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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 ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
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Information technology — Generic coding of moving pictures and
associated audio information: Systems

018 (E)
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support the combination and synchronization of video and andio coding methods defined in ISQ/

U-T H.262) and Part 3. Since 1994, this standard has been extended to support additional &id
bns (e.g., ISO/IEC 14496-2, ITU-T H.264 | ISO/IEC 14496-10, ITU-T H.265 | ISO/IEC 23
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over HTTP (DASH), ISO/IEC 13818-11 intellectual property management and proteetion (IPMP)
ptadata. The system layer supports six basic functions:

) the synchronization of multiple compressed streams on decoding;

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

1) continuous buffer management;

b)  time identification; and

) multiplexing and signalling of various components in a-system stream.
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hdation ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed*bit stream is either a transport stream or
th streams are constructed from packetized elementary stream (PES) packets and packets contai
information. Both stream types support multiplexing of video and audio compressed streams
yith a common time base. The transport streain additionally supports the multiplexing of video
d streams from multiple programs with iddependent time bases. For almost error-free environ
tream is generally more appropriate, supporting software processing of program information. Th
nore suitable for use in environments where errors are likely.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The appipvat of TTU-T Recommendations 15 covered by e procedure 1aid dowi il W 1 SA Resoiutipn 1.

In some|areas of information technology which fall within ITU-T's purview, the necessarystanglards are
prepared|on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used. for conciseness to indicat¢ both a
telecomrhunication administration and a recognized operating agency:

Compliapce with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability “or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall"| or some
other obligatory language such as "must" and the negative equivalents are used to express requiremgnts. The
use of such words does not suggest that compliancé.with the Recommendation is required of any paity.

INTELLECTUAL PROPERTY RIGHTS

ITU dras attention to the possibility that the practice or implementation of this Recommendafion may
involve the use of ,a, ¢laimed Intellectual Property Right. ITU takes no position concerning the ¢vidence,
validity ¢r applicability of claimed Intellectual Property Rights, whether asserted by ITU members [or others
outside gf the Reeommendation development process.

As of tHeldate of approval of this Recommendation, ITU had received notice of intellectual property,
protected by patents, which may be required 1o impiement this Recommendation. However, impiementers
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database at http://www.itu.int/ITU-T/ipr/.

© ITU 2017

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.
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Introduction

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

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

The basid multiplexing approach for single video and audio elementary streams is illustrated in Figure Iatfo. 1. The
video and audio data is encoded as described in Rec. ITU-T H.262 | ISO/IEC 13818-2 and ISO/IEG, I38[18-3. The
resulting [compressed elementary streams are packetized to produce PES packets. Information needed to| use PES
packets irldependently of either transport streams or program streams may be added when PES packets are formed. This
informatign is not needed and need not be added when PES packets are further combined with)system level information
to form transport streams or program streams. This systems standard covers those processesto the right of the vertical
dashed lirje.

I
. I .
— | PO g [P
|

stream
PS

. | .
Audio data Packetizer Audio-PES Mux

—> Transport
TS | stream
R

Mux

Extent of systems specification _

P
Y »

H.222.0(12)_F01

Figure Intro. 1 — Simplified ¢verview of the scope of this Recommendation | International Standajrd

The progfam stream is analogous and similar to the ISO/IEC 11172 systems layer. It results from combinipg one or
more stregms of PES packetsy/which have a common time base, into a single stream.

For appli¢ations that<équire the elementary streams that comprise a single program to be in separate streanjs that are
not multiplexed, the ¢lementary streams can also be encoded as separate program streams, one per elementafy stream,
with a cofnmon-tinie base. In this case the values encoded in the SCR fields of the various streams shall be corfsistent.

Like the dingle’program stream, all elementary streams can be decoded with synchronization.

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

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

Program and transport streams are designed for different applications and their definitions do not strictly follow a
layered model. It is possible and reasonable to convert from one to the other; however, one is not a subset or superset of
the other. In particular, extracting the contents of a program from a transport stream and creating a valid program stream
is possible and is accomplished through the common interchange format of PES packets, but not all of the fields needed
in a program stream are contained within the transport stream; some must be derived. The transport stream may be used
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to span a range of layers in a layered model, and is designed for efficiency and ease of implementation in high
bandwidth applications.

The scope of syntactical and semantic rules set forth in the systems specification differs: the syntactical rules apply to
systems layer coding only, and do not extend to the compression layer coding of the video and audio specifications; by
contrast, the semantic rules apply to the combined stream in its entirety.

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

Intro. 1 Transport stream

The transpert-siream—is—a—stream—definiton—which—is—tatlored o HRHeatng s—one-or-mere—programs of
coded dath according to Rec. ITU-T H.262 | ISO/IEC 13818-2 and ISO/IEC 13818-3 and other data in envirgnments in
which sighificant errors may occur. Such errors may be manifested as bit value errors or loss of packets:

Transport] streams may be either fixed or variable rate. In either case the constituent elementary streams mayf either be
fixed or YVariable rate. The syntax and semantic constraints on the stream are identical in each’of these dases. The
transport ptream rate is defined by the values and locations of program clock reference (PCR) fields, which jn general
are separdte PCR fields for each program.

There arq some difficulties with constructing and delivering a transport stream containing multiple progfams with
independg¢nt time bases such that the overall bit rate is variable. Refer to 2.4.2.3.

The trangport stream may be constructed by any method that results in a-valid stream. It is possible toconstruct
transport ftreams containing one or more programs from elementary coded,data’streams, from program streanys, or from
other trangport streams which may themselves contain one or more programs.

The transport stream is designed in such a way that several operatiofiS\on a transport stream are possible with [minimum
effort. Anhong these are:

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

2) Extract the transport stream packets front‘one program within the transport stream and producd 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 stfeams 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 progrgm stream
containing that one program as shown in Figure Intro. 4.

5) Take a program stredm, convert it into a transport stream to carry it over a lossy environment} and then
recover a valid, dné in certain cases, identical program stream.

Figure Infro. 2 and Figure(Intro. 3 illustrate prototypical demultiplexing and decoding systems which take ps 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:

- agystem layer; and

- ~,'a.compression layer.

The inpul streanTto-the transportstrean: decodertas= Systent laym w1appcd about= L,Uluplcobiuu laycl. hlp ut streams
to the video and audio decoders have only the compression layer.

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

A prototypical decoder for transport streams, including audio and video, is also depicted in Figure Intro. 2 to illustrate
the function of a decoder. The architecture is not unique — some system decoder functions, such as decoder timing
control, might equally well be distributed among elementary stream decoders and the channel-specific decoder — but
this figure is useful for discussion. Likewise, indication of errors detected by the channel-specific decoder to the
individual audio and video decoders may be performed in various ways and such communication paths are not shown in
the diagram. The prototypical decoder design does not imply any normative requirement for the design of a transport
stream decoder. Indeed non-audio/video data is also allowed, but not shown.
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Figure Intro. 2 — Prototypical transport demultiplexing and decoding example

Figure Intro. 3 illustrates the second case, where a transport stream containing multiple programs is converted into a

transport ptream containing a single program. In this case the re-multiplexing operation may necessitate the

of progra
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which faqilitate the conversions illustrated. There is no tequirement that specific implementations of demulti

decoders

Intro. 2

The progi
and other
software,

clock reference (PCR) values to account for changes in the PCR locations in the bit stream.

Transport stream
demultiplex and [—— 5>
decoder

Channel , Channel-specific
decoder

A

Transport stream

.. . Transport stream
containing multiple programs

with single pfogram
g PS5 H.222.0(12)_F03

Figure Intro. 3 — Prototypical transport multiplexing example

ro. 4 illustrates a case in which a multi-program transport stream is first demultiplexed and then
pram stream.

htro. 3 and Intro. 4 indicate that it is possible and‘reasonable to convert between different
ions of transport streams. There are specific fields ‘defined in the transport stream and program stre

nclude all of these functions.
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Figure Intro. 4 — Prototypical transport stream to program stream conversion

Program stream

is admajor consideration.

borrection

converted

ypes and
pm syntax
blexors or

am stream-is a stream definition which is tailored for communicating or storing one program of coded data
datd i environments where errors are very unlikely, and where processing of system coding, e.g., by

Program streams may be either fixed or variable rate. In either case, the constituent elementary streams may be either
fixed or variable rate. The syntax and semantics constraints on the stream are identical in each case. The program
stream rate is defined by the values and locations of the system clock reference (SCR) and mux_rate fields.

A prototypical audio/video program stream decoder system is depicted in Figure Intro. 5. The architecture is not unique
— system decoder functions including decoder timing control might as equally well be distributed among elementary
stream decoders and the channel-specific decoder — but this figure is useful for discussion. The prototypical decoder
design does not imply any normative requirement for the design of a program stream decoder. Indeed non-audio/video

data is als

o allowed, but not shown.
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Figure Intro. 5 — Prototypical decoder for program streams

The protqtypical decoder for program streams shown in Figure Intro. 5 is composed of system, videg fnd audio
decoders [conforming to Parts 1, 2 and 3, respectively, of ISO/IEC 13818. In this decoder, the multiplexed coded
representgtion of one or more audio and/or video streams is assumed to be stored or communicated omnsome ¢hannel in
some chapnel-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 protdtypical decoder accepts as input a program stream and relies on a program stream_decoder to extrict timing
informatipn 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 desigr, but not shown in the figure, is the flow of timing information among thé{rogram stream decoder,|the video
and audiq decoders, and the channel-specific decoder. The video and audio deg¢oders are synchronized with ¢ach other
and with the channel using this timing information.

Program gtreams are constructed in two layers: a system layer and a compression layer. The input stream to thg program
stream decoder has a system layer wrapped about a compression layé€w Input streams to the video and audiq decoders
have only|the compression layer.

Operatiorfs performed by the prototypical decoder either apply to the entire program stream ("multiplex-wide
operation$"), or to individual elementary streams ("stream-specific operations"). The program stream system layer is
divided iffto two sub-layers, one for multiplex-wide operations (the pack layer), and one for stream-specific pperations
(the PES packet layer).

Intro. 3 Conversion between transport stream and program stream

It may be|possible and reasonable to convert:between transport streams and program streams by means of PEB packets.
This resufts from the specification of tramsport stream and program stream as embodied in 2.4.1 and 2.5.1 of the
normativg requirements of this Recommendation | International Standard. PES packets may, with some consfraints, be
mapped directly from the payload of one multiplexed bit stream into the payload of another multiplexed bit stfeam. It is
possible |to identify the cofrect order of PES packets in a program to assist with thi§ if the
program_packet sequence counter is present in all PES packets.

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

Intro. 4 Packetized elementary stream

Transport] streams and program streams are each logically constructed from PES packets, as indicated in the syntax
definitionp in*2.4.3.6. PES packets shall be used to convert between transport streams and program streamsg; in some
cases the PES packets need not be modified when performing such conversions. PES packets may be much larger than
the size of a transport stream packet.

A continuous sequence of PES packets of one elementary stream with one stream ID may be used to construct a PES
Stream. When PES packets are used to form a PES stream, they shall include elementary stream clock reference
(ESCR) fields and elementary stream rate (ES_Rate) fields, with constraints as defined in 2.4.3.8. The PES stream data
shall be contiguous bytes from the elementary stream in their original order. PES streams do not contain some necessary
system information which is contained in program streams and transport streams. Examples include the information in
the pack header, system header, program stream map, program stream directory, program map table, and elements of
the transport stream packet syntax.
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The PES stream is a logical construct that may be useful within implementations of this Recommendation | International
Standard; however, it is not defined as a stream for interchange and interoperability. Applications requiring streams
containing only one elementary stream can use program streams or transport streams which each contain only one
elementary stream. These streams contain all of the necessary system information. Multiple program streams or
transport streams, each containing a single elementary stream, can be constructed with a common time base and
therefore carry a complete program, i.e., with audio and video.

Intro. 5 Timing model

Systems, video and audio all have a timing model in which the end-to-end delay from the signal input to an encoder to
the signal output from a decoder is a constant. This delay is the sum of encoding, encoder buffering, multiplexing,
communication or storage, demultiplexing, decoder buffering, decoding, and presentation delays. As part of this timing
model all video pictures and audio samples are presented exactly once, unless specifically coded to the contrary, and the
inter-picture interval and audio sample rate are the same at the decoder as at the encoder. The system stream coding
contains iming information which can be used to implePnt svstems which embody constant end-to-end Play, It is
possible to implement decoders which do not follow this model exactly; however, in such cases it is the|decoder's
responsibjlity to perform in an acceptable manner. The timing is embodied in the normative specificatiops of this
Recommgndation | International Standard, which must be adhered to by all valid bit streams, regardless of thg means of
creating them.

All timing is defined in terms of a common system clock, referred to as a system time clock\(STC). In th¢ program
stream th{s clock may have an exactly specified ratio to the video or audio sample clocksser-it may have an|operating
frequency| which differs slightly from the exact ratio while still providing precise end-to-end timing and clock fecovery.

In the trapsport stream the system clock frequency is constrained to have the exaétly specified ratio to the pudio and
video sanjple clocks at all times; the effect of this constraint is to simplify sample-tate recovery in decoders.

Intro. 6 Conditional access

Encryption and scrambling for conditional access to programs engoded in the program and transport gtreams is
supported by the system data stream definitions. Conditional acceSsymechanisms are not specified here. The stream
definitionf are designed so that implementation of practical condifignal access systems is reasonable, and therg¢ are some
syntacticgl elements specified which provide specific support forsuch systems.

Intro. 7 Multiplex-wide operations

Multiplex+wide operations include the coordination of data retrieval of the channel, the adjustment of clocks, and the
managemgnt of buffers. The tasks are intimately related. If the rate of data delivery of the channel is controllable, then
data deliyery may be adjusted so that decoder~buffers neither overflow nor underflow; but if the data rpte is not
controllafjle, then elementary stream decoders-must slave their timing to the data received from the channel to avoid
overflow pr underflow.

Program gtreams are composed of packs whose headers facilitate the above tasks. Pack headers specify interjded times
at which ¢ach byte is to enter thegprogram stream Decoder from the channel, and this target arrival schedule derves as a
reference|for clock correction and-buffer management. The schedule need not be followed exactly by decoders, but they
must compensate for deviations-about it.

Similarly| transport streams are composed of transport stream packets with headers containing informatjon which
specifies the times af\which each byte is intended to enter a transport stream decoder from the channel. Thi§ schedule
provides ¢xactly the.same function as that which is specified in the program stream.

An additjonal \multiplex-wide operation is a decoder's ability to establish what resources are required to|decode a
transport ptteam or program stream. The first pack of each program stream conveys parameters to assist decoders in this
task. Included, for example, are the stream's maximum data rate and the highest number of simultaneous video
channels. The transport stream likewise contains globally useful information.

The transport stream and program stream each contain information which identifies the pertinent characteristics of, and
relationships between, the elementary streams which constitute each program. Such information may include the
language spoken in audio channels, as well as the relationship between video streams when multi-layer video coding is
implemented.

Intro. 8 Individual stream operations (PES packet layer)

The principal stream-specific operations are:
1) demultiplexing; and

2) synchronizing playback of multiple elementary streams.
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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.

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

Synchronjzation among multiple elementary streams is accomplished with presentation time stamps-(PT§s) in the
program gtream and transport streams. Time stamps are generally in units of 90 kHz, but the system’ clock|reference
(SCR), thg program clock reference (PCR) and the optional elementary stream clock reference (BSCR) have ¢xtensions
with a reqolution of 27 MHz. Decoding of N-elementary streams is synchronized by adjusting the decoding ¢f streams
to a common master time base rather than by adjusting the decoding of one stream to match‘that of another. The master
time base|may be one of the N-decoders' clocks, the data source's clock, or it may be some external clock.

Each program in a transport stream, which may contain multiple programs, may hay¢ its own time base. The fime bases
of differeft programs within a transport stream may be different.

Because IPTSs apply to the decoding of individual elementary streams, they'teside in the PES packet layer of both the
transport ptreams and program streams. End-to-end synchronization occurs,when encoders save time stamps gt capture
time, when the time stamps propagate with associated coded data to décoders, and when decoders use those tifne stamps
to schedule presentations.

Synchronjzation of a decoding system with a channel is achieved through the use of the 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 bit
stream itsplf, and are derived from the same time base used<for the audio and video PTS values from the samq program.
Since each program may have its own time base, there are separate PCR fields for each program in a transpprt stream
containing multiple programs. In some cases it may be possible for programs to share PCR fields. Refet to 2.4.4,
program-gpecific information (PSI), for the method of identifying which PCR is associated with a program. A program
shall havq one and only one PCR time base assogiated with it.

Intro. 8.3 Relation to compression_ layer

The PES [packet layer is independent ef the compression layer in some senses, but not in all. It is independent in the
sense thaf PES packet payloadsineed not start at compression layer start codes, as defined in Parts 2|and 3 of
ISO/IEC |3818. For examplg; video start codes may occur anywhere within the payload of a PES packet| and start
codes may be split by a PES packet header. However, time stamps encoded in PES packet headers apply to prgsentation
times of |compression Jayer constructs (namely, presentation units). In addition, when the elementary stfeam data
conforms|to Rec. ITRU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 13818-3, the PES packet data bytes shal]l be byte
aligned tqd the bytes,of this Recommendation | International Standard.

Intro. 9 System reference decoder

P I'tl f SO 120010 1 1 4 4 4+ u | U QTINN £, 4 ot ot L £, 4 2 4.0 f dt
al Ol BOATC T TS CMPIoyS—a— systenrtargctaccoact (o1 D), oncrortransportstreams(rererto ===z reicrred 1o

as "transport system target decoder" (T-STD) and one for program streams (refer to 2.5.2) referred to as "program
system target decoder" (P-STD), to provide a formalism for timing and buffering relationships. Because the STD is
parameterized in terms of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 fields (for example, buffer sizes) each elementary
stream leads to its own parameterization of the STD. Encoders shall produce bit streams that meet the appropriate STD's
constraints. Physical decoders may assume that a stream plays properly on its STD. The physical decoder must
compensate for ways in which its design differs from that of the STD.

Intro. 10 Applications

The streams defined in this Recommendation | International Standard are intended to be as useful as possible to a wide
variety of applications. Application developers should select the most appropriate stream.
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Modern data communications networks may be capable of supporting Rec. ITU-T 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.

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 Rec. ITU-T 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.

© ISO/IEC 2018 - All rights reserved Rec. ITU-T H.222.0 (03/2017) xvii
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

1.1

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

SECTION 1 — GENERAL

Scope

This Recommendation | International Standard specifies the system layer of the coding. It was developed principally to
support the combination of the video and audio coding methods defined in Parts 2 and 3 of ISO/IEC 13818. The system
layer supoTts STX basic fumnctons:
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support 1
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1.2.1

1.2.2

1) the synchronization of multiple compressed streams on decoding;

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

4) continuous buffer management;

5) time identification;

6) multiplexing and signalling of various components in a system stream

U-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream is either a transport stream or a program str.
re constructed from PES packets and packets containing other n€e¢ssary information. Both strg
hultiplexing of video and audio compressed streams from oné program with a common time
stream additionally supports the multiplexing of video and audie.compressed streams from multiple
pendent time bases. For almost error-free environments thé{program stream is generally more af
b software processing of program information. The trangport stream is more suitable for use in env|
brs are likely.

U-T H.222.0 | ISO/IEC 13818-1 multiplexed bit-stteam, whether a transport stream or a program
d in two layers: the outermost layer is the syStem layer, and the innermost is the compression |
yer provides the functions necessary for usifig one or more compressed data streams in a system.
parts of this Specification define the campression coding layer for audio and video data. Codin,
ata is not defined by this Specification;ibut is supported by the system layer provided that the othe
e to the constraints defined in 2.7.

Normative references

ving Recommendationstand International Standards contain provisions which, through reference in
provisions of this R€eommendation | International Standard. At the time of publication, the editions
d. All Recommendations and Standards are subject to revision, and parties to agreements basg
ndation | International Standard are encouraged to investigate the possibility of applying the m
the Recomiendations and Standards listed below. Members of IEC and ISO maintain registers of
rnational (Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of
T Recommendations.
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[Identical Recommendations | International Standards

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

coding of moving pictures and associated audio information: Video.

Paired Recommendations | International Standards equivalent in technical content

—  Recommendation ITU-T H.264 (2014), Advanced video coding for generic audiovisual services.
ISO/TEC 14496-10:2014, Information technology — Coding of audio-visual objects — Part 10: Advanced

video coding.
—  Recommendation ITU-T H.265 (2015), High efficiency video coding.

ISO/IEC 23008-2:2015, Information technology — High efficiency coding and media delivery in

heterogeneous environments — Part 2: High efficiency video coding.

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

representation of multimedia and hypermedia objects.
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ISO/IEC 13522-1:1997, Information technology — Coding of Multimedia and Hypermedia information —
Part 1: MHEG object representation — Base notation (ASN.1).

1.2.3 Additional references

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

—  Recommendation ITU-T T.800 (2002) | ISO/IEC 15444-1:2004, Information technology — JPEG 2000
image coding system: Core coding system.

—  Recommendation ITU-R BT.470-7 (2005), Conventional analogue television systems.

—  Recommendation ITU-R BT.601-6 (2007), Studio encoding parameters of digital television for standard
4:3 and wide-screen 16.9 aspect ratios.

—  Recommendation ITU-R BT.709-6 (2015), Parameter values for the HDTV standards for production
and international programme exchange.

—  Recommendation ITU-R BT.1886 (2011), Reference electro-optical transfer function for flat panel
displays used in HDTV studio production.

—  Recommendation ITU-R BT.2100 (2016), Image parameter values for high dynamic range tel¢vision for
use in production and international programme exchange.

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

- ISO 8859-1:1998, Information technology — 8-bit single-byte coded graphic-character sets |- Part 1:
Latin alphabet No. 1.

- ISO 15706:2002, Information and documentation — International Standard Audiovisual Numbey (ISAN).

- ISO/IEC 11172-1:1993, Information technology — Coding of mgving pictures and associated|audio for
digital storage media at up to about 1,5 Mbit/s — Part 1: Systemns,

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

- ISO/IEC 11172-3:1993, Information technology —(Coding of moving pictures and associated|audio for
digital storage media at up to about 1,5 Mbit/s —Part 3. Audio.

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

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

- ISO/IEC 13818-7:2006, Information technology — Generic coding of moving pictures and gssociated
audio information — Part 7~Advanced Audio Coding (AAC).

—  ISO/IEC 13818-11:2004yYnformation technology — Generic coding of moving pictures and qssociated
audio information — Part 11: IPMP on MPEG-2 systems.

—  ISO/IEC 14496-1:2010, Information technology — Coding of audio-visual objects — Part 1: Sysems.
- ISO/IEC 14496=2:2004, Information technology — Coding of audio-visual objects — Part 2: Vispal.
—  ISO/IEC:14496-3:2009, Information technology — Coding of audio-visual objects — Part 3: Audio.

- ISOAEE 14496-17:20006, Information technology, Coding of audio-visual objects — Part 17: Streaming
textformat.

- 7, ISO/IEC 23001-8:2016, Information technology — MPEG systems technologies — Part 8} Coding-
independent code-points.

— ISO/IEC 23001-10:2015, Information technology — MPEG systems technologies — Part 10: Carriage of
timed metadata metrics of media in ISO base media file format.

— ISO/IEC 23001-11:2015, Information technology — MPEG systems technologies — Part 11:
Energy-efficient media consumption (Green Metadata).

— ISO/IEC 23003-3:2012, Information technology — MPEG audio technologies — Part 3: Unified speech
and audio coding.

—  ISO/IEC 23003-4:2015, Information technology — MPEG audio technologies — Part 4: Dynamic Range
Control.

— ISO/IEC 23008-3:2015, Information technology — High efficiency coding and media delivery in
heterogeneous environments — Part 3: 3D audio.
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— ISO/IEC 23009-1:2014 — Information technology — Dynamic adaptive streaming over HTTP (DASH) —
Part 1: Media presentation description and segment formats.

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

—  IEC Publication 60908:1999, Audio recording — Compact disc digital audio system.
—  IETF RFC 3986 (2005), Uniform Resource Identifier (URI): Generic Syntax.
—  IETF RFC 5484 (2009), Associating Time-Codes with RTP Streams.
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SECTION 2 — TECHNICAL ELEMENTS

2.1 Definitions

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

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, whereby each audio frame carries data from one or more audio channels; an
audio frame may carry for example one mono channel, or two stereo channels or seven surround sound channels.

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 W@w@w@.&ﬁu@m&hj&i@w is the last
picture preceding a sequence end code in the bitstream, all bytes between the last byte of the coded pictufe and the

sequence [end code (including the sequence end code) belong to the access unit.

For the d¢finition of an access unit for Rec. ITU-T H.264 | ISO/IEC 14496-10 video, see the AVC access unit|definition
in2.1.3.

In the casg of an ISO/IEC 14496-17 text stream, see ISO/IEC 14496-17 for the definition of.amaccess unit.

2.1.2 AVC 24-hour picture (system): An advanced video coding (AVC) access unit with a presentatior] time that
is more than 24 hours in the future. For the purpose of this definition, AVC access unit-n has a presentation time that is
more thar] 24 hours in the future if the difference between the initial arrival time ty(1) and the DPB output time t, g,5(n)
is more than 24 hours.

2.1.3 AVC access unit (system): An access unit as defined for byte streams in Rec. ITU-T| H.264 |
ISO/IEC |4496-10 with the constraints specified in 2.14.1.

2.14 AVC slice (system): A byte stream nal unit as defined.in Rec. ITU-T H.264 | ISO/IEC 1449b-10 with
nal unit fype values of 1 or 5, or a byte stream nal unit datas structure with nal unit type value of 2 and any
associated byte stream nal unit data structures with nal_unit,type equal to 3 and/or 4.

2.1.5 AV C still picture (system): An AVC still picture’consists of an AVC access unit containing an IDR picture,
preceded py SPS and PPS NAL units that carry sufficientinformation to correctly decode the IDR picture. Prgceding an
AVC still picture, there shall be another AVC still>picture or an end of sequence NAL unit terminating a [preceding
coded video sequence unless the AVC still picturé\is the very first access unit in the video stream.

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

2.1.7 AVC video stream (system): A Rec. ITU-T H.264 | ISO/IEC 14496-10 stream. An AVC vidgo stream
consists df one or more AVC video sequences. An AVC video stream may also result from re-assembling yideo sub-
bitstreamg.

2.1.8 AVC video sub-bitstream of MVC: The video sub-bitstream that contains the base view as dlefined in
Annex H pf Rec. ITU-TXH.264 | ISO/IEC 14496-10, containing all VCL NAL units associated with the mininjum value
of view ofder index-pfesent in each AVC video sequence of the AVC video stream. The AVC video sub-bifstream of
MVC may additionally contain the associated NAL units with nal unit type syntax element equal to 14 (prefix NAL
units), as fefined)for MVC in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.1.9 ¥Y.C video sub-bitstream of MVCD: The video sub-bitstream that contains the base view as defined in
Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10, containing all VCL NAL units associated with the minimum value
of view order index present in each AVC video sequence of the AVC video stream. The AVC video sub-bitstream of
MVCD may additionally contain the associated NAL units with nal unit type syntax element equal to 14 (prefix NAL
units), as defined for MVC in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.1.10 AVC video sub-bitstream of SVC: The video sub-bitstream that contains the base layer as defined in
Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10 and that shall additionally contain NAL units with nal unit type
equal to 14 (prefix NAL units) ) as defined for scalable video coding (SVC) in Annex G of Rec. ITU-T H.264 | ISO/IEC
14496-10. The AVC video sub-bitstream of SVC contains all VCL NAL units associated with dependency id equal
to 0.

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

2.1.12  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.
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2.1.13  channel: A digital medium that stores or transports a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream.
2.1.14  coded B-frame: A B-frame picture or a pair of B-field pictures.
2.1.15 coded frame: A coded frame is a coded I-frame, coded B-frame or a coded P-frame.

2.1.16 coded I-frame: An I-frame picture or a pair of field pictures where the first field picture is an I-picture and
the second field picture is either an I-picture or a P-picture.

2.1.17 coded P-frame: A P-frame picture or a pair of P-field pictures.
2.1.18 coded representation: A data element as represented in its encoded form.
2.1.19 compression: Reduction in the number of bits used to represent an item of data.

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

. " " " " c PECEE T :
2.1.21 onstraimed SYSTCIIT paramnicier sircant \CSPS) (Systemm)” pay progranT streanT {or - winciT thie gonstraints

defined ir{ 2.7.9 apply.

2.1.22 [cyclic redundancy check (CRC): The CRC to verify the correctness of data.
2.1.23 [|data element: An item of data as represented before encoding and after decoding.
2.1.24 |decoded stream: The decoded reconstruction of a compressed bit stream.

2.1.25 |decoder: An embodiment of a decoding process.

2.1.26 |decoding (process): The process defined in this Recommendation | Interdatienal Standard that read$ an input-
coded bit stream and outputs decoded pictures or audio samples.

2.1.27 |decoding time-stamp (DTS) (system): A field that may be presentin a PES packet header that indicates the
time that n access unit is decoded in the system target decoder.

2.1.28 [digital storage media (DSM): A digital storage or transmiSsion device or system.
2.1.29 |IDSM-CC: Digital storage media command and control,

2.1.30 |entitlement control message (ECM): Entitlement control messages are private conditionpl access
informatipn which specify control words and possibly~other, typically stream-specific, scrambling and/¢r control
parameters.

2.1.31 |entitlement management message (EMM): Entitlement management messages are private cpnditional
access information which specify the authorization levels or the services of specific decoders. They may be addressed to
single dedoders or groups of decoders.

2.1.32 [editing: The process by which”one or more compressed bit streams are manipulated to produce a new
compress¢d bit stream. Edited bit streams meet the same requirements as streams which are not edited.

2.1.33 [elementary stream (ES) (system): A generic term for one of the coded video, coded audio or other| coded bit
streams ih PES packets. One_elementary stream is carried in a sequence of PES packets with one and|only one
stream_id|

2.1.34 [elementary.stream clock reference (ESCR) (system): A time stamp in the PES stream from whicl} decoders
of PES stfeams may. derive timing.

2.1.35 [encoder: An embodiment of an encoding process.

2.1.36  lencoding{(process)—A—proce E lon—tnternational-Standard—that reads a
stream of input pictures or audio samples and produces a coded bit stream conforming to this Recommendation.

2.1.37 entropy coding: Variable length lossless coding of the digital representation of a signal to reduce redundancy.

2.1.38 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.

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

2.1.40 forbidden: The term "forbidden", when used in the clauses of this Recommendation | International Standard
defining the coded bit stream, indicates that the value specified shall never be used.

2.1.41 green access unit — An access unit that contains dynamic metadata as defined in 6.2.1 of ISO/IEC 23001-11.
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2.142 HEVC 24-hour picture (system): An HEVC access unit with a presentation time that is more than 24 hours
in the future. For the purpose of this definition, HEVC access unit n has a presentation time that is more than 24 hours
in the future if the difference between the initial arrival time t,(n) and the DPB output time t,4,,(n) is more than
24 hours.

2.1.43 HEVC access unit: An access unit as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2 with the
constraints specified in 2.17.1.

2.1.44 HEVC base layer: HEVC layer with nuh_layer id equal to 0.

2.1.45 HEVC base sub-partition: HEVC video sub-bitstream that is also a conforming bitstream as specified in
Rec. ITU-T H.265 | ISO/IEC 23008-2, which contains all VCL NAL units and the associated non-VCL NAL units of an
HEVC base layer up to a target highest Temporalld identified by a target HEVC operation point.

2.146 HEVC complete temporal representation: A sub-layer representation as defined in Rec. ITU-T H.265 |
ISO/IEC 23008-2 that contains all temporal snb-layers up to the femporal sub-layer with Temporalld equal to
sps_max [sub layers minusl+1 as included in the active sequence parameter set, as specified in Rec. ITU-T H.265 |
ISO/IEC 23008-2.

2.1.47 [HEVC dependent slice segment: An HEVC slice segment with the. ® syntax | element
dependenf slice segment flag in the slice header set to a value equal to 1, as defined imyRec. ITU-T H.265 |
ISO/IEC 23008-2.

2.1.48 EVC enhancement sub-partition: One HEVC layer with a particular value of siuh layer id gregter than 0
in the NAL unit header syntax element or an HEVC temporal video sub-bitstream ©r, HEVC temporal video subset
thereof, of which the HEVC layer aggregation with an HEVC base sub-partition.and zero or more other HEVC sub-
partitions] according to HEVC layer list, results in a valid HEVC layered video stream.

2.1.49 EVC highest temporal sub-layer representation: The sub-layer-representation of the temporal| sub-layer
with the highest value of Temporalld, as defined in Rec. ITU-T H.265-ISO/IEC 23008-2, in the associated HEVC
temporal pideo sub-bitstream or HEVC temporal video subset.

2.1.50 [HEVC independent slice segment: An HEWC Vslice segment with the syntax| element
dependen} slice segment flag in the slice header set to a Value 0 or inferred to be equal to 0, as defined in
Rec. ITU{T H.265 | ISO/IEC 23008-2.

2.1.51 [HEVC layer: HEVC video sub-bitstream that contains all VCL NAL units with a particular| value of
nuh_layeq id in the NAL unit header syntax element\and associated non-VCL NAL units, as defined in Ahnex F of
Rec. ITU{T H.265 | ISO/IEC 23008-2.

2.1.52 [HEVC layer aggregation: Successive HEVC layer component aggregation of all HEVC layer components in
an HEV(video sequence.

2.1.53 [HEVC layer component: ¥CL NAL units and the associated non-VCL NAL units of an HEVC access unit
which belong to an HEVC sub-partition.

2.1.54 [HEVC layer component aggregation: Concatenation of all HEVC layer components with the sapne output
time fron all HEVC sub-partitions indicated in an HEVC layer list in the order indicated by the HEVC [layer list,
resulting n a valid HEVG.access unit as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.55 [HEVC layet Tist: Ordered list of HEVC sub-partitions for a target HEVC operation point of which the HEVC
layer aggfegation results in a valid HEVC layered video stream.

NOTE|- AnHEVC layer list is signalled for each target HEVC operation point using the HEVC operation point descriptor.
2.1.56 HEVC layered video stream' HEVC video stream that contains all VCI. NAT . units and associatedinon-VCL

NAL units conforming to one or more profiles defined in Annex G or Annex H of Rec. ITU-T H.265 |
ISO/IEC 23008-2.

2.1.57 HEVC operation point: Operation point based on a target highest Temporalld, and a target layer identifier
list as specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.

NOTE — Rec. ITU-T H.265 | ISO/IEC 23008-2 specifies the sub-bitstream extraction process for an operation point according to
which the operation point is a conforming bitstream. An operation point is associated with an HEVC layered video stream or
HEVC base layer.

2.1.58 HEVC slice: An HEVC independent slice segment and zero or more subsequent HEVC dependent slice
segments preceding the next HEVC independent slice segment (if any) within the same HEVC access unit.

2.1.59 HEVC slice segment: A byte stream nal unit with nal unit type in the range of 0 to 9 and 16 to 23, as
defined in Rec. ITU-T H.265 | ISO/IEC 23008-2.
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2.1.60 HEVC still picture (system): An HEVC still picture consists of an HEVC access unit containing an IDR
picture preceded by VPS, SPS and PPS NAL units, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, that carry
sufficient information to correctly decode this IDR picture. Preceding an HEVC still picture, there shall be another

HEVC still picture or an end of sequence NAL unit terminating a preceding coded video sequence, as defined in Rec.
ITU-T H.265 | ISO/IEC 23008-2.

2.1.61 HEVC sub-partition: Either an HEVC base sub-partition or an HEVC enhancement sub-partition.

NOTE — An HEVC sub-partition can either be an HEVC temporal video sub-bitstream if it includes VCL NAL units with the
minimum value of Temporalld (i.e., including Temporalld equal to 0), or it can be an HEVC temporal video subset, if it
complements an HEVC base sub-partition or HEVC enhancement sub-partition with the same target layer identifier.

2.1.62 HEVC temporal enhancement sub-partition: An HEVC temporal video subset of the same HEVC layer as
another HEVC enhancement sub-partition of the same HEVC video stream which contains one or more complementary
temporal sub-layers, as specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.63 HEVEtemporat-videosub=bitstream AT HE V€ video sub-bitstreanT that comtamsat-vEENAT units and
associated non-VCL NAL units of the temporal sub-layer of the same layer, as specified in Rec. ITWST H.265 |
ISO/IEC 23008-2, associated with Temporalld equal to 0 and which may additionally contain all VCI{ NAL|units and
associated non-VCL NAL units of all temporal sub-layers of the same layer associated with a coentiguouq range of
Temporallld from 1 to a value equal to or smaller than sps max_sub layers minusl includedin, the active| sequence
parameteq] set, as specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.64 [HEVC temporal video subset: An HEVC video sub-bitstream that contains, ald VCL NAL unifs and the
associated non-VCL NAL units of one or more temporal sub-layers of the same layer, as specified in Rec. ITY-T H.265
| ISO/IEQ 23008-2, with each temporal sub-layer not being present in the corresponding HEVC temporal Video sub-
bitstream jJand Temporalld associated with each temporal sub-layer forming a contiguous range of values that {s equal to
or small¢r than sps max sub layers minusl included in the active sequence parameter set, as sp¢cified in
Rec. ITU{T H.265 | ISO/IEC 23008-2..

NOTE|- According to the constraints for the transport of HEVC specified,in(2)17.1, each temporal sub-layer of an HEVC video
stream| is present either in the HEVC temporal video sub-bitstream or.in”exactly one HEVC temporal video subs¢t which is
carried|in a set of elementary streams that are associated by hierarchy,descriptors or HEVC hierarchy extension descr{ptors. This
prevents multiple inclusions of the same temporal sub-layer and allows aggregation of the HEVC temporal video sup-bitstream
with af:ciated HEVC temporal video subsets according to the, hierarchy descriptors, as specified in 2.17.3 and accofding to the

hierarchy descriptors or HEVC hierarchy extension descriptors, as specified in 2.17.4.

2.1.65 EVC tile of slices: One or more consecutive YTEVC slices which form the coded representation of a tile, as
defined i] Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.66 [HEVC video sequence (system): ~A' coded video sequence as defined in Rec. ITU-T| H.265 |
ISO/IEC 23008-2.

2.1.67 [HEVC video stream: Byte stream as specified in Rec. ITU-T H. 265 | ISO/IEC 23008-2 Annex B.

NOTE| - This term represents either_a byte stream as specified in Annex B of the first version of Rec. ITU{T H.265 |
ISO/IEC 23008-2 or an HEVC layered video sub-bitstream.

2.1.68 [HEVC video sub-bitstream: A subset of the NAL units of an HEVC video stream in their original ¢rder.

2.1.69 JPEG 2000 (J2K) video access unit: An access unit defined in Rec. ITU-T T.800 (2002)/Amd.p (2010) |
ISO/IEC [15444-1:2004/Amd.3:2010 which includes all the parameters required to decode the access unit and display
the decodpd data.

2.1.70 PJ2Kstill picture (system): J2K video access unit as defined in 2.1.69 with constraints as specified in S.2.

2.1.71 [J2K'video elementary stream: Video elementary stream consisting of a succession of J2K video access
units.

2.1.72  J2K video sequence: J2K video elementary stream where all the access units have the same profile/level, J2K
video access unit coding parameters and video parameters.

2.1.73 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 this Recommendation | International Standard.

2.1.74 metadata: Information to describe audiovisual content and data essence in a format defined by ISO or any
other authority.

2.1.75 metadata access unit: A global structure within metadata that defines the fraction of metadata that is
intended to be decoded at a specific instant in time. The internal structure of a metadata Access Unit is defined by the
format of the metadata.
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2.1.76 metadata application format: Identifies the format of the application that uses the metadata; signals
application specific information for transport of metadata.

2.1.77 metadata decoder configuration information: Data needed by a receiver to decode a specific metadata
service. Depending on the format of the metadata, decoder configuration information may or may not be needed.

2.1.78 metadata format: Identifies the coding format of metadata.

2.1.79 metadata service: A coherent set of metadata of the same format delivered to a receiver for a specific
purpose.

2.1.80 metadata service id: Identifier of a specific metadata service; used for some transport methods of the
metadata.

2.1.81 metadata stream: The concatenation or collection of metadata Access Units from one or more metadata
services.

2.1.82 [(multiplexed) stream (system): A bit stream composed of 0 or more elementary streams cdmbined in a
manner that conforms to this Recommendation | International Standard.

2.1.83 |MVC base view sub-bitstream: The MVC base view sub-bitstream is defined to contain’the A[VC video
sub-bitstream of MVC conforming to one or more profiles defined in Annex H of Rec. ITUST H.264 | ISO/IEC
14496-10] and one additional MVC video sub-bitstream associated with an MVC view_idssubset including the view
order indgx that immediately follows the view order index associated with the base view.

NOTE[- The MVC base view sub-bitstream is also an AVC video stream where no re-assembly is required before decdding.

2.1.84 |MVC operation point: An MVC operation point is identified by a temporal id value representing a target
temporal |evel and a set of view_id values representing the target output views.(One MVC operation point is gssociated
with an AVC video stream which conforms to one or more profiles defin€d in Annex H of Rec. ITU{T H.264 |
ISO/IEC ]4496-10. The AVC video stream associated with an MVC opetation point is re-assembled ffom a set
consisting of one or more of the following items: AVC video sub-bitstream of MVC, MVC base view sub-pitstream,
MVC vidgo sub-bitstreams.

2.1.85 |MVC slice (system): A byte stream nal unit withonal* unit type syntax element equal to 20 of an AVC

video strepm which conforms to one or more profiles definedin)Annex H of Rec. ITU-T H.264 | ISO/IEC 144P6-10.
NOTE[- As specified in Rec. ITU-T H.264 | ISO/IEC 14496-10, the value of svc_extension_flag is set equal to 0 for cpded video
sequenfces conforming to one or more profiles specifiediin Annex H. MVC slices should not include NAL units| for which
nal_unjt type is equal to 20 with svc_extension_flag equal to 1.

2.1.86 |MVC video sub-bitstream: The MVC video sub-bitstream is defined to be all VCL NAL ynits with
nal unit fype equal to 20 associated with thé_same multiview video coding (MVC) view id subset of an|advanced
video coding (AVC) video stream and assgciated non-VCL NAL units which conform to one or more profilgs defined
in Annex [H of Rec. ITU-T H.264 | ISOAEE 14496-10.

NOTE}- In contrast to a sub-bitstream/as specified in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, an MVC video
sub-biftream according to this Specification is not necessarily a decodable MVC video sub-bitstream. The one exceptlon is when

an MYC video sub-bitstream~is*also an MVC base view sub-bitstream. Re-assembling MVC video sub-bitstrdams in an
increaging order of view order/index, starting from the lowest value of view order index up to any value of view ofder index,
resultsfin a decodable AYC+video stream.

2.1.87 |MVC view.id subset: A set of one or more view_id values, as defined in Annex H of Rec. ITU{T H.264 |
ISO/IEC [14496-10.in the NAL unit header syntax element, associated with one set of consecutive view otfder index
values.

NOTE|=<An MVC video sub-bitstream or MVC base view sub-bitstream based on a specific MVC view_id subsgt may not

includdaaew components. for all view id values included in that MV C view id subset Qne or more view order index Values may

be skipped if the view associated with a missing view order index value is not required for decoding the transmitted views.

2.1.88 MVCD base view sub-bitstream: The MVCD base view sub-bitstream is defined to contain the AVC video
sub-bitstream of MVCD conforming to one or more profiles defined in Annex I of Rec. ITU-T H.264 |
ISO/IEC 14496-10 and one additional MVCD video sub-bitstream associated with an MVCD view _id subset including
the view order index that immediately follows the view order index associated with the base view.

NOTE — The MVCD base view sub-bitstream is also an AVC video stream where no re-assembly is required before decoding.

2.1.89 MVCD slice (system): A byte stream nal unit with nal unit type syntax element equal to 21 of an AVC
video stream which conforms to one or more profiles defined in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.190 MVCD video sub-bitstream: The MVCD video sub-bitstream is defined to be all VCL NAL units with
nal_unit type equal to 21 associated with the same MVCD view_id subset of an AVC video stream and associated non-
VCL NAL units which conform to one or more profiles defined in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10.
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NOTE - In contrast to a sub-bitstream as specified in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10, an MVCD video
sub-bitstream according to this Specification is not necessarily a decodable MVCD video sub-bitstream. The one exception is
when an MVCD video sub-bitstream is also an MVCD base view sub-bitstream. Re-assembling MVCD video sub-bitstreams in
an increasing order of view order index, starting from the lowest value of view order index up to any value of view order index,
results in a decodable AVC video stream.

2.191 MVC view-component subset: The VCL NAL units of an AVC access unit associated with the same MVC
view_id subset and associated non-VCL NAL units.

NOTE — Re-assembling MVC view-component subsets ordered according to the view order index, starting from the minimum
view order index up to the highest view order index present in the access unit, while reordering the non-VCL NAL units
conforming to the order of NAL units within an access unit, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10, results in an
AVC access unit.

2.1.92 MVCD view-component subset: The VCL NAL units of an AVC access unit associated with the same
MVCD view _id subset and associated non-VCL NAL units.
NOTEFRe= g i o C - o T minimum
view drder index up to the highest view order index present in the access unit, while reordering the non-VCL)[NAL units
conforming to the order of NAL units within an access unit, as defined in Rec. ITU-T H.264 | ISO/IEC 14496=10, r¢sults in an
AVC dccess unit.

2.1.93 [MVCD view_id subset: A set of one or more view_id values, as defined in Annex Irof Rec. ITU{T H.264 |

ISO/IEC [14496-10 in the NAL unit header syntax element, associated with one set of consceutive view ofder index

values.
NOTE|- An MVCD video sub-bitstream or MVCD base view sub-bitstream based on a specific MVCD view_id subget may not
includ¢ view components for all view_id values included in that MVCD view_id subsets Oné or more view order irjdex values
may bd skipped if the view associated with a missing view order index value is not requiredfor decoding the transmitt¢d views.

2.1.94 [pack (system): A pack consists of a pack header followed by zero or-more packets. It is a layer in the system
coding syhtax described in 2.5.3.3.

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

2.1.96 |packet identifier (PID) (system): A unique integer valde used to identify elementary streams of a program in
a single of multi-program transport stream as described in 2.4.3;

2.1.97 |padding (audio): A method to adjust the average length of an audio frame in time to the duratjon of the
corresponding PCM samples, by conditionally adding a:slot to the audio frame.

2.1.98 |payload: Payload refers to the bytes which-follow the header bytes in a packet. For example, the gayload of
some trafjsport stream packets includes a PES_packet header and its PES packet data bytes, or pointer|field and
PSI sectiqns, or private data; but a PES packetypayload consists of only PES packet data bytes. The transpprt stream
packet hepder and adaptation fields are not.payload.

2.1.99 I::ES (system): An abbreviation'for a Packetized Elementary Stream.

2.1.100 [PES packet (system): {The data structure used to carry elementary stream data. A PES packet consists of a
PES packpt header followed by-anumber of contiguous bytes from an elementary data stream. It is a layer in the system
coding syhtax described in 2:4:3.6.

2.1.101 [PES packetSheader (system): The leading fields in a PES packet up to and not inclfding the
PES pacliet data byte fields, where the stream is not a padding stream. In the case of a padding stream the PES packet
header is pimilarlyndefined as the leading fields in a PES packet up to and not including padding_byte fields.

2.1.102 |packetized elementary stream (PES) (system): A PES system consists of PES packets, all [of whose
payloads tonsist of data from a single elementary stream, and all of which have the same stream_id. Specifid semantic
constraints apply. Refer to Intro. 4.

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

2.1.104 presentation unit (PU) (system): A decoded audio access unit or a decoded picture.

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

2.1.106 program clock reference (PCR) (system): A time stamp in the transport stream from which decoder timing
is derived.

2.1.107 program element (system): A generic term for one of the elementary streams or other data streams that may
be included in a program.
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2.1.108 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. An example
of privately defined PSI data is the non-mandatory network information table.

2.1.109 quality access unit — An access unit that contains dynamic quality metadata as defined in ISO/IEC 23001-10.
2.1.110 random access: The process of beginning to read and decode the coded bit stream at an arbitrary point.

2.1.111 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 this Recommendation |
International Standard, all reserved bits shall be set to '1".

2.1.112 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.

2.1.113 [service-compatible: This is defined as 'simulcast” of two stereoscopic views which do ndt include
scalable pr temporal coding. The two views are independently compressed using MPEG-2 video ot AVC or
both and|can be decoded independently.

2.1.114 I:ource stream: A single non-multiplexed stream of samples before compression coding.

2.1.115 |splicing (system): The concatenation, performed on the system level, of two different elementary streams.
The resulfing system stream conforms totally to this Recommendation | International Standard. The splice majy result in
discontimLities in timebase, continuity counter, PSI, and decoding.

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

2.1.117 |STD input buffer (system): A first-in first-out buffer at the ifiput of a system target decoder for ptorage of
compress¢d data from elementary streams before decoding.

2.1.118 |still picture: A still picture consists of a video sequence, coded as defined in Rec. ITU-T H.262 |
ISO/IEC |3818-2, ISO/IEC 11172-2 or ISO/IEC 14496-2, that ‘contains exactly one coded picture which is infra-coded.
This pictpre has an associated PTS and in case of coding according to ISO/IEC 11172-2, Rec. ITU-T H.262 |
ISO/IEC |3818-2 or ISO/IEC 14496-2, the presentation time of succeeding pictures, if any, is later than that pf the still
picture by at least two picture periods.

2.1.119 [|SVC dependency representation: The\VCL NAL units of an AVC access unit associated with|the same
value of dependency id which is provided as part of the NAL unit header or the associated prefix NAL unit hgader, and
the assodiated non-VCL NAL units. Re-assembling SVC dependency representations in a consecutive| order of
dependenpy id starting from the lowest value of dependency id present in the access unit up to any| value of
dependenty id present in the access(unit, while reordering the non-VCL NAL units conforming to the orddr of NAL
units within an access unit as defined.in Rec. ITU-T H.264 | ISO/IEC 14496-10, results in an AVC access unit

2.1.120 |SVC slice (system):)A byte stream nal unit as defined in Rec. ITU-T H.264 | ISO/IEC 1449p-10 with
nal_unit fype equal to 20 &f an AVC video stream which conforms to one or more profiles defined in Afgnex G of
Rec. ITU{T H.264 | ISOAEC 14496-10.

NOTE}- As specified in Rec. ITU-T H.264 | ISO/IEC 14496-10, the value of svc_extension_flag is set equal to 1 for cpded video

sequenfces conferming to one or more profiles specified in Annex G. SVC slices should not include NAL units| for which
nal unjt typeis.equal to 20 with svc_extension_flag equal to 0.

2.1.121 [SVC’video sub-bitstream: The video sub-bitstream that contains VCL NAL units with nal unit fype equal
to 20 with the same NAL unit header synfax element dependency_id not equal to U.

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

2.1.123 system clock reference (SCR) (system): A time stamp in the program stream from which decoder timing is
derived.

2.1.124 system target decoder (STD) (system): A hypothetical reference model of a decoding process used to define
the semantics of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream.

2.1.125 time-stamp (system): A term that indicates the time of a specific action such as the arrival of a byte or the
presentation of a Presentation Unit.

2.1.126 transport stream packet header (system): The leading fields in a transport stream packet, up to and
including the continuity counter field.
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2.1.127 variable bitrate: An attribute of transport streams or program streams wherein the rate of arrival of bytes at
the input to a decoder varies with time.

2.1.128 video sub-bitstream: A video sub-bitstream is defined to be all VCL NAL units associated with the same
value of dependency _id of an AVC video stream which conforms to one or more profiles defined in Annex G of Rec.
ITU-T H.264 | ISO/IEC 14496-10 and all associated non-VCL NAL units in decoding order as defined in Rec. ITU-T
H.264 | ISO/IEC 14496-10. Re-assembling video sub-bitstreams in a consecutive order of dependency 1id, starting from
the dependency _id equal to 0 up to any value of dependency id, results in an AVC video stream. A video sub-bitstream
shall have the AVC byte stream format as defined in Annex B of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.1.129 view order index: An index that indicates the decoding order of MVC view components in an AVC access
unit as defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 or MVCD view components in an AVC access
unit as defined in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10. The association of view order index values to the
NAL unit header syntax element view_id is indicated for an AVC video sequence in the sequence parameter set MVC
extension as defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 or in the sequence parameter set MVCD
extension|as defined in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.2 Symbols and abbreviations

The mathpmatical operators used to describe this Recommendation | International Standard are Gishilar to thope used in
the C-programming language. However, integer division with truncation and rounding arejspecifically defined. The
bitwise operators are defined assuming two's-complement representation of integers. Numbering and counting loops
generally [begin from 0.
2.2.1 Arithmetic operators
H- Addition
= Subtraction (as a binary operator) or negation (as a unaty operator)
++ Increment
—— Decrement
*or x  Multiplication

Power

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

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

DIV Integer division with trincation of the result towards — o.
% Modulus operator, Defined only for positive numbers.
Sign() Sign(x) = 4 x>0
0 X==
-1 x<0

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

Sin Sine

coS Cosine

exp Exponential

\ Square root

logo Logarithm to base ten
log. Logarithm to base e

2.2.2 Assignment

= Assignment operator

223 Bitwise operators
& AND
| OR
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>> Shift right with sign extension
<< Shift left with 0 fill
224 Constants
T 3.14159265359
e 2.71828182845
2.2.5 Logical operators
| Logical OR
&& Logical AND
! Logical NOT
2.2.6 I\V/{ll\rlll\]ll;\yb
The folloyving mnemonics are defined to describe the different data types used in the coded bit-stream.

bslbf

right to left.
ch

or
main_data
main_data_beg
part2 length
rpchof

sb

scfsi

switch point |

switch point s

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

NOTE - In some tables of this specification, two bit strings are used to define a range”of values. In othe
strings are used to specify integer values. In these cases, each bit string is equivalent to a binary number o
least significant bit (unity position) equals the rightmost bit of the bit string aridthe significance of bits incf

Channel

Granule of 3 * 32 sub-band samples in audioayer II, 18 * 32 sub-band sample
Layer II1.

The main_data portion of the bit stream ‘eontains the scale factors, Huffman enc
and ancillary information.

This gives the location in the bit stréam of the beginning of the main_data for the f]
location is equal to the endingdécation of the previous frame's main_data plus
calculated from the main_data-end value of the previous frame.

This value contains the fdmber 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 of
switching is used

Number of scalefactor band (short block scalefactor band) from which point o
switching is used

en in this
Is and Os
bf reading

tables, bit
I which the
eases from

5 in audio
ded data,

rame. The
bit. It is

1 window

n window

E variable

tcimsbf Two's complement integer, msb (sign) bit first

uimsbf: Unsigned integer, most significant bit first

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

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

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

227

2.2.8

12

Range operator

Range

operator. n .. m defines the inclusive range of numbers from n up to m

Relational operators

> Greater than

> Greater than or equal to
< Less than

< Less than or equal to
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== Equal to

1= Not equal to

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

min [,...,] The minimum value in the argument list

Method of describing bit stream syntax

The bit streams retrieved by the decoder are described in 2.4.1 and 2.5.1. Each data item in the bit stream is in bold
type. It is described by its name, its length in bits, and a mnemonic for its type and order of transmission.

