITU-T Rec. H.222.1 type D

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

1111 1001 7 ancillary_stream

1111 1010 ISO/IEC14496-1 SL-pagketized stream

1111 1011 ISO/TEC14496-1 BlexMux_stream

11111100 ... 1111 1110 reserved data stréam
11111111 4 program_stream- directory

The
the ¥

NO71
NO7T

E 1 — PES packets of type program_stream_map have unique syntax specified in 2.5.4.1.
E 2 — PES packets of type private stream 1 and ASO/IEC 13552 stream follow the same PES packet syntax as thos

notation x means that the values '0' or '1' are both permitted and(results in the same stream type. The stream number is givgn by
alues taken by the x’s.

e for

ITU}T Rec. H.262 | ISO/IEC 13818-2 video and ISO/IE€"13818-3 audio streams.
NOTE 3 — PES packets of type private stream 2, ECM _stream and EMM_stream are similar to private stream_1 except no syntax
is specified after PES packet length field.
NOTE 4 — PES packets of type program_stream_directory have a unique syntax specified in 2.5.5.
NOTE 5 — PES packets of type DSM+CC “stream have a unique syntax specified in ISO/IEC 13818- 6.
NOTE 6 — This stream_id is associated with stream_type 0x09 in Table 2-29.
NOTE 7 — This stream_id isronly used in PES packets, which carry data from a Program Stream or an ISO/IEC 11172-1 Syfstem
Stregam, in a Transport Stream-(tefer to 2.4.3.7).
Table 2-19 — PES scrambling control values
Value Description

00 Not scrambled

01 User-defined

10 User-defined

11 User-defined
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PES_priority — This is a 1-bit field indicating the priority of the payload in this PES packet. A '1' indicates a higher
priority of the payload of the PES packet payload than a PES packet payload with this field set to '0'. A multiplexor can
use the PES_priority bit to prioritize its data within an elementary stream. This field shall not be changed by the transport
mechanism.

data_alignment_indicator — This is a 1-bit flag. When set to a value of 'l' it indicates that the PES packet header is
immediately followed by the video start code or audio syncword indicated in the data_stream alignment descriptor
in 2.6.10 if this descriptor is present. If set to a value of '1' and the descriptor is not present, alignment as indicated in
alignment_type '01' in Table 2-47 and Table 2-48 is required. When set to a value of '0' it is not defined whether any such
alignment occurs or not.

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

origipal_or_copy — This is a 1-bit field. When set to '1' the contents of the associated PES packet payload is"an orijginal.
When set to '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 ficlds shall be presgnt in
the PES packet header. When the PTS DTS flags field is set to '11', both the PTS fields and DTS fields shall be pfesent
in thg PES packet header. When the PTS DTS _flags field is set to '00' no PTS or DTS fields shall be present in th¢ PES
packgt header. The value '01' is forbidden.

ESCR_flag — A 1-bit flag, which when set to 'l' indicates that ESCR base and extenision fields are present in thg PES
pack¢t header. When set to '0' it indicates that no ESCR fields are present.

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

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

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

PES [CRC_flag — A 1-bit flag, which when set to,'I"indicates that a CRC field is present in the PES packet. When|set to
'0' it ndicates 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
head¢r. When set to '0' it indicates that this.field is not present.

PES |header_data_length — An 8-bit ficld 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".

PTS |(presentation _time stamp) — Presentation times shall be related to decoding times as follows: The PTS is a 3-bit
number coded dnythree separate fields. It indicates the time of presentation, tp,(k), in the system target decodef of a
preseptation ‘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 tp,(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 start code is present in the PES packet.
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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 units (AUs) k and k', the presentation time tp,(k) shall be equal to the decoding time td, (k") of 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
td, (k) shall be the same as if the original stream had continued without a discontinuity and without ending.

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 filtering 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 coding refer
to 2.176:

DTS|(decoding time stamp) — The DTS is a 33-bit number coded in three separate fields. It indicates the de€oding|time,
td,(j), in the system target decoder of an access unit j of elementary stream n. The value of DTS is speg¢ified in urits of
the period of the system clock frequency divided by 300 (yielding 90 kHz). The decoding time derived from the| DTS
according to equation 2-12 below:

DTS(j) = ((system_clock_frequency % td, (j)) DIV 300) % 233 2-12)

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

In th¢ case of video, if a DTS is present in a PES packet header it shall refer to the access unit containing the first pjcture
start code that commences in this PES packet. A picture start code comménces in PES packet if the first byte ¢f the
picture start code is present in the PES packet.

In thg case of scalable coding refer to 2.7.6.

ESCR_base; ESCR_extension — The elementary stream clock¥eference is a 42-bit field coded in two parts. Th¢ first
part, [ESCR base, is a 33-bit field whose value is given by, ESCR_base(i), as given in equation 2-14. The second part,
ESCR ext, is a 9-bit field whose value is given by ESCR-ext(i), as given in equation 2-15. The ESCR field indicatps the
intenfled time of arrival of the byte containing the last bit-of the ESCR_base at the input of the PES-STD for PES stfeams
(refef to 2.5.2.4).

Specifically:

ESCR(i) "= ESCR_base(i) x 300 + ESCR_ext(i) (3-13)
wherg
ESCR base(i) = ((system_clock_frequency x (i)) DIV 300) % 233 2-14)
ESCR _ext(i) = ((system_clock frequency x t(i)) DIV 1) % 300 (2-15)
The e_field (refer to—semantics—immediatelyfollowing)—con o 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 0 is forbidden. The value of the
ES rate is used to define the time of arrival of bytes at the input of a P-STD for PES streams defined in 2.5.2.4. The
value encoded in the ES rate field may vary from PES packet to PES packet.

trick_mode_control — A 3-bit field that indicates which trick mode is applied to the associated video stream. In cases of

other types of elementary streams, the meanings of this field and those defined by the following five bits are undefined.
For the definition of trick_mode status, refer to the trick mode section of 2.4.2.3.
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When trick_mode status is false, the number of times N, a picture is output by the decoding process for progressive
sequences, is specified for each picture by the repeat first field and top field first fields in the case of ITU-T
Rec. H.262 | ISO/IEC 13818-2 Video, and is specified through the sequence header in the case of ISO/IEC 11172-2
Video.

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

When trick 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 occur:

T ISCOMUIIUITY 1T tTE UITE Dase;
*  decoding discontinuity;

e 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
01111 Reserved

In th¢ context of trick mode, the non-normal spged”of decoding and presentation may cause the values of certain [fields
definpd in video elementary stream data to bglinicorrect. Likewise, the semantic constraint on the slice structure may be
invalld. The video syntax elements to which this exception applies are:

e  bit rate;

e vbv_delay;

*  repeat first field;
* vV _axis_pesitive;

e field,sequence;

. subcarrier;

o' burst_amplitude;

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

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

fast forward — The value '000', in the trick mode control field. When this value is present it indicates a fast forward
video stream and defines the meaning of the following five bits in the PES packet header. The intra_slice_refresh bit may
be set to 'l' indicating that there may be missing macroblocks which the decoder may replace with co-sited macroblocks
of previously decoded pictures. The field id field, defined in Table 2-21, 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.
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slow motion — The value '001', in the trick mode control field. When this value is present it indicates a slow motion
video stream and defines the meaning of the following five bits in the PES packet header. In the case of progressive
sequences, the picture should be displayed N X rep_cntrl times, where N is defined above.

In the case of ISO/IEC 11172-2 Video and ITU-T Rec. H.262 | ISO/IEC 13818-2 Video progressive sequences, the
picture should be displayed for N X rep_cntrl picture duration.

In the case of ITU-T Rec. H.262 |ISO/IEC 13818-2 interlaced sequences, the picture should be displayed for
N xrep_cntrl field duration. If the picture is a frame picture, the first field to be displayed is the top field if
top_field first is 1, and the bottom field if top field first is '0' (refer to ITU-T Rec. H.262 | ISO/IEC 13818-2). This field
is displayed for N X rep_cntrl / 2 field duration. The other field of the picture is then displayed for N — N x rep_cntrl / 2
field duration.

freezle frame — The value '010', in the trick mode control field. When this value is present it indicates a fréez¢ frame
videq stream and defines the meaning of the following five bits in the PES packet header. The field id field;-defiged in
Tablg 2-21, identifies which field(s) should be displayed. The field id field refers to the first video laceess unit that
commences in the PES packet which contains the field id field, unless the PES packet contains zero-payload bytes. In
the Iqtter case the field id field refers to the most recent previous video access unit.

fast yeverse — The value '011', in the trick mode_control field. When this value is present it/indicates a fast reverse [video
streain and defines the meaning of the following five bits in the PES packet header. The& intra slice refresh bit may be
set tq 'l' indicating that there may be missing macroblocks which the decoder may replace” with co-sited macroblog¢ks of
previpusly 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 meanjng of
the values of this field are shown in Table 2-22, "Coefficient selection values".

slow |reverse — The value '100', in the trick mode_control field. Whemthis value is present it indicates a slow rqverse
vided stream and defines the meaning of the following five bits*in the PES packet header. In the cape of
ISO/NEC 11172-2 Video and ITU-T Rec. H.262 | ISO/IEC 1381842, Video progressive sequences, the picture shoyld be

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

In the case of ITU-T Rec. H.262 | ISO/IEC 13818-2«interlaced sequences, the picture should be displayed for
N x1ep_cntrl field duration. If the picture is a framevpicture, the first field to be displayed is the bottom figld if
top_fiield first is 1, and the top field if top_field fiust is '0' (refer to ITU-T Rec. H.262 | ISO/IEC 13818-2). This field is
displayed for N x rep_cntrl / 2 field duration. The other field of the picture is then displayed for N — N x rep_cnitrl / 2
field duration.

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
01 Display from bottom field only
110 Display complete frame
1 Reserved

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 | 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 of coefficients may have been used in coding
the video data in this PES packet. The values are defined in Table 2-22.
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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_e¢ntrl — A 5-bit field that indicates the number of times each field in an interlaced picture should be displayed; pr the
number of times that a progressive picture should be displayed. It is a function of the trick mode control-field aid the
top_field first bit in the video sequence header whether the top field or the bottom field should be displayed first |n the
case pf interlaced pictures. The value '0' is forbidden.

addifional_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 zer¢ output of the 16 registers in the decoder similar to the one defined in Annex A, but withi the polynomial:

x16 + x12 4+ x5 + 1

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

NPTE 2 — This CRC is intended for use in network maintenance such 4s’isolating the source of intermittent errors. It|is not
ntended for use by elementary stream decoders. It is calculated only over the data bytes because PES packet header data ¢an be
mpdified during transport.

—

PES |private_data_flag — A 1-bit flag which when set to 'l'jifidicates that the PES packet header contains private| data.
When set to a value of '0' it indicates that private data is notpresent in the PES header.

pack| header_field flag — A 1-bit flag which when set to 'l' indicates that an ISO/IEC 11172-1 pack header or a
Progfam Stream pack header is stored in this PES packet header. If this field is in a PES packet that is containeql in a
Proggam Stream, then this field shall be set to '0.(In"a Transport Stream, when set to the value '0' it indicates that nq pack
headgr is present in the PES header.

program_packet _sequence counter flag — A 1-bit flag which when set to 'l' indicates that| the
progam_packet sequence counter, MPEG1 MPEG?2 identifier, and original stuff length fields are present in this
PES packet. When set to a value of'0Vit indicates that these fields are not present in the PES header.

P-STID_buffer flag — A 1-bit flag which when set to 'l' indicates that the P-STD_buffer scale and P-STD_buffef size
are pfresent 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 'l' 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
assodiated fields'are not present.

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

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

program_packet_sequence_counter — The program packet sequence counter field is a 7-bit field. It is 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 0 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_MPEG2_identifier — A 1-bit flag which when set to 'l' 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.
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original_stuff length — This 6-bit field specifies the number of stuffing bytes used in the original ITU-T
Rec. H.222.0 | ISO/IEC 13818-1 PES packet header or in the original ISO/IEC 11172-1 packet header.

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

if (P-STD_buffer scale == 0)
_ (3-16)
BS, = P — STD buffer size x 128

else

BS, =P - STD buffer size x 1024 -17)

The ¢ncoded value of the P-STD buffer size takes effect immediately when the‘P-STD_buffer size field is received by
the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 System Target Decoder (refer to/2.7:7).

PES |extension_field_length — This is a 7-bit field which specifies thedength, in bytes, of the data following this figld in
the PES extension 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 r¢quirements of the channel. It is discarded by the decoder. No more than 32 stuffing bytes shall be present ip one
PES packet header.

PES [packet_data_byte — PES packet data bytes-shall be contiguous bytes of data from the elementary stream
indicpted by the packet’s stream id or PIDT When the elementary stream data conforms to I[[U-T
Rec. H.262 | ISO/IEC 13818-2 or ISO/IEC 13818-3, the PES packet data bytes shall be byte aligned to the bytes gf this
Recommendation | International Standard.(The byte-order of the elementary stream shall be preserved. The number of
PES |packet data bytes, N, is specified by the PES packet length field. N shall be equal to the value indicated {n the
PES |packet length minus the number ‘of bytes between the last byte of the PES packet length field and thg first
PES |packet data byte.

In the case of a privatel stream 1, private stream 2, ECM stream, or EMM stream, the contents of the
PES |packet data_byte fieldZare 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 Transpart Stream contains optional fields to support the carriage of Program Streams and ISO/IEC 11172-1 Sygtems
strea$,in a way that allows simple reconstruction of the respective stream at the decoder.

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

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

For Program Streams PES packets with stream_id values of program_stream map, padding_stream, private stream 2,
ECM, EMM, DSM_CC stream, or program_stream_directory, all the bytes of the Program Stream PES packet, except
for the packet start code prefix, are placed into the data bytes fields of a new PES packet. The stream_id of this new
PES packet has the value of ancillary stream (refer to Table 2-18). This new PES packet is then carried in Transport
Stream packets.
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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 fields from these Transport Stream PES packets.

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

The program packet sequence counter field is included within the header of 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 original Program
Stream, or packets in the original ISO/IEC 11172-1 System stream, to be reproduced at the decoder.

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

2.4.4 Program specific information

Proggam Specific Information (PSI) includes both ITU-T Rec. H.222.0 | ISO/IEC 13818-1 normative data and pfivate
data that enable demultiplexing of programs by decoders. Programs are composed of one or morejelementary strgams,
each [labelled with a PID. Programs, elementary streams or parts thereof may be scrambled-fon conditional agcess.
Howgver, Program Specific Information shall not be scrambled.

In Trpnsport Streams, Program Specific Information is classified into five table structures(as shown in Table 2-23. While
these]| structures may be thought of as simple tables, they shall be segmented into sections and inserted in Trapsport
Streajn packets, some with predetermined PIDs and others with user selectable PIDs:

Table 2-23 — Program specific information

Structure Name Stream Type PID number Description
Program Association Table | ITU-T Rec. H.222.0 | 0x00 Associates Program Number and}
ISO/IEC 13818-1 Program Map Table PID
Program Map Table ITU-T Rec. H.222.0 | Assignment indicated in the | Specifies PID values for components
ISO/IEC 13818-1 PAT of one or more programs
Netyork Information Table | Private Assignment indicated in the | Physical network parameters such as
PAT FDM frequencies, Transponder
Numbers, etc.
Conflitional Access Table ITU-T Rec. H.222.0 | 0x01 Associates one or more (private)
ISO/IEC.13818-1 EMM streams each with a uniqu¢
PID value
Trarsport Stream ITU-T Rec. H.222.0 | 0x02 Associates one or more descriptdrs
Des¢ription Table ISO/IEC 13818-1 from Table 2-39 to an entire

Transport Stream

ITU-[l Rec. H.222.0 | ISO/IEC 13818-1 defined PSI tables shall be segmented into one or more sections that are carried
withih trapsports packets. A section is a syntactic structure that shall be used for mapping each IIU-T
Rec. H.222.0 | ISO/IEC 13818-1 defined PSI table into Transport Stream packets.

Along Wit ITU-T Rec. H.222-0ISOMEC 13818-T defined PSTtablcs, it 1S possibie 1o carry private data tapies. The
means by which private information is carried within Transport Stream packets is not defined by this Specification. It
may be structured in the same manner used for carrying of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 defined PSI tables,
such that the syntax for mapping this private data is identical to that used for the mapping of ITU-T
Rec. H.222.0 | ISO/IEC 13818-1 defined PSI tables. For this purpose, a private section is defined. If the private data is
carried in Transport Stream packets with the same PID value as Transport Stream packets carrying Program Map Tables,
(as identified in the Program Association Table), then the private section syntax and semantics shall be used. The data
carried in the private data bytes may be scrambled. However, no other fields of the private section shall be scrambled.
This private section allows data to be transmitted with a minimum of structure. When this structure is not used, the
mapping of private data within Transport Stream packets is not defined by this Recommendation | International Standard.

Sections may be variable in length. The beginning of a section is indicated by a pointer field in the Transport Stream
packet payload. The syntax of this field is specified in Table 2-24.
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Adaptation fields may occur in Transport Stream packets carrying PSI sections.

Within a Transport Stream, packet stuffing bytes of value OxFF may be found in the payload of Transport Stream packets
carrying PSI and/or private sections only after the last byte of a section. In this case all bytes until the end of the
Transport Stream packet shall also be stuffing bytes of value OxFF. These bytes may be discarded by a decoder. In such a
case, the payload of the next Transport Stream packet with the same PID value shall begin with a pointer field of
value 0x00 indicating that the next section starts immediately thereafter.

Each Transport Stream shall contain one or more Transport Stream packets with PID value 0x0000. These Transport
Stream packets together shall contain a complete Program Association Table, providing a complete list of all programs
within the Transport Stream. The most recently transmitted version of the table with the current next indicator set to a
value of 'l' shall always apply to the current data in the Transport Stream. Any changes in the programs carried within
the Trnncpm“r Stream shall be described in an npdﬂfpr‘] version of the Prngrnm Association Table carried in Tra sport
Strean packets with PID value 0x0000. These sections shall all use table id value 0x00. Only sections with this(value of
table| id are permitted within Transport Stream packets with PID value of 0x0000. For a new version of the)PAT to
become valid, all sections (as indicated in the last section number) with a new version number fand” with the
currept_next_indicator set to 'l' must exit Bgyg defined in the T-STD (refer to 2.4.2). The PAT becomes valid wh¢n the
last byyte of the section needed to complete the table exits Bgys.

Whemever one or more elementary streams within a Transport Stream are scrambled, Transport_Stream packets with a
PID [value 0x0001 shall be transmitted containing a complete Conditional Access Table including CA_descrjptors
assodiated with the scrambled streams. The transmitted Transport Stream packets will, together form one complete
versipn of the conditional access table. The most recently transmitted version of the table'with the current next indjcator
set tg a value of '1' shall always apply to the current data in the Transport Stream. Any-ehanges in scrambling making the
existing table invalid or incomplete shall be described in an updated version of-the conditional access table. These
sectigns will all use table id value 0x01. Only sections with this table id value‘are permitted within Transport Sfream
pack¢ts with a PID value of 0x0001. For a new version of the CAT to bécome valid, all sections (as indicated |n the
last_gection_number) with a new version_number and with the current next indicator set to 'l' must exit Bgys. The| CAT
becomes valid when the last byte of the section needed to complete the table exits Bgys.

Each|Transport Stream shall contain one or more Transport Stream packets with PID values which are labelled undgr the
progiam association table as Transport Stream packets contaiding TS program map sections. Each program listed |n the
Progfam Association Table shall be described in a unique TS program map section. Every program shall be| fully
definpd within the Transport Stream itself. Private data which has an associated elementary PID field in the appropriate
Progtam Map Table section is part of the program. Other private data may exist in the Transport Stream without peing
listed in the Program Map Table section. The most«ecently transmitted version of the TS program_map_section with the
currept next_indicator set to a value of 'l' shall-always apply to the current data within the Transport Stream| Any
changes in the definition of any of the programs carried within the Transport Stream shall be described in an updated
versipn of the corresponding section of the-program map table carried in Transport Stream packets with the PID [value
ident]fied as the program map PID_fer ‘that specific program. All Transport Stream packets which carry a |[given
TS program_map_section shall hayethe same PID value. During the continuous existence of a program, including|all of
its agsociated events, the program map PID shall not change. A program definition shall not span more thap one
TS program_map_section. A new version of a TS program map_section becomes valid when the last byte of that
sectign with a new version_umber and with the current_next_indicator set to '1" exits Bgys.

Sectipns with a tableSid) value of 0x02 shall contain Program Map Table information. Such sections may be carrjed in
Trangport 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
packéts thatwill have the same PID value, called the network PID. The network PID value is defined by the usef and,
when| ptesent, shall be found in the Program Association Table under the reserved program_ number 0x0000. [f the

t Jeta 3 tall] 1ete—it ol 4ol tha £ 1xzat 4
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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.

The Transport Stream Description Table is optional. When present, the Transport Stream Description is carried within
Transport Stream packets that have a PID value 0x0002 as specified in Table 2-23 and shall apply to the entire Transport
Stream. Sections of the Transport Stream Description shall use a table id value of 0x03 as specified in Table 2-26 and its
contents are restricted to descriptors specified in Table 2-39. The TS_description_section becomes valid when the last
byte of the section required to complete the table exits Bgys.

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.
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ISO/IEC 13818-1 : 200

1 Pointer

The pointer_field syntax is defined in Table 2-24.

Table 2-24 — Program specific information pointer

0 (E)

Syntax No. of bits Mnemoni

C

pointer_field 8 uimsbf

2.4.4{2 Semantics definition of fields in pointer syntax
poinfer_field — This is an 8-bit field whose value shall be the number of bytes, immediately following the pointer| field
until fthe first byte of the first section that is present in the payload of the Transport Stream packet (so-avalue of 0400 in
the ppinter field indicates that the section starts immediately after the pointer field). When at least on¢’section begfins in
a given Transport Stream packet, then the payload unit_start indicator (refer to 2.4.3.2) shallibe-set to 1 and th¢ first
byte |of the payload of that Transport Stream packet shall contain the pointer. When no section begins in a |given
Trangport Stream packet, then the payload unit start indicator shall be set to 0 and no\pointer shall be sent in the
payldad of that packet.
2.4.4{3 Program association Table
The Program Association Table provides the correspondence between aprogram number and the PID value ¢f the
Trangport Stream packets which carry the program definition. The program) humber is the numeric label associated with
a program.
The ¢verall table is contained in one or more sections with the following syntax. It may be segmented to occupy myltiple
sectigns (see Table 2.25).
Table 2-25<'Program association section
Syntax No. of bits Mnemonic
program_association_section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
‘0’ 1 bslbf
reserved 2 bslbf
section_length 12 uimsbf
transport_stream_id 16 uimsbf
reserved 2 bslbf
version\ humber 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (=0:i <N;i++) {
program_number 16 uimsbf
reserved 3 bslbf
if (program_number =="'0") {
network PID 13 uimsbf
H
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_scction

0x03 TS description_section

0x04 ISO_IEC 14496 scene description_section

0x05 ISO_IEC 14496 object descriptor section
0x06-0x37 ITU-T Rec. H.222.0 | ISO/IEC 13818-1 reserved
0x38-0x3F Defined in ISO/IEC 13818-6
0x40-0xFE User private

OxFF forbidden

2.4.4
table
sectid
secti

of by
field

5 Semantic definition of fields in program association sé¢tion
| id — This is an 8-bit field, which shall be set to 0x00 as'shown in Table 2-26.
bn_syntax_indicator — The section_syntax_indicatdris a 1-bit field which shall be set to '1'.

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

trandport_stream_id — This is a 16-bit field which serves as a label to identify this Transport Stream from any
multiplex within a network. Its value-1s.defined by the user.

versipn_number — This 5-bit-field is the version number of the whole Program Association Table. The version ny

shall
curre
Tablg
Asso

currs
curre
table

be incremented by 1¢modulo 32 whenever the definition of the Program Association Table changes. Whd
ht next_indicator ig'set to '1', then the version number shall be that of the currently applicable Program Assoc|
. When the current) fiext _indicator is set to '0', then the version_number shall be that of the next applicable Prq
Ciation Table.

nt_next indicator — A 1-bit indicator, which when set to 'l' indicates that the Program Association Table s
htly applicable. When the bit is set to '0, it indicates that the table sent is not yet applicable and shall be thg
to-beeome valid.

mber
n this

other

mber
n the
ation
gram

ent is
next

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

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

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

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

CRC_32 — This is a 32-bit field that contains the CRC value that gives a zero output of the registers 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 ‘str€anjs 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 myltiple
sectigns.