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

used to e

Note this
to a condj

while ( cq
data_e

}

do {
data_e

while ( ca

tion that is true:

ndition ) {
Jlement

Jlement

ndition )

if ( condifion ) {

data_e

}

else {
data_e

}

for (1=0;
data_e

}

As noted,|
when only

Jlement

Jlement

i<n;it+) {
Jlement

data_ele

ent []

data_element [n]

data_element [m][n]

PIEsS tHe COMATtIoNS WHTT datd TITTEtS are Preseltt; ard are 11 oTTat type.

syntax uses the "C"-code convention that a variable or expression evaluating to a non-zero value\is

the group of data-elements may contain nested conditional constructs. For compactness, the {} a
one data element follows:

If the condition is true, then the group of data elements occurs next-in the data s
repeats until the condition is not true.

The data element always occurs at least once. Theddata eclement is repeate
condition is not true.

If the condition is true, then the first group)of data elements occurs next in the dats

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

The group of.data elements occurs n times. Conditional constructs within the gr
elements may depend on the value of the loop control variable i, which is set to 2
first occurrence, incremented to 1 for the second occurrence, and so forth.

data_element [] is an array of data. The number of data elements is indicated by th
data_element [n] is the n+1th element of an array of data.

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

bquivalent

ream. This

 until the

stream.

in the data

up of data
rero for the

e omitted

e context.

data_element [1][m][n]

data_element [m..n]

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

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

While the syntax is expressed in procedural terms, it should not be assumed that either Figure 2-1 or Figure 2-2
implements a satisfactory decoding procedure. In particular, they define a correct and error-free input bitstream. Actual
decoders must include a means to look for start codes and sync bytes (transport stream) in order to begin decoding
correctly, and to identify errors, erasures or insertions while decoding. The methods to identify these situations, and the
actions to be taken, are not standardized.

© ISO/IEC 2018 - All rights reserved
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24 Transport stream bitstream requirements

24.1 Transport stream coding structure and parameters

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

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

Elementary stream data is carried in PES packets. A PES packet consists of a PES packet header followed by packet
data. PES packets are inserted into transport stream packets. The first byte of each PES packet header is located at the
first available payload location of a transport stream packet.

The PES packet header begins with a 32-bit start-code that also identifies the stream or stream type to which the packet
data belongs. The PES packet header may contain decoding and presentation time stamps (DTS and PTS). The PES
packet hepder also contains other optional fields. The PES packet data field contains a variable number of gontiguous
bytes frorh one elementary stream.

Transporf stream packets begin with a 4-byte prefix, which contains a 13-bit packet ID (PID), defined i Tablg 2-2. The
PID idenfifies, via the program-specific information (PSI) tables, the contents of the data contained in thq transport
stream pafket. Transport stream packets of one PID value carry data of one and only one elementary stream.

The PSI tbles are carried in the transport stream. There are six PSI tables:
*  Program association table (PAT);

*  Program map table (MPT);

*  Conditional access table (CAT);

*  Network information table (NIT);

*  Transport stream description table (TSDT);

g IPMP control information table.

These tabjles contain the necessary and sufficient information. t¢* demultiplex and present programs. The program map
table in Table 2-33 specifies, among other information, swhich PIDs, and therefore which elementary stigeams, are
associated to 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 infformation
table is optional and its contents are not specified by this Recommendation | International Standard. The IPMIP control
informatipn table shall be present if IPMP as deseribed in ISO/IEC 13818-11 is used by any of the compongnts in the
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 stream.

Transport| stream packets may be null packets. Null packets are intended for padding of transport streams. Th¢y may be
inserted qr deleted by re-multiplexiig)processes and, therefore, the delivery of the payload of null packgts to the
decoder chnnot be assumed.

This Recqmmendation | International Standard does not specify the coded data which may be used as part of cpnditional
access sy$tems. This Specification does, however, provide mechanisms for program service providers to tragsport and
identify tlis data for deeodér processing, and to reference correctly data which are specified by this Specificgtion. This
type of sypport is provided both through transport stream packet structures and in the conditional access tablg (refer to
Table 2-3P).

2.4.2 Transport stream system target decoder

2.4.2.1 General

The semantics of the transport stream specified in 2.4.3 and the constraints on these semantics specified in 2.7 require
exact definitions of byte arrival and decoding events and the times at which these occur. The definitions needed are set
out in this Recommendation | International Standard using a hypothetical decoder known as the transport stream system
target decoder (T-STD). Informative Annex D contains further explanation of the T-STD.

The T-STD is a conceptual model used to define these terms precisely and to model the decoding process during the
construction or verification of transport streams. The T-STD is defined only for this purpose. There are three types of
decoders in the T-STD: video, audio, and systems. Figure 2-1 illustrates an example. Neither the architecture of the
T-STD nor the timing described precludes uninterrupted, synchronized play-back of transport streams from a variety of
decoders with different architectures or timing schedules.
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Figure 2-1 — Transport stream system target decoder notation

wing notation is used to describe the transport stream system target decoder and jistpartially illy
above.

i,1,1”  are indices to bytes in the transport stream. The first byte has index 0.

I is an index to access units in the elementary streams.

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

n is an index to the elementary streams.
D is an index to transport stream packets in the transport(stream.
t(1) indicates the time in seconds at which the i-th byteof the transport stream enters the sys

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

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

ALG) 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 accg
elementary stream n.

indexed in presentation;order.

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

t is time measpred in seconds.

F.(t) is the_fulliess, measured in bytes, of the system target decoder input buffer for elementary
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.

B¢ is the main buffer in the system target decoder for system information for the program thg

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

strated in

em target

tem clock

Ss unit in

P.(k) is

Esentation

stream n

t is in the

}JIU\/UDD Uf b\/lllé d\/\/Ud\/d.
BSsys is the size of Bgys, measured in bytes.
MB, is the multiplexing buffer, for elementary stream n. It is present only for video elementary
MBS, is the size of MB,, measured in bytes.

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

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

TByys is the transport buffer for system information for the program that is in the process
decoded.

TBS.ys is the size of TByy,, measured in bytes.

TB, is the transport buffer for elementary stream n.
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TBS, is the size of TB,, measured in bytes.

Dyys is the decoder for system information in program stream n.
D, is the decoder for elementary stream n.

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

Ryys is the rate at which data are removed from By.

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

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

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

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

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

2.4.2.2 [System clock frequency

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

Practical decoders may reconstruct this clock from these values and their respectige atrival times. The follpwing are
minimum| constraints which apply to the program's system clock frequency-assrepresented by the valdges of the
PCR fields when they are received by a decoder.

The valud of the system clock frequency is measured in Hz and shall meet the following constraints:

27 000 000 — 810 < system_clock_frequency < 27000 000 + 810
rate of change of system_clock_frequency with time < 75 x 10~ Hz/s

NOTE[- Sources of coded data should follow a tighter toleraiice in order to facilitate compliant operation of consumgr recorders
and plgyback equipment.

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

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

The notafion "system clock frequency" is used in several places in this Specification to refer to the frequency of a
clock megting these requirenfents. For notational convenience, equations in which PCR, PTS, or DTS appesr, lead to
values of fime which are adcurate to some integral multiple of (300 x 2**/system_clock frequency) seconds. This is due
to the enfoding of PCR\timing information as 33 bits of 1/300 of the system clock frequency plus 9 bits for the
remaindet, and encoding-as 33 bits of the system clock frequency divided by 300 for PTS and DTS.

2.4.2.3 [Inputtothe transport stream system target decoder

Input to the transport stream system target decoder (T STD) is a transport stream. A transport stream mgy contain
multiple program ' ' me. In the
T-STD model all timing indications refer to the trme base of that program.

Data from the transport stream enters the T-STD at a piecewise constant rate. The time t(i) at which the i-th byte enters
the T-STD is defined by decoding the program clock reference (PCR) fields in the input stream, encoded in the
transport stream packet adaptation field of the program to be decoded and by counting the bytes in the complete
transport stream between successive PCRs of that program. The PCR field (see equation 2-1) is encoded in two parts:
one, in units of the period of 1/300 times the system clock frequency, called program clock reference base
(see equation 2-2), and one in units of the system clock frequency called program clock reference extension
(see equation 2-3). The values encoded in these are computed by PCR_base(i) (see equation 2-2) and PCR_ext(i)
(see equation 2-3) respectively. The value encoded in the PCR field indicates the time t(i), where i is the index of the
byte containing the last bit of the program_clock reference base field.
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Specifically:
PCR(i) = PCR _base (i) x 300 + PCR _ ext(i) (2-1)
where:
PCR _base(i) = ((system_clock_frequency x t(i)) DIV 300)% 2 (2-2)
PCR _ext (i) = ((system_clo ck_frequency x t(i)) DIV 1) % 300 (2-3)

For all other bytes the input arrival time, t(i) shown in equation 2-4 below, is computed from PCR(i") and the transport
rate at which data arrive, where the transport rate is determined as the number of bytes in the transport stream between
the bytes containing the last bit of two successive program clock reference base fields of the same program divided by
the differ¢gnce between the time values encoded in these same two PCR fields.

PCR -1 T R/
t(i) = (@) + 1 (2-4)
system _clock _ frequency  transport _rate(i)

where:
i is the index of any byte in the transport stream for i” <i<7i'.

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

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

The transport rate for any byte i between byte i” and byte i’ is given bys

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

(2-5)

transport _rate(i) =

where:

i" is the index of thel\byte containing the last bit of the immediately |[following
program_clock referénce base field applicable to the program being decoded.

In the casp of a timebase discontinuity, indicated by the discontinuity indicator in the transport packet adaptation field,
the definifion given in equation 2-4 and-equation 2-5 for the time of arrival of bytes at the input to the T-§TD is not
applicabl¢ between the last PCR of the old timebase and the first PCR of the new timebase. In this case the time of
arrival offthese bytes is determined according to equation 2-4 with the modification that the transport rate used is that
applicabl¢ between the last anid next to last PCR of the old timebase.

A tolerange is specified ‘for the PCR values. The PCR tolerance is defined as the maximum inaccuracy gllowed in
received [PCRs. This inaccuracy may be due to imprecision in the PCR values or to PCR modificatipn during
re-multiplexing. It{ does not include errors in packet arrival time due to network jitter or other capses. The
PCR toleffance is't 500 ns.

In the T}STD’ model, the inaccuracy will be reflected as an inaccuracy in the calculated transport fate using
equation Z2-5.

Transport streams with multiple programs and variable rate

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

© ISO/IEC 2018 - All rights reserved Rec. ITU-T H.222.0 (03/2017) 17
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2.4.2.4 Buffering

Complete transport stream packets containing system information, for the program selected for decoding, enter the
system transport buffer, TBy, at the transport stream rate. These include transport stream packets whose PID values are
0, 1, 2 or 3, and all transport stream packets identified via the program association table (see Table 2-30) as having the
program_map_PID value for the selected program. Network information table (NIT) data as specified by the NIT PID is
not transferred to TBy,.

NOTE 1 - Size of IPMP control information table could be large, and the repetition rate of this table should be adjusted to meet
the buffer requirement.

All bytes that enter the buffer TB, are removed at the rate Rx, specified below. Bytes which are part of the PES packet
header or its contents are delivered to the main buffer B, for audio elementary streams and system data, and to the
multiplexing buffer MB, for video elementary streams. Other bytes are not, and may be used to control the system.
Duplicate transport stream packets are not delivered to B,, MB,,, or Byy.

The buffef TB, 1S empticd as foifows:
—  When there is no data in TB,, Rx, is equal to zero.

- Otherwise for video:
Rx, =L2x R [profilelevel]

where:

Rux[profile, level] is specified according to the profile and level which.edn be found in Table| 8-13 of
Rec. ITU{T H.262 | ISO/IEC 13818-2. This table specifies the upper bound of the,rate of each elementary video stream
within a specific profile and level.

Rx, is equal to 1, 2 x R, for ISO/IEC 11172-2 constrained parameter video streams, where R refprs to the
maximun] bitrate for a constrained parameters bitstream in ISO/IEC 1¥}72-2.

For ISO/IEC 13818-7 ADTS audio:

Number of Channels Rx,, [bit/s]
1.2 2 000 000

3.8 5529 600

9.12 8294 400

13 .48 33 177 600

Channels] The number of full-bandwidth audio output channels plus the number of independently switched coupling
channel ¢lements within the same clementary audio stream. For example, in the typical case that thefe are no
independd¢ntly switched coupling channel elements, mono is 1 channel, stereo is 2 channels and 5.1 channel sprround is
five chanpels (the low-frequency effects (LFE) channel is not counted).

For other faudio,

Rx, =2x10° bits per second

For systens data:

Rx, =1x10° bits persecond

Rx, is measured with respect to the system clock frequency.

Complete transport stream packets containing system information, for the program selected for decoding, enter the
system transport buffer, TB,y, at the transport stream rate. These include transport stream packets whose PID values are
0, 1, 2 and 3 (if present), and all transport stream packets identified via the program association table (PAT) (see
Table 2-30) as having the program _map PID value for the selected program. Network information table (NIT) data as
specified by the NIT PID is not transferred to TBys.

Bytes are removed from TB,y at the rate Rx,s and delivered to Bsys. Each byte is transferred instantaneously.

Duplicate transport stream packets are not delivered to By
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packets which do not enter any TB, or TB, are discarded.

The transport buffer size is fixed at 512 bytes.

The elementary stream buffer sizes EBS,; through EBS, are defined for video as equal to the vbv_buffer size as it is
carried in the sequence header. Refer to the summary of constrained parameters in ISO/IEC 11172-2 and Table 8-14 of
Rec. ITU-T H.262 | ISO/IEC 13818-2.

NOTE 2 — In the following equations, unit conversion should be implicitly performed as appropriate. Values expressed in bits are
implicitly converted into values expressed in bytes by: number_of bytes = (number_of bits +7) / 8.

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

For Low and Main level:

MBS, =BS, . +BS,, +VBV, . [profile levell—vbv_buffer_size

mux

where BS

and BS,,,

and wher
level] is d
header de

For High

where BS

and BS,,,

and wherg

1, PES packet overhead buffering is defined as:

[ profile , level |

max

BS,, =(1/750)seconds x R

, additional multiplex buffering is defined as:

BS . =0.004 seconds x R _ [ profile , leyel ]

ux

e VBV [ profile, level] is defined in Table 8-14 of Rec. ITU-T H.262\} ISO/IEC 13818-2 and R,
efined in Table 8-13 of Rec. ITU-T H.262 | ISO/IEC 13818-2, andivbV buffer size is carried in the
beribed in 6.2.2 of Rec. ITU-T H.262 | ISO/IEC 13818-2.

1440 and High level:

MBS, = BS, .+BS,,

1 1S defined as:

BS ,, =(1/750) seeonds x R . [profile ,level ]

max
is defined as:

BS,(0=0.004seconds x R, [ profile,level]

max

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

For Consfrained Parameters ISO/IEC 11172-2 bitstreams:

where BS

MBS, =BS,,. +BS,, +vbv_max—vbv_buffer size

1 1s defined as:

BS,, =(1/750)seconds xR

and BS,,,.« 1s defined as:

BS,,. =0.004 seconds xR,

[profile,
sequence

and where R,,,x and vbv_max refer to the maximum bitrate and the maximum vbv_buffer size for a Constrained
Parameters bitstream in ISO/IEC 11172-2 respectively.

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

NOTE 3 — Buffer occupancy by PES packet overhead is directly bounded in PES streams by the PES-STD which is defined
in 2.5.2.4. It is possible, but not necessary, to utilize PES streams to construct transport streams.

© ISO/IEC 2018 - All rights reserved Rec. ITU-T H.222.0 (03/2017)
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Buffer BS,

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

Audio
For ISO/IEC 13818-7 ADTS audio:

Number of Channels BS, [bytes]
1.2 3584
3.8 8976
9. 12 12 804
13..48 51216
Channels] The number of full-bandwidth audio output channels plus the number of independently switched coupling
channel ¢lements within the same elementary audio stream. For example, in the typical case that, thefe are no
independd¢ntly switched coupling channel elements, mono is 1 channel, stereo is 2 channels and 5.1 channel sprround is
5 channelp (the LFE channel is not counted).
For other jaudio:
BS =BS,, +BS, +BS, =3584 bytes
The size ¢f the access unit decoding buffer BS,.., and the PES packet overhead buffer BS,, are constrained by
BS ,. + BS ,, < 2848 byftes
A portion| (736 bytes) of the 3584 byte buffer is allocated for buffefing to allow multiplexing. The rest, 2848 [bytes, are
shared foff access unit buffering BS.., BS,, and additional multiplexing.
Systems
The main|buffer By for system data is of size BS,y; = 1536 bytes.
Video
For video| elementary streams, data is transfertéd from MB, to EB,, using one of two methods: the leak method or the
video buffering verifier (VBV) delay method.
Leak method
The leak method transfers data from MB, to EB, using a leak rate Ry,. The leak method is used whenever any of the
following]is true:
*  the STD descriptor (refer to 2.6.32) for the elementary stream is not present in the transport stream;
*  the STD.descriptor is present and the leak valid flag has a value of '1";
*  thenSTD descriptor is present, the leak valid has a value of '0', and the vbv_delay fields cogled in the
video stream have the value OXFFFF; or
o\ (Arick mode status is true (refer to 2.4.3.7).

For Low and Main level:

For High-

Rbx, =R . [ profile, level]

1440 and High level:

Rbx, =Min{l.05x R, ,R .. [ profile, level ]}

es? max

For Constrained Parameters bitstream in ISO/IEC 11172-2:

20

Rbx,=1,2xR_,,

Rec. ITU-T H.222.0 (03/2017) © ISO/IEC 2018 - All

rights reserved


https://iecnorm.com/api/?name=7fed09a7fa50418acf1573ba10f7ae8a

ISO/IEC 13818-1:2018 (E)

where Ry, 1S the maximum bit rate for a Constrained Parameters bitstream in ISO/IEC 11172-2.

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

Vbv_delay method

The vbv_delay method specifies precisely the time at which each byte of coded video data is transferred from MB, to
EB,, using the vbv_delay values coded in the video elementary stream. The vbv_delay method is used whenever the
STD descriptor (refer to 2.6.32) for this elementary stream is present in the transport stream, the leak valid flag in the
descriptor has the value '0', and vbv_delay fields coded in the video stream are not equal to OXFFFF. If any vbv_delay
values in a video sequence are not equal to OXFFFF, none of the vbv_delay fields in that sequence shall be equal to
OxFFFF (fetfer to ISO/IEC 11172-2 and Rec. [TU-T H.262 | ISO/IEC 13818-2).

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

R, (j)=NB(j)/(vbv_dela(j)—vbv_delay(j+1)+td, (j+1)—td, (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 stgrt code) of pictures j and j + 1, excluding PES packet header bytes.
NOTE|4 — vbv_delay(j + 1) and td,(j + 1) may have values that differ fromthose normally expected for periodic videp display if
the loy_delay flag in the video sequence extension is set to 'l'. It.fmay not be possible to determine the correct| values by
examirfation of the bit stream.

The Ryx(j) derived from equation 2-6 shall be less than or equal’to R,.«[profile, level] for elementary streams|of stream
type 0x02 (refer to Table 2-34), where Ry, [profile, level] isidefined in Rec. ITU-T 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 Qyte 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 byteq enter EB, instantaneously upon-eaving MB,,.

Removal|of access units

For each |elementary stream buffer EB, and main buffer B, all data for the access unit that has been in the buffer
longest, A,(j), and any stuffing) bytes that immediately precede it that are present in the buffer at the time|td,(j) are
removed |nstantaneously at\time td,(j). The decoding time td,(j) is specified in the DTS or PTS fields (refer tp 2.4.3.6).
Decoding|times td,(j +.8)std,( + 2), ... of access units without encoded DTS or PTS fields which directly follpw access
unit j may be derived{from information in the elementary stream. Refer to Annex C of Rec. ITU-T H.262 | ISO/IEC
13818-2, [SO/IEC\}3818-3, or ISO/IEC 11172. Also refer to 2.7.5. In the case of audio, all PES packet headeys that are
stored immediately before the access unit or that are embedded within the data of the access unit arel removed
simultanepusly, with the removal of the access unit. As the access unit is removed it is instantaneously dedoded to a
presentatioa-tit

System data

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

R,,s = max (80 000 bits/s, transport _rate(i)x 8 bits / byte / 500) 2-7)

NOTE 5 — The intention of increasing Ry in the case of high transport rates is to allow an increased data rate for the
Program-specific information.
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Low delay

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

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

Trick made

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

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

24.2.5 [Decoding

Elementafy streams buffered in B; through B, and EB; thromngh EB, are decoded instantaneously by defoders D,
through I}, and may be delayed in re-order buffers O; through O, before being presented at the output of thHe T-STD.
Re-order puffers are used only in the case of a videox¢lementary stream when some access units are not |carried in
presentatipn order. These access units will need tovbe re-ordered before presentation. In particular, if P(k) is an
I-picture ¢r a P-picture carried before one or more Btpictures, then it must be delayed in the re-order buffer, [O,, of the
T-STD bdfore being presented. Any picture preyiously stored in O, is presented before the current picture can|be stored.
P,(k) shopild be delayed until the next I-pictute or P-picture is decoded. While it is stored in the re-order Buffer, the
subsequeiit B-pictures are decoded and presented.

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

Rec. ITU{T H262 | ISO/IEC 13818-2 explains re-ordering of video pictures in greater detail.

2.4.2.6 [Presentation

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

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

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

Transport streams shall be constructed so that conditions defined in this subclause are satisfied. This subclause makes
use of the notation defined for the system target decoder.

TB, and TBy shall not overflow. TB, and TB,y shall empty at least once every second. B, shall not overflow nor
underflow. By shall not overflow.

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

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

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

The delay of any data through the system target decoder buffers shall be less than or equal to one secondy¢xcept for
still pictufe video data, ISO/IEC 14496 streams and ISO/IEC 23008-2 streams. Specifically: td,(j) — t(i)<'1 second for
all j, and 4ll bytes i in access 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,(j)

For ISO/IEC 14496 and ISO/IEC 23008-2 streams, the delay is constrained by td,(j) — t(i)»<10 seconds for al] j, and all
bytes i in pccess unit A,(j).

Definitioh of overflow and underflow
Let F(t) be the instantaneous fullness of T-STD buffer B,,.
F.(t) = 0 instantaneously before t = t(0)

Overflow|does not occur if:

F,(1)<BS,

for all t and n.

Underfloy does not occur if:

0<F, (1)

for all t and n.

2.4.2.8 [T-STD extensions for ¢arriage 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 parameters for
decoding| of individual, ISO/IEC 14496 elementary streams are defined in 2.11.2, while 2.11.3 defines
T-STD extensions and-parameters for decoding of ISO/IEC 14496 scenes and associated streams.

2.4.2.9 [T-STD extensions for carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video

To defing the,decoding in the T-STD of Rec. ITU-T H.264 | ISO/IEC 14496-10 video streams carried in g transport
stream, tHe "T¥STD model needs to be extended. The T-STD extension and T-STD parameters for decoding of AVC
video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 video
streams are defined in 2.14.3.1, T-STD extension and T-STD parameters for decoding of AVC video streams
conforming to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10 are defined in
2.14.3.5, and T-STD extension and T-STD parameters for decoding of AVC video streams conforming to one or more
profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 are defined in 2.14.3.7.

2.4.2.10 T-STD extensions for carriage of ISO/IEC 14496-17 text streams

To define the decoding in the T-STD of ISO/IEC 14496-17 text streams carried in a transport stream, the T-STD model
needs to be extended. The T-STD extension and T-STD parameters for decoding of ISO/IEC 14496-17 text streams are
defined in 2.15.3.1.
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2.4.2.11 T-STD extensions for carriage of J2K video elementary streams

The interpretation, extensions, use and constraints for syntax elements in the adaptation header (2.4.3.4 and 2.4.3.5) for
JPEG 2000 part 1 video are defined in S.5.

The interpretation, extensions, use and constraints for syntax elements in the PES header (2.4.3.6 and 2.4.3.7) for
JPEG 2000 Part 1 video are defined in S.5.

To define the decoding of J2K video elementary streams carried in a transport stream, the T-STD model needs to be
extended. The T-STD extensions and T-STD parameters for decoding of J2K video elementary streams conforming to
one or more profiles defined in Rec. ITU-T T.800 (2002) | ISO/IEC 15444-1:2004 are defined in S.6.

NOTE — No extensions are specified for P-STD model, as carriage of J2K video elementary streams in program streams is not
supported.

2.4.2.12 T-STD extensions for carriage of HEVC

T-STD extensions and T-STD parameters for the decoding of HEVC video streams are defined in 2.17.2)and 2.17.3.
Program gtream support including P-STD extensions and P-STD parameters are not specified for HEVC.yideo| streams.

2.4.2.13 [T-STD extensions for carriage of MVCD video sub-bitstream

T-STD extensions and T-STD parameters for decoding of MVCD video sub-bitstreams aye ‘defined in 2.14.1 and
2.14.3.7.

NOTE — Pjogram stream extensions are not specified for MVCD video sub-bitstreams.

2.4.2.14 [T-STD extensions for carriage of MV HEVC and SHVC

T-STD eqtensions and T-STD parameters for decoding of HEVC layered video streams are defined in 2.17.4, Program
stream support including P-STD extensions and P-STD parameters are not specified for HEVC extension videp streams.

243 Specification of the transport stream syntax and semantics

The folloying syntax describes a stream of bytes. Transport streampackets shall be 188 bytes long.

2.4.3.1 [Transport stream

See Tabld 2-1.

Table'2=1 — Transport stream

Syntax No. of bits Mngmonic

MPEG tfansport_stream() {
dp {

transport_packet(),

——

while (nextbits() == sync_ byte)

}

2.4.3.2 [Transportstream packet layer
See Tablg 2-2.

raplec 2-2 — 1Tansport packet or tils Recommendation | internationar Stanaard

Syntax No. of bits Mnemonic
transport_packet() {
sync_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
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Syntax No. of bits Mnemonic

}

if(adaptation_field control =="10'|| adaptation_field control =="11"){

if(adaptation_field control =="'01"|| adaptation_field control =="11") {

adaptation_field()

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

data_byte 8 bslbf
}
}
}
2.43.3 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 ffor other regularly occurring fields, such as PID, should be avoided.
transpor{_error_indicator — The transport error indicator is a 1-bit flag. When set to 'l' it indicates that at least
1 uncorregtable bit error exists in the associated transport stream packet. This bit may be set to,' I by entities ¢xternal to
the transprt layer. When set to '1" this bit shall not be reset to '0' unless the bit value(s) in errorhave been corrpcted.

payload_pnit _start_indicator — The payload unit start indicator is a 1-bit flag which“has normative mg

transport
2.4.4.4).

When thd
following
of a PE

payload unit start _indicator is set to 'l', then one and only one PES~packet starts in this transport stream pal

also appli

When the
has the

payload unit start indicator value shall be 'l', indicating that the first byte of the payload of this transp

packet c4

payload ynit start indicator value shall be '0', indicating that there is no pointer field in the payload. Refer

and 2.4.4
For null p
The mean

transport
of greater
can use tH
may be ¢
decoders.

PID — The PID_ista’13-bit field, indicating the type of the data stored in the packet payload. PID value

reserved
table (seq

stream packets that carry PES packets (refer to 2.4.3.6) or transport streamysection data (refer to Tah

payload of the transport stream packet contains PES packet data_the payload unit start indicat
significance: a 'l' indicates that the payload of this transport stréampacket will commence with thd
S packet and a '0' indicates no PES packet shall startJin this transport stream packd

s to private streams of stream_type 6 (refer to Table 2-34).

payload of the transport stream packet contains transport stream section data, the payload unit_start]
following significance: if the transport stream packet carries the first byte of a sed

rries the pointer field. If the transport stream packet does not carry the first byte of a se

D. This also applies to private streams ofistream_type 5 (refer to Table 2-34).
ackets the payload unit_start indicator shall be set to '0'".
ing of this bit for transport stréam packets carrying only private data is not defined in this Specificati

_priority — The transport_priority is a 1-bit indicator. When set to '1' it indicates that the associated
priority than other packets having the same PID which do not have the bit set to '1". The transport n
is to prioritize itsrdata within an elementary stream. Depending on the application the transport_pri
ded regardless ‘of the PID or within one PID only. This field may be changed by channel-specific el

or the program association table (see Table 2-30). PID value 0x0001 is reserved for the conditio

aning for
le 2-31 in

br has the
first byte
t. If the
cket. This

| indicator
tion, the
rt stream
ction, the
to 2.4.4.1

on.

packet is
echanism
prity field
icoders or

Dx0000 is
hal access

Table 2-32). PID value 0x0002 is reserved for the transport stream description table (see Ta

Table 2-3 — PID table

ble 2-36),
D values

Value Description
0x0000 Program association table
0x0001 Conditional access table
0x0002 Transport stream description table
0x0003 IPMP control information table
0x0004 Adaptive streaming information (see Note 2)
0x0005 .. 0x000F Reserved
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0x0010 May be assigned as network PID, Program_map_PID, elementary PID, or for other purposes
OXIFFE
0x1FFF Null packet

NOTE 1 — The transport packets with PID values 0x0000, 0x0001, and 0x0010-0x1FFE are allowed to carry a PCR.
NOTE 2 — Payload syntax is defined in 5.10.3.3.5 of ISO/IEC 23009-1.

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).

Table 2-4 — Scrambling control values

Yalue nugr_i,p,ﬁnn
'00' Not scrambled
01’ User-defined
'10' User-defined
1 User-defined

adaptatidqn_field_control — This 2-bit field indicates whether this transport stream packét header is followed by an
adaptation field and/or payload (see Table 2-5).

Table 2-5 — Adaptation field control values

Value Description
'00' Reserved for future use by ISO/IEC
'01' No adaptation_field, payload @nly
'10' Adaptation_field only, no.payload
1" Adaptation_field followed by payload

Rec. ITU-T H.222.0 | ISO/IEC 13818-1 decoders’ shall discard transport stream packets with the
adaptation_field control field set to a value of '00'. In.the case of a null packet the value of the adaptation_field control
shall be s¢t to '01".

continuity counter — The continuity counteris a 4-bit field incrementing with each transport stream packet with the
same PIQ}. The continuity counter wraps,around to O after its maximum value. The continuity counter shpll not be
incremenfed when the adaptation_field. céntrol of the packet equals '00' or '10".

In transpqrt streams, duplicate packets’may be sent as two, and only two, consecutive transport stream pacKets of the
same PIID. The duplicate packets shall have the same continuity counter value as the original packef and the
adaptation_field control field(shall be equal to '01' or '11". In duplicate packets each byte of the original packet shall be
duplicated, with the exception that in the program clock reference fields, if present, a valid value shall be encofled.

The contihuity countes 11 a particular transport stream packet is continuous when it differs by a positive value of one
from the [continuity counter value in the previous transport stream packet of the same PID, or when either of the
non-increnenting-eonditions (adaptation_field control set to '00' or '10', or duplicate packets as described gbove) are
met. The pontinuity counter may be discontinuous when the discontinuity indicator is set to 'l' (refer to 2.4.3[4). In the
case of a pull'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), transport stream
sections (refer to 2.4.4), packet stuffing bytes after transport stream 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.

2.4.3.4 Adaptation field
See Table 2-6.
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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 _bEbf
program_clock reference extension 9 uimsbf
if (OPCR flag=="1") {
original_program_clock reference base 33 uimsbf
reserved 6 bEbf
original_program_clock reference extension 9 uimsbf
}
if (splicing point flag=="1") {
splice_countdown 8 tcimsbf
}
if (transport_private data flag=="1") {
transport_private_data_length 8 uimsbf
for (i=0; i < transport_private data length; i++) {
private_data_ byte 8 bplbf
}
if (adaptation field extension flag=="1") {
adaptation_field extension_length 8 uimsbf
Itw_flag 1 bplbf
piecewise rate flag 1 bplbf
seamless_splice flag 1 bplbf
af descriptor_not_present_flag 1 bplbf
reserved 4 bplbf
if (Itw_flag=="1") {
Itw_valid flag 1 bplbf
Itw_offset 15 uimsbf
if (piecewise rate flagi=="1") {
reserved 2 bplbf
piecewise rate 22 uimsbf
v
s
if (seamlessy splice flag=="1") {
Splice_type 4 bplbf
DTS _next AU[32..30] 3 bplbf
marker_bit 1 bplbf
DTS _next AU[29..15] 15 bplbf
marker_bit 1 bplbf
DTS next AU[14..0] 15 bplbf
marker_bit 1 bplbf
if (af descriptor—not—present—flag =="0') {
for i=0;1<NI;i++) {
af descriptor()
}
}
else {
for 1i=0;1<N2;it++) {
reserved 8 bslbf
}
b
}
for (i=0; 1 <N3;it++) {
stuffing byte 8 bslbf
i
}
}
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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 the adaptation field of 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 sections, an alternative stuffing method is described in 2.4.4.

= 7 7 ue for the
current transport stream packet. When the discontinuity indicator is set to '0' or is not present, the discontinufty state is
false. Thq discontinuity indicator is used to indicate two types of discontinuities, system time-base discontinjuities and
continuity counter discontinuities.

d C d O UILY
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A system|time-base discontinuity is indicated by the use of the discontinuity indicator in trangport stream packets of a
PID designated as a PCR_PID (refer to 2.4.4.9). When the discontinuity state is true for a ttansport stream ppcket of a
PID designated as a PCR_PID, the next PCR in a transport stream packet with that same, PID represents a sgmple of a
new systeim time clock for the associated program. The system time-base discontinuity-point is defined to be the instant
in time when the first byte of a packet containing a PCR of a new system time-bas¢ arrives at the input of the T-STD.
The discqntinuity indicator shall be set to 'l1'in the packet in which the system\time-base discontinuity odcurs. The
discontingity indicator bit may also be set to 'l' in transport stream packets of\the same PCR_PID prior to the packet
which coftains the new system time-base PCR. In this case, once the discontintity indicator has been set to |l', it shall
continue fo be set to '1' in all transport stream packets of the same PCR(BID up to and including the transpprt stream
packet which contains the first PCR of the new system time-base/ After the occurrence of a system [time-base
discontingity, no fewer than two PCRs for the new system time-base,shall be received before another system [time-base
discontingity can occur. Further, except when trick mode status.is‘true, data from no more than two system time-bases
shall be pfesent 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 fontains a
PTS or DTS which refers to the new system time-base shall not arrive at the input of the T-STD. After the occprrence of
a system fime-base discontinuity, the first byte of a-fransport stream packet which contains a PTS or DTS which refers
to the preyious system time-base shall not arrive at'the input of the T-STD.

A contindity counter discontinuity is indicateéd by the use of the discontinuity indicator in any transport stredm packet.
When th¢ discontinuity state is true incany transport stream packet of a PID not designated as a PCR| PID, the
continuity counter in that packet may be-discontinuous with respect to the previous transport stream packet of the same
PID. Wh¢n the discontinuity state is tfue in a transport stream packet of a PID that is designated as a PCR| PID, the
continuity} counter may only be\discontinuous in the packet in which a system time-base discontinuity pccurs. A
continuity counter discontinuity) point occurs when the discontinuity state is true in a transport stream packgt and the
continuity] counter in the same packet is discontinuous with respect to the previous transport stream packet of the same
PID. A cqntinuity countet discontinuity point shall occur at most one time from the initiation of the discontinuity state
until the donclusion.0f the discontinuity state. Furthermore, for all PIDs that are not designated as PCR_PIDs] when the
discontingity indicater is set to '1' in a packet of a specific PID, the discontinuity indicator may be set to 'l' ip the next
transport ptreami packet of that same PID, but shall not be set to 'l' in three consecutive transport stream packet of that
same PID

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

+ ISO/IEC 11172-2 video and Rec. ITU-T H.262 | ISO/IEC 13818-2 video — The first byte of a video
sequence header.

+ ISO/IEC 14496-2 visual — The first byte of the visual object sequence header.

*+ AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 |
ISO/IEC 14496-10 — The first byte of an AVC access unit. The SPS and PPS parameter sets referenced
in this and all subsequent AVC access units in the coded video stream shall be provided after this access
point in the byte stream and prior to their activation.

*  Video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex G of
Rec. ITU-T H.264 | ISO/IEC 14496-10 — The first byte of an SVC dependency representation is an
elementary stream access point if the following conditions are met:
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»  The subset sequence parameter sets and picture parameter sets referenced in this and all subsequent

SVC dependency representation in the video sub-bitstream shall be provided after this ac
in the byte stream and prior to their activation.

cess point

+ If this SVC video sub-bitstream access point requires the elementary stream access point of the
same AVC access unit, if any, contained in the corresponding elementary stream that needs to be

present in decoding order before decoding the elementary stream associated with this e
stream access point, then the corresponding elementary stream shall also include an e
stream access point.

NOTE 1 —If the hierarchy descriptor is present for this SVC video sub-bitstream then the

lementary
lementary

video sub-

bitstream of which the hierarchy layer index equals the hierarchy embedded layer index of this SVC

sub-bitstream should have an elementary stream access point in the same access unit.

MVC video sub-bitstreams of AVC video streams conforming to one or more profiles defined in

Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 — The first byte of an MVC view-compon

ent subset
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—  The subset sequence parameter sets and picture parameter sets referenced in this and lall-s
MVC view-component subsets in the MVC video sub-bitstream shall be provided, after t
point in the byte stream and prior to their activation.

— If this MVC video sub-bitstream access point requires the elementary stream access pa
same AVC access unit, if any, contained in the corresponding elementary; stream that ng
present in decoding order before decoding the elementary stream associated with this ¢
stream access point, then the corresponding elementary stream ghall also include an ¢
stream access point.

NOTE 2 - If the hierarchy descriptor is present for this MVEvideo sub-bitstream, then the N

sub-bitstream of which the hierarchy layer index equals(the~hierarchy embedded layer in
MVC sub-bitstream should have an elementary stream access point in this same access unit.

Audio — The first byte of an audio frame.

ISO/IEC 14496-17 text stream — The first byte of afext access unit. In case in-band sample dd
are used, each in-band sample description shall be¥provided in the ISO/IEC 14496-17 stream
access point and prior to its use by an access unit:

HEVC video streams or HEVC temporal video sub-bitstreams — The first byte of an HEVC a
The VPS, SPS and PPS parameter sets, as.defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, refj
this and all subsequent HEVC accesstunits in the HEVC video sequence shall be provided
access point in the byte stream andprior to their activation.

MVCD video sub-bitstreams, af) AVC video streams conforming to one or more profiles
Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10 — The first byte of an MVCD view-compon
is an elementary stream aeéess point if the following two conditions are met:

— The subset sequence-parameter sets and picture parameter sets referenced in this and all s

ubsequent
his access

int of the
beds to be
lementary
lementary

MVC video
ex of this

scriptions
after this

cess unit.
erenced in
after this

lefined in
ent subset

nbsequent

MVCD view-component subsets in the MVCD video sub-bitstream shall be provided after this access

point in thebyte stream and prior to their activation.

— If this MMCD video sub-bitstream access point requires the elementary stream access pqg
same*AVC access unit, if any, contained in the corresponding elementary stream that nd
presént in decoding order before decoding the elementary stream associated with this ¢
stream access point, then the corresponding elementary stream shall also include an ¢
stream access point.

int of the
eds to be
lementary
lementary

VCD video

NOTE 3 — If the hierarchy descriptor is present for this MVCD video sub-bitstream, then the M

sub=bitstreanTof - wiichthe—ierarchy tayer imdtex—equats—the—hierarchy embedded tayerimlex of this

MVCD sub-bitstream should have an el_ement_ary stream access point in this same access unit.
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After a continuity counter discontinuity in a transport packet which is designated as containing elementary stream data,
the first byte of elementary stream data in a transport stream packet of the same PID shall be the first byte of an
elementary stream access point. In the case of ISO/IEC 11172-2, or Rec. ITU-T H.262 | ISO/IEC 13818-2 or
ISO/IEC 14496-2 video, the first byte of an elementary stream access point may also be the first byte of a
sequence_end code followed by an elementary stream access point.

Each transport stream packet which contains elementary stream data with a PID not designated as a PCR_PID, and in
which a continuity counter discontinuity point occurs, and in which a PTS or DTS occurs, shall arrive at the input of the
T-STD after the system time-base discontinuity for the associated program occurs. In the case where the discontinuity
state is true, if two consecutive transport stream packets of the same PID occur which have the same continuity counter
value and have adaptation field control values set to '01' or '11', the second packet may be discarded. A transport
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stream shall not be constructed in such a way that discarding such a packet will cause the loss of PES packet payload
data or transport stream section data.

After the occurrence of a discontinuity indicator set to '1' in a transport stream packet which contains PSI information,
a single discontinuity in the version_number of PSI sections may occur. At the occurrence of such a discontinuity, a
version of the TS program map_sections of the appropriate program shall be sent with section length = = 13 and the
current_next_indicator = = 1, such that there are no program_descriptors and no elementary streams described. This
shall then be followed by a version of the TS program map section for each affected program with the
version_number incremented by one and the current next indicator = = 1, containing a complete program definition.
This indicates a version change in PSI data.

random_access_indicator — The random_access_indicator is a 1-bit field that indicates that the current transport
stream packet, and possibly subsequent transport stream packets with the same PID, contain some information to aid
random access at this point.

Specificalty; wite C ; etp with the
current PID shall contain an elementary stream access point as defined in the semantics for the discontinuity| indicator
field. In gddition, in the case of video, a presentation timestamp shall be present for the first pictute)follpwing the
elementarjy stream access point.

In the casp of audio, the presentation timestamp shall be present in the PES packet containing the first byte off the audio
frame. In[the PCR_PID the random_access_indicator may only be set to '1' in a transport stfeam packet contpining the
PCR fields.

elementaly stream_priority indicator — The elementary stream priority indicater)is a 1-bit field. It |indicates,
kets with the same PID, the priority of the elementary stream data carried within the payload of thig transport
stream pafket. A 'l' indicates that the payload has a higher priority than the payloads of other transport stream jpackets.

e of ISO/IEC 11172-2 or Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 video, this fie]d may be

In the casp of Rec. ITU-T H.264 | ISO/IEC 14496-10 video, this ficld may be set to '1' only if the payload coptains one

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

For MV(J video sub-bitstreams or MVC base view sub~bitstreams of AVC video streams conforming to ong or more
profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, this field may be set to '1' only if the payload
contains pne or more bytes from an anchor picture, indicated by the slice type equal to 2, 4, 7, or 9§ and the
anchor_pic_flag syntax element equal to 1 for all'‘prefix NAL units and slice extension NAL units.

For MV(D video sub-bitstreams or MVCD, base view sub-bitstreams of AVC video streams conforming to orje or more
profiles defined in Annex I of Rec. ITUSD H.264 | ISO/IEC 14496-10, this field may be set to 'l' only if the payload
contains pne or more bytes from anjanchor picture, indicated by the slice type equal to 2, 4, 7, or 9 and the
anchor pic flag syntax element equal to 1 for all prefix NAL units and slice extension NAL units. In the caselof HEVC
video strepms or HEVC temporalvideo sub-bitstreams or HEVC temporal video subsets, this field may be setfto '1' only
if the pay]oad contains onesorsmore bytes from a slice with slice type set to 2. A value of '0' indicates that the payload

%

¢ — The PCR(flag is a 1-bit flag. A value of '1' indicates that the adaptation_field contains a PCR field coded

_flag ~\The OPCR flag is a 1-bit flag. A value of '1' indicates that the adaptation_field contains an OPCR field
coded in fwe_parts. A value of '0' indicates that the adaptation field does not contain any OPCR field.

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

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

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

program_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
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PCR_base(i), as given in equation 2-2. The second part, program_clock reference extension, is a 9-bit field whose
value is given by PCR_ext(i), as given in equation 2-3. The PCR indicates the intended time of arrival of the byte
containing the last bit of the program_clock reference base at the input of the system target decoder.

original_program_clock reference base; original program_clock reference extension — The optional original
program reference (OPCR) is a 42-bit field coded in two parts. These two parts, the base and the extension, are coded
identically to the two corresponding parts of the PCR field. The presence of the OPCR is indicated by the OPCR _flag.
The OPCR field shall be coded only in transport stream packets in which the PCR field is present. OPCRs are permitted
in both single program and multiple program transport streams.

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

The OPCR is expressed as follows:

OPCR(i) = OPCR _base(i)x 300 + OPCR _ext(i) (2-8)

where:

OPCR  base (i) = ((system _ clock _ frequency ,x2(i)) DIV 300 )% 2 (2-9)
OPCR _ext (i) = ((system _ clock _ frequency xt(i)) DI¥.1H% 300 (2-10)

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

splice_copintdown — The splice_countdown is an 8-bit field, represénting a value which may be positive or n¢gative. A
positive yalue specifies the remaining number of transport streant.packets, of the same PID, following the associated
transport ftream packet until a splicing point is reached. Duplicate transport stream packets and transport strean packets
which on]y contain adaptation fields are excluded. The splicing point is located immediately after the last blyte of the
transport [stream packet in which the associated spliceCountdown field reaches zero. In the transport stregm packet
where thelsplice_countdown reaches zero, the last data\byte of the transport stream packet payload shall be thg last byte
of a codgd audio frame or a coded picture. In th¢’case of video, the corresponding access unit may or may not be
terminatefl by a sequence end code. Transport stream packets with the same PID, which follow, may contain|data from
a differenf elementary stream of the same type!

The payldad of the next transport stream (packet of the same PID (duplicate packets and packets without payload being
excluded) shall commence with the (first byte of a PES packet. In the case of audio, the PES packet payload shall
commencg with an access point. In‘the case of video, the PES packet payload shall commence with an acces$ point, or
with a sequence_end code, followed by an access point. Thus, the previous coded audio frame or coded picture aligns
with the packet boundary, or is-padded to make this so. Subsequent to the splicing point, the countdown field may also
be preserft. When the splice’ countdown is a negative number whose value is minus n (-n), it indicatep that the
associated transport stream packet is the n-th packet following the splicing point (duplicate packets and packets without
payload being excluded).

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

transport private data length — The transport private data length is an 8-bit field specifying the number of
private_data bytes immediately following the transport private data Iength field. The number of private data bytes
shall be such that private data does not extend beyond the adaptation field.

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

adaptation_field_extension_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 '1' indicates the presence of the ltw_offset
field.

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

seamless_splice_flag — This is a 1-bit flag which when set to 'l' 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 be set
to '0' in transport stream packets in which the splicing_point_flag is set to '0". Once it is set to 'l' in a transport stream
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packet in which the splice_countdown is positive, it shall be set to '1' in all the subsequent transport stream packets of
the same PID that have the splicing_point flag set to '1', until the packet in which the splice_countdown reaches zero
(including this packet).

When this flag is set, and if the elementary stream carried in this PID is not a Rec. ITU-T H.262 | ISO/IEC 13818-2
video stream, then the splice type field shall be set to '0000'. If the elementary stream carried in this PID is an
Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream, it shall fulfil the constraints indicated by the splice_type value.

af _descriptor_not_present flag — This 1-bit field when set to '0' signals the presence of one or several af descriptor()
constructs in the adaptation header. When this flag is set to 'l' it indicates that the af descriptor() is not present in the
adaptation header.

Itw_valid_flag (legal time window_valid flag) — This is a 1-bit field which when set to '1' indicates that the value of the
Itw_offset shall be valid. A value of '0' indicates that the value in the ltw_offset field is undefined.

Itw_offset (legal time window offset) — This is a 15-hit field the value of which is defined only if the Itw wvalid flag has
a value of '1'. When defined, the legal time window offset is in units of (300/f;) seconds, where f; is the System clock
frequency| of the program that this PID belongs to, and fulfils:

offset = t,(i) —t(7)
Itw _ offset = offset //1

where i i the index of the first byte of this transport stream packet, offset is the value éncoded in this field,|t(i) is the
arrival timhe of byte i in the T-STD, and t,(i) is the upper bound in time of a time inferval called the legal time window
which is gssociated with this transport stream packet.

The legal|time window has the property that if this transport stream is deliyered to a T-STD starting at time t(i), i.e., at
the end of its legal time window, and all other transport stream packets of the same program are delivered at fhe end of
their legal time windows, then:

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

*  For audio — The B, buffer for this PID in;the T-STD shall contain less than BSg + 1 bytes of ellementary
stream data at the time the first byte of'this transport stream packet enters it, and no buffer viglations in
the T-STD shall occur.

Dependinf on factors including the size of theybuffer MB, and the rate of data transfer between MB, and|EB,, it is
possible o determine another time ty(i), such’that if this packet is delivered anywhere in the interval [to(i)] t;(i)], no
T-STD byffer violations will occur. This time interval is called the legal time window. The value of t; is not fefined in
this Recojmmendation | International Standard.

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

piecewisq rate — The méaning of this 22-bit field is only defined when both the ltw_flag and the Itw_valid_flag are set
to '1'. When defined, 4bis a positive integer specifying a hypothetical bitrate R which is used to define the enfl times of
the Legal| Time Windows of transport stream packets of the same PID that follow this packet but do not ificlude the
legal tim¢ window offset field.

Assume that\the first byte of this transport stream packet and the N following transport stream packets of the [same PID
have indikesA X5, A1+1, T nl+N, 1\,opubuvu1y, atrd—that—theNatter pa\,}\utb do—tot-have—a—valae—eneoded—1 the field

legal_time window_offset. Then the values t,(A;;;) shall be determined by:

f( A, ;) =1,(4)+ j <1888 bits / byte/ R

where j goes from 1 to N.

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

offset = t;(4;) —1(4;)

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.
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The meaning of this field is not defined when it is present in a transport stream packet with no
legal time window_offset field.

splice_type — This is a 4-bit field. From the first occurrence of this field onwards, it shall have the same value in all the
subsequent transport stream packets of the same PID in which it is present, until the packet in which the
splice_countdown reaches zero (including this packet). If the elementary stream carried in that PID is not a Rec.
ITU-T H.262 | ISO/IEC 13818-2 video stream, then this field shall have the value '1111' (unspecified). If the elementary
stream carried in that PID is a Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream, then this field indicates the
conditions that shall be respected by this elementary stream for splicing purposes. These conditions are defined as a
function of profile, level and splice_type in Table 2-7 through Table 2-20.

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
eaches—zero—shal—remain—in—the— VBV buffer—of—the VBV —nedelfor—an—ameount—ef—tme equal to
(splice_decoding_delay t,,; — t,), where for the purpose of this subclause:

* n is the index of the coded picture ending in the transport stream packet_ in which the
splice_countdown reaches zero, i.e., the coded picture referred to above.

*  tyisdefined in C.3.1 of Rec. ITU-T H.262 | ISO/IEC 13818-2.
*  (tyr —ty) is defined in C.9 through C.12 of Rec. ITU-T H.262 | ISO/IEC,13818-2.

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

2) The VBV buffer of the VBV model shall not overflow if its input\is.Switched at the splicing point to a
stteam of a constant rate equal to 'max_ splice rate'~for an amount of time [equal to
'splice_decoding_delay'.

Table 2-7 — Splice parameters*Table 1
Simple Profile Main Level, Main/Profile Main Level,
SNR Profile Main Level\(both layers),
Spatial Profile High-1440-Level (base layer),
High Profile Main Level (middle + base layers),
Multi-view Profile Main Level (base layer) Video

splice_type Conditions
'0000’ splice_decoding ‘delay = 120 ms; max_splice rate = 15.0 x 10° bit/s
'0001" splice_decoding“delay = 150 ms; max_splice_rate = 12.0 x 10° bit/s
'0010" splice_décoding_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'..'1110' User-defined
111 unspecified

Table 2-8 — Splice parameters Table 2
Main Profile Low Level, SNR Profile Low Level (both layers),
High Profile Main I.evel (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 x10° bit/s

'0100'..'1011" Reserved
'1100'..'1110' User-defined
111 unspecified
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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 10° bit/s
'0001" splice_decoding_delay = 160 ms; max_splice rate = 45.0 x 10%bit/s
'0010" splice_decoding_delay = 240 ms; max_splice_rate = 30.0 x 10° bit/s
‘0011 splice_decoding_delay = 250 ms; max_splice_rate = 28.5 x 10° bit/s
'0100' .. '1011" Reserved
'1100" .. '1110" User-defined

ITrl

TTSpecitied

Table 2-10 — Splice parameters Table 4

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

High Profile High Level (middle + base layers),
Multi-view Profile High Level (base layer) Video

splice_type Conditions
'0000' splice_decoding_delay = 120 ms; max_splice_rate = 80.0 x10%bit/s
'0001" splice_decoding_delay = 160 ms; max_splice_rate = 600 % '10° bit/s
'0010" splice_decoding_delay = 240 ms; max_splice_rate, =400 x 10° bit/s
‘0011 splice_decoding_delay = 250 ms; max_splice_rate = 38.0 x 10° bit/s
'0100'..'1011" Reserved
'1100" .. '1110" User-defined
11t unspecified
Table 2-11 — Splice parameters Table 5
SNR Profile Eow 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'..'1110’ User-defined
11 unspecified
Table 2-12 — Splice parameters Table 6
SNR Profile Main Level (base layer) Video
splice_type Conditions
'0000' splice_decoding_delay = 115 ms; max_splice_rate = 10.0 x 10° bit/s
'0001" splice_decoding_delay = 145 ms; max_splice_rate = 8.0 x 10° bit/s
'0010" splice_decoding_delay = 235 ms; max_splice_rate =5.0 x 10° bit/s
‘0011 splice_decoding_delay = 250 ms; max_splice_rate = 4.7 x 10° bit/s
'0100'..'1011" Reserved
'1100" .. '1110" User-defined
11t unspecified
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Table 2-13 — Splice parameters Table 7

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

splice_type Conditions

'0000' splice_decoding_delay = 120 ms; max_splice_rate = 40.0 x 10° bit/s
'0001" splice_decoding_delay = 160 ms; max_splice_rate = 30.0 x 10° bit/s
'0010' splice_decoding_delay = 240 ms; max_splice_rate = 20.0 x 10° bit/s
'0011" splice_decoding_delay = 250 ms; max_splice_rate = 19.0 x 10° bit/s

'0100' .. '1011" Reserved

'1100" .. '1110" User-defined
111 unspecified

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

Table 2-14 — Splice parameters Table 8

splice_type Conditions

'0000' splice_decoding_delay = 120 ms; max_splice_rate = 20.0 x 10° bit/s
'0001" splice_decoding_delay = 160 ms; max_splice_rate = 15.0 x 10° bit/s
'0010’ splice_decoding_delay = 240 ms; max_splice_rate = 10.0 x 10%bit/s
'0011" splice_decoding_delay = 250 ms; max_splice_rate =9.5 x 10¥bit/s

'0100' .. '1011" Reserved

'1100'..'1110' User-defined
'"T111" unspecified

Table 2-15 — Splice parameters Table 9
High Profile High Level (base layer),
Multi-view Profile Main Level (both layers) Video

splice_type

Conditions

'0000' splice_decoding_delay £120 ms; max_splice_rate =25.0 x 10° bit/s
'0001" splice_decoding_delay*= 165 ms; max_splice_rate = 18.0 x 10° bit/s
'0010’ splice_decoding_delay = 250 ms; max_splice rate = 12.0 x 10° bit/s
'0011'..'1011" Reserved
'1100' .. '1110" User-defined
111 unspeeified
Table 2-16 — Splice parameters Table 10
High Profile High Level (all layers),
Multi-view Profile High-1440 Level (both layers) Video
splice_type Conditions
'0000" splice_decoding delay = 120 ms; max splice rate = 100.0 x 10° bit/s
'0001" splice_decoding_delay = 160 ms; max_splice_rate =75.0 x 10° bit/s
'0010' splice_decoding_delay = 240 ms; max_splice_rate = 50.0 x 10° bit/s
‘0011 splice_decoding_delay = 250 ms; max_splice_rate = 48.0 x 10° bit/s
'0100' .. '1011" Reserved
'1100'..'1110' User-defined
111 unspecified
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Table 2-17 — 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 10° bit/s
'0011" splice_decoding_delay = 225 ms; max_splice_rate = 40.0 x 10° bit/s
'0100" splice_decoding_delay = 250 ms; max_splice_rate = 36.0 x 10° bit/s
'0101'..'1011" Reserved
'1100' .. '1110" User-defined
11 unspecified
Table 2-18 — Splice parameters Table 12
Multi-view Profile Low Level (both layers) Video
splice_type Conditions
'0000" splice_decoding_delay = 115 ms; max_splice_rate = 8.0 x 10° bit/s
'0001" splice_decoding_delay = 155 ms; max_splice_rate = 6.0 x 10° bit/s
'0010' splice_decoding_delay = 230 ms; max_splice_rate = 4.0 x 10¥bit/s
‘0011 splice_decoding_delay = 250 ms; max_splice_rate = 3.7/%\M0° bit/s
'0100' .. '1011" Reserved
'1100'..'1110’ User-defined
11 unspecified
Table 2-19 — Splice parameters Table 13
Multi-view Profile High Level (both layers) Video
splice_type Conditions
'0000' splice_decoding_delay =920 ms; max_splice_rate = 130.0 x 10° bit/s
'0001" splice_decoding_delay = 150 ms; max_splice_rate = 104.0 x 10° bit/s
'0010" splice_decoding, (delay = 240 ms; max_splice_rate = 65.0 x 10° bit/s
‘0011 splice_decoding delay = 250 ms; max_splice_rate = 62.4 x 10° bit/s
'0100'..'1011" Reserved
'1100'..'1110’ Uset-defined
11t unspecified
Table 2-20 — 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 10 bit/s
'0001" splice_decoding_delay = 90 ms; max_splice_rate = 300.0 x 10 bit/s
'0010'..'0011' Reserved
'0100' splice_decoding_delay = 250 ms; max_splice_rate = 180.0 x 100 bit/s
'0101'..'1011" Reserved
'1100'..'1110' User-defined
1 unspecified

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
following the splicing point. 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
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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).