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 1=0;i<N;it++) {

descriptor()

b

CRC 32 32 rpchof
}

2.4.4]7 Semantic definition of fields in conditional access section
tablel id — This is an 8-bit-field, which shall be set to 0x01 as specified in Table 2-26.
sectign_syntax_indicator — The section_syntax_indicator is a 1-bit field which shall be set to '1'.

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

version_number — This 5-bit field is the version number of the entire conditional access table. The version number shall
be incremented by 1 modulo 32 when a change in the information carried within the CA table occurs. When the
current_next_indicator is set to 'l', then the version_number shall be that of the currently applicable Conditional Access
Table. When the current next indicator is set to '0', then the version number shall be that of the next applicable
Conditional Access Table.

current_next_indicator — A 1-bit indicator, which when set to 'l' 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.
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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.

2.44.8 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 qQr_mare sections with the fn]]n\ning syntax It mav be QPngand to occupy mn]‘rip]P sections In each section. the
sectign 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 Nocof bits Mnemonic
TS Jprogram_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 (1=0;i<N;i++) {
descriptor()
}
for 1i=0;1<NI1;i++) {
stream_type 8 uimsbf
reserved 3 bslbf
elementary~PID 13 uimsbf
reseryed. 4 bslbf
ES~infe_length 12 uimsbf
for (v=0; 1 <N2; i++) {
descriptor()
b
t
CRC_32 32 rpchof
}

2.4.4.9 Semantic 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 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_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).
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program_number — program number is a 16-bit field. It specifies the program to which the program map PID is
applicable. 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.

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 'l', 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.

curr¢nt_next_indicator — A 1-bit field, which when set to 'l' indicates that the TS program mappsection s¢nt is
curreptly applicable. When the bit is set to '0', it indicates that the TS program map section sent isynot yet applicable
and shall be the next TS program_map_section to become valid.

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

last_pection_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 Strear packets which shall contain the PCR |fields
valid| for the program specified by program number. If no PCR is as§ociated with a program definition for pfivate
streains, then this field shall take the value of 0x1FFF. Refer to the semantic definition of PCR in 2.4.3.5 and Table 2-3
for rgstrictions on the choice of PCR_PID value.

program_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 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 th¢ PID
whosg value is specified by the elementary PID-:'The values of stream_type are specified in Table 2-29.

NPTE — An ITU-T Rec. H.222.0 | ISO/IEC 13818-1 auxiliary stream is available for data types defined by this Specifi¢ation,
other than audio, video, and DSM CG;.such as Program Stream Directory and Program Stream Map.

elementary PID — This is a A3:bit field specifying the PID of the Transport Stream packets which carry the asso¢iated
progiam 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 nymber
of byes of the deseriptors of the associated program element immediately following the ES info length field.

CR( _32“-'This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder
definpdin 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_syntax_indicator is set to 'l', then the whole structure common to all tables shall be used; if the indicator is set to
'0', then only the fields 'table id' through 'private section length' shall follow the common structure syntax and
semantics and the rest of the private section may take any form the user determines. Examples of extended use of this
syntax are found in Informative Annex C.
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Table 2-29 — Stream type assignments

Value Description

0x00 ITU-T | ISO/IEC Reserved

0x01 ISO/IEC 11172 Video

0x02 ITU-T Rec. H.262 | ISO/IEC 13818-2 Video or ISO/IEC 11172-2 constrained parameter video stream

0x03 ISO/IEC 11172 Audio

0x04 ISO/IEC 13818-3 Audio

0x05 ITU-T Rec. H.222.0 | ISO/IEC 13818-1 private_sections

0x06 ITU-T Rec. H.222.0 | ISO/IEC 13818-1 PES packets containing private data

0x07 ISO/IEC 13522 MHEG

0x08 ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Annex A DSM-CC

0x09 ITU-T Rec. H.222.1

0x0A ISO/IEC 13818-6 type A

0x0B ISO/IEC 13818-6 type B

0x0C ISO/IEC 13818-6 type C

0x0D ISO/IEC 13818-6 type D

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

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

0x10 ISO/IEC 14496-2 Visual

0Ox11 ISO/IEC 14496-3 Audio with the LATM transport syntax as defined in ISO/IEC 14496-3 / AMD 1

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

0x13 ISO/IEC 14496-1 SL-packetized stream or FlexMux stream carried in ISO/IEC14496_sections.

0x14 ISO/IEC 138)1'8-6 Synchronized Download Protocol

0x15-0x7F ITU<F\Rec. H.222.0 | ISO/IEC 13818-1 Reserved
0x80-0xFF User Private

A prilvate table-miay be made of several private sections, all with the same table id (see Table 2-30).
2.4.4}]10~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 'l', 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 (0xFFD).
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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 (1=0;i<N;i++) {

private—data—byte 8 bslbf
}
H
else {
table_id_extension 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (1 = 0; i < private_section_length-9; i++) {
private_data_byte 8 bslbf
§
CRC_32 32 rpchof
H

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

futurg.

h

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

versipn_number — This 5-bit field is the version number of the private section. The version number shg

incre

mented by 1 modulo 32 when a change At the information carried within the private section occurs. Whe

currept next indicator is set to '0', then the-version number shall be that of the next applicable private section wi

same

table id and section_number.

curr¢nt_next_indicator — A 1-bit field, which when set to 'l' indicates that the private section sent is cur

appli

table. When the current_next_Jindicator is set to '1', then the version_number shall be that of the currently appl

privafe section. When the bit is) Set to '0', it indicates that the private section sent is not yet applicable and shall |

next

brivate _section with the’same section number and table id to become valid.

sectign_number — This/8-bit field gives the number of the private section. The section_number of the first sectio
privafe table shall;be 0x00. The section number shall be incremented by 1 with each additional section in this p

table

last_pection! number — This 8-bit field specifies the number of the last section (that is, the section with the h

secti

n the

11 be
n the
h the

rently
cable
e the

hina
rivate

ghest

n-flumber) of the private table of which this section is a part.

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

244

.12 Syntax of the Transport Stream section

ITU-T Rec. H.222.0 | ISO/IEC 13818-1 compliant bitstreams may carry the information defined in Table 2-30-1.

ITU-

T Rec. H.222.0 | ISO/IEC 13818-1 compliant decoders may decode the information defined in this table.

The Transport Stream Description Table is defined to support the carriage of descriptors as found in 2.6 for an entire
Transport Stream. The descriptors shall apply to the entire Transport Stream. This table uses a table_id value of 0x03 as
specified in Table 2-26 and is carried in Transport Stream packets whose PID value is 0x0002 as specified in Table 2-3.
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Table 2-30-1 — The Transport Stream Description Table

Syntax No. of bits Mnemonic
TS description_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 uimsb
last_section_number 8 uimsbf
for i=0;1<N;i++) {
descriptor()
}
CRC_32 32 rpchof]
}
2.4.4{13 Semantic definition of fields in the Transport Stream section
tablel id — This is an 8-bit field, which shall be set to '0x03' as specified in Table 2-26;
sectign_length — This is a 12-bit field, the first two bits of which shall be '00". (The remaining 10 bits specify the nymber
of bytes of the section, starting immediately following the section length field, and including the CRC. The value in this
field phall not exceed 1021 (0x3FD).

versipn_number — This 5-bit field is the version number of the whoele Transport Stream Description Table. The vg

numb
chang
Tran
of thg

Curryq
Tablg
be th

sectid
Tran
Tran

last_|
secti

CR(
defin

2.5

2.5.1

er shall be incremented by 1 modulo 32 whenever the definition of the Transport Stream Description

bes. When the current_next indicator is set to 'l', then the.¥érsion number shall be that of the currently appl
port Stream Description Table. When the current next_indicator is set to '0', then the version_number shall b
next applicable Transport Stream Description Table;

nt_next_indicator — A 1-bit indicator, which, when set to 'l', indicates that the Transport Stream Descr
sent is currently applicable. When the bit is'sét to '0', it indicates that the table sent is not yet applicable and
e next table to become valid.

pn_number — This 8-bit field gives'‘the number of this section. The section_number of the first section
port Stream Description Table_shall be 0x00. It shall be incremented by 1 with each additional section
port Stream Description Table:

section_number — This 8-bit field specifies the number of the last section (that is, the section with the h
n_number) of the complete Transport Stream Description Table.

| 32 — This is a 32<bit field that contains the CRC value that gives a zero output of the registers in the de
bd in Annex A after processing the entire Transport Stream Description section.

Program Stream bitstream requirements

Program Stream coding structure and parameters

brsion
Table
cable
e that

ption
shall

n the
n the

ghest

coder

The TTU-T Rec. H.222.0ISO/IEC 13818-1 Program Stream coding layer allows one program o0l one of more
elementary streams to be combined into a single stream. Data from each elementary stream are multiplexed together with
information that allows synchronized presentation of the elementary streams within the program.

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

Elementary Stream data is carried in PES packets. A PES packet consists of a PES packet header followed by packet

data.

PES packets are inserted into Program Stream packs.

The PES packet header begins with a 32-bit start-code that also identifies the stream (refer to Table 2-18) to which the
packet data belongs. The PES packet header may contain just a Presentation Time Stamp (PTS) or both a presentation
timestamp and a Decoding Time Stamp (DTS). The PES packet header also contains other optional fields. The packet
data contains a variable number of contiguous bytes from one elementary stream.
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In a Program Stream, PES packets are organized in packs. A pack commences with a pack header and is followed by
zero or more PES packets. The pack header begins with a 32-bit start-code. The pack header is used to store timing and
bitrate information.

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

This Recommendation | International Standard does not specify the coded data which may be used as part of conditional
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 §emantics of the Program Stream and the constraints on these semantics require exact definitions of decoding, gvents
and the times at which these events occur. The definitions needed are set out in this Specification using a hypothetical
decodler 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 durirg 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 playback of Program Streams from @ variety of deqoders
with flifferent architectures or timing schedules.

i-th byte of
multiplex stream

, o
tAd1((JJ)>| r TN

tp4 (k)
B1 ‘ I D1 O 1'
j-th access unit k-th presentation unit
o]
o]
v I o B | b Pn (K)
n n
t) | ton (k)
System control TISO5820-95/d07

Figure 2-2 — Program Stream system target decoder notation

The [following notationC1s ‘used to describe the Program Stream system target decoder and is partially illusfrated
in Figure 2-2.

i, 1 are indices to bytes in the Program Stream. The first byte has index 0.
j is an index to access units in the elementary streams.

k,'%k’, k" are indices to presentation units in the elementary streams.

n is an index to the elementary streams

t(1) indicates the time in seconds at which the i-th byte of the Program Stream enters the system target
decoder. The value t(0) is an arbitrary constant.

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

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

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

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

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

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

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

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

D, is the decoder for elementary stream n.

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

2.5.2.1 System clock frequency

TimigrgTrformmation referenced T P=STDTscarricd by severatdatafietdsdetfimed i this—Specification—Tiefielgs are
definpd in 2.5.3.3 and 2.4.3.6. This information is coded as the sampled value of a system clock.

The Yalue 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 1073 Hz/s.

The hotation "system clock frequency" is used in several places in this Recommendation | International Staphdard
torefer to the frequency of a clock meeting these requirements. For notationdl ‘convenience, equatiofs in
which SCR, PTS, or DTS appear, lead to values of time which are accurate\te” 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 frequiency
dividpd by 300 for PTS and DTS.

2.5.2{2 Input to the Program Stream system target decoder

Data |from the Program Stream enters the system target decoder. TheM*th byte enters at time t(i). The time at which this
byte [enters the system target decoder can be recovered from the input stream by decoding the input System {lock
Refefence (SCR) fields and the program mux rate field sencoded in the pack header. The SCR, as definpd in
equaﬂion 2-18, is coded in two parts: one, in units the period of 1/300 x the system clock frequency, ¢alled
systein_clock reference base (see equation 2-19),,;and one, called system clock reference ext eqgation
(see ¢quation 2-20), in units of the period of the system'clock frequency. In the following the values encoded in|these
fieldq are denoted by SCR_base(i) and SCR_ext(i) The value encoded in the SCR field indicates time t(i), where i pefers
to thq byte containing the last bit of the system olock reference base field.

Specifically:

SGR(i) = SCR base(i) x 300 + SCR_ext(i) (2-18)

wher¢

SER _base(i) = ((system_clock_frequency x t(i)) DIV 300) % 233 2-19)

SCR_ext(i)

((system_clock_frequency * t(i)) DIV 1) % 300 (2-20)

The i as given in equation 2- or all other bytes shall be constructed from R(1) and the
which data arrives, where the arrival rate within each pack is the value represented in the program mux_rate field in that

pack’s header.

SCR(J' i— 17
i) = &) + (2-21)
system_clock_frequency = program_mux_rate X 50
where
i is the index of the byte containing the last bit of the system clock reference base
field in the pack header
i is the index of any byte in the pack, including the pack header
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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 B, is instantaneous, so that byte i enters the buffer for stream n, of size BS,,, at time t(i).

Bytes present in the pack header, system headers, Program Stream Maps, Program Stream Directories, or PES packet

head¢rs of the Program Stream such as SCR, DTS, PTS, and packet length fields, are not delivered to any of the-by

but

The input buffer sizes BS; through BS,, are given by the P-STD buffer size parameter in the syntax in equation 2-1
equation 2-17.

At th|
that i
The
withd
elem
ISO/]
presé]

The
neith

for alll t and n

and

instamtaneously before t = t(0).

Fq(®)

An e}
headgs

For qll Program Streams, the delay caused by system target decoder input buffering shall be less than or equal t

secof]
betw

Spec

ay be used to control the system.

e decoding time, td,(j), all data for the access unit that has been in the buffer longest, A,(j),‘and any stuffing
mmediately precede it that are present in the buffer at the time td,(j), are removed instantaheously at time f
lecoding time td,(j) is specified in the DTS or PTS fields. Decoding times td,(j + 1){td,(j + 2), ... of access|
ut encoded DTS or PTS fields which directly follow access unit j may be dériyed from information i
bntary stream. Refer to Annex C of ITU-T Rec. H.262 | ISO/IEC 13818-2, ISOAEC"13818-3, ISO/IEC 11171
EC 11172-3. Also refer to 2.7.5. As the access unit is removed from the buffer,-it is instantaneously decode
ntation unit.

Program Stream shall be constructed and t(i) shall be chosen so that«he input buffers of size BS; throug}
br overflow nor underflow in the program system target decoder. That.s:

0 < Fu(t) < BS)

Fu(f) = 0

is the instantaneous fullness of P-STD buffer B,,.

kception to this conditiod 1§ that the P-STD buffer B, may underflow when the low_delay flag in the video seq
1 is set to '1' (refer to,2:4.2.6) or when trick_mode status is true (refer to 2.4.3.8).

d except for stillpicture video data and ISO/IEC 14496 streams. The input buffering delay is the difference i
ben a byte entering the input buffer and when it is decoded.

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

ffers,

6 and

bytes
dn()-
units
n the
-2 or
i to a

BS,

Hence

b one
time

tdn(j)-t(i) <= 1 sec

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

tdn(j)-t(i) <= 60 sec

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

for al

tdn(j)-t(i) <= 10 sec

1 bytes contained in access unit j.
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For Program Streams, all bytes of each pack shall enter the P-STD before any byte of a subsequent pack.

When the low_delay flag in the video sequence extension is set to 'l' (refer to 6.2.2.3 of ITU-T Rec. H.262 |
ISO/IEC 13818-2) the VBV buffer may underflow. In this case when the P-STD elementary stream buffer 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.

2.5.214 PES streams

It is possible to construct a stream of data as a contiguous stream of PES packets each containing data lof the[same
elemg¢ntary stream and with the same stream_id. Such a stream is called a PES stream. The PES-STD model for 4 PES
strean is identical to that for the Program Stream, with the exception that the Elementary Stream_Clock Refdrence
(ESCR) is used in place of the SCR, and ES rate in place of program mux_rate. The demultipléXor sends data tq only
one glementary stream buffer.

Buffgr sizes BS, in the PES-STD model are defined as follows:

—  ForITU-T Rec. H.262 | ISO/IEC 13818-2 video:

BS; = VBVpax[profile, level] + BSgj

BSgn = (1/750) seconds X Ry.«[profile, level], where. VBV .«[profile, level] and Ry.«[profile, levdl] are
the maximum VBV size and bit rate per profile, devel, and layer as defined in Tables 8-14 and [8-13,
respectively, of ITU-T Rec. H.262 | ISO/IEC 13818-2. BS, is allocated for PES packet header overlfead.

—  For ISO/IEC 11172-2 video:

BS, = VBVnax + BSon

BSgon = (1/750) seconds X Rypuy, where Ry, and vbv_max refer to the maximum bitrate and maxjmum
vbv_buffer size for a constrained parameter bitstream in ISO/IEC 11172-2 respectively.

—  ForISO/IEC 111723-0r'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 Tragsport
Streajn system.target decoder in 2.4.2.4, and 2.4.2.5 respectively.

2.5.216 —~/P-STD extensions for carriage of ISO/IEC 14496 data

For decoding of ISO/IEC 14496 data carried in a Program Stream the P-STD model is extended. For decoding of
individual ISO/IEC 14496 elementary streams in the P-STD see clause 2.11.2. Clause 2.11.3 defines P-STD extensions
and parameters for decoding of ISO/IEC 14496 scenes and associated streams.

253 Specification 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.
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Table 2-31 — Program Stream

Syntax No. of bits Mnemonic
MPEG2_program_stream() {
do {
pack()
} while (nextbits() == pack_start code)
MPEG_program_end_code 32 bslbf
}
2.5.3{2 Semantic definition of fields in Program Stream
MPHG_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 Tables 2-32 and 2.33.
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
or' 2 bslbf
system_clock reference base [32..30] 3 bslbf
marker_bit 1 bslbf
system_clock.reference base [29..15] 15 bslbf
markercbit 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 (1=0; i <pack_ stuffing length; i++) {
stuffing_byte 8 bslbf
}
if (nextbits() == system_header start code) {
system_header ()
}
}
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2.5.3.4 Semantic definition of fields in program stream pack

pack_start_code — The pack start code is the bit string '0000 0000 0000 0000 0000 0001 1011 1010' (0x000001BA). It
identifies the beginning of a pack.

system_clock reference base; system_clock reference extension — The system clock reference (SCR) is a 42-bit
field coded in two parts. The first part, system clock reference base, is a 33-bit field whose value is given by
SCR base(i) as given in equation 2-19. The second part, system_clock reference extension, is a 9-bit field whose 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=ATmarker bitis o -bit fieid that s the vatoe ™t

program_mux_rate — This is a 22-bit integer specifying the rate at which the P-STD receives the Program’ Sfream
durinlg the pack in which it is included. The value of program mux rate is measured in units of 50 bytes/second. The
valugd 0 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 packjtolpack in an I[['U-T
Rec. H.222.0 | ISO/IEC 13818-1 program multiplexed stream.
pack| stuffing_length — A 3-bit integer specifying the number of stuffing bytes which follow-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 r¢quirements of the channel. It is discarded by the decoder. In each pack header'ng more than 7 stuffing byteq shall
be prsent.
2.5.3{5 System header
See Table 2-34.
Table 2-34 — Program Stream system header
Syntax No. of bits Mnemonic
systpm_header () {
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_flag 1 bslbf
CSPS_flag 1 bslbf
system_audio_lock. flag 1 bslbf
system_video_lock” flag 1 bslbf
marker_bit 1 bslbf
video_bound 5 uimsbf
packet_rate restriction_flag 1 bslbf
reserved! bits 7 bslbf
while.(riextbits () == 1) {
stream_id 8 uimsbf
1" 2 bslbf
P-STD buffer bound scale 1 bslbf
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'

(0x000001BB). It identifies the beginning of a system header.

header_length — This 16-bit field indicates the length in bytes of the system header following the header length field.
Future extensions of this Specification may extend the system header.
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rate_bound — A 22-bit field. The rate _bound is an integer value greater than or equal to the maximum value of the
program_mux rate field coded in any pack of the Program Stream. It may be used by a decoder to assess whether it is
capable of decoding the entire stream.

audio_bound — A 6-bit field. The audio_bound is an integer in the inclusive range from 0 to 32 and is set to a value
greater than or equal to the maximum number of ISO/IEC 13818-3 and ISO/IEC 11172-3 audio streams in the 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 'l' fixed bitrate operation is indicated. When set to '0' variable
bitrate operation is indicated. During fixed bitrate operation, the value encoded in all system clock reference fields in
the multiplexed ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream shall adhere to the following linear equation:

SCR base(i) = ((c1 x i +c2) DIV 300) % 233 (2-22)

SCR ext(i) = ((c x i +c2) DIV 300) % 300 (2-23)

wher¢
cl isareal-valued constant valid for all i
¢2 1is areal-valued constant valid for all 1

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

CSP$_flag — The CSPS flag is a 1-bit field. If its value is set to 'l' the Ptogram Stream meets the constraints d¢fined
in2.7.9.

system_audio_lock flag — The system audio_lock flag is a 1-bitifield indicating that there is a specified, copstant
rational relationship between the audio sampling rate and the systénr’ clock frequency in the system target decodet. The
systepn_clock frequency is defined in 2.5.2.1 and the audip.Sampling rate is specified in ISO/IEC 13818-3| The
system_audio_lock flag may only be set to '1' if, for all presentation units in all audio elementary streams in the Prggram
Stream, the ratio of system_clock frequency to the actual-audio sampling rate, SCASR, is constant and equal to the [value
indicpted in the following table at the nominal sampling\rate indicated in the audio stream.

SCASR = system_clock_frequency 194
_atdio sample_rate in the P-STD 3-29

X .
The fotation 5% denotes real division,

Northinal audio
sampling 16 32 22,05 441 24 48
freqyency (kHz)

SCASR 27 000 000 27 000 000 27 000 000 27 000 000 27 000 000 27 000 000

16 000 32 000 22 050 44 100 24 000 48 000

system_video lock flag — The system video lock flag is a 1-bit field indicating that there is a specified, constant
rational relationship 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 'l1" if, for all presentation units in all video elementary streams
in the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program, the ratio of system clock frequency to the actual video frame
rate, SCFR, is constant and equal to the value indicated in the following table at the nominal frame rate indicated in the
video stream.

FR = system_clock_frequency Y
SCFR = frame_rate_in _the P-STD (2-25)
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Nominal

frame rate 23,976 24 25 29,97 30 50 59,94 60
(Hz)
SCFR 1126125 1125000 1 080 000 900 900 900 000 540 000 450450 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.

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

equa w LllC lllaAilllulll uuul‘ucu Uf ITU'T RUL. H."U’\ i ISU IEC 13818"\ aud ISG IEC 1111117""\ SUICAIIS ill LllC Pl\
Streajn of which the decoding processes are simultaneously active. For the purpose of this subclause, the~deg
procgss of an ITU-T Rec. H.262 | ISO/IEC 13818-2 and ISO/IEC 11172-2 video stream is active if the P-STD-bu
not efnpty, 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
packg¢t rate restriction flag indicates which constraint is applicable to the packet rate, as specifiedin 2.7.9. If the
flag if set to value of '0', then the meaning of the packet rate restriction flag is undefined.

reserjved_bits — This 7-bit field is reserved for future use by ISO/IEC. Until otherwise speeified by ITU-T | ISO/I
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 stre
which the following P-STD_buffer bound scale and P-STD buffer size bound-fields refer.

If stgeam_id equals '1011 1000' the P-STD buffer bound scale and R-STFD buffer size bound fields followin
streafn_id refer to all audio streams in the Program Stream.

If stgeam id equals '1011 1001' the P-STD buffer bound scale<and P-STD buffer size bound fields followin
streafn_id refer to all video streams in the Program Stream.

If th¢ stream_id takes on any other value it shall be a byte value greater than or equal to '1011 1100' and sh
interpreted as referring to the stream coding and elementaty stream number according to Table 2-18.

Each| eclementary stream present in the Program Stream shall have its P-STD buffer bound scale
P-STD_buffer size bound specified exactly onee:by this mechanism in each system header.

P-ST|ID_buffer bound_scale — The P-STD_buffer bound scale is a 1-bit field that indicates the scaling factor uf

interpret the subsequent P-STD_buffer_size_boqu field. If the preceding stream id indicates an audio sIeam,

P-STD buffer bound scale shall ~/have the wvalue '0. If the preceding stream id indicates a video s
P-STD buffer bound scale shdll;~have the value 'l For all other stream types, the value of]
P-STD_buffer bound scale may be either '1' or '0'.

P-ST|ID_buffer_size bound = The P-STD buffer size bound is a 13-bit unsigned integer defining a value greate
or edual to the maximym P-STD input buffer size, BS;, over all packets for stream n in the Program Streq
P-STD buffer bound-scale has the value '0', then P-STD_buffer size bound measures the buffer size bound in ur
128 pytes. If P-STD buffer bound scale has the value 'l', then P-STD buffer size bound measures the buffe
bounl in units‘ef1024 bytes. Thus:

if (P-STD_buffer bound scale == 0)

gram
pding
Ffer is

' the
CSPS

EC it

hm to

o the

o the

hll be

and

ed to

eam,
the

than
m. If
its of
- size

BS, < P — STD_ buffer size_bound x 128

else

BS, £ P — STD buffer size bound x 1024

2.5.3.7 Packet layer of Program Stream

The packet layer of the Program Stream is defined by the PES packet layer in 2.4.3.6.
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254 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.

raple Z-35 — Frogram 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 (1=0; 1 <NI; i++) {

stream_type 8 uimsbf

elementary_stream_id 8 uimsbf

elementary_stream_info length 16 uimsbf

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

descriptor()

b
}
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-bit code. Together with the map_stream id that
folloys it constitutes a packet start code that identifies the beginning of a packet. The packet start code prefix is the bit
string '0000 0000 00000000 0000 0001' (0x000001 in hexadecimal).

map |stream_id-—\This is an 8-bit field whose value shall be 0xBC.

program_stream_map_length — The program_stream map_length is a 16-bit field indicating the total number of|bytes
in thq pregram_stream_map immediately following this field. The maximum value of this field is 1018 (0x3FA).

currént—hext—indieate : a—b d—when 6 rehes hrat—th ogran-StreamMap-sentis—etrrently
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 to become valid.

program_stream_map_version — This 5-bit field is the version number of the whole Program Stream Map. The version
number shall be incremented by 1 modulo 32 whenever the definition of the Program Stream Map changes. When the
current_next_indicator is set to 'l, then the program stream map version shall be that of the currently applicable
Program Stream Map. When the current_next_indicator is set to '0', then the program_stream_map_version shall be that
of the next applicable Program Stream Map.

program_stream_info_length — The program stream info length is a 16-bit field indicating the total length of the
descriptors immediately following this field.

marker_bit — A marker_bit is a 1-bit field that has the value '1".
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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
definpd in Annex A after processing the entire program stream map.

2.5.5 Program Stream directory

The (lirectory for an entire stream is made up of all the directory data carried by Program Stream. Directory pgckets
ident]fied with the directory stream id. The syntax for program_stream_directory packets is defined in‘Pable 2-36.

NPTE 1 — This syntax differs from the PES packet syntax described in 2.4.3.6.

Diredtory entries may be required to reference I-pictures in a video stream, as defined in IfU-T
Rec. H.262 | ISO/IEC 13818-2 and ISO/IEC 11172-2. If an I-picture that is referenced in@-ditectory entry is preceded by
a sequence header with no intervening picture headers, the directory entry shall reference the first byte of the seqpience
headgr. If an I-picture that is referenced in a directory entry is preceded by a group of pictures header with no interviening
picture headers and no immediately preceding sequence header, the directory entry shall reference the first byte ¢f the
group of pictures header. Any other picture that a directory entry references shall be referenced by the first byte pf the
pictute header.

NPTE 2 — It is recommended that [-pictures immediately following a sequence*header should be referenced in directory stryctures
sq that the directory contains an entry at every point where the decoder may be reset completely.

Diredtory references to audio streams as defined in ISO/IEC 13818+3 and ISO/IEC 11172-3 shall be the syncword pf the
audiq frame.

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

Acceps units shall be referenced in a program streamt directory packet in the same order that they appear in the
bitstrpam.

2.5.5{1 Syntax of Program Stream directory packet
See Table 2-36.

2.5.5]2 Semantic definition of fields in Program Stream directory

packet_start code prefix — Fhe packet start code prefix is a 24-bit code. Together with the stream_id that follogws, it
constiitutes a packet start code-that identifies the beginning of a packet. The packet start code prefix is the bit ptring
'000¢ 0000 0000 0000 0000-0001' (0x000001 in hexadecimal).

direqgtory_stream_id-="This 8-bit field shall have a value '1111 1111' (OxFF).

PES |packet length — The PES packet length is a 16-bit field indicating the total number of bytes ip the
proglrm_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 start code of
the packet which contains this previous_directory offset field. The value '0' indicates that there is no previous Program
Stream Directory packet.

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

packet_stream_id — This 8-bit field is the stream_id of the elementary stream that contains the access unit referenced by
this directory entry.
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PES_header_position_offset_sign — This 1-bit field is the arithmetic sign for the PES header position offset described
immediately following. A value of '0' indicates that the PES header position_offset is a positive offset. A value of 'l'
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.

Table 2-36 — Program Stream directory packet

Syntax No. of bits Mnemonic
direftory 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 bslbf
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;it+) {

packet_stream_id 8 uimsbf
PES_header_position_offset_sign 1 tcimsbf
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 1 bslbf
refereiice_offset 16 uimsbf
marKker_bit 1 bslbf
reserved 3 bslbf
PTS[32..30] 3 uimsbf
marker_bit 1 bslbf
PTSJ[29..15] 15 uimsbf
marker_bit 1 bslbf
PTST14-61 15 wimsbf—
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
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PTS (presentation_time_stamp) — This 33-bit field is the PTS of the access unit that is referenced. The semantics of the
coding of the PTS field are as described in 2.4.3.6.

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

intra_coded_indicator — This is a 1-bit flag. When set to 'l' it indicates that the referenced access unit is not predictively
coded. This is independent of other 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

coding parameters_indicator — This 2-bit field is used to indicate the location of coding parameters that are needed to
decodle the access units referenced. For example, this field can be used to determing-the/location of quantization matrices
for video frames.

Table 2-38 — Coding_parameters jndicator

Value Meaning
00 All coding parameters are set-{o-their default values
01 All coding parameters ar€set in this access unit, at least one of them is not

set to a default

10 Some coding patameters are set in this access unit
11 No coding.parameters are coded in this access unit
2.6 Program and program element descriptors

Progtam and program elenient descriptors are structures which may be used to extend the definitions of programs and
progam elements. All deéscriptors have a format which begins with an 8-bit tag value. The tag value is followed py an
8-bit [descriptor lengthfand data fields.

2.6.1 Semantic definition of fields in program and program element descriptors

The following'semantics apply to the descriptors defined in 2.6.2 through 2.6.34.

descyriptor tag — The descriptor tag is an 8-bit field which identifies each descriptor.

Table 2-39 provides the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 defined, ITU-T Rec. H.222.0 | ISO/IEC 13818-1
reserved, and user available descriptor tag values. An 'X' in the TS or PS columns indicates the applicability of the
descriptor to either the Transport Stream or Program Stream respectively. Note that the meaning of fields in a descriptor
may depend on which stream it is used in. Each case is specified in the descriptor semantics below.

descriptor_length — The descriptor_length is an 8-bit field specifying the number of bytes of the descriptor immediately
following descriptor_length field.

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).
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Table 2-39 — Program and program element descriptors
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
7 X X target background grid descriptor
8 X X Video window_descriptor
9 X X CA_descriptor
10 X X ISO_639 language descriptor
11 X X System_clock descriptor
12 X X Multiplex buffer utilization descriptor
13 X X Copyright_descriptor
14 X Maximum_bitrate descriptor
15 X X Private data indicator “descriptor
16 X X Smoothing_buffer descriptor
17 X STD_deseriptor
18 X X IBP-descriptor

19-26 X Defined in ISO/IEC 13818-6
27 X X MPEG-4 video_descriptor
28 X X MPEG-4_audio_descriptor
29 X X 10D _descriptor
30 X SL_descriptor
31 X X FMC _descriptor
32 X X External ES ID descriptor
33 X X MuxCode_descriptor
34 X X FmxBufterSize descriptor
35 X MultiplexBuffer descriptor

36-63 n/a n/a | ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Reserved

64-255 n/a n/a | User Private
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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 4 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
H
}
2.6.3 Semantic definitions of fields in video stream descriptor
multiple_frame_rate_flag — This 1-bit field when set to 'l' indicates that multiple,frame rates may be present {n the
vided stream. When set to a value of '0' only a single frame rate is present.

framg

MPH
ISO/]

fralzr_rate_code — This is a 4-bit field as defined in 6.3.3 of ITU-T Rec.8H.262 | ISO/IEC 13818-2, except that [when
the npultiple frame rate flag is set to a value of 'l' the indication of asparticular frame rate also permits certain|other

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

Table 2-41 — Frame'rate code

Coded as Also includes
23,976

24,0 23,976

25,0

29,97 23,976

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

50,0 25,0

59,94 23,976 29,97

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

G_1 _only flag — This is a 1-bit field which when set to 'l' indicates that the video stream contains| only
ECA1172-2 data. If set to '0' the video stream may contain both ITU-T H.262 | ISO/IEC 13818-2 video data and

constrained parameter ISO/IEC 11172-2 video data.

constrained_parameter flag — This is a 1-bit field which when set to '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 'l".

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

frame_rate_extension_flag — This is a 1-bit flag which when set to 'l' indicates that either or both the
frame rate extension n and the frame rate extension d fields are non-zero in any video sequences of the
ITU-T Rec. H.262 | ISO/IEC 13818-2 video stream. For the purposes of this subclause, an ISO/IEC 11172-2 video
stream is constrained to have both fields set to zero.

2.6.4 Audio stream descriptor

The audio stream descriptor provides basic information which identifies the coding version of an audio elementary

streaprasdesertbedmISOAEE 138 8-3orISOAEEHTR3(seeFabte 242y

Table 2-42 — Audio stream descriptor

Syntax No. of bits Mnemonic

aydio_stream_descriptor(){
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
free_format_flag 1 bslbf
ID 1 bslbf
layer 2 bslbf
variable_rate_audio_indicator 1 bslbf
reserved 3 bslbf

}

2.6.5 Semantic definition of fields in audio stream descriptor

free_[format_flag — This 1-bit field when set to 'l' indicates that-the audio stream may contain one or more audio ffames
with fhe 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 13§18-3)
in any audio frame of the audio stream.

ID —|This 1-bit field when set to '1' indicates that the ID-Tield is set to 'l' in each audio frame in the audio stream [refer
to 2.4.2.3 of ISO/IEC 13818-3).

layer| — This 2-bit field is coded in the same mannér as the layer field in the ISO/IEC 13818-3 or ISO/IEC 11172-3 audio
streans (refer to 2.4.2.3 of ISO/IEC 13818¢3)~The layer indicated in this field shall be equal to or higher than the highest
layer|specified in any audio frame of the audio stream.

varigble rate audio_indicator — This 1-bit flag, when set to '0' indicates that the encoded value of the bit ratq field
shall not change in consecutive aidio frames which are intended to be presented without discontinuity.

2.6.6 Hierarchy descriptor

The |hierarchy descriptor provides information to identify the program elements containing components of
hierafchically-coded video and audio, and private streams which are multiplexed in multiple streams as described in this
Recommendation \p~International Standard, in ITU-T Rec. H.262 | ISO/IEC 13818-2 and in ISO/IEC 13§18-3.
(See [Cable 2-43v)

2.6.7 Seémantic definition of fields in hierarchy descriptor

h‘ PN a1 Tha i s 1 lats hat +h satad o a1 d st s I haoddad 1 1
1er <y _typte THCTHCTarCmCar TOTa IO O CTwW OOt assOtTarCOTTHCTarCrry oy O anGeshorarcrry ot aala lu)]er 1S

defined in Table 2-44.

hierarchy_layer_index — The hierarchy layer index is a 6-bit field that defines a unique index of the associated
program element in a table of coding layer hierarchies. Indices shall be unique within a single program definition.

hierarchy_embedded layer_index — The hierarchy embedded layer index is a 6-bit field that defines the hierarchy
table index of the program element that needs to be accessed before decoding of the elementary stream 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.
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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
Teserved 2 310
hierarchy_channel 6 uimsbf
i
Table 2-44 — Hierarchy_type field values
Value Description
0 Reserved
1 ITU-T Rec. H.262 | ISO/IEC 13818-2 Spatial Scalability
2 ITU-T Rec. H.262 | ISO/IEC 13818-2 SNR Scalability
3 ITU-T Rec. H.262 | ISO/IEC 13818-2 Temporal Scalability
4 ITU-T Rec. H.262 | ISO/IEC 13818-2 Data partitioding
5 ISO/IEC 13818-3 Extension bitstream
6 ITU-T Rec.H222.0 | ISO/IEC 13818-1 Rrivate Stream
7 ITU-T Rec. H.262 | ISO/IEC 13818-2\Multi-view Profile
8-14 Reserved
15 Base layer
2.6.8 Registration descriptor
The [registration_descriptor proyides a method to uniquely and unambiguously identify formats of private| data
(see Table 2-45).
Table 2-45 — Registration descriptor
Syntax No. of bits Identifie
regiptration_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
format_identifier 32 uimsbf
for (=107 TN, 17X
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

ISO/IEC JTC 1/SC 29.

additional_identification_info — The meaning of additional identification_info bytes, if any, are defined by the
assignee of that format_identifier, and once defined they shall not change.
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2.6.10 Data stream alignment descriptor

The data stream alignment descriptor describes which type of alignment is present in the associated elementary stream. If
the data_alignment_indicator in the PES packet header is set to '1' and the descriptor is present, alignment — as specified
in this descriptor — 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  Semantics of fields in data stream alignment descriptor

aligniment_type — Table 2-47 describes the video alignment type when the data alignment_indicator in the PES gacket
head¢r has a value of '1". In each case of alignment type value the first PES packet data byte following the PES header
shall |be the first byte of a start code of the type indicated in Table 2-47. At the begianing of a video sequencg, the
alignment shall occur at the start code of the first sequence header.

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

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

Table 2-47 — Video stream aligninent values

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

Tablg 2-48 describes the audio alignment type when the data_alignment_indicator in the PES packet header has a [value
of '1'] In this case the first PES packet data byte following the PES header is the first byte of an audio sync word.

Table 2-48 — Audio stream alignment values

Alignment type Description
00 Reserved
Ol Syzme yyzaaed
04 Syne-word
02-FF Reserved

2.6.12  Target background grid descriptor

It is possible to have one or more video streams which, when decoded, are not intended to occupy the full display area
(e.g. a monitor). The combination of target background grid descriptor and video window_descriptors allows the
display of these video windows in their desired locations. The target background grid descriptor is used to describe a
grid of unit pixels projected on to the display area. The video window descriptor is then used to describe, for the
associated stream, the location on the grid at which the top left pixel of the display window or display rectangle of the
video presentation unit should be displayed. This is represented in Figure 2-3.
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Figure 2-3 — Target background grid descriptor display area

B Semantics of fields in target background grid descriptor
ontal_size — The horizontal size of the target background grid in pixels.

Pal_size — The vertical size of the target background grid in pixels.

Ct 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

t ratio_information — Specifies the sample aspect ratio or display, ‘aspect ratio of the target background| grid.

Syntax No. of bits Mnemonic
targpt background grid descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
horizontal_size 14 uimsbf
vertical_size 14 uimsbf
aspect_ratio_information 4 uimsbf
}
2.6.1# Video window descriptor
The yideo window/descriptor is used to describe the window characteristics of the associated video elementary styeam.
Its [values ~reference the target background grid descriptor for the same stream. Also| see
targef 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
}
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2.6.15  Semantic definition of fields in video window descriptor

0 (E)

horizontal offset — The value indicates the horizontal position of the top left pixel of the current video display window
or display rectangle if indicated in the picture display extension on the target background grid for display as defined in
the target background grid descriptor. The top left pixel of the video window shall be one of the pixels of the target
background grid (refer to Figure 2-3).

vertical_offset — The value indicates the vertical position of the top left pixel of the current video display window or
display rectangle if indicated in the picture display extension on the target background grid for display as defined in the
target _background grid descriptor. The top left pixel of the video window shall be one of the pixels of the target
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w_priority — The value indicates how windows overlap. A value of 0 being lowest priority and a value,of 15
st priority, i.e. windows with priority 15 are always visible.

b Conditional access descriptor

onditional access descriptor is used to specify both system-wide conditional access' management information
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ogram_map_section (refer to 2.4.4.8) and the program_stream map (refer to 2.5.3). If any elementary stre
bled, a CA descriptor shall be present for the program containing that elementary stream. If any system
tional access management information exists within a Transport Stredm, a CA descriptor shall be present
tional access table.

| the CA descriptor is found in the TS program map_section (table id = 0x02), the CA PID points to p4
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Table 2-51 — Conditional access descriptor
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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; it+) {
private_data_byte 8 uimsbf
b
b
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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, i.e. 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 ISO 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
ISP 639 language descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for (1=0;i<N;i++) {
ISO_639_language_code 24 bslbf
audio_type 8 bslbf
b
b

2.6.1p  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 39 language code contains a 3-character code as specified’by ISO 639, Part 2. Each character is coded into [8 bits
acconding to ISO 8859-1 and inserted in order into this_24-bit field. In the case of multilingual audio streanjs the
sequgnce of ISO 639 language code fields shall reflect the content of the audio stream.

audi¢ type — 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
0x62 Hearing impaired
0x03 Visual impaired commentary
0x04-0xFF 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 'l'. 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 10~clock_accuracy_exponent pm (2-26)

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

Table 2-54 — System clock descriptor

Qynfqv No.—ofbits Mnemoni
systtm_clock 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
b

2.6.2l  Semantic definition of fields in system clock descriptor

exterjnal_clock_reference_indicator — This is a 1-bit indicator. When set'{o '1', it indicates that the system clodgk has
been [derived from an external frequency reference that may be availableat'the decoder.

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

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

2.6.2p  Multiplex buffer utilization descriptor

The multiplex buffer utilization descriptor prevides bounds on the occupancy of the STD multiplex buffer.| This
inforfation is intended for devices such-a$.remultiplexers, which may use this information to support a d¢sired
re-myltiplexing strategy (see Table 2-55).

Table 2-55 — Multiplex buffer utilization descriptor

Syntax No. of bits Mnemonic

mulfiplex_buffer_utilization,“descriptor() {

descriptor_tag 8 uimsbf
descriptor/length 8 uimsbf
bound. valid_flag 1 bslbf
LTW\offset_lower_bound 15 uimsbf
reserved 1 bslbf
LTW_offset_upper_bound 14 uimsbf

2.6.23  Semantic definition of fields in multiplex buffer utilization descriptor

bound_valid_flag — A 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
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.
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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 elements within programs (see Table 2-56).

Table 2-56 — Copyright descriptor

Syntax No. of bits Identifie
copyright_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
copyright_identifier 32 uimsbf
for (i =0; i <Nj;i++){
additional_copyright info 8 bslbf
b
b

2.6.2p  Semantic definition of fields in copyright descriptor
copyright_identifier — This field is a 32-bit value obtained from the Registration Authority.

additional copyright_info — The meaning of additional” copyright info bytes, if any, are defined by the assignee df that
copyfight identifier, and once defined, they shall net.¢hange.

2.6.2p Maximum bitrate descriptor

See Table 2-57.

Table 2-57 — Maximum bitrate descriptor

Syntax No. of bits Identifie
maximum_bitrate\ descriptor() {
deseriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
|~ maximum _bitrate 22 uimsbf |
}

2.6.27 Semantic definition of fields in maximum bitrate descriptor

maximum_bitrate — The maximum bitrate is coded as a 22-bit positive integer in 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
b
2.6.2p  Semantic definition of fields in Private data indicator descriptor
privdte data_indicator — The value of the private data indicator is private and shall not be défihed by ITU-T |
ISO/IEC.
2.6.3) Smoothing buffer descriptor
This [descriptor is optional and conveys information about the size of a smoothing baffer, SB,, associated with this
descrjiptor, and the associated leak rate out of that buffer, for the program element(s) that it refers to.
In th¢ case of Transport Streams, bytes of Transport Stream packets of the associated program element(s) present jn the
Trangport Stream are input to a buffer SB, of size given by sb_size, at the time defined by equation 2-4.
In th¢ case of Program Streams, bytes of all PES packets of the associated elementary streams, are input to a buffef SB,
of size given by sb_size, at the time defined by equation 2-21.
When there is data present in this buffer, bytes are removed fram this buffer at a rate defined by sb_leak rate, The
buffef, SB,, shall never overflow. During the continuous existence of a program, the value of the elements ¢f the
Smoqthing Buffer descriptor of the different program element(s) in the program, shall not change.
The feaning of the smoothing buffer descriptor is onlycdefined when it is included in the PMT or the Program Sfream
Map.
If, in|the case of a Transport Stream, it is present in~the ES info in the Program Map Table, all Transport Stream pgckets
of th¢ PID of that program element enter the snioothing buffer.
If, in|the case of a Transport Stream, it is'ptesent in the program information, the following Transport Stream pgckets
enter|the smoothing buffer:
e all Transport Stream.packets of all PIDs listed as elementary PIDs in the extended program infornpation
as well as;
e all Transport-Stream packets of the PID which is equal to the PMT_PID of this section;
e all Transport Stream packets of the PCR_PID of the program.
All bytes that enter-the associated buffer also exit it.
At anny given-time there shall be at most one descriptor referring to any individual program element and at mogt one
descifiptop refetring to the program in its entirety.
Table2-59—Smeothing-buffer-deseriptor
¥ eriptor
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
b
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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
STIp descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 7 bslbf
leak valid_flag 1 bslbf
b

2.6.38  Semantic definition of fields in STD descriptor
leak |valid_flag — The leak valid flag is a 1-bit flag. When set to MY, the transfer of data from the buffer MB,, o the
buffey EB, in the T-STD uses the leak method as defined in 2:4:2.3. If this flag has a value equal to '0', and the

vbv_flelay fields present in the associated video stream do net‘have the value OXFFFF, the transfer of data from the
buffey MB,, to the buffer EB,, uses the vbv_delay method as defined in 2.4.2.3.

2.6.34 IBP descriptor

This joptional descriptor provides information about some characteristics of the sequence of frame types in the [video
sequgnce (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_gep. flag 1 uimsbf
identical' gop flag 1 uimsbf
max-gop-length 14 uimsbf
H

2.6.35 Semantic definition of fields in IBP descriptor

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

identical_gop flag — This 1-bit flag when set to 'l' 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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2.6.36 MPEG-4 video descriptor

For individual ISO/IEC 14496-2 streams directly carried in PES packets, as defined in subclause 2.11.2, the MPEG-4
video descriptor provides basic information for identifying the coding parameters of such visual elementary streams. The
MPEG-4 video descriptor does not apply to ISO/IEC 14496-2 streams encapsulated in SL-packets and in FlexMux
packets, as defined in subclause 2.11.3.

Syntax No. of bits Mnemonic
MPEG-4_video_descriptor ()
descriptor_tag 8 uimsbf
iptor— 8 wimsbf
MPEG-4_visual_profile_and_level 8 uimsbf
}

2.6.3] Semantic definition of fields in MPEG-4 video descriptor

MPHG-4_video_profile_and_level — This 8-bit field shall identify the profile and level of the ISO/IEC 14496-2 [video
streafn. This field shall be coded with the same value as the profile and level indication field in the Visual (Pbject
Sequence Header in the associated ISO/IEC 14496-2 stream.

2.6.33 MPEG-4 audio descriptor

For ipdividual ISO/IEC 14496-3 streams directly carried in PES packets;~as defined in subclause 2.11.2, the MPEG-4
audiq descriptor provides basic information for identifying the coding parameters of such audio elementary streamq. The
MPE|G-4 audio descriptor does not apply to ISO/IEC 14496-3 streams encapsulated in SL-packets and in FlexMux
packgts, as defined in subclause 2.11.3.