The af descriptor() field may carry one or more descriptors as defined in Annex U. For descriptors carrying information
associated with specific access units of an elementary stream, the descriptor applies to the first access unit that starts in
the PES packet immediately following this adaptation field. There may be several TS packets carrying no payload
before the start of the PES, in which case these descriptors apply to the next TS packet with payload on the same PID.

The adaptation field shall contain only complete af descriptor() descriptors, i.e., a single descriptor is always contained
in a single transport stream packet.
NOTE 5 — The adaptation field should remain relatively small; it is therefore recommended for large descriptors to use PES
carriage as defined in Annex U.

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.

2.4.3.6 IPES packet
See Tablg 2-21.

Table 2-21 — PES packet

Syntax No.-of bits Mng¢monic
PES_packet() {
prcket_start_code_preﬁx 24 bsif
sfream_id 8 uirhsbf
PES_packet _length 16 uimsbf
iff (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
PES_scrambling_control 2
PES_priority 1
data_alignment_indicator 1
copyright 1
original or copy 1
PTS_DTS_flags 2
ESCR _flag 1
ES rate flag 1
DSM_trick_mode_flag 1
additional copy .info_flag 1
PES_CRC_flag 1
PES_extension_flag 1
PES_header ‘data_length 8
if (PTS_BTS flags =="10") {
'0010' 4
PTS [32..30] 3
marker_bit 1
PTS [29..15] 15
marker_bit 1
LS W ll'l--l’] IrJ
marker_bit 1
}
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 bslbf
marker_bit 1 bslbf
DTS [29..15] 15 bslbf
marker_bit 1 bslbf
DTS [14..0] 15 bslbf
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Syntax No. of bits Mnemonic
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 bslbf
ES rate 22 uimsbf
marker_bit 1 bslpf
i
if (DSM_trick_mode flag=="1") {
trick_mode_control 3 uimsbf
if (trick mode control == fast forward ) {
field_id 2 bslpf
intra_slice_refresh 1 bslpf
frequency_truncation 2 bslpf
else if (trick_ mode control == slow_motion ) {
rep_cntrl 5 uimsbf
else if ( trick mode control == freeze frame ) {
field_id 2 uimsbf
reserved 3 bslpf
else if ( trick mode control == fast reverse ) {
field_id 2 bslpf
intra_slice refresh 1 bslbf
frequency_truncation 2 bslpf
else if ( trick mode control == slow reverse ) {
rep_cntrl 5 uimsbf
}
else
reserved 5 bslpf
}
if ( additional copy info flag ==\1") {
marker_bit 1 bsltf
additional copy_info 7 bslpf
}
if (PES_CRC flag =="1") {
previous RES packet CRC 16 bslpf
}
if (PES extension flag=="1") {
PES_private data_flag 1 bslpf
pack header field flag 1 bslbf
program_packet sequence counter_ flag 1 bslpf
P-STD_buffer flag 1 bslpf
reserved 3 bslpf
PES_extension_flag 2 1 bslpf
if (PES private data flag=="1") {
PES_private_data 128 bsibf
}
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_MPEG2_identifier 1 bslbf
original_stuff length 6 uimsbf
}
if (P-STD buffer flag=="1") {
'01' 2 bslbf
P-STD_buffer_scale 1 bslbf
P-STD buffer_size 13 uimsbf
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Syntax No. of bits Mnemonic
}
if (PES _extension_flag 2 =="1") {
marker_bit 1 bslbf
PES extension_field length 7 uimsbf
stream_id_extension_flag 1 bslbf
if ( stream_id extension_flag =="'0") {
stream_id_extension 7 uimsbf
else {
reserved 6 bslbf
tref extension flag 1 bslbf
if (tref_extension_flag =="0") {
reserved 4 bslbf
TREF[32..30] 3 bslbf
marker bit 1 bslbf
TREF[29..15] 15 bslpf
marker_bit 1 bslpf
TREF[14..0] 15 bslpf
marker_bit 1 bslpf
}
}
for (i=0;1<N3;i++) {
reserved 8 bslpf
}
}
for (i<0;i<NI1;it+) {
stuffing_byte 8 bslpf
}
for (1<0;1<N2;i++) {
PES packet data byte 8 bslpf
}
else if ( stream_id == program_stream_map
|||stream_id == private stream_2
||stream_id == ECM
||stream_id == EMM
||stream_id == program_stream_directory
||stream_id == DSMCC _stream
|stream_id == ITU-T Rec. H.222.1 type E stream-){
for (i=0; 1 <PES packet length; i++)\{
PES packet data byte 8 bslpf
}
}
else if ( stream_id == padding_stream) {
for (i< 0;1<PES packét length; i++) {
padding_byte 8 bslpf
}
}
}
NOTE —The value N3. equals the byte count given by PES extension field length minus the bytes which contain the
stream_id extension flag-and the occurring data elements in the if-else-construct after the stream_id_extension_flag.
2.4.3.7 [Semantic definition of fields in PES packet
packet_start. code prefix — The packet start code prefix is a 24-bit code. Together with the stream_id that|follows it

constitutes a packet start code that identifies the beginning ol a packet. 1he packet start code prelix 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 2-22. In transport streams, the stream_id may be set to any valid value which correctly describes
the elementary stream type as defined in Table 2-22. In transport streams, the elementary stream type is specified in the
program-specific information as specified in 2.4.4. For AVC video streams conforming to one or more profiles defined
in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10, all video sub-bitstreams of the same AVC video stream shall
have the same stream_id value. For AVC video streams conforming to one or more profiles defined in Annex H of
Rec. ITU-T H.264 | ISO/IEC 14496-10, all MVC video sub-bitstreams of the same AVC video stream shall have the
same stream_id value. For AVC video streams conforming to one or more profiles defined in Annex I of Rec.
ITU-T H.264 | ISO/IEC 14496-10, all MVCD video sub-bitstreams of the same AVC video stream shall have the same
stream_id value.
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PES_packet_length — A 16-bit field specifying the number of bytes in the PES packet following the last byte of the
field. A value of 0 indicates that the PES packet length is neither specified nor bounded and is allowed only in
PES packets whose payload consists of bytes from a video elementary stream contained in transport stream packets.

PES_scrambling_control — The 2-bit PES scrambling_control field indicates the scrambling mode of the PES packet
payload. When scrambling is performed at the PES level, the PES packet header, including the optional fields when
present, shall not be scrambled (see Table 2-23).

Table 2-22 — Stream_id assignments

Stream_id Note stream coding

'1011 1100 1 program_stream_map

'1011 1101" 2,9,10 private stream 1

TOTT 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 ISOAEC 1#496-3 or
ISO/IEC 23008-3 audio stream number 'X XXxx'

1110 xxxx' Rec. ITU-T H.262 | ISO/IEC 13818-2, ISO/IEC 11172-2, ISQ/IEC 1449612, Rec.

ITU-T H.264 | ISO/IEC 14496-10 or Rec. ITU-T H.265,/TSO/IEC 230082 video
stream number 'Xxxx'

'1111 0000' 3 ECM_stream

'1111 0001" 3 EMM stream

'1111 0010’ 5 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Annex A
or ISO/IEC 13818-6_ DSMCC_stream

'1111 0011 2 ISO/IEC 13522 stream

'1111 0100’ 6 Rec. ITU-T H.222.1 type A

'1111 0101 6 Rec. ITU-T H.222.1 type B

'1111 0110 6 Rec. ITU-T H.222.1 typé €

111101117 6 Rec. ITU-T H.222.] type D

'1111 1000’ 6 Rec. ITU-T H.222,1type E

'1111 1001' 7 ancillary_stream

'1111 1010 ISO/IEC 14496-1 SL-packetized stream

1111 1011 ISO/IEC.14496-1 FlexMux_stream

'1111 1100 metagdata stream

1111 1101" 8 extended stream_id

1111 1110 reserved data stream

1111 1111 4 program_stream_directory

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

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

NOTE 2 { PES packets‘of type private stream 1 and ISO/IEC_13552_stream follow the same PES packet syntax as|those for
Rec. ITUFT H.262,|\ISO/IEC 13818-2 video and ISO/IEC 13818-3 audio streams.

NOTE 3 { PES packets of type private stream 2, ECM_stream and EMM_stream are similar to private_stream_1 except that no
syntax is Epeciﬁed after PES packet_length field.

NOTE 4 =
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 2-34.

1 £ 1 1 - CF
KCIS OI'1ypC PIOgIdIIl_ SUTAIIT_UIICTCIOTY TIdvVe d UIII{UC SyIdX SPCCIICU T A.J.J.

NOTE 7 — This stream_id is only used in PES packets, which carry data from a program stream or an ISO/IEC 11172-1 System
Stream, in a transport stream (refer to 2.4.3.8).

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

NOTE 9 - JPEG 2000 video streams (stream_type = 0x21) are carried using the same PES packet syntax as private_stream_1.

NOTE 10 — Timeline and External Media Information streams (stream_type = 0x27) are carried using the same PES packet syntax as
private stream 1.
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Table 2-23 — PES scrambling control values

Value Description
'00' Not scrambled
01’ User-defined
'10' User-defined
1" User-defined

PES_priority — This is a 1-bit field indicating the priority of the payload in this PES packet. A 'l' 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.

L L

data_alig _i = =hi indi header is
immediatgly followed by the video syntax element or audio sync word indicated-| in the
data streqgm alignment descriptor in 2.6.10 if this descriptor is present. If set to a value of '1' and the deseriptor is not
present, ajignment as indicated in alignment type '01' in Table 2-53, Table 2-54 or Table 2-55 is required. When set to a
value of '(), 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
descripto] described in 2.6.24 is associated with the elementary stream which contains this PES packet and the
copyright{flag is set to '1" if the descriptor applies to the material contained in this PES\packet.

original_pr copy — This is a 1-bit field. When set to 'l' the contents of the-associated PES packet payload is an
original. When set to '0' it indicates that the contents of the associated PES packetpayload are a copy.

PTS_DT$_flags — This is a 2-bit field. When the PTS DTS flags field is\set to '10', the PTS fields shall be [present in
the PES packet header. When the PTS DTS flags field is set to '11', both the PTS fields and DTS fields shall pe present
in the PE$ packet header. When the PTS DTS flags field is set to,00")no PTS or DTS fields shall be present in the PES
packet header. The value '01' is forbidden.

ESCR_flag — A 1-bit flag, which when set to 'l' indicates that/ESCR base and extension fields are present ip the PES
packet hepder. When set to '0' it indicates that no ESCR fields are present.

ES_rate |flag — A 1-bit flag, which when set to '1' indicates that the ES rate field is present in the PES packiet header.
When setlto '0' it indicates that no ES_rate field is:présent.

DSM_trick_mode_flag — A 1-bit flag, which &hen set to '1' it indicates the presence of an 8-bit trick mode figld. When
set to '0" if indicates that this field is not present.

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

PES_CR( flag — A 1-bit flag;which when set to '1' indicates that a CRC field is present in the PES packet.[When set
to '0' it indlicates that this figld,is not present.

PES_extgnsion_flag ~“A:1-bit flag, which when set to 1" indicates that an extension field exists in this PES packet
header. When set to-Q¥it indicates that this field is not present.

PES_heafler_data”length — An 8-bit field specifying the total number of bytes occupied by the optional fields and any
stuffing blytes,contained in this PES packet header. The presence of optional fields is indicated in the byte tha} precedes
the PES leadér data length field.

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

PTS (presentation time stamp) — Presentation times shall be related to decoding times as follows: The PTS is a 33-bit
number coded in three separate fields. It indicates the time of presentation, tp,(k), in the system target decoder of a
presentation unit k of elementary stream n. The value of PTS is specified in units of the period of the system clock
frequency divided by 300 (yielding 90 kHz). The presentation time is derived from the PTS according to equation 2-11
below. Refer to 2.7.4 for constraints on the frequency of coding presentation timestamps.

PTS(k) = ((system__clock _frequency x tp, (k))DIV 300)% 23 (2-11)

where tp,(k) is the presentation time of presentation unit P,(k).
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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 ISO/IEC 11172-2 video or ISO/IEC 14496-2 video, if a PTS is present in a PES packet header, it shall
refer to the access unit containing the first picture start code that commences in this PES packet. A picture start code
commences in a PES packet if the first byte of the picture start code is present in the PES packet. For I- and P-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 t,,(k) shall be equal to the decoding time tq,(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 t,,(k) and tq,(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 an ISO/IEC 14496-2 video sequence in which the low_delay flag is set to '1' (refer to 6.2.3 of

ISO/IEC 14496-2).

For Rec. ITU-T H.262 | ISO/IEC 13818-2 video. if a PTS is present in a PES packet header, it shall refer to the access
unit contgining the first picture start code that commences in this PES packet. A picture start code commence$ in a PES
packet if the first byte of the picture start code is present in the PES packet. For I- and P-coded frames in.nen-low_delay
sequenceq and in the case when there is no decoding discontinuity between access units (AUs) k and k') the prpsentation
time t,,,(k) shall be equal to the decoding time tq,(k') of the next transmitted I- or P-coded frame (refer-to 2.7.9). If there
is a decofling discontinuity, or the stream ends, the difference between t, (k) and te(k) shall?be the samgq as if the
original sfream had continued without a discontinuity and without ending.

NOTE|2 — A low_delay sequence is an Rec. ITU-T H.262 | ISO/IEC 13818-2 video sequence in which the low_delay flag is set

to 'l' (gefer to 6.2.2.3 of Rec. ITU-T H.262 | ISO/IEC 13818-2). Also note that for field pictyres the presentation time refers to the

first figld picture of the coded frame.

For AV( video streams conforming to one or more profiles defined ihyAnnex A of Rec. ITU-T| H.264 |
ISO/IEC |4496-10 video, if a PTS is present in the PES packet header, it shal} refer to the first AVC acces$ unit that
commencps in this PES packet. An AVC access unit commences in a PES packet if the first byte of the AVC 4ccess unit
is present|in the PES packet. To achieve consistency between the STD medel and the HRD model defined in Annex C
of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each decoded AVC access unit, the PTS value in the STD shall, within
the accurgcy of their respective clocks, indicate the same instant<4n time as the nominal DPB output time in [the HRD,
defined hgrein as t,, app(n) = t.n(n) + t. * dpb_output_delay(n), . Wwhere t, ,(n), t., and dpb_output_delay(n) are {lefined as
in Annex [C of Rec. ITU-T H.264 | ISO/IEC 14496-10.

For vide¢ sub-bitstreams of AVC video streams cofiforming to one or more profiles defined in Anpex G of
Rec. ITU{T H.264 | ISO/IEC 14496-10, if a PTS is present in the PES packet header, it shall refer to the [first SVC
dependenty representation that commences in thisdPES packet. An SVC dependency representation commg¢nces in a
PES packgt if the first byte of the SVC dependency representation is present in the PES packet. To achieve consistency
between the STD model and the HRD modeldefined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-1(, for each
re-assembled and decoded AVC access unit; the PTS value in the STD shall, within the accuracy of their fespective
clocks, inflicate the same instant in time'as the nominal DPB output time in the HRD, defined herein as t, ; gpp(1) = t.n(n)
+ t.* dpb| output_delay(n), where t, (1), t., and dpb_output delay(n) are defined as in Annex C of Rec. ITU;T H.264 |
ISO/IEC ]4496-10.

NOTE|3 - Different clocks may)be used for derivation of PTS and t, , 4y5(n).

For MV({ video sub-bitstreams, MVC base view sub-bitstream or AVC video sub-bitstream of MVC of A[VC video
streams cpnforming to)one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, if a PTS is
present in] the PES(packet header, it shall refer to the first MVC view-component subset that commences i1} this PES
packet. An MVEview-component subset commences in a PES packet if the first byte of the MVC view-component
subset is present'in the PES packet. To achieve consistency between the STD model and the HRD model ¢lefined in
Annex C|of\Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-assembled and decoded AVC access unif, the PTS
value in the STD shall, within the accuracy of their respective clocks, indicate the same instant in time as the nominal
DPB output time in the HRD, defined herein as t,; 4p0(n) = t.4(n) + t.* dpb_output_delay(n), where t;,(n), t., and
dpb_output_delay(n) are defined as in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10.

In the case of an ISO/IEC 14496-17 text stream, if a PTS is present in PES packet header, it shall refer to the first text
access unit commencing in the PES packet. A text access unit commences in a PES packet if the first byte of the text
access unit is present in the PES packet.

For MVCD video sub-bitstreams, MVCD base view sub-bitstream or AVC video sub-bitstream of MVCD of AVC
video streams conforming to one or more profiles defined in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10, if a
PTS is present in the PES packet header, it shall refer to the first MVCD view-component subset that commences in this
PES packet. An MVCD view-component subset commences in a PES packet if the first byte of the MVCD view-
component subset is present in the PES packet. To achieve consistency between the STD model and the HRD model
defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-assembled and decoded AVC access unit, the
PTS value in the STD shall, within the accuracy of their respective clocks, indicate the same instant in time as the
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nominal DPB output time in the HRD, defined herein as t, gpp(n) = ta(n) + t.* dpb_output_delay(n), where t,,(n), t.,
and dpb_output_delay(n) are defined as in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10.
The presentation time t,,(k) shall be equal to the decoding time tg,(k) for:

. audio access units;

* access units in Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 low delay video sequences;

*  B-pictures in ISO/IEC 11172-2, Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 video
streams.

+  textaccess units in ISO/IEC 14496-17.
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 2.7.6.

For HEVC video streams, HEVC temporal video sub-bitstreams and HEVC temporal video subsets, if a PES|is present
in the PEP packet header, it shall refer to the first HEVC access unit that commences in this PES pagket. "Hor HEVC
video sub}partitions, if a PTS is present in the PES packet header, it shall refer to the first HEVC layer eomppnent that
commencps in this PES packet. An HEVC layer component commences in a PES packet if the first.byte of the HEVC
layer conjponent is present in the PES packet. To achieve consistency between the STD modelyand the HRD model
defined i} Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, for each HEVC access unitcthe*PTS value i} the STD
shall, witlpin the accuracy of their respective clocks, indicate the same instant in time as the tominal DPB output time in
the HRD,|as defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2.

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

DTS(j) = ((system_clock _ frequencyx)td,(j))DIV 300)% 233 (2-12)

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

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

For AV( video streams conforming to one“or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC
14496-10]video, if a DTS is present in thé¢ PES packet header, it shall refer to the first AVC access unit that cgmmences
in this PHS packet. An AVC access unit’commences in a PES packet if the first byte of the AVC access unit|is present
in the PHS packet. To achieve consistency between the STD model and the HRD model defined in Arnex C of
Rec. ITU{T H.264 | ISO/IEC 14496-10, for each AVC access unit the DTS value in the STD shall, within th¢ accuracy
of their r¢spective clocks, indicate the same instant in time as the nominal CPB removal time t,,( n ) in thg HRD, as
defined ir] Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10.

For vide¢ sub-bitstréams of AVC video streams conforming to one or more profiles defined in Anpex G of
Rec. ITU{T H.264 | ISO/IEC 14496-10, if a DTS is present in the PES packet header, it shall refer to the [first SVC
dependenfy representation that commences in this PES packet. An SVC dependency representation commg¢nces in a
PES packkt if-the first byte of the SVC dependency representatlon is present in the PES packet. To achieve c¢nsistency
between the , for each
re-assembled AVC access un1t the DTS Value in the STD shall within the accuracy of thelr respective clocks indicate
the same instant in time as the nominal CPB removal time t,( n ) in the HRD, as defined in Annex C of
Rec. ITU-T H.264 | ISO/IEC 14496-10.

For MVC video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex H of
Rec. ITU-T H.264 | ISO/IEC 14496-10, if a DTS is present in the PES packet header, it shall refer to the first MVC
view-component subset that commences in this PES packet. An MVC view-component subset commences in a PES
packet if the first byte of the MVC view-component subset is present in the PES packet. To achieve consistency
between the STD model and the HRD model defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each
re-assembled AVC access unit the DTS value in the STD shall, within the accuracy of their respective clocks, indicate
the same instant in time as the nominal CPB removal time t,( n ) in the HRD, as defined in Annex C of
Rec. ITU-T H.264 | ISO/IEC 14496-10.

NOTE 4 — Different clocks may be used for derivation of DTS and t,,( n ).
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In the case of scalable coding refer to 2.7.6.

For HEVC video streams, HEVC temporal video sub-bitstreams and HEVC temporal video subsets, if a DTS is present
in the PES packet header, it shall refer to the first HEVC access unit that commences in this PES packet. For HEVC
video sub-partitions, if a DTS is present in the PES packet header, it shall refer to the first HEVC layer component that
commences in this PES packet. An HEVC layer component commences in a PES packet if the first byte of the HEVC
layer component is present in the PES packet. To achieve consistency between the STD model and the HRD model
defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, for each HEVC access unit the DTS value in the STD
shall, within the accuracy of their respective clocks, indicate the same instant in time as the nominal CPB removal time
in the HRD, as defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2.

For MVCD video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex I of Rec.
ITU-T H.264 | ISO/IEC 14496-10, if a DTS is present in the PES packet header, it shall refer to the first MVCD
view-component subset that commences in this PES packet. An MVCD view-component subset commences in a PES
packet if the first byte of the MVCD view-component subset is present in the PES packet. To achieve consistency
between the STD model and the HRD model defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10;fgr each re-
assembled AVC access unit the DTS value in the STD shall, within the accuracy of their respective clocks, irldicate the
same instgnt in time as the nominal CPB removal time t,,( n ) in the HRD, as defined in Annex C of Rec:-1TU;T H.264 |
ISO/IEC ]4496-10.

se; ESCR_extension — The elementary stream clock reference is a 42-bit field coded-in two partsf The first
_base, is a 33-bit field whose value is given by ESCR base(i), as given in equation 2-14. The sefond part,
_exft, is a 9-bit field whose value is given by ESCR_ext(i), as given in equation 2157 The ESCR field indicates
the intended time of arrival of the byte containing the last bit of the ESCR base at the input of the PES-STD for PES
streams (fefer to 2.5.2.4).

Specifically:

ESCR (i) = ESCR _base (i) x 300 + ESCR _ext (i) (2-13)
where:
ESCR _ base (i) = ((system _ cloek”>  frequency x t(i))DIV 300 )% 2%| (2-14)

ESCR _ext(i) = ((system _clock _ frequency xt(i))DIV 1)% 300 (2-15)

The ESCR and ES rate field (refer to semantics immediately following) contain timing information relating to the
sequence pf 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 tafget decoder receives bytes\of the PES packet in the case of a PES stream. The ES rate is valid ip the PES
packet in|which it is included and in subsequent PES packets of the same PES stream until a new ES rafe field is
encountetfed. The value of the ES:*rate is measured in units of 50 bytes/second. The value '0' is forbidden. The value of
the ES_rafte 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 encpded in the ES satetield may vary from PES packet to PES packet.

trick_mogde_control’< A 3-bit field that indicates which trick mode is applied to the associated video stfeam (see
Table 2-2¢). 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 2.4.2.4.

When trigk\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
Rec. ITU-T 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 Rec. ITU-T 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:
+  discontinuity in the time base;
*  decoding discontinuity;

*  continuity counter discontinuity.
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Table 2-24 — Trick mode control values

Value Description
'000' Fast forward
'001"' Slow motion
'010" Freeze frame
'01r Fast reverse
'100' Slow reverse
101" .. "111" Reserved

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

*  Dbit rate;

*  vbv_delay;

* repeat first field;
* Vv _axis positive;

*  field sequence;

g subcarrier;

*  burst_amplitude;
*  subcarrier_phase.

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

Decoders| are not normatively required to decode the trick mode_Centrol field. However, the following pormative
requiremgnts shall apply to decoders that do decode the trick_mode) eontrol field.

fast forwpard — The value '000, in the trick mode control field.*When this value is present it indicates a fagt forward
video strdam and defines the meaning of the following five bits in the PES packet header. The intra_slice_fefresh bit
may be det to 'l' indicating that there may be missing~tacroblocks which the decoder may replace with co-sited
macroblogks of previously decoded pictures. The field id field, defined in Table 2-25, indicates which field or fields
should be| displayed. The frequency _truncation field indicates that a restricted set of coefficients may be inclpded. The
meaning ¢f the values of this field are shown in Table 2-26.

slow motfon — The value '001', in the trick mode control field. When this value is present it indicates a slgw motion
video strgam and defines the meaning of the following five bits in the PES packet header. In the case of pfrogressive
sequencey, the picture should be displayed N X rep_cntrl times, where N is defined above.

In the cage of ISO/IEC 11172-2\wideo and Rec. ITU-T H.262 | ISO/IEC 13818-2 video progressive sequences, the
picture shpuld be displayed forN+X rep_cntrl picture duration.

In the cgse of Rec. ITU-T H.262 | ISO/IEC 13818-2 interlaced sequences, the picture should be dispglayed for
N xrep_dntrl 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 Rec. ITU-T H.262 | ISO/IEC 1381B-2). This
field is Hisplayed.-for N xrep cntrl/2 field duration. The other field of the picture is then displayed for
N —N x rep cutrl/ 2 field duration.

freeze frame = The value '010'_in the trick mode control field When this value is present it indicates a freeze frame
video stream and defines the meaning of the following five bits in the PES packet header. The field id field, defined in
Table 2-25, identifies which field(s) should be displayed. The field id field refers to the first video access unit that
commences in the PES packet which contains the field id field, unless the PES packet contains zero payload bytes. In
the latter case the field id field refers to the most recent previous video access unit.

fast reverse — The value '011', in the trick mode control field. When this value is present it indicates a fast reverse
video stream and defines the meaning of the following five bits in the PES packet header. The intra_slice refresh bit
may be set to 'l' indicating that there may be missing macroblocks which the decoder may replace with co-sited
macroblocks of previously decoded pictures. The field id field, defined in Table 2-25, indicates which field or fields
should be displayed. The frequency_truncation field indicates that a restricted set of coefficients may be included. The
meaning of the values of this field are shown in Table 2-26.

slow reverse — The value '100', in the trick_ mode control field. When this value is present it indicates a slow reverse
video stream and defines the meaning of the following five bits in the PES packet header. In the case of
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ISO/IEC 11172-2 video and Rec. ITU-T H.262 | ISO/IEC 13818-2 video progressive sequences, the picture should be
displayed for N x rep_cntrl picture duration, where N is defined above.

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

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

Table 2-25 — Field_id field control values

Value Description
'00' Display from top field only
'01' Display from bottom field only
'10' Display complete frame
et Reserved

intra_slide_refresh — A 1-bit flag, which when set to 'l', indicates that there may be missing macroblockf between
coded slifes of video data in this PES packet. When set to '0' this may not occur, For more informhtion, see
Rec. ITU{T H.262 | ISO/IEC 13818-2. The decoder may replace missing macroblocks, with co-sited macrgblocks 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 2-26.

Table 2-26 — Coefficient selection values

Value Déscription
'00' Only DC coefficients ar¢ non-zero
'01' Only the first thiee ‘coefficients are non-zero
'10' Only the first six coefficients are non-zero
1 All coefficients may be non-zero

rep_cntr]l — A 5-bit field that indicates the number of times each field in an interlaced picture should be displayed, or
the numbgr of times that a progressive pictute should be displayed. It is a function of the trick mode contro] field and
the top_field first bit in the video sequence header whether the top field or the bottom field should be displayed first in
the case of interlaced pictures. The value '0' is forbidden.

additiondl_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 yalue that
yields a zgro output of the\16 registers in the decoder similar to the one defined in Annex A, but with the polyfgomial:

Xl6+X12+X5+1

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

NOTE 5= This CRC {5 intended for Use il NEtwork maintenance Such as iSolating the source of imtermitient errors. It is not
intended for use by elementary stream decoders. It is calculated only over the data bytes because PES packet header data can be
modified during transport.

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

pack header_field flag — A 1-bit flag which when set to 'l' indicates that an ISO/IEC 11172-1 pack header or a
program stream pack header is stored in this PES packet header. If this field is in a PES packet that is contained in a
program stream, then this field shall be set to '0". In a transport stream, when set to the value '0' it indicates that no pack
header is present in the PES header.

program_packet_sequence counter_flag — A 1-bit flag which when set to 'l' indicates that the
program_packet sequence counter, MPEG1 MPEG2 identifier, and original stuff length fields are present in this
PES packet. When set to a value of '0' it indicates that these fields are not present in the PES header.
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P-STD_buffer flag — A 1-bit flag which when set to '1' indicates that the P-STD_buffer scale and P-STD buffer size
are present in the PES packet header. When set to a value of '0' it indicates that these fields are not present in the
PES header.

PES_extension_flag 2 — A 1-bit field which when set to '1' indicates the presence of the PES extension_field length
field and associated fields. When set to a value of '0' this indicates that the PES extension_field length field and any
associated fields are not present.

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

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

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 seguence of a
program gtream or the original packet sequence of the original ISO/IEC 11172-1 stream. The counter will'\wrpp around
to 0 after fjts maximum value. Repetition of PES packets shall not occur. Consequently, no two consedutive PHS packets
in the program multiplex shall have identical program packet sequence counter values.

MPEG1_MPEG?2_identifier — A 1-bit flag which when set to 'l' indicates that this PES packet carries information
from an IBO/IEC 11172-1 stream. When set to '0' it indicates that this PES packet carriescinfoermation from § program
stream.

original ptuff length — This 6-bit field specifies the number of stuffing, bytes used in the| original
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 PES packet header or in the original ISOAEC 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 iy contained in a program stream. It indicates the scaling-‘factor used to interpret the spbsequent
P-STD bpffer size field. If the preceding stream_id indicates an audiestream, P-STD_buffer scale shall havd the value
'0". If the preceding stream_id indicates a video stream, P-STD_buffer )scale shall have the value '1'. For all other stream
types, the|value may be either 'l' or '0'".

P-STD_buffer_size — The P-STD buffer size is a 13-bit unsigned integer, the meaning of which is only defiped if this
PES pacltet is contained in a program stream. It defifies the size of the input buffer, BS,, in the P-STD. If
P-STD bpffer scale has the value '0', then the P-STD*buffer size measures the buffer size in units of 12§ bytes. If
P-STD biffer_scale has the value '1', then the P-STDIbuffer size measures the buffer size in units of 1024 byjtes. Thus:

if (P—STD buffer scale ==0)

— (2-16)
BS, = P—STD _ buffer _size x 128

else:
BS, = P - STD _ buffer _ size x 1024 (2-17)

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

For AV(Q video" streams conforming to one or more profiles defined in Annex A of Rec. ITUiT H.264 |
ISO/IEC |4496-10, the size BS, shall be larger than or equal to the size of the CPB signalledl by the
CpbSize[ —cpb_cm minusT—{—specitied by the NAL trd parameterst)—1im the - AVCvideo streant. 1t the NAL
hrd_parameters() are not present in the AVC video stream, then BS,, shall be larger than or equal to the size of the NAL
CPB for the byte stream format defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 as 1200 x MaxCPB for
the applied level.

For video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex G of Rec.
ITU-T H.264 | ISO/IEC 14496-10, the size BS, shall be larger than or equal to the size of the CPB signalled by the
CpbSize[ cpb_cnt_minus] ] specified by the NAL hrd parameters() for the video sub-bitstream carried in elementary
stream ES; as defined in 2.14.3.6. If the NAL hrd parameters() are not present in the video sub-bitstream, the size BS,
shall be larger than or equal to the size of the NAL CPB for the byte stream format defined in Rec. ITU-T H.264 |
ISO/IEC 14496-10 as 1200 x MaxCPB for the applied level for the elementary stream ES,,.

For MVC video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex H of
Rec. ITU-T H.264 | ISO/IEC 14496-10, the size BS,, shall be larger than or equal to the size of the CPB signalled by the
CpbSize[ cpb_cnt minusl ] specified by the NAL hrd parameters() for the MVC video sub-bitstreams carried in

© ISO/IEC 2018 - All rights reserved Rec. ITU-T H.222.0 (03/2017) 47


https://iecnorm.com/api/?name=7fed09a7fa50418acf1573ba10f7ae8a

ISO/IEC 13818-1:2018 (E)

elementary stream ES,, as defined in 2.14.3.6. If the NAL hrd parameters() are not present in the MVC video
sub-bitstreams, the size BS,, shall be larger than or equal to the size of the NAL CPB for the byte stream format defined
in Rec. ITU-T H.264 | ISO/IEC 14496-10 as 1200 x MaxCPB for the applied level for the elementary stream ES,,.

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

stream_id_extension_flag — A 1-bit flag, which when set to '0' indicates that a stream_id_extension field is present in
the PES packet header. The value of '1' for this flag is reserved.

stream_id_extension — In program streams, the stream_id_extension specifies the type and number of the elementary
stream as defined by the stream_id_extension in Table 2-27. In transport streams, the stream_id_extension may be set to
any valid value which correctly describes the elementary stream type as defined in Table 2-27. In transport streams, the
elementary stream type is specified in the program-specific information as specified in 2.4.4. Note that this field is used
as an extension of the stream_id defined above. This field shall not be used unless the value of stream_id is 1111 1101.

Table 2-27 — Stream_id_extension assignments

strepm_id_extension Note stream coding
'000 0000’ 1 IPMP control information stream
'000 0001 2 IPMP stream
'000{0010'..'000 1111' ISO/IEC 14496-17 text stream
'001(0000'..'001 1111' ISO/IEC 23002-3 auxiliary video stream
'010{0000' .. '011 1111" reserved data_stream
'100{0000" .. '111 1111" private_stream

NOTE 1 { PES packets of stream_id_extension 0b000 0000 (IPMP control informatien stream) have a unique syntax specified in
ISO/IEC [13818-11 (MPEG-2 IPMP).

NOTE 2 { PES packets of stream_id_extension 0b000 0001 (IPMP stream) ‘have a unique syntax specified in ISO/IEC [13818-11
(MPEG-1 IPMP).

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

PES packet_data_byte — PES packet data bytes;shall be contiguous bytes of data from the elementafy stream
indicated| by the packet's stream id or\“PID. When the eclementary stream data conforms to
Rec. ITU{T H.262 | ISO/IEC 13818-2 or ISOAEC 13818-3, the PES packet data bytes shall be byte alignged to the
bytes of this Recommendation | International Standard. The byte-order of the elementary stream shall be presgrved. The
number df PES packet data bytes, N,.is)specified by the PES packet length field. N shall be equal to |the value
indicated [in the PES packet length tninus the number of bytes between the last byte of the PES packet length field
and the fifst PES packet data byte.

In the dase of a private(sttcam 1, private stream 2, ECM stream, or EMM stream, the contents of the
PES pacliet data byte field atre user definable and will not be specified by ITU-T | ISO/IEC in the future.

padding_|byte — This/s afixed 8-bit value equal to '1111 1111". It is discarded by the decoder.

tref_extepsion_flag—— A 1-bit flag, which when set to '0' indicates that a TREF field is present in the PES packet
header. The valug of '1' for this flag is reserved.

TREF (timestamp reference) — The TREF is a 33-bit number coded in three separate fields. It indicates thg decoding
time value, td.(j), in the system target decoder as indicated by the DTS, or in absence of the DTS, by the PTS of the PES
header of the same j-th access unit in a corresponding elementary stream n.

2.4.3.8 Carriage of program streams and ISO/IEC 11172-1 Systems streams in the transport stream

The transport stream contains optional fields to support the carriage of program streams and ISO/IEC 11172-1 Systems
streams, in a way that allows simple reconstruction of the respective stream at the decoder.

When placing a program stream into a transport stream, program stream PES packets with stream id values of
private stream 1, Rec. ITU-T 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.
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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 2-22). This new PES packet is then carried in transport
stream packets.

When reconstructing the program stream at the transport stream decoder, for PES packets with a stream_id value of
ancillary stream id, packet start code prefix is written to the program stream being reconstructed, followed by the
data_byte fields from these transport stream PES packets.

ISO/TEC 11172-1 streams are carried within transport streams by first replacing ISO/IEC 11172-1 packet headers with
Rec. ITU-T H.262 | ISO/IEC 13818-2 PES packet headers. ISO/IEC 11172-1 packet header field values are copied to
the equivalent Rec. ITU-T 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 §trean, or an ISOAEC T1TT72=1SyStenT Streant. 1S atfows tie order of PES Packets 1T e origimal program
stream, o1 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 fransport stream in
the headet of the immediately following PES packet.

244 [Program-specific information

Program-gpecific information (PSI) includes both Rec. ITU-T H.222.0 | ISO/IEC 13818~] normative data apd private
data that ¢nable demultiplexing of programs by decoders. Programs are composed of{one or more elementary streams,
each labeflled with a PID. Programs, elementary streams or parts thereof may be{scrambled for conditionfal access.
However,| program-specific information shall not be scrambled.

In transpqrt streams, program-specific information is classified into six table\structures as shown in Table 2-P8. While
these structures may be thought of as simple tables, they shall be segmented into sections and inserted in transport
stream pafkets, some with predetermined PIDs and others with user selectable PIDs.

Table 2-28 — Program-specific information

Strficture Name Stream Type Reserved PID # Description
Program pssociation table Rec. ITU-T H.222.0 | 0x00 Associates program number anid
ISO/IEC 13818-1 program map table PID
Program pmap table Rec. ITU-T H.222.0 | Assigned in the PAT Specifies PID values for comp¢nents of
ISO/IEC 13818-1 one or more programs
Network [information table Private Assigned in the PAT Physical network parameters siich as
FDM frequencies, transponder jnumbers,
etc.
Conditiopal access table RecNITU-T H.222.0 | 0x01 Associates one or more (privatg) EMM
ISOMEC 13818-1 streams each with a unique PII) value
Transporf stream Rec. ITU-T H.222.0 | 0x02 Associates one or more descrifftors from
descriptign table ISO/IEC 13818-1 Table 2-45 to an entire transpoft stream
IPMP coitrol information Rec. ITU-T H.222.0 | 0x03 Contains IPMP tool list, rights
table ISO/IEC 13818-1 container, tool container defingd in
ISO/IEC 13818-11

Rec. ITU{EH.222.0 | ISO/IEC 13818-1 defined PSI tables shall be segmented into one or more sections that gre carried
within tramsports—packets—A—sectonm 15— a  sSymtactic —structure —tirat sttt —be—used—for —Tmapping  each

Rec. ITU-T H.222.0 | ISO/IEC 13818-1 defined PSI table into transport stream packets.

Along with Rec. ITU-T H.222.0 | ISO/IEC 13818-1 defined PSI tables, it is possible to carry private data tables. The
means by which private information is carried within transport stream packets is not defined by this Specification. It
may be structured in the same manner used for carrying of Rec. ITU-T 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
Rec. ITU-T 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.
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Sections may be variable in length. The beginning of a section is indicated by a pointer field in the transport stream
packet payload. The syntax of this field is specified in Table 2-29.

Adaptation fields may occur in transport stream packets carrying transport stream sections.

Within a transport stream, packet stuffing bytes of value OxFF may be found in the payload of transport stream packets
carrying 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 transpprtstreant siatt-be described I arm updated VerSion Of 1e progrant assoCiation t@pie carTied I ranspprt stream
packets with PID value 0x0000. These sections shall all use table id value 0x00. Only sections with, thi§ value of
table_id qre permitted within transport stream packets with PID value of 0x0000. For a new versiof ‘of the PAT to
become Yvalid, all sections (as indicated in the last section number) with a new version number and| with the
current_npxt_indicator set to 'l' must exit By defined in the T-STD (refer to 2.4.2.1). The PAT becomes valid when the
last byte gf the section needed to complete the table exits Bys.

Whenevef one or more elementary streams within a transport stream are scrambled, transpotstream packets with a PID
value 0x(J001 shall be transmitted containing a complete conditional access table including CA_descriptors associated
with the gcrambled streams. The transmitted transport stream packets will togethef form one complete versjon of the
conditionfll access table. The most recently transmitted version of the table with‘the current next indicatqr set to a
value of |1' shall always apply to the current data in the transport stream,Any changes in scrambling nfaking the
existing thble invalid or incomplete shall be described in an updated version” of the conditional access talple. These
sections Will all use table id value 0x01. Only sections with this table idyvalue are permitted within transpprt stream
packets with a PID value of 0x0001. For a new version of the CAT 40 become valid, all sections (as indicdted in the
last_sectign_number) with a new version_number and with the cuprént’ next_indicator set to 'l1' must exit Bgy,.|The CAT
becomes yalid when the last byte of the section needed to complete'the table exits Bgy.

Each tranpport stream shall contain one or more transport stream packets with PID values which are labelled|under the
program association table as transport stream packets centaihing TS program map sections. Each program ligted in the
program pssociation table shall be described in a unique TS program map_section. Every program shal|l be fully
defined within the transport stream itself. Private datawhich has an associated elementary PID field in the appropriate
program map table section is part of the program.~Other private data may exist in the transport stream without being
listed in tt\e program map table section. The moOst recently transmitted version of the TS program map_section with the
current ngxt indicator set to a value of I'_shall always apply to the current data within the transport strpam. Any
changes ih the definition of any of theprégrams carried within the transport stream shall be described in ap updated
version of the corresponding section'of the program map table carried in transport stream packets with the PID value
identified| as the program map ®ID for that specific program. All transport stream packets which carry a given
TS progrhm map_section shall‘have the same PID value. During the continuous existence of a program, indluding all
of its assgciated events, the-pregram map PID shall not change. A program definition shall not span mord than one
TS progrhm map_ section. A new version of a TS program map_section becomes valid when the last byfte of that
section wjth a new version_number and with the current_next_indicator set to '1' exits Byy,.

Sections ith a table’ id value of 0x02 shall contain program map table information. Such sections may be [carried in
transport ytream packets with different PID values.

The netwprk information table is optional and its contents are private. If present it is carried within transpfrt stream
packets that will have the same PID value, called the network PID. The network PID value is defined by the user and,
when present, shall be found in the program association table under the reserved program number 0x0000. If the
network information table exists, it shall take the form of one or more private sections.

The maximum number of bytes in a section of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 defined PSI table is
1024 bytes. The maximum number of bytes in a private section is 4096 bytes.

The transport stream description table is optional. When present, the transport stream description is carried within
transport stream packets that have a PID value 0x0002 as specified in Table 2-28 and shall apply to the entire transport
stream. Sections of the transport stream description shall use a table id value of 0x03 as specified in Table 2-31 and its
contents are restricted to descriptors specified in Table 2-45. The TS description_section becomes valid when the last
byte of the section required to complete the table exits Byys.

There are no restrictions on the occurrence of start codes, sync bytes or other bit patterns in transport stream section
data.
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2.4.4.1 Pointer
The pointer_field syntax is defined in Table 2-29.

Table 2-29 — Program-specific information pointer

Syntax No. of bits Mnemonic

pointer_field 8 uimsbf

2.4.4.2 Semantics definition of fields in pointer syntax

pointer_field — This is an 8-bit field whose value shall be the number of bytes, immediately following the pointer field
until the first byte of the first section that is present in the payload of the transport stream packet (so a value of 0x00 in
the pointer_field indicates that the section starts immediately after the pointer field). When at least one section begins
in a giver] transport stream packet, then the payload unit start indicator (refer to 2.4.3.2) shall be set to '1l-arld the first
byte of thp payload of that transport stream packet shall contain the pointer. When no section begins in a given transport
stream pafket, then the payload unit_start indicator shall be set to '0' and no pointer shall be sent in the.paylgad of that
packet.

2443 IIProgram association table
)

The progfam association table (PAT) provides the correspondence between a program number and the PID vdlue of the
transport ptream packets which carry the program definition. The program number is the numeric label assocfated with
a progran.

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

Table 2-30 — Program association section

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

tgble_id 8 uimsbf
s¢ction_syntax_indicator 1 bplbf
'q 1 bplbf
reserved 2 bslbf
s¢ction_length 12 uimsbf
transport_stream_id 16 ui]:sbf
reserved 2 bplbf
version_number 5 uimsbf
cfirrent_next_indicator 1 bslbf
s¢ction_number 8 uimsbf
I4st_section_number 8 ui]:sbf
for (i=0; 1 Npit++) {

program_number 16 uimsbf

reserved 3 bplbf

if (program number=="'01 {

network_PID 13 uimsbf
}
else {
program_map_ PID 13 uimsbf

H
}
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 section as shown in Table 2-31.

Table 2-31 — table_id assignment values

Value Description

0x00 program_association_section

0x01 conditional access_section (CA_section)

0x02 TS_program_map_section

0x03 TS description_section

0x04 ISO _IEC 14496 scene description_section

Ox05. TQﬂ_TEF_1 /I/I()A_nkja +_dcm v"pfnv_aa f1on

0x06 Metadata_section

0x07 IPMP Control Information Section (defined in ISO/IEC 13818-11)

0x08 ISO_IEC 14496 section

0x09 ISO/IEC 23001-11 (Green access unit) section

0x0A ISO/IEC 23001-10 (Quality access unit) section
0x0B .. 0x37 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 reserved
0x38 .. 0x3F Defined in ISO/IEC 13818-6
0x40 .. OxFE User private

OxFF Forbidden

2.4.4.5 [Semantic definition of fields in program association section
table_id 1 This is an 8-bit field, which shall be set to 0x00 as shown(in) Table 2-31.
section_sfntax_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 ¢f the section, starting immediately following the section length field, and including the CRC. Thg value in
this field $hall not exceed 1021 (0x3FD).

transport_stream_id — This is a 16-bit field which serves as a label to identify this transport stream from |any other
multiplex|within a network. Its value is definedby the user.

version_number — This 5-bit field is the-version number of the whole program association table. The versign number
shall be incremented by 1 modulo 32 whenever the definition of the program association table changes. When the
current npxt indicator is set to 'l', then'the version_number shall be that of the currently applicable program afsociation
table. When the current next indicator is set to '0', then the version _number shall be that of the next applicablg program
association table.

current_hext_indicator« A" 1-bit indicator, which when set to 'l' indicates that the program association table sent is
currently ppplicable. When the bit is set to '0', it indicates that the table sent is not yet applicable and shall be the next
table to b¢come validy

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

last_section_number — This 8-bit field specifies the number of the last section (that is, the section with the highest
section_number) of the complete program association table.

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

NOTE — The program_number may be used as a designation for a broadcast channel, for example.
network PID — The network PID is a 13-bit field, which is used only in conjunction with the value of the
program_number set to 0x0000, specifies the PID of the transport stream packets which shall contain the network

information table. The value of the network PID field is defined by the user, but shall only take values as specified in
Table 2-3. The presence of the network PID is optional.
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program_map_PID — The program map PID is a 13-bit field specifying the PID of the transport stream packets
which shall contain the program map_section applicable for the program as specified by the program number. No
program_number shall have more than one program map PID assignment. The value of the program map PID is
defined by the user, but shall only take values as specified in Table 2-3.

CRC _32 — This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder
defined in Annex A after processing the entire program association section.

2.4.4.6 Conditional access table

The conditional access table (CAT) provides the association between one or more conditional access (CA) systems,
their EMM streams and any special parameters associated with them. Refer to 2.6.16 for a definition of the descriptor()
field in Table 2-32.

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

Table 2-32 — Conditional access section

Syntax No. of bits Mnemonmic

CA_section() {

table_id 8 uimsbf

section_syntax_indicator 1 bslbf

'0' 1 bslbf

reserved 2 bslbf

section_length 12 uimsbf

reserved 18 bslbf

version_number 5 uimsbf

current_next_indicator 1 bslbf

section_number 8 uimsbf

last_section_number 8 uimsbf

for (i=0; i <Nj;it++) {

descriptor()

}

CRC 32 32 rpchof
}

2.4.4.7 [Semantic definition of fields/in conditional access section
table_id 1 This is an 8-bit fieldswhich shall be set to 0x01 as specified in Table 2-31.
section_syntax_indicator £ The section syntax indicator is a 1-bit field which shall be set to '1".

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

version_number — This 5-bit field is the version number of the entlre condltlonal access table. The versign number
shall be ihcremente e [When the
current_next_indicator is set to '1' then the version_ _number shall be that of the currently applicable cond1t10na1 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.

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.
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CRC _32 — This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder
defined in Annex A after processing the entire conditional access section.

2.4.4.8 Program map table

The program map table provides the mappings between program numbers and the program elements that comprise
them. A single instance of such a mapping is referred to as a "program definition". The program map table is the
complete collection of all program definitions for a transport stream. This table shall be transmitted in packets, the PID
values of which are selected by the encoder. More than one PID value may be used, if desired. The table is contained in
one or more sections with the following syntax. It may be segmented to occupy multiple sections. In each section, the
section number field shall be set to zero. Sections are identified by the program number field.

Definition for the descriptor() fields may be found in 2.6 (see Table 2-33).

TFable2-33—TFranspert-stream-program-map-section

Syntax No. of bits | Mnemonic
TS program_map_section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf
‘0’ 1 bslbf
reserved 2 bslbf
section_length 12 uimsbf
program_number 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
reserved 3 bslbf
PCR_PID 13 uimsbf
reserved 4 bslbf
program_info_length 12 uimsbf
for (1= 0;i<Nj;it++) {

descriptor()
H
for (1= 0; 1 <NI; i++) {

stream_type 8 uimsbf

reserved 3 bslbf

elementary_ PID 13 uimsbf

reserved 4 bslbf

ES_info_length 12 uimsbf

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

descriptor()

y
§
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 2-31.

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

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

current_hext_indicator — A 1-bit field, which when set to 'l' indicates that the TS program map seectipn sent is
currently ppplicable. When the bit is set to '0', it indicates that the TS program map_section sent is not'yet applicable
and shall pe the next TS program map_section to become valid.

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

PCR_PIID — This is a 13-bit field indicating the PID of the transport stream packets which.shall contain the HCR fields
valid for |the program specified by program number. If no PCR is associated with\aprogram definition fpr private
streams, then this field shall take the value of Ox1FFF. Refer to the semantic definitiorf of PCR in 2.4.3.5 and|Table 2-3
for restrictions on the choice of PCR_PID value.

program| info_length — This is a 12-bit field, the first two bits of which shalkbe '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 prograim kelement carried within the packets with the PID
whose value is specified by the elementary PID. The values of stream_type are specified in Table 2-34.

NOTE|- A Rec. ITU-T H.222.0 | ISO/IEC 13818-1 auxiliary stréam is available for data types defined by this Spgcification,
other than audio, video, and DSM-CC, such as the program stream directory and the program stream map.