Syntax No. of bits Mnemonic
MPEG-4_audio_descriptor ()
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MPEG-4_audio_profile_and_level 8 uimsbf
}

2.6.3p Semantic definitienof fields in MPEG-4 audio descriptor

MPHG-4_audio_profile “and_level — This 8-bit field shall identify the profile and level of the ISO/IEC 14496-3 pudio
streafn correspondingto the Table 2-62.

2.6.4) IOD:descriptor

The 10D _descriptor encapsulates the InitialObjectDescriptor structure. An initial object descriptor allows access tq a set
of ISOAEC 14496 streams by idenﬁfving the FQ_TT) values of the ISQ/EC 14496-1 scene {‘IPQ(‘I‘ipfi(\h and bject
descriptor streams. Both the scene description stream and the object descriptor stream contain further information about
the ISO/IEC 14496 streams that are part of the scene. See Annex R for a description of the content access procedure. The
InitialObjectDescriptor is specified in subclause 8.6.3 of ISO/IEC 14496-1.

Within a Transport Stream, the IOD descriptor shall be conveyed in the descriptor loop immediately following the
program_info length field in the Program Map Table. If a Program Stream Map is present in a Program Stream, the IOD
descriptor shall be conveyed in the descriptor loop immediately following the program_stream_info length field in the
Program Stream Map. More than one IOD descriptor may be associated to a program.

NOTE — This Specification does not specify how the IOD label may be used by higher level service information to uniquely
select one of the ISO/IEC 14496 presentations identified by multiple IOD descriptors.
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Table 2-62 — MPEG-4_audio_profile_and_level assignment values

Value Description
0x00-0x0F Reserved
0x10 Main profile, level 1
0x11 Main profile, level 2
0x12 Main profile, level 3
0x13 Main profile, level 4
0x14-0x17 Reserved
0x18 Scalable Profile, level 1
Ox19 Scalable Profile, level 2
0x1A Scalable Profile, level 3
0x1B Scalable Profile, level 4
0x1C-0x1F Reserved
0x20 Speech profile, level 1
0x21 Speech profile, level 2
0x22-0x27 Reserved
0x28 Synthesis profile, level 1
0x29 Synthesis profile, level 2
0x2A Synthesis profile, level 3
0x2B-0x2F Reserved
0x30 High quality audio profile, level 1
0x31 High quality audio profile, level 2
0x32 High quality audio profile, level 3
0x33 High quality audio profile, level 4
0x34 High quality audio profile, level 5
0x35 High quality audio profile, level 6
0x36 High quality audio profile, level 7
0x37 High quality audio profile, level 8
0x38 Low delay audio profile, level 1
0x39 Low delay audio profile, level 2
0x3A Low delay audio profile, level 3
0x3B Low delay audio profile, levehd
0x3C Low delay audio profile, level5
0x3D Low delay audio profile; Jevel 6
0x3E Low delay audio proefile;level 7
0x3F Low delay audio profile, level 8
0x40 Natural audio:profile, level 1
0x41 Natural audio profile, level 2
0x42 Natural\audio profile, level 3
0x43 Natural audio profile, level 4
0x44-0x47 Reserved
0x48 Mobile audio internetworking profile, level 1
0x49 Mobile audio internetworking profile, level 2
0x4A Mobile audio internetworking profile, level 3
0x4B Mobile audio internetworking profile, level 4
0x4€ Mobile audio internetworking profile, level 5
0x4D Mobile audio internetworking profile, level 6
0x4E-0x4F Reserved
0x50-0xFF Reserved
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Syntax No. of bits Mnemonic
IOD _descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
Scope_of 10D _label 8 uimsbf
10D _label 8 uimsbf
InitialObjectDescriptor () 8 uimsbf
}
2.6.4l Semantic definition of fields in IOD descriptor
Scopg_of IOD_label — This 8-bit field specifies the scope of the IOD label field. A value of 0x10 indicates that the
10D ([label is unique within the Program Stream or within the specific program in a Transport Stream in“which thg IOD
descifiptor is carried. A value of Ox11 indicates that the IOD label is unique within the Transport Stt¢€am in whigh the
1OD fescriptor is carried. All other values of the Scope _of 10D _label field are reserved.
IOD |label — This 8-bit field specifies the label of the IOD descriptor.
InitiglObjectDescriptor () — This structure is defined in subclause 8.6.3.1 of ISO/IEC 14496-1.
2.6.4p  SL descriptor
The $L descriptor shall be used when a single ISO/IEC 14496-1 SL-packetized)stream is encapsulated in PES pafkets.
The BL descriptor associates the ES ID of this SL-packetized stream toan elementary PID in case of a Tragsport
Streajn or to an elementary stream id in case of a Program Stream. Within a Transport Stream, the SL descriptor| shall
be cqnveyed for the corresponding elementary stream in the descriptor loop immediately following the ES info_length
field |in the Program Map Table. If a Program Stream Map is present in a Program Stream, the SL descriptor shhll be
conve¢yed in the descriptor loop immediately following the elementary stream info length field within the Prggram
Streajn Map.
NPTE — SL packetized streams may be used in a Program-Stream. However, only one stream_id exists for ISO/IEC 14496-1
S)-packetized streams. In order to associate multiple such streams within a Program Stream to an ISO/IEC 14496-1 fkcene,
FlexMux has to be used and signaled appropriately by an FMC descriptor. This limitation does not exist in a Transport §tream
where the SL descriptor provides unambiguous mapping between an ISO/IEC 14496-1 ES_ID value and an ITU-T Rec. H.222.0 |
ISO/IEC 13818-1 elementary PID value.
Syntax No. of bits Mnemonic
SL |descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
ES_ID 16 uimsbf
}
2.6.48 _Semantic definition of fields in SL descriptor

ES_ID =/This 16-bit field shall specify the identifier of an ISO/IEC 14496-1 SL-packetized stream.

2.6.44 FMC descriptor

The FMC descriptor indicates that the ISO/IEC 14496-1 FlexMux tool has been used to multiplex ISO/IEC 14496-1
SL-packetized streams into a FlexMux stream before encapsulation in PES packets or ISO//IEC14496 sections. The
FMC descriptor associates FlexMux channels to the ES_ID values of the SL-packetized streams in the FlexMux stream.

An FMC descriptor is required for each program element referenced by an elementary PID value in a Transport Stream
and for each elementary stream_id in a Program Stream that conveys a FlexMux stream. Within a Transport Stream, the
FMC descriptor shall be conveyed for the corresponding elementary stream in the descriptor loop immediately following
the ES info_length field in the Program Map Table. If a Program Stream Map is present in a Program Stream, the FMC
descriptor shall be conveyed in the descriptor loop immediately following the elementary stream_info_length field in the
Program Stream Map.
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For each SL_packetized stream in a FlexMux stream, the FlexMux channel shall be identified by a single entry in the
FMC descriptor.

Syntax No. of bits Mnemonic
FMC_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf

for (i=0; i<descriptor length; i +=3) {
ES_ID 16 uimsbf
FlexMuxChannel 8 uimsbf

-t

2.6.4p Semantic definition of fields in FMC descriptor
ES_IID — This 16-bit field specifies the identifier of an ISO/IEC 14496-1 SL-packetized stream.

FlexMuxChannel — This 8-bit field specifies the number of the FlexMux channel used for‘this SL-packetized stream.

2.6.4p External ES ID descriptor

The External ES ID descriptor assigns an ES_ID, as defined in ISO/IEC{14496-1, to a program element to whifh no
ES_ID value has been assigned by other means. This ES_ID allows referén¢e to a non-ISO/IEC 14496 component jn the
scengq description or, for example, to associate a non-ISO/IEC 14496 component with an IPMP stream.

With|n a Transport stream, the assignment of an ES_ID shall be made by conveying an External ES ID descriptpr for
the gorresponding elementary stream in the descriptor loopcimmediately following the ES info length field in the
Progfam Map Table. If a Program Stream Map is present in a'Program Stream, the External ES ID descriptor shpll be
conveyed in the descriptor loop immediately following the*elementary stream_info length field in the Program Sfream
Map.

Syntaxi No. of bits Mnemonic
Extprnal_ES_ID_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
External_ES_ID 16 uimsbf
}

2.6.4]  Semantic definition of fields in External ES ID descriptor

External \ES ID — This 16-bit field assigns an ES_ID identifier, as defined in ISO/IEC 14496-1, to a component of a
progiiam.

2.6.48 Muxcode descriptor

The Muxcode descriptor conveys MuxCodeTableEntry structures as defined in subclause 11.2.4.3 of ISO/IEC 14496-1.
MuxCodeTableEntries configure the MuxCode mode of FlexMux.

One or more Muxcode descriptors may be associated to each elementary PID or elementary stream id, respectively,
conveying an ISO/IEC 14496-1 FlexMux stream that utilizes the MuxCode mode. Within a Transport stream, the
muxcode descriptor shall be conveyed for the corresponding elementary stream in the descriptor loop immediately
following the ES_info length field in the Program Map Table. If a Program Stream Map is present in a Program Stream,
the Muxcode descriptor shall be conveyed in the descriptor loop immediately following the
elementary stream_info length field in the Program Stream Map.
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MuxCodeTableEntries may be updated with new versions. In case of such updates, the version_number of each Program
Map Table or the program stream map_version of each Program Stream Map, respectively, carrying the MuxCode
descriptor in their descriptor loop shall be incremented by 1 modulo 32.

Syntax No. of bits Mnemonic
Muxcode_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for i=0;1<N;i++) {
MuxCodeTableEntry ()
3
}
2.6.4p  Semantics of fields in Muxcode descriptor
Mux{CodeTableEntry () — This structure is defined in subclause 11.2.4.3 of ISO/IEC 14496-1;
2.6.5) FmxBufferSize descriptor
The FmxBufferSize descriptor conveys the size of the FlexMux buffer (FB) foreach SL packetized stream multiplexed
in a HlexMux stream.
One [FmxBufferSize descriptor shall be associated to each elementaty PID or elementary stream id, respectively,
conveying an ISO/IEC 14496-1 FlexMux stream. Within a Transport stream, the FmxBufferSize descriptor shall be
conveyed for the corresponding elementary stream in the descriptor*loop immediately following the ES info length field
in thg Program Map Table. If a Program Stream Map is presenf'ifi a Program Stream, the FmxBufferSize descriptoq shall
be cqnveyed in the descriptor loop immediately following, the elementary stream_info_length field within the Prggram
Stream Map.
Syntax No. of bits Mnemonic
FmxBufferSize descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
DefaultFlexMuxBufferDescriptor()
for (i=0; i<descriptor\length; i +=4) {
FlexMuxBufferDescriptor()
}
}
2.6.51 C~Semantics of fields in FmxBufferSize descriptor

FlexMuxBufferDescriptor() — This descriptor specifies the FlexMux buffer size for one SL-packetized stream carried
within the FlexMux stream. It is defined in subclause 11.2 of ISO/IEC 14496-1.

DefaultFlexMuxBufferDescriptor() — This descriptor specifies the default FlexMux buffer size for this FlexMux
stream. It is defined in subclause 11.2 of ISO/IEC 14496-1.

2.6.52  MultiplexBuffer descriptor

The MultiplexBuffer descriptor conveys the size of the multiplex buffer MB,,, as well as the leak rate Rx, at which data
is transferred from transport buffer TB,, into buffer MB,, for a specific ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program
element referenced by an elementary PID value in the Program Map Table.
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One MultiplexBuffer descriptor shall be associated to each elementary PID that contains an ISO/IEC 14496 FlexMux
stream or SL-packetized stream, including those containing ISO _IEC 14496 sections. See subclause 2.11.3.9 for the
definition of buffers and rates in the T-STD model for decoding of ISO/IEC 14496 content.

The MultiplexBuffer descriptor shall be conveyed in the descriptor loop immediately following the ES info_length field
in the Program Map Table.

Syntax No. of bits Mnemonic

MultiplexBuffer descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MB_buffer_size 24 uimsbf
TB_leak_rate 24 uimsbf

2.6.58  Semantics of fields in MultiplexBuffer descriptor

MB_|puffer_size — This 24-bit field shall specify the size in byte of buffer MB,;7of the elementary stream n that is
assodiated with this descriptor.

TB_lleak_rate — This 24-bit field shall specify in units of 400 bits per(second the rate at which data is transferred| from
transport buffer TB,, to multiplex buffer MB,, for the elementary streain n'that is associated with this descriptor.

2.7 Restrictions on the multiplexed stream semantics

2.71 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 sucdessive packs shall be less than or equal to 0.7 s. Thus:

| 1G) - )] < 0.7s

for all 1 and 1' wherev1 and i' are the indexes of the bytes containing the last bit of conse¢utive
system_clock reference)base fields.

2.7.2 Frequency of coding the program clock reference

The [ransport Stream shall be constructed such that the time interval between the bytes containing the last pit of
progiam=clock reference base fields in successive occurrences of the PCRs in Transport Stream packets df the
PCR_PID for each program shall be less than or equal to 0,1 s. Thus:

| @) = i) ] < 0.1s

for all i and 1" where i and i’ are the indexes of the bytes containing the last bit of consecutive
program_clock reference base fields in the Transport Stream packets of the PCR_PID for each program.

There shall be at least two (2) PCRs, from the specified PCR_PID within a Transport Stream, between consecutive PCR
discontinuities (refer to 2.4.3.4) to facilitate phase locking and extrapolation of byte delivery times.
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2.7.3 Frequency of coding the elementary stream clock reference

The Program Stream and Transport Stream shall be constructed such that if the elementary stream clock reference field is
coded in any PES packets containing data of a given elementary stream the time interval in the PES_STD between the
bytes containing the last bit of successive ESCR_base fields shall be less than or equal to 0,7 s. In PES Streams the
ESCR encoding is required with the same interval. Thus:

| i) = «(i")] < 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 fields.

N = he-coding

a e-codingo e-coded,
thiis constraint applies.

2.7.4 Frequency of presentation timestamp coding

The [Program Stream and Transport Stream shall be constructed so that the maximum difference between ¢oded
presentation timestamps referring to each elementary video or audio stream is 0,7 s. Thus:

| tpuk) = tpu(k")] < 0.7s

for alll n, k, and k" satisfying:
¢ Py(k) and P, (k") are presentation units for which presentationtimestamps are coded;

ek and k" are chosen so that there is no presentation unit{ Py(k') with a coded presentation timestamp and
with k <k' <k"; and

e No decoding discontinuity exists in elementary stigam n between P (k) and P,(k").

In th¢ case of still pictures the 0,7 s constraint does not apply,

2.7.5 Conditional coding of timestamps

For gach elementary stream of a Program Streanmyor Transport Stream, a presentation timestamp (PTS) shall be en¢oded
for tHe first access unit.

A deg¢oding discontinuity exists at the.start of an access unit A,(j) in an elementary stream n if the decoding time td}\(j) of
that gccess unit is greater than the largest value permissible given the specified tolerance on the system_clock freqyency.
For Vfideo, except when trick mode)status is true or when low_delay flag is 'l', this is allowed only at the start of a [video
sequgnce. If a decoding discontinuity exists in any elementary video or audio stream in the Transport Stream or Prggram
Strean, then a PTS shall be@ncoded referring to the first access unit after each decoding discontinuity except wher] trick
modd status is true.

When low_delay is,'IN a PTS shall be encoded for the first access unit after an EB,, or B,, underflow.

A PT|S may only be present in a ITU-T Rec. H.222.0 | ISO/IEC 13818-1 video or audio elementary stream PES packet
headgr if4he first byte of a picture start code or the first byte of an audio access unit is contained in the PES packet.

A deCodmgtimestamp (DT S)shattappear ima PES packet header if andonty if the fottowing two comditions are et
e aPTS is present in the PES packet header;
*  the decoding time differs from the presentation time.

2.7.6 Timing constraints for scalable coding

If an audio sequence is coded using an ISO/IEC 13818-3 extension bitstream, corresponding decoding/presentation units
in the two layers shall have identical PTS values.

If a video sequence is coded as a SNR enhancement of another sequence, as specified in 7.8 of ITU-T Rec. H.262 |
ISO/IEC 13818-2, the set of presentation times for both sequences shall be the same.
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If a video sequence is coded as two partitions, as specified in 7.10 of ITU-T Rec. H.262 | ISO/IEC 13818-2, the set of
presentation times for both partitions shall be the same.

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

e 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.

e If the sequences have different frame rates, the set of presentation times shall be such that as many
presentation times as possible shall be common to both sequences.

. The picture from which the spatial prediction is made shall be one of the following:

— the coincident or most recently decoded lower layer picture;
— the coincident or most recently decoded lower layer picture that is an I- or P-picture;

—  the second most recently decoded lower layer picture that is an I- or P-picture, and provided that the
lower layer does not have low_delay set to '1".

If a yideo sequence is coded as a temporally scalable enhancement of another sequence, as gpégified in 7.9 of I[I'U-T
Rec. H.262 | ISO/IEC 13818-2, the following lower layer pictures may be used as the reference. Times are relat{ve to
preseptation times:

e the coincident or most recently presented lower layer picture;

e the next lower layer picture to be presented.

2.7.7 Frequency of coding P-STD_buffer_size in PES packet header’s

In a Program Stream, the P-STD_buffer scale and P-STD buffer sizefields shall occur in the first PES packet of each
elemg¢ntary 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
head¢r shall be present in the first pack of an Program™Stream. The values encoded in all the system headers {n the
Progfam Stream shall be identical.

2.7.9 Constrained system parameter Program Stream

A Prpgram Stream is a "Constrained System Parameters Stream" (CSPS) if it conforms to the bounds specified ip this
subclause. Program Streams are not limited to the bounds specified by the CSPS. A CSPS may be identified by megns of
the OSPS_flag defined in the system header in 2.5.3.5. The CSPS is a subset of all possible Program Streams.

Packet Rate

In th¢ CSPS, the maximumrate at which packets shall arrive at the input to the P-STD is 300 packets per second |if the
valug encoded in theyTrate bound field (refer to 2.5.3.6) is less than or equal to 4 500000 bits/s if the
packg¢t rate restriction- flag is set to 'l1', and less than or equal to 2 000 000 bits/s if the packet rate restriction_flagl|is set
to '0'l For higher.bit rates the CSPS packet rate is bounded by a linear relation to the value encoded in the rate_thound
field.

Specifically, for all packs p in the Program Stream when the packet rate restriction flag (refer to 2.5.3.5) is sef to a
valug of1"',

R
NP < (t(i') — «i')) % 300 x max [, e (2-27)
4.5%10

and if the packet rate restriction_flag is set to a value of '0'

&] (2-28)

NP < (t(i') — #i")) % 300 x max |1, c
2.5%10
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where

Rmax = 8 x 50 x rate bound  bit/s (2-29)

NP is the number of packet start code prefixes and system header start codes between adj

acent

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.
t(i) is the time, measured in seconds, encoded in the SCR of pack p.

t(i") is the time, measured in seconds, encoded in the SCR for pack p + 1, immediately following pack p,

or in

the case of the final pack in the Program Stream, the time of arrival of the byte containing the last bit of

the MPEG program end code

Decoder Buffer Size
In th¢ case of a CSPS the maximum size of each input buffer in the system target decoder is bounded. Different bpunds
apply for video elementary streams and audio elementary streams.
In th¢ case of a video elementary stream in a CSPS, the following applies:
BS,, has a size which is equal to the sum of the size of the video buffer verifier (vbv) as spectified in ITU-T Rec. H|262 |
ISO/IEC 13818-2 and an additional amount of buffering BS,44. BS,4q is specified as:
BSqqq < MAX [6 x 1024, Rymax % 0,001] bytes
wherg¢ Rymax is the maximum video bit rate of the video elementary stream.
In thg case of an audio elementary stream in a CSPS, the following appliés:
BS, < 4096 bytes
In th¢ case of ISO/IEC 13818-7 ADTS audio elementary stream in a CSPS the following applies to support 8 channgls:
BS;, < 8976 bytes
2.7.1p Transport Stream
Sample rate locking in Transport'Streams
In th¢ Transport Stream there-shall be a specified constant rational relationship between the audio sampling rate afd the
system clock frequency inthe-system target decoder, and likewise a specified rational relationship between the [video
fram¢ rate and the system’clock frequency. The system clock frequency is defined in 2.4.2. The video frame rpte is
specified in ITU-T Recy“H.262 | ISO/IEC 13818-2 or in ISO/IEC 11172-2. The audio sampling rate is specifijed in
ISONEC 13818-3 o6rin ISO/IEC 11172-3. For all presentation units in all audio elementary streams in the Tragsport
Stream, the ratie-of System_clock frequency to the actual audio sampling rate, SCASR, is constant and equal to the [value
indicfited in the.fellowing table at the nominal sampling rate indicated in the audio stream.
system_clock_frequency
SCASR = 1 1 . 1 o Qo (: '30)
auaio_sSampile_rate_In_tne_1-0110
X o
The notation 5% denotes real division.
Nominal audio
sampling 16 32 22,05 441 24 48
frequency (kHz)
SCASR 27 000 000 27 000 000 27 000 000 27 000 000 27 000 000 27 000 000
16 000 32 000 22 050 44 100 24 000 48 000
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For all presentation units in all video elementary streams in the Transport Stream, the ratio of system_clock frequency to
the actual video frame rate, SCFR, is constant and equal to the value indicated in the following table at the nominal
frame rate indicated in the video stream.

system_clock_frequency

SCFR = frame_rate_in_the T-STD (2-31)
Nominal
frame rate 23.976 24 25 29.97 30 50 59.94 60
Hz)
SCFR 1126 125 1125 000 1 080 000 900 900 900 000 540 000 450 450 450 000
The yalues of the SCFR are exact. The actual frame rate differs slightly from the nominal rate in'cases where the nominal

rate 1
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5 23.976, 29.97, or 59.94 frames per second.

Compatibility with ISO/IEC 11172

Program Stream of this Recommendation | International Standard is defined to be forward compatible
EC 11172-1. Decoders of the Program Stream as defined in this ReCommendation | International Standard
upport decoding of ISO/IEC 11172-1.

Registration of copyright identifiers

General

1, 2 and 3 of ISO/IEC 13818 provide support for the management of audiovisual works copyrighting. In I
H.222.0 | ISO/IEC 13818-1 this is by means 6f-a copyright descriptor, while ITU-T Rec. H.262 | ISO/IEC 13
SO/IEC 13818-3 contain fields for identifying copyright holders through syntax fields in the elementary s
k. This Recommendation | Internatienal* Standard presents the method of obtaining and registering cop
fiers in ITU-T Rec. H.222.0 | ISO/IEC-13818-1.

I Rec. H.222.0 | ISO/IEC 13818-1 specifies a unique 32-bit copyright identifier which is a work type
fier (such as ISBN, ISSN, ISRC, etc.) carried in the copyright descriptor. The copyright identifier en
fication of a wide number of Copyright Registration Authorities. Each Copyright Registration Authority
fy a syntax and semanfic for identifying the audiovisual works or other copyrighted works within that part
ight organization.thfough appropriate use of the variable length additional copyright info field which contai
ight number.

following subclause and Annexes L, M and N, the benefits and responsibilities of all parties to the registrat
ight_identifier are outlined.
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Implementation of a Registration Authority (RA)

ISO/IEC JTC 1 shall call for nominations for an international organization which will serve as the Registration Authority
for the copyright_identifier as defined in 2.6.24 of ITU-T Rec. H.222.0 | ISO/IEC 13818-1. The selected organization
shall serve as the Registration Authority. The so-named Registration Authority shall execute its duties in compliance
with Annex H/JTC 1 Directives. The registered copyright identifier is hereafter referred to as the Registered

Ident

ifier (RID).

Upon selection of the Registration Authority, JTC 1 shall require the creation of a Registration Management Group
(RMG) which will review appeals filed by organizations whose request for a RID to be used in conjunction with

ITU-T

Anne

84

Rec. H.222.0 | ISO/IEC 13818-1 has been denied by the Registration Authority.

xes L, M and N provide information on the procedure for registering a unique copyright identifier.
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2.10 Registration of private data format

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

2.10.1 General

In the following subclause and Annexes O and P, the benefits and responsibilities of all parties to the registration of
private data format are outlined.

2 10 2 2 43 A 4+la -t LA
. . O ZXUtiioTIvy (IN7X)

ISO/IEC JTC 1/SC 29 shall call for nominations from member bodies of ISO or National Committees of IECwwhich will
serve| as the Registration Authority for the format_identifier as defined in 2.6.8 and 2.6.9. The selected organization
shall |serve as the Registration Authority. The so-named Registration Authority shall execute its dutieshin compliance
with JAnnex H/JTC 1 Directives. The registered private data format identifier is hereafter referred,to_as the Registered
Identjfier (RID).

Upor] selection of the Registration Authority, JTC 1 shall require the creation of a Registration Management (sroup
(RM@) which will review appeals filed by organizations whose request for an RID to be-used in conjunction with this
Specification has been denied by the Registration Authority.

Anngxes O and P provide information on the procedures for registering a unique format identifier.

2.11 Carriage of ISO/IEC 14496 data

2.11.1 Introduction

An IU-T Rec. H.222.0 | ISO/IEC 13818-1 stream may caury-individual ISO/IEC 14496-2 and 14496-3 elemgntary
streafns as well as ISO/IEC 14496-1 audiovisual scenes_with its associated streams. Typically, the ISO/IEC 14496
streans will be elements of an ITU-T Rec. H.222.0 | ISO/TEC 13818-1 program, as defined by the PMT in a Tragsport
Streajn and the PSM in a Program Stream.

For the carriage of ISO/IEC 14496 data in Transport Streams and Program Streams distinction is made befween
indivjdual elementary streams and an ISO/IEC.14496-1 audiovisual scene with its associated streams.

For parriage of individual ISO/IEC, 14496-2 and 14496-3 eclementary streams only system tools from I[[U-T
Rec. H.222.0 | ISO/IEC 13818-1 are-ised, as defined in subclause 2.11.2;

For darriage of an audiovisual ISO/IEC 14496-1 scene and associated ISO/IEC 14496 elementary streams, contairjed in
ISO/IEC 14496-1 SL packetized streams or FlexMux streams, tools from both ITU-T Rec. H.222.0 | ISO/IEC 13B18-1
and from ISO/IEC 14496-1are used, as defined in subclause 2.11.3.

2.11.p  Carriagefofindividual ISO/IEC 14496-2 and 14496-3 Elementary Streams in PES packets

2.11.2.1 Introduction

IndividuaNSO/IEC 14496-2 and 14496-3 elementary streams may be carried in PES packets as PES_packet data bytes.
For RES-packetization no specific data alignment constraints apply. For synchronisation PTSs and, when appropriate,
DTSs are encoded in the header of the PES packet that carries the ISO/IEC 14496 elementary stream data; for PTS and
DTS encoding the same constraints apply as for ISO/IEC 13818 elementary streams. See Table 2-63 for an overview of
how to carry individual ISO/IEC 14496 streams within an ISO/IEC ITU-T Rec. H.222.0 | 13818-1 stream.

Table 2-63 — Carriage of individual ISO/IEC 14496 streams in ITU-T Rec. H.222.0 | ISO/IEC 13818-1

ISO/IEC 14496-2 visual Carriage in PES packets Stream_type = 0x10 Stream_id ='1110 xxxx'

ISO/IEC 14496-3 audio Carriage in PES packets Stream_type = 0x11 Stream_id ='110x xxxx'
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If a PTS or DTS is present in the PES packet header it shall refer to the visual object that follows either the first VOP
start code or the first still texture object startcode that commences in the PES packet. Each ISO/IEC 14496-2 video
stream carried by ITU-T Rec. H.222.0 | ISO/IEC 13818-1 shall contain the information required to decode the
ISO/IEC 14496-2 video stream; consequently the stream shall contain Visual Object Sequence Headers, Visual Object
Headers and Video Object Layer Headers.

In case of an ISO/IEC 14496-3 elementary stream, before PES packetization the elementary stream data shall be first
encapsulated in the LATM transport syntax defined in ISO/IEC 14496-3 / AMD 1. If a PTS is present in the PES packet
header it shall refer to the first audio frame that follows the first syncword that commences in the payload of the PES
packet.

Carriage of individual ISO/IEC 14496 elementary streams in PES packets shall be identified by appropriate stream_id

and s

ream fypp vq]npc’ mdicating the use of ISOAEC 144962 \asual or 144963 Audic In ar‘r“ﬁnn, such r‘arr;qu
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constraints apply.

byed in the descriptor loop for the respective elementary stream entry in the Program Map Table in\ease

EC 13818-1 does not specify presentation of ISO/IEC 14496 elementary streams in the context of a program.

P.2 STD extensions for individual ISO/IEC 14496 elementary streams

[-STD model includes a transport buffer TB, and a multiplex buffer B, prior to (decoding of each indiy

EC 13818-2 video in the T-STD. For buffers TB, and B, and the rate Rxg-between TB,, and B, the foll

e —

shall

gnalea by the MPEG-4 video descriptor or MPEG-4 audio descriptor, respectively. These descriptors (shall be

of a

port Stream or in the Program Stream Map, when present, in case of a Program Stream. ITU-T Rec.” H.2P2.0 |

idual

EC 14496 elementary stream n. Note that in the T-STD the single multiplex“buffer B, is also appligd for
EC 14496-2 video, as indicated in Figure 2-4, instead of the approach with two\buffers MB,, and EB,, usg¢d for

wing

r
Transport Stream : | j-th access unit | | k-th composition unit
Demultiplexing |  m-————RRE-- —\;' b !

____________ |

Rx, A0 Video Ci(k)
td,()
TB, B,
i-th byte of ! AL) Audio Call0
Transport Stream td.(j) ’ tc,(k)
| n
“““““““ L | TB, ‘ R

Figure 2-4 — T-STD model extensions for individual ISO/IEC 14496 elementary streams

In case of carriage of an ISO/IEC 14496-2 stream:
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Size BS, of Buffer By:

BS; = BSux + BSon + VBVax[profile,level]

where:
BSon, packet overhead buffering, is defined as:

BSyn = (1/750) seconds X max {R.x[profile,level], 2 000 000 bit/second}

ITU-T Rec. H.222.0 (2000 E)
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and
BSihux, additional multiplex buffering, is defined as:

BSux = 0.004 seconds x max {R,.x[profile,level], 2 000 000 bit/second}

level.

In ca

In th

A po
share

Rate

The
streai

2.11.

2.11.

This

carrig
consil
descr]

Rate Rx,;:
Rxy, = 1.2 x Ryyax[profile,level]
Where
‘IQ‘I rr\vnﬁ]p ]P‘IP]1 in‘l p r‘l’\"nF]F‘ ]P‘7P]1 are Aprr\pr‘ 11 an TFF ]AAOK 7 'Ff\“' PQ(‘]’\ I‘\I"I\FIF‘ QI’\I’]
ITIdXLE 7 1 TIIdXLE
For profiles and levels for which no VBVmaX value is specified, the size of B, and the rate Rx,(ar¢
defined.

e of carriage of an ISO/IEC 14496-3 stream:
Size BS,, of Buffer B, for ISO/IEC 14496-3 AAC audio as defined in this Specification,

else BS; = BSpux + BSdec + BSon = 3584 bytes

BSdec + BSqp < 2848 bytes

[tion (736 bytes) of the 3584 byte buffer is allocated for buffering to allow multiplexing. The rest, 2848 bytd
d for access unit buffering BS4e¢, BSon and additional multiplexing.

Rx, for ISO/IEC 14496-3 AAC audio as defined in this‘Specification,

else Rxy = 2 000 000 bit/sec

P-STD model includes a multiplex buffer B, prior to decoding of each individual ISO/IEC 14496 elemg
n n. The size BS,, of buffer B, in the P-STD is defined by the P-STD_buffer_size field in the PES packet headg

B Carriage of audiovisual ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams

8.1 Introduction

clause describesdhe-encapsulation and signaling when an audiovisual scene represented by ISO/IEC 14496 d
d in an ITU-T/Reéc. H.222.0 | ISO/IEC 13818-1 Program Stream or Transport Stream. ISO/IEC 14496 ¢
sts of the Anitial object descriptor and a variable number of streams such as object descriptor streams,
iption streams (carrying either BIFS-Command or BIFS-Anim access units), IPMP streams, OCI streams and 3

user

s case the size of the access unit decoding buffer BSy.., and the PES packet overhead buffer BS,y, are constiained

S, are

ntary

=

ata is
ntent
scene
udio-

streams Each of the ISO/IEC 14496 streams shall be contained in an SL- packetized stream and may optionaﬂy be

12.0 |

pntain

encoded Object Clock Reference (OCR) and FlexMux Clock Reference (FCR) ﬁelds as spec1ﬁed in 2. 11 3.4 and
in 2.11.3.5, respectively. The SL-packetized streams or FlexMux streams are then encapsulated either in PES packets or
in ISO_IEC 14496 sections prior to Transport Stream packetization and multiplexing or Program Stream multiplexing.

ISO

IEC 14496 sections are built on the long format of H.222.0 | ISO/IEC 13818-1 sections.

2.11.3.2 Assignment of ES_ID values

An ISO/IEC 14496-1 scene carried over an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream may associate a number of
ISO/IEC 14496, ISO/IEC 13818 and other streams by the use of the ES ID parameter. The scene and the associated
streams may be carried over the same ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream, but a scene may also reference
streams carried elsewhere, for example over an IP network. How to identify such other means is not defined in this
Specification.

ITU-T Rec. H.222.0 (2000 E)
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ISO/IEC 14496-1 defines name scoping rules for identifiers. These rules allow the same ES_ID value to be used for two
different streams within ISO/IEC 14496 content. When one or multiple ISO/IEC 14496-1 scenes are carried in a ITU-T

Rec. H.222.0 | ISO/IEC 13818-1 Program, duplicate ES_ID values shall not occur within the program such that each
ISO/IEC 14496 SL-packetized stream or ISO/IEC 14496-1 Flexmux channel has a unique ES_ID value in the program.

2.11.3.3 Timing of ISO/IEC 14496 scenes and associated streams

When carried over an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream, the object time base of each ISO/IEC 14496
stream shall be locked to the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 STC, that is:

IFX(t) = fe(t) / fobject(V),

then the value of X(t) shall be constant at any time t.

Whete
fitc(t) denotes the intended frequency of the STC at time t, i.e. 27 000 000 Hz

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

The pbject time base of ISO/IEC 14496 streams carried over an ITU-T Rec. H.222.0°|"ISO/IEC 13818-1 strepm is
conv¢yed as follows:

—  The object time base of an SL-packetized stream carried in PES packets without the use of the FlexMux
shall be conveyed by coded OCRs in the SL packet header of that-Stream. See subclause 2.11.3.4.

—  The object time base of SL-packetized streams carried in PES packets within a FlexMux stream shpll be
conveyed by FCRs in that FlexMux stream. See subclause” 2.11.3.5. Consequently, all ISO/IEC 14496
streams contained within the same FlexMux stream shate the same object time base.

— The object time base of an SL-packetized stream carried in sections shall be conveyed by arother
ISO/IEC 14496 stream within the Transport Stream or Program Stream as indicated by the OCR_HS ID
field in the ES descriptor for that stream.

The following constraints shall apply for encoding of "OCRs and FCRs in SL-packetized streams and FlexMux stfeams
carri¢d over an ITU-T Rec. H.222.0 | ISO/IEC 138181 stream:

— The OCRs and FCRs in each)SL-packetized stream and each FlexMux stream associated to the|[same
scene shall have the same resolution.

—  The resolution of OCRSs:and FCRs for a scene, f,, shall have a value smaller than or equal to 90 000 Hz.

—  The ratio (fgc(t) ~A300) / f.;, shall be an integer value larger than or equal to one. Consequently the
resolution of-the)OCR and FCR syntax elements may only take values such as 90 000 Hz, 45 00p Hz,
30 000 Hz,22-500 Hz, 18 000 Hz, etc.

Within the above constraints and the ISO/IEC 14496-1 constraint that the resolution f;; shall represent an integer nymber
of cyfles per secofidy f., can be selected as appropriate for the scene.

The ISO/IEC\14496 time stamps coded in the SL packet header shall refer to instants of the object time base ¢f the
streain cafried in the SL packet. The resolution of each such time stamp shall be of a factor 2k smaller than the resojution
of th¢ OORs or FCRs associated to the stream, with k a positive integer larger than or equal to zero. To achieve the|same
wrap around, the length of the time stamp fields, TimeStampLength, shall be k bit smaller than the length of the OCR or
FCR field, OCRLength and FCRLength, respectively. Hence for each stream the following conditions shall apply for
encoding of time stamps:

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

—  TimeStampLength = OCRLength or FCRLength respectively — k.
The relationship between a value of the STC and the corresponding value of the object time base of a stream is

established by associating PTS fields in PES packet headers with the OCR or FCR in SL packet headers and FlexMux
Stream packets, respectively, as specified in subclauses 2.11.3.6 and 2.11.3.7.
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2.11.3.4 Delivery timing of SL-packetized streams

To carry ISO/IEC 14496 content in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 stream, ISO/IEC 14496-1 SL-packetized
streams are used. In each SL-packetized stream carried in a PES packet without the use of FlexMux, the
objectClockReference field shall be encoded as follows:

1) An objectClockReference (OCR) field shall be present in the first SL packet header of a SL-packetized
stream.

2) The SL-packetized stream shall be constructed such that the time interval between the bytes containing the
last bit of successive OCR fields shall be less than or equal to 0,7 second. Thus:

[td") —t(d") | <=0,7s

for all i' and 1" where i' and i" are the indexes of the bytes containing the last bit of consecutive QCR [fields
in the FlexMux stream.

If an pbjectClockReference is encoded in an SL packet header, also the instantBitrate field shall be coded!

2.11.8.5 Delivery timing of FlexMux streams

Next|to SL-packetized streams also the ISO/IEC 14496-1 FlexMux tool may be used to carry ISO/IEC 14496 content in
ITU-I Rec. H.222.0 | ISO/IEC 13818-1 streams. The payload of FlexMux packets shallyconsist of SL pack¢ts as
specified in ISO/IEC 14496-1. In each FlexMux stream carried in an ITU-T Rec. H.222.0{ASO/IEC 13818-1 strean the
fmx(lockReference field shall be encoded as follows:

1) An fmxClockReference (FCR) field shall be present in the first FlexMux packet of a FlexMux stream

2) The FlexMux stream shall be constructed such that the time intérval between the bytes containing the last
bit of successive FCR fields shall be less than or equal to 0,7~second. Thus:

[t(1") —t() | <=0s

for all i' and i" where i' and i" are the indexes of(the bytes containing the last bit of consecutive FCR |[fields
in the FlexMux stream.

3) All ISO/IEC 14496 time stamps within thé’SL-packetized streams carried within a FlexMux stream| shall
refer to instants of the object time bas¢ conveyed by the FCR fields in the FlexMux stream. The SL-
packetized streams carried in FlexMuX packets need not carry OCR fields. If OCR fields are present, they
may be ignored.

2.11.B.6 Carriage of SL-packetized streams in PES packets

A single ISO/IEC 14496-1 SL-packetized stream may be mapped into a single PES stream. One and only one SL gacket
from|an SL-packetized stream shall-constitute the payload of one PES packet. PES packets that carry an SL-pack¢tized
streain shall be identified by stream_id = OXxFA in the PES packet header.

When an OCR field is coded-in the SL packet header, a PTS shall be encoded in the header of the PES packet that cprries
such |SL packet header,-This PTS shall be encoded with the 33 bit value of the 90 kHz portion of the ST( that
correpponds to the value’of the object time base at the instant in time indicated by the OCR.

The ES_ID assqciated to the SL-packetized stream shall be signaled by an SL descriptor as specified in 2.6.46.

2.11.8.7 «Carriage of FlexMux streams in PES packets

PES hackKets with a payload consisting of FlexMux packets shall he identified by stream id = OxFB in the PES packet
header. An integer number of FlexMux packets shall constitute the payload of one PES packet, i.e., the payload of a PES
packet carrying a FlexMux stream shall start with a FlexMux packet header and shall end with the last byte of a FlexMux
packet.

If an fmxClockReference (FCR) field is encoded in one of the FlexMux packets contained in a PES packet, then a PTS
shall be encoded in the header of the PES packet that contains such FlexMux packet. This PTS shall be encoded with the
33 bit value of the 90 kHz portion of the STC that corresponds to the value of the object time base of the FlexMux
stream at the instant in time indicated by the FCR. In case multiple FlexMux packets with an encoded FCR field are
contained in a PES packet, the PTS shall correspond to the time indicated by the FCR in the first such FlexMux packet
encountered in the payload of the PES packet.

The ES IDs associated to each SL-packetized stream conveyed in the FlexMux stream shall be signaled by an FMC
descriptor as specified in 2.6.38.
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2.11.3.8 Carriage of SL packets and FlexMux packets in sections

For transport of ISO/IEC 14496 content in sections, ISO_IEC 14496 sections are defined. Only SL-packetized object
descriptor streams and scene description streams shall use ISO_IEC 14496 sections. A single ISO_IEC 14496 section
shall contain either an entire SL packet of an SL-packetized stream or an integer number of FlexMux packets each
carrying an SL packet of the same ISO/IEC 14496-1 elementary stream.

Table 2-64 shows the syntax of ISO IEC 14496 sections defined to convey ISO/IEC 14496-1 elementary streams,
qualified by the table id as either object descriptor or scene description stream data. Object descriptor stream data
consists of an Object Descriptor Table that comprises a number of object descriptors. The Object Descriptor Table may
be transmitted in multiple ISO_TEC 14496 sections. Scene description data consists of a Scene Description Table that
may comprise a number of BIFS commands. The Scene Description Table may be transmitted in multiple
ISO _IEC 14496 sections. It is not required that a complete table be received in order to process its payload. However,
the ppyload of sections shall be processed in the correct order, as indicated by the value of the section number-figld in
the I$O_IEC 14496 _section header bytes.

Table 2-64 — Section syntax for transport of ISO/IEC14496 streams

Syntax No. of bits Mnemonic
ISO| IEC 14496 section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
reserved 2 bslbf
ISO_IEC 14496 section_length 12 uimsbf
table_id_extension 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
if (PMT has SL descriptor(current PID)) {

SL_Packet()
b
else if (PMT _has FMC _descriptor(current PID))¥{

for (i=1; i<N; i++)

FlexMuxPacket()

}
else {

for (i=1; i<N; i++)

reserved 8 bslbf
b
CRC 32 32 rpchof

}

table| id — This §-bitfield shall be set to '0x04' or '0x05' in case of an ISO IEC 14496 section. A value of [0x04'
indicptes an ISO\IEC 14496 scene description_section that carries an ISO/IEC 14496-1 scene description stregm. A
valug of '0x05" indicates an ISO IEC 14496 object descriptor section that carries an ISO/IEC 14496-1 g¢bject
descrjiptoy stream.

sectien_syntax_indicator — This 1-bit field shall be setto '1"

private_indicator — This 1-bit field shall not be specified by this Specification.

ISO_IEC_14496_section_length — This 12-bit field shall specify the number of remaining bytes in the section
immediately following the ISO_IEC 14496 section length field up to the end of the ISO _IEC 14496 section. The
value of this field shall not exceed 4093 (OXFFD).

table_id_extension — This 16-bit field shall not be specified by this Specification; its use and value are define by the
user.

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

section_number — This 8-bit field shall represent the number of the ISO_IEC 14496 section. The section number field

of the first ISO_IEC 14496 section of the Object Descriptor Table or the Scene Description Table shall have a
equal to 0x00. The value of section_number shall be incremented by 1 with each additional section in the table.

value

last_section_number — This 8-bit field shall specify the number of the last section of the Object Descriptor Table or

Scene Description Table of which this section is a part.

PMT _has_SL_descriptor(current_PID) — a pseudo function that shall be true if an SL descriptor is contained in the
descriptor loop in the Program Map Table for the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program element that conveys

this ISO_IEC 14496 _section.

SL_Racket() — a sync layer packet as specified in subclause 10.2.2 of ISO/IEC 14496-1.

PMT _has FMC_descriptor(current_PID) — a pseudo function that shall be true if an FMC descriptor is lcontaifjed in

the descriptor loop in the Program Map Table for the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program elemen
conve¢ys this ISO_IEC 14496 _section.

FlexMuxPacket() — a FlexMux packet as specified in subclause 11.2.4 of ISO/IEC 14496-1.

CR( 32 — This 32-bit field shall contain the CRC value that gives a zero output of the registers in the decoder defiy
Anngx A of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 after processing the entire ISO_TEG\14496 section.

2.11.8.9 T-STD extensions

2.11.8.9.1 T-STD Model for 14496 content

Figutle 2-5 shows extensions of the Transport System Target Decedei-for delivery of ISO/IEC 14496 program ele
encapsulated in ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Transport Streams.

I FlexMux
| . Demultiplexing

t that

ned in

ments

W)
0] clik)
1 tc| (k)
| |
! Transport Stream | Aqo00)
i Dlemultiplexing I td, (i
| Hpmdtipiexing ! 120) o c L
tc (k)
Atm()
td, (i
1m0 5 Cy k)
m tc, | (k)
FlexMux buffer model |
see ISO/IEC 14496-1)
|
: i-th byte of ! ALG)
| Transport Stream | .
o ______ | () | 5 C, (k)
‘ " tc, (k)
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Figure 2-5 — T-STD model for ISO/IEC 14496 content
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The following notation is used in Figure 2-5 and its description:
TB, is the transport buffer.
MB, is the multiplex buffer for FlexMux stream n or for SL-packetized stream n.
FBpp is the FlexMux buffer for the elementary stream in FlexMux channel p of FlexMux stream n.

DB, isthe decoder buffer for the elementary stream in FlexMux channel p of FlexMux stream n.

DB, is the decoder buffer for elementary stream n.

Dpp is the decoder for the elementary stream in FlexMux channel p of FlexMux stream n.
D, is the decoder for elementary stream n.

Rx,, is the rate at which data are removed from TR,

Rbx, is the rate at which data are removed from MB,,.

App(j)  is the jth access unit in elementary stream in FlexMux channel p of FlexMux streat) ir: Anp() is
indexed in decoding order.

An(G) is the j"™ access unit in elementary stream n. A,(j) is indexed in decoding order.

Tdpp(j) is the decoding time, measured in seconds, in the system target decoder, oDthe jth access upit in
elementary stream in FlexMux channel p of FlexMux stream n.

Td,(j) is the decoding time, measured in seconds, in the system target decoder of the jth access upit in
elementary stream n.

Cpp(k) s the k™ composition unit in elementary stream in FlexMux chanhel p of FlexMux stream n. ¢ np(K)
results from decoding App(j). Cpp(k) is indexed in composition order.

Cp(k) s the k™ composition unit in elementary stream n. ~€§(k) results from decoding A,(j). Cyk) is
indexed in composition order.

tepp(k)  is the composition time, measured in seconds, in the system target decoder of the k™ compositiop unit
in elementary stream in FlexMux channel p of FlexMux stream n.

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

t(1) indicates the time in seconds at which the i™ byte of the Transport Stream enters the system farget
decoder.

2.11.8.9.2 Processing of FlexMux streams

Complete Transport Stream packets containing data from FlexMux stream n are passed to the transport buff¢r for
FlexMux stream n, TB,,. The size of BB, is fixed at 512 bytes. All bytes that enter TB,, are removed from TB,, at p rate
Rx,, |specified by the TB_leak rate field in the MultiplexBuffer descriptor associated with FlexMux stream n. When
therelis no data in buffer TB,,, rate-Rx,, is equal to zero. Duplicate Transport Stream packets are not delivered to MB,,.

In cape of carriage in PES\packets, the PES packet header and payload data bytes are delivered to buffer MB,; all|other
bytes| leaving TB, do”not enter MB,, and may be used to control the system. In case of carriage in
ISO _[[EC 14496 sections, the section header, payload and CRC32 data bytes are delivered to buffer MB,,; all other|bytes
do n¢t enter MBjj>and may be used to control the system. In either case, the size of MB,, shall be specified Hy the
MB_puffer size field in the MultiplexBuffer descriptor.