Table 2-34 —=Stream type assignments

Value Description

0x00 ITU-T | ISO/IEC Réserved

0x01 ISO/IEC 111722 Video

0x02 Rec. ITU-T H:262 | ISO/IEC 13818-2 Video or ISO/IEC 11172-2 constrained parameter videp stream
(see Note\2)

0x03 ISOAEC 11172-3 Audio

0x04 ISO/IEC 13818-3 Audio

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

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

0x07, ISO/IEC 13522 MHEG

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

0x09 Rec. ITU-T 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 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 auxiliary

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

0x10 ISO/IEC 14496-2 Visual

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

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

0x13 ISO/IEC 14496-1 SL-packetized stream or FlexMux stream carried in ISO/IEC 14496 _sections
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Value Description

0x14 ISO/IEC 13818-6 Synchronized Download Protocol

0x15 Metadata carried in PES packets

0x16 Metadata carried in metadata_sections

0x17 Metadata carried in ISO/IEC 13818-6 Data Carousel

0x18 Metadata carried in ISO/IEC 13818-6 Object Carousel

0x19 Metadata carried in ISO/IEC 13818-6 Synchronized Download Protocol

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

0x1B AVC video stream conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 |

ISO/IEC 14496-10 or AVC video sub-bitstream of SVC as defined in 2.1.10 or MVC base view
sub-bitstream, as defined in 2.1.83, or AVC video sub-bitstream of MVC, as defined in 2.1.8 or
MVCD base view sub-bitstream, as defined in 2.1.88, or AVC video sub-bitstream of MVCD, as
defimed 27179, or AVC base fayerof amr HE VC VIdeo Sreant COToITing 10 Ol of More profiles

defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2

0x1C ISO/IEC 14496-3 Audio, without using any additional transport syntax, such as DST,;ARS and SLS
x1D ISO/IEC 14496-17 Text

0x1E Auxiliary video stream as defined in ISO/IEC 23002-3

0x1F SVC video sub-bitstream of an AVC video stream conforming to one or nigre profiles defined in
Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10

0x20 MVC video sub-bitstream of an AVC video stream conforming to ¢ne or more profiles defindd in
Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10

0x21 Video stream conforming to one or more profiles as defineddn\Rec. ITU-T T.800 | ISO/IEC 1j5444-1

0x22 Additional view Rec. ITU-T H.262 | ISO/IEC 13818-2 vid€o stream for service-compatible
stereoscopic 3D services (see Notes 3 and 4)

0x23 Additional view Rec. ITU-T H.264 | ISO/IEC 14496-10 video stream conforming to one or mre
profiles defined in Annex A for service-compatible stereoscopic 3D services (see Notes 3 and 4)

0x24 Rec. ITU-T H.265 | ISO/IEC 23008-2 video stream or an HEVC temporal video sub-bitstrean

0x25 HEVC temporal video subset of an HEV.G,video stream conforming to one or more profiles defined in
Annex A of Rec. ITU-T H.265 | ISO/IEE 23008-2

0x26 MVCD video sub-bitstream of an;AVC video stream conforming to one or more profiles defiped in
Annex [ of Rec. ITU-T H.264 | ISO/IEC 14496-10

0x27 Timeline and External Media Information Stream (see Annex T)

0x28 HEVC enhancement sub-partition which includes Temporalld 0 of an HEVC video stream where all

NALSs units containeduin the stream conform to one or more profiles defined in Annex G of Rgc.
ITU-T H.265 | ISOAEC 23008-2

0x29 HEVC tempgraheénhancement sub-partition of an HEVC video stream where all NAL units cqntained
in the stream conform to one or more profiles defined in Annex G of Rec. ITU-T H.265 | ISO[IEC
23008-2

0x2A HEYC)enhancement sub-partition which includes Temporalld 0 of an HEVC video stream where all

NAL units contained in the stream conform to one or more profiles defined in Annex H of Ref. ITU-T
H.265 | ISO/IEC 23008-2

0x2B HEVC temporal enhancement sub-partition of an HEVC video stream where all NAL units cqntained
in the stream conform to one or more profiles defined in Annex H of Rec. ITU-T H.265 | ISO[IEC
23008-2
0x2C Green access units carried in MPEG-2 sections
x2D ISOAEC 23008-3 Audio with MHAS transport syntax — main stream
0x2E ISO/IEC 23008-3 Audio with MHAS transport syntax — auxiliary stream
0x2F Quality access units carried in sections
0x30 .. 0x7E Rec. ITU-T H.222.0 | ISO/IEC 13818-1 reserved
0x7F IPMP stream
0x80 .. OxFF User Private

NOTE 1 — In the above table various stream types are assigned for carriage of audio signals, with or without a transport syntax.
Typically, the transport syntax is used for providing sync words. The use of a specific transport syntax, if at all, is specified in the
clauses in this Specification specifying the transport of the various audio signals.

NOTE 2 — Rec. ITU-T H.262 | ISO/IEC 13818-2 video with frame packing arrangement information is signalled using
stream_type value 0x02.

NOTE 3 — The base view of service-compatible stereoscopic 3D services is signalled using stream type value 0x02 for
Rec. ITU-T H.262 | ISO/IEC 13818-2 video or stream_type 0x1B for Rec. ITU-T H.264 | ISO/IEC 14496-10 video.

56 Rec. ITU-T H.222.0 (03/2017) © ISO/IEC 2018 - All rights reserved


https://iecnorm.com/api/?name=7fed09a7fa50418acf1573ba10f7ae8a

ISO/IEC 13818-1:2018 (E)

NOTE 4 — The additional view for service-compatible stereoscopic 3D services is signalled using stream_type value 0x22 for
Rec. ITU-T H.262 | ISO/IEC 13818-2 video or stream_type value 0x23 for Rec. ITU-T H.264 | ISO/IEC 14496-10 video
conforming to one or more profiles defined in Annex A. For service-compatible stereoscopic 3D services, the additional view is
not signalled using stream_type values 0x02 or 0x1B.

elementary_ PID — This is a 13-bit field specifying the PID of the transport stream packets which carry the associated
program element.

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

CRC _32 — This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder
defined in Annex B after processing the entire transport stream program map section.

2.4.4.10

Syntax of the private section

When pri
associatio
structure

section_s)
to '0', the
semantics
syntax arg

ate data IS STt T transport strear packets withra PID-vatue desigmatedas @ program mmap PDm thy
n table the private section shall be used. The private_section allows data to be transmitted with ;a mi
while enabling a decoder to parse the stream. The sections may be used in two \way
ntax_indicator is set to '1', then the whole structure common to all tables shall be used; if-the indid
h only the fields 'table id' through 'private section length' shall follow the commaon structure s
and the rest of the private section may take any form the user determines. Examples_of extended {
found in informative Annex C.

e program
nimum of
s: if the
ator is set
yntax and
ise of this
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A private table may be made of several private_sections, all with the same table id (see Table 2-35).

Table 2-35 — Private section

Syntax No. of Mnemonic
bits
private_section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
reserved 2 bslbf
private_section_length 12 uimsbf
iT (Section_syntax_indicator = =07 {
for 1=0;1<N;it++) {
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#+) Y
private_data_byte 8 bslbf
}
CRC_32 32 rpchof
}
}

2.4.4.11 [Semantic definition of fields in priyate section

table_id 1 This 8-bit field, the value of which identifies the Private Table this section belongs to. Only values defined in
Table 2-3|l 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 fgpllows the
generic sg¢ction syntax beyond-the' private section_length field. When set to '0', it indicates that the private data bytes
immediatg¢ly follow the private—section_length field.

private_ipdicator — 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 ot exceed
4093 (0xKFD):

s t 4. Jansd 1 . 4+ dost 1 dadeald o P 1.1 . . | 11 41 b o I | s al s IR faFaY EC' th
prlva € aata Uy W= 111U PllVal,C udila U_y LU TIVIU IS USUI UCTITNIAUIC all Slidll 11UT UL DPUL/ILIUU U)’ 11TU=1 | JES AW mn (S

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

version_number — This 5-bit field is the version number of the private section. The version number shall be
incremented by 1 modulo 32 when a change in the information carried within the private section occurs. When the
current_next indicator is set to '0', then the version_number shall be that of the next applicable private section with the
same table id and section number.

current_next_indicator — A 1-bit field, which when set to 'l' indicates that the private section sent is currently
applicable. When the current next indicator is set to 'l', then the version number shall be that of the currently
applicable private section. When the bit is set to '0', it indicates that the private section sent is not yet applicable and
shall be the next private section with the same section number and table id to become valid.
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section_number — This 8-bit field gives the number of the private section. The section_number of the first section in a
private table shall be 0x00. The section number shall be incremented by 1 with each additional section in this private
table.

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

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

2.4.4.12 Syntax of the transport stream section

Rec. ITU-T H.222.0 | ISO/IEC 13818-1 compliant bitstreams may carry the information defined in Table 2-36.
Rec. ITU-T 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 ptream. The descriptors shall apply to the entire transport stream. This table uses a table id value ¢f 0x03 as
specified jn Table 2-31 and is carried in transport stream packets whose PID value is 0x0002 as specified in Table 2-3.

Table 2-36 — The transport stream description table

Syntax No. of bits Mnemonic
TS_description_section() {
table id 8 uimsbf
section_syntax_indicator 1 bslbf
'0’ 1 bslbf
reserved 2 bslbf
section_length 12 uimsbf
reserved 18 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (i=0;1<N;it++) {
descriptor()
}
CRC_32 32 rpchof
}

2.4.4.13 [Semantic definition ef fields in the transport stream section
table_id 1 This is an 8-bit field; which shall be set to '0x03' as specified in Table 2-31.

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

version_1 umber - Thrs 5-bit field is the version number of the whole transport stream descrlptlon table The version
number shall-be ¢ changes.
When the current next indicator is set to '1", then the version_number shall be that of the currently applicable transport
stream description table. When the current next indicator is set to '0', then the version_number shall be that of the next
applicable transport stream description table.

current_next_indicator — A 1-bit indicator, which, when set to 'l', indicates that the transport stream description table
sent is currently applicable. When the bit is set to '0', it indicates that the table sent is not yet applicable and shall be the
next table to become valid.

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

last_section_number — This 8-bit field specifies the number of the last section (that is, the section with the highest
section_number) of the complete transport stream description table.
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CRC _32 — This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder
defined in Annex A after processing the entire transport stream description section.

2.5 Program stream bitstream requirements

2541 Program stream coding structure and parameters

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

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

Elementary stream data is carried in PES packets. A PES packet consists of a PES packet header followed by packet
data. PES[packets are inserted into program stream packs.

The PES packet header begins with a 32-bit start-code that also identifies the stream (refer to Table 2-22) to which the
packet dafa belongs. The PES packet header may contain just a presentation time stamp (PTS) or both a prgsentation
timestamp and a decoding time stamp (DTS). The PES packet header also contains other optional:fields. The packet
data contdins a variable number of contiguous bytes from one elementary stream.

In a progfam stream, PES packets are organized in packs. A pack commences with a packheader and is followed by
zero or mpre PES packets. The pack header begins with a 32-bit start-code. The pack header is used to store tfjming and
bitrate information.

The proggam stream begins with a system header that optionally may be repeated.Fhe system header carries al summary
of the sysfem parameters defined in the stream.

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

2.5.2 [Program stream system target decoder

The semahtics of the program stream and the constraints'on these semantics require exact definitions of decodjng events
and the tifnes at which these events occur. The definitions needed are set out in this Specification using a hylpothetical
decoder khown as the program stream system targetdecoder (P-STD).

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

AlQ) Video
,,,,,,,,,,,,,,, B, P40 p o tp,(k)

1
| jahbyteof |
| multiplex stream !
777777777777777777777777777777777777777777777777 |
i Jj-th access unit i i k-th presentation unit |
,,,,,,,,,,,,,,,, |
o
’ - — U P (k)
) o L= | . tp, (k)

System control

H.222.0(12)_F2-2

Figure 2-2 — Program stream system target decoder notation

The following notation is used to describe the program stream system target decoder and is partially illustrated
in Figure 2-2.

i,1 are indices to bytes in the program stream. The first byte has index 0.
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j isan index to access units in the elementary streams.
k, k', k" are indices to presentation units in the elementary streams.
n is an index to the elementary streams.

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

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

An(j) 1is 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.

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

TPa(K) 15 the presentation time, measured in seconds, In the system target decoder ol the k-th
presentation unit in elementary stream n.

t is time measured in seconds.

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

B, the input buffer in the system target decoder for elementary streamn,

BS, is the size of the system target decoder input buffer, measured in bytes, for elementgry 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

Timing ifformation referenced in P-STD is carried by several data\fields defined in this Specification. The|fields are
defined ir] 2.5.3.3 and 2.4.3.6. This information is coded as the sanmpled value of a system clock.

The valug of the system clock frequency is measured in Hz and-shall meet the following constraints:
— 27000 000 — 810 <= system_clock frequeney <= 27 000 000 + 810;

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

The notafion "system clock frequency" is used-in several places in this Recommendation | International| Standard
torefer tp the frequency of a clock meeting these requirements. For notational convenience, eqyations in
which SCR, PTS, or DTS appear, lead\to values of time which are accurate to some integral mpltiple of
(300 x 2*{/system_clock_frequency) seconds. This is due to the encoding of SCR timing information as 33 bits of 1/300
of the sygtem clock frequency plus 9-bits for the remainder, and encoding as 33 bits of the system clock [frequency
divided by 300 for PTS and DTS!

2.5.2.2 rl[lnput to the program stream system target decoder

Data fron} the programsstteam enters the system target decoder. The i-th byte enters at time t(i). The time at Wwhich this
byte entefs the system target decoder can be recovered from the input stream by decoding the input system clock
reference| (SCR) “fields and the program mux rate field encoded in the pack header. The SCR, as defined in
equation 2-18,(isMcoded in two parts: one, in units the period of 1/300 x the system clock frequengy, called
system_clock/ reference base (see equation 2-19), and one, called system clock reference ext | equation
(see equatienr2-20)—tunits-of-the-pertod-of thesystemeloelkfrequeney-—Inthe followingthe—valueseneeded in these
fields are denoted by SCR _base(i) and SCR_ext(i). The value encoded in the SCR field indicates time t(i), where i
refers to the byte containing the last bit of the system_clock reference base field.

Specifically:
SCR (i) = SCR _base(i)x 300 + SCR _ext (i) (2-18)
where:
SCR _ base (i) = ((system _ clock _ frequency  x t(i))DIV 300 )% 27 (2-19)
SCR _ext(i) = ((system _clock _ frequency x t(i))DIV 1)%300 (2-20)
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The input arrival time, t(i), as given in equation 2-21, for all other bytes shall be constructed from SCR(i) and the rate at
which data arrives, where the arrival rate within each pack is the value represented in the program mux_rate field in
that pack's header.

)= SCRi) N i—i'

= 2-21
system _clock frequency program mux_ratex50 ( )

where:

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

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

progrgm mux rate is a field defined in 2.5.3.3.

After deliyery 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-STI).

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 tafget decoder input to B, is instantaneous, so that byte i enters the buffer forstream n, of size BS,,, at time t(i).

Bytes present in the pack header, system headers, program stream maps, progfam stream directories, or PES packet
headers of the program stream such as SCR, DTS, PTS, and packet_length figlds, are not delivered to any of the buffers,
but may be used to control the system.

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

At the de¢oding time, td,(j), all data for the access unit that hasibeen in the buffer longest, A,(j), and any stufffing bytes
that immgdiately precede it that are present in the buffer at the time td,(j), are removed instantaneously at time td,(j).
The decodling time td,(j) is specified in the DTS or PTS Ai¢lds. Decoding times td,(j + 1), td,(j + 2), ... of adcess units
without gncoded DTS or PTS fields which directly, follow access unit j may be derived from information in the
elementary stream. Refer to Annex C of Rec. ITU-EH.262 | ISO/IEC 13818-2, ISO/IEC 13818-3, ISO/IEC 1{1172-2 or
ISO/IEC [ 1172-3. Also refer to 2.7.5. As the accgss unit is removed from the buffer, it is instantaneously de¢oded to a
presentatipn unit.

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

0<F, (1)< BS,

for all t and n,

and:

F,(t1)=0

instantancousty before t=t(0:
F,(t) is the instantaneous fullness of P-STD buffer B,

An exception to this condition is that the P-STD buffer B, may underflow when the low_delay flag in the video
sequence header is set to '1' (refer to 2.4.2.7) or when trick_mode status is true (refer to 2.4.3.8).

For all program streams, the delay caused by system target decoder input buffering shall be less than or equal to one
second except for still picture video data and ISO/IEC 14496 streams. The input buffering delay is the difference in
time between a byte entering the input buffer and when it is decoded.

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

tdn(j)—t(i)<=1s
in the case of still picture video data the delay is constrained by:
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ISO/IEC 13818-1:2
tdn(j)—t(i) <= 60's

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

tdn(j)—1(i)<=10's

for all bytes contained in access unit j.

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

018 (E)

When the low_delay flag in the video sequence extension is set to 'l' (refer to 6.2.2.3 of Rec. ITU-T 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 pr

VBV buffer underflow is allowed to occur continuously without limit. The P-STD decoder shall remqve a
data from|buffer B, at the earliest time consistent with the paragraph above and any DTS or PTS valags-enco

bitstream

until the YBV buffer underflow situation ceases and a PTS or DTS is found in the bitstream.

2.5.24

It is poss

elementary stream and with the same stream_id. Such a stream is called a PES streafix The PES-STD model

stream is
(ESCR) i

one elemdntary stream buffer.

NOTE
As a PE

multiplexjng with other elementary streams, but only for multiplexing of the elementary stream carried if
stream with PES headers, pack headers and system headers.

Buffer siges BS, in the PES-STD model are defined as foeHows:

© ISO

The decoder may be unable to re-establish correct decoding and display times as indicated by DTS

IPES streams

ble to construct a stream of data as a contiguous stream of PES packets €ach containing data of

identical to that for the program stream, with the exception that the~Elementary Stream Clock
used in place of the SCR, and ES rate in place of program mux_ fate” The demultiplexor sends dg

— In the following equations, unit conversion should be implicitly performed as appropriate.

s

b stream only carries a single elementary stream, thesbuffer sizes in the PES-STD do not ad

—  For Rec. ITU-T H.262 | ISO/IEC 138182 video:

BS, = VBV .x[profile, level] + BS,,

BSon = (1/750) seconds x Rya[profile, level], where VBV [profile, level] and R,.[profile,
the maximum VBV sizevand bit rate per profile, level, and layer as defined in Tables 8-14
respectively, of Rec. ITU-T H.262 | ISO/IEC 13818-2. BS} is allocated for PES packet header

-~ For ISO/IEC 1LI72-2 video:

BS, = VBV + BSop

BS,r=(1/750) seconds x Rj,.x, where R.,x and vbv_max refer to the maximum bitrate and
vhwvabuffer size for a constrained parameter bitstream in ISO/IEC 11172-2 respectively.

— /7 ,For ISO/IEC 11172-3 or ISO/IEC 13818-3 audio:

. 1 errf, s : 1 . e £ R S = S 1
SCIIL IIT UIC DUILICT. Al. UILS UITIC UIC TIIUIT dCCCSS UL STidll DT TTIIOVOU TTOII DULICT Dy IISTaIIlalICOUSTY.

ccess unit
ded in the
and PTS

the same
for a PES
Reference
ta to only

count for
1 the PES

level] are
and 8-13,
overhead.

maximum

BS, = 2848 bytes
—  For ISO/IEC 13818-7 ADTS audio:

BS, = 2848 bytes if 1-2 channels
BS, = 7200 bytes if 3-8 channels
BS, = 10800 bytes if 9-12 channels
BS, = 43200 bytes if 13-48 channels

Note that the above numbers differ from the BS, numbers specified in 2.4.3.2 due to the fact that a PES

stream carries a single elementary stream only.
—  For ISO/IEC 14496-3 audio, except for ISO/IEC 14496-3 DST, ALS and SLS:
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BS,, = 2848 bytes if 1-2 channels
BS, = 7200 bytes if 3-8 channels
BS, = 10800 bytes if 9-12 channels
BS,, = 43200 bytes if 13-48 channels

Note that the above numbers differ from the BSn numbers specified in 2.11.2.2 due to the fact that a PES
stream carries a single elementary stream only.

—  For ISO/IEC 14496-3 DST-64 audio:

BS,, = 5000 x (number of channels) bytes; hence for stereo BS, = 10 000 bytes
and for 5.1 surround sound audio BS, = 30 000 bytes

—  For ISO/IEC 14496-3 DST-128 audio:

BS, =10 000 x (number of channels) bytes; hence for stereo BS, = 20 000 bytes
and for 5.1 surround sound audio BS,, = 60 000 bytes

—  For ISO/IEC 14496-3 DST-256 audio:

BS,, =20 000 x (number of channels) bytes; hence for stereo BS =40 000 bytes
and for 5.1 surround sound audio BS, = 120 000 bytes

—  For ISO/IEC 14496-3 ALS and SLS audio:

BS, =33 000 x (number of channels) bytes; hence for’stereo BS, = 66 000 bytes
and for 5.1 surround sound audio BS, =198 000 bytes

- For Rec. ITU-T H.264 | ISO/IEC 14496-10 video.

BS, = 1200 x MaxCPBJlevel] + BS,;,

where MaxCPBJ[level] is defined in Table(A:1 (Level Limits) in Rec. ITU-T H.264 | ISO/IEC|14496-10
for each level.

2.5.2.5 |Decoding and presentation

Decoding|and presentation in the program stream system target decoder are the same as defined for the transpprt stream
system tafget decoder in 2.4.2.5 and 2.4.2:6 tespectively.

2.5.2.6 |P-STD extensions for carriage of ISO/IEC 14496 data

For decodling of ISO/IEC 14496~data carried in a program stream the P-STD model is extended. For decoding of
individua] ISO/IEC 14496 elementary streams in the P-STD see 2.11.2. Clause 2.11.3 defines P-STD exterjsions and
parametellifor decoding of ISO/IEC 14496 scenes and associated streams.

2.5.2.7 -STD extensions for carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video

For decoding of "AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU{T H.264 |
ISO/IEC [14496-10 video streams carried in a program stream in the P-STD model, see 2.14.3.2, for decodingg of AVC
video strepms“conforming to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 1449610 carried
in a program stream in the P-STD model, see 2.14.3.6 and for decoding of AVC video streams conforming to one or
more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 carried in a program stream in the P-STD
model, see 2.14.3.8.

2.5.2.8 P-STD extensions for carriage of ISO/IEC 14496-17 text streams
For decoding of ISO/IEC 14496-17 text streams carried in a program stream in the P-STD model, see 2.15.3.2.

253 Specification of the program stream syntax and semantics
The following syntax describes a stream of bytes.
2.53.1 Program stream

See Table 2-37.
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Table 2-37 — Program stream

ISO/IEC 13818-1:2018 (E)

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

2.5.3.2 Semantic definition of fields in program stream

MPEG _program_end_code — The MPEG program_end_code is the bit string '0000 0000 0000 0000 0000 0001 1011

1001' (OX \GUUGIBQ} IL LTI lllilldle LhC Proglrdalil Stcalil.
2.5.3.3 [|Pack layer of program stream
See Tablgs 2-38 and 2-39.
Table 2-38 — Program stream pack
Syntax No. of bits | Mnemonic
pack() {
pack_header()
while (nextbits() = -= packet_start_code_prefix) {
PES_packet()
}
}
Table 2-39 — Program stream pack header
Syntax No. of bits | Mnemonic
pack_header() {
pack_start_code 32 bslbf
01’ 2 bslbf
system_clock .réference base [32..30] bslbf
marker_bit bslbf
system _‘clock_reference_base [29..15] 15 bslbf
marker® bit 1 bslbf
systém_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 hit 1 bslbf
marker_bit 1 bslbf
reserved 5 bslbf
pack_stuffing length 3 uimsbf
for (i=0; i < pack_stuffing length; i++) {
stuffing_byte 8 bslbf
H
if (nextbits() = = system_header_start_code) {
system_header ()
5
}
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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 — A marker bit is a 1-bit field that has the value 'l".

program_mux_rate — This is a 22-bit integer specifying the rate at which the P-STD receives the program stream

value '0' 1

forbidden. The value represented in program mux_rate is used to define the time of arrival of'bytes at the

during th}ipack in which it 1s included. The value of program_mux_rate is measured in units of 50 bytes/sefond. The

input to

Rec. ITU{T H.222.0 | ISO/IEC 13818-1 program multiplexed stream.

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

e P-STD in 2.5.2. The value encoded in the program mux rate field may vary from pack to pack in a

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

be present.

2.5.3.5
See Tabld 2-40.

System header

Table 2-40 — Program stream‘ystem header

Syntax No. of bits Mngmonic
system_header () {
system_header_start code 32 bslpf
header_length 16 uinpsbf
arker_bit 1 bslbf
rate_bound 22 uinpsbf
arker_bit 1 bslbf
apdio_bound 6 uinmsbf
ed_flag 1 bslpf
SPS flag 1 bslpf
system_audio_lock flag 1 bslpf
system_video lock flag 1 bslpf
arker_bit 1 bslbf
video_bound 5 uinpsbf
ppcket_rate_restriction_flag 1 bslbf
served_bits 7 bslbf
hile (nextbits () =="'1") {
stream_id 8 uimsbf
if(stream_id =='1011 0111") {
11’ 2 bslpf
! ! 7 bslbf
stream_id_extension 7 uimsbf
'1011 0110’ 8 bslbf
11 2 bslbf
P-STD_buffer_bound_scale 1 bslbf
P-STD_buffer_size_bound 13 uimsbf
}
else {
1 2 bslbf
P-STD_buffer_bound_scale 1 bslbf
P-STD_buffer_size bound 13 uimsbf
}
}
}
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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.

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/TEC 13818-3 or ISOAEC 11172-3 andio stream is active if the STD buffer is not empty or if a
Presentation Unit is being presented in the P-STD model.

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

SCR_base(i) = ((cl x i+ c2) DIV 300) % 2* (2-22)
SCR_ext(i) = ((c1 x i+ c2) DIV 300) % 300 (2-23)

where:
cl is areal-valued constant valid for all 1.
c2 is areal-valued constant valid for all 1.

i is the index in the Rec. ITU-T H.222.0JISO/IEC 13818-1 multiplexed stream of the byte
containing the final bit of any system clock reference field in the stream.

CSPS_fldg — The CSPS flag is a 1-bit field. If its value is s¢tto '1' the program stream meets the constraingts defined
in2.7.9.

system_apudio_lock flag — The system audio lock lag is a 1-bit field indicating that there is a specified, constant
rational r¢lationship between the audio sampling rat€yand the system clock frequency in the system target deqoder. The
system_clock frequency is defined in 2.5.2.1 and the audio sampling rate is specified in ISO/IEC 138[8-3. The
system_afidio lock flag may only be set to 'V if, for all presentation units in all audio elementary streams in the
program gtream, the ratio of system_clock \frequency to the actual audio sampling rate, SCASR, is constant [and equal
to the valyie indicated in the following-table at the nominal sampling rate indicated in the audio stream.

system _clock _ frequency

SCASR = —— _ (2-24)
audio _sample _rate in _the P — STD
X o
The notatjon 7 denofes real division.
Nomingl audio
sampjling 16 32 22.05 44.1 24 48
frequendy (KHz)
27 000 000 27 000 000 27 000 000 27 000 000 27 000 000 27 000 000
SCASR | e | | | s | |
16 000 32 000 22 050 44100 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 time base and the system clock frequency in the system target decoder. The
system_video lock flag may only be set to 'l' if, for all presentation units in all video elementary streams in the Rec.
ITU-T H.222.0 | ISO/IEC 13818-1 program, the ratio of system clock frequency to the frequency of the actual video
time base is constant.

For ISO/IEC 11172-2 and Rec. ITU-T H.262 | ISO/IEC 13818-2 video streams, if the system video_lock flag is set to
'l", then the ratio of system_clock frequency to the actual video frame rate, SCFR, shall be constant and equal to the
value indicated in the following table at the nominal frame rate indicated in the video stream.
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For ISO/IEC 14496-2 video streams, if the system video lock flag is set to 'l', then the time base of the
ISO/IEC 14496-2 video stream, as defined by vop_time increment_resolution, shall be locked to the STC and shall be
exactly equal to N times system_clock frequency divided by K, with N and K integers that have a fixed value within
each visual object sequence, with K greater than or equal to N.

For Rec. ITU-T H.264 | ISO/IEC 14496-10 video streams, the frequency of the AVC time base is defined by the AVC
parameter time scale. If the system_video lock flag is set to 'l' for an AVC video stream or for a video sub-bitstream,
then the frequency of the AVC time base shall be locked to the STC and shall be exactly equal to N times
system_clock frequency divided by K, with N and K integers that have a fixed value within each AVC video sequence,
with K greater than or equal to N.

system _clock _ frequency

SCFR = - (2-25)
frame rate in _the P —STD
Nominpl
frame rite 23.976 24 25 29.97 30 50 59.94 60
(Hz)
SCFK 1126125 1 125 000 1 080 000 900 900 900 000 540 000 450450 150 000
The valugs of the ratio SCFR are exact. The actual frame rate differs slightly from the nomjnahrate in cases where the
nominal rhte is 23.976, 29.97, or 59.94 frames per second.
video_bopnd — The video bound is a 5-bit integer in the inclusive range from 0 to 16 and is set to a value greater than
or equal fo the maximum number of video streams in the program stream of ‘which the decoding progesses are

simultane
buffers in|

packet r
packet ral
flag is set

reserved |
shall havg

pusly active. For the purpose of this subclause, the decoding process ofia video stream is active if
the P-STD model is not empty, or if a Presentation Unit is being presented in the P-STD model.

hte restriction_flag — The packet rate restriction flag is a 1<bit flag. If the CSPS flag is set

to value of '0', then the meaning of the packet rate restriction flag is undefined.

the value '111 1111".

stream_il — The stream_id is an 8-bit field that indicates' the coding and elementary stream number of the

which the]

If stream|
stream_id

If stream|
stream_id

If stream|
stream_id
value of t

If stream |
coding an|

If the strq
interprete

following P-STD_buffer bound scale and PsxSTD_buffer size bound fields refer.

id equals '1011 1000' the P-STD_buffer bound scale and P-STD buffer size bound fields foll
refer to all audio streams in the program stream.

|id equals '1011 1001' the P-STD_buffer bound scale and P-STD_buffer size bound fields foll
refer to all video streams in'the'program stream.

id equals '1111 1101'5\the P-STD_ buffer bound scale and P-STD_ buffer size bound fields foll
refer to all elementary~streams with an extended stream_id in the program stream, independent of
he stream_id_extension in the PES header of those streams.

d elementary.stream number according to Table 2-27.

am_jid takes on any other value it shall be a byte value greater than or equal to '1011 1100' an
1 a§ referring to the stream coding and elementary stream number according to Table 2-22.

te restriction_flag indicates which constraint is applicable tolthe packet rate, as specified in 2.7.9. If]

| bits — This 7-bit field is reserved for future use by ISQ/IEC. Until otherwise specified by ITU-T | |

bne of the

o '1', the
the CSPS

SO/IEC it

stream to

wing the

wing the

bwing the
the coded

id equals 'LORIN0111", the following stream id extension field shall be interpreted as referring to the stream

l shall be

Each eclementary stream present 1n the program stream shall have 1ts P-S1D_buiter bound scale and
P-STD_buffer size bound specified exactly once by this mechanism in each system header.

stream_id_extension — The stream_id_extension is a 7-bit field. In case the stream_id field is coded with the value
'1011 0111, then the stream id extension indicates the coding and elementary stream number of the stream with an
extended stream id to which the P-STD buffer bound scale and P-STD buffer size bound fields following the
stream_id_extension field refer.

P-STD_buffer_bound_scale — The P-STD_buffer bound scale is a 1-bit field that indicates the scaling factor used to
interpret the subsequent P-STD buffer size bound field. If the preceding stream id indicates an audio stream,
P-STD_buffer bound scale shall have the value '0'. If the preceding stream id indicates a video stream,
P-STD buffer bound scale shall have the wvalue 'lI'. For all other stream types, the value of the
P-STD buffer bound scale may be either '1' or '0'.
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P-STD_buffer_size bound — The P-STD_buffer size bound is a 13-bit unsigned integer defining a value greater than
or equal to the maximum P-STD input buffer size, BS;,, over all packets for stream n in the program stream. If
P-STD_buffer bound scale has the value '0', then P-STD_buffer size bound measures the buffer size bound in units of
128 bytes. If P-STD_buffer bound scale has the value 'l', then P-STD_buffer size bound measures the buffer size
bound in units of 1024 bytes. Thus:

else:

if (P—STD _buffer bound scale ==0)
BS, < P—STD _buffer _size _bound x128

BS, < P—STD buffer size_bound % 1024

2.5.3.7 [PacKketTayer of program stream
The packgt layer of the program stream is defined by the PES packet layer in 2.4.3.6.
254 |Program stream map
The Progfam Stream Map (PSM) provides a description of the elementary streams in the program stream|and their
relationshjip to one another. When carried in a transport stream this structure shall not be medified. The PSM(is present
as a PES packet when the stream_id value is 0xBC (refer to Table 2-22).
NOTE[- This syntax differs from the PES packet syntax described in 2.4.3.6.
Definitiorn for the descriptor() fields may be found in 2.6.
2.5.4.1 [Syntax of program stream map
See Tablg 2-41.
Table 2-41 — Program stream map
Syntax No. of bits Mngmonic
program [stream _map() {
phcket start code prefix 24 bslbf
ap_stream_id 8 ui1mnsbf
program_stream_map_length 16 uimsbf
clirrent_next_indicator 1 bs|bf
single extension_stream_flag 1 bs|bf
served 1 bs|bf
program_stream_map_version 5 uimsbf
served 7 bs|bf
arker_bit 1 bs|bf
program_stream_info Jlength 16 uimsbf
for (1=0;1 < N; i++) 4
descriptor()
}
elementary_stréam_map_length 16 uimsbf
for (i=0;1 &£NT; it++) {
stréam_type 8 uimsbf
elementary_stream_id 8 uimsbf
elementary_stream_info_length 16 Uimsbf
if (elementary stream id == OxFD &&
single extension stream flag == 0) {
pseudo_descriptor_tag 8 Uimsbf
pseudo_descriptor length 8 Uimsbf
marker_bit 1 Bslbf
elementary stream_id_extension 7 Uimsbf
for (1=3;1<N2; it++) {
descriptor()
}
else {
for (i=0; 1 <N2; i++) {
descriptor()
}
§
}
CRC_32 32 rpchof
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Syntax No. of bits Mnemonic

H

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
follows it constitutes a packet start code that identifies the beginning of a packet. The packet start code prefix is the bit
string '0000 0000 0000 0000 0000 0001' (0x000001 in hexadecimal).

map_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 the program_stream map immediately following this field. The maximum value of this field is 1018 (0x3FA).

single_extension_stream_flag — This is a 1-bit field indicating, when set to 'l', that the program stream contains at
most one FleTemary StreanT Wit Strear_1d-equat to OXE D-

current_hext_indicator — This is a 1-bit field, when set to '1' indicates that the program stream map sent i currently
applicabl¢. When the bit is set to '0', it indicates that the program stream map sent is not yet applicable and shall be the
next tablelto become valid.

program| stream_map_version — This 5-bit field is the version number of the whole program'stream map. The version
number shall be incremented by 1 modulo 32 whenever the definition of the program streaiw’map changes. [When the
current_npxt indicator is set to 'l', then the program_stream map_version shall be_that of the currently applicable
program g§tream map. When the current next indicator is set to '0', then the program 'stteam map_version shgll be that
of the next applicable program stream map.

program| stream_info_length — The program_stream_info_length is a 16-bit field indicating the total lenpth of the
descriptols immediately following this field.

marker

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

elementaly stream_map_length — This is a 16-bit field specifyingthe total length, in bytes, of all elementgry stream
informatipn in this program stream map. It includes the stream type, elementary stream|id, and
elementarly stream_info_length fields.

stream_type — This 8-bit field specifies the type of the stream according to Table 2-34. The stream_type field shall
only iden{ify elementary streams contained in PES packets. A value of 0x05 is prohibited.

elementafy_stream_id — The elementary streami,id is an 8-bit field indicating the value of the stream id fleld in the
PES packfet headers of PES packets in which this elementary stream is stored. When elementary _stream_id {s equal to
0xFD, thd following applies:

- If single extension_stream flag is equal to 1, this indicates that the program stream containg only one
elementary stream with’ stream_id equal to OxFD. Note that the type of this elementary |stream is
signalled by the_éncoded value of the stream id extension field in the PES headers of PES packets
carrying this eleémentary stream.

- Otherwise, (single extension_stream flag is equal to 0), the elementary stream id extension field is
present toridentify the elementay stream.

elementafy stream_jinfo_length — The elementary stream_info length is a 16-bit field indicating the length in bytes
of the fescriptors and, when present, the pseudo descriptor tag, the pseudo descriptor length, [ and the
elementary stream_id extension (and associated marker bit) data immediately following this field.

pseudo_descriptor_tag — 1 his IS an 8-bit unsigned integer that shall be coded with the vaiue 0x0T; note that the use of
value 0x01 for descriptor tags is forbidden in Table 2-45.

pseudo_descriptor_length — The pseudo_descriptor_length is an 8-bit unsigned integer that shall be coded with the
value 1.

elementary_stream_id_extension — This 7-bit field, when present, indicates the encoded value of the
elementary stream id extension field in the PES packet headers of PES packets in which this elementary stream is
stored.

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

The directory for an entire stream is made up of all the directory data carried by program stream directory packets
identified with the directory_stream_id. The syntax for program_stream_directory packets is defined in Table 2-42.

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

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

NOTE 2 — It is recommended that I-pictures immediately following a sequence header should be referenced in directory
structuressa that the directory contains an entry at every pninf where the decoder mav be reset anplpfplv

For AV( video streams conforming to one or more profiles defined in Annex A of Rec. ITUiT H.264 |
ISO/IEC ]4496-10, directory entries may be required to reference IDR picture or pictures associated 'with 4 recovery
point SEIl message in an AVC video stream. Each such directory entry shall refer to the first byte ‘'of’an AYC access
unit.

For vide¢ sub-bitstreams of AVC video streams conforming to one or more profiles{defined in Anpex G of
Rec. ITU{T H.264 | ISO/IEC 14496-10, directory entries may be required to reference IDR picture or pictylnes to be
re-assembjled from video sub-bitstreams and associated with a recovery point SEL message present i a video
sub-bitstream. Each such directory entry shall refer to the first byte of an SVC dependency representation.

For MV({ video sub-bitstreams of AVC video streams conforming to one ,of.more profiles defined in Agnex H of
Rec. ITU{T H.264 | ISO/IEC 14496-10, directory entries may be required ‘to-reference IDR picture or pictpres to be
re-assembled from MVC video sub-bitstreams and associated with a recovery point SEI message present irf an MVC
video subjbitstream. Each such directory entry shall refer to the first byte of an MVC view-component subset.

Directory|references to audio streams as defined in ISO/IEC 13818-3 and ISO/IEC 11172-3 shall be the sypcword of
the audio [frame.
NOTE]|3 — It is recommended that the distance between referencedaccess units not exceed half a second.

Access uits shall be referenced in a program_stream_ \directory packet in the same order that they app¢ar in the
bitstream

2.5.5.1 [Syntax of program stream directory packet

See Tabld 2-42.

Table 2-42 — Program stream directory packet

Syntax No. of bits Mngmonic
directory| PES packet(){
phcket_start code ‘prefix 24 bslpf
djrectory_stréam" id 8 i
S packet length 16
npmber «of, access_units 15
arker_bit 1
previ/directory_offset[44..30] 15
it 1
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 (1=0; i < number of access units; i++) {
packet_stream_id 8 uimsbf
PES_header_position_offset_sign 1 tcimsbf
PES_header_ position_offset[43..30] 14 uimsbf
marker_bit 1 bslbf
PES_header_position_offset[29..15] 15 uimsbf
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Syntax No. of bits Mnemonic
marker_bit 1 bslbf
PES_header_position_offset[14..0] 15 uimsbf
marker_bit 1 bslbf
reference offset 16 uimsbf
marker_bit 1 bslbf
if (packet stream_id == 0xFD) {

packet_stream_id_extension_msbs 3 uimsbf

}
else {

reserved 3 bslbf

}
PTS[32..30] 3 uimsbf
marker_bit 1 bslbf
PTS[29..15] 15 uimsbf
marker bit 1 bslbf
PTS[14..0] 15 uimsbf
marker_bit 1 bslbf
bytes to read[22..8] 15 uimsbf
marker_bit 1 bslpf
bytes to_read[7..0] 8 uinmpsbf
marker_bit 1 bslbf
intra_coded_indicator 1 bslpf
coding_parameters_indicator 2 bslbf
if (packet_stream_id == O0xFD) {

packet stream_id_extension_Isbs 4 uinmpsbf
else {

reserved 4 bslpf
}

§
}

2.5.5.2 [Semantic definition of fields in program stream directory

packet_start code prefix — The packet start code prefix is a}24-bit code. Together with the stream_id that follows, it
constitutef a packet start code that identifies the beginning of-a packet. The packet start code prefix is the| bit string
'0000 0000 0000 0000 0000 0001' (0x000001 in hexadecindal).

directory] stream_id — This 8-bit field shall have a value '1111 1111' (0xFF).

PES packet_length — The PES packet length\Ms a 16-bit field indicating the total number of bytgs in the
program_ptream_directory immediately following this field (refer to Table 2-21).

number_pf access units — This 15-bit ficld is the number of access units that are referenced in this Dire¢tory PES
packet.

prev_dir¢ctory_offset — This 45+bit'unsigned integer gives the byte address offset of the first byte of the packet start
code of te previous programystream directory packet. This address offset is relative to the first byte of the stdrt code of
the packef which contains thisprevious_directory offset field. The value '0' indicates that there is no previoup program
stream difectory packet,

next_dirdctory_offset.— This 45-bit unsigned integer gives the byte address offset of the first byte of the pjcket start
code of tle next program stream directory packet. This address offset is relative to the first byte of the start cpde of the
packet which (contains this next directory offset field. The value '0' indicates that there is no next progrgm stream
directory packet.

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

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

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

reference_offset — This 16-bit field is an unsigned integer indicating the position of the first byte of the referenced
access unit, measured in bytes relative to the first byte of the PES packet containing the first byte of the referenced
access unit.
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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 a Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream, this
field is undefined (see Table 2-43).

Table 2-43 — Intra_coded indicator

Value Meaning
'0' Not Intra
7 Intra

coding_pprameters_indicator — This 2-bit field is used to indicate the location of coding parameters that are[needed to
decode thie access units referenced (see Table 2-44). For example, this field can be used(te, determine the lpcation of
quantization matrices for video frames.

Table 2-44 — Coding_parameters indicator,

Value Meaning
'00' All coding parameters are set to theit,default values
'01' All coding parameters are set in.this access unit, at least one of them
is not set to a default
'10' Some coding parameterscare,set in this access unit
1 No coding parameters @re coded in this access unit

packet_sfream_id_extension_msbs — This 3-bit fi¢ld is present if packet stream id equals OxFD; its [coding is
specified pelow.

packet_stream_id_extension_Isbs — This 4-bityfield is present if packet stream_id equals 0xFD; its coding iy specified
below.

If packef stream id is equal to OxED, the packet stream id extension indicates the encoded value of the
stream_id| extension in the PES header of the PES packet(s) containing the access unit referenced by this| directory
entry. Th¢ value of the packet stréam id extension is specified by:

packet stream_id_extension = packet_stream_id_extension_msbs * 16 + packet stream_id_extensign_Isbs

2.6 rogram-and program element descriptors

Program gnd program element descriptors are structures which may be used to extend the definitions of programs and
program ¢lements. All descriptors have a format which begins with an 8-bit tag value. The tag value is folloyed by an
8-bit descliptor length and 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 the end of 2.6.
descriptor_tag — The descriptor_tag is an 8-bit field which identifies each descriptor.

Table 2-45 provides the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 defined, Rec. ITU-T H.222.0 | ISO/IEC 13818-1
reserved, and user available descriptor tag values. An 'X' in the TS or PS columns indicates the applicability of the
descriptor to either the transport stream or program stream respectively. Note that the meaning of fields in a descriptor
may depend on which stream it is used in. Each case is specified in the descriptor semantics below.

descriptor_length — The descriptor length is an 8-bit field specifying the number of bytes of the descriptor
immediately following descriptor length field.
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Table 2-45 — Program and program element descriptors

descriptor_tag TS PS Identification
0 n/a n/a | Reserved
1 n/a X | Forbidden
2 X X | video_stream_descriptor
3 X X | audio_stream_descriptor
4 X X | hierarchy_descriptor
5 X X | registration_descriptor
6 X X | data_stream_alignment_descriptor
7 X X | target background grid descriptor
8 X X | video_window_descriptor
9 X X CA_descriptor
10 X X | ISO_639_language descriptor
11 X X | system_clock_descriptor
12 X X | multiplex_buffer utilization descriptor
13 X X | copyright_descriptor
14 X maximum_bitrate_descriptor
15 X X | private data_indicator descriptor
16 X X | smoothing_buffer descriptor
17 X STD_descriptor
18 X X | IBP_descriptor
19..26 X Defined in ISO/IEC 138186
27 X X | MPEG-4_video_desctiptor
28 X X | MPEG-4_audio dgseriptor
29 X X | IOD_descriptot
30 X SL_descriptor
31 X X | FMC.descriptor
32 X X | extetnal ES ID_descriptor
33 X X |\MuxCode_descriptor
34 X Xy | FmxBufferSize descriptor
35 X multiplexBuffer descriptor
36 X X | content_labeling_descriptor
37 X X | metadata_pointer descriptor
38 X X | metadata_descriptor
39 X X | metadata_ STD_descriptor
40 X X | AVC video descriptor
41 X X | IPMP_descriptor (defined in ISO/IEC 13818-11, MPEG-2
IPMP)
42 X X | AVC timing and HRD descriptor
43 X X | MPEG-2_AAC_audio_descriptor
44 X X [ FlexMUuX Timing_descriptor
45 X X | MPEG-4_text descriptor
46 X X | MPEG-4_audio_extension_descriptor
47 X X | Auxiliary_video stream_descriptor
48 X X | SVC extension descriptor
49 X X | MVC extension descriptor
50 X n/a | J2K video descriptor
51 X X MVC operation point descriptor
52 X X | MPEG2_stereoscopic_video_format_descriptor
53 X X | Stereoscopic_program_info_descriptor
54 X X | Stereoscopic_video_info_descriptor
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descriptor_tag TS PS Identification
55 X n/a | Transport profile descriptor
56 X n/a | HEVC video descriptor
57 ..62 n/a n/a | Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Reserved
63 X X | Extension_descriptor
64 .. 255 n/a n/a | User Private

Video stream descriptor

The video stream descriptor provides basic information which identifies the coding parameters of a video elementary
stream as described in Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 (see Table 2-46).

2.6.3

multiple |
video strej

frame_rdte code — This is a 4-bit ficld as defined in 6.3.3 of Rec. ITU-T H.262 | ISO/IEC 13818-2, except

the multij
frame ratg

Table 2-46 — Video stream-descriptor
r

}

Syntax No. of bits | Mnemonic
video_stream_descriptor(){

descriptor_tag 8 uimsbf
descriptor_length 8 pimsbf
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

Semantic definitions of fields in video-stream descriptor

frame_rate_flag — This 1-bit field ‘when set to 'l' indicates that multiple frame rates may be pres
am. When set to a value of '0'.ofily a single frame rate is present.

Table 2-47 — Frame rate code

ent in the

that when

le frame rate flag is.set to a value of 'l' the indication of a particular frame rate also permits ceitain other
s to be present in th¢€ viideo stream, as specified in Table 2-47:

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

MPEG _1_only_flag — This is a 1-bit field which when set to 'l' indicates that the video stream contains only
ISO/IEC 11172-2 data. If set to '0' the video stream may contain both Rec. 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 'l1' 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
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constrained parameters and unconstrained ISO/IEC 11172-2 video streams. If the MPEG 1 only flag is set to '0', the
constrained parameter flag shall be set to '1".

still_picture_flag — This is a 1-bit field, which when set to '1' indicates that the video stream contains only still pictures.
If the bit is set to '0' then the video stream may contain either moving or still picture data.

profile_and level indication — This 8-bit field is coded in the same manner as the profile and level indication fields
in the Rec. ITU-T 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 be a Main Profile at Low Level stream
(MP @ LL).

chroma_format — This 2-bit field is coded in the same manner as the chroma_format fields in the Rec. ITU-T 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 [tT72=2"vidTo Strearnt 1S comnsdered 1o Tave CHToIma_tormmat fictd with the vatue 01 Tmdicating 472707

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

2.6.4 Audio stream descriptor

The audi¢ stream descriptor provides basic information which identifies the coding version of an audio elementary
stream as[described in ISO/IEC 13818-3 or ISO/IEC 11172-3 (see Table 2-48).

Table 2-48 — Audio stream descriptor

Syntax No. of bits Mnemonic
audio_stream_descriptor(){
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
free_format_flag 1 bslbf
ID 1 bslbf
layer 2 bslbf
variable_rate_audio_indicator 1 bslbf
reserved 3 bslbf
i
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 nfore audio
frames wjith the bitrate index set to '0000'. If set to '0', then the bitrate index is not '0000" (refer to P.4.2.3 of
ISO/IEC |3818-3) in any.auddio frame of the audio stream.

ID — Thig 1-bit field when set to '1' indicates that the ID field is set to '1' in each audio frame in the audio str¢gam (refer
to 2.4.2.31of ISOAEC 13818-3).

layer — This¢2-bit field is coded in the same manner as the layer field in the ISO/IEC 13818-3 or ISO/IEC 11172-3

1 Lot 40 A D0 2 LICAADA 12010 2N T 1 M= B Asaa tbac 11 L o111 1+ hick
audlo Stl\.cuuc U MTU 272 0 0T TouU/TE T TIJ0 10~ J ). THUTd y Ol Juuu,qtuu T TS TICTASTIATT OCU LU ar tO-OT Hrginrel than the

highest layer specified in any audio frame of the audio stream.

variable_rate audio_indicator — This 1-bit flag, when set to '0' indicates that the encoded value of the bit rate field
shall not change in consecutive audio 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
hierarchically-coded video, audio, and private streams. (See Table 2-49.)
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Table 2-49 — Hierarchy descriptor

Syntax No. of bits | Mnemonic

hierarchy_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
no_view_scalability flag 1 bslbf
no_temporal_scalability flag 1 bslbf
no_spatial_scalability flag 1 bslbf
no_quality_scalability _flag 1 bslbf
hierarchy_type 4 uimsbf
reserved 2 bslbf
hierarchy_layer_index 0 uimsbr
tref_present_flag 1 bslbf
reserved 1 bslbf
hierarchy_embedded_layer_index 6 uimsbf
reserved 2 bslbf
hierarchy_channel 6 uimsbf

}

2.6.7 Semantic definition of fields in hierarchy descriptor

no_view [scalability_flag — A 1-bit flag, which when set to '0' indicates that/the-associated program element enhances
the nunjber of views of the bit-stream resulting from the. program element referenced | by the
hierarchy| embedded layer index. The value of '1' for this flag is reserved:

no_temporal_scalability flag — A 1-bit flag, which when set to{'0!“indicates that the associated programh element
enhances| the frame rate of the bit-stream resulting from the program element referenced| by the
hierarchy| embedded layer index. The value of '1' for this flag is.reserved.

no_spatigl_scalability flag — A 1-bit flag, which whenw’set to '0' indicates that the associated program element
enhances | the spatial resolution of the bit-stream* resulting from the program element referenced by the
hierarchy| embedded layer index. The value of '1' fotithis flag is reserved.

no_qualify_scalability flag — A 1-bit flag, which when set to '0' indicates that the associated program element
enhances [the SNR quality or fidelity of ‘the' bit-stream resulting from the program eclement referencdd by the
hierarchy| embedded layer index. The valie-of '1' for this flag is reserved.

hierarchy_type — The hierarchical rélation between the associated hierarchy layer and its hierarchy embedd¢d layer is
defined i Table 2-50. If scalability, applies in more than one dimension, this field shall be set to the v3lue of '§'
("Combined Scalability"), and  the flags no_view_scalability flag, no_temporal scalalfility flag,
no_spatial scalability flag and no quality scalability flag shall be set accordingly. For MVC video sub-Hitstreams,
this field| shall be set to ‘the value of '9" ("MVC video sub-bitstream") and the flags no view scalaljility flag,
no_tempdral scalability:flag, no spatial scalability flag and no quality scalability flag shall be set to 'l". For MVC
base viey sub-bitsttéams, this field shall be set to the value of 'l5' and the flags no view scalability flag,
no tempdral scalability flag, no spatial scalability flag and no_quality scalability flag shall be set to 'l'. For MVCD
video sub-bitstreams, this field shall be set to the value of '9' ("MVCD video sub-bitstream") and |the flags
no_view [sealability flag, no_temporal scalability flag, no_spatial scalability flag and no_ quality scalability flag
shall be setto—t—For MVEDbasc—view sub-bitstreams;this—fretd—shatt-be—settothe—vatueof 15 —amd' the flags
no_view_scalability flag, no temporal scalability flag, no spatial scalability flag and no quality scalability flag
shall be set to '1".

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. For
video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex G of
Rec. ITU-T H.264 | ISO/IEC 14496-10, this is the program element index, which is assigned in a way that the bitstream
order will be correct if associated SVC dependency representations of the video sub-bitstreams of the same access unit
are re-assembled in increasing order of hierarchy layer index. For MVC video sub-bitstreams of AVC video streams
conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, this is the program
element index, which is assigned in a way that the bitstream order will be correct if associated MVC view-component
subsets of the MVC video sub-bitstreams of the same access unit are re-assembled in increasing order of
hierarchy layer index. For MVCD video sub-bitstreams of AVC video streams conforming to one or more profiles
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defined in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10, this is the program element index, which is assigned in a
way that the bitstream order will be correct if associated MVCD view-component subsets of the MVCD video sub-
bitstreams of the same access unit are re-assembled in increasing order of hierarchy layer index.

tref_present_flag — A 1-bit flag, which when set to '0' indicates that the TREF field may be present in the PES packet
headers in the associated elementary stream. The value of '1' for this flag is reserved.

hierarchy_embedded_layer_index — The hierarchy embedded layer index is a 6-bit field that defines the
hierarchy layer index of the program element that needs to be accessed and be present in decoding order before
decoding of the elementary stream associated with this hierarchy descriptor. This field is undefined if the
hierarchy_type value is 15.

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.

Table 2-50 — Hierarchy_type field values

Value Description
0 Reserved
1 Spatial Scalability
2 SNR Scalability
3 Temporal Scalability
4 Data partitioning
5 Extension bitstream
6 Private Stream
7 Multi-view Profile
8 Combined Scalability or MV-HEVC sub-partition.
9 MVC video sub-bitstream or MVCD video sub-bitsfream
10 Auxiliary picture layer as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.
11..14 Reserved
15 Base layer or MVC base view sub-bitstream or AVC video sub-bitstream of MVC or HEVC temporal viddo
sub-bitstream or HEVC base sub-partition or Base layer of MVCD base view sub-bitstream or AVC video
sub-bitstream of MVCD.

2.6.8 |Registration descriptor

The regigtration_descriptor provides~a method to uniquely and unambiguously identify formats of private data
(see Tablg 2-51).

Table 2-51 — Registration descriptor

Syntax No. of bits | Identifier
tegistration_descriptor() {
descriptor_tag 8 uimsbf
deseripter—ie 8 wimshf
format_identifier 32 uimsbf
for (1= 0; i <N;i++){
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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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 'l' and the descriptor is present, alignment — as
specified in this descriptor — is required (see Table 2-52).

Table 2-52 — Data stream alignment descriptor

Syntax

No. of bits | Mnemonic

data_stream_alignment descriptor() {
descriptor_tag
descriptor_length
alignment_type

8 uimsbf
8 uimsbf
uimsbf

}

2.6.11 [Semantics of fields in data stream alignment descriptor

alignmenft type — Table 2-53 describes the alignment type for ISO/IEC 11172-2 video, Rec. ITU-T H.262 |
ISO/IEC |3818-2 video, or ISO/IEC 14496-2 visual streams when the data alignment indieater in the PES packet
header hap a value of '1". For these video streams, the first PES packet data byte following the PES header shall be the
first byte fof a start code of the type indicated in Table 2-53. At the beginning of a videosequence, the alignment shall
occur at the start code of the first sequence header.

NOTE}- Specifying alignment type '1' from Table 2-53 does not preclude the alignment froni beginning at a GOP or SEQ header.

The definftion of an access unit is given in 2.1.1.

Table 2-53 — Video stream alignient values

Alignment type Description
0 Reserved
1 Slice, or video access. tnit
2 Video access unit
3 GOP, or SEQ
4 SEQ
5..255 Reserved

Table 2-p4 describes the alignmenttype for Rec. ITU-T H.264
data aliggment indicator in the PES packet header has a value of '1".

In this cage:

| ISO/IEC 14496-10 video yhen the

*  For AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU{T H.264 |
ISO/TEC.14496-10, the first PES packet data byte following the PES header shall be the first pyte of an
AVC dgeess unit or the first byte of an AVC slice, as signalled by the alignment_type value.

*  Forwideo sub-bitstreams of AVC video streams conforming to one or more profiles defined inl Annex G
ofyRec. ITU-T H.264 | ISO/IEC 14496-10, the first PES packet data byte following the PES header
shall be the first byte of an SVC dependency representation or the first byte of an SVC slice, aq signalled

1 1 1. 1
Uy thcatrgmet_type vaiuc.

*  For MVC video sub-bitstreams of AVC video streams conforming to one or more profiles defined in
Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, the first PES packet data byte following the PES
header shall be the first byte of an MVC view-component subset or the first byte of an MVC slice, as
signalled by the alignment_type value.

*  For MVCD video sub-bitstreams of AVC video streams conforming to one or more profiles defined in
Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10, the first PES packet data byte following the PES
header shall be the first byte of an MVCD view-component subset, the first byte of an MVC slice or the
first byte of MVCD slice, as signalled by the alignment_type value.
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Table 2-54 — AVC video stream alignment values

Alignment type Description

0 Reserved
1 AVC slice or AVC access unit
2 AVC access unit
3 SVC slice or SVC dependency representation
4 SVC dependency representation
5 MVC slice or MVC view-component subset
6 MVC view-component subset
7 MVCD slice or MVCD view-component subset
8 MVCD view-component subset

9..255 Reserved

Table 2-5 describes the alignment type for HEVC when the data alignment _indicator in the PES packeét hepder has a
value of ']'.

Table 2-55 - HEVC video stream alignment values

Alignment type Description
0 Reserved
1 HEVC access unit
2 HEVC slice
3 HEVC access unit or slice
4 HEVC tile of slices
5 HEVC access unit or tile 6f’slices
6 HEVC slice or tile of shices
7 HEVC access unitr slice or tile of slices
8 HEVC slice segment
9 HEVC slice-ségment or access unit
10 HEVC.slice segment or slice
11 HEMC slice segment or access unit or slice
12 HEVC slice segment or tile of slices
13 HEVC slice segment or access unit or tile of slices
14 HEVC slice segment or slice or tile of slices
15 HEVC slice segment or access unit or slice or tile of slices
167 255 Reserved

Table 2-5p describes the audio alignment type when the data alignment_indicator in the PES packet header has a value
of '1". In this case thiefirst PES packet data byte following the PES header is the first byte of an audio sync word.

Table 2-56 — Audio stream alignment values

Alignment type Description
0 Reserved
1 Sync word
2..255 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

2.6.13 [Semantics of fields in target background grid descriptor
horizontgl_size — The horizontal size of the target background grid in pixels.

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

aspect_rgtio_information — Specifies the sample aspect ratio or display aspect ratio of the“target backgr

Aspect rgtio_information is defined in Rec. ITU-T H.262 | ISO/IEC 13818-2 (see Table 2-5%).

Table 2-57 — Target background grid descripter

Syntax No..of bits | Mnemonic
target background grid descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
horizontal_size 14 uimsbf
vertical_size 14 uimsbf
aspect_ratio_information 4 uimsbf
}

2.6.14 |Video window descriptor

The videq window descriptor (see Table 2-58)is used to describe the window characteristics of the associs
elementary stream. Its values reference‘the target background grid descriptor for the same stream.

target ba¢kground grid descriptor in-2:6:12.

Table 2-58 — Video window descriptor

und grid.

ted video
Also see

Syntax No. of bits | Mnemonic
video_window_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
horizontal_offset 14 uimsbf
vertical_ofiset 14 uimsbi
window_priority 4 uimsbf
}

2.6.15  Semantic definition of fields in video window descriptor

horizontal offset — The value indicates the horizontal position of the top left pixel of the current video display window
or display 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
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target_background grid descriptor. The top left pixel of the video window shall be one of the pixels of the target
background grid (refer to Figure 2-3).

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

2.6.16 Conditional access descriptor

The conditional access descriptor is used to specify both system-wide conditional access management information such
as EMMs and elementary stream-specific information such as ECMs. It may be used in both the
TS program_map_section (refer to 2.4.4.8) and the program_stream_map (refer to 2.5.3). If any elementary stream is
scrambled, a CA descriptor shall be present for the program containing that elementary stream. If any system-wide
conditional access management information exists within a transport stream, a CA descriptor shall be present in the
conditional access table.

When tha-CA—deseriptor—isfound—inthe—FS—prosram—map—seetion{(table—id—0x02)—the-CA—PHDpeints+o packets
containing program related access control information, such as ECMs. Its presence as program informatioy indicates

applicabillity to the entire program. In the same case, its presence as extended ES information indicates appligability to
the associpted program element. Provision is also made for private data.

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

The contents of the transport stream packets containing conditional access information are privately defined
(see Tabl¢ 2-59).

Table 2-59 — Conditional access descriptor

Syntax No. of bits | Mnemonic
CA_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
CA_system_ID 16 uimsbf
reserved 3 bslbf
CA_PID 13 uimsbf
for (i=0; i <N;it++) {
private_data_byte 8 uimsbf
5
}

2.6.17 [Semantic definition of'fields in conditional access descriptor

CA _systgm_ID — This is a-16-bit field indicating the type of CA system applicable for either the associgted ECM
and/or ENIM streams. The ceding of this is privately defined and is not specified by ITU-T | ISO/IEC.

CA_PID |- This is a<l3-bit field indicating the PID of the transport stream packets which shall contain eithgr ECM or
EMM infprmation for the CA systems as specified with the associated CA_system_ID. The contents (ECM orfEMM) of
the packgts indicated by the CA PID is determined from the context in which the CA PID is found, ie., a
TS progrpm’map section or the CA table in the transport stream, or the stream_id field in the program strean{.

In transporT streams, the presence ol PID UXU3 indicates that there is IPMP as described in ISO/IEC 13813-11 used by
components in the transport stream. In program streams, the presence of stream ID_extension value 0x00 indicates that
IPMP as described in ISO/IEC 13818-11 is used by components in the program stream. Within a given
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, components could use both IPMP as described in ISO/IEC 13818-11 as
well as CA as defined in ISO/IEC 13818-1:2006. Compatibility between the two schemes is described in
ISO/IEC 13818-11.
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2.6.18 ISO 639 language descriptor

The language descriptor is used to specify the language of the associated program element (see Table 2-60).

Table 2-60 — ISO 639 language descriptor

Syntax No. of bits Mnemonic

ISO_639 language descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for (i=0;1<N;it++) {
ISO_639 language code 24 bslbf
audio_type 8 bslbf
}

}

2.6.19 [Semantic definition of fields in ISO 639 language descriptor

ISO_639]|language code — Identifies the language or languages used by the associated ‘program elerhent. The
ISO_639 [language code contains a 3-character code as specified by ISO 639, Part 2. Each'character is coded finto 8 bits
according to ISO 8859-1 and inserted in order into this 24-bit field. In the case of multilingual audio stfeams the
sequence pf ISO_639 language code fields shall reflect the content of the audio streams-

audio_type — The audio_type is an 8-bit field which specifies the type of stream’defined in Table 2-61.

Table 2-61 — Audio type values

Value Description
0x00 Undefined
0x01 Clean effects”
0x02 Hearing impaired®
0x03 Visual impairéd commentary®
0x04 .. 0x7F User Private
0x80 .. OxFF Reserved
*  Clean effects: This value indicates that the referenced program element has no
language.
b Hearing impaiteds ‘This value indicates that the referenced program element is
prepared for the hearing impaired.
¢ Visual _impaired commentary: This value indicates that the referenced program
elemefit is'prepared for the visually impaired viewer.

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

If an extefnal ¢lock reference was used, the external clock reference indicator may be set to '1'. The decoder pptionally
may use the‘same external reference if it is available.

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

clock_accuracy_integer x 1 lock-aceuracy_eponent ), ,, (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 2-62).
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Table 2-62 — System clock descriptor

Syntax No. of bits | Mnemonic
system_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
}

2.6.21 [Semantic definition of fields in system clock descriptor

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

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

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

2.6.22 |[Multiplex buffer utilization descriptor

The multjplex buffer utilization descriptor provides bounds on the occupancy of the STD multiplex buffer. This
informatipn is intended for devices such as remultiplexers, which 5may’ use this information to support |a desired
re-multiplexing strategy (see Table 2-63).

Table 2-63 — Multiplex buffer utilization descriptor

Syntax No. of bits | Mnemonic

Multiplex_buffer utilization descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
bound_valid_flag 1 bslbf
LTW_offset-lower_bound 15 uimsbf
reserved 1 bslbf
LTW Soffset_upper_bound 15 uimsbf

}

2.6.23 [Semantic definition of fields in multiplex buffer utilization descriptor

bound_valid_flag'=/A value of 'l' indicates that the LTW offset lower bound and the LTW offset upper bound
fields are |valid

LTW_offset: ower_bound — This 15-bit field is defined only if the bound_valid flag has a value of '1'. Wheh defined,
this field has the units of (27 MHz/300) clock periods, as defined for the LTW offset (refer to 2.4.3.4). The
LTW_ offset lower bound represents the lowest value that any LTW_offset field would have, if that field were coded in
every packet of the stream or streams referenced by this descriptor. Actual LTW_offset fields may or may not be coded
in the bitstream when the multiplex buffer utilization descriptor is present. This bound is valid until the next occurrence
of this descriptor.

LTW_offset_upper_bound — This 15-bit field is defined only if the bound valid has a value of 'l'. 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.
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Copyright descriptor
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The copyright descriptor provides a method to enable audiovisual works identification. This copyright descriptor

applies to programs or program elements within programs (see Table 2-64).

Table 2-64 — Copyright descriptor

2.6.25
copyrigh

additiongl_copyright_info — The meaning of additional copyright info bytes, if any, jare defined by the a

that copyt

2.6.26
See Table

2.6.27

maximur
upper bot
The valug
the Progi]
program.

}

Syntax No. of bits | Identifier
copyright_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
copyright_identifier 32 uimsbf
for (i=0; i <N; i++){
additional_copyright_info 8 bslbf

Semantic definition of fields in copyright descriptor

ight identifier, and once defined, they shall not change.

Maximum bitrate descriptor

2-65.

Table 2-65 — Maximum bitraté descriptor

_identifier — This field is a 32-bit value obtained from the Registration Authority.

}

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

Semantic definition ofifields in maximum bitrate descriptor

ksignee of

2.6.28

rivate data indicator descriptor

h_bitrate — The maximum bitrate is coded as a 22-bit positive integer in this field. The value inflicates an
nd of the bitrate, \in¢luding transport overhead, that will be encountered in this program element o1 program.
of maximumebitrate is expressed in units of 50 bytes/second. The maximum_bitrate descriptor is ificluded in
hm Map Table (PMT). Its presence as extended program information indicates applicability to [the entire
[ts presenice’as ES information indicates applicability to the associated program element.

See Table 2-00.

Table 2-66 — Private data indicator descriptor

© ISO/IEC 2018 - All rights reserved

Syntax No. of bits | Identifier
private_data_indicator descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
private_data_indicator 32 uimsbf
}
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2.6.29 Semantic definition of fields in Private data indicator descriptor

private_data_indicator — The value of the private data indicator is private and shall not be defined by
ITU-T | ISO/IEC.

2.6.30 Smoothing buffer descriptor

This descriptor is optional and conveys information about the size of a smoothing buffer, SB,, associated with this
descriptor, and the associated leak rate out of that buffer, for the program element(s) that it refers to.

In the case of transport streams, bytes of transport stream packets of the associated program element(s) present in the
transport stream are input to a buffer SB,, of size given by sb_size, at the time defined by equation 2-4.

In the case of program streams, bytes of all PES packets of the associated elementary streams, are input to a buffer SB,
of size given by sb_size, at the time defined by equation 2-21.

When th [T ib dde PICSCIIL iIl lhib 'qufCI, bylcb dItT IC[IIUVCd flUIll Lhib ‘qufcl dl a IdlC dCﬁIlCd by bb_‘lcdk__rate. The
buffer, SB,, shall never overflow. During the continuous existence of a program, the value of the elements of the
Smoothinlg Buffer descriptor of the different program element(s) in the program, shall not change.

The mearfing of the smoothing buffer descriptor is only defined when it is included in the PMT or'the progrgm stream
Map.

If, in the ¢ase of a transport stream, it is present in the ES info in the Program Map Table, all-fransport stream packets of
the PID of that program element enter the smoothing buffer.

If, in the ¢ase of a transport stream, it is present in the program information, the follewing transport stream padkets enter
the smoothing buffer:

* all transport stream packets of all PIDs listed as elementary \PIDs in the extended program information
as well as;

*  all transport stream packets of the PID which is equal to.the PMT PID of this section;
* all transport stream packets of the PCR_PID of therogram.

All bytes fhat enter the associated buffer also exit it.

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

Table 2-67= Smoothing buffer descriptor

Syntax No. of bits | Mnemonic

smoothing_buffer déscriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
réserved 2 bslbf
sb’_leak rate 22 uimsbf
reserved 2 bslbf
sb_size 22 uimsbf

}

2.6.31 emantic definition of fields in smoothing buifer 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 2-67).

2.6.32  STD descriptor

This descriptor is optional and applies only to the T-STD model and to Rec. ITU-T H.262 | ISO/IEC 13818-2 video
elementary streams, and is used as specified in 2.4.2. This descriptor does not apply to program streams
(see Table 2-68).
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2.6.33

ISO/IEC 13818-1:2
Table 2-68 — STD descriptor

Syntax No. of bits | Mnemonic
STD_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 7 bslbf
leak_valid_flag 1 bslbf
}

Semantic definition of fields in STD descriptor

018 (E)

leak valid flag — The leak valid ﬂag is a 1-bit ﬂag When set to '1' the transfer of data from the buffer MB, to the

buffer ER

buffer M

2.6.34

This opti
ISO/IEC

2.6.35

closed_g¢

identical |
I-frames,
sequence,

max_gop
consecuti

2.6.36

For indiv

g 6, and the
vbv_delay fields present in the assoc1ated V1deo stream do not have the value OxFFFF the transfer of datq from the
B, to the buffer EB, uses the vbv_delay method as defined in 2.4.2.4.
IBP descriptor
pnal descriptor provides information about some characteristics of the sequence™of frame types in an
1172-2, Rec. ITU-T H.262 | ISO/IEC 13818-2, or ISO/IEC 14496-2 video stream (see Table 2-69).
Table 2-69 — IBP descriptor
Syntax Ne:-of bits | Mnemonic
ibp_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
closed_gop_flag 1 uimsbf
identical_gop_flag 1 uimsbf
max_gop-length 14 uimsbf
}
Semantic definition of fields in IBP deéseriptor
p_flag — This 1-bit flag when set'to '1' indicates that a group of pictures header is encoded before every
I-frame afd that the closed gop flag is setto '1" in all group of pictures headers in the video sequence.
| gop_flag — This 1-bit flagewhen set to 'l' indicates that the number of P-frames and B-frames between
and the picture codingtypes and sequence of picture types between I-pictures is the same throdghout the
except possibly forthepictures up to the second I-picture.
| length — This (1 4-bit unsigned integer indicates the maximum number of the coded pictures between any two
e [-pictures.inithe sequence. The value of '0' is forbidden.
MPEG-4\video descriptor
dual\ISO/IEC 14496-2 streams directly carried in PES packets, as defined in 2.11.2, the MPEG-4 video
(see Table 2-70) provides basic information for identifying the coding parameters of such visual efementary

descriptot

streams. The MPEG-4 video descriptor does not apply to ISO/IEC 14496-2 streams encapsulated in SL-packets and in

FlexMux

© ISO/IEC 2018 - All rights reserved

packets, as defined in 2.11.3.
Table 2-70 — MPEG-4 video descriptor
Syntax No. of bits | Mnemonic
MPEG-4 video_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MPEG-4_visual_profile_and_level 8 uimsbf
}

Rec. ITU-T H.222.0 (03/2017)

87


https://iecnorm.com/api/?name=7fed09a7fa50418acf1573ba10f7ae8a

ISO/IEC 13818-1:2018 (E)

2.6.37 Semantic definition of fields in MPEG-4 video descriptor

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

2.6.38 MPEG-4 audio descriptor

For individual ISO/IEC 14496-3 streams directly carried in PES packets, as defined in 2.11.2, the MPEG-4 audio
descriptor (see Table 2-71) provides basic information for identifying the coding parameters of such audio elementary
streams. The MPEG-4 audio descriptor does not apply to ISO/IEC 14496-3 streams encapsulated in SL-packets and in
FlexMux packets, as defined in 2.11.3.

Table 2-71 — MPEG-4 audio descriptor

Syntax No. of bits | Mnemonic
MPEG-4 audio_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimSbhf
MPEG-4_audio_profile_and_level 8 aimsbf
}

2.6.39 [|Semantic definition of fields in MPEG-4 audio descriptor

MPEG-4| audio_profile_and_level — This 8-bit field identifies the profile and level of the ISO/IEC 14496-3 audio
stream cdrresponding to Table 2-72. If encoded with the value 0xOF, then\it.is signalled that no profile arld level is
defined fgr the associated MPEG-4 audio stream. The encoded value OxEF\indicates that the audio profile and level is
not specified by the MPEG-4_audio_profile_and_level field; in that edse, in addition to the MPEG-4 audio dlescriptor,
an MPE(}-4 audio extension descriptor shall be associated with the §ame MPEG-4 audio stream. In all other dases, next
to an MPEG-4 audio descriptor, also an MPEG-4 audio extension‘descriptor may be associated with the samd MPEG-4
audio strepm.

Table 2-72 - MPEG-4_audio*profile_and_level assignment values

Value Description
0x00 .. 0x0E Reserved
0xOF No audie-profile and level defined for the associated MPEG-4 audio stream
0x10 Main'profile, level 1
0x11 Main profile, level 2
0x12 Main profile, level 3
0x13 Main profile, level 4
0x14 .. 0x17 Reserved
0xd 8 Scalable Profile, level 1
0x19 Scalable Profile, level 2
0x1A Scalable Profile, level 3
0x1B Scalable Profile, level 4
0xIC .. OxIF 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
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Value Description
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
Ox3A Lous An]n} audia prnﬁl.:, lesel 3
0x3B Low delay audio profile, level 4
0x3C Low delay audio profile, level 5
0x3D Low delay audio profile, level 6
0x3E Low delay audio profile, 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, leve) 1
0x49 Mobile audio internetworking profile, level 2
0x4A Mobile audio internetworking profile, level 3
0x4B Mobile audio internetworking.profile, level 4
0x4C Mobile audio internetworking profile, level 5
0x4D Mobile audio internetworking profile, level 6
0x4E .. 0x4F Reserved
0x50 AAC profile, level 1
0x51 AAC profiley level 2
0x52 AAC piefile, level 4
0x53 AACprofile, level 5
0x54 AKC profile, level 6
0x55 AAC profile, level 7
0x56 .. 0x57 Reserved
0x58 High efficiency AAC profile, level 2
0x59 High efficiency AAC profile, level 3
0x5A High efficiency AAC profile, level 4
0x5B High efficiency AAC profile, level 5
0x5C High efficiency AAC profile, level 6
0x5D High efficiency AAT proiile, level /
0x5E .. 0x5F Reserved
0x60 High efficiency AAC v2 profile, level 2
0x61 High efficiency AAC v2 profile, level 3
0x62 High efficiency AAC v2 profile, level 4
0x63 High efficiency AAC v2 profile, level 5
0x64 High efficiency AAC v2 profile, level 6
0x65 High efficiency AAC v2 profile, level 7
0x66 .. 0x67 Reserved
0x68 Extended HE AAC Profile, level 1
0x69 Extended HE AAC Profile, level 2
0x6A Extended HE AAC Profile, level 3
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Value Description
0x6B Extended HE AAC Profile, level 4
0x6C Extended HE AAC Profile, level 6
0x6D Extended HE AAC Profile, level 7
0x6E .. 0x6F Reserved
0x70 Baseline USAC Profile, level 1
0x71 Baseline USAC Profile, level 2
0x72 Baseline USAC Profile, level 3
0x73 Baseline USAC Profile, level 4
0x74 .. 0x7F Reserved
0x80 Low Delay AAC Profile, level 1
Ox 81 — OxR7 Reser od
0x88 Low Delay AAC v2 Profile, level 1
0x89 Low Delay AAC v2 Profile, level 2
0x8A Low Delay AAC v2 Profile, level 3
0x8B Low Delay AAC v2 Profile, level 4
0x8C .. 0x8F Reserved
0x90 High Definition AAC Profile, level 1
0x91 .. 0x97 Reserved
0x98 ALS Simple Profile, level 1
0x99 .. OxFE Reserved
OxFF Audio profile and level not specified by the MPEG-4_audio_profile and level
field in this descriptor

2.6.40 [IOD descriptor

The 10D|descriptor (see Table 2-73) encapsulates the InitialObjectDescriptor structure. An initial object descriptor
allows adcess to a set of ISO/IEC 14496 streams by identifying the ES ID values of the ISO/IEC 14496-1 scene
description and object descriptor streams. Both the scene(description stream and the object descriptor streamn contain
further information about the ISO/IEC 14496 streams that are part of the scene. See Annex R for a description of the
content adgcess procedure. The InitialObjectDescriptoris specified in 8.6.3 of ISO/IEC 14496-1.

Within a|transport stream, the IOD descriptor shall be conveyed in the descriptor loop immediately follpwing the
program_|nfo length field in the Program Map-Table. If a program stream map is present in a program streanj, the [OD
descriptoq shall be conveyed in the descriptor loop immediately following the program_stream_info length fleld in the
program gtream map. More than one [OD-descriptor may be associated with a program.

NOTE]|- This Specification does not specify how the IOD_label may be used by higher level service information fo uniquely
select gne of the ISO/IEC 14496 presentations identified by multiple IOD descriptors.

Table 2-73 — 10D descriptor

Syntax No. of bits | Mnemonic
10D _descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
Scope_of 10D _label 8 uimsbf
I0D_label 8 uimsbf
InitialObjectDescriptor ()
}

2.6.41 Semantic definition of fields in IOD descriptor

Scope_of 10D label — This 8-bit field specifies the scope of the IOD label field. A value of 0x10 indicates that the
IOD_label is unique within the program stream or within the specific program in a transport stream in which the
IOD descriptor is carried. A value of 0x11 indicates that the IOD_label is unique within the transport stream in which
the IOD descriptor 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.
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InitialObjectDescriptor () — This structure is defined in 8.6.3.1 of ISO/IEC 14496-1.

The SL descriptor (see Table 2-74) shall be used when a single ISO/IEC 14496-1 SL-packetized stream is encapsulated
in PES packets. The SL descriptor associates the ES_ID of this SL-packetized stream to an elementary PID in case of a
transport stream or to an elementary stream id in case of a program stream. Within a transport stream, the SL
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 SL
descriptor shall be conveyed in the descriptor loop immediately following the elementary stream info length field

within the Program Stream Map.

NOTE - SL packetized streams may be used in a program stream. However, only one stream_id exists for ISO/IEC 14496-1
SL-packetized streams. In order to associate multiple such streams within a program stream to an ISO/IEC 14496-1 scene,
FlexMux has to be used and signalled appropriately by an FMC descriptor. This limitation does not exist in a transport stream

where the SL descriptor provides unambiguous mapping between an ISO/IEC 14496-1 ES 1D value and a Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 elementary PID value.
Table 2-74 — SL descriptor
Syntax No. of bits | Mnemonic
SL_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
ES_ID 16 uimsbf
!
2.6.43 [Semantic definition of 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 FM( descriptor (see Table 2-75) indicates that the ISO/IEC 14496-1 FlexMux tool has been used to |multiplex
ISO/IEC | 14496-1 SL-packetized streams into a FElexMux stream before encapsulation in PES packets or
ISO//TEC]4496_sections. The FMC descriptor associates FlexMux channels to the ES_ID values of the SL-packetized
streams i1} the FlexMux stream.
An FMC [descriptor is required for each program element referenced by an elementary PID value in a transpprt stream
and for eqch elementary stream_id in a pregram stream that conveys a FlexMux stream. Within a transport sfream, 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 Hescriptor shall be conveyed in the descriptor loop immediately following the elementary stream_info length
field in the program stream Map.
For each BL_packetized stream in a FlexMux stream, the FlexMux channel shall be identified by a single entry in the
FMC des¢riptor.
Table 2-75 — 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
}
!
2.6.45 Semantic definition of fields in FMC descriptor

ES_ID - This 16-bit field specifies the identifier of an ISO/IEC 14496-1 SL-packetized stream.
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FlexMuxChannel — This 8-bit field specifies the number of the FlexMux channel used for this SL-packetized stream.

2.6.46

External ES_ID descriptor

The External ES ID descriptor (see Table 2-76) assigns an ES ID, as defined in ISO/IEC 14496-1, to a program
element to which no ES_ID value has been assigned by other means. This ES_ID allows reference to a non-ISO/IEC
14496 component in the scene description or, for example, to associate a non-ISO/IEC 14496 component with an IPMP

stream.

Within a transport stream, the assignment of an ES_ID shall be made by conveying an External ES ID descriptor 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 External ES ID descriptor shall be
conveyed in the descriptor loop immediately following the elementary stream info length field in the Program Stream

Map.
Table 2-76 — External_ES_ID descriptor
Syntax No. of bits | Mnemonic
External ES ID_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
External ES_ID 16 uimsbf
}
2.6.47 |Semantic definition of fields in External ES_ID descriptor
External| ES_ID — This 16-bit field assigns an ES_ID identifier, as definéd in ISO/IEC 14496-1, to a comppnent of a
program.
2.6.48 |Muxcode descriptor
The Muxgode descriptor (see Table 2-77) conveys MuxCodeTableEntry structures as defined in 11.2.4.3 of ISO/IEC
14496-1. MuxCodeTableEntries configure the MuxCode mode of FlexMux.
One or mpre Muxcode descriptors may be associated with each elementary PID or elementary stream _id, regpectively,
conveying an ISO/IEC 14496-1 FlexMux streamcthat utilizes the MuxCode mode. Within a transport sfream, the
Muzxcode|descriptor shall be conveyed for the -Corresponding elementary stream in the descriptor loop immediately
following{the ES info length field in the Progtam Map Table. If a Program Stream Map is present in a program stream,
the Mukcode descriptor shall besfconveyed in the descriptor loop immediately following the
elementary stream_info_length field in-the’Program Stream Map.
MuxCodgTableEntries may be updated with new versions. In case of such updates, the version number of each
Program Map Table or the pregram stream map_version of each Program Stream Map, respectively, cafrying the
MuxCodd descriptor in their.descriptor loop shall be incremented by 1 modulo 32.
Table 2-77 — Muxcode descriptor
Syntax No. of bits | Mnemonic
Muxcode_descriptor () {
deseriptor—tag 8 winsbf
descriptor_length 8 uimsbf
for (i=0; i <Nj;it++) {
MuxCodeTableEntry ()
}
}
2.6.49 Semantic definition of fields in Muxcode descriptor

MuxCodeTableEntry () — This structure is defined in 11.2.4.3 of ISO/IEC 14496-1.
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FmxBufferSize descriptor

The FmxBufferSize descriptor (see Table 2-78) conveys the size of the FlexMux buffer (FB) for each SL packetized
stream multiplexed in a FlexMux stream.

One FmxBufferSize descriptor shall be associated with each elementary 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 the Program Map Table. If a Program Stream Map is present in a program stream, the FmxBufferSize descriptor
shall be conveyed in the descriptor loop immediately following the elementary stream info length field within the
Program Stream Map.
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FmxBufferSize descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8
DefaultFlexMuxBufferDescriptor()
for (i=0; i<descriptor_length; i +=4) {
FlexMuxBufferDescriptor()

uimsbf’

}

Semantic definition of fields in FmxBufferSize descriptor

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

BufferDescriptor() — This descriptor specifies the FlexMux buffer size for one SL-packetized stre3
FlexMux stream. It is defined in 11.2 of ISO/IEC 14496-1.

MultiplexBuffer descriptor

plexBuffer descriptor (see Table 2-79) convieys the size of the multiplex buffer MB,,, as well as thq
ich data is transferred from transport buffer TB, into buffer MB,, for a specific Rec. ITU-T H.222.0
rogram element referenced by an elementary PID value in the Program Map Table.

FlexMux

m carried

leak rate
| ISO/IEC

One MultiplexBuffer descriptor shall be‘associated with each elementary PID that contains an ISO/IEC 14496

FlexMux

stream or SL-packetized stream, including those containing ISO _IEC 14496 sections. See 2.11.3

.9 for the

fo length

definition|of buffers and rates in the. T=STD model for decoding of ISO/IEC 14496 content.
The MultjplexBuffer descripter shall be conveyed in the descriptor loop immediately following the ES i
field in the Program Map Table-
Table 2-79 — MultiplexBuffer descriptor
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
}
2.6.53 Semantic definition of fields in MultiplexBuffer descriptor

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

TB_leak_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 stream n that is associated with this descriptor.
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2.6.54 FlexMuxTiming descriptor
See Table 2-80.

Table 2-80 — FlexMuxTiming descriptor

Syntax No. of bits | Mnemonic

FlexMuxTiming_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
FCR_ES_ID 16 uimsbf
FCRResolution 32 uimsbf
FCRLength 8 uimsbf
F‘mx_R_a_tngngfh 8 uimsbf

}

2.6.55 |[Semantic definition of fields in FlexMuxTiming descriptor
FCR_ES| ID —is the ES_ID associated with this clock reference stream
FCRResqlution — is the resolution of the object time base in cycles per second

FCRLength — is the length of the fmxClockReference field in FlexMux packets with index*= 238 A length of|zero shall
indicate that no FlexMux packets with index =238 are present in this FlexMux stream. FCRlength shall tdke values
between Zero and 64.

FmxRatelLength — Is the length of the fmxRate field in FlexMux packets with-index = 238? FmxRateLength(shall take
values befween 1 and 32.

2.6.56 [Content labelling descriptor

The contgnt labelling descriptor assigns a label to content; the label can be used by metadata to reference the associated
content. This label, the content reference id record, is metadata application format specific. The contenf labelling
descriptoq is associated with a content segment. For the purpose of this clause, a content segment is defined af a portion
in time of a program, an elementary stream (such as audio or video) or any combination of programs or elementary
streams. The descriptor may be included in the PMT\ irt the descriptor loop for either the program or an efementary
stream, bfit may also be contained in tables not defin¢d in this Specification, for example tables to describe segments of
programs|or elementary streams. The content labelling descriptor also provides information on which content|time base
is used anld on the offset between the contenttime base and the metadata time base. When the Normal Play Time (NPT)
concept of DSM-CC, as specified in ISO/IEC 13818-6, is used as the content time base, the ID of the NPT tine base is
provided.|The descriptor allows for carriage of private data. See Table 2-81.
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Table 2-81 — Content labelling descriptor

Syntax No. of bits Mnemonic
Content_labeling_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
metadata_application_format 16 uimsbf
if (metadata_application_format== 0xFFFF){
metadata_application_format_identifier 32 uimsbf
content_reference_id_record_flag 1 bslbf
content_time base_indicator 4 uimsbf
reserved 3 bslbf
if (content_reference id record flag=="1"){
content_reference_id_record_length 8 uimsbf
for (i=0; i<content_reference id record length;i++){
content_reference_id_byte 3 BSIbT
H
if (content_time base indicator == 1 || content_time base_indicator == 2){
reserved 7 bslbf
content_time _base_value 33 uimsbf’
reserved 7 bslbf
metadata_time_base_value 33 uimsbf
if (content_time base indicator== 2){
reserved 1 bslbf
contentld 7 uimsbf
if (content_time_base_indicator > 3 && content_time_base_indicator <7){
time_base_association_data_length 8 uimsbf’
for (i=0; i< time_base_association_data_length;i++){
reserved 8 bslbf
}
Lo
for (i=0; i<N;i++){
private_data_byte 8 bslbf
5
}

2.6.57 [Semantic definition of fields in content labelling descriptor

metadatdq application_format: The metadata_application format is a 16-bit field, coded as defined in Table|2-82, that
specifies the application responsible for definting usage, syntax and semantics of the content reference id recprd and of
any other| privately defined fields in this-descriptor. See also 2.12.1. The value OxFFFF indicates that the|format is
signalled py the value carried in the metadata_application format identifier field.

Table 2-82 — Metadata_application_format

Value Description
0x0000-..-0x000F Reserved
0x0010 ISO 15706 (ISAN) encoded in its binary form (see Notes 1 and 3)
0x0011 ISO 15706-2 (V-ISAN) encoded in its binary form (see Notes 2 and 3
0x0012 .. 0xO0FF Reserved
0x0100 .. OXFFFE User defined
OxFFFF Defined by the metadata_application_format_identifier field

NOTE 1 — For ISAN, the content_reference id byte is set to binary encoding and the content reference id record length
is set to 0x08.

NOTE 2 — For V-ISAN, the content reference id byte is set to binary encoding and the

content reference id record length is set to 0x0C.

NOTE 3 - For interoperability amongst metadata applications that use the metadata_application_format values of 0x0010
and 0x0011, it is recommended that the content reference id_flag be set to '1' and the content_time_base_indicator be set
to '00".

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

NOTE - The assigned Registration Authority for the format_identifier field is SMPTE.
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content_reference_id_record_flag: The content reference id record flag is a 1-bit flag that signals the presence of a
content_reference id record in this descriptor.

content_time_base_indicator: The content time base indicator (see Table 2-83) is a 4-bit field which specifies the
used content time base. If the descriptor is associated with a program, then the content time base applies to all streams
that are part of that program. A value of 1 indicates usage of the STC, while a value of 2 indicates usage of NPT, the
Normal Play Time as defined in ISO/IEC 13818-6. The values between 8 and 15 indicate usage of a privately defined
content time base. If coded with a value of 0, no content time base is defined in this descriptor. If no content time base
is specified for a program or stream, then the mapping of time references in the metadata to the content is not defined in
this Specification.

Table 2-83 — Content_time_base_indicator values

Value Description
0 No content time base defined in this descriptor
1 Use of STC
2 Use of NPT

3.7 Reserved

8..15 Use of privately defined content time base

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

content_teference id_byte: The content reference id byte is part of a string” of one or more contiguous pytes that
assigns ofe or more reference identifications (labels) to the content to which, this descriptor is associated. The|format of
this byte gtring is defined by the body indicated by the coded value in the mietadata application format field.

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

metadata time base value: The metadata_time base value is'a33-bit field that is coded in units of 90 kHz{ The field
is coded [with the value of the metadata time base at theinstant in time in which the time base indicated by
content_tjme base indicator reaches the value encoded in“the content time base value field. Note that thel metadata
time base|may use any time-scale, but that its value is to'be coded in units of 90 kHz. For example, if a SMPTE type of
time codq is used, then the number of hours, minutes;*seconds and frames is expressed in the corresponding fumber of
90-kHz uhits.

contentld: The contentld is a 7-bit field that specifies the value of the content Id field in the NPT Reference Descriptor
for the applied NPT time base.

time _basp association_data_length:The time base association data length is an 8-bit field that specifies the number
of reservdd bytes immediately following this field. The reserved bytes can be used to carry time base association data
for time bases defined in future:

private_data_byte: The private data byte is an 8-bit field. The private data bytes represent data, the format of which
is defined| privately. These bytes can be used to provide additional information as deemed appropriate. The ude of these
bytes is d¢fined by theémetadata application format.

2.6.58 [Metadata pointer descriptor

The metaglata-pointer descriptor (see Table 2-84) points to a single metadata service and associates this metaddta service
with audiovisual content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream. The metadata is associated with the
content within the context of the descriptor. The context is defined by the location of the descriptor. In a transport
stream, the descriptor may be located in the PMT in the descriptor loop for either the program or an elementary stream,
but may also be located in tables not defined in this Specification, such as tables describing bouquets of broadcast
services. The metadata may be located in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, but the same metadata may
also be provided on alternative locations, such as the Internet.

The descriptor may contain location information of metadata that is not carried in a Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 stream; the coding of the location information is metadata application format specific. The descriptor
allows for carriage of private data.

For metadata carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the descriptor specifies the tools used for such
carriage. If the metadata is carried in PES packets, metadata sections, or ISO/IEC 13818-6 synchronized download
sections, the metadata_service id field identifies the metadata service in the referenced metadata stream. If an
ISO/IEC 13818-6 carousel is used to carry the metadata, then the private data may provide information to signal the
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metadata service, such as the applied value of the module id for carriage of the metadata in a data carousel, and the file
name of the metadata when the object carousel is used.

Receivers should be aware that multiple metadata services may be pointed to from the same program or audiovisual
stream (as defined by the context of the descriptor). A unique metadata pointer descriptor shall be used to point to each
metadata service used by the program or audiovisual stream. Similarly, the same metadata service can be pointed to
from several programs or audiovisual streams by using a separate metadata pointer descriptors for each association.

Table 2-84 — Metadata pointer descriptor

Syntax No. of bits | Mnemonic
Metadata pointer descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
. —1ormmat TO utmshf
if (metadata_application format== OxFFFF){
metadata_application_format_identifier 32 uimspf
metadata_format 8 uimspf
if (metadata_format== 0xFF){
metadata_format_identifier 32 uimspf
metadata_service_id 8 uimspf
metadata_locator_record_flag 1 bsl
MPEG_carriage_flags 2 uimspf
reserved 5 bsl
if (metadata_locator record flag=="1"){
metadata_locator_record_length 8 uimspf
for (1= 0; 1 < metadata locator record length; i++){
metadata_locator_record_byte 8 bslbif
H
; .
if (MPEG_carriage_flags <2){
program_number 16 uimspf
if MPEG_carriage flags == 1){
transport_stream_location 16 uimspf
transport_stream_id 16 uimspf
)
for (i=0; i<N;it++){
private_data_byte 8 bslbif
}
i
2.6.59 [|Semantic definition of fields in metadata pointer descriptor
metadatd application_format; ‘Th¢ metadata application format is a 16-bit field that specifies the application
responsible for defining usage;\syntax and semantics of the metadata locator record record and any otherl privately
defined fiplds in this descriptor. The coding of this field is defined in Table 2-82 in 2.6.57.
metadatjapplication_format_identifier: The coding of this field is defined in 2.6.57.
metadata format:\ The metadata format is an 8-bit field that indicates the format and coding of the metddata. The
coding oflthis field is specified in Table 2-85.

© ISO/IEC 2018 - All rights reserved

Table 2-85 — Metadata format values

Value Description
0x00 .. 0xOF Reserved

0x10 ISO/IEC 15938-1 TeM

0x11 ISO/IEC 15938-1 BiM
0x12 .. 0x3E Reserved

0x3F Defined by metadata application format
0x40 .. OxFE Private use

OxFF Defined by metadata format_identifier field
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The values 0x10 and 0x11 identify ISO/IEC 15938-1 defined data. The value 0x3F indicates that the format is defined
by the body indicated by the metadata application format field. The values in the inclusive range of 0x40 up to OxFE
are available to signal use of private formats. The value OxFF indicates that the format is signalled by the
metadata_format identifier field.

metadata_format_identifier: The coding of this 32-bit field is fully equivalent to the coding of the format identifier
field in the registration_descriptor, as defined in 2.6.8.

NOTE — SMPTE is assigned as Registration Authority for the format identifier field.

metadata_service_id: This 8-bit field references the metadata service. It is used for retrieving a metadata service from
within a metadata stream.

metadata_locator_record_flag: The metadata_locator record flag is a 1-bit field which, when set to 'l' indicates that
associated metadata is available on a location outside of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, specified in a
metadata_locator record.

MPEG_CIarriage_ﬂags: The MPEG carriage flags is a 2-bit field which specifies if the metadata stream contpining the
associated metadata service is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, and if(so, whether the
associated metadata is carried in a transport stream or program stream. The coding of this field is defined in Tdble 2-86.

Table 2-86 — MPEG_carriage_flags

Value Description
0 Carriage in the same transport stream where this metadata pointer.deSeriptor is carried.
1 Carriage in a different transport stream from where this metaddta)pointer descriptor is carried.
2 Carriage in a program stream. This may or may not be the same program stream in which this
metadata pointer descriptor is carried.
3 None of the above.

metadatq locator_record_length: The metadata locator record\dength is an 8-bit field that specifies the fumber of
metadata |locator record bytes immediately following. This field'shall not be coded with the value 0.

metadatq locator_record_byte: The metadata locator reford byte is part of a string of one or more contigyous bytes
that form|the metadata locator record. This record speeifies one or more locations outside of a Rec. ITU-T|H.222.0 |
ISO/IEC ]3818-1 stream. The format of the metadatatlocator record is defined by the metadata application signalled by
the metadata_application format field. The record“may for example contain Internet URLs that specify here the
metadata [can be found, possibly in addition to-their location(s) in the transport stream. If the MPEG_carriage flags is
coded with the value 0, 1 or 2 and the metadata locator record is present, then this signals alternative locatigns for the
same metpdata.

program| number: The program number is a 16-bit field that identifies the program number of the MPEG-2 program
in the Rec. ITU-T H.222.0 § ISO/IEC 13818-1 stream in which associated metadata is carrieg. If the
MPEG _carriage flags have the\value 0, then the transport stream is the current one, and if the MPEG carrjage flags
have the yalue 1, it is the transport stream signalled by the field's transport _stream location and transport stregm_id.

transport_stream_location: The transport stream_location is a 16-bit field that is defined privately. For example, this
field may|be used by-applications to signal the original network id defined by ETSI.

transpory_stream_id: The transport stream id is a 16-bit field that identifies the transport stream in which fssociated
metadata |s ¢arried.

private_data_byte: The private_dafa_byte is an 8-bit ficld. The private_data_bytes represent data, the format of which
is defined privately. These bytes can be used to provide additional information as deemed appropriate.

2.6.60 Metadata descriptor

The metadata descriptor (see Table 2-87) specifies parameters of a metadata service carried in an MPEG-2 TS or PS. In
an MPEG-2 TS, the descriptor is included in the PMT in the descriptor loop for the elementary stream that carries the
metadata service. The descriptor specifies the format of the associated metadata, and contains the value of the
metadata_service id to identify the metadata service to which the metadata descriptor applies. As needed, the descriptor
can convey information to identify the metadata service from a collection of metadata transmitted in a DSM-CC
carousel. Optionally metadata application format specific private data can be carried.

The metadata descriptor also signals whether decoder configuration is required and is able to carry the decoder
configuration bytes, but this is only practical if the number of these bytes is small. If the decoder configuration
information is too large to be carried by the descriptor, it shall be contained in a metadata service. This may be within
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the metadata service itself, or in another metadata service within the same program. Identification of the metadata
service that contains the decoder configuration is provided by the metadata descriptor. If a DSM-CC carousel is used to
carry the decoder configuration, then information can be provided how to retrieve the decoder configuration from the
carousel.

Table 2-87 — Metadata descriptor

Syntax No. of bits Mnemonic
Metadata_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
metadata_application_format 16 uimsbf
if (metadata_application_format == OxFFFF) {
metadata_application_format_identifier 32 uimsbf
¥
metadata_format 8 uimsbf
if (metadata_format== 0xFF){
metadata_format_identifier 32 uimsbf
v
s
metadata_service_id 8 uimsbf’
decoder_config_flags 3 bslbf
DSM-CC_flag 1 bslbf
reserved 4 bslbf
if (DSM-CC _flag =="1"){
service_identification_length 8 uimsbf’
for(i=0; i<service identification length; i++) {
service_identification_record_byte 8 bslbf
\ h
if (decoder_config_flags =="'001") {
decoder_config_length 8 uimsbf’
for(i=0; i<decoder_config_length; i++) {
decoder_config_byte 8 bslbf
}
}
if (decoder_config_flags =="011") {
dec_config_identification_record_length 8 uimsbf
for(i=0;i<dec_config_id record lengthsi++) {
dec_config_identification_ record_byte 8 bslbf
} b
if (decoder_config_flags =="100".§
decoder_config_metadata” service id 8 uimsbf
}
if (decoder_config_flags #="101'|| decoder config flags =='110") {
reserved_data, length 8 uimsbf
for(i=0;i<reserved data length;i++) {
reserved 8 bslbf
}
}
for (i=0; i<N;it++) {
private_data_byte 8 bslbf
v
s
}
2.6.61 [Semantic definition of fields in metadata descriptor

metadata_application_format: The metadata_application_format is a 16-bit field that specifies the application
responsible for defining usage, syntax and semantics of the service identification record and any privately defined
bytes in this descriptor. The coding of this field is defined in Table 2-82.

metadata_application_format_identifier: The coding of this field is defined in 2.6.57.

metadata_format: The coding of this field is defined in 2.6.59.

metadata_format_identifier: The coding of this field is defined in 2.6.59.

metadata_service id. This 8-bit field identifies the metadata service to which this metadata descriptor applies.

decoder_config flags: The decoder config flags is a 3-bit field which indicates whether and how decoder
configuration information is conveyed. See Table 2-88.
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Table 2-88 — decoder_config_flags

Value Description

'000' No decoder configuration is needed.

'001' The decoder configuration is carried in this descriptor in the decoder config byte field.
'010' The decoder configuration is carried in the same metadata service as to which this

metadata descriptor applies.

011 The decoder configuration is carried in a DSM-CC carousel. This value shall only be
used if the metadata service to which this descriptor applies is using the same type of
DSM-CC carousel.

'100' The decoder configuration is carried in another metadata service within the same
program, as identified by the decoder_config_metadata_service_id field in this
metadata descriptor.

701" 110" Reserved
11 Privately defined.

DSM-C( flag: This is a one-bit flag that is set to '1' if the stream with which this descriptor is associated is|carried in
an ISO/IHC 13818-6 data or object carousel.

NOTE|1 — The use of the object or data carousel is indicated by the applied stream-type value for thisimetadata stream

service_iflentification length: This field specifies the number of service identification_record bytes immediately
following

service_iflentification_record_byte: This byte is part of a string of one or mare{eontiguous bytes that specify the
service identification_record. This record contains data on retrieval of the metddata service from a DSM-C( carousel.
The formpt of the metadata locator record is defined by the application indieated by the metadata applicatign format.
When a PSM-CC object carousel is used, the record may for examplé<comprise the unique object idenftifier (the
IOP:IOR()) from 11.3.1 and 5.7.2.3 of ISO/IEC 13818-6 DSM-CC) for ‘the metadata service. Similarly, in|case of a
DSM-CC]| data carousel, the record can for example provide the 4¢ransaction id and the module id of the| metadata
service.

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

decoder_fonfig_byte: These bytes comprise the decoderCenfiguration information. This sequence of bytes fomprises
the configuration information needed by the receiver to decode this service. It is intended that carriage in thq metadata
descriptoq is only used when the configuration infoymation is very small.

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

dec_conflg_identification_record_byteéxThis byte is part of a string of one or more contiguous bytes that specify the
dec_config identification record. This/record specifies how to retrieve the required decoder configuratiqn from a
DSM-CC]jcarousel. The format_of.the metadata locator record is defined by the metadata application formaf. When a
DSM-CC]Jobject carousel is ugedythe record may for example comprise the unique object identifier (the IOP:IQR() from
11.3.1 angl 5.7.2.3 of ISO/IEC™13818-6 DSM-CC) for the decoder configuration. Similarly, in case of a DSM-CC data
carousel, fhe record may ferexample provide the transaction_id and the module_id of the decoder configuratign.

decoder_ponfig_metadata_service id: This is the value of the metadata service id that is assigned to the| metadata
service |that ..contains the decoder configuration. The metadata service indicated [by the
decoder_¢onfig mietadata_service id and the metadata service that uses that decoder configuration shall be ir] the same
program. [Henge in a transport stream, the metadata descriptors for both these metadata services shall be in| the same
PMT. Themetadata descriptor of the metadata Service mdicated by the decoder_config_Imetadata_service 1d shall have
a decoder config flag field with a value of either '001', '010' or '011".

reserved_data_length: This field specifies the number of reserved bytes immediately following.

private_data_byte: The private data byte is an 8-bit field. The private data bytes represent data, the format of which
is defined privately. These bytes can be used to provide additional information as deemed appropriate.

2.6.62 Metadata STD descriptor

This descriptor defines parameters of the STD model (defined in 2.12.10) for the processing of the metadata stream to
which this descriptor is associated. See Table 2-89.
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Table 2-89 — Metadata STD descriptor

Syntax No. of bits Mnemonic
Metadata STD_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
metadata_input_leak rate 22 uimsbf
reserved 2 bslbf
metadata_buffer_size 22 uimsbf
reserved 2 bslbf
metadata_output_leak_rate 22 uimsbf
}

Semantic definition of fields in metadata STD descriptor

metadatz‘_input_leak_rate: The metadata_input leak rate is a 22-bit field that specifies the leak rate for the

metadata
400 bits/s
as the ratg

metadatd buffer_size: The metadata buffer size is a 22-bit field that specifies the size of buffer'B, in the S

for the as

metadatq output_leak rate: The metadata output leak rate is a 22-bit field that specifies for the associated

service th
For metq
instantang
metadata |
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stream in the T-STD model out of the buffer TB, into buffer B,. The leak rate is specified 1
For metadata carried in a program stream, the coding of the metadata input leak rate field is'not
into B, equals the rate of the program stream.

ociated metadata stream. The size of B, is specified in units of 1024 bytes.

e leak rate in the STD model out of buffer B, to the decoder. The leak rate 15 specified in units of
data streams transported synchronously (stream-type 0x15 or 0xl9), the metadata access
ously removed from B, under the control of PTS timestamps-and in that case the codir
output_leak rate field is not specified.

AVC video descriptor

video streams, the AVC video descriptor provides basiéanformation for identifying coding parame
AVC video stream, such as on profile and level paraineters included in the SPS of an AVC video
et SPS of an SVC video sub-bitstream.

video streams conforming to one or more profiles defined in Annex G, or Annex H or Annex I of R|
O/IEC 14496 10, there may be one AVC video descriptor associated to each of the video sub-bits
Lo subsets or MVCD video subsets identifying coding parameters of the associated re-assembled A

video descriptor also signals the presence of AVC still pictures, AVC 24-hour pictures as w
assistance SEIs such as framepacking arrangement SEI message or stereo video information SEI nj
ideo stream. If this descriptor is not included in the PMT for an AVC video stream, a video sub-bit
ideo sub-bitstream or an MVCD video sub-bitstream in a transport stream or in the PSM, if presq
o stream, a video sub bitstream or an MVC video sub-bitstream in a program stream, then such A
h1] not contain AYC still pictures, shall not contain AVC 24-hour pictures and may or may not con
rrangement SERmessage or stereo video information SEI message. (See Table 2-90.)

Table 2-90 — AVC video descriptor
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Syntax No. of bits Mnemonic
AVC _video_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
profile_idc 8 uimsbf
constraint_set)_flag 1 bslbf
constraint_setl_flag 1 bslbf
constraint_set2_flag 1 bslbf
constraint_set3_flag 1 bslbf
constraint_set4_flag 1 bslbf
constraint_set5S_flag 1 bslbf
AVC_compatible_flags 2 bslbf
level idc 8 uimsbf
AVC _still_present 1 bslbf
AVC_24_hour_picture_flag 1 bslbf
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Syntax No. of bits Mnemonic
Frame_Packing SEI_not_present_flag 1 bslbf
reserved 5 bslbf

}

2.6.65 Semantic definition of fields in AVC video descriptor

profile_idc, constraint_set)_flag, constraint_setl flag, constraint_set2 flag, constraint_set3 flag,
constraint_set4 flag, constraint_setS flag and AVC_compatible flags and level idc — These fields, with the
exception of AVC compatible flags, shall be coded according to the semantics for these fields defined in
Rec. ITU-T H.264 | ISO/IEC 14496-10. The semantics of AVC_compatible flags are exactly equal to the semantics of
the field(s) defined for the 2 bits between the constraint _set5 flag and the level idc field in the sequence parameter set,
as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10. The entire AVC video stream to which the AVC descriptor is
associated shall conform to the profile, level and constraints signalled by these fields.

NOTE[- In one or more sequences in the AVC video stream the level may be lower than the level signalled in the. AVC video
descriptor, while also a profile may occur that is a subset of the profile signalled in the AVC video descriptor. However, in the
entire AVC video stream, only tools shall be used that are included in the profile signalled in the AVC¢vidéo ddscriptor, if
presen}. For example, if the main profile is signalled, then the baseline profile may be used in some sequénces, but|only using
those tpols that are in the main profile. If the sequence parameter sets in an AVC video stream signal-different profiles, and no
additiopal constraints are signalled, then the stream may need examination to determine which profile,-if any, the erdtire stream
conforms to. If an AVC video descriptor is to be associated with an AVC video stream that does-nof)conform to a sinigle profile,
then the AVC video stream must be partitioned into two or more sub-streams, so that AVC video-descriptors can sighal a single
profile|for each such sub-stream.

AVC still present — This 1-bit field when set to 'l' indicates that the AVC vide6 stream may include AVC still
pictures. When set to '0', then the associated AVC video stream shall not contain AV C still pictures.

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

Frame_ Packing SEI_not_present_flag — If this flag is set to. 0" then the AVC video stream shall contain|either the
frame pag¢king arrangement SEI message or stereo video information SEI message. If the AVC video descriptor is
present arld this flag is set to '1', then the presence of either of these SEI messages is unspecified.

2.6.66 [AVC timing and HRD descriptor

The AV({ timing and HRD descriptor provides timfing and HRD parameters of the associated AVC video stream. For
each AV( video stream and for each video sub-bitstream or MVC video sub-bitstream or MVCD video subpbitstream
carried infa Rec. ITU-T H.222.0 | ISO/IEC, 13818-1 stream, the AVC timing and HRD descriptor shall be ifcluded in
the PMT or in the PSM, if PSM is present'in the program stream, unless the AVC video stream, the video subbitstream
or the [MVC video sub-bitstream,»'or MVCD video sub-bitstream carries VUI parameters [with the
timing_info present flag set to 'l":

*  for each IDR pieture or re-assembled IDR picture; and

»  for each picture or re-assembled picture that is associated with a recovery point SEI message.

Absence pf the AVC timing and HRD descriptor in the PMT for an AVC video stream or a re-assembled A[VC video
stream signals usag€ of the leak method in the T-STD for the transfer from MB,, to EB,, as defined:

i 2.14.3.1 for an AVC video stream conforming to one or more profiles defined in Annex A of
Rec. ITU-T H.264 | ISO/IEC 14496-10;

a1 4 2 4 L el 1o lociad ad AN bin | 4 £ - 4 L“I,,df‘ d
T Z 1.5, 0 10T VIACO SUo-01tstreants ot atr 7x v C VIACo streant Comrornmig—to-o1ne o mMore pro1es deliine

in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10;

. in 2.14.3.7 for MVC video sub-bitstreams or MVCD video sub-bitstreams of an AVC video stream
conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10.