The FlexMux Stream packet bytes in buffer MB,, are all delivered to their associated FlexMux buffer at the rate spefified
by thecfield fmxRate encoded in the FlexMux stream and in compliance with the FlexMux buffer model defirled in
subclatseH29-ofISOAEC14496-1 Ou}_y Fexdvies Pau}\ut pa_y}uad data L_ytua mr—FHexdviaex—channet 1% ofFexMux
stream n enter buffer FB,. FlexMux packet header bytes in FlexMux channel p of FlexMux stream n are discarded and
may be used to control the system. The rate specified by the fmxRate field shall be applicable for all FlexMux packets in
the stream immediately following the FlexMux Clock Reference channel packet up to the next encountered FlexMux
Clock Reference channel packet. When there is no FlexMux stream data present in MB,,, no data is removed from MB,,.
Bytes from the PES packet header or from the ISO _IEC 14496 section header that immediately precede a FlexMux
header are instantaneously removed and discarded and may be used to control the system. Bytes from the
ISO_IEC 14496 section CRC32 fields that immediately follow the last FlexMux Stream packet in the section payload
are removed instantaneously and discarded and may be used to verify the integrity of the data. Bytes from the FlexMux
Clock Reference channel are instantaneously removed and discarded and may be used to lock the ISO/IEC 14496 object
time base to the STC. When there is no PES packet or section payload data bytes, respectively present in MB,,, no data is
removed from MB,,. All data that enters MB,, leaves it. All PES packet payload bytes of stream n enter the FlexMux
demultiplexer instantaneously upon leaving MB,,.
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2.11.3.9.3 Definition of FlexMux Buffer, FB,,

For each channel p of a FlexMux stream n, the size of FlexMux buffer FB, is defined using the FmxBufferSize
descriptor. FlexMux packet payload bytes are transferred from buffer FBy, to decoder buffer DBy, in compliance with
the FlexMux buffer model defined in subclause 11.2.9 of ISO/IEC 14496-1. Only SL packet payload bytes in FlexMux
channel p of FlexMux stream n enter buffer DB,,5. The SL packet header bytes in FlexMux channel p of FlexMux stream
n are discarded and may be used to control the system.

2.11.3.9.4 Processing of SL-packetized streams

Complete Transport Stream packets containing data from SL-packetized stream n are passed to the transport buffer for
SL-packetized stream n, TB,,. All bytes that enter TB,, are removed at a rate Rx,,, specified by the TB_leak rate field in
the NlultiplexBuffer descriptor. When there is no data in buffer TB,, rate Rx, is equal to zero. Duplicate Trajsport
Streajn packets are not delivered to MB,,.

In cape of carriage in PES packets, the PES packet header and payload data bytes are delivered to buffer MB,; all|other
bytes| leaving TB, do not enter MB,, and may be used to control the system. In case/of carriage in
ISO _[[EC 14496 _sections, the section header, payload and CRC32 data bytes are delivered to buffer MB,;; all other|bytes
do npt enter MB,, and may be used to control the system. In either case the size of MBy~”is specified by the
MB_puffer size field in the MultiplexBuffer descriptor.

L-packetized stream bytes in buffer MB,, are all delivered to the decoder buffer\DB,, at the rate specified by the
field [instantBitRate encoded in the SL-packetized stream and in compliance with the, System Decoder Model defiged in
subclpuse 7.4 of ISO/IEC 14496-1. The rate specified by the instantBitRate field shall be applicable for all data byjtes in
L-packetized stream immediately following the instantBitRate field in~the SL packet header up to the| next
ntered instantBitRate field. If there are no SL-packetized stream bytes in MB,, no bytes are removed from MB,,.
Byteq from the PES packet header or from the ISO _IEC 14496 sectionheader that immediately precede a SL packet
head¢r are instantaneously removed and discarded and may be ‘ised to control the system. Bytes from the
ISO _[IEC 14496 section CRC32 fields that immediately follow, the:"last SL packet payload byte in the section are
remojved instantaneously and discarded and may be used to verify.the integrity of the data. When there are no PES packet
or seftion payload data bytes, respectively present in MB,,, o data is removed from MB,,. All data that enters| MB,
leaves it. All PES packet payload bytes of stream n enter buffer DB,, instantaneously upon leaving MB,,, with the
exception of the SL packet headers. Bytes from the SL packet headers do not enter DB,, and may be used to contrpl the
system. The size of decoder buffer DB, is given by the bufferSizeDB of the DecoderConfigDescriptor defined in
ISO/JEC 14496-1.

2.11.8.9.5 Buffer management

Trangport streams shall be constructed.so. that conditions defined in this subclause are satisfied.
TB,, phall not overflow and shall\beé empty at least once every second. MB,, shall not overflow. FB,, shall not overflow.
DB, and DBy, shall neither. underflow nor overflow. Underflow of DBy, occurs when one or more bytes of an gccess

unit gre not present in DBypat the decoding time associated with this access unit. Underflow of DB, occurs when gne or
more|bytes of an access-linit are not present in DB,, at the decoding time associated with this access unit.

2.11.8.10 Carriage within a Transport Stream

2.11.3.1041\7~ Overview
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content can be conveyed in addition to the already defined stream types for such a program. Elements of the
ISO/IEC 14496 content may be conveyed in one or more ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program elements
referenced by a unique PID value within a Transport Stream. As a special case, it is possible that a program within a
Transport Stream consists only of ISO/IEC 14496 program elements. ISO/IEC 14496 content associated to a program
and carried in the Transport Stream shall be referenced in the Program Map Table of that program. An initial object
descriptor shall be used to define an ISO/IEC 14496-1 scene; the use of this descriptor is specified in
subclause 2.11.3.10.2.

Carriage of ISO/IEC 14496 content in a PID is signaled by a stream_type value of 0x12 or 0x13 in the Program Map
Table in association with that PID value. A value of 0x12 indicates carriage in PES packets. The stream_id field in the
PES packet header signals whether the PES packet contains a single SL packet or a number of FlexMux packets. A
stream_type value of 0x13 in the Program Map Table indicates that the program element carries an object descriptor
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stream or a BIFS-Command stream contained in sections. In this case the table id in the section header indicates whether
an object descriptor stream is carried in the sections or a BIFS-Command stream. See also table 2-65. The section
contains either a single SL packet or a number of FlexMux packets, as indicated by the presence of an SL descriptor or a
FMC descriptor respectively in the descriptor loop of the Program Map Table for the ITU-T Rec. H.222.0 |
ISO/IEC 13818-1 program element that carries the sections. When ISO/IEC 14496 content is carried, the SL descriptor
and the FMC descriptor shall specify the ES_ID for each encapsulated ISO/IEC 14496 stream. When the assignment of
ES ID values changes, the Program Map Table shall be updated and the version number of the PMT shall be
incremented by 1 modulo 32. An example of a content access procedure for ISO/IEC 14496 program components within
a Transport Stream is given in Annex R Carriage of ISO/IEC 14496 scenes in ITU-T Rec. H.222.0 | ISO/IEC 13818-1.

Tai)le 2-65 — ISO/IEC defined options for carriage of an ISO/IEC 14496 scene and associated streams in ITU-T
Rec. H.222.0 | ISO/IEC 13818-1
Encapsulation in SL | Carriage in PES Stream_type = 0x12 Streamad~="1111
packets packets 1010'
Carriage in Stream_type =0x13 | Table_id = 0x05
ISO_IEC_
ISO/IEC 14496-1 14496 _sections
object descriptor —
streams Encapsulation in SL | Carriage in PES Stream_type ¥ 0x12 Stream_id="'1111
packets followed by | packets 1011"
Multiplex into
FlexMux packets Carriage in Stream(type = 0x13 | Table id = 0x05
ISO_IEC
14496 _sections
Encapsulation in SL | Carriage in PES Stream_type = 0x12 Stream_id ='1111
packets packets 1010'
Carriage in Stream_type = 0x13 Table id = 0x04
ISO_IEC.
ISO/IEC 14496-1 14496 rseetions
scene description \
streams Encapsulation in SL | Casriage in PES Stream_type = 0x12 | Stream_id ='1111
packets followed by _ | packets 1011"
Multiplex into
FlexMux packets Carriage in Stream_type = 0x13 | Table id = 0x04
ISO_IEC_
14496 _sections
Encapsulation in SL | Carriage in PES Stream_type = 0x12 Stream_id ='1111
packets packets 1010
All other ISO/IEC
14496 streams Bncapsulation in SL | Carriage in PES Stream_type = 0x12 | Stream id='1111
packets followed by | packets 1011"
Multiplex into
FlexMux packets
2.11.3.10)2  Initial Object Descriptor

In case of carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496-1 initial object descriptor serves as the initial
access point to all associated streams. The initial object descriptor shall be conveyed in the IOD descriptor located in the
descriptor loop immediately following the program_info length field in the Program Map Table of the program to which
the scene is associated. It contains ES Descriptors identifying the scene description and object descriptor streams that
form part of this program. It may also contain ES Descriptors identifying one or more associated IPMP or OCI streams.
Identification of streams is done by means of ES _IDs as specified in clause 8 of ISO/IEC 14496-1.

2.11.3.11 P-STD Model for 14496 content

Figure 2-6 shows the STD model when ISO/IEC 14496 systems data are carried in a Program Stream.
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Figure 2-6 — P-STD model for ISO/IEC 14496 Systems stream

The flollowing notation is used in Figure 2-6 and its description :

() is

nit in
nit in
np(K)

k) is

h unit

B, is the input buffer for FlexMux stream n or for SLxpacketized stream n.

FBpp is the FlexMux buffer for the elementary streaniin FlexMux channel p of FlexMux stream n.

DB,  isthe decoder buffer for the elementary sttéam in FlexMux channel p of FlexMux stream n.

DB, is the decoder buffer for elementary stréam n.

Dpp is the decoder for elementary stream,in FlexMux channel p of FlexMux stream n.

D, is the decoder for elementary stréam n.

App(j)  is the j™ access unit in ¢lémentary stream in FlexMux channel p of FlexMux stream n. A,
indexed in decoding order.

An() is the j" access unif'in élementary stream n. An(j) is indexed in decoding order.

Tdpp(j) is the decoding.time, measured in seconds, in the system target decoder of the jth access uj
elementary stream in FlexMux channel p of FlexMux stream n.

Td,() is the deeoding time, measured in seconds, in the system target decoder of the jth access ul
elementary stream n.

Chp(k)  dSithe k™ composition unit in elementary stream in FlexMux channel p of FlexMux stream n. ¢
results from decoding App(j). Cpp(k) is indexed in composition order.

Cok) is the k™ composition unit in elementary stream n. Cy(k) results from decoding A,(G). C,
indexed in composition order.

tepp(k) s the composition time, measured in seconds, in the system target decoder of the k™ compositio
in elementary stream in FlexVux channel p ol FIeXMUX stream n.

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

t(1) indicates the time in seconds at which the i byte of the Program Stream enters the system target

decoder.

2.11.3.11.1  Processing of FlexMux streams

At the input of the STD each byte in the payload of PES packets carrying a FlexMux stream n is transferred
instantaneously to buffer B,. The i-th byte enters B, at time t(i). PES packet header bytes do not enter buffer B, and may
be used to control the system. The size of B, is specified by the P-STD_buffer size field in the header of the PES packet
that carries stream n.
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The FlexMux stream packet bytes in buffer B, are all delivered to their associated FlexMux buffer at the rate specified
by the field fmxRate encoded in the FlexMux stream and in compliance with the FlexMux buffer model defined in
clause 11.2.9 of ISO/IEC 14496-1. Only FlexMux packet payload data bytes in FlexMux channel p of FlexMux stream n
enter buffer FB,;. FlexMux packet header bytes in FlexMux channel p of FlexMux stream n are discarded and may be
used to control the system. The rate specified by the fmxRate field shall be applicable for all FlexMux packets in the
stream up to the next encountered FlexMux Clock Reference channel packet. Bytes from the FlexMux Clock Reference
channel are instantaneously removed and discarded and may be used to lock the ISO/IEC 14496 object time base to the
STC. When there is no PES packet payload data present in B, no data is removed from B,,. All data that enters B,, leaves
it. All PES packet payload bytes of stream n enter the FlexMux demultiplexer instantaneously upon leaving B,,.

2.11.3.11.2  Definition of FlexMux Buffer, FB,,

For cach channel p of a FlexMux stream n, the size of FlexMux buffer FB,, is defined using the FmxBufferSize
descifiptor if a Program Stream Map is present in the Program Stream. FlexMux packet payload bytes are transferred
from|buffer FB;, to decoder buffer DB, in compliance with the FlexMux buffer model defined in subclause.bI'2.9 of
ISO/JEC 14496-1. Only SL packet payload bytes in FlexMux channel p of FlexMux stream n enter buffer DBg;,. The SL
packgt header bytes in FlexMux channel p of FlexMux stream n are discarded and may be used to control’the system

2.11.8.11.3  Processing of SL-packetized streams

At the input of the STD each byte in the payload of PES packets carrying an SL-packetized stream n is transferred
taneously to buffer B,,. The i-th byte enters B, at time t(i). PES packet header bytes,do.not enter buffer B,, and may
be usgd to control the system. The size of B, is specified by the P-STD_buffer size fielduin'the header of the PES packet
that ¢arries stream n. The SL-packetized stream bytes in buffer B, are delivered to(the' decoder buffer DB,, at thp rate
specified by the field instantBitRate encoded in the SL-packetized stream and in\Compliance with the System Defcoder
Modg¢l defined in subclause 7.4 of ISO/IEC 14496-1. The rate specified by the instantBitRate field shall be applicaljle for
all dgta bytes in the SL-packetized stream up to the next encountered instantBitRate field. When there is no PES pgacket
payldad data present in B, no data is removed from B. All data that éntets B, leaves it. All bytes of stream n|enter
DB,, instantaneously upon leaving B,,, with the exception of the SL packet headers. Bytes from the SL packet
head¢rs do not enter DB, and may be used to control the system\The size of decoder buffer DB, is given Yy the
buffefSizeDB of the DecoderConfigDescriptor defined in ISO/IEC 14496-1.

2.11.8.11.4  Buffer management

Progfam Streams shall be constructed so that B, does notoverflow. FB;;, shall not overflow. DB, and DB,, shall ngither
undefflow nor overflow. Underflow of DB, occurs;when one or more bytes of an access unit are not present in DB, at
the dpcoding time associated with this access unit. Underflow of DB,, occurs when one or more bytes of an accesp unit
are nft present in DB,, at the decoding time asséctated with this access unit.

A Pregram Stream contains. only one program. ISO/IEC 14496 data can be conveyed in addition to the already d¢fined
types for such a pregram. As a special case, it is also possible that a Program Stream carries only ISO/IEC 14496
data.|If a Program Streamh/Map is present, ISO/IEC 14496 content carried in the Program Stream shall be referended as
folloys. Carriage of )ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams in SL and FlexMux packets is
indicgited by the @ppropriate stream_id and by an initial object descriptor; the use of this descriptor is specified in
subclpuse 2.113.12.2. For each carried ISO/IEC 14496 stream the SL descriptor and the FMC descriptor shall specify
the ES ID..When the assignment of ES_ID values changes, the Program Stream Map, if present, shall be updated apd the
progam/stream_map_version shall be incremented by 1 modulo 32. Note that in a Program Stream the ISO/IEC 14496
contant-fiay also be referenced by private means.

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

2.11.3.12.2  Initial Object Descriptor

In case of carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496 initial object descriptor serves as the initial access
point to all associated streams. If a Program Stream Map is present in the Program Stream, the initial object descriptor
shall be conveyed in the IOD descriptor that is located in the descriptor loop immediately following the
program_stream_info length field. It contains ES Descriptors identifying the scene description and object descriptor
streams of the scene that form part of this program. It may also contain ES Descriptors identifying one or more
associated IPMP or OCI streams. Identification of streams is done by means of ES IDs as specified in clause 8 of
ISO/IEC 14496-1. In a Program Stream, the initial object descriptor may also be conveyed by private means.
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Annex A

CRC Decoder Model

(This annex forms an integral part of this Recommendation | International Standard)

A.0 CRC decoder model

The 32-bit CRC Decoder Model is specified in Figure A.1.

Received data and CRC_32 DIt
(most significant bit first)

v

4’(?“

Y

2(0)

z(1)

Y

2(2) 2(3)

[efoje]

z(4)

000 —» z(31) —

TISO5840-95/d12

Figure A.1--32-bit CRC decoder model

The 32-bit CRC Decoder operates at'bit'level and consists of 14 adders '+' and 32 delay elements z(i). The input pf the
CRC|decoder is added to the output.of z(31), and the result is provided to the input z(0) and to one of the inputs of each
remalning adder. The other input-ef each remaining adder is the output of z(i), while the output of each remaining pdder
is comnected 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 |s the CRC calculatéd/with the polynomial:

xP2 + x26 :\x%23 + x22 + x16 4+ x12 + x1I + x10 + x8 + x7 + x5 + x4 + x2 + x + 1 -1

Byteg aré received at the input of the CRC decoder. Each byte is shifted into the CRC decoder one bit at a time, with the
left npostbit (msb) first. For example, if the input is byte 0x01 the seven '0's enter the CRC decoder first, followed Iy the
one 'l". Before the CRC processing of the data of a section the output of each delay element z(i) is set to its initial value
'l'. After this initialization, each byte of the section is provided to the input of the CRC decoder, including the four
CRC _32 bytes. After shifting the last bit of the last CRC_32 byte into the decoder, i.e. into z(0) after the addition with
the output of z(31), the output of all delay elements z(i) is read. In the case where there are no errors, each of the outputs
of z(i) shall be zero. At the CRC encoder the CRC_32 field is encoded with a value such that this is ensured.
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B.0

Annex B

Digital Storage Medium Command and Control (DSM-CC)

(This annex does not form an integral part of this Recommendation | International Standard)

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 |
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DSM-CC shall be transparent in the following sense:

e it is independent of the DSM used,;

* itis independent of whether the DSM is located at a local or remote site;

e it is independent of the network protocol with which the DSM-CC is interfaced;

e itis independent of the various operating systems on which the DSM is operafed.

Purpose

applications of ITU-T Rec. H.222.0 | ISO/IEC 13818-1 DSM Control ‘Commands require access to an |
H.222.0 | ISO/IEC 13818-1 bitstream stored on a variety of digital storagéanedia at a local or remote site. Dif]
have their own specific control commands and thus, a user would-néed to know different sets of specific
bl commands in order to access ITU-T Rec. H.222.0 | ISO/IEC 13&18+1 bitstreams from different DSM. This |
difficulties to the interface design of an ITU-T Rec. H.222:0.| TSO/IEC 13818-1 or ISO 11172-1 appli
m. To overcome this difficulty, a set of common DSM conttel commands, which is independent of the sp
used, is suggested in this annex. This annex is informative only. ISO/IEC 13818-6 defines DSM-CC exte
h broader scope.

Future applications

nd the immediate applications supported, by ‘the current DSM control commands, future applications bas
sions of DSM command control could include the following:

b on demand
programs are provided as requested by a customer through various communication channels. The customer

a video program from a.list-of programs available from a video server. Such applications could be used by H
TV, educational institutions, hospitals, etc.

bse applications, the user provides frequent feedback controlling the manipulation of stored video and audio.
es can iriclude video based games, user controlled video tours, electronic shopping, etc.
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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 independent 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 ITU-T Rec. H.222.0 | ISO/IEC 13818-1
bitstreams can be played and stored with the same semantics, independent of the DSM and user interface. They are
fundamental commands for the control of DSM operation.
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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
the succeeding operations. Such operations include creation of a new bitstream. Parameters of this function include:

e index of the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream (the mapping between this index and a
name meaningful to an application is outside the scope of the current DSM-CC)

e mode (retrieval/storage)

B.0.42—Retrieval

The IPSM CC provides the means to:

e play an identified ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream;
*  play from a given presentation time;

e set the playback speed (normal or fast);

e set the playback duration (until a specified presentation time, the end ofthe/bitstream in forward play or
the beginning in reverse play or the issuance of a stop command);

¢ set the direction (forward or reverse);

*  pause;

*  resume;

e change the access point in the bitstream;

e stop.
B.0.4.3 Storage

The IDSM-CC provides the means to:

e cause storage of a valid bitstream for a specified duration;
*  cause storage to stop,

DSM-CC provides a useful but limited subset of functionality that may be required in DSM based ITU-T Rec. H.2R2.0 |

ISO/NNEC 13818-1 applications! It is fully expected that significant additional capabilities will be added thfough
subsdquent extensions.

B.1 Generabelements

B.1.1 Scoepe

The qcope 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 acknowledgements
are sent is shown in Figure B.1 as an out of band channel. This can also be accomplished by inserting the DSM-CC
commands and acknowledgements into the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstreams if an out of band channel
is not available.
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Figure B.1 — Configuration of DSM-CC application

B.1.3 The transmission of DSM-CC commands and acknowledgements

The PSM-CC is encoded into a DSM-CC bitstream according to the syntax and“Semantics defined in B.2.2 through
B.2.9. The DSM-CC bitstream can be transmitted both as a stand-alone bitstceam and in an ITU-T Rec. H.222.0 |
ISO/REC 13818-1 Systems bitstream.

When the DSM-CC bitstream is transmitted in stand alone mode,. its{ relationship to the Systems bitstream and the
decodling process is illustrated in Figure B.2. In this case, the DSM-CC bitstream is not embedded in the Systems
bitstrpam. This transmission mode can be used in the applications 'when the DSM is connected directly with the [[TU-T
Rec. H.222.0 | ISO/IEC 13818-1 decoder. It can also be usediin'the applications where the DSM-CC bitstream coyld be
contrplled and transmitted by other types of network multiplexors.

ISO/IEC 13818 Bitstream Video bitstream ~
(No DSM-CC Embedded) s | Systems "
"| Decoder Audio bitstream -

DSM-CC Bitstream .| DSM-CC Decoded DSM-CC ~
"| Decoder "

TISO5860-95/d14

Figure B.2 — DSM-CC bitstream decoded as a standalone bitstream

For Jomelapplications, it is desirable to transmit the DSM-CC in an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 syptems
bitstrpdnnso that some features of the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 systems bitstream could be applied fo the
DSM-CT Dbitstream as well. I this case, the DSM-CCT bitstream is embedded in the Systels bitsiream 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
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
DSM-CC bitstream is identified by the stream id, value '1111 0010' as defined by the stream_id Table 2-18. Once the
DSM-CC bitstream is identified, it follows the rules as specified by T-STD or P-STD.
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Figure B.3 — DSM-CC bitstream decoded as part of the system bitstream
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B.2.1

Technical elements

Definitions
e purposes of this Recommendation | International Standard, the following definitions apply:

1 DSM-CC: Digital Storage Media Command and Control Commands that até/specified by Rec. H.2
EC 13818-1 for the control of digital storage media at a local or remote site dontaining an ITU-T Rec. H.2
EC 13818-1 bitstream.

.2 DSM ACK: The acknowledgement from the DSM-CC command receiver to the command initiator.

.3 MPEG bitstream: An ISO/IEC 11172-1 Systems stream, JTU-T Rec. H.222.0 | ISO/IEC 13818-1 Prd
n or ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Transport stream.

.4 DSM-CC server: A system, either local or remofg, used to store and/or retrieve an ITU-T Rec. H.2
EC 13818-1 bitstream.

.5 point of random access: A point in an ITU-T'Rec. H.222.0 | ISO/IEC 13818-1 bitstream with the propert
least one elementary stream within the bitstieam, the next access unit, 'N', completely contained in the bits
e decoded without reference to previous @ccess units, and for every elementary stream in the bitstream all 4
with the same or later presentation-timies are completely contained subsequently in the bitstream and c
letely decoded by a system target decoder without access to information prior to the point of random accesg
bam as stored on the DSM may have certain points of random access; the output of the DSM may include addi
5 of random access manufactured by the DSM’s own manipulation of the stored material (e.g. storing quanti
ces so that a sequence header) can be generated whenever necessary). A point of random access has an asso
namely the actual or implied PTS of access unit 'N'.

.6 current operational PTS value: The actual or implied PTS associated with the last point of random 4
ding the lastaecess unit provided from the DSM from the currently selected ITU-T Rec. H.22
EC 13818-1tbitstream. If no access unit has been provided from this ITU-T Rec. H.222.0 | ISO/IEC 13
cam, the DSM is incapable of providing random access into the current bitstream, then the current operationa
is the first point of random access in the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream.