But such usage can also be signalled by the hrd management valid flag set to '0' in the AVC timing and HRD
descriptor. If the transfer rate into buffer EB, can be determined from HRD parameters contained in an AVC video
stream or an AVC video stream re-assembled from video sub-bitstreams or MVC video sub-bitstreams or MVCD video
sub-bitstreams, and if this transfer rate is used in the T-STD for the transfer between MB,, to EB,,, then the AVC timing
and HRD descriptor with the hrd_management valid flag set to 'l' shall be included in the PMT for that AVC video
stream or for the re-assembled AVC video stream. (See Table 2-91.)
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2.6.67

hrd_management_valid_flag — This 1-bit field is only defined forfuse in transport streams.

When the
stream ca
Buffering]
ISO/IEC
Buffering]
values foi
EB, in th
determing

ISO/IEC 13818-1:2
Table 2-91 — AVC timing and HRD descriptor

018 (E)

Syntax No. of bits Mnemonic
AVC_timing and HRD descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
hrd_management_valid_flag 1 bslbf
reserved 6 bslbf
picture_and_timing_info_present 1 bslbf
if (picture_and_timing_info present) {

90kHz_flag 1 bslbf

reserved 7 bslbf

1T (JOKHZ Tlag == 0)

N 32 uimsbf
K 32 uimsbf

}

num_units_in_tick 32 uimsbf
}
fixed_frame_rate_flag 1 bslbf
temporal_poc_{flag 1 bslbf
picture_to_display_conversion_flag 1 bslbf
reserved 5 bslbf

}

Semantic definition of fields in AVC timing and HRD descriptor

fried in a transport stream, then the following dpplies. If the hrd management valid flag is set t
Period SEI and Picture Timing SEI méssages, as defined in Annex C of Rec. ITU-T
4496-10, shall be present in the associated*AVC video stream or re-assembled AVC video stres
Period SEI messages shall carry coded”initial cpb _removal delay and initial cpb removal de
the NAL HRD. If the hrd management valid flag is set to 'l', then the transfer of each byte fro
e T-STD shall be according to the delivery schedule for that byte into the CPB in the NAL
d from the coded initial cpb_ trémoval delay and initial cpb_removal delay offset values for Sche

AVC timing and HRD descriptor is associated with' an AVC video stream or a re-assembled AVC video

b '1', then

H.264 |
m. These
lay offset
m MB, to
HRD, as
dSelldx =

cpb_cnt inusl. When the hrd mandgement valid flag is set to '0', the leak method for the transfer from MB, to EB,

in the T-§

TD shall be used:

* as defined in 244:3.1 for AVC video streams conforming to one or more profiles defined in A
Rec. ITU-T H.264 | ISO/IEC 14496-10;

e as defined.in2.14.3.5 for video sub-bitstreams of AVC video streams conforming to one or mo
definedan Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10.

* as-defined in 2.14.3.7 for MVC video sub-bitstreams or MVCD video sub-bitstreams of A
strcams conforming to one or more profiles defined in Annex H of Rec. ITU-T

hnex A of
re profiles

VC video
H.264 |

ISO/IEC 14496-10.

When the AVC timing and HRD descriptor is associated with an AVC video stream or a re-assembled AVC video
stream carried in a program stream, then the meaning of the hrd management valid flag is not defined.

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

90kHz_flag, N, K — The 90kHz flag when set to 'l' indicates that the frequency of the AVC time base is 90 kHz. For
an AVC video stream the frequency of the AVC time base is defined by the AVC parameter time scale in VUI
parameters, as defined in Annex E of Rec. ITU-T H.264 | ISO/IEC 14496-10. The relationship between the AVC
time scale and the STC shall be defined by the parameters N and K in this descriptor as follows.

(N x system _ clock _ frequency )

time _ scale =
K
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where time_scale denotes the exact frequency of the AVC time base, with K larger than or equal to N.

If the 90kHz_flag is set to '1', then N equals 1 and K equals 300. If the 90kHz_flag is set to '0', then the values of N and
K are provided by the coded values of the N and K fields.

NOTE 1 — This allows mapping of time expressed in units of time scale to 90-kHz units, as needed for the calculation of PTS
and DTS timestamps, for example in decoders for AVC access units for which no PTS or DTS is encoded in the PES header.

num_units_in_tick — Coded exactly in the same way as the num_units_in_tick field in VUI parameters in Annex E of
Rec. ITU-T H.264 | ISO/IEC 14496-10. The information provided by this field shall apply to the entire AVC video
stream to which the AVC timing and HRD descriptor is associated.

fixed frame_rate_flag — Coded exactly in the same way as the fixed frame rate flag in VUI parameters in Annex E
of Rec. ITU-T H.264 | ISO/IEC 14496-10. When this flag is set to 'l', it indicates that the coded frame rate is constant
within the associated AVC video stream. When this flag is set to '0', no information about the frame rate of the
associated AVC video stream is provided in this descriptor.

temporal] poc_flag — When the temporal poc flag is set to 'l' and the fixed frame rate flag is set toQk} then the
associated AVC video stream shall carry Picture Order Count (POC) information (PicOrderCnt) whereby: pictures are
counted i units of At g,5( 11 ), Wwhere Atg 45p( 1) is specified in equation E-10 of Rec. ITU-T H.264 | ISO/IEC [14496-10.
When thel temporal_poc flag is set to '0', no information is conveyed regarding any potential relatioriship bdtween the
POC infomation in the AVC video stream and time.
NOTE|2 — This reduces the overhead necessary to signal timing for each access unit. An effective PTS and D[S can be
calculdgted for access units for which no explicit PTS/DTS is carried. Repetition of most\recently presented fleld of the
appropyiate parity (or frame) is implied when the difference between the PTSs of the current and the next picture is greater than
2 % Atg g, (or greater than Atg 4., when frame_mbs_only_flag is equal to 1).

picture_tp_display conversion_flag — This 1-bit field when set to '1' indicates that the associated AVC video stream
may carry display information on coded pictures by providing the pic_stetict field in picture timing SEI|{messages
(see Anngx D of Rec. ITU-T H.264 | ISO/IEC 14496-10) and/or by-providing the Picture Order Count (POC)
informatipn (PicOrderCnt), whereby pictures are counted in units of Atzgn(n) (see also the semjantics of
temporal |poc_flag), so that timing information for a successive AVC access unit can be derived from thg previous
picture in|decoding or presentation order.

When the picture to display conversion_mode flag is set to0', then picture timing SEI messages in the A[VC video
stream, if| present, shall not contain the pic_struct field, aid hence the pic_struct present flag shall be set tq '0' in the
VUI parameters in the AVC video stream.

2.6.68 [MPEG-2 AAC audio descriptor

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

Table 2-92 — MPEG-2 AAC_audio_descriptor

Syntax No. of bits | Mnemonic

MPEG:2 AAC audio_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MPEG-2_AAC_profile 8 uimsbf
MPEG-2_AAC_channel_configuration 8 uimsbf
MPEG-2_AAC additiomat _infornmation 8 uitsbt

}

2.6.69 Semantic definition of fields in MPEG-2 AAC audio descriptor

MPEG-2_AAC _profile — This 8-bit field indicates the AAC profile according to the index in Table 31 of
ISO/IEC 13818-7:2006.

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

MPEG-2_AAC_additional_information — This 8-bit field indicates whether or not bandwidth extension data as
defined in ISO/IEC 13818-7:2006 is embedded in the AAC bitstream according to Table 2-93.
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Table 2-93 —- MPEG-2_AAC_additional_information field values

Value Description

0x00 AAC data according to ISO/IEC 13818-7:2006

0x01 AAC data with Bandwidth Extension data present according to ISO/IEC 13818-7:2006
0x02 .. OxFF Reserved

2.6.70

MPEG-4 text descriptor

The MPEG-4 text descriptor (see Table 2-94) carries textConfig() specified in ISO/IEC 14496-17 for the associated
ISO/TEC 14496-17 text stream, thereby providing basic information needed for the decoding of the associated ISO/IEC
14496-17 stream. For each ISO/IEC 14496-17 text stream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream,
the MPEG-4 text descriptor shall be included in the PMT or in the PSM, if PSM is present in the program stream.

2.6.71

Table 2-94 —- MPEG-4 text descriptor

Syntax No. of bits Mnemonic
MPEG-4 _text_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
textConfig()
b

Semantic definition of fields in MPEG-4 text descriptor

textConfig() — This shall carry the TextConfig() of the associated ISQ/IEC 14496-17 text stream, as (

ISO/IEC

2.6.72

The MPE
ZEero or o
14496-3 4
descriptot
extension
MPEG-4 |
specified
PMT or H
of band, s
itself. Thg

4496-17.

MPEG-4 audio extension descriptor

G-4 audio extension descriptor (see Table 2-95) carti¢s zero or more audioProfileLevellndication

he audioSpecificConfig() field, both encoded as speeified in ISO/IEC 14496-3. Note that for each
udio stream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, it is required that the MPE
be included in the PMT or in the PSM, if PSM is present in the program stream, while the MPE
descriptor may be present too, providingiadditional information. If in the MPEG-4 audio desd
audio_profile and level field is encodedwith the value OxFF, indicating that the audio profile and 1
in the MPEG-4 audio descriptor, then the MPEG-4 audio extension descriptor shall be present in|
SM as the MPEG-4 audio descriptor. Note that this descriptor allows to provide the audioSpecific(
o as to allow receivers to retrieve information about the associated audio stream without accessing

descriptor also allows to agsociate an audioSpecificConfig to an audio stream.

Table 2-95 — MPEG-4 audio extension descriptor
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2.6.73

Syntax No. of bits Mnemonic
MPEG-4_audio_extension_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
ASC _flag 1 bslbf
reserved 3 bslbf
TIUT_0f_100pS 4 wimsbf
for (i=0; i<num_of loops; i++) {

audioProfileLevellndication 8 uimsbf

}

if (ASC flag =="1I)) {
ASC _size 8 uimsbf
audioSpecificConfig()

}

}

Semantic definition of fields in MPEG-4 audio extension descriptor

ASC_flag — A one-bit flag signalling the presence of the ASC size field in this descriptor.

num_of loops — A 4-bit field specifying the number of immediately following audioprofileLevellndication fields in
this descriptor. This field may be encoded with the value zero.
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audioProfileLevellndication — The audio profile and level of the associated ISO/IEC 14496-3 audio stream, encoded
as specified for the audioprofileLevellndication field in 1.5.2.1 in ISO/IEC 14496-3. Note that a single ISO/IEC
14496-3 audio stream may comply to more than one audio profile and level, and that this descriptor is designed to
convey up to 15 different audioprofileLevellndication values.

ASC_size — The number of bytes of the immediately following AudioSpecificConfig().

audioSpecificConfig() — The audioSpecificConfig() of the associated ISO/IEC 14496-3 audio stream, as specified in
1.6.2.1 in ISO/IEC 14496-3.

2.6.74 Auxiliary video stream descriptor

The auxiliary video stream descriptor (see Table 2-96) specifies parameters for the decoding and interpretation of the
auxiliary video stream to which the descriptor is associated. For each auxiliary video stream carried in a Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 stream, the auxiliary video stream descriptor shall be included in the PMT or in the PSM, if
PSM is present-i-the-program-streaii

Table 2-96 — Auxiliary video stream descriptor

Syntax No. of bits Mnemonic
Auxiliary video stream_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
aux_video_codedstreamtype 8 uimsbf

si_rbsp(descriptor_length-1)

}

2.6.75 [Semantic definition of fields in auxiliary video stream descriptor

aux_videp codedstreamtype — An 8-bit unsigned integer that indicates the compression coding type of thd auxiliary
video strgam. The value of aux_video codedstreamtype shall mateh one of the stream types defined in Tablg 2-34 for
video (fof instance 0x02, 0x10 or 0x1B). In order to convey additional information such as profile/level, a descriptor
that correpponds to the aux video codedstreamtype may also bé included in the PMT or in the PSM, if PSM|is present
in the program stream, for the auxiliary video data strean

NOTE|- For example, if the auxiliary video is encoded\using Rec. ITU-T H.264 | ISO/IEC 14496-10 Video, then the value of
aux_vifleo codedstreamtype is 0x1B and an AVC video“descriptor (descriptor_tag = 40) can be optionally included.

si_rbsp() |- Supplemental information RBSP as.defined in ISO/IEC 23002-3. It shall contain at least one auxilfary video
supplemeptal information (AVSI) message, (also defined in ISO/IEC 23002-3). The type of auxiliary video {s inferred
from si_rlpsp(). The total size of si_rbsp()shall not exceed 254 bytes.

2.6.76  [SVC extension descriptor

For vide¢ sub-bitstreams of-AVC video streams conforming to one or more profiles defined in Anpex G of
Rec. ITU{T H.264 | ISO/IEC 14496-10, the SVC extension descriptor (see Table 2-97) provides information|about the
AVC vid¢o stream resulting from re-assembling (up to) the associated video sub-bitstream and provides information
about scalability andre-assembly of the associated video sub-bitstream. There may be one SVC extension descriptor
associated with any of‘the video sub-bitstreams of an AVC video stream conforming to one or more profiles fefined in
Annex G pf RecsITU-T H.264 | ISO/IEC 14496-10.
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Table 2-97 — SVC extension descriptor

018 (E)

Syntax No. of bits Mnemonic
SVC_extension_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
width 16 uimsbf
height 16 uimsbf
frame_rate 16 uimsbf
average_bitrate 16 uimsbf
maximum_bitrate 16 uimsbf
dependency _id 3 bslbf
reserved 5 bslbf
quality id start 4 bslbf
quality_id_end 4 bslbf
temporal_id_start 3 bslbf
temporal_id_end 3 bslbf
no_sei_nal_unit_present 1 bslbf
reserved 1 bslbf
}

2.6.77 |Semantic definition of fields in SVC extension descriptor

width — This 16-bit field indicates the maximum image width resolution, in pixels of the re-assembled A[VC video

stream.

height — [This 16-bit field indicates the maximum image height resolutiofy, in pixels of the re-assembled A[VC video

stream.

frame_rdte — This 16-bit field indicates the maximum frame rate,\in frames/256 seconds of the re-assembled AVC

video strepm.

average bitrate — This 16-bit ficld indicates the average bit'rate, in kbit per second, of the re-assembled A[VC video

stream.

maximurh_bitrate — This 16-bit field indicates the~maximum bit rate, in kbit per second, of the re-assembpled AVC

video strepm.

dependerjcy_id — This 3-bit field indicates the'value of dependency id associated with the video sub-bitstrean.

quality i
element

all the NAL units contained in the associated video sub-bitstream.

quality i
of all the NAL units contained in the associated video sub-bitstream.

temporal) id_start — This, 3-bit field indicates the minimum value of the temporal id of the NAL unit hea
element off all the NADunits contained in the associated video sub-bitstream.

temporal] id_end --This 3-bit field indicates the maximum value of the temporal id of the NAL unit head
element off al] the NAL units contained in the associated video sub-bitstream.

no_sei_nal ‘unit_present — This 1-bit flag when set to 'l' indicates that no SEI NAL units are present in the

_start — This 4-bit field indicates the minimum value of the quality id of the NAL unit header syntax

|_end — This 4-bit field indicates the maximum value of the quality id of the NAL unit header syntax element

ler syntax

ler syntax

hssociated

video sub-bitstream.

NOTE - In case the no_sei_nal unit_present flag is set to '1' for all SVC video sub-bitstreams and is not set to '1' or
for the AVC video sub-bitstream of SVC, any SEI NAL units, if present, are included in the AVC video sub-bitstream

not present
of SVC. If

the SVC extension descriptor is absent for all video sub-bitstreams, SEI NAL units may be present in any SVC dependency
representation of an SVC video sub-bitstream, and may require re-ordering to the order of NAL units within an access unit as

defined in Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.

2.6.78 MYVC extension descriptor

For MVC video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex

H of Rec.

ITU-T H.264 | ISO/IEC 14496-10, the MVC extension descriptor (see Table 2-98) provides information about the AVC
video stream resulting from reassembling (up to) the associated MVC video sub-bitstream and provides information

about the contained MVC video sub-bitstream and for the reassembly of the associated MVC video sub-

bitstream.

There may be one MVC extension descriptor associated with any of the MVC video sub-bitstreams (with stream_type
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equal to 0x20) of an AVC video stream conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 |
ISO/IEC 14496-10. When the MVC video sub-bitstream is an MVC base view sub-bitstream, the MVC extension
descriptor shall be present in the associated PMT or PSM for stream_type equal to 0x1B.

This descriptor can also be used by applications that require association between stereoscopic MVC views and left or
right eye using the syntax elements 'view_association not present' and 'base_view is_left eyeview'.

Table 2-98 —- MVC extension descriptor

Syntax No. of bits Mnemonic

MVC_extension_descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
average_ bit_rate 16 uimsbf
maximum_bitrate 16 uimsbf
view_association_not_present 1 bslbf
base_view_is_left_eyeview 1 bslbf
reserved 2 bslbf
view_order_index_ min 10 bslbf
view_order_index_max 10 bslbf
temporal_id_start 3 bslbf
temporal_id_end 3 bslbf
no_sei_nal_unit present 1 bslbf
no_prefix_nal_unit_present 1 bslbf

}

2.6.79 [Semantics of fields in MVC extension descriptor

average_bitrate — This 16-bit field indicates the average bit rate; in kbits per second, of the re-assembled A[VC video
stream. When set to 0, the average bit rate is not indicated.

maximurh_bitrate — This 16-bit field indicates the maximum bit rate, in kbits per second, of the re-assembled AVC
video stream. When set to 0, the maximum bit rate is-fiot indicated.

view_assgciation_not present — This 1-bit flag when set to '0' indicates that the syntax| element
base view is left eyeview signals the association between base view and left or right eye. When this flag i§ set to 'l'
no such agsociation is signalled.

base view is left eyeview — This flagyshall be set to '1' when the view_association _not present flag is setf{to '1' and
no view aksociation is conveyed in the descriptor. When the view_association_not_present_flag is set to '0' and this flag
is set to '], it indicates that the‘base view is associated with the left eye view (or enhancement view is assocfjated with
the right ¢ye view). When the.view_association_not present flag is set to '0' and this flag is set to '0', it indjcates that
the base viiew is associated with the right eye view (or enhancement view is associated with the left eye view).

view_order_index_min-— This 10-bit field indicates the minimum value of the view order index of all the NAL units
contained|in the associated MVC video sub-bitstream.

view_order jindex max — This 10-bit field indicates the maximum value of the view order index of all the WAL units
contained|in.th€ associated MVC video sub-bitstream.

temporal_id_start — This 3-bit field indicates the minimum value of the temporal id of the NAL unit header syntax
element of all the NAL units contained in the associated MVC video sub-bitstream.

temporal_id_end — This 3-bit field indicates the maximum value of the temporal id of the NAL unit header syntax
element of all the NAL units contained in the associated MV C video sub-bitstream.

no_sei_nal_unit_present — This 1-bit flag when set to 'l" indicates that no SEI NAL units are present in the associated
video sub-bitstream.
NOTE — In case the no_sei_nal unit_present flag is set to '1' for all MVC video sub-bitstreams and is not set to '1' or not present
for the AVC video sub-bitstream of MVC, any SEI NAL units, if present, are included in the AVC video sub-bitstream of MVC.
If the MVC extension descriptor is absent for all MVC video sub-bitstreams, SEI NAL units may be present in any MVC
view-component subset of an MVC video sub-bitstream, and may require re-ordering to the order of NAL units within an access
unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.
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no_prefix_nal_unit_present — This 1-bit flag when set to '1' indicates that no prefix NAL units are present in either the
AVC video sub-bitstream of MVC or MVC video sub-bitstreams. When this bit is set to '0', it indicates that prefix NAL
units are present in the AVC video sub-bitstream of MVC only.

2.6.80 J2K video descriptor

For J2K video elementary streams conforming to one or more profiles defined in Rec. ITU-T T.800 | ISO/IEC 15444-1,
the J2K video descriptor (see Table 2-99) provides information that may be present in each J2K access unit as well as
for the J2K video sequence. In addition, it provides information to signal J2K still pictures. This descriptor shall be
included for each J2K video elementary stream component in the PMT with stream_type equal to 0x21.

Table 2-99 — J2K video descriptor

Syntax No. of bits Mnemonic
J2K viddo_descriptor() {
dpscriptor_tag 8 uimspf
dpscriptor_length 8 uimspf
profile_and_level 16 uimspf
hprizontal_size 32 uimspf
vertical_size 32 uimspf
ax_bit_rate 32 uimspf
:[ax_buffer_size 32 uimspf
DEN_frame_rate 16 uimspf
NUM_frame_rate 16 uimspf
cplor_specification 8 bslhf
still_mode 1 bslhf
interlaced_video 1 bslhf
reserved 6 bslhf
for (i=0; 1 <N;i++) {
private_data_byte 8 bslhf
}
}

2.6.81 [Semantics of fields in J2K video descriptor

profile_apd level — This field shall be in thé range 0x0101-0x04ff and coded as defined in Table A.10 of
Rec. ITU{T T.800 | ISO/IEC 15444-1 and indieates broadcast profile and level values.

horizontgl_size — This field shall be coded-the same as Xsiz parameter found in the J2K codestream main header, as
defined ir] Annex A of Rec. ITU-T T.8001SO/IEC 15444-1.

vertical_gize — This field shall be coded the same as Ysiz parameter found in the J2K codestream main header, as
defined ir] Annex A of Rec. ITUSE T.800 | ISO/IEC 15444-1.

max_bit [rate — This field ‘'may be coded the same as the Maxbr value in the j2k brat field box specified in|Table S.1
and shall pot exceed the-maximum compressed bit rate value for the profile and level specified in Table S.2.[This field
shall be s¢t appropriately and signalled when profile_and level = 0x0307, where no maximum bit rate is specified.

max_buffer_size— This field shall not exceed the Maximum buffer size value for the profile and level specified in the
j2k_brat hoxsin.Table S.2. When profile and level = 0x0307, the max_buffer size shall be set appropriately| and shall
not exceefl (tndx_bit rate/1.60E5), where max_bit rate is expressed in bit/s.

DEN_frame_rate — This field shall be coded the same as frat denominator field in the j2k frat box specified in
Table S.1 (see Annex S).

NUM_frame_rate — This field shall be coded the same as frat numerator field in the frat box specified in Table S.1
(see Annex S).

NOTE — J2K frame rate is derived from the DEN_frame rate and NUM_frame_rate values. Table 2-100 lists examples of typical
broadcast frame rates with associated values of DEN_frame rate and NUM_frame rate.
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Table 2-100 — Example frame rates based on DEN_frame rate and NUM_frame_rate values

DEN_frame_rate NUM._frame_rate ( decfl:l:T:e;iz(;:s:;(:ion) Frame rate
'0000 0000 0000 0000' Forbidden
'0000 0011 1110 1001' '0101 1101 1100 0000' 24 000/ 1001 23.976
'0000 0000 0000 0001' '0000 0000 0001 1000’ 24 /1 24.0
'0000 0000 0000 0001' '0000 0000 0001 1001' 25/1 25.0
‘0000 0011 1110 1001' ‘0111 0101 0011 0000' 30000/ 1001 29.97
'0000 0000 0000 0001' '0000 0000 0001 1110 30/1 30.0
'0000 0000 0000 0001' '0000 0000 0011 0010' 50/1 50.0
'0000 0011 1110 1001" '1110 1010 0110 0000’ 60 000 /1001 59.94
'0000 0036-6606-066+ 0660-0066-66+111+66* 66-—+ 66-66

color_sp¢cification — This field shall be coded the same as the bcol colrc 8-bit field of the j2k bcol box.as specified in
Table S.1|(see Annex S).

still._ modle — This 1-bit field, when set to 'l', indicates that the J2K video stream may include J2K still pictutes. When
set to '0', then the associated J2K video stream shall not contain J2K still pictures.

interlaceql_video — This 1-bit field indicates whether the J2K video stream contains interlaced video. When this flag is
set to 'lI'[the J2K access unit elementary stream header (see Table S.1) shall in¢lude the syntax elements Auf2,
fiel box fode, fic and fio. When this flag is set to '0', these syntax elements shall dot be present in the J2K access unit
elementarly stream header.

2.6.82 |MVC operation point descriptor

The MV({ operation point descriptor (see Table 2-101) provides a method“to indicate profile and level for one or more
operation|points each constituted by a set of one or more MVC video sub-bitstreams. If present, the MVC|operation
point desgriptor shall be included in the group of data elements following immediately the program_info length field in
the program _map_section. If an MVC operation point descripter is present within a program description, af least one
hierarchy|descriptor shall be present for each MVC video sub=bitstream present in the same program.

NOTE|- In order to indicate different profiles, one MVC gpg€ration point descriptor per profile is needed.

Table 2-101 — MV C operation point descriptor

Syntax No. of bits Mnempnic
MVC operation_point_descriptor() {
dpscriptor_tag 8 uimspf
dpscriptor_length 8 uimsEf
profile_idc 8 uimspf
cpnstraint_set( flag 1 bslbf
cpnstraint_setl flag 1 bslhf
cpnstraint set2 flag 1 bslbf
cpnstraint_set3 flag 1 bslhf
cpnstraint_set4_flag 1 bslhf
constraint_set5S_flag 1 bslbf
AVC_compatible_flags 2 bslbf
level_count 8 uimsbf
for (1=0;1<level count; i++) {
level idc 8 uimsbf
operation_points_count uimsbf
for (j =0; j< operation_points_count; j++ ) {
reserved bslbf
applicable_temporal_id 3 uimsbf
num_target_output_views uimsbf
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Syntax No. of bits Mnemonic

ES_count 8 uimsbf

for (k =0; k< ES_count; k++) {
reserved 2 bslbf
ES_reference 6 uimsbf

}

}
}
}
2.6.83  Semantic definition of fields in MVC operation point descriptor

proﬁle_i(lc — This 8-bit field indicates the profile, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10, ofall{operation

points deg

cribed within this descriptor for the MVC bitstream.

constrai:]t_set()_ﬂag, constraint_setl flag, constraint set2 flag, constraint set3 flag, constraint set4 flag,

constrai
ITU-T H.

t setS_flag — These fields shall be coded according to the semantics for these Afields define
P64 | ISO/IEC 14496-10.

1 in Rec.

AVC_compatible flags — The semantics of AVC _compatible flags are exactly equal te_the semantics of the field(s)

defined fi
in Rec. I}

r the 2 bits between the constraint set2 flag and the level idc field in the sequence parameter set,
U-T H.264 | ISO/IEC 14496-10.

level_count — This 8-bit field indicates the number of levels for which operation points are described.

level idc
bitstream

— This 8-bit field indicates the level, as defined in Rec. ITU<T H.264 | ISO/IEC 14496-10, of
for the operation points described by the following groups of data)elements.

hs defined

the MVC

operation)_points_count — This 8-bit field indicates the number of-dpgration points described by the list included in the

following]

group of data elements.

applicable temporal_id — This 3-bit field indicates the highest value of the temporal id of the VCL NAL uhits in the

re-assemb

num_tar
associated

ES_coun
elements.
the MVC

ES_refer
identifies

NOTE
video (
The sp
operati

2.6.84
The MPH

led AVC video stream.

operation point.

video bitstream. The value Oxffls reserved.

a video sub-bitstream:

ecification of they\MVC operation point descriptor supports the indication of different profiles and levels fg
bn points.

MPEG?2 stereoscopic_video_ format_ descriptor

G2{stereoscopic_video format descriptor (see Table 2-102) may be associated in the PMT for

bet output_views — This 8-bit field indicates\the value of the number of the views, targeted for output for the

— This 8-bit field indicates the number of ES reference values included in the following groyp of data
The elementary streams indicated.in the following group of data elements together form an operatign point of

ence — This 6-bit field indicates the hierarchy layer index value present in the hierarchy descriptor which

— The profile and level for a single operation point, e.g., the entire MVC video bitstream, can be signalled using the AVC
escriptor. Beyond that, MVC allows for decoding different view subsets which can require different profiles anfd/or levels.

r multiple

MPEG-2

video co

POTCIS (With SIean type vatue equat to 0x02)—Wiem present, the descriptor siatt-betocated T

the loop

following ES_info length field in PMT. When the descriptor is included in the PMT, the associated MPEG-2 video
elementary stream shall contain stereoscopic video format information in the user data extension as specified in Rec.
ITU-T H.262 | ISO/IEC 13818-2:2000/Amd.4. If the descriptor is not included for MPEG-2 video with stream_type
value equal to 0x02, then the associated MPEG-2 video elementary stream may or may not contain stereoscopic video
format information.

Table 2-102 - MPEG2_stereoscopic_video_format_descriptor syntax

Syntax No. of bits Format

MPEG2_stereoscopic_video format descriptor() {
descriptor_tag 8 uimsbf

descriptor_length 8 uimsbf
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Syntax No. of bits Format

stereo_video_arrangement_type present 1 bslbf

if (stereo_video arrangement type present) {

arrangement_type 7 bslbf
b
else {

reserved 7 bslbf
H

}

2.6.85 Semantic definition of fields in the MPEG2_stereoscopic_video_format_descriptor

stereo_vifleo_arrangement_type_present: When this Dit 1S set to '1, then the following /-bits indicate. the type of
stereo_vidleo format type included in the user_data of associated MPEG-2 video elementary stream. If this-bit is set to
'0', then np such signalling is made available in this descriptor.

arrangenpent_type: This field shall be set to the same value as arrangement type defined\in Table L-1 of
Rec. ITU{T H.262 | ISO/IEC 13818-2:2000/Amd.4 and included in the user data extension, of associated] MPEG-2
video elepentary stream.

2.6.86 [Stereoscopic_program_info_descriptor

Stereoscopic_program info descriptor (see Table 2-103) specifies the identificatiofi/of 2D-only (monoscopjc), frame
compatible stereoscopic 3D as well as service-compatible stereoscopic 3D)‘services. This descriptol conveys
informatipn at a program level and assists decoders determine resources required to support the signalled services.
When pregent, this descriptor shall be included in the loop following program ‘info length field in the PMT. Iy addition,
when thi§ descriptor is present, stream_type values and descriptors assoctated with the video components i the loop
following|ES info length in the PMT shall not conflict with the ster€oseopic_service type signalled in this descriptor.

Table 2-103 — Stereoscopic_program_info_descriptor syntax

Syntax No. of bits Format
Stereoscopic_program_info descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 5 bslbf
stereoscopic_service-type 3 bslbf

}

2.6.87 [Semantic definitionof-fields in the stereoscopic_program_info_descriptor

descriptI_length: This field’shall be set to 0x01.

stereoscopic_servicetype: This specifies the type of service that is provided through the associated compoments such
as monos¢opic, frame compatible stereoscopic or service-compatible stereoscopic according to Table 2-104.
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Table 2-104 — Stereoscopic_service_type values

Values Description
'000' unspecified
'001' 2D-only (monoscopic) service (see Note 1)
'010' Frame-compatible stereoscopic 3D service
011 Service-compatible stereoscopic 3D service (see Note 2)
'100'..'111" Rec. ITU-T H.222.0 | ISO/IEC 13818-1 reserved

NOTE 1 - 2D-only (monoscopic) service is used in 2D/3D mixed programs based on service-compatible
stereoscopic 3D service, i.e., a service that has an arbitrary mixture of 2D and 3D video. 2D video can be coded
independently using either MPEG-2 or AVC video to maintain stability of 3DTV broadcasting system.

NOTE 2 — Service-compatible stereoscopic 3D service is based on 'simulcast' of stereoscopic view sequences.

Each view of the stereoscopic video sequences can be coded independently using either MPEG-2 or AVC video or

dl l_y uulu{}iuatiuu t}lbl\zl}f. Bab\. VIUW VldbU Dtlballl fUl SLIL Vlbb‘bUlll}}ati‘L}}b DtblbUD\/U}}i\a 3D hNlw28 Vi\./bb IS sisuanud
ufing stream_type value of 0x02 for MPEG-2 video and stream_type value of 0x1B for AVC video. Additiona]
vlew video stream for service-compatible stereoscopic 3D services is signalled using stream_type value of-0x22
fgr MPEG-2 video and stream_type value of 0x23 for AVC video.

Stereoscopic_video_info_descriptor

The ster¢oscopic video info descriptor (see Table 2-105) provides information related to service-c
stereoscopic 3D services that carry left and right view in separate video streams. The two,_streams are called
view vidgo stream" and the "additional view video stream". The base view video stréam may be displayed ¢
for a 2D yideo service. If signalled as specified below, the additional view video.Stfeam may also be displal
own for a|2D video service.

The ster¢oscopic_video info descriptor is located in the loop following” ES info length field in P
stereoscopic_video info descriptor shall be included for both the base view'video component (stream_type va
or Ox1B)|and additional view video component (stream type value§/0x22 or 0x23) in the PMT for prog
support s¢rvice-compatible stereoscopic 3D video. The stereoscopicivideo _info_descriptor should not be assd
componeipts with any other stream_type values as its meaning issuridefined for other stream_type values.

2.6.89

Table 2-105 — Stereoscopic.'video_info_descriptor syntax

pmpatible
the "base
n its own
yed on its

MT. The
lues 0x02
rams that
ciated for

Syntax No. of bits Format
Btereoscopic_ video_info_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 7 bslbf
base_video_flag 1 bslbf
if (base_video flag)\{
reseryed 7 bslbf
leftview_flag 1 bslbf
} else 4
reserved 7 bslbf
usable_as 2D 1 bslbf
horizontal_upsampling_factor 4 bslbf
vertical_upsampling factor 4 bslbf
}
j

Semantic definition of fields in the stereoscopic_video_info_descriptor

base_video_flag: When the bit is set to '1', it indicates that the video stream is a base video stream. When the bit is set
to '0', it indicates that the video stream is an additional view video stream. This bit shall be set to '1' for base view video
stream components with stream_type values of 0x02 and 0x1B and this bit shall be set to '0' for the additional view
video stream components with stream_type values of 0x22 and 0x23.

leftview_flag: When the bit is set to 'l', it indicates that the associated video stream component is the left view video
stream. When the bit is set to '0', it indicates that the associated video stream component is the right view video stream.

usable_as 2D: When this bit is set to 'l', it indicates that the additional view video stream may also be used for a 2D
video service.
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horizontal upsampling factor and vertical upsampling factor: These fields provide higher level information on
any upsampling that may be required after the video component is decoded. The values and description of upsampling
factors are defined in Table 2-106. These values are informational, and that the definitive values are those in the video
elementary stream. When this syntax element is set to '0001' decoders are expected to use the information in the video
elementary stream to determine appropriate upsampling factors (if needed).

Table 2-106 — Upsampling factor values

Value Description
'0000' Forbidden
'0001' unspecified
'0010' Coded resolution is same as coded resolution of base view
0011 Coded resolution-is 3% coded resolution of base view
'0100' Coded resolution is 2/3 coded resolution of base view
'0101' Coded resolution is %> coded resolution of base view
0110'..'1000' reserved
1001"..'1111" user_private

2.6.90 [Extension descriptor

The extension descriptor (see Table 2-107) provides a mechanism to extend the Rec, ITU-T H.222.0 | ISO/IEC 13818-1
descriptoq range (see Table 2-45). The descriptors which are based on the extensien,descriptor are signalled|using the
extension|descriptor with extension descriptor tag values defined in Table 2-108.

Table 2-107 — Extension descriptor

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

if ( extension_descriptor_tag == 0x02){
ObjectDescriptorUpdate()

}

else if ( extension_descriptoritag == 0x03) {
HEVC timing and HRD descriptor()

}

else if ( extension )descriptor_tag == 0x04) {
af extensions_descriptor ()

}

else(if( ‘extension_descriptor_tag == 0x05 ) {

HEVC_operation_point_descriptor( )

else if (extension-descrintor tag == 0x06) f
\ p— r — 7 U
HEVC hierarchy extension_descriptor( )

else if (. extension_descriptor_tag == 0x07) {
Green_extension_descriptor ()

¥

else if ( extension_descriptor_tag == 0x08) {
MPEG-H_3dAudio_descriptor()

§

else if ( extension_descriptor_tag == 0x09) {
MPEG-H_3dAudio_config_descriptor()
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Table 2-107 — Extension descriptor

Syntax No. of bits Mnemonic

else if ( extension_descriptor_tag == 0x0A) {
MPEG-H_3dAudio_scene_descriptor()

}

else if ( extension_descriptor_tag == 0x0B) {
MPEG-H_3dAudio_text label descriptor()

}

else if ( extension_descriptor_tag == 0x0C) {
MPEG-H_3dAudio_multi-stream_descriptor()

}

else if (. extension_descriptor_tag == 0x0D) {
MPEG-H_3dAudio_drc_loudness_descriptor()

}

else if ( extension_descriptor_tag == 0x0E) {
MPEG-H_3dAudio_command _descriptor()

}

else if ( extension_descriptor_tag == 0x0F) {
Quality_extension_descriptor ()

}

else if ( extension_descriptor_tag == 0x10) {
Virtual segmentation_descriptor ()

}

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

reserved 8 bslbf

}

}

2.6.91 [Semantic definition of fields in.the extension descriptor

descriptI_tag — The descriptor_tag is anr 8-bit field whose value is defined in Table 2-45.

descript
immediatgly following the desetiptor length field.

extension]_descriptor_tag ‘<The extension descriptor tag is an 8-bit field which identifies each descriptor

this tag vdlue. See Table2~108 for the extension_descriptor_tag values.
ObjectDgscriptorUpdate() — This structure is defined in section 8.5.5.2 of ISO/IEC 14496-1.
HEVC_timing and_HRD _descriptor() — This structure is defined in 2.6.95 and 2.6.96.

_length — The descriptor length is an 8-bit field specifying the number of bytes of the

descriptor

that uses

af_extendions descriptor() — This structure is defined in 2.6.99
HEVC_operation_point_descriptor() — This structure is defined in 2.6.100 and 2.6.101.
HEVC _hierarchy_extension_descriptor( ) — This structure is defined in 2.6.102 and 2.6.103.
Green_extension_descriptor() — This structure is defined in 2.6.104 and 2.6.105.
MPEG-H_3dAudio_descriptor() — This structure is defined in 2.6.106 and 2.6.107.
MPEG-H_3dAudio_config_descriptor() — This structure is defined in 2.6.108 and 2.6.109.
MPEG-H_3dAudio_scene_descriptor() — This structure is defined in 2.6.110 and 2.6.111.
MPEG-H_3dAudio_text_label_descriptor() — This structure is defined in 2.6.112 and 2.6.113.

MPEG-H_3dAudio_multi-stream_descriptor() — This structure is defined in 2.6.114 and 2.6.115.
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MPEG-H_3dAudio_drc_loudness_descriptor() — This structure is defined in 2.6.116 and 2.6.117.
MPEG-H_3dAudio_command_descriptor() — This structure is defined in 2.6.118.
Quality_extension_descriptor() — This structure is defined in 2.6.119.

Virtual_segmentation_descriptor() — This structure is defined in 2.6.120 and 2.6.121.

Table 2-108 — Extension descriptor tag values

Extension_descriptor_tag TS | PS Identification
0 n/a | n/a | Reserved
1 n/a | X | Forbidden
2 X X | ODUpdate_descriptor
3 X | n/a | HEVC timing and HRD descriptor()
4 X | n/a | af extensions_descriptor()
5 X | n/a | HEVC operation_point_descriptor( )
6 X | n/a | HEVC hierarchy extension descriptor( )
7 X | n/a | Green extension_descriptor()
8 X | n/a | MPEG-H_3dAudio_descriptor()
9 X | n/a | MPEG-H 3dAudio config descriptor()
0x0A X | n/a | MPEG-H 3dAudio_scene descriptor()
0x0B X | n/a | MPEG-H 3dAudio text,label descriptor()
0x0C X | n/a | MPEG-H 3dAudio multi-stream_descriptor()
0x0D X | n/a | MPEG-H_3dAudio~drc_loudness_descriptor()
0x0E X | n/a | MPEG-H 3dAudio command descriptor()
0x0F X | n/a | Quality extension descriptor()
0x10 X | n/a | Virtual segmentation descriptor()
Ox11 .. OxFF n/a | n/a | Rec. FTU-T H.222.0 | ISO/IEC 13818-1 Reserved

2.6.92 |ODUpdate_descriptor

The ODUpdate descriptor may be used to edrry a set of ObjectDescriptors through an ObjectDescriptorUpdate, as a
replacemgnt or as a complement to ISOAEC 14496 object descriptor streams defined in the I0D. If [used, the
ObjectDepcriptorUpdate command shall\be processed by the MPEG-4 terminal as defined in 7.2.5.5.2 of ISO/IEC
14496-1. [The descriptors carried in the ODUpdate descriptor are in the same name scope as the scene description
described|in the InitialObjectDesériptor carried in the IOD descriptor.

When an|ODUpdate descriptor/is used within a transport stream, the ODUpdate descriptor shall be conveyed in the
descriptoy loop immediately-following the program info length field in the program map table, and shall b¢ included
after an IQD descriptor.

When an|ODUpdate Jdescriptor is used within a program stream, the ODUpdate descriptor shall be conveyed in the
descriptoq loop-immediately following the program stream info length field in the program stream map, and shall be
included fter,an’IOD descriptor.

If an ODUpdate_descriptor 1s included before an [OD descriptor or it [OD descriptor 1s not present, then the ODUpdate
descriptor shall be ignored. More than one ODUpdate descriptor may be included in a program map table or program
stream map.

2.6.93 Transport_profile descriptor

The Transport_profile descriptor (see Table 2-109) may be associated in the PMT to signal a profile value of transport
stream in the associated program. When present, the descriptor shall only be located in the loop following the
program_info_length field in the PMT. If the descriptor is not included in the PMT, then the associated transport stream
conforms to the complete profile.
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Table 2-109 — Transport_profile_descriptor syntax

Syntax No. of bits | Mnemonic
Transport_profile descriptor{
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
transport_profile uimsbf
for (i=0; i<N; i++) {
private_data 8 bslbf
j
}

2.6.94 Semantic definition of fields in the Transport profile descriptor

transpor§_profile — This 8-bit profile value signals the use of constraints in the associated transport streqm for the
program. See Table 2-110.
Table 2-110 — Transport_profile values
Values Description
0x00 unspecified
0x01 Complete profile *
0x02 Adaptive profile b
0x03 .. 0xOE reserved
0xOF .. OxFF user_private
*  Transport streams using this profile conform to all the normdiive definitions for transport streams. These
include conformant discontinuities, PCR jitter/accuracy, strict'T-STD management, PCR interval
conformance (less than 100 ms), as well as PTS/DTS interval (0.7 seconds) and compliance.
®  Transport streams using this profile conform to all thésnormative definitions for transport streams with the
following exceptions:
— The PCR jitter may exceed the specified:tolerance as applications that use this profile usually do not
include null-PID packets. Clients that process these streams usually do not use the PCR to derive the
decoder STC. However, the PCR yatue'can be used in conjunction with the PTS and DTS for
conformant STD management of alhthe media components in the associated program;
— the PCR interval occasionally €xceeds 100 ms in applications that use this profile due to occasional
bit rate variations in certain loeations;
— conforming continuity, cdunter errors and time base discontinuity may occur more frequently than in
complete profile.
¢ User private values of transport_profile that need unique identification can use the MPEG
registration_descriptor with.a unique format_identifier value that is obtained from the Registration Authority.
2.6.95 EVC video descriptor
For an HEVC video stream, the HEVC video descriptor (see Table 2-111) provides basic information for iflentifying
coding parameters,such as profile and level parameters of that HEVC video stream. For an HEVC temporal yideo sub-
bitstream |or an HEVC temporal video subset, the HEVC video descriptor provides information such as the associated
HEVC highest.temporal sub-layer representation contained in the elementary stream to which it applies. This descriptor
can also Be\tised to indicate presence of WCG and HDR video components in the associated PID as well as pdditional
parameters to assist decoders with HDR capability to render intended video data on HDR capable display devices. In

addition, this can assist non-HDR capable decoders to use the information appropriately.

NOTE 1 — In case that the video characteristics change over time, care should be taken that the descriptor is updated accordingly.

This descriptor, when present, shall only be used for elementary streams with a stream_type value of 0x24 or 0x25.
When the program element for which this descriptor is used is part of an HEVC layered video stream, i.e., the program
contains at least one other program element with a stream_type value in the range of 0x28-0x2B, the semantics of
HEVC still_present flag, HEVC 24hr picture present flag and sub_pic_hrd params not present flag shall apply to
the whole HEVC layered video stream, i.e., also to all program elements with a stream_type value in the range of 0x28-

0x2B.

NOTE 2 — For elementary streams with a stream_type value in the range of 0x28-0x2B, the applicable value of level idc can be
ambiguous and depend on the output layer set, i.e., the combination with other elementary streams. This information is signalled
by the HEVC operation point descriptor.
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Table 2-111 - HEVC video descriptor

Syntax No. of bits Mnemonic
HEVC video_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
profile_space 2 uimsbf
tier_flag 1 bslbf
profile_idc 5 uimsbf
profile_compatibility_indication 32 bslbf
progressive_source_flag 1 bslbf
interlaced_source_flag 1 bslbf
non_packed_constraint_flag 1 bslbf
frame only constraint flag 1 bslbf
copied_44bits 44 bslbf
leveel_idc 8 uimsbf
tethporal_layer_subset_flag 1 bslbf
HHBVC _still_present_flag 1 bslbf
HHEVC_24hr_picture_present_flag 1 bslbf
sub_pic_hrd_params_not_present_flag 1 bslbf
rederved 2 bslbf
HIR_WCG _ide 2 bslbf
if (temporal _layer subset flag=="1") {
temporal_id_min 3 uimsbf
reserved 5 bslbf
temporal_id_max 3 uimsbf
reserved 5 bslbf
}
}
2.6.96 [Semantic definition of fields in HEVC video descriptor
profile_space, tier_flag, profile_idc, profile’) compatibility indication, progressive_source flag,
interlaceﬁ_source_ﬂag, non_packed_constraint_flag, frame only constraint flag, level idc — When the HEVC
video desfriptor applies to an HEVC video stream orito an HEVC complete temporal representation, these flelds shall
be coded| according to the semantics defined in“Rec. ITU-T H.265 | ISO/IEC 23008-2 for general proffle _space,
general tjer flag, general profile idc, general profile compatibility flag[i], general progressive source flag,
general_interlaced source flag, general”non_packed constraint flag, general_frame _only constiaint flag,
general_lpvel idc, respectively, for the carresponding HEVC video stream or HEVC complete temporal reprgsentation,
and the eptire HEVC video stream of HEVC complete temporal representation to which the HEVC video defcriptor is
associated shall conform to the infotmation signalled by these fields.
When the] HEVC video descriptor applies to an HEVC temporal video sub-bitstream or HEVC temporal videq subset of
which thg corresponding (HEVC highest temporal sub-layer representation is not an HEVC complete| temporal
representgtion, these fields.shall be coded according to the semantics defined in Rec. ITU-T H.265 | ISO/IEC 23008-2
for sub fayer profite~space, sub layer tier flag, sub_layer profile idc, sub_layer profile compatibility flagfi],
sub_layen progressive_source flag,  sub_layer interlaced source flag,  sub _layer non_packed constiaint flag,
sub_layen frame>only constraint flag, sub layer level idc, respectively, for the corresponding HEV( highest
temporal pub-layer representation, and the entire HEVC highest temporal sub-layer representation to which 11he HEVC
video destriptor is associated shall conform to the information signalled by these fields

NOTE 1 — In one or more sequences in the HEVC video stream the level may be lower than the level signalled in the HEVC
video descriptor, while also a profile may occur that is a subset of the profile signalled in the HEVC video descriptor. However,
in the entire HEVC video stream, only subsets of the entire bitstream syntax shall be used that are included in the profile
signalled in the HEVC video descriptor, if present. If the sequence parameter sets in an HEVC video stream signal different
profiles, and no additional constraints are signalled, then the stream may need examination to determine which profile, if any, the
entire stream conforms to. If an HEVC video descriptor is to be associated with an HEVC video stream that does not conform to
a single profile, then the HEVC video stream should be partitioned into two or more sub-streams, so that HEVC video descriptors
can signal a single profile for each such sub-stream.

copied_44bits — When the HEVC video descriptor applies to an HEVC video stream or to an HEVC complete temporal
representation, this bit field shall be coded according to the semantics of the syntax elements defined in Rec.
ITU-T H.265 | ISO/IEC 23008-2 for the 44 bits found in the profile tier level() syntax element between
general_frame _only constraint_flag and general level idc for the corresponding HEVC video stream or HEVC
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complete temporal representation, and the entire HEVC video stream or HEVC complete temporal representation to
which the HEVC video descriptor is associated shall conform to the information signalled by these fields.

When the HEVC video descriptor applies to an HEVC temporal video sub-bitstream or HEVC temporal video subset of
which the corresponding HEVC highest temporal sub-layer representation is not an HEVC complete temporal
representation, this bit field shall be coded according to the semantics of the syntax elements defined in Rec.
ITU-T H.265 | ISO/IEC 23008-2 for the 44 bits found in the profile tier level() syntax element between
sub_layer frame only constraint flag and sub_layer level idc for the corresponding HEVC highest temporal sub-
layer representation, and the entire HEVC highest temporal sub-layer representation to which the HEVC video
descriptor is associated shall conform to the information signalled by these fields.

temporal_layer_subset_flag — This 1-bit flag, when set to 'l', indicates that the syntax elements describing a subset of
temporal layers are included in this descriptor. This field shall be set to 1 for HEVC temporal video subsets and for
HEVC temporal video sub-bitstreams. When set to '0', the syntax elements temporal id min and temporal id max are
not included in this descriptor.

HEVC _still_present_flag — This 1-bit field, when set to '1", indicates that the HEVC video stream or the HEMC highest
temporal pub-layer representation may include HEVC still pictures. When the HEVC still present flagis sef to '0', the
associated HEVC video stream shall not contain HEVC still pictures.

When th¢ program element to which this descriptor applies is part of an HEVC layered‘¥ideo streanp and the
HEVC stjll present flag is set to '0', the whole HEVC layered video stream shall not contair HEVC still pictyres.

NOTE|2 — According to Rec. ITU-T H.265 | ISO/IEC 23008-2, IDR pictures are always associated with a Tempoyalld value
equal tp 0. Consequently, if the HEVC video descriptor applies to an HEVC temporal vided subset, HEVC still picturgs can only
be predent in the associated HEVC temporal video sub-bitstream.

HEVC 24 hour_picture_present flag — This 1-bit flag, when set to 'l', indicates that the associated HE[VC video
stream or|[the HEVC highest temporal sub-layer representation may contain"\tHEVC 24-hour pictures. For the [definition
of an HEVC 24-hour picture, see 2.1.42. When the HEVC 24 hour pigture present flag is set to '0', the pssociated
HEVC vidleo stream shall not contain any HEVC 24-hour pictures.

When thg program element to which this descriptor applies is“part of an HEVC layered video stfeam and
HEVC 24 hour picture present flag is set to '0', the whole HEVC layered video stream shall not contain any HEVC

sub_pic_hrd params_not present flag — This 1-bit fi€ld, when set to '0', indicates that the VUI in the HHVC video
stream [shall have the syntax eclement sub pic hrd params present flag set to 'I'' When the
sub_pic Jrd params not present flag is equal- ¢ ''l', the associated HEVC video stream may nof contain
sub_pic fjrd params present flag in the VUI orthe sub_pic hrd params present flag may be set to '0'.

When th¢ program element to which .thisvdescriptor applies is part of an HEVC layered video stfeam and
sub_pic fjrd params not present flag is§et to '0', the following apply:

'he HEVC timing and HRD"descriptor shall be present in the program map table associated with the program.

]

NOTE 3 —If sub_picturechtd_params not_present equals '0', HRD parameters can be expected to be present, [though the
Hrd_management valid” flag is not mandated to be set to '1' in this case.

i

'he HRD parameter structures that are applicable for all program elements with stream_type valug of 0x24,
x25, or in thé&range of 0x28-0x2B, inclusively, shall be present in the HEVC video stream and th¢ value of
qub pic_hrd params present flag in those HRD parameter structures shall be set to '1".

HDR_WCG ide.= The value of this syntax element indicates the presence or absence of high dynamic range (HDR)
and/or wifleColer gamut (WCG) video components in the associated PID according to Table 2-112. HDR is fefined to
be video [that’has high dynamic range if the video stream EOTF is higher than the Rec. ITU-R BT.1886|reference
EOTF. This field also shall not be set to 2 unless bit_depth luma minus8 as defined in Rec. ITU-T H.265 | ISO/IEC
23008-2 in the associated video is greater than or equal to 2. WCG is defined to be video that is coded using colour
primaries with a colour gamut not contained within Rec. ITU-R BT.709. This field also shall not be set to 1 or 2 unless
bit depth chroma minus8 as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 in the associated video is greater than or
equal to 2.
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Table 2-112 — Semantics of HDR_WGC _idc

HDR_WCG _idc Description

0 SDR, i.e., video is based on the Rec. ITU-R BT.1886 reference EOTF with
a color gamut that is contained within Rec. ITU-R BT.709 with a Rec.
ITU-R BT.709 container (see Note 1)

1 WCG only, i.e., video color gamut in a Rec ITU-R BT.2020 container that
exceeds Rec. ITU-R BT.709 (see Note 2)

2 Both HDR and WCG are to be indicated in the stream (see Note 3)
No indication made regarding HDR/WCG or SDR characteristics of the
stream

NOTE 1 — An example where it would be desirable to set HDR_ WCG _idc to 0 would be when the
colour description_present flag, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, is set to '0', with colour_primaries and
transfer_characteristics not present in the video stream.

NOTE 1 — An example where it would be desirable to set HDR_WCG_idc to 1 would be when colour_primaries as defined in
Rec. ITU-T H.265 | ISO/IEC 23008-2 is equal to 9 to indicate Rec. ITU-R BT.2020.
NOTE 3 — An example where it would be desirable to set HDR_WCG idc to 2 would be when transfer characteristics gs
defined [in Rec. ITU-T H.265 | ISO/IEC 23008-2 is equal to 16 to indicate BT.2100 PQ EOTF or equal to 18 te indicate
BT.210¢0 HLG EOTF, and when colour_primaries as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 is equal to 9 to indicate
Rec. ITU-R BT.2020.

temporal] id_min — This 3-bit field indicates the minimum value of the Temporalld, as defined in Rec. ITU{T H.265 |
ISO/IEC 23008-2, of all HEVC access units in the associated elementary stream.

temporal] id_max — This 3-bit field indicates the maximum value of the Temporaild,sas defined in Rec. ITU{T H.265 |
ISO/IEC 23008-2, of all HEVC access units in the associated elementary streamy

2.6.97 [HEVC timing and HRD descriptor

For an HEVC video stream, an HEVC temporal video sub-bitstream{er an HEVC temporal video subset, the HEVC
timing and HRD descriptor (see Table 2-113) provides timing and, HRD parameters, as defined in Annex [C of Rec.
ITU-T HJ265 | ISO/IEC 23008-2, for the associated HEVC video stream or the HEVC highest temporal [sub-layer
representdtion thereof, respectively.