2.0 |

gram

2.0 |

y that
fream
ccess
hn be
. The
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CCESS
0.0 |
R18-1
PTS

.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.

¢ 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.
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¢ The actual control command or acknowledgement shall follow the last byte of the packet length field.

e An acknowledgement stream shall be provided by the DSM control bitstream receiver after the requested

operation is started or is completed, depending on the command received.

* At all times the DSM is responsible for providing a normative ITU-T Rec. H.222.0 | ISO/IEC 13818-1
stream. This may include manipulating the trick mode bits defined in 2.4.3.6.

Table B.1 —- DSM-CC syntax

If (command id =='01") {
control()

ack()
}

} else if (command id =='02") {

Syntax No. of bits Mnemonic
DSM_CC() {
packet_Start_code_prefix >4 St
stream_id 8 uimsbf
packet_length 16 uimsbf
command_id 8 uimsbf

B.2.3 Semantics of fields in specification of DSM-CC syntax

packpt_start code prefix — This is a 24-bit code. Together with the streain id that follows it constitutes a DSM-CC
packgt start code that identifies the beginning of a DSM-CC packet bitstrteam. The packet start code prefix 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 bitstyeam.

Refeq to Table 2-19.

packpt_length — This 16-bit field specifies the number @fbytes in the DSM-CC packet immediately following the last

byte ¢f this field.

comrpand_id — This 8-bit unsigned integer identifies the bitstream is a control command or an acknowledgement sffream.

The yalues are defined in Table B.2.

Table B.2 — Command_id assigned values

Value Command_id
0x00 Forbidden
0x01 Control
0x02 Ack
0x03-0xFF Reserved

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 'l' for each DSM control
command. If none of these bits are set, then this command shall be ignored.

e 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.
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Table B.3 — DSM-CC control

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
TIATRer_bit T bstbf—]
bitstream_id [16..2] 15 bslbf
marker_bit 1 bsibf
bitstream_id [1..0] 2 bsIbf
select_mode 5 bslbf
marker_bit 1 bslbf
H
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()
b
h
if (storage flag =="1") {
reserved 6 bslbf
record_flag 1 bslbf
stop_mode 1 bslbf
if (record_flag /=) {
time ‘eode()
}
}
}
B.2.5 Semantics of fields in control layer
marKer_bit—ThiS {5 a {-bit marker that {5 aiways Set 10 ‘110 avoid Start code emuiation.

reserved_bits — This 12-bit field is reserved for future use by this Recommendation | International Standard for DSM
control commands. Until otherwise specified by ITU-T | ISO/IEC it shall have the value '0000 0000 0000'".

select_flag — This 1-bit flag when set to 'l1' 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.
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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
the defined modes.

jump_flag — This 1-bit flag when set to 'l' specifies a jump in the playback pointer to a new access unit. The new H

speci
curre

play |

play

paus
curre

resume_mode — This is a one-bit code specifying to continue the playback action from the current operationa
valug Resume only has meaning if the"current bitstream is in the "pause” state, and the bitstream will be set
forward play state at normal speed:

stop |

dired
forwd

speed_mode — This is a 1-bit code to specify the speed scale. If this bit is set to ', it specifies that the speed is n
play.|Ifthis bit is set to '0', it specifies that the speed is fast play (i.e. fast forward or fast reverse).

Table B.4 — Select mode assigned values

Code Mode
0x00 Forbidden
0x01 Storage
0x02 Retrieval
0x03-0x1F Reserved

fied by a relative time_code with respect to the current operationalPTS value. This function is only valid wh{
ht ITU-T Rec. H.222.0 | ISO/IEC 13818-1 bitstream is in the "stop" mode.

Juration are additional parameters in the bit stream. Thie'play starts from the current operational PTS value.

e mode — This is a one-bit code specifying to pause the playback action and keep the playback pointer
ht operational PTS value.

mode — This is a one-bit code specifying to stop a bitstream transmission.

tion_indicator/~ This is a one-bit code to indicate the playback direction. If this bit is set to 'l', it stands
rd play. Otherwise it stands for a backward play.

TS is
n the

flag — This 1-bit flag when set to '1' specifies to play a bitstream for a certain time period. The speed, directiof, and

it the

PTS

o the

for a

brmal

record_flag — This is one-bit flag to specify the request of recording the bitstream from an end user to a DSM for a

speci

fied duration or until the reception of a stop command, whichever comes first.

B.2.6 Acknowledgement layer

Constraints on setting flags in DSM-CC control

Only
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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 Acknowledgement

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
IT(Cd_Slatus —=="1" &&X
(retrieval_ack =="1" || storage ack =="'1")) {
time_code()
b
B.2.7 Semantics of fields in Acknowledgement layer
select_ack — This 1-bit field when it is set to '1' indicates that the ack() command is to‘acknowledge a select commard.

retri

storage ack — This 1-bit field when set to 'l' indicates that the ack() comimand is to acknowledge a storage commangl.

€rroix

play
'1", c1f

cmd |
rejec

bval_ack — This 1-bit field when set to '1' indicates that the ack() commandis'to acknowledge a retrieval comm|

ack — This 1-bit field when set to '1" indicates a DSM errot."The defined errors are EOF (end of file on fo
br start of file on reverse play) on a stream being retrieved.and Disk Full on a stream being stored. If this bit is|s
nd_status is undefined. The current bitstream is still selected.

status — This 1-bit flag set to '1' indicates that the\command is accepted. When set to '0' it indicates the comm
ed. The semantics vary according to the command received as follows:

If select_ack is set and cmd_stafus'is set to '1', it specifies that the ITU-T Rec. H.222.0 | ISO/IEC 138

and.

rward

et to

hind is

18-1

bitstream is selected and the)server is ready to provide the selected mode of operation. The cprrent
operational PTS value is.set to the first point of random access of the newly selected ITU-T Rec. H.222.0 |
ISO/IEC 13818-1 bitStream. If cmd status is set to '0', the operation has failed and no bitstrepm is

selected.

If retrieval _aekeis set and cmd_status is set to 'l', it specifies that the retrieval operation is initiated for all

retrieval gommands. The position of the current operational PTS pointer is reported by the succee
time_cede:

For\the play flag command with infinite time flag !='1", a second acknowledgement will be sent
will acknowledge that the play operation has ended by reaching the duration defined by the play
command.

If the cmd_status is set to '0' in a retrieval acknowledgement, the operation has failed. Possible reason

ding

This
flag

s for

this failure include an invalid bitstream ID, jumping beyond the end of a file, or a function not supported

such as reverse play in standard speed.

If storage _ack is set, it specifies that the storage operation is being started for the record flag command or

is completed by the stop_mode command. The PTS of the last complete access unit stored is reporte
the succeeding time code.

d by

If the recording operation is ended by reaching the duration defined by the storage flag command, another
acknowledgement shall be sent and the current operational PTS value after the recording shall be reported.

If the cmd_status is set to '0' in a storage acknowledgement, the operation has failed. Possible reasons for

this failure include an invalid bitstream_ID, or the inability of the DSM to store data.
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B.2.8 Time code

Constraints on time code

e 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.

e 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.

e For all the commands in the control() layer, the time code is specified as a relative duration with respect

to-the-current-operational RTS-value

e 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

timg code() {
reserved 7 bslbf

infinite_time_flag 1 bslbf

if (infinite_time flag =="'0") {
reserved 4 bslbf
PTS [32..30] 3 bslbf
marker 1 bslbf
PTS [29..15] 15 bslbf
marker_bit 1 bslbf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf

B.2.9 Semantics of fields in time code

infinjte_time_flag — This 1-bit flag when set to 'l' indicates an infinite time period. This flag is set to '1' in applicgtions
wherg a time period for a specific operation could not be defined in advance.

PTS |[[32..0] — The presentatipnytimestamp of the access unit of the bitstream. Depending upon the function, this dan 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)

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.
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Introduction

Recommendation | International Standard provides a method for describing the contents of Trafisport S
ts for the purpose of the demultiplexing and presentation of programs. The coding specification accommodatg
on through the Program Specific Information (PSI). This annex discusses the use of PSI.

SI may be thought of as belonging to four tables:
1) Program Association Table (PAT);
2) TS Program Map Table (PMT);
3) Network Information Table (NIT);
4) Conditional Access Table (CAT).

ontents of the PAT, PMT and CAT are specified in this Recommeéndation | International Standard. The NI
e table, but the PID value of the Transport Stream packets which‘earry it is specified in the PAT. It must ho
v the section structure defined in this Recommendation | International Standard.

Functional Mechanism

hbles listed above are conceptual in that they need.fiéver be regenerated in a specified form within a decoder. )
structures may be thought of as simple tables, they may be partitioned before they are sent in Transport S
ts. The syntax supports this operation by allowing the tables to be partitioned into sections and by provid
ptive mapping method into Transport Streanr packet payloads. A method is also provided to carry private dat|
hr format. This is advantageous as the-same basic processing in the decoder can then be used for both the PS

fream
s this

[is a
ever,

While
fream
ing a
A in a
[ data

and the private data helping to keep cost down. For advice on the optimum placing of PSI in the Transport Styeam,

see A

Each

nnex D.
section is uniquely identified by'the combination of the following elements:
i) table_id
The 8-bitdable id identifies to which table the section belongs.
e Sections with table id 0x00 belong to the Program Association Table.
< )" Sections with table id 0x01 belong to the Conditional Access Table.
*  Sections with table id 0x02 belong to the TS Program Map Table.

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 belong
table of interest or not.

ii) table_id_extension

stoa

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 OxFFFF, but that a meaning may be defined by ITU-T | ISO/IEC in a
subsequent revision of this Recommendation | International Standard. In a TS Program Map section the
field contains the program number, and thereby identifies the program to which the data in the section

refers. The table id_extension can also be used as a filter point in certain cases.
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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
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 a

some

dded,

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
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valug
0xFF
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when

identical with the section they nave alteady processed/stored (il wiiich case the section cain be disca
or whether it is different, and may therefore signify a configuration change. This is achieved by seng

section with the same table id, table id extension, and section number as the previous sectioh _gontg

the relevant data, but with the next value version_number.
v) current_next_indicator

It is important to know at what point in the bitstream the PSI is valid. Each.section can therefq
numbered as valid "now" (current), or as valid in the immediate future (next). This allow
transmission of a future configuration in advance of the change, giving<hc¢-decoder the opportun
prepare for the change. There is however no obligation to transmit-the next version of a secti
advance, but if it is transmitted, then it shall be the next correct version of that section.

The Mapping of Sections into Transport Stream Packets

bns are mapped directly into Transport Stream packets, that is<to‘say without a prior mapping into PES pal
bns do not have to start at the beginning of Transport Stream packets, (although they may), because the start
section in the payload of a Transport Stream packet is pointed to by the pointer field. The presence

br_field is signalled by the payload unit start indicator beéing set to a value of 'l' in PSI packets. (In no|
ts, the indicator signals that a PES packet starts in the Transport Stream packet). The pointer field points

bf the first section in the Transport Stream packet.. There is never more than one pointer field in a Transport S
t, as the start of any other section can be identified by counting the length of the first and any subsequent sed
no gaps between sections within a Transport Stream packet are allowed by the syntax.

mportant to note that within Transport-Stream packets of any single PID value, one section must be finished 1
bxt one is allowed to be started, or else’it is not possible to identify to which section header the data belong
n finishes before the end of a Transport Stream packet, but it is not convenient to open another section, a sty
anism is provided to fill up thezspace. Stuffing is performed by filling each remaining byte of the packet wi
OxFF. Consequently the table”id value OxFF is forbidden, or else this would be confused with stuffing. O
byte has occurred at theyend of a section, then the rest of the Transport Stream packet must be stuffed
bytes, allowing a decOdert to discard the rest of the Transport Stream packet. Stuffing can also be performed
rmal adaptation_field 'mechanism.

Repetition Rates and Random Access

ktems ‘Where random access is a consideration, it is recommended to re-transmit PSI sections several times,|
changes do not occur in the conﬁguratlon as in the general case, a decoder needs the PSI data to identif;
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place any requ1rements on the repetltlon or occurrence rate of PSI sectlons Clearly though repeatmg sectlons 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.

CS

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 0 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
withifrthe muttiptex):

The Transport Stream mapping may be accomplished via the optional Network Information Table. Note that,the Nefwork
Information Table may be stored in decoder non-volatile memory to reduce channel acquisition time; In'this cdse, it
needg to be transmitted only often enough to support timely decoder initialization set-up operations. Fhe c¢ontents pf the
NIT gre private, but shall take at least the minimum section structure.

C.6 Allocation of program_number

It maly not be convenient in all cases to group together all the program element which(share a common clock referefice as
one grogram. It is conceivable to have a multi-service Transport Stream with onlyZone set of PCRs, common to #ll. In
genefal, though, a broadcaster may prefer to logically split up the Transport Stream into several programs, whefe the
PCR|[PID (location of the clock reference) is always the same. This method”of splitting the program elements into
pseudo-independent programs can have several uses. Two examples follow:

1) multilingual transmissions into separate markets

One video stream may be accompanied by severaliaudio streams in different languages. It is advisaple to
include an example of the ISO_639 language “descriptor associated with each audio stream to enable the
selection of the correct program and audie.*It is reasonable to have several program definitiong with
different program numbers, where all the-programs reference the same video stream and PCR_PIID, but
have different audio PIDs. It is, however, also reasonable and possible to list the video stream and g1l the
audio streams as one program, where'this does not exceed the section size limit of 1024 bytes.

il) Very large program definitions

There is a maximumelimit on the length of a section of 1024 bytes (including section headef and
CRC _32). This meats that no single program definition may exceed this length. For the great majotity of
cases, even with each program element having several descriptors, this size is adequate. Howevet, one
may envisage (cases in very high bitrate systems, which could exceed this limit. It is then in g¢neral
possible tosidentify methods of splitting the references of the streams, so that they do not all have(to be
listed togefher. Some program elements could be referenced under more than one program, and [some
underonly one or the other, but not both.

C.7 Usage of PSI in a Typical System

A cojnmunications 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 Entitlement
Management Messages (EMM) streams. The presence of a NIT is fully optional.

The PSI tables are mapped into Transport Stream packets via the section structure described above. Each section has a
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 labelled 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.

C.8 The Relationships of PSI Structures

Figue C.1 shows an example of the relationship between the four PSI structures and the Transport Stream. Other
examples are possible, but the figure shows the primary connections.

In th¢ following subclauses, each PSI table is described.

C.8.1 Program Association Table

Every Transport Stream must contain a complete valid Program Association Table./The Program Association [[able
gives| the correspondence between a program number and the PID of the Tramsport Stream packets that cardy the
definftion of that program (the PMT PID). The PAT may be partitioned into upyto 255 sections before it is mappefl into
Trangport Stream packets. Each section carries a part of the overall PAT. This partitioning may be desirable to minjimize
data Joss in error conditions. That is, packet loss or bit errors may be lo¢alized to smaller sections of the PAT] thus
allowling other sections to still be received and correctly decoded. If all PAT information is put into one section, an| error
causipg a changed bit in the table id, for example, would cause ‘the loss of the entire PAT. However, this i still
permjtted as long as the section does not extend beyond the 1024-byte maximum length limit.

Progfam 0 (zero) is reserved and is used to specify the Network PID. This is a pointer to the Transport Stream pgckets
which carry the Network Information Table.

The Brogram Association Table is always transmitted-without encryption.

C.8.2 Program Map Table

The Program Map Table provides the-mapping between a program number and the program elements that comprjse it.
This [table is present in Transpoyt ‘Stream packets having one or more privately-selected PID values. These Trarsport
Streajn packets may contain other’ private structures as defined by the table id field. It is possible to have TS [PMT
sectigns referring to different programs carried in Transport Stream packets having a common PID value.

This |Recommendation, International Standard requires a minimum of program identification: program number,| PCR
PID, |stream types afid-program elements PIDs. Additional information for either programs or elementary streams njay be
conv¢yed by use.ofthe descriptor() construct. Refer to C.8.6.

Private datasmay also be sent in Transport Stream packets denoted as carrying TS program map table sections. This is
accomplished by the use of the private section(). In a private_section() the application decides whether version nymber
and qurrent_next_indicator represent the values of these fields for a single section or whether they are applicable to [many
sections as parts of a larger private table.

NOTE 1 — Transport stream packets containing the Program Map Table are transmitted unencrypted.

NOTE 2 - It is possible to transmit information on events in private descriptors carried within the TS program map_section()s.

C.8.3 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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Program Association Table (PID 0) Network Information Table
Program 0 —{ Network PID }—
Program Map PID Program 1
Program 2
Program 45 Private
Program 20 Network
Data
Program X
Program Y
] Audio
Program Elementary Stream PID
Program 45 = =
Program 20 Video Decoder
_______ Elementary Stream PID NVM
Program Y

Ptogram Map Table
MPEG-{2
EMM Sys 2 Progra.m 1 Prog.ram 20 EMM Sys 1 Transpprt
Audio Video Stream

CA System.1 ] CAPID |
CAPID F——— CA Syste 2

TISO5880-94/d16

Conditional Access Table (PID 1)

Figure C.1 — Program and network mapping relationships

C.84 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).
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Private_section()s can occur in PIDs which are labelled 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
assignment value 0x05), then only private sections may occur in Transport Stream packets of that PID value. The
sections may be either of the short or long type.

C.8.6 Descriptors

There are several normative descriptors defined in this Recommendation | International Standard. Many more 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()), 1s used to indicate the location (PID value of transport packets) of ECM data
assodiated with program elements when it is found in a TS PMT section. When found in a CA section it refers to-EMMs.

In onder to extend the number of private descriptors available, the following mechanism could be msed: A private
descrjiptor_tag could be privately defined to be constructed as a composite descriptor. This entails privately defijing a
furth¢r sub_descriptor as the first field of the private data bytes of the private descriptor. The described structurd is as
indicfited in Tables C.1 and C.2.

Table C.1 — Composite_descriptor

Syntax No. of bits Mnemonic
Comiposite _descriptor(){
descriptor_tag(privately defined) 8 uimsbf
descriptor_length 8 uimsbf

for 1=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 (1= 0; 1 <N;iHH) {
private_data_byte 8 uimsbf
}
}

C9 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.

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, [-frame occurrence rate and scrambling key retrieval and processing.
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This subclause examines both the bitrate and signal acquisition time impacts of the PSI syntax subclauses 2.4.4.4
and 2.4.4.9. 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.

Tables C.3 and C.4 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 frequency will be a key determinant of the component of signal acquisition time due to PSI structures.

Both [bamdwidtiT Usage tabies assumme that onty the I prograim Mapping MIoTmation 1S provided. 1 s means that
the PID values and stream types are provided with no additional descriptors. All programs in the example are eomposed
of two elementary streams. Program associations are 2 bytes long, while the minimal program map is 26\ bytes|long.
Ther¢ is additional overhead associated with version numbers, section lengths, etc. This will be on the order’of 1-3% of
the tqtal PSI bitrate usage in sections of moderate to maximum length (a few hundred bytes to 1024 bytes) and willl thus
be ighored here.

The gbove assumptions allow forty-six (46) program associations to map into one Program Assoeiation Table Transport
Streajn packet (if no adaptation field is present). Similarly, seven (7) TS program map,sections fit into a $ingle
Trangport Stream packet. It may be noted that to facilitate easy "drop/add" it is pos$sible to transmit only orje (1)
TS program map_section per PMT_PID. This may cause an undesirable increase in PSI\bitrate usage, however.

Table C.3 — Program association table bandwidth usage (bit/s)

Number of Programs Per Transport Stream

1 5 10 32 128
1 1504 1504 1504 1504 4512
Frequkncy of PA Table 10 15040 15040 15040 15040 4512
Inforration 25 . 6’7 37600 37600 37600 37600 11280p
™ 50 75200 75200 75200 75200 22560p
100 150400 150400 150400 150400 45120p
NCl)TI — Since 46 program_association_sections fit into one transport packet, the numbers in the table do not change until the Jast
colunfn.

Table C.4 — Program map table bandwidth usage (bit/s)

Number of Programs Per Transport Stream

1 5 10 32 128

1 1504 1504 3008 7520 28576

Frequency of PM Table 10 15040 15040 30080 75200 285760
Information 25 37600 37600 75200 188000 714400
™ 50 75200 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 co-
ordinated 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

e 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)

e 32 3.9-Mbit/s programs: 127.5 Mbit/s (includes transport overhead)
*  total PSI bandwidth: 225.6 kbit/s
*  CA bandwidth: 500 kbit/s

total ITU-T Rec. H.222.0 | ISO/IEC 13818-1 transport bandwidth: 128.2 Mbit/s
*  PSI Overhead: 0.18 %
C-band satellite transponder
* 128 256-kbit/s audio programs:  33.5 Mbit/s (includes transport overhead)
»  total PSI bandwidth: 826.4 kbit/s

e CA bandwidth: 500 kbit7s
total ITU-T Rec. H.222.0 | ISO/IEC«3818-1 transport bandwidth: 34.7 Mbit/s

*  PSIOverhead: 2.4 % (actually-would be lower if only one PID used per program)

As expected, the percent overhead increases for lower-rate services since many more services are possible per Transport
Streajn. However, the overhead is notiexcessive in all cases. Higher transmission rates (than 25 Hz) for the PSI daty may
be uspd to decrease the impact on.channel acquisition time with only modest bitrate demand increases.
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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
comptrant =T RecH222-0HSOAEC 1381 8=tdatastreams—Giverr thata—decodmgsystenrrecervesacomptmant bit
streain that is delivered correctly in accordance with the timing model it is straightforward to implement the\decoder
such [that it produces as output high quality audio and video which are properly synchronized. There is no“normpative
requifement, however, that decoders be implemented in such a way as to provide such high quality presentation optput.
In applications where the data are not delivered to the decoder with correct timing, it may be possible to produge the
desirg¢d presentation output, however such capabilities are not in general guaranteed. This informative annex des¢ribes
the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Systems timing model in detail, and givesysome suggestions for

implgmenting decoder systems to suit some typical applications.

D.0.1 Timing Model

ITU-[f Rec. H.222.0 | ISO/IEC 13818-1 Systems embodies a timing model in which) all digitized pictures and pudio
samplles that enter the encoder are presented exactly once each, after a constant\¢nd to end delay, at the output ¢f the
decodler. As such, the sample rates, i.e. the video frame rate and the audio sample rate, are precisely the same ft the
decodler as they are at the encoder. This timing model is diagrammed in Figufe D71:

i Vid¢o
Vidgo In,, Encoder [ Buffer [ ] Buffer [~ Decoder >
Out]
System System
Coder L Storage | | decoder
and orTransmission and
Multiplex demultiplex
Aud|o
Audio In Encoder — Buffer [ | Buffer [~ Decoder Ol:t >
N — | — N — — N — | —
Variable delay Constant delay Variable delay
Constant de|ay TISO5890-954117

Figure D.1 — Constant delay model

As irdicated in Figure D.1, the delay from the input to the encoder to the output or presentation from the decofler is
constant-in this modell), while the delay through each of the encoder and decoder buffers is variable. Not only fis the
delay| thfough each of these buffers variable within the path of one elementary stream, the individual buffer delays n 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
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.

1) 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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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
Program Streams and the Program Clock Reference (PCR) in Transport Streams. It is the presence of this common
Systc 1T blUb}\ ill t}lU Ull\aUdCl, tllc tilllcbtalll}}b t}lat alrv banth flUlll it, aud t}lU lcblcatiuu Uf tllC b‘lUb}\ ill t}lU dCbUd T and

the correct use of the timestamps that provide the facility to synchronize properly the operation of the decoder.

Encofler implementations may not follow this model exactly, however the data stream which results from the actual
encodler, storage system, network, and one or more multiplexor must follow the model precisely. (Delivery of th¢ data
may {leviate somewhat, depending on the application). Therefore in this annex, the term "encoder _system clock” if used
to mgan either the actual common system clock as described in this model or the equivalent funetion, however it mjay be
implgmented.

Sincqg the end-to-end delay through the entire system is constant, the audio and vidéoe” presentations are prefisely
syncljronized. The construction of System bit streams is constrained such that when (they are decoded by a decoddr that
folloys this model with the appropriately sized decoder buffers, those buffers «ar€) guaranteed never to overflow nor
undetflow, 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 delay [to be
constant, it is necessary for the decoder to have a system clock whose fr€quency of operation and absolute instantapeous
valugd match those of the encoder. The information necessary to convey the encoder’s system clock is encoded In the
SCR for PCR; this function is explained below.

Decoders which are implemented in accordance with this timing model such that they present audio samples and [video
pictures exactly once (with specific intentionally codedieXceptions), at a constant rate, and such that decoder bpffers
behaye as in the model, are referred to in this annex as precisely timed decoders, or those that produce precisely fimed
outpyt. Decoder implementations are not required by this International Standard to present audio and video in accorflance
with this model; it is possible to construct decoders that do not have constant delay, or equivalently do not presen{ each
picture or audio sample exactly once. In suoh.implementations, however, the synchronization between presented jpudio
and Video may not be precise, and the behaviour of the decoder buffers may not follow the reference decoder mode|. It is
impoftant to avoid overflow at the decader buffers, as overflow causes a loss of data that may have significant effe¢ts on
the r¢sulting decoding process. Thismannex covers primarily the operation of such precisely timed decoders and some of
the options that are available in impJementing these decoders.

D.0.2 Audio and VideoPresentation Synchronization

With|n the coding¢of\this Recommendation | International Standard Systems data are timestamps concerning the
preseptation and \decoding of video pictures and blocks of audio samples. The pictures and blocks are ¢alled
"Pregentation Units", abbreviated PU. The sets of coded bits which represent the PUs and which are included withfn the
ITU-[F Rec:-H.222.0 | ISO/IEC 13818-1 bit stream are called "Access Units", abbreviated AU. An audio access ynit is
abbrgviated "AAU, and a video access unit is abbreviated VAU. In ISO/IEC 13818-3 audio the term "audio framg" has
the sgm€meaning as AAU or APU (audio presentation unit) depending on the context. A video presentation unit (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 |
International Standard via such terms as the system clock frequency, the STC is an important and convenient element
for explaining the timing model, and it is generally practical to implement encoders and decoders which include an STC
in some form.
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PTSs are required for the conveyance of accurate relative timing between audio and video, since the audio and video PUs
generally have significantly different and essentially unrelated duration. For example, audio PUs of 1152 samples each at
a sample rate of 44 100 samples per second have a duration of approximately 26,12 ms, and video PUs at a frame rate of
29,97 Hz have a duration of approximately 33,76 ms. In general the temporal boundaries of APUs and VPUs rarely, if
ever, coincide. Separate PTSs for audio and video provide the information that indicates the precise temporal relation of
audio and video PUs without requiring any specific relationship between the duration and interval of audio and video
PUs.

The values of the PTS fields are defined in terms of the System Target Decoder or STD, which is a fundamental
normative constraint on all System bit streams. The STD is a mathematical model of an idealized decoder which
specifies precisely the movement of all bits into and out of the decoder’s buffers, and the basic semantic constraint
imposed on the bit stream is that the buffers within the STD must never overflow nor underflow, with specific exceptions
provided for underflow in special cases. In the STD model the virtual decoder is always exactly synchronized with the
data pource, and audio and video decoding and presentation are exactly synchronized. While exact and consister]t, the
STD|is somewhat simplified with respect to physical implementations of decoders in order to clarify its specifieation and
to fagilitate its broad application to a variety of decoder implementations. In particular, in the STD mod€l each ¢f the
operdtions performed on the bit stream in the decoder is performed instantaneously, with the obvious éxception pf the
time [that bits spend in the decoder buffers. In a real decoder system the individual audio and vidé¢ydecoders do not
perfoym instantaneously, and their delays must be taken into account in the design of the implementation. For example, if
vided pictures are decoded in exactly one picture presentation interval 1/P, where P is the frame rate, and compiessed
vided data are arriving at the decoder at bit rate R, the completion of removing bits asseciated with each pictyire is
delayled from the time indicated in the PTS and DTS fields by 1/P, and the video decoder’buffer must be larger thap that
specified in the STD model by R/P. The video presentation is likewise delayed with tespect to the STD, and thg PTS
should be handled accordingly. Since the video is delayed, the audio decoding and-presentation should be delayed by a
similar amount in order to provide correct synchronization. Delaying decoding and presentation of audio and videp in a
decogler may be implemented for example by adding a constant to the PTS values,when they are used within the decgder.

Another difference between the STD and precise practical decoder implementation is that in the STD model the exyplicit
assurption is made that the final audio and video output is presented<to the user instantaneously and without flirther
delay. This may not be the case in practice, particularly with cathode~ray tube displays, and this additional delay should
also be taken into account in the design. Encoders are required to encode audio and video such that the cprrect
syncljronization is achieved when the data is decoded with th¢“STD. Delays in the input and sampling of audip and
vided, such as video camera optical charge integration, must.bé-taken into account in the encoder.

In thg STD model proper synchronization is assumediand the timestamps and buffer behaviour are tested againgt this
assuption as a condition of bit stream validity~Of course in a physical decoder precise synchronization is not
autornatically the case, particularly upon start-up, and in the presence of timing jitter. Precise decoder timing is a gpal to
be targeted by decoder designs. Inaccuracy in decoder timing affects the behaviour of the decoder buffers. These fopics
are cpvered in more detail in later subclausés of this annex.

The $TD includes Decoding Time Stamps (DTS) as well as PTS fields. The DTS refers to the time that an AU is|to be
extrafted from the decoder buffer and)decoded in the STD model. Since the audio and video elementary stream dedoders
are ifstantaneous in the STD, the decoding time and presentation time are identical in most cases; the only excgption
occugs with video pictures which have undergone re-ordering within the coded bit stream, i.e. I- and P-pictures {n the
case pf non-low-delay video sequences. In cases where re-ordering exists, a temporary delay buffer in the video defoder
is usg¢d to store the appropriate decoded I- or P-picture until it should be presented. In all cases where the decodinyg and
preseptation times are‘identical in the STD, i.e. all AAUs, B-picture VAUSs, and I- and P-picture VAUs within low{delay
vided sequences, thesDTS is not coded, as it would have the same value as the PTS. Where the values differ, both are
coded if eitherds coded. For all AUs where only the PTS is coded, this field may be interpreted as being both thg PTS
and the DTS!

Sincd PTS*and DTS values are not requlred for every AAU and VAU, the decoder may choose to interpolate values
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stream. These time intervals are measured in presentation time, that is, in the same context as the values of the fields, not
in terms of the times that the fields are transmitted and received. In cases of data streams where the system, video and
audio clocks are locked, as defined in the normative part of this Recommendation | International Standard, each AU
following one for which a DTS or PTS is explicitly coded has an effective decoding time of the sum of that for the
previous AU plus a fixed and specified difference in value of the STC. For example, in video coded at 29,97 Hz each
picture has a difference in time of 3003 cycles of the 90 kHz portion of the STC from the previous picture when the
video and system clocks are locked. The same time relationship exists for decoding successive AUs, although re-
ordering delay in the decoder affects the relationship between decoder AUs and presented PUs. When the data stream is
coded such that the video or audio clock is not locked to the system clock the time difference between decoding
successive AUs may be estimated using the same values as indicated above; however these time differences are not exact
due to the fact that relationships between the frame rate, audio sample rate, and system clock frequency were not exact at
the encoder.
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Note that the PTS and DTS fields do not, by themselves, indicate the correct fullness of the decoder buffers at start up
nor at any other time, and equivalently, they do not indicate the amount of time delay that should elapse upon receiving
the initial bits of a data stream before decoding should start. This information is retrieved by combining the functions of
the PTS and DTS fields and correct clock recovery, which is covered below. In the STD model, and therefore in
decoders which are modelled after it, the decoder buffer behaviour is determined completely by the SCR (or PCR)
values, the times that they are received, and the PTS and DTS values, assuming that data is delivered in accordance with
the timing model. This information specifies the time that coded data spends in the decoder buffers. The amount of data
that is in the coded data buffers is not explicitly specified, and this information is not necessary, since the timing is fully
specified. Note also that the fullness of the data buffers may vary considerably with time in a fashion that is not
predictable by the decoder, except through the proper use of the timestamps.

In order for the audio and video PTSs to refer correctly to a common STC, a correctly timed common clock must be
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D.0.3 System Time Clock recovery in the decoder

With|n the ITU-T Rec. H.222.0 | ISO/IEC 13818-1 Systems data stream there are, in addition to the PTS.and DTS fields,
clock reference timestamps. These references are samples of the system time clock, which are applicable both to a
decodler and to an encoder. They have a resolution of one part in 27 000 000 per second, and-occur at intervals [up to
100 ths in Transport Streams, or up to 700 ms in Program Streams. As such, they can be utilizeéd to implement |clock
recor]struction control loops in decoders with sufficient accuracy for all identified applicatiofis,

In th¢ Program Stream, the clock reference field is called the System Clock Referenge or SCR. In the Transport Stream,
the clock reference field is called the Program Clock Reference or PCR. In general‘the SCR and PCR definitions mjay be
considered to be equivalent, although there are distinctions. The remainder of this subclause uses the term SCR for
claritly; the same statements apply to the PCR except where otherwise noted,The PCR in Transport Streams providgs the
clocK reference for one program, where a program is a set of elementarysstrteams that have a common time base and are
intenfled for synchronized decoding and presentation. There may be fnultiple programs in one Transport Strean], and
each may have an independent time base and a separate set of PCRs.

The $CR field indicates the correct value of the STC when the.SCR is received at the decoder. Since the SCR ocdupies
more|than one byte of data, and System data streams are defined as streams of bytes, the SCR is defined to arrive pt the
decogler when the last byte of the system clock reference-base field is received at the decoder. Alternatively thel SCR
can be interpreted as the time that the SCR field should artive at the decoder, assuming that the STC is already knofwn to
be cqrrect. Which interpretation is used depends on the structure of the application system. In applications where th¢ data
sourde can be controlled by the decoder, such @s*a locally attached DSM, it is possible for the decoder to haje an
autorflomous STC frequency, and so the STCineed not be recovered. In many important applications, howevet, this
assuiption cannot be made correctly. For €xample, consider the case where a data stream is delivered simultaneously to
multiple decoders. If each decoder has_its own autonomous STC with its own independent clock frequency, the SCRs
canndt be assured to arrive at the coffect time at all decoders; one decoder will in general require the SCRs soonef than
the s¢urce is delivering them, whileé.another requires them later. This difference cannot be made up with a finite siz¢ data
buffer over an unbounded length“ef time of data reception. Therefore the following addresses primarily the case where
the S|F'C must slave its timing'to’the received SCRs (or PCRs).

In a torrectly constructed’and delivered ITU-T Rec. H.222.0 | ISO/IEC 13818-1 data stream, each SCR arrives pat the
decodler at precisely_the¢’time indicated by the value of that SCR. In this context, "time" means correct value of the[STC.
In cqncept, this~-STC value is the same value that the encoder’s STC had when the SCR was stored or transnjitted.
Howgver, the ‘eheoding may have been performed not in real time or the data stream may have been modified sipce it
was g¢riginallyencoded, and in general the encoder or data source may be implemented in a variety of ways such thiat the
encodler’s'STC may be a theoretical quantity.

If the decoder’s clock frequency matches exactly that of the encoder, then the decoding and presentation of video and
audio will automatically have the same rate as those at the encoder, and the end-to-end delay will be constant. With
matched encoder and decoder clock frequencies, any correct SCR value can be used to set the instantaneous value of the
decoder’s STC, and from that time on the decoder’s STC will match that of the encoder without the need for further
adjustment. This condition remains true until there is a discontinuity of timing, such as the end of a Program Stream or
the presence of a discontinuity indicator in a Transport Stream.

In practice a decoder’s free-running system clock frequency will not match the encoder’s system clock frequency which
is sampled and indicated in the SCR values. The decoder’s STC can be made to slave its timing to the encoder using the
received SCRs. The prototypical method of slaving the decoder’s clock to the received data stream is via a phase-locked
loop (PLL). Variations of a basic PLL, or other methods, may be appropriate, depending on the specific application
requirements.
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A straight-forward PLL which recovers the STC in a decoder is diagrammed and described here.

Figure D.2 shows a classic PLL, except that the reference and feedback terms are numbers (STC and SCR or PCR
values) instead of signal events such as edges.

SCR or PCR
s Voltage-
Subtractor e _Low-pass f controlled 27 MHz
N filter and gain oscillator
System
clock
frequency
l Load
System Time Clock

Counter

4

TISO5900-95/d18

Figure D.2 — STC recovery using PLL

Upor] initial acquisition of a new time base, i.e. a new program, the STC is set to the current value encoded in the $CRs.
Typigally the first SCR is loaded directly into the STC counter, and the PLL i§)subsequently operated as a closed|loop.
Varigtions on this method may be appropriate, i.e. if the values of the SCRs.afe suspect due to jitter or errors.

The g¢losed-loop action of the PLL is as follows. At the moment that eachi SCR (or PCR) arrives at the decoder, that|value
is compared with the current value of the STC. The difference is a fiumber, which has one part in units of 90 kHf and
one part in terms of 300 times this frequency, i.e. 27 MHz. The difference value is linearized to be in a single nymber
spacq, typically units of 27 MHz, and is called "e", the error termin the loop. The sequence of e terms is input to th¢ low-
pass filter and gain stage, which are designed according to the fequirements of the application. The output of this stpge is
a cortrol signal "f" which controls the instantaneous frequéncy of the Voltage Controlled Oscillator (VCO). The qutput
of th¢ VCO is an oscillator signal with a nominal frequency of 27 MHz; this signal is used as the system clock freqpency
withih the decoder. The 27 MHz clock is input te ‘@)counter which produces the current STC values, which congist of
both la 27 MHz extension, produced by dividing-by 300, and a 90 kHz base value which is derived by countinlg the
90 kHiz results in a 33-bit counter. The 33 bit; 90 kHz portion of the STC output is used as needed for comparisor} with
PTS and DTS values. The complete STC istalso the feedback input to the subtractor.

The bounded maximum interval b8tween successive SCRs (700 ms) or PCRs (100 ms) allows the design and
construction of PLLs which are known to be stable. The bandwidth of the PLLs has an upper bound imposed by this
interyal. As shown below, in many’applications the PLL required has a very low bandwidth, and so this bound typijically
does phot impose a significant limitation on the decoder design and performance.

If thq free-running or initial frequency of the VCO is close enough to the correct, encoder’s system clock frequenciy, the
decodler may be able)to/operate satisfactorily as soon as the STC is initialized correctly, before the PLL has reached a
definpd locked state: For a given decoder STC frequency which differs by a bounded amount from the freqpency
encodled in the‘SCRs and which is within the absolute frequency bounds required by the decoder application, the pffect
of th¢ mis-match between the encoder’s and the decoder’s STC frequencies if there were not PLL is the gradudl and
unavéidablelincrease or decrease of the fullness of the decoder’s buffers, such that overflow or underflow would joccur
evenfually with any finite size of decoder buffers. Therefore the amount of time allowable before the decoder’s) STC
frequency is Tocked to that of the encoder is determined by the allowable amount of additional decoder buffer size and
delay.

If the SCRs are received by the decoder with values and timing that reflect instantaneously correct samples of a constant
frequency STC in the encoder, then the error term e converges to an essentially constant value after the loop has reached
the locked state. This condition of correct SCR values is synonymous with either constant-delay storage and transmission
of the data from the encoder to the decoder, or if this delay is not constant, the effective equivalent of constant delay
storage and transmission with the SCR values having been corrected to reflect the variations in delay. With the values
of e converging to a constant, variations in the instantaneous VCO frequency become essentially zero after the loop is
locked; the VCO is said to have very little jitter or frequency slew. While the loop is in the process of locking, the rate of
change of the VCO frequency, the frequency slew rate, can be controlled strictly by the design of the low pass filter and
gain stage. In general the VCO slew rate can be designed to meet application requirements, subject to constraints of
decoder buffer size and delay.
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D.0.4 SCR and PCR Jitter

If a network or a Transport Stream re-multiplexor varies the delay in delivering the data stream from the encoder or
storage system to the decoder, such variations tend to cause a difference between the values of the SCRs (or PCRs) and
the values that they should have when they are actually received. This is referred to as SCR or PCR jitter. For example, if
the delay in delivering one SCR is greater than the delay experienced by other similar fields in the same program, that
SCR is late. Similarly, if the delay is less than for other clock reference fields in the program, the field is early.

Timing jitter at the input to a decoder is reflected in the combination of the values of the SCRs and the times when they
are received. Assuming a clock recovery structure as illustrated in Figure D.2, any such timing jitter will be reflected in
the values of the error term e; and non-zero values of e induce variations in the values of f, resulting in variations in the
frequency of the 27 MHz system clock. Varlatlons in the frequency of the recovered clock may or may not be acceptable

e spe ecoders
that produce composite video output the recovered clock frequency is typlcally used to generate the composite, video
sampje clock and the chroma sub-carrier; the applicable specifications for sub-carrier frequency stability smay germit
only [very slow adjustment of the system clock frequency. In applications where a significant amount of'SCR or] PCR
jitter |is present at the decoder input and there are tight constraints on the frequency slew rate of the STC\the constraints
of regsonable additional decoder buffer size and delay may not allow proper operation.

The presence of SCR or PCR jitter may be caused for example by network transmission which incorporates packet or
cell rultiplexing or variable delay of packets through the network, as may be caused by queuing delays or by variable
netw¢rk access time in shared-media systems.

Multiplexing or re-multiplexing of Transport or Program Streams changes the order_and relative temporal locatijon of
data Jpackets and therefore also of SCRs or PCRs. The change in temporal, location of SCRs causes the value of
previpusly correct SCRs to become incorrect, since in general the time at whigh'they are delivered via a constant [delay
network is not correctly represented by their values. Similarly, a Program Stream or Transport Stream with correct SCRs
or PQRs may be delivered over a network which imposes a variable delay on the data stream, without correcting thq SCR
or PCR values. The effect is once again SCR or PCR jitter, with{ attendant effects on the decoder desigm and
perfofmance. The worst case amount of jitter which is imposed by.a network on the SCRs or PCRs received at a decoder
depemds on a number of factors which are beyond the scope of this*Recommendation | International Standard, including
the depth of queues implemented in each of the network switches and the total number of network switches ¢r re-
multiplexing operations which operate in cascade on the data stream.

In th¢ case of a Transport Stream, correction of PCRs-is'necessary in a re-multiplex operation, creating a new Transport
Stream from one or more Transport Streams. This ‘correction is accomplished by adding a correction term to the [PCR;
this tprm can be computed as:

APCR = delye¢ — delconst

wherg del,. is the actual delay ‘experienced by the PCR, and del.,,st is a constant which is used for all PCRs gf that
progfam. The value which Should be used for del.,ss Wwill depend on the strategy used by the orjginal
encodler/multiplexor. Thissstfategy could be, for instance, to schedule packets as early as possible, in order to allow later
transpnission links to_delay them. In Table D.1, three different multiplex strategies are shown together with the
apprdpriate value fordel; ;-

Table D.1 — Re-multiplexing strategy

Strategy delconst
Early delmin
Late delpax
Middle delayg

When designing a system, private agreements may be needed as to what strategy should be used by the
encoder/multiplexors, since this will have an effect on the ability to perform any additional re-multiplexing.

The amount of multiplex jitter allowed is not normatively bounded in this Recommendation | International Standard.
However, 4 ms is intended to be the maximum amount of jitter in a well behaved system.
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In systems which include re-multiplexors special care might be necessary to ensure that the information in the Transport
Stream is consistent. In particular, this applies to PSI and to discontinuity points. Changes in PSI tables might need to be
inserted into a Transport Stream in such a way that subsequent re-multiplexor steps never move them so far that
information becomes incorrect. For instance, a new version of PMT section in some cases should not be sent within 4 ms
of the data affected by the change.

Similarly, it may be necessary for an encoder/mux to avoid inserting PTS or DTS in a +4 ms window around a
discontinuity point.

D.0.5 Clock Recovery in the Presence of Network Jitter

In applications in which there is any significant amount of jitter present in the received clock reference timestamps, there
are several choices available for decoder designs; how the decoder is designed depends in large part on the requirements
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Decogders in various applications may have differing requirements for the accuracy and stability of the recovered system
clock, and the degree of this stability and accuracy that is required may be considered to fall along a sirigle-axis| One
extreme of this axis may be considered to be those applications where the reconstructed system clock is"used diredtly to
synthesize a chroma sub-carrier for use in composite video. This requirement generally exists where the presented video
is of the precisely timed type, as described above, such that each coded picture is presented exactly.once, and whefe the
outpyt is composite video in compliance with the applicable specifications. In that case the chroma sub-carrier, the|pixel
clock, and the frame rate all have exactly specified ratios, and all of these have a defined relationship to the system ¢lock.
The ¢omposite video sub-carrier must have at least sufficient accuracy and stability that any-normal television recejver’s
chrotha sub-carrier PLL can lock to the sub-carrier, and the chroma signals which are demodulated using the recoyvered
sub-darrier do not show visible chrominance phase artifacts. The requirement in seme/applications is to use the system
clock to generate a sub-carrier that is in full compliance with the NTSC, PAL,“or’ SECAM specifications, whidh are
typicqlly even more stringent than those imposed by typical television receiversy For example, the SMPTE specifi¢ation
for NTSC requires a sub-carrier accuracy of 3 ppm, with a maximum short fetm jitter of 1 ns per horizontal line timje and
a maximum long term drift of 0,1 Hz per second.

In appplications where the recovered system clock is not used to genc¢rate a chroma sub-carrier, it may still be uged to
genetate a pixel clock for video and it may be used to generate a“sample clock for audio. These clocks have theif own
stability requirements that depend on the assumptions made abgut the receiving display monitor and on the acceptable
amoynt of audio frequency drift, or "wow and flutter", at the.decoder’s output.

In applications where each picture and each audio sample' are not presented exactly once, i.e. picture and audio sample
"slipping" is allowed, the system clock may have.-relatively loose accuracy and stability requirements. This type of
decodler may not have precise audio-video presentation synchronization, and the resulting audio and video presentation
may fot have the same quality as for precisely timed decoders.

The ¢hoice of requirements for the accuraey and stability of the recovered system clock is application dependen{. The
folloywing focuses on the most stringert.requirement which is identified above, i.e. where the system clock is to bq used
to genherate a chroma sub-carrier.

D.0. System clock used for chroma sub-carrier generation

The decoder design requirements can be determined from the requirements on the resulting sub-carrier and the maxjmum
amouynt of network jitter that must be accepted. Similarly, if the system clock performance requirements and the decoder
design’s capabilities are’known, the tolerable maximum network jitter can be determined. While it is beyond the scqpe of
this Recommendation | International Standard to state such requirements, the numbers which are needed to specity the
design are identified in order to clarify the statement of the problem and to illustrate a representative design approach.

With|a clock tecovery PLL circuit as illustrated in Figure D.2, the recovered system clock must meet the requiremepts of
a wofst-ease frequency devratlon from the nominal, measured in units of ppm (parts per mrlhon) and a worsI case

value that may be specrﬁed in milliseconds. In such a PLL the network timing jitter appears as the error ternl e in the
diagram, and since the PLL acts as a low-pass filter on jitter at its input, the worst case effect on the 27 MHz output
frequency occurs when there is a maximum amplitude step function of PCR timing at the input. The value e then has a
maximum amplitude equal to the peak-to-peak jitter, which is represented numerically as the jitter times 2**33 in the
base portion of the SCR or PCR encoding. The maximum rate of change of the output of the low pass filter (LPF), f, with
this maximum value of e at its input, directly determines the maximum frequency slew rate of the 27 MHz output. For
any given maximum value of e and maximum rate of change of f a LPF can be specified. However, as the gain or cut-off
frequency of the LPF is reduced, the time required for the PLL to lock to the frequency represented by the SCRs or PCRs
is increased. Implementation of PLLs with very long time constants can be achieved through the use of digital LPF
techniques, and possibly analogue filter techniques. With digital LPF implementations, when the frequency term f is the
input to an analogue VCO, f is quantized by a digital to analogue converter, whose step size should be considered when
calculating the maximum slew rate of the output frequency.
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