Table 2-113 - HEVC‘timing and HRD descriptor

Syntax No. Of bits Mnempnic
HEVC timing and HRD descriptor() {
hfd_management_valid_flag 1 bslbf
tgrget_schedule_idx_not_present.flag 1 bslbf
tgrget_schedule_idx 5 uimspf
picture_and_timing_info_present_flag 1 bslbf
iff (picture_and_timing_jnfe~present flag=="1") {
90kHz flag 1 bslbf
reserved 7 bsIhf
if (90kHz\flag =="0") {
N 32 uimsEf
K 32 uimspf
H
num_units_in_tick 32 uimspf
}
}

2.6.98 Semantic definition of fields in HEVC timing and HRD descriptor

hrd_management_ valid flag — This 1-bit flag is only defined for use in transport streams. When the HEVC timing
and HRD descriptor is associated with an HEVC video stream or with an HEVC highest temporal sub-layer
representation carried in a transport stream, then the following rules apply.

When the value of hrd management valid flag is equal to '1', Buffering Period SEI and Picture Timing SEI messages,
as defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, shall be present in the associated HEVC video stream
or HEVC highest temporal sub-layer representation. For HEVC layered video streams, each HEVC operation point
signalled in the HEVC operation point descriptor shall have applicable Buffering Period SEI and Picture Timing SEI
messages. All Buffering Period SEI messages shall carry coded nal initial cpb removal delay and
nal initial cpb removal offset values and may additionally carry nal initial alt removal delay and
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nal_initial alt cpb_removal offset values for the NAL HRD. If the hrd management valid flag is set to 'l', then the
transfer of each byte from MB, to EB, in the T-STD as defined in 2.17.2 or the transfer from MB,y to EB, in the
T-STD as defined in 2.17.3 or the transfer of each byte from MB,x to EB, in the T-STD as defined in 2.17.4 shall be
according to the delivery schedule for that byte into the CPB in the NAL HRD, as determined from the coded
nal_initial cpb removal delay and nal_initial cpb removal offset or from the coded
nal initial alt cpb removal delay and nal initial alt cpb removal offset values for SchedSelldx equal to
target schedule idx, as specified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2. When the
hrd_management valid flag is set to '0', the leak method shall be used for the transfer from MB,, to EB,, in the T-STD
as defined in 2.17.2 or the transfer from MB,y to EB, in the T-STD as defined in 2.17.3 or the transfer from MBy to
EB, in the T-STD as defined in 2.17 4.

target_schedule_idx_not_present_flag — This 1-bit flag when set to '0' indicates that the following 5 bits represent the
value target schedule idx as specified below. When set to 'l', the following 5 bits are unspecified. When
hrd management valid flag is equal to 0, then target schedule idx_not present flag shall be set to 'l".

target_schedule_idx — When target schedule idx not present flag is equal to '0', this 5-bit field indicates-thg index of
the delivgry schedule which is assigned for SchedSelldx. When the value of target schedule idx not.presgnt flag is
equal to '|' and the value of hrd management valid flag is equal to 'l', the value of target schedule/idx is inferred to
be equal tp '0'.

picture_gnd_timing_info_present_flag — This 1-bit flag when set to 'l' indicates that the 90kf#z flag and garameters
for accurdte mapping to a 90-kHz system clock are included in this descriptor.

90kHz_flag — This 1-bit flag when set to '1' indicates that the frequency of the HEVC time base is 90 kHz.

N, K — Fpr an HEVC video stream or HEVC highest temporal sub-layer repres¢ntation, the frequency of the HEVC
time basq is defined by the syntax element vui time scale in the VUI parameters, as defined in Annex E of Rec.
ITU-T H.p65 | ISO/IEC 23008-2. The relationship between the HEVC timess¢ale and the STC shall be defined by the
parameters N and K in this descriptor as follows.

time_scale = (N x system_clock Afréquency) | K

If the 90/Hz_flag is set to '1', then N equals 1 and K equals 300, Ifthe 90kHz flag is set to '0', then the valueg of N and
K are proyided by the coded values of the N and K fields.

NOTE|- This allows mapping of time expressed in units of zime ‘scale to 90 kHz units, as needed for the calculation pf PTS and
DTS timestamps, for example in decoders for HEVC access(umits for which no PTS or DTS is encoded in the PES heagler.

num_uni[rs_in_tick — This 32-bit field is coded exactly in the same way as the vui_num_units_in_tick field in VUI
parameters in Annex E of Rec. ITU-T H.265 | ISOAEC 23008-2. The information provided by this field shall apply to
the entire]HEVC video stream or HEVC highest,temporal sub-layer representation to which the HEVC timing(and HRD
descriptoi is associated.

2.6.99 [AF extensions descriptor

The AF ektensions descriptor (se&Table 2-114) is used to signal that adaptation field descriptors could be pregent in the
adaptation) header of the componeilt, as defined in 2.4.3.5.

NOTE|- There may be AF )descriptors in an adaptation field of a TS packet even though this descriptor is not [set for the
compopent.

Table 2-114 — Adaptation field extension descriptor

Syntax No. of bits Mnemonic

af _extensions_descriptor() {

}

2.6.100 HEVC operation point descriptor

The HEVC operation point descriptor (see Table 2-115) provides a method to indicate profile and level for one or more
HEVC operation points. When present, the HEVC operation point descriptor shall be included in the group of data
elements which immediately follow the program_info_length field in the program_map section.

NOTE - For some applications, the TS may not contain all operation points described in the HEVC operation point descriptor, or

the HEVC operation point descriptor may not describe all operation points available in the TS. However, as far as matching
elementary streams are found in the TS, the information provided in the descriptor should describe the operation points correctly.
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Table 2-115 — HEVC operation point descriptor

Syntax No. of bits Mnemonic

HEVC_operation_point_descriptor( ) {

reserved 2 bslbf
num_ptl 6 uimsbf
for (i=0;1<num_ptl; i++, i++) {
profile_tier_level_infoli] 96 bslbf
}
operation_points_count 8 uimsbf
for (1= 0; 1 < operation_points_count; i++ ) {
target_ols]i] 8 uimsbf
ES_count[i] 8 uimsbf
for ({=0;]<ES countf[i]; j++) {
reserved 1 bslbf
prepend_dependencies]i][j] 1 bslbf
ES_referenceli][j] 6 uimsbf
}
reserved 2 bslbf
numEsInOpli] 6 uimsbf
for (k = 0; k < NumESinOP[i]; k++) {
necessary layer flag[i][k] 1 bslbf
output_layer flag][i][k] b § bslbf
ptl_ref idx[i][Kk] 6 uimsbf
}
reserved 1 bslbf
avg_bit_rate_info_flag]i] 1 bslbf
max_bit_rate_info_flagli] 1 bslbf
constant_frame_rate_info_idc]i] 2 uimsbf
applicable_temporal_id[i] 3 uimsbf
if (constant_frame rate info_idc[i] >\0") {
reserved 4 bslbf
frame_rate_indicator(i] 12 uimsbf
}
if (avg_bit rate info flagi]=="1") {
avg_bit_ratefi} 24 uimsbf
}
if (max_bit_rate-info flag[i] =="1") {
max \bit_rateli] 24 uimsbf
}

}

2.6.101 [Semantic definition of fields in HEVC operation point descriptor

num_ptl {- This 6-bit\field specifies the number of profile, tier and level structures signalled in this descriptor.

profile_tier level info[i] — This 96-bit field shall be coded according to the syntax structure of profile [tier level
defined i{ 7.3.3"of Rec. ITU-T H.265 | ISO/IEC 23008-2 with the value of profilePresentFlag set equal [to '1' and
maxNum$ublayersMinus] set equal to 6

If multiple HEVC operation point descriptors are found for the same program, all profile tier level info[x] elements of
all HEVC operation point descriptors for this program are aggregated in their order of occurrence into a common array,
which is referenced in this specification as profile tier level array[]. If there is only a single HEVC operation point
descriptor, profile tier level array[] contains the elements profile tier level info[x] in the order as found in that single
descriptor.

operation_points_count — This 8-bit field indicates the number of HEVC operation points described by the list
included in the following group of data elements.

target_ols[i] — An 8-bit field that specifies the index into the list of output layer sets in the VPS, associated with the i-th
HEVC operation point defined in this descriptor.

122 Rec. ITU-T H.222.0 (03/2017) © ISO/IEC 2018 - All rights reserved


https://iecnorm.com/api/?name=7fed09a7fa50418acf1573ba10f7ae8a

ISO/IEC 13818-1:2018 (E)

ES_count[i] — This 8-bit field indicates the number of ES reference values included in the following group of data
elements. The aggregation of elementary streams, according to the ordered list indicated in the following group of data
elements, forms an HEVC operation point. The value 0xff is reserved.

Let OperationPointESList[i] be the list of elementary streams that are part of the i-th HEVC operation point.

prepend_dependencies[i][j] — This flag if set to '1' specifies that the elementary stream indicated by ES_referencel[i][j],
when not present yet in OperationPointESList[i], shall be added into OperationPointESList[i] and the elementary stream
indicated by the syntax element hierarchy embedded layer index in the hierarchy descriptor, or all of the elementary
streams indicated by the syntax element hierarchy ext embedded layer index in the HEVC hierarchy extension
descriptor, with the hierarchy layer index value specified by the following syntax element ES _reference[i][j], when not
present yet in OperationPointESList[i], shall be added into OperationPointLayerList[i] immediately before the
elementary stream signalled by the ES reference[i][j] in ascending order of the value of their associated
hierarchy embedded layer index or hierarchy ext embedded layer index. When the value of
prepend_dependencies|[i][j] is equal to '0', only the elementary stream indicated by ES reference[i][j], when not present
yet in OperationPointESList[i], shall be added into OperationPointESList[i]. The elementary stream indicated by
ES_referdnce[i][m] shall be placed earlier (i.e., with a lower index) into OperationPointESList[i] than. the clementary
stream ifgdicated with ES reference[i][n] when m is less than n. The order of elementany) stream in the
OperatiorfPointESList[i] shall be in ascending order of their hierarchy layer index values.

ES_referpnce[i][j] — This 6-bit field indicates the hierarchy layer index value present in the hierarchy dedcriptor or
HEVC hierarchy extension descriptor which identifies an elementary stream. The valugyoP ES referenceli][m] and
ES_referdnce[i][n] for m not equal to n shall not be the same.

ESs that gre part of the i-th HEVC operation point have been included into OperationPointESList[i] (i.e., after parsing

necessary layer flag[i][k] — This flag when set to 'l' indicates, that the k-th elementary stream in
OperatiorfPointESList[i] is a necessary layer, as defined in Annex F ofRee? ITU-T H.265 | ISO/IEC 23008-2, [of the i-th
operation|point. This flag equal to '0' indicates that the k-th elemientary stream in OperationPointESList[{] is not a

output_lgyer flag[i][k] — This flag when set to 'l' indicates ¢hat'the k-th elementary stream in OperationPointESList[i]
i t layer. Otherwise, when set to '0', it indicates that the k-th elementary stream in OperationPointESList[i] is
not an ouput layer. When the value of necessary layeri\flag[i][k] is equal to '0', the value of output layer| flag[i][k]
shall be ignored.

ptl_ref idx[i][k] — A 6-bit field that indicates the index x to the profile tier level info[x] elemefpt of the
profile tigr level array which applies to the kyth elementary stream in OperationPointESList[i]. When thg value of
necessary| layer flag[i][k] is equal to '0', the value of ptl_ref idx[i][k] shall be ignored.

avg_bit_rate info_flag[i] — This flagiindicates whether the syntax element avg_bit rate[i] is present in this d¢scriptor.

max_bit [rate_info_flag[i] — This flag indicates whether the syntax element max_bit rate[i] is presemt in this
descriptoi.

constant [frame_rate_infoidc[i] — This 2-bit field, in combination with the syntax element frame rate indicator as
specified pelow, indicafesshow the frame rate for the associated operation point j is determined. The value of () indicates
that the frpme rate is=00t specified for the i-th HEVC operation point and that the syntax element frame rate ipdicator is
not preseijt in this'descriptor for the i-th HEVC operation point.

applicable temporal_id[i] — This 3-bit field indicates the highest value of Temporalld of the VCL NAL unit{ in the re-
assembled HEVC video stream for operation point i.

frame_rate_indicator[i] — If constant frame rate info idc[i] is equal to 1, this 12-bit field indicates a constant number
of ticks, as specified in the HEVC timing and HRD descriptor, for the distance in time between two pictures at the i-th
HEVC operation point. If constant_frame rate info_idc[i] equals 2, this 12-bit field indicates the frame rate for the i-th
operation point measured in frames per second. If constant frame rate info_idc[i] equals 3, this 12-bit field indicates
the frame rate for the i-th HEVC operation point measured in frames per 1.001 seconds.

avg_bit_rate[i] — This 24-bit field indicates the average bit rate, in 1000 bits per second, of the HEVC layered video
stream corresponding to the i-th HEVC operation point.

max_bit_rate[i] — This 24-bit field indicates the maximum bit rate, in 1000 bits per second, of the HEVC layered video
stream corresponding to the i-th HEVC operation point.
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2.6.102 HEVC hierarchy extension descriptor

The HEVC hierarchy extension descriptor provides information to identify the program elements containing
components of layered HEVC streams (see Table 2-116). When present, this descriptor shall only be used for
elementary streams with the stream_type value 0x28, 0x29, 0x2A or 0x2B.

Table 2-116 — HEVC hierarchy extension descriptor

Syntax No. of bits | Mnemonic
HEVC _hierarchy extension_descriptor( ) {
extension_dimension_bits 16 bslbf
hierarchy_layer_index 6 uimsbf
temporal_id 3 uimsbf
nuh_layer_id 6 uimsbf
tref present flag 1 bslbf
Reserved 2 bslbf
num_embedded_layers 6 uimsbf
Reserved 2 bslbf
hierarchy_channel 6 uimsbf
for (1=0;i<num embedded layers;i++) {
Reserved 2 bslbf
hierarchy_ext_embedded_layer_index([i] 6 uimsbf
}
}

2.6.103 [Semantic definition of fields in HEVC hierarchy extension.descriptor

When thg HEVC hierarchy extension descriptor is present, it.issused to specify the dependency of the associated
elementarly stream to other elementary streams in the same program.

extension]_dimension_bits — A 16-bit field indicating-thé“possible enhancement of the associated prograrh element
from the Base layer resulting from the program element of the layer with nuh_layer id equal to '0'.

The alloction of the bits to enhancement dimensions’is given in Table 2-117.

Table 2-117.— Semantics of extension dimension bits

Index to bits Description
0 Multi-view enhancement
1 Spatial scalability, including SNR quality or fidelity enhancement
2 Depth enhancement
3 Temporal enhancement
4 Auxiliary enhancement
5..15 Reserved

The i-th blit equal to '1' indicates that the corresponding enhancement dimension is present. When the elementary stream
contains auxiliary pictures as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, the value of the 4th bit of
extension_dimension_bits shall be set equal to '1', otherwise, it shall be set equal to '0'. When the elementary stream
contains auxiliary pictures that are depth pictures, as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, the
value of both the 2nd and the 4th bits of extension_dimension_bits shall be set equal to '1'.

hierarchy_layer_index — A 6-bit field that defines a unique index of the associated program elements in a table of
coding layer hierarchies. Indices shall be unique within a single program definition. For video sub-bitstreams of HEVC
video streams conforming to one or more profiles defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, this is
the program element index, which is assigned in a way that the bitstream order will be correct if the associated
dependency layers of the video sub-bitstreams of the same HEVC access unit are re-assembled in increasing order of
hierarchy layer index.

temporal_id — A 3-bit field that specifies the highest Temporalld of the NAL units in the elementary stream associated
with this HEVC hierarchy extension descriptor.
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nuh_layer id — A 6-bit field that specifies the highest nuh layer id of the NAL units in the elementary stream
associated with this HEVC hierarchy extension descriptor.

tref_present_flag — A 1-bit flag, which when set to '0' indicates that the TREF field may be present in the PES packet
headers in the associated elementary stream. The value of '1' for this flag is reserved.

num_embedded_layers — A 6-bit field that specifies the number of direct dependent program elements that need to be
accessed and be present in decoding order before decoding of the elementary stream associated with this HEVC
hierarchy extension descriptor.

hierarchy_channel — 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.
hierarchy—ext—embedded er—indexh A—6-bitfieldthatdefines—thehie 2 er—rdex—o

element that needs to be accessed and be present in decoding order before decoding of the elemgntary stredin
with this HEVC hierarchy extension descriptor.

program
hssociated

2.6.104 |[Green extension descriptor

The syntax of the green extension descriptor containing static metadata is shown in Table 2-118:

Table 2-118 — Green extension descriptor

Syntax No. bits Mnemonig
(reen_extension_descriptor() {

num_constant_backlight_voltage time_intervals 2 uimsbf
reserved 6 bslbf
for (i=0; i <num_constant_backlight voltage time intervals; i++) {

constant_backlight_voltage time_intervalli] 16 uimsbf
}
num_max_variations 2 uimsbf
reserved 6 bslbf

for (j=0; j <num_max_variations; j*&¥) {

max_variation([j] 16 uimsbf

2.6.105 |[Semantics for green extension descriptor

Semantics for all the syntax-elements above are specified in 6.4 of ISO/IEC 23001-11.

2.6.106 [MPEG-H 3Daudio descriptor

The MPE[G-H 3D.audio descriptor (see Table 2-119) provides information on basic coding information in the gssociated
ISO/IEC P3008-3.stream. This descriptor shall be present in the associated PMT for MPEG-H 3D audio coptent with
stream_typecequal to 0x2D.

Table 2-119 —- MPEG-H 3D audio descriptor

Syntax No of bits Mnemonic
MPEG-H_3dAudio_descriptor() {
mpegh3daProfileLevellndication 8 uimsbf
interactivityEnabled 1 bslbf
reserved 9 bslbf
referenceChannelLayout 6 uimsbf
for (i=0; i<N; i++) {
reserved 8 bslbf
}
}
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2.6.107 Semantics for MPEG-H 3D audio descriptor

mpegh3daProfileLevellndication — The audio profile and level of the associated ISO/IEC 23008-3 audio stream,
encoded as specified for the mpegh3daProfileLevellndication field in 5.3.2 in ISO/IEC 23008-3.

referenceChannelLayout — Reference channel configuration value as defined as "ChannelConfiguration" in ISO/IEC
23001-8 ("Codec Independent Code Points").

interactivityEnabled — If set to 1, this flag indicates that the 3D audio stream contains elements with associated
metadata which enables user interactivity. If this flag is set to 0, no user interactivity of any kind is available. This flag
may be used to determine the need for initializing the user interactivity interface in the Systems decoder.

2.6.108 MPEG-H 3D audio config descriptor

The MPEG-H 3D audio config descriptor (see Table 2-120) provides information on the complete configuration data of
one ISO/IEC 23008-3 stream.

Table 2-120 — MPEG-H 3D audio config descriptor

Syntax No of bits Minemonic

MPEG-H 3dAudio_config_descriptor() {
njpegh3daConfig()

}

2.6.109 [Semantics for MPEG-H 3D audio config descriptor

mpegh3daConfig() — The mpegh3daConfig() of the associated ISO/IEC 23008-3 audio stream, as specified|in 5.2.2.1
in ISO/IEC 23008-3.

2.6.110 [MPEG-H 3D audio scene descriptor

The MPHG-H 3D audio scene descriptor (see Table 2-121) provides information on user selectable and/or rhodifiable
audio obj¢cts in an ISO/IEC 23008-3 stream.

Table 2-121 —- MPEG-H 3D audio scene descriptor

Syntax No of bits Mrnemonic
MPEG-H 3dAudio_scene_descriptor() {
gloupDefinitionPresent 1 bslbf
syvitchGroupDefinitionPresent 1 bslbf
glroupPresetDefinitionPresent 1 bslbf
reserved 5 pslbf
3flAudioScenelnfolD 8 bslbf
iff (groupDefinitionPresent) {
reserved 1 bslbf
numGroups 7 l1imsbf
for (1=0; 1 < numGroups; 1++) {
reserved 1 bslbf
mae_grouplD 7 uimsbf
reserved 3 bslbf
mae_allowOnOff 1 bslbf
mae_defaultOnOff 1 bslbf
mae_allowPositionInteractivity 1 bslbf
mae_allowGainlnteractivity 1 bslbf
mae_hasContentLanguage 1 bslbf
reserved 4 bslbf
mae_contentKind 4 uimsbf

if ( mae_allowPositionInteractivity ) {
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Syntax No of bits Mnemonic
reserved 1 bslbf
mae_interactivityMinAzOffset 7 uimsbf
reserved 1 bslbf
mae_interactivityMaxAzOffset 7 uimsbf
reserved 3 bslbf
mae_interactivityMinE1Offset 5 uimsbf
reserved 3 bslbf
mae_interactivityMaxEIOffset 5 uimsbf
mae_interactivityMinDistOffset 4 uimsbf
mae_interactivityMaxDistOffset 4 uimsbf

-
if (mae_allowGainInteractivity ) {
reserved 2 bslbf
mae_interactivityMinGain 6 uimsbf
reserved 3 bslbf
mae_interactivityMaxGain 5 uimsbf
}
if ( mae_hasContentLanguage ) {
mae_contentLanguage 24 uimsbf
}
}
}
iff (switchGroupDefinitionPresent) {
reserved 3 bslbf
numSwitchGroups 5 uimsbf
for (i=0; i < numSwitchGroups; i++) {
reserved 1 bslbf
mae_switchGroupID 5 imsbf
mae_switchGroupAllowQnOff 1 slbf
mae_switchGroupDefaultOnOff 1 slbf
reserved 3 slbf
mae_bsSwitchGreupNumMembers 5 imsbf
for (1= 0yi<mae_bsSwitchGroupNumMembers + 1; i++) {
reserved 1 bslbf
mae_switchGroupMemberID 7 uimsbf
}
reserved 1 bslbf
mae_switchGroupDefaultGroupID 7 uimsbf
H
}
if (presetGroupDefinitionPresent) {
reserved 3 bslbf
mae_numGroupPresets 5 uimsbf
for (1= 0; 1 <mae _numGroupPresets; i++ ) {
reserved 3 bslbf
mae_groupPresetID 5 uimsbf
reserved 3 bslbf
mae_groupPresetKind 5 uimsbf
reserved 4 bslbf
mae_numGroupPresetConditions 4 uimsbf
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Syntax No of bits Mnemonic
for (j = 0; j <mae_numGroupPresetConditions+1; j++) {
mae_groupPresetGroupID 7 uimsbf
mae_groupPresetConditionOnOff 1 bslbf
if (mae_groupPresetConditionOnOff) {
reserved 4 bslbf
mae_groupPresetDisableGainInteractivity 1 bslbf
mae_groupPresetGainFlag 1 bslbf
mae_groupPresetDisablePositionInteractivity 1 bslbf
mae_groupPresetPositionFlag 1 bslbf
if ( mae_groupPresetGainFlag ) {
mae_groupPresetGain 8 uimsbf
}
if( mae_groupPresetPositionFlag ){
mae_groupPresetAzOffset 8 uimsbf
reserved 2 bslbf
mae_groupPresetE1Offset 6 uimsbf
reserved 4 bslbf
mae_groupPresetDistFactor 4 uimsbf
}
H
}
}
b
for (i=0; i<N; i++) {
reserved 8 bslbf
b
}

2.6.111 [Semantic definition of fields in MPEG-H 3D audio scene descriptor

groupDefinitionPresent — A one-bit flagfsignalling the presence of interactivity information of one gropp in this

descriptoy.

groupCohtentDataPresent — A one-bit flag signalling the presence of content information of one groyp in this

descriptof.

switchGrjoupDefinitionPrésent — A one-bit flag signalling the presence of switch group information in this d¢scriptor.

presetGrpupDefinitionPresent — A one-bit flag signalling the presence of preset group information in this descriptor.

3dAudio$cenelnfolD — See 15.3 of ISO/IEC 23008-3.

numGrowyps, +_This field signals the number of groups in the audio scene description. This field can take values
between | “and 127, and shall be less or equal to the value of mae numGroups present in the associated ISO/IEC

23008-3 stream.

mae_grouplD — See 15.3 of ISO/IEC 23008-3.
mae_allowOnOff — See 15.3 of ISO/IEC 23008-3.
mae_defaultOnOff — See 15.3 of ISO/IEC 23008-3.
mae_allowPositionInteractivity — See 15.3 of ISO/IEC 23008-3.
mae_allowGainInteractivity — See 15.3 of ISO/IEC 23008-3.
mae_hasContentLanguage — See 15.3 of ISO/IEC 23008-3.
mae_contentKind — See 15.3 of ISO/IEC 23008-3.
mae_interactivityMinAzOffset — See 15.3 of ISO/IEC 23008-3.

128 Rec. ITU-T H.222.0 (03/2017)

© ISO/IEC 2018 - All rights reserved


https://iecnorm.com/api/?name=7fed09a7fa50418acf1573ba10f7ae8a

mae_interactivityMaxAzOffset — See 15.3 of ISO/IEC 23008-3.
mae_interactivityMinElOffset — See 15.3 of ISO/IEC 23008-3.
mae_interactivityMaxElOffset — See 15.3 of ISO/IEC 23008-3.
mae_interactivityMinDistOffset — See 15.3 of ISO/IEC 23008-3.
mae_interactivityMaxDistOffset — See 15.3 of ISO/IEC 23008-3.
mae_interactivityMinGain — See 15.3 of ISO/IEC 23008-3.
mae_interactivityMaxGain — See 15.3 of ISO/IEC 23008-3.
mae_contentLanguage — See 15.3 of ISO/IEC 23008-3.

ISO/IEC 13818-1:2018 (E)

numSwitchGroups — This field signals the number of switch groups minus one in the overall scene. This field can take

values be
mae_nu

mae_swifchGroupID — See ISO/IEC 23008-3.
mae_swifchGroupAllowOnOff — See 15.3 of ISO/IEC 23008-3.

witchGroups present in the associated ISO/IEC 23008-3 stream.

e value of

mae_swifchGroupDefaultOnOff — See 15.3 of ISO/IEC 23008-3; if mae switchGroapAllowOnOff if '0', then

mae_switfhGroupDefaultOnOff shall be set to '0'.

GroupPresets — See 15.3 of ISO/IEC 23008-3.
pPresetID — See 15.3 of ISO/IEC 23008-3.

pPresetKind — See 15.3 of ISO/IEC 23008-3.
pPresetNumConditions — See 15.3 of ISO/IEC23008-3.
pPresetGrouplID — See 15.3 of ISO/IEC 23008-3.
pPresetConditionOnOff — See 15.3 of ISO/IEC 23008-3.

pPresetGainFlag — See 15.3.0f1SO/IEC 23008-3.

pPresetPositionFlag~See 15.3 of ISO/IEC 23008-3.
pPresetGain — See 15.3 of ISO/IEC 23008-3.
pPresetAzOffset — See 15.3 of ISO/IEC 23008-3.
pPresetE1Offset — See 15.3 of ISO/IEC 23008-3.
pPresetDistFactor — See 15.3 of ISO/IEC 23008-3.

pPresetDisableGainInteractivity=-See 15.3 of ISO/IEC 23008-3.

pPresetDisablePositionInteractivity — See 15.3 of ISO/IEC 23008-3.

Data fields provided both in this descriptor and as in-band information in the ISO/IEC 23008-3 stream shall be set to the

same value.

2.6.112 MPEG-H 3D audio text label descriptor

The MPEG-H 3D audio scene descriptor provides text labels for the audio objects and presets in an ISO/IEC 23008-3

stream. See Table 2-122.

Table 2-122 — MPEG-H 3D audio text label descriptor

Syntax No of bits Mnemonic
MPEG-H _3dAudio_text label descriptor() {
3dAudioSceneInfolD 8 uimsbf
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Syntax No of bits Mnemonic
reserved 4 bslbf
numDescLanguages 4 uimsbf

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

descriptionLanguage 24 uimsbf
reserved 1 bslbf
numGroupDescriptions 7 uimsbf

for ( n = 0; n < numGroupDescriptions; n++ ) {

reserved 1 bslbf
mae_descriptionGrouplD; 7 uimsbf
groupDescriptionDatalLength 8 uimsbf
for(c=0.¢ nrnnpnpcnriprinnanql ength. o+ 4
groupDescriptionData 8 Jimsbf
}
}
reserved 3 bslbf
numSwitchGroupDescriptions 5 uimsbf

for (n = 0; n < numSwitchGroupDescriptions; n++ ) {

reserved 3 bslbf
mae_descriptionSwitchGrouplID; 5 imsbf
switchGroupDescriptionDataLength 8 :]imsbf
for ( ¢ = 0; ¢ < switchGroupDescriptionDataLength; c++ ) {
switchGroupDescriptionData 8 uimsbf
5
}
reserved 3 bslbf
numGroupPresetsDescriptions 5 uimsbf

for ( n = 0; n < numGroupPresetsDescriptiong;ni++ ) {

reserved 3 bslbf
mae_descriptionGroupPresetID 5 imsbf
groupPresetDescriptionDatal.ength 8 :]imsbf
for ( ¢ = 0; ¢ < groupPresetDescriptionLength; c++) {
groupPresetDescriptionData 8 uimsbf
}
}
H
for (i=0; i<N; i) ¢
reserved 8 bslbf

}

2.6.113 Semantic definition of fields in MPEG-H 3D audio text label descriptor

3dAudioScenelInfolD — See 15.3 ISO/IEC 23008-3.

maeGroupDescriptionPresent — A one-bit flag signalling the presence of description text for groups.
maeSwitchgroupDescriptionPresent — A one-bit flag signalling the presence of description text for switch groups.
maeGroupPresetDescriptionPresent — A one-bit flag signalling the presence of description text for group presets.
numDescLanguages — The number of available languages for description text.

descriptionLanguage — Identifies the language or languages used by the description text of a metadata element group.
It contains a 3-character code as specified by ISO 639-2. Both ISO 639-2/B and ISO 639-2/T may be used. Each
character is coded into 8 bits according to ISO/IEC 8859-1 and inserted in order into the 24-bit field.
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numGroupDescriptions — The number of available descriptions for groups.
mae_descriptionGrouplID — See 15.3 of ISO/IEC 23008-3.
groupDescriptionDataLength — The length, specified in bytes, of the following group description.

groupDescriptionData — This field contains a description of a metadata element group, i.e., a string describing the
content by a high-level description. The format shall follow UTF-8 according to ISO/IEC 10646.

numSwitchGroupDescriptions — The number of available descriptions for switch groups.
mae_descriptionSwitchGroupID — See 15.3 of ISO/IEC 23008-3.
switchGroupDescriptionDataL.ength — The length, specified in bytes, of the following switch group description.

switchGroupDescriptionData — This field contains a description of a switch group, i.e., a string describing the content
by a high-level description. The format shall follow UTF-8 according to ISO/IEC 10646.

numGrolpPresetsDescriptions — The number of available descriptions for group presets.
mae_des¢riptionGroupPresetID — See 15.3 of ISO/IEC 23008-3.
groupPrdsetDescriptionDataLength — The length, specified in bytes, of the following group preset descriptign.

groupPrdsetDescriptionData — This field contains a description of a metadata element group, i.e., a string ¢lescribing
the contenjt by a high-level description. The format shall follow UTF-8 according to ISO/IEC/10646.

Data fields provided both in this descriptor and as in-band information in the IS/IEC 23008-3 stream shall be]| set to the
same valte.

2.6.114 MPEG-H 3D audio multi-stream descriptor

The MPHG-H 3D audio multi-stream descriptor (see Table 2-123), provides information on the location of each
mae_grouplD in case of transmission over multiple streams.

In combirgation with this descriptor, an MPEG-H 3D audio scene‘descriptor explaining the actual representafion of the
overall audio scene is required to be present in the descriptor loep*of the main stream.

Table 2-123 — MPEG-H 3D audio multi-stream descriptor

Syntax No of bits Mrnemonic
MPEG-H 3dAudio_multi-stream_descriptor() {
thisIsMainStream 1 bslbf
thisStreamID 7 uimsbf
iff ( thisIsMainStream ) {
reserved 1 slbf
numAuxiliaryStreams 7 uimsbf
reservéd 1 bslbf
maé,_numGroups 7 uimsbf
for.(1=0; i< mae_numGroups; i++) {
mae_grouplD 7 l1imsbf
IsimviainStream T bslbf
if ( thisIsMainStream =="0") {
isInTS 1 bslbf
auxiliaryStreamID 7 uimsbf
}
b
}
for (i=0; i<N; i++) {
reserved 8 bslbf
}
}
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2.6.115 Semantic definition of fields in MPEG-H 3D audio multi-stream descriptor
thisIsMainStream — If this flag is 'l', the stream is a main stream, otherwise it is an auxiliary stream.

thisStreamID — This integer provides a unique ID of all available ISO/IEC 23008-3 Audio streams with MHAS
transport syntax, both main and auxiliary streams (stream_type 0x2D and 0x2E).

numAuxiliaryStreams — This integer provides information on how many auxiliary stream are available.

mae_numGroups — This field signals the number of groups in the overall audio scene (complete number of groups in
the main stream plus all possible additional streams). This field can take values between 1 and 127. It shall be set to the
same value as the corresponding field in the associated ISO/IEC 23008-3 stream.

mae_grouplD — This integer provides information on the mae_groupID (as described in ISO/IEC 23008-3, section 15)
the loop instance refers to.

isInMainStream his—flasissetto he—audio—d ehatedtotheuroup ek

sHagiss —the—audio-datarely e—aroup—{as cated ssouplD) is
present in|the main stream, otherwise the encoded data is transmitted in an auxiliary stream.

isInTS — [[f this flag is set to 'l', the audio data related to the group (as indicated through mae groupID)‘is pregent in the
same trangport stream. If this flag is set to 0, the data must be retrieved from an external source.

auxiliaryStreamID — In case of transmission of encoded audio data as identified by groupID_ i an auxiliafy stream,
this integg¢r identifies the used auxiliary stream.

The locafion of the 'external source' may be signalled using the TEMI locatien descriptor and/or the TEMI
BaseURL] descriptor as defined in section U.3.

When thq TEMI descriptor(s) are conveyed in a TEMI AU as a separate eleméntary stream on a separatefl PID, an
MPEG-H| 3dAudio_extStreamID_descriptor() shall be present in the associated’descriptor loop of the TEMI glementary
stream wlich provides an ID in the field "auxiliaryStreamID" that is matching the "auxiliaryStreamID" provided in the
MPEG-H] 3dAudio _multi-stream_descriptor() of the main stream.

2.6.116 [MPEG-H 3D audio DRC and Loudness descriptor

The MPE[G-H 3D audio dynamic range control (DRC) and Loudness descriptor (see Table 2-124) provides information
on DRC gnd Loudness information contained in an ISO/IEG,23008-3 stream.

Table 2-124 — MPEG-H 3D:audio DRC and Loudness descriptor()

Syntax No of bits Minemonic
MPEG-H 3dAudio_drc_loudness_descriptor'()-{
reserved 7 bslbf
njpegh3daDrcAndLoudnessInfoPresent 1 bslbf
iff (mpegh3daDrcAndLgudnessInfoPresent) {
reserved 2 bslbf
drcInstructionsUniDrcCount 6 uimsbf
reserved 2 bslbf
loudnessInfoCount 6 uimsbf
reserved 3 bslbf
downmixIdCount 5 l.1imsbf
for (i=0; i<drcInstructionsUniDrcCount; i++) {
reserved 6 bslbf
drclnstructionsType 2 uimsbf
if (drcInstructionsType == 2) {
reserved 1 bslbf
mae_groupID 7 uimsbf
} else if (drcInstructionsType == 3) {
reserved 3 bslbf
mae_groupPresetID 5 uimsbf
}
reserved 2 bslbf
dreSetld 6 uimsbf
reserved 1 bslbf
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}

}

Syntax No of bits Mnemonic
downmixId 7 uimsbf
reserved 3 bslbf
additionalDownmixIdCount 3 uimsbf
limiterPeakTargetPresent 1 bslbf
drcSetTargetLoudnessPresent 1 bslbf
for (j=0; j<additionalDownmixIdCount; j++) {

reserved 1 bslbf
additionalDownmixId 7 uimsbf
}
drcSetEffect 16 uimsbf
if ( limiterPeakTargetPresent ) {
bsLimiterPeakTarget 8 uimsbf
y
if ( dreSetTargetLoudnessPresent ) {
reserved 1 bslbf
bsDrcSetTargetLoudnessValueUpper uimsbf
drcSetTargetLoudnessValueLowerPresent 1 bslbf
if(drcSetTargetLoudnessValueLowerPresent) {
reserved 2 bslbf
bsDrcSetTargetLoudnessValueLower 6 uimsbf
}
¥
reserved 1 bslbf
dependsOnDrcSet uimsbf
if (dependsOnDrcSet == 0) {
nolndependentUse 1 bslbf
} else {
reserved 1 bslbf
}
}
for (i=0; i<loudnessInfoCount; i++) {
reserved 6 bslbf
loudnessInfoType 2 uimsbf
if (loudnessInfoType == 1 || loudnessInfoType == 2) {
reserved 1 bslbf
mae_grouplD uimsbf
} else if (loudnessInfoType == 3) {
reserved 3 bslbf
maevgroupPresetID 5 uimsbf
¥
loudnessInfo_size 8 uimsbf
loudnessInfo()
§
for.(1=0; i<downmixIdCount; i++) {
reserved 1 bslbf
downmixld 7 uimsbf
downmixType 2 uimsbf
CICPspeakerLayoutldx 6 uimsbf
}
}
for (i=0; i<N; i++) {
reserved 8 bslbf

2.6.117 Semantic definition of fields in MPEG-H 3D audio DRC and Loudness descriptor

mpegh3daDrcAndLoudnessInfoPresent — A one-bit flag signalling the presence of dynamic range control and
loudness information in this descriptor.
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drcInstructionsUniDrcCount — This field signals the number of DRC sets in the stream. This field can take values

between 0 and 63, resulting in a maximum number of 63 DRC sets.

loudnessInfoCount — This field signals the number of loudness info blocks in the stream. This field can take values

between 0 and 63, resulting in a maximum number of 63 loudness info blocks.

downmixIdCount — This field signals the number of downmixId definitions in the stream. This field can take values

between 0 and 31, resulting in a maximum number of 31 downmixId definitions.
drcInstructionsType — See ISO/IEC 23008-3.

mae_grouplD — See ISO/IEC 23008-3.

mae_groupPresetID — See ISO/IEC 23008-3.

drcSetld — See ISO/IEC 23003-4.

downmixfld — See ISO/IEC 23003-4 and ISO/IEC 23008-3.
additiondIDownmixIdCount — See ISO/IEC 23003-4.
limiterPeakTargetPresent — See ISO/IEC 23003-4.
drcSetTajrgetLoudnessPresent — See ISO/IEC 23003-4.
additiongIDownmixId — See ISO/IEC 23003-4.

drcSetEffect — See ISO/IEC 23003-4.

bsLimitefPeakTarget — See ISO/IEC 23003-4.
bsDrcSetlTargetLoudnessValueUpper — See ISO/IEC 23003-4.

drcSetTargetLoudnessValueLowerPresent — See ISO/IEC 23003-4,
bsDrcSetTargetLoudnessValueLower — See ISO/IEC 23003-4.

kerLayoutldx — See ISO/IEC 23008-3.

Data fields provided both in this‘descriptor and as in-band information in the IS/IEC 23008-3 stream shall be] set to the

same valye.

2.6.118 MPEG-H 3D audio command descriptor

The MPEG-H ~\\3D audio command descriptor encapsulates an MHAS packet of the type
PACTYP| USERINTERACTION that contains an interaction command or type PACTYP_AUDIOSCENEINFO that

contains the‘@udio scene information. Both types are supported by a MPEG-H 3D audio decoder.

By inserting the MHAS packet contained in this descriptor into the MHAS elementary stream, a receiver can send this
command to the MPEG-H 3D audio decoder. As the descriptor contains a complete MHAS packet including MHAS
header, nothing else needs to be added when multiplexing these bytes, consecutively, on an MHAS packet boundary in

the MHAS stream.
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Table 2-125 — MPEG-H 3D audio command descriptor

Syntax No of bits Mnemonic

MPEG-H_3dAudio_command_descriptor() {
for i=0;1<N;it++) {

data 8 bslbf

}

data — Data bytes shall be contiguous bytes of data from a complete MHAS packet (including the MHAS header) of the
type PACTYP_USERINTERACTION.

2.6.119 Quality extension descriptor

The qualijg/ extension descriptor shall be sent once per event or program and hence is signalled using a deseriptor in the
program map table. This descriptor shall appear in the elementary stream loop of the PID for which quality, infformation
is providdd.

Dynamic [quality metadata is stored in access units and is associated with one or more video frames. These adcess units
are encappulated in MPEG sections identified by stream_type value of 0x2F.

The quality extension descriptor describes metrics that are present in each Quality Access Unit, and the conftant field
size that if used for the values. The quality metrics are defined in 4.3 of ISO/IEC 2300}-10.

The syntax of quality extension descriptor containing static metadata is shown in Table'2-126.

Table 2-126 — Quality extension descriptor

Syntax No. bits Mnemonhic
Quality ¢xtension_descriptor() {
ir:[eld_size_bytes 8 uimsbf
etric_count 8 uimsbf

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

metric_codel[i] 32 uimsbf

}

field_sizel bytes — The constant size in byte-of the value for a metric in each Quality Access Unit.

metric_cpunt — The number of metriCs for quality values in each Quality Access Unit
metric_cpde — The code name of'the’metrics in the Quality Access Unit.

Semantic§ for all the syntax‘elements above are specified in 4.2 of ISO/IEC 23001-10. The quality metfics to be
signalled fan also be found in'4.3 of ISO/IEC 23001-10 and include:

*  PSNR&Peak Signal to Noise Ratio

*  SSIM-= Structural Similarity Index

* , \MS-SSIM = Multi-Scale Structural Similarity Index
* “"VQM = Video Quality Metric

« PEVQ = Perceptual Evaluation of Video Quality
*+  MOS = Mean Opinion Score

*  FSIG = Frame significance

2.6.120 Virtual segmentation descriptor

The virtual segmentation descriptor (see Table 2-127) appears in the elementary stream descriptor loop in the PMT and
is used to indicate that the current elementary stream is virtually segmented using boundary descriptors (see U.3.11).
This segmentation may come in a set of partitions — e.g., one partition demarcates the stream into 10-s virtual segments,
while another creates 2-s virtual segments. If the boundary descriptor carried in transport stream packets appears in the
elemental stream declared by the PMT stream description carrying the virtual segmentation descriptor, it is an explicit
indication of segment boundary point, otherwise a reference PID shall be defined in the virtual segmentation descriptor;
that reference PID indicates that segment boundary points are indicated in another elemental stream, for which the
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boundary descriptor shall be present in the PMT. The virtual segmentation for elementary streams for which no virtual
segmentation descriptor is present in the PMT is undefined.

Table 2-127 — Virtual segmentation descriptor

Syntax No. bits |[Mnemonic

Virtual segmentation_descriptor() {
if (descriptor_length > 1) {

num_partitions 3 uimsbf
timescale_flag 1 bslbf
reserved 4 bslbf
if (timescale flag==1) {
ticks_per_second 21 uismbf
maximum_duration_length_minus_1 (MDL) 2 uismbf
reserved 1 bslbf
}

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

explicit boundary_flag 1 bslbf
partition_id 3 uimsbf
reserved 4 bslbf
SAP_type_max 3 uismbf
if (explicit_boundary flag==0) {
reserved 5 bslbf
boundary_PID 13 uimsbf
reserved 3 bslbf
j
else {
maximum_duration MDL*8 + 5| uimsbf
H

-
-

}

2.6.121 [Semantic definition of fields in virtual segmentation descriptor

timescalg flag: If set to '1", timescale information is present. If set to '0', ticks_per second is inferred to be 1,fand MDL
is inferred to be 0 (i.e., maximum_duration length minus_1=—1). The value of '0' allows maximum segment duration
of up to 3|l seconds, expressed in integer seconds.

ticks_per] second: Precision, in ticks’ per second, of the maximum_ duration field, e.g., 0.1 second prgcision is
10 ticks/s| 0.01 second precision With 100 ticks/s, etc.

maximurh_duration_length \minus_1: Length, in bytes (minus one), of the maximum_duration field varjable byte
length. This provides additional bytes in addition to the 5 bits pre-allocated to the maximum_duration field.

num_partitions: Nufaber of partitions described in the virtual segmentation descriptor.

explicit_Boundary- flag: If set to '0', this elementary stream is a dependent stream, and boundary data for it i§ provided
on a refefenee\partition on a different PID, specified by boundary PID; otherwise, the current PID carries|boundary
descriptots:

partition_id: ID of the partition described in the boundary descriptor.
boundary_PID: PID carrying boundary_descriptor() that is used by this partition of this elementary stream.

SAP_type max: Maximum possible value of SAP in this partition. If SAP_type max value is 0, any SAP value may
appear in the stream.

maximum_duration: Maximum virtual segment duration for a segment on partition partition_id, expressed in units of
ticks_per_second. For consecutive virtual segments S(i) and S(i+1) on the above partition, if PTS(i) stands for the
earliest PTS in segment S(i), and PTS(i+1) stands for the earliest PTS in segment S(i+1) this duration equals
(PTS(i+1) — PTS(i))*ticks_per_second/90000. If set to 0, virtual segment duration is unlimited.
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2.7 Restrictions on the multiplexed stream semantics

271 Frequency of coding the system clock reference

The program stream shall be constructed such that the time interval between the bytes containing the last bit of
system_clock reference base fields in successive packs shall be less than or equal to 0.7 s. Thus:

t(i) —t(i")| < 0.7s

’ ’

for all i and i" where i and i
system_clock reference base fields.

are the indexes of the bytes containing the last bit of consecutive

2.7.2 Frequency of coding the program clock reference

The transport stream shall be constructed such that the time interval between the bytes containing the last bit of
program_flock reference base fields in successive occurrences of the PCRs in transport stream packgts of the
PCR_PID for each program shall be less than or equal to 0.1 s. Thus:

|t(i) —t(i")| < 0.1s

!

for all and i where i and i' are the indexes of the bytes containing the‘(last bit of cgnsecutive
program_[lock reference base fields in the transport stream packets of the PCR_PID for kach program.

’

There shafll be at least two (2) PCRs, from the specified PCR_PID within a transport strcam, between consecfitive PCR
discontintgities (refer to 2.4.3.4) to facilitate phase locking and extrapolation of byte'delivery times.

2.7.3 requency of coding the elementary stream clock reference

The progfam stream and transport stream shall be constructed such that ifithe elementary stream clock reference field is
coded in gny PES packets containing data of a given elementary stream the time interval in the PES_STD bdtween the
bytes confaining the last bit of successive ESCR base fields shalhbe less than or equal to 0.7 s. In PES Stfreams the
ESCR en¢oding is required with the same interval. Thus:

|t(i) — @) <0.7s

for all i ad i" where i and 1’ are the indexes of the bytes containing the last bits of consecutive ESCR_base fields.

NOTE[- The coding of elementary stream clock reference fields is optional; they need not be coded. However, if they| are coded,
this copstraint applies.

2.74 |[Frequency of presentation timestamp coding

The program stream and transport stream shall be constructed so that the maximum difference betwden coded
presentatipn timestamps referring'to each elementary video or audio stream is 0.7 s. Thus:

lp, (k)= tp, (k") <0.7s

for all n, ¥, and k" satisfying:
* PRik)and P,(k") are presentation units for which presentation timestamps are coded;

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

11 1L 1L 1
WILUL K K K, dlIUd

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

The 0.7-s constraint does not apply in the case of:
«  still pictures as defined in 2.1;
*  AVC still pictures;

*  AVC access units with a very low frame rate, where the presentation time of subsequent access units
differs by more than 0.7 s. In this particular case, the VUI parameters num_units_in_tick and time scale
shall be present either in the AVC video stream or in an AVC-timing and HRD descriptor associated
with the AVC video stream.

NOTE — The presentation time of an AVC access unit is equivalent to the DPB output time t, g,»(n) defined in Annex C of
Rec. ITU-T H.264 | ISO/IEC 14496-10.
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2.7.5 Conditional coding of timestamps

For each elementary stream of a program stream or transport stream, a presentation timestamp (PTS) shall be encoded
for the first access unit.

A decoding discontinuity exists at the start of an access unit A,(j) in an elementary stream n if the decoding time td,(j)
of that access unit is greater than the largest value permissible given the specified tolerance on the
system_clock frequency. For video, except when trick mode status is true or when low_delay flag is '1', this is allowed
only at the start of a video sequence. If a decoding discontinuity exists in any elementary video or audio stream in the
transport stream or program stream, then a PTS shall be encoded referring to the first access unit after each decoding
discontinuity except when trick mode status is true.

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

A PTS may only be present in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 video or audio elementary stream PES packet
header if i i it i i i cket.

A decodifg_timestamp (DTS) shall appear in a PES packet header if and only if the following two conditiens’pre met:
* aPTSis present in the PES packet header;

*  the decoding time differs from the presentation time.

For each JAVC 24-hour picture, no explicit PTS and DTS value shall be encoded in the PES *header. For quch AVC
access unfit, decoders shall infer the presentation time from the parameters within the AVC video stream. Therefore,
each AV( video stream that contains one or more AVC 24-hour picture(s):

e shall either carry picture timing SEI messages with coded values of cpb removal delay and
dpb_output_delay; or

*  shall carry VUI parameters with the fixed frame rate flag setto''l' and shall carry Picture Order Count
(POC) information (PicOrderCnt) whereby pictures are counted in units of Atg gp»( n ), where Atg gpn( 0 )
is specified in equation E-10 of Rec. ITU-T H.264 | ISQ/IEC 14496-10.

NOTE 1 — The requirements in the second bullet are met if-an AVC timing and HRD descriptor is associatpd with the
AVC video stream with the fixed frame rate flag set to.'l™and the temporal poc flag set to 'l".

The folloying applies to AVC access units in an AVC video stréam carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1
stream. Fpr each AVC access unit that does not represent an’ AVC 24-hour picture, a PES header with a coded PTS and,
if applicaple, DTS value shall be provided, unless all conditions expressed under one of the following four pullets are
true:

*  Inthe AVC video sequence the following SEI messages are present, as signalled by VUI paramieters:

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

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

unit-andsfor each access unit that is associated with a recovery point SEI message, as required by|Rec. ITU-
T-H264 | ISO/IEC 14496-10.

*  An-AVC timing and HRD descriptor is associated with the AVC video stream and in this des¢riptor the
fixed frame rate flag is set to 'l' and the temporal poc flag is set to 'l'.

0 An AVC timing and HRD descriptor is associated with the AVC video stream and in this des¢riptor the
fixed frame rate flag is set to 'l', the picture to display conversion flag is set to 'l', the
temporal poc flag is set to '0' and in the AVC video sequence picture timing SEI messages with the
pic_struct field are present.

NOTE 3 — In this specific case the pic_struct field is used to determine subsequent PTS values.

*  An AVC timing and HRD descriptor is associated with the AVC video stream and in this descriptor the
fixed frame rate flag is set to 'l' and the temporal poc flag is set to '0' and the
picture to display conversion flag is set to'0'.

NOTE 4 —In this case the POC information in the AVC video stream is used to determine the subsequent
PTS values.
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2.7.6 Timing constraints for scalable coding

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

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

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

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

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

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

* If the sequences have different frame rates, the set of presentation times shall be such'tha 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 ér P-picture, and provide¢d that the
lower layer does not have the low_delay flag set to '1".

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

* the coincident or most recently presented lower layer picture;

* the next lower layer picture to be presented.

For AV( video streams conforming to one or more*profiles defined in Annex G of Rec. ITUiT H.264 |
ISO/IEC |4496-10, there are no timing constraints on SV@ dependency representations or re-assembled AYC access
units of vldeo sub-bitstreams of an AVC video stream.

2.7.7 [Frequency of coding P-STD_buffer_size'in PES packet headers

In a proggam stream, the P-STD buffer scale@nd P-STD buffer size fields shall occur in the first PES packet of each
elementarly stream and again whenever the\alue changes. They may also occur in any other PES packet.

2.7.8 Coding of system header in the program stream

In a progijam stream, the system.header may be present in any pack, immediately following the pack header. The system
header shall be present in the first pack of a program stream. The values encoded in all the system headers in the
program dtream shall be identical.

2.7.9 Constrained’system parameter program stream

A prograin streamiis’a "Constrained System Parameters Stream" (CSPS) if it conforms to the bounds specifijed in this
subclause Program streams are not limited to the bounds specified by the CSPS. A CSPS may be identified by means
of the CSPS dlag defined in the system header in 2.5.3.5. The CSPS is a subset of all possible program streams.

Packet rate

In the CSPS, the maximum rate at which packets shall arrive at the input to the P-STD is 300 packets per second if the
value encoded in the rate bound field (refer to 2.5.3.6) is less than or equal to 4 500000 bits/s if the
packet rate restriction flag is set to 'l', and less than or equal to 2 000 000 bits/s if the packet rate restriction flag is
set to '0". For higher bit rates the CSPS packet rate is bounded by a linear relation to the value encoded in the rate_bound
field.

Specifically, for all packs p in the program stream when the packet rate restriction flag (refer to 2.5.3.5) is set to a
value of '1',

R
NP < (¢(i") - t(i)) x 300 x max [1%} (2-27)
4.5%10
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and if the packet rate restriction_flag is set to a value of '0’

NP < (¢(i") — t(i)) x 300 x max[l,RL%} (2-28)
2.5%x10
where:
R... =8x50xrate _bound  bit/s (2-29)

NP is the number of packet start code prefixes and system header start codes between adjacent
pack start codes or between the last pack start code and the MPEG program end code as
defined in Table 2-37 and semantics in 2.5.3.2.

t(1) is the time measured in seconds_encoded in the SCR nfpnrk p

t(i") 1is 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 artival of the byte
containing the last bit of the MPEG_program_end code.

Decoder puffer size

In the casp of a CSPS the maximum size of each input buffer in the system target decoder ispounded. Differgnt bounds
apply for video elementary streams and audio elementary streams.

In the cade of a Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 videg<elementary stream in a SPS, the
following|applies:

BS, has p size which is equal to the sum of the size of the Video Buffer Verifier (VBV) as specified in the
Rec. ITU{T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 stream, respectively, and an additional amount of| buffering
BS,q44- BS}qq 1s specified as:

BSuia < MAX[6 % 1024, R4 % 0.001] bytes
where R, l.x is the maximum bit rate of the Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 video glementary
stream.
In the casp of a Rec. ITU-T H.264 | ISO/IEC 14496-10 video elementary stream in a CSPS, the following appliies:

BS, has aJsize which is equal to the sum of cpb-size and an additional amount of buffering BS,44. BS.4q4 is spegified as:
BSiaSMAX [6 % 1024, R4 % 0.001] bytes

where R}« is the maximum video bit Tate of the AVC video stream, and

where cpb_size is the CpbSize[\cpt cnt minusl | size of the CPB for the byte stream format signalled in|the NAL
hrd_paratheters() in the AV.C video stream. If the NAL hrd_parameters() are not present in the AVC video stjeam, then
the cpb_sjze shall be the $ize defined as 1200 x MaxCPB in Annex A of Rec. ITU-T H.264 | ISO/IEC 1449610 for the
applied lejvel.

In the casp of an_audio elementary stream in a CSPS, unless otherwise specified below, the following applies:

BS, <4096 bytes

In the case of ISO/IEC 13818-7 ADTS audio elementary stream in a CSPS the following applies to support 8 channels:
BS, <8976 bytes

2.7.10 Transport stream

Sample rate locking in transport streams

In the transport stream there shall be a specified constant rational relationship between the audio sampling rate and the
system clock frequency in the system target decoder, and likewise a specified rational relationship between the video
frame rate and the system clock frequency. The system clock frequency is defined in 2.4.2.1. The video frame rate is
specified in Rec. ITU-T H.262 | ISO/IEC 13818-2 or in ISO/IEC 11172-2. The audio sampling rate is specified in
ISO/IEC 13818-3 or in ISO/IEC 11172-3. For all presentation units in all audio elementary streams in the transport
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stream, the ratio of system clock frequency to the actual audio sampling rate, SCASR, is constant and equal to the
value indicated in the following table at the nominal sampling rate indicated in the audio stream.

system _ clock _ frequency
rate _in _the T — STD

SCASR = (2-30)

audio _sample _

. X L
The notation 7 denotes real division.

Nominal audio
sampling
frequency (kHz)

16 32 22.05 44.1 24 48

SCASR

27 000 000

27 000 000

27 000 000

27 000 000

27 000 000

27 000 000

16 000

32000

22050

44 100

For all pr
transport
value indj

psentation units in each ISO/IEC 11172-2 video and Rec. ITU-T H.262 | ISO/IEC 13818-2 videe strg
stream, the ratio of system_clock frequency to the actual video frame rate, SCFR, is constant.and eq
cated in the following table at the nominal frame rate indicated in the video stream.

system _ clock _ frequency
frame _rate _in _the T — STD

SCFR =

bam in the
jual to the

(2-31)

frame r
(Hz)

Nominfal

hte 23.976 24 25 29.97 30 50 59.94

60

SCFR

1126 125 1 125000 1 080 000 900 900 900,000 540 000 450 450

150 000

The valug
nominal 1

For ISO/IEC 14496-2 video streams carried in a transport stteam, the time base of the ISO/IEC 14496-2 vid

as define
system ¢
sequence,

For Rec.
video stre}
parametet
N and K
example,
system_c

2.8

The prog
ISO/IEC
also supp

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

1 by vop_time increment resolution, shall be locked to the STC and shall be exactly equal td
ock frequency divided by K, with N and K\integers that have a fixed value within each vis
with K greater than or equal to N.

TU-T H.264 | ISO/IEC 14496-10 videa\streams, the time base of the Rec. ITU-T H.264 | ISO/IEC
am shall be locked to the system cloék frequency. The frequency of the AVC time base is defined by
time_scale, and this frequency shall be exactly equal to N times system_clock frequency divided b
integers that have a fixed yalue’ within each AVC video sequence and K greater than or equal
if the time scale is set ‘to/ 90 000, then the frequency of the AVC time base is exactly
ock frequency divided by 300.

Compatibility with ISO/IEC 11172

ram stream/ of* this Recommendation | International Standard is defined to be forward compal
1172-1, Décoders of the program stream as defined in this Recommendation | International Stan|
rt decoding of ISO/IEC 11172-1.

2.9

2.9.1

3 1 onvricghtidentifiers
P YRS aGCHHHCRS

where the

bo stream,
N times
hal object

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

ible with
dard shall

General

Parts 1, 2 and 3 of ISO/IEC 13818 provide support for the management of audiovisual works copyrighting. In Rec.
ITU-T H.222.0 | ISO/IEC 13818-1 this is by means of a copyright descriptor, while Rec. ITU-T H.262 |
ISO/IEC 13818-2 and ISO/IEC 13818-3 contain fields for identifying copyright holders through syntax fields in the
elementary stream syntax. This Recommendation | International Standard presents the method of obtaining and
registering copyright identifiers in Rec. ITU-T H.222.0 | ISO/IEC 13818-1.

Rec. ITU-T H.222.0 | ISO/IEC 13818-1 specifies a unique 32-bit copyright identifier which is a work type code
identifier (such as ISBN, ISSN, ISRC, etc.) carried in the copyright descriptor. The copyright identifier enables
identification of a wide number of Copyright Registration Authorities. Each Copyright Registration Authority may
specify a syntax and semantic for identifying the audiovisual works or other copyrighted works within that particular
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copyright organization through appropriate use of the variable length additional copyright info field which contains the
copyright number.

In the following subclause and Annexes L, M and N, the benefits and responsibilities of all parties to the registration of
copyright _identifier are outlined.

2.9.2 Implementation of a Registration Authority (RA)

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

Upon 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
Rec. ITU; 2 $H8—+has-beendenie he-Registrat i

ha d dk ) S -2 Lo

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

2.10 [Registration of private data format

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

2.10.1 [General

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

2.10.2 mplementation of a Registration Authority (RA)

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

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

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

2.11 Carriage of ISQ/IEC 14496 data

2.11.1 ntroduction

A Rec. ITU-T H.222:0 | ISO/IEC 13818-1 stream may carry individual ISO/IEC 14496-2 and 14496-3 elementary
streams af well«assISO/IEC 14496-1 audiovisual scenes with its associated streams. Typically, the ISO/IEC 14496
streams Will be_elements of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, as defined by the PMT in g transport
stream anfl‘the’PSM in a program stream.

For the carriage of ISO/IEC 14496 data in transport streams and program streams, distinction is made between
individual elementary streams and an ISO/IEC 14496-1 audiovisual scene with its associated streams. For carriage of
individual ISO/IEC 14496-2 and 14496-3 elementary streams, only system tools from Rec. ITU-T H.222.0 |
ISO/TEC 13818-1 are used, as defined in 2.11.2. For carriage of an audiovisual ISO/IEC 14496-1 scene and associated
ISO/IEC 14496 elementary streams, contained in ISO/IEC 14496-1 SL_packetized streams or FlexMux streams, tools
from both Rec. ITU-T H.222.0 | ISO/IEC 13818-1 and from ISO/IEC 14496-1 are used, as defined in 2.11.3.

Carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams is
specified in 2.14.

Carriage of ISO/IEC 14496-17 text streams over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams is specified in 2.15.
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2.11.2  Carriage of individual ISO/IEC 14496-2 and 14496-3 Elementary Streams in PES packets

2.11.2.1 Introduction

Individual ISO/IEC 14496-2 and 14496-3 elementary streams may be carried in PES packets as
PES packet data_bytes. For PES packetization no specific data alignment constraints apply. For synchronization PTSs
and, when appropriate, DTSs are encoded in the header of the PES packet that carries the ISO/IEC 14496 elementary
stream data; for PTS and DTS encoding the same constraints apply as for ISO/IEC 13818 elementary streams. See
Table 2-128 for an overview of how to carry individual ISO/IEC 14496 streams within a Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 stream.

Table 2-128 — Carriage of individual ISO/IEC 14496 streams in Rec. ITU-T H.222.0 | ISO/IEC 13818-1

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

[SOMEC124496-3audio Carriage i PES packers Stream _type — OX 1t Stream_td = TTOX XX}x

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

In the cqse of an ISO/IEC 14496-3 elementary stream signalled by a stream type value of Ox11, bdfore PES
packetizafion the elementary stream data shall be first encapsulated in the LATM transport syntax defined in
ISO/IEC |4496-3. In such a case, 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.

In the case of an ISO/IEC 14496-3 elementary stream signalled by a streaim_type value of 0x1C, the first byte of each
audio fragne shall be the first byte of the payload of a PES packet; prior'te PES packetization no encapsulatfon in any
additiona] transport syntax shall be applied. An audio frame from anISO/IEC 14496-3 elementary stream sigrfalled by a
stream_type value of 0x1C may be fragmented for carriage in €nultiple PES packets. In the PES packet leader the
data_aliggment indicator shall be set to 'l' in each PES packet.that carries a complete such audio frame dr the first
fragment [thereof. The data alignment indicator shall be set\to '0' for PES packets carrying subsequent {non-first)
fragmentq of an audio frame.

Carriage ¢f individual ISO/IEC 14496-2 and ISO/IEC14496-3 elementary streams in PES packets shall be idgntified by
appropriafe stream_id and stream_type values, indicating the use of ISO/IEC 14496-2 Visual or 14496-3 |Audio. In
addition, puch carriage shall be signalled by the-MPEG-4 video descriptor or MPEG-4 audio descriptor, regpectively.
These degcriptors shall be conveyed in the descriptor loop for the respective elementary stream entry in th¢ Program
Map Tablk in case of a transport stream or'in-the Program Stream Map, when present, in case of a program stream. Rec.
ITU-T H.p22.0 | ISO/IEC 13818-1 doesnot specify presentation of ISO/IEC 14496-2 and ISO/IEC 14496-3 elementary
streams i1} the context of a program.

Carriage pf an individual ISOAEE€ 14496-17 text streams in PES packets shall be identified by appropriate [stream_id
and streath_type values, indicating the use of ISO/IEC 14496-17 text.

2.11.2.2 |STD extensions for individual ISO/IEC 14496 elementary streams

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

BS, = BS,ux T BSon + VBV [ profile,level]

where:

BS,;, packet overhead buffering, is defined as:

BS,n = (1/750) seconds x max {R.«[profile,level], 2 000 000‘bit/s}
and:

BS,ux additional multiplex buffering, is defined as¢

BSux = 0.004 seconds x max {R.«[profile,level},2 000 000 bit/s}
Rate Rx,:

Rx, = 1.2 R« profile,level]

where:

VBV .u[profile,level] and Ry, [profile,level] are defined in ISO/IEC 14496-2 for each profile jand level.

For profiles and levels forlwhich no VBV ,.x value is specified, the size of B, and the rate R¥, are user

defined.

For carriajge of an ISO/IEC 14496<3 audio stream the following applies.

Size BS, of Buffer-B,/whereby BS, = BS,,u;x + BSgec * BSon:

For ISO/IEC-14496-3 audio, except for ISO/IEC 14496-3 DST, ALS and SLS:
BS;,= 3584 bytes if 1-2 channels

Here, the size of the access unit decoding buffer BSg.., and the PES packet overh¢ad buffer
BS,, are constrained by: BSy.. + BS,, < 2848 bytes; a portion (736 bytes) of the B584 byte
buffer is allocated for buffering to allow multiplexing. The rest, 2848 bytes, are shared for
access unit butfering BSg4., BSon and additional multiplexing.

BS, = 8976 bytes if 3-8 channels

BS, = 12804 bytes if 9-12 channels

BS, = 51216 bytes if 13-48 channels
For ISO/IEC 14496-3 DST-64, ALS and SLS audio:

if number of audio channels <= 8 then BS, =1 600 000 bytes,

else BS, =200 000 x (number of audio channels) bytes.

For ISO/IEC 14496-3 DST-128 audio:

BS,, =400 000 x (number of audio channels) bytes.
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2.11.3.1 [Introduction

This clau

carried ir] a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program stream or “transport stream. ISO/IEC 1449

consists
descriptio

Rec. ITU

streams shall contain encoded Object Clock Reference (OCR)*and FlexMux Clock Reference (FCR) fields as

in2.11.3.
PES pack
multiplex

Additiondlly, an ISO/IEC 14496 audiovisyal scene may refer to non SL-Packetized streams carri

Rec. ITU

"0d://OD|ID" URL scheme.

ISO/IEC

2.11.3.2

An ISO/I
ISO/IEC

streams njay be carri¢d over the same Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, but a scene may also

streams ¢

Specificafion,

ISO/IEC

ISO/IEC 13818-1:2018 (E)

For ISO/IEC 14496-3 DST-256 audio:

BS, =800 000 x (number of audio channels) bytes.
Rate Rx,:

For ISO/IEC 14496-3 audio, except for ISO/IEC 14496-3 DST, ALS and SLS:
Rx, =2 000 000 bit/s if 1-2 channels
Rx, =5 529 600 bit/s if 3-8 channels
Rx, = 8 294 400 bit/s if 9-12 channels
Rx, =33 177 600 bit/s if 13-48 channels

For ISO/IEC 14496-3 DST-64, ALS and SLS audio:
if number of audio channels <= 8 then Rx, = 30 000 000 bit/s,

eise Rx—=126006-666bitrs:
For ISO/IEC 14496-3 DST-128 and DST-256 audio:
Rx, = 120 000 000 bit/s.

D model includes a multiplex buffer B, prior to decoding of each individual ISOAEC 14496 ¢
The size BS,, of buffer B, in the P-STD is defined by the P-STD_buffer_size field in,the PES packet

Carriage of audiovisual ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams

e describes the encapsulation and signalling when an audiovisual scene represented by ISO/IEC 144

f the initial object descriptor and a variable number of streams such as object descriptor streal

T H.222.0 | ISO/IEC 13818-1 program stream or tranisport stream, these SL-packetized streams and
t and in 2.11.3.5, respectively. The SL-packetized streams or FlexMux streams are then encapsulate

ets or in ISO_IEC 14496 _sections prior to transport stream packetization and multiplexing or progr
ng. ISO_IEC 14496 sections are built enthe long format of H.222.0 | ISO/IEC 13818-1 sections.

T H.222.0 | ISO/IEC 13818-1 transport stream using a "pid://PID_NUMBER" URL scheme ins

4496 streams may derive.their time base from the PCR of the program through the OCR_ES ID mg

Assignment of ES AD'values

14496, ISO/IEC 13818 and other streams by the use of the ES_ID parameter. The scene and the

hrried elsewhere, for example over an IP network. How to identify such other means is not defin

lementary
header.

96 data is
6 content
ms, scene

n streams (carrying either BIFS-Command or BIFS-Anim{access units), IPMP streams, OCI stfeams and
audiovisupl streams. Each of the ISO/IEC 14496 streams shall be_contained in an SL-packetized stream|
optionallyy be multiplexed into a FlexMux stream, both ‘defined in ISO/IEC 14496-1. For ca

and may
rriage  in
FlexMux
specified
1 either in
hm stream

ed in an
tead of a

ichanism.

EC 14496-1 scene-earried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream may associate a fiuumber of

hssociated
reference
ed in this

4496-1 defines name scoping rules for identifiers. These rules allow the same ES 1D value to be ug

pd for two

different streams within ISO/IEC 14496 content. When one or multiple ISO/IEC 14496-1 scenes are carried in a
Rec. ITU-T 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 a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the object time base of each ISO/IEC 14496
stream shall be locked to the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 STC, that is:

If X(t) = foe(t)/fopject(t)

then the value of X(t) shall be constant at any time t.

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

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

The object time base of ISO/IEC 14496 streams carried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream is
conveyed as follows:

—  The object time base of an SL-packetized stream carried in PES packets without the use of the FlexMux
shall be conveyed by coded OCRs in the SL packet header of that stream. See 2.11.3.4.

—  The object time base of SL-packetized streams carried in PES packets within a FlexMux stream shall be
conveyed by FCRs in that FlexMux stream. See 2.11.3.5. Consequently, all ISO/IEC 14496 streams
contained within the same FlexMux stream share the same object time base.

—  The object time base of an SL-packetized stream carried in sections shall be conveyed by another
ISO/IEC 14496 stream within the transport stream or program stream as indicated by the OCR_ES ID
field in the ES descriptor for that stream.

—  The object time base of an SL-packetized stream whose OCR_ES ID identifies a non SE-packetized
stream with a PID equal to the PCR PID is fstc(t) / 300

The following constraints shall apply for encoding of OCRs and FCRs in SL-packetized streams and FlexMyx streams
carried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream:

—  The OCRs and FCRs in each SL-packetized stream and each FlexMux stream-associated with the same
scene shall have the same resolution.

—  The resolution of OCRs and FCRs for a scene, f,;, shall have a value smaller than or equal to 90 000 Hz.

—  The ratio (fy(t)/300)/f.,, shall be an integer value larger than or equal\o one. Consequently the fresolution
of the OCR and FCR syntax elements may only take values such.as 90 000 Hz, 45 000 Hz, 3|0 000 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 §n integer
number of cycles per second, f,; can be selected as appropriate for th¢ scene.

The ISO/[EC 14496 time stamps coded in the SL packet header shall refer to instants of the object time bpse of the
stream cqrried in the SL packet. The resolution of each such'time stamp shall be of a factor 2* smallet than the
resolution] of the OCRs or FCRs associated with the stream, with k a positive integer larger than or equal t¢ zero. To
achieve tlie same wrap around, the length of the time stamp fields, TimeStampLength, shall be k bit smallgr than the
length offthe OCR or FCR field, OCRLength and sECRLength, respectively. Hence for each stream the [following
condition shall apply for encoding of time stamps:

L TimeStampResolution = (OCRResolution or FCRResolution respectively)/2¥, with k a positiye 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.

For SL-pgcketized streams inhefiting their object time base from the PCR PID, the following considerations agpply:
—  TimeStampResolution = 90000 / 2k, with k a positive integer larger than or equal to zero.
- TimeStampLength = 33—k.

For SL-pgcketized (sticams carrying an OCR, the relationship between a value of the STC and the correspondling value

of the objpct time base of a stream is established by associating PTS fields in PES packet headers with the OJR or FCR
in SL packet/headers and FlexMux Stream packets respectively, as specified in 2.11.3.6 and 2.11.3.7.

For SL-pa cketized streams iuhclii.iug themrtimre-basefronrthe PERthe U‘ch:ui. timrebaseof suchastreanrs 15 (t) / 300.
2.11.3.4 Delivery timing of SL-packetized streams

To carry ISO/IEC 14496 content in a Rec. ITU-T 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 s. Thus:

[t(i") —t(i")| <=0.7s
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for all i’ and i” where i' and i" are the indexes of the bytes containing the last bit of consecutive
OCR fields in the SL-packetized stream.

If an objectClockReference is encoded in an SL packet header, also the instantBitrate field shall be coded.

2.11.3.5 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
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams. The payload of FlexMux packets shall consist of SL packets as
specified in ISO/IEC 14496-1. In each FlexMux stream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream the
fmxClockReference field shall be encoded as follows:

1) An fmxClockReference (FCR) field shall be present in the first FlexMux packet of a FlexMux stream.

2) The FlexMux stream shall be constructed such that the time interval between the bytes containing the last
bit of successive FCR fields shall be less than or equal to 0.7 s. Thus:

[t(i") —t(i")| <=0.7s

for all i’ and 1" where i’ and i” are the indexes of the bytes containing the last. bit of cgnsecutive
FCR fields in the FlexMux stream.

3) All ISO/IEC 14496 time stamps within the SL-packetized streams carried within a FlexMux stfeam shall
refer to instants of the object time base conveyed by the FCR fields rin-the FlexMux stgeam. The
SL-packetized streams carried in FlexMux packets need not carry OCR fields. If OCR fields afe present,
they may be ignored.

2.11.3.6 [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 packet
from an §L-packetized stream shall constitute the payload of one PES/packet. PES packets that carry an SL-packetized
stream shill be identified by stream_id = 0xFA in the PES packet header.

When an |[OCR field is coded in the SL packet header, a PTS.shall be encoded in the header of the PES packet that
carries sugh SL packet header. This PTS shall be encoded withrthe 33-bit value of the 90-kHz portion of thg STC that
corresponds to the value of the object time base at the instant, in time indicated by the OCR.

The ES_ID associated with the SL-packetized stream shall be signalled by an SL descriptor as specified in 2.6[46.

2.11.3.7 [Carriage of FlexMux streams in PES packets

PES packlets with a payload consisting of FlexMux packets shall be identified by stream_id = 0xFB in the PES packet
header. An integer number of FlexMux pdackets shall constitute the payload of one PES packet, i.e., the payload of a
PES packlet carrying a FlexMux stream)shall start with a FlexMux packet header and shall end with the last byte of a
FlexMux packet.

If an fmx{ClockReference (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 encpded with
the 33-bif] 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 40 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
encountean in the-payload of the PES packet.

The ES_IPs\associated with each SL-packetized stream conveyed in the FlexMux stream shall be signalled by an FMC

descript(h as opvv;ﬁvd 2644

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. Any ISO/IEC 14496 stream
may be carried over 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 2-129 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 stream data, scene description stream data or any other
ISO/IEC 14496 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_IEC 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
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table be received in order to process its payload. However, the payload of sections shall be processed in the correct
order, as indicated by the value of the section number field in the ISO IEC 14496 section header bytes. Other
ISO/IEC 14496 stream data consists of an ISO/IEC 14496 table. The ISO/IEC 14496 table may be transmitted in
multiple ISO_IEC 14496 sections.

Table 2-129 — Section syntax for transport of ISO/IEC 14496 stream

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()
}
else if (PMT _has FMC _descriptor(current PID)) {
for (i=1;i<NIl;i++)
FlexMuxPacket()
}
else {
for (i=1;1<N2; it++)
reserved 8 bslbf
}
CRC_32 32 rpchof
}
table_id { This 8-bit field shall be set to '0x04', '0x05', or '0x08', in case of an ISO IEC 14496 section. A value of
'0x04' indicates an ISO_IEC 14496 section that carries an ISO/IEC 14496-1 scene description stream. A value of
'0x05' indjicates an ISO_IEC 14496 section that carries an ISO/IEC 14496-1 object descriptor stream. A valug¢ of '0x08'
indicates in ISO_IEC 14496 (section that carries other ISO/IEC 14496 streams.
section_syntax_indicator.— This 1-bit field shall be set to '1'.
private_ipdicator —Fhis 1-bit field shall not be specified by this Specification.
ISO_IE(Q 14496_section_length — This 12-bit field shall specify the number of remaining bytes in the section
immediatgly/following the ISO IEC 14496 section_length field up to the end of the ISO _IEC 14496 se¢tion. The
value of this\field shall not exceed 4093 (0xFFD).

table_id_extension — This 16-bit field shall not be specified by this Specification; its use and value are defined 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.

current_next_indicator — This 1-bit field shall be set to 1.

section_number — This 8-bit field shall represent the number of the ISO _IEC 14496 section. The section_number
field of the first ISO_IEC 14496 section of the Object Descriptor Table or the Scene Description Table shall have a
value equal to 0x00. The value of section_number shall be incremented by 1 with each additional section in the table.

last_section_number — This 8-bit field shall specify the number of the last section of the Object Descriptor Table or
Scene Description Table of which this section is a part.
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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 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program element that
conveys this ISO_IEC 14496 section.

SL_Packet() — A sync layer packet as specified in 10.2.2 of ISO/IEC 14496-1.

PMT_has_ FMC_descriptor(current_PID) — A pseudo function that shall be true if an FMC descriptor is contained in
the descriptor loop in the Program Map Table for the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program element that
conveys this ISO_TEC 14496 section.

FlexMuxPacket() — A FlexMux packet as specified in 11.2.4 of ISO/IEC 14496-1.

CRC_32 — This 32-bit field shall contain the CRC value that gives a zero output of the registers in the decoder defined
in Annex A after processing the entire ISO_IEC 14496 section.

2.11.3.9 T-STD extensions

2.11.3.9.1 T-STD Model for 14496 content

Figure 2-% shows extensions of the Transport System Target Decoder for delivery of ISO/IEC 14496 progran} elements
encapsulated in Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport streams.

,,,,,,,,,,,,,,,

|
| k-th composition ufit !

o X:WW

DB tdn(j) D C11 k)
11 11 tC“ k)
" Transport stream | .
| femultiplexing | Alz(].)
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12 12 '[Cn k)
‘\/ O L“ Clm k)
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i trpnsport stream |
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H.222.0(12)_F2-5

Figure 2-5 — T-STD model for ISO/IEC 14496 content

The folloyving notation is used in Figure 2-5 and its description:

TB, 1S the transport buffer:
MB, is the multiplex buffer for FlexMux stream n or for SL-packetized stream n.
FB,,
DB,, is the decoder buffer for the elementary stream in FlexMux channel p of FlexMux stream n.

is the FlexMux buffer for the elementary stream in FlexMux channel p of FlexMux stream n.

DB, is the decoder buffer for elementary stream n.
Dy

D, is the decoder for elementary stream n.

is the decoder for the elementary stream in FlexMux channel p of FlexMux stream n.

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

Anp(j) is the jth access unit in elementary stream in FlexMux channel p of FlexMux stream n. A,,(j) is
indexed in decoding order.
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An(j) 1is the jth access unit in elementary stream n. A,(j) is indexed in decoding order.

Td,,(j) is the decoding time, measured in seconds, in the system target decoder of the jth access unit in
elementary stream in FlexMux channel p of FlexMux stream n.

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

Cip(k) is the kth composition unit in elementary stream in FlexMux channel p of FlexMux stream n.
C,p(k) results from decoding A,,(j). Cyp(k) is indexed in composition order.

Cu(k) is the kth composition unit in elementary stream n. C,(k) results from decoding A,(j). Cy(k) is
indexed in composition order.

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

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

t(i) indicates the time in seconds at which the ith byte of the transport stream efiters the system
target decoder.

2.11.3.9.2 Processing of FlexMux streams

Complete]| transport stream packets containing data from FlexMux stream n are passed)to’/the transport puffer for
FlexMux [stream n, TB,. The size of TB, is fixed at 512 bytes. All bytes that enter TB, are removed from TH, at a rate
Rxy, spedified by the TB leak rate field in the MultiplexBuffer descriptor associated with FlexMux streanf n. When

there is n¢ data in buffer TB,, rate Rx, is equal to zero. Duplicate transport stream packets are not delivered to|[MB,,.

In case off carriage in PES packets, the PES packet header and payload data bytes are delivered to buffer MBJ; all other
bytes leqving TB, do not enter MB,, and may be used to control the system. In case of cqrriage in
ISO _IEC| 14496 sections, the section header, payload and CRC-32 data.bytes are delivered to buffer MB,} all other
bytes do pot enter MB,, and may be used to control the system. In eithér case, the size of MB,, shall be speciffed by the
MB_buffgr size field in the MultiplexBuffer descriptor.

The FlexMux Stream packet bytes in buffer MB, are all d¢livered to their associated FlexMux buffer qt the rate
specified [by the field fmxRate encoded in the FlexMux stréam and in compliance with the FlexMux bufffer model
defined i 11.2.9 of ISO/IEC 14496-1. Only FlexMux,.packet payload data bytes in FlexMux channel p of| FlexMux
stream n ¢nter buffer FB,,. FlexMux packet header bytes in FlexMux channel p of FlexMux stream n are disgarded and
may be uged to control the system. The rate specified by the fmxRate field shall be applicable for all FlexMyx packets
in the strdam immediately following the FlexMux‘Clock Reference channel packet up to the next encountered FlexMux
Clock Reference channel packet. When there«s-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 afe instantaneously removed-“and discarded and may be used to control the system. Bytes |from the
ISO_IEC| 14496 section CRC-32 fields that immediately follow the last FlexMux Stream packet in the section payload
are removed instantaneously and discarded and may be used to verify the integrity of the data. Bytes from thg FlexMux
Clock Reference channel are ifistantaneously removed and discarded and may be used to lock the ISO/IEC 14496 object
time base|to the STC. Wheh there is no PES packet or section payload data bytes, respectively present in MB,, no data
is removedd from MB,,. Alkdata that enters MB,, leaves it. All PES packet payload bytes of stream n enter the FlexMux
demultiplexer instantdpeously upon leaving MB,,.

2.11.3.9.3 Definition of FlexMux Buffer, FB,,

For each [chafinel p of a FlexMux stream n, the size of FlexMux buffer FB,, is defined using the FmxBufferSize

7 1 NN 1 1 d L £ d £ £ A DA ) d d Ta£F D 1 ]
descrlpt(h. TTCXIVItX Puvl\\-t Payroat u_yt\-o are-transterred—romoutter—+ Drp to—decoderbuter DO, - Compt lance with

the FlexMux buffer model defined in 11.2.9 of ISO/IEC 14496-1. Only SL packet payload bytes in FlexMux channel p
of FlexMux stream n enter buffer DB,,. The SL packet header bytes in FlexMux channel p of FlexMux stream n are
discarded and may be used to control the system.

2.11.3.9.4 Processing of SL-packetized streams

Complete transport stream packets containing data from SL-packetized stream n are passed to the transport buffer for
SL-packetized stream n, TB,. All bytes that enter TB, are removed at a rate Rx,, specified by the TB_leak rate field in
the MultiplexBuffer descriptor. When there is no data in buffer TB,, rate Rx, is equal to zero. Duplicate transport
stream packets are not delivered to MB,,.

In case of carriage in PES packets, the PES packet header and payload data bytes are delivered to buffer MB,; all other
bytes leaving TB, do not enter MB,, and may be used to control the system. In case of carriage in
ISO _IEC 14496 sections, the section header, payload and CRC-32 data bytes are delivered to buffer MB,; all other
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bytes do not enter MB, and may be used to control the system. In either case the size of MB, is specified by the
MB_buffer size field in the MultiplexBuffer descriptor.

The SL-packetized stream bytes in buffer MB,, are all delivered to the decoder buffer DB, at the rate specified by the
field instantBitRate encoded in the SL-packetized stream and in compliance with the System Decoder Model defined in
7.4 of ISO/IEC 14496-1. The rate specified by the instantBitRate field shall be applicable for all data bytes in the
SL-packetized stream immediately following the instantBitRate field in the SL packet header up to the next encountered
instantBitRate field. If there are no SL-packetized stream bytes in MB,, no bytes are removed from MB,. Bytes from
the PES packet header or from the ISO _IEC 14496 section header that immediately precede a SL packet header are
instantaneously removed and discarded and may be used to control the system. Bytes from the ISO _IEC 14496 section
CRC-32 fields that immediately follow the last SL packet payload byte in the section are removed instantaneously and
discarded and may be used to verify the integrity of the data. When there are no PES packet or section payload data
bytes, respectively present in MB,,, no data is removed from MB,. All data that enters MB,, leaves it. All PES packet
payload bytes of stream n enter buffer DB, instantaneously upon leaving MB,,, with the exception of the SL packet

4 £ tha Q1 leat L daore da ot £ DR ad—aa L = tral th + TL 3
headers. Bytesfromthe-SEpaeketheaders-donotenter DBrand-may-be-usedto-econtrol-the-system—The-size9f decoder

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

2.11.3.9.§ Buffer management
Transport|streams shall be constructed so that conditions defined in this subclause are satisfied.

TB, shall|not overflow and shall be empty at least once every second. MB,, shall not overflow; FB,, shall not|overflow.
DB,, and| DB, shall neither underflow nor overflow. Underflow of DB,, occurs when one-or more bytes of|an access
unit are npt present in DB, at the decoding time associated with this access unit. Underflow of DB, occurs when one or
more bytgs of an access unit are not present in DB, at the decoding time associated.with this access unit.

2.11.3.10 Carriage within a transport stream

2.11.3.10]1 Overview

A transpqrt stream may contain one or more programs, each described by a Program Map Table. ISO/IEC 14496
content cpn be conveyed in addition to the already defined stream types for such a program. Elements of the
ISO/IEC ]4496 content may be conveyed in one or more Re¢: TU-T H.222.0 | ISO/IEC 13818-1 progran] elements
referencedl by a unique PID value within a transport stream<A’S a special case, it is possible that a progranh within a
transport ptream consists only of ISO/IEC 14496 program elements. ISO/IEC 14496 content associated with § program
and carrigd in the transport stream shall be referenced“in the Program Map Table of that program. An inifial object
descriptoq shall be used to define an ISO/IEC 14496-I\scene; the use of this descriptor is specified in 2.11.3.10.2.

Carriage ¢f ISO/IEC 14496 content in a PID is signalled by a stream_type value of 0x12 or 0x13 in the Program Map
Table in gssociation with that PID value. A ¥alde of 0x12 indicates carriage in PES packets. The stream _id fleld 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
stream o1] a BIFS-Command stream ‘eontained in sections. In this case the table id in the section header indicates
whether gn object descriptor stream is carried in the sections or a BIFS-Command stream. See also Table 2-130. The
section c@ntains either a singléySL packet or a number of FlexMux packets, as indicated by the presence|of an SL
descriptof or a FMC descriptor respectively in the descriptor loop of the Program Map Tabld for the
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 program element that carries the sections. When ISO/IEC 14496 pontent is
carried, the SL desctiptor and the FMC descriptor shall specify the ES ID for each encapsulated ISO/IEC 14496
stream. When thé_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 progedure for
ISO/TIEC | 4496-program components within a transport stream is given in Annex R.
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Table 2-130 — ISO/IEC defined options for carriage of an ISO/IEC 14496 scene and
associated streams in Rec. ITU-T H.222.0 | ISO/IEC 13818-1

Encapsulation in
SL packets

ISO/IEC 14496-1

Carriage in PES packets

Stream_type = 0x12

Stream_id ="1111 1010’

Carriage in ISO_IEC _
14496 _sections

Stream_type = 0x13

Table_id = 0x05

object descriptor

Encapsulation in
streams

SL packets followed by
Multiplex into FlexMux
packets

Carriage in PES packets

Stream_type = 0x12

Stream_id ='1111 1011

Carriage in ISO_IEC
14496 _sections

Stream_type = 0x13

Table id = 0x05

Encapsulation in
SL packets

ISO/IEC 14496-1

Carriage in PES packets

Stream_type = 0x12

Stream_id ="1111 1010’

Carriage in ISO_IEC
14496 sections

Stream_type = 0x13

Table id = 0x04

scene degcription

Encapsulation in
streams

SL packets followed by
Multiplex into FlexMux
packets

Carriage in PES packets

Stream_type = 0x12

Stream_id ="110}1[1011'

Carriage in ISO_IEC _
14496 sections

Stream_type = 0x13

Table id =(0x04

All other [ISO/IEC
14496 stripams

Encapsulation in
SL packets

Carriage in PES packets

Stream_type = 0x12

Stream id ='1111{1010'

Encapsulation in

SL packets followed by
Multiplex into FlexMux
packets

Carriage in PES packets

Stream_type = 0x12

Stream_id ='1111{1011"

2.11.3.10{2  Initial Object Descriptor

In case o
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the descril
which thej
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2.11.3.11
Figure 2-¢

[ carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496-1~initial object descriptor serves as
int to all associated streams. The initial object descriptor shall be conveyed in the IOD descriptor

scene is associated. It contains ES_Descriptors identifyirig the scene description and object descript
part of this program. It may also contain ES Deseriptors identifying one or more associated

P-STD Model for 14496 content
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The following notation is used in Figure 2-6 and its description:
B, is the input buffer for FlexMux stream n or for SL-packetized stream n.
FB,, is the FlexMux buffer for the elementary stream in FlexMux channel p of FlexMux stream n.
DB,, is the decoder buffer for the elementary stream in FlexMux channel p of FlexMux stream n.
DB, is the decoder buffer for elementary stream n.
D, is the decoder for elementary stream in FlexMux channel p of FlexMux stream n.
D, is the decoder for elementary stream n.

Ayp(j) is the jth access unit in elementary stream in FlexMux channel p of FlexMux stream n. A,(j) is
indexed in decoding order.

A,(j) is the jth access unit in elementary stream n. A,(j) is indexed in decoding order.

Td,,(j) is the decoding time, measured in seconds, in the system target decoder of the jth access unit in
elementary stream in FlexMux channel p of FlexMux stream n.

Td,() is the decoding time, measured in seconds, in the system target decoder of the jth accgss unit in
elementary stream n.

Cup(k) is the kth composition unit in elementary stream in FlexMux channel p,of FlexMux|stream n.
Cyp(k) results from decoding A,,(j). Cyp(k) is indexed in composition order.

Ci(k) is the kth composition unit in elementary stream n. C,(k) results from decoding A,(j). C.(k) is
indexed in composition order.

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

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

t(i) indicates the time in seconds at which the itly byte of the program stream enters the system
target decoder.

2.11.3.11J1  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
instantandously to buffer B,. The i-th byte enters B, at tilnet(i). PES packet header bytes do not enter buffer B}, and may
be used fo control the system. The size of B, is specified by the P-STD buffer size field in the header of the
PES packpt that carries stream n.

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

2.11.3.112  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
1 i Praogram SQtroam NMan 16 mroacant 11 tha meagram oftraans FlovyNMusx nacket navload butes are
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from buffer FB,, to decoder buffer DB,, in compliance with the FlexMux buffer model defined in 11.2.9 of
ISO/IEC 14496-1. Only SL packet payload bytes in FlexMux channel p of FlexMux stream n enter buffer DB,,. The
SL packet header bytes in FlexMux channel p of FlexMux stream n are discarded and may be used to control the system

2.11.3.11.3  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
instantaneously to buffer B,. The i-th byte enters B, at time t(i). PES packet header bytes do not enter buffer B, and may
be used to control the system. The size of B, is specified by the P-STD_buffer size field in the header of the PES
packet that carries stream n. The SL-packetized stream bytes in buffer B, are delivered to the decoder buffer DB, at the
rate specified by the field instantBitRate encoded in the SL-packetized stream and in compliance with the System
Decoder Model defined in 7.4 of ISO/IEC 14496-1. The rate specified by the instantBitRate field shall be applicable for
all data bytes in the SL-packetized stream up to the next encountered instantBitRate field. When there is no PES packet
payload data present in B,, no data is removed from B,. All data that enters B, leaves it. All bytes of stream n enter
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buffer DB, instantaneously upon leaving B,, with the exception of the SL packet headers. Bytes from the SL packet
headers do not enter DB, and may be used to control the system. The size of decoder buffer DB, is given by the
bufferSizeDB of the DecoderConfigDescriptor defined in ISO/IEC 14496-1.

2.11.3.11.4 Buffer management

Program streams shall be constructed so that B, does not overflow. FB,, shall not overflow. DB,, and DB, shall neither
underflow nor overflow. Underflow of DB, occurs when one or more bytes of an access unit are not present in DB, at
the decoding time associated with this access unit. Underflow of DB, occurs when one or more bytes of an access unit
are not present in DB, at the decoding time associated with this access unit.

2.11.3.12 Carriage within a program stream

2.11.3.12.1 Overview

A programp-stream-contains—onb-one-program—ISOAEC14496-data-can-be-conveyed-in-additionto-the-already defined
stream typpes for such a program. As a special case, it is also possible that a program stream carries only ISOAEC 14496
data. If a [Program Stream Map is present, ISO/IEC 14496 content carried in the program stream shall be refgrenced as
follows. Qarriage of ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams in SL and FlexMux packets is
indicated by the appropriate stream id and by an initial object descriptor; the use of this deseriptor is| specified
in 2.11.3.12.2. 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;yshall be updat¢d and the
program_ptream map_version shall be incremented by 1 modulo 32. Note that in a Program-Stream the ISO/IEC 14496
content mlay also be referenced by private means.

For an example of a content access procedure for ISO/IEC 14496 program componénts within a program sfream, see
Annex R.

2.11.3.12)2  Initial object descriptor

In case off carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496.ititial object descriptor serves as the inifial access
point to aJl 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 locatedin® the descriptor loop immediately follgwing the
program_ptream_info_length field. It contains ES Descriptorsoidentifying the scene description and object descriptor
streams df the scene that form part of this program. It gnay also contain ES Descriptors identifying on¢ or more
associated IPMP or OCI streams. Identification of streamis is done by means of ES IDs as specified in clause 8 of
ISO/IEC |4496-1. In a program stream, the initial objeet descriptor may also be conveyed by private means.

2.12 Carriage of metadata

2.12.1 |Introduction

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

A metadafa service is-defined to be a coherent set of metadata of the same format delivered to a receiver for|a specific
purpose. Metadata Services are contained in metadata streams; each metadata stream carries one or more| metadata
services. This Specification assumes the notion of metadata Access Units within a metadata service. The defiition of a
Metadata|Aceess/Unit is metadata format specific, but each metadata service is assumed to represent a concatgnation (or
a collectign) of metadata Access Units.

When transporting a metadata service over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, a unique metadata service
id is assigned to each such service. A metadata service id references uniquely a metadata service among all the metadata
services available on the same transport or program stream, and not unique solely within a metadata stream. The
metadata service identifier is used to retrieve the metadata service and all the information needed to decode it.

Decoding of metadata may require the availability of decoder configuration data. If a metadata service carried in a
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream requires decoder configuration data for decoding, then this metadata
decoder configuration data shall be carried within the same program of the same Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 stream.

Clause 2.12.2 discusses metadata timing, while 2.12.3 provides an overview of tools that are defined for transport of
metadata over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream. The use of available transport tools is specified
in 2.12.4 up to 2.12.8, and 2.12.9 specifies metadata related signalling. Finally, the STD model for metadata decoding is
specified in 2.12.10.
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Since many forms of metadata may be carried, it is essential to signal both the precise format and encoding of the
metadata, and the semantic meaning the metadata conveys. The former is signalled by the metadata format, while the
latter is signalled by the metadata application format. In other words, the metadata format conveys how the metadata
shall be decoded, while the metadata application format conveys how to use the metadata, essentially which application
uses the metadata. This division is important since it separates the encoding or representation of the metadata from its
meaning, thereby allowing an application to be agnostic of the means by which its metadata is conveyed.

2.12.2 Metadata time-line model

Metadata may refer to time codes associated with the content, for example to indicate the beginning of a content
segment. Each time indication made in the metadata refers to a certain metadata content time line specific to the actual
metadata format and/or metadata application format. For example, one metadata (application) format may use UTC,
while another metadata application format may use SMPTE time codes. To allow for transport of the content at any
time over any media, the metadata content time line is expected but not required to be transport agnostic.

When traj\esportlng content and the associated metadata over Rec. I'TU-T H.222.0 | ISO/IEC 13818-1 streamd, accurate
time refefences from the metadata to the content are to be maintained. The same is needed if the metadata'is| delivered
over othef means. To achieve this, the time line model of Figure 2-7 is assumed in this Specification.

ContentAigae'line as

Metadata timing, specifiedih the

transport agnostic N|[T » metddata (format is
metatlata specific:
A/V content UTC, SMPTE, )
/! Production /7 \\ \\
/ Transport / . .
A/V content (1) A/Veontent (2)

Delivery tjme

» line (STC

Receiver contenf

RT time line (singl
format)

H.222.0(12)_F4-7

Figure 2-7 — Timing model, for delivery of content and metadata

Metadatalis associated with the audiovisual content, usually in a transport agnostic way, at production or any dther stage
prior to transport. Where needed, time information is embedded in the metadata to indicate for example specific
segments [within the content, using the.nietadata content time line used in the metadata. For example UTC qr SMPTE
time codes may be used. The time line format is independent of any time code that may or may not be embedded in the
audiovisupl stream itself. For example, the metadata time line may utilize UTC, while SMPTE time fodes are
embedded in the video stream.

The folloying requirements.shall be met for each metadata stream:
*  no time-discontinuities shall occur in the metadata content time line;
»  the metadata content time line shall be locked to the sampling clock of the content;

g €ach time reference in the metadata stream refers to the same metadata content time line.

At transpprtya transport-specific timing is associated with the content; this is the delivery time line. In the case of
transport over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the delivery time line is provided by the System Time
Clock, the STC. The content may be delivered as a contiguous piece of information, but it is also possible to interrupt
the delivery of the content, for example in the case of news-flash interruptions of a program; in such and other cases
time line discontinuities may occur.

When time references are used in the metadata, in the System Target Decoder (STD) these time references are to be
associated unambiguously with time values in the received content. To achieve this, a receiver content time line is
required. The STC can be used as the receiver content time line, but due to STC discontinuities that may occur, the STC
does not necessarily offer an unambiguous time association. Therefore the NPT (Normal Play Time) concept from
ISO/IEC 13818-6 DSM-CC is also available for use as the receiver content time line. In any playback mode, such as
normal, reverse, slow motion, fast forward, fast backward and still picture, the NPT provides an unambiguous time
association, independent of STC discontinuities, and independent of insertions of other content. Note that a new
NPT reference descriptor needs to be transmitted when the STC rolls over.
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To maintain the accurate time references from metadata to the content, information is needed how to map a metadata
time, MT, defined on the metadata content time line to the corresponding receiver time, RT, of the receiver content time
line. This is achieved by providing the offset in time (in 90-kHz units) between the metadata content time line and the
receiver content time line. The offset is provided in the content labelling descriptor. The offset conveys the value of the
metadata time base at the instant in time at which the receiver content time base reaches a specified value. See also
Figure 2-7.

The timing in metadata systems may refer to a specific picture or audio frame, for example using SMPTE time codes.
The offset in time between the metadata content time line and the receiver content time line is expressed in units of
90 kHz, and consequently the metadata time reference will translate into a 90-kHz value in receivers. To accommodate
for inaccuracies, receivers shall assume that when reference is made to a picture or audio frame the closest match shall
be used. For example, the translated 90-kHz metadata time reference shall be matched with the picture or frame whose
PTS value is closest to the translated value.

When using NPT, during playback in any mode at any point in time the offset remains constant between the metadata
time base] and the NPT time base. As long as neither STC discontinuities nor insertions with other content pccur, the
same is tiue for the offset in time between the metadata time base and the STC time base, but only in normal playback
mode. For privately defined time lines the offset is also required to be constant, but possibly withineonstraints not
defined irf this Specification.

When syrjchronous transport of metadata is applied in PES packets or by using the synchronized DSM-CC [download
protocol, |PTSs are assigned to the metadata. Such PTS may for example indicate the~point in time at hich the
metadata [becomes valid. This implies a priori knowledge of how to associate the metadata to the delivefy timing.
However,| synchronously transported metadata may also contain time references, which are to be mapped from the
metadata fontent time line to the receiver content time line using the specified offsef between both time lineqd. See also

Figure 2-§.
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Figure 2-8 — Delivery of metadata in PES packets
2.12.3  |Options.for transport of metadata

To acknoledge/the very diverse characteristics of metadata, a variety of tools is defined to transport the metgadata over
a Rec. ITU-T\H.222.0 | ISO/IEC 13818-1 stream.

This Specification defines two tools for synchronous delivery of the metadata:
»  carriage in PES packets;
* use of DSM-CC synchronized download protocol.
In addition, this Specification defines three tools for asynchronous delivery of metadata:
*  carriage in metadata sections;
e use of DSM-CC data carousels;
* use of DSM-CC object carousels.

Note that some of the asynchronous transport options support carousels and file structures. The choice of transport tool
depends on the requirements that apply to the delivery of the metadata, and the requirements of the tools, as described
in the following subclauses.
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Metadata may also be carried by private means such as PES packets with stream id value 0xBD or 0xBF
(private_stream_id 1 or private stream_id 2) or private sections. This Specification does not specify how to use private
means for carriage of metadata, but allows for signalling of such metadata using the descriptors defined in 2.6.56 up
t0 2.6.63.

The basic referencing of metadata services is the same for all tools, using the metadata service id. However, there are
differences per tool. When PES packets, metadata sections, or synchronized DSM-CC download sections are used, data
from each metadata service is explicitly signalled within a metadata stream, using the metadata service id field.
However, when using DSM-CC carousels, this signalling is left at the discretion of metadata applications. Note that this
Specification allows for carriage of a metadata service in a DSM-CC carousel, but does not constrain how many
metadata services can be carried in one DSM-CC carousel.

Metadata decoder configuration data is signalled explicitly when carried in a metadata descriptor, in PES packets with
stream_type 0x15 and stream_id OxFC, in metadata sections or in synchronized DSM-CC download sections. When
metadata decoder configuration data is carried in a DSM-CC carousel, the signalling of such data is required, but not
defined by this Specification; instead, such signalling is left at the discretion of applications.

2.12.4 |Use of PES packets to transport metadata
2.12.4.1 |General

PES pacHets provide a mechanism for synchronous transport of metadata. By means of thie, PTS in the PES packet
header th¢ metadata access units are associated with a certain instant of the STC, without the’need for time refgrences in
the metadata. This implies a priori knowledge of how to associate the metadata to the delivery timing Specific
stream_id and stream_type values are assigned to signal PES packets carrying metadata;’see 2.12.9.

When using PES packets with a stream_type of 0x15 and a stream_id of OxFC to transport the metadata, a| Metadata
Access Unit Wrapper shall be used as the tool to align PES packetsand the metadata Access Unjits, using
metadata |AU_cells. This allows random access indication, whose meaning.depends on the format of the metpdata, and
a cell seqpience counter to identify loss of metadata AU _cells. Each métadata Access Unit is carried and, if agjpropriate,
fragmentqd in one or more metadata AU cells. In each <{PES packet that carries metadata, [the first
PES pacKlet data_byte shall be the first byte of a Metadata AU “cell. For each metadata Access Unit contaiped in the
same PEY packet, the PTS in the PES header applies. The PTS:signals the time at which the metadata Accesq Units are
decoded |nstantaneously and removed from buffer B, in the' STD. Note that the relationship between 4 decoded
metadata JAccess Unit and audiovisual content is beyond.th&-5cope of this Specification.

A PES pafcket may contain a single metadata AU celi:This is useful if a metadata Access Unit does not fit info a single
PES packpt, in which case the fragmentation of the.metadata Access Unit is handled by the metadata AU_cell|

When meladata is carried by PES packets ina‘program stream, and if a Program Stream Map is applied in that program
stream, thien the Program Stream Map shall/specify which PES packets contain the associated metadata.

2.12.4.2 |Metadata Access Unit Wrapper

The metadata Access Unit Wrapper (see Table 2-131) shall be used when carrying metadata Access Unifs in PES
packets with a stream_type of Ox15 and a stream_id value of 0xFC or in synchronized DSM-CC download sections of
stream_type 0x19. The wrapper defines a structure consisting of a concatenated number of Metadata AU| cells. By
coding the size of the centained metadata in each metadata AU _cell, metadata agnostic parsing is possible in|receivers:
the parsej can retrieve the metadata and provide it to a metadata decoder without a priori knowledge on any detail of
the metadata. The\Metadata AU _cell shall be aligned with the transport; that is the first byte of the payload qf the PES
packet or gynchronized DSM-CC download section shall be the first byte of a Metadata AU _cell.

If a metadata”Access Unit does not fit entirely into a metadata AU cell, then the metadata Access Unif shall be
fragmented into multiple metadata AU cells, where the fragmentation_indication in each such metadata AU cell
signals that the metadata AU _cell contains a fragment.

To each Metadata AU cell that is contained in the same PES packet or synchronized download section, the PTS as
coded in the header of the PES packet or synchronized download section, respectively, applies.
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Table 2-131 — Metadata Access Unit Wrapper

Syntax No. of bits Mnemonic

Metadata AU_wrapper () {
for (i=0; 1 <N;it++){
Metadata_ AU_cell ()
H

Table 2-132 — Metadata AU cell

Syntax No. of bits Mnemonic

Metadata AU cell () {

metadata_service_id 8 uimsbf
sequence_number 8 uimsbf
cell_fragment_indication 2 bslbf
decoder_config_flag 1 bslbf
random_access_indicator 1 bslbf
reserved 4 bslbf
AU_cell_data_length 16 uimsbf
for (1=0; [ <AU_cell_data length; i++){

AU_cell_data_byte 8 bslbf

}

}

metadatd service_id: This 8-bit field identifies the metadata service associated with the metadata Access Unit carried
in this metadata AU cell.

sequence| number: This 8-bit field specifies the sequence number of thé_metadata AU _cell. This number ihcrements
by one fof each successive metadata AU_cell constituting the metadata AU wrapper, independent of the cqded value
of the mefadata_service id.

cell_fragment indication: This 2-bit field conveys information on the metadata Access Unit carried in this
metadata |AU_cell, corresponding to Table 2-133.

Table 2-133 =Cell fragment indication

Value Description
"1 A single ¢¢ll carrying a complete metadata Access Unit.
'10' The first cell from a series of cells with data from one metadata Access Unit.
'01' The last cell from a series of cells with data from one metadata Access Unit.
'00' A cell from a series of cells with data from one metadata Access Unit, but neither
the first nor the last one.

random_pccess_indicator:° This 1-bit field, when coded with the value '1', indicates that the metadata carrfed in this
metadata |AU _cell répresents an entry point to the metadata service where decoding is possible without information
from prevfious metadata AU _cells. The meaning of a random access point is defined by the format of the metadata.

decoder_fonfig flag: This 1-bit field signals the presence of decoder configuration information in the carried metadata
Access Upit,Note that this does not preclude the presence of metadata in the Access Unit next to decoder configuration
data.

AU _cell _data_length: This 16-bit field specifies the number of AU cell data_bytes immediately following.

AU_cell_data_byte: This 8-bit field contains contiguous bytes from a metadata Access Unit.

2.12.5 Use of the DSM-CC synchronized download protocol to transport metadata

For synchronized transport, in addition to PES packets, the DSM-CC synchronized download protocol can be used.
When using synchronized DSM-CC download sections to transport the metadata, the Metadata Access Unit Wrapper
defined in 2.12.4.2 shall be used as the tool to encapsulate metadata Access Units. This allows random access
indication, whose meaning depends on the format of the metadata, and a cell sequence counter to identify loss of
metadata AU cells. In each DSM-CC synchronized download section that carries metadata, the first byte of the
payload shall be the first byte of a Metadata AU _cell. For each metadata Access Unit contained in the same DSM-CC
synchronized download section, the PTS in the section header applies. The PTS signals the time at which the metadata
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Access Units are decoded instantaneously and removed from buffer B, in the STD. Note that the relationship between a
decoded metadata Access Unit and audiovisual content is beyond the scope of this Specification. A specific stream_type
value (as detailed in Table 2-34) is assigned to signal carriage of metadata in DSM-CC synchronized download
sections.

2.12.6  Use of metadata sections to transport metadata

If asynchronous transport of metadata Access Units without a carousel delivery mechanism is needed, metadata sections
can be utilized. The syntax and semantics of metadata sections are defined in this subclause. Each metadata section
shall carry either one complete metadata Access Unit or a single part of one metadata Access Unit, as signalled by the
section_fragment_indication field (see Table 2-134).

For transport in metadata sections, the metadata Access Units are structured in one or more Metadata Tables. Each
Metadata Table contains one or more complete metadata Access Units from one or more metadata services.
Conceptually, the transport mechanism of Metadata Tables is comparable to the transport mechanism of Program Map
Tables arfd Program Association Tables. Each Metadata Table may be made up of multiple metadata sections. Each
Metadata|[Table may contain metadata from multiple metadata services.

Specific dtream_type and table id values are assigned to metadata sections. Metadata decoder configuration data can
also be cdrried in sections, signalled by a metadata description value, as assigned by the metadata decoder configuration
descriptoy.

Table 2-134 — Section syntax for transport of metadata

Syntax No. of bits Mnemonic
Metadata_section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
random_access_indicator 1 bslbf
decoder_config_flag 1 bslbf
metadata_section_length 12 uimsbf
metadata_service_id 8 uimsbf
reserved 8 bslbf
section_fragment_indication 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (i=1; 1 <Nj;i++){

metadata_byte 8 bslbf
}
CRC_32 32 rpchof

}

table_id:[The table id is an §bitfield that shall be set to '0x06' for each metadata section.
section_syntax_indicator: This 1-bit field shall be set to '1'.

private_ipdicator: This-1-bit field is not specified by this Specification.

random_pccess<indicator: This 1-bit field, when coded with the value '1', indicates that the metadata carrfed in this
metadata |section) represents an access point to the metadata service where decoding is possible without information
from previious,metadata sections. The meaning of a random access point is defined by the format of the metadata.

decoder config flag: This 1-bit field, when coded with the value '1', indicates that decoder configuration information
is present in the metadata Access Unit carried in this metadata section.

metadata_section_length: This 12-bit field shall specify the number of remaining bytes in the section immediately
following the metadata section length field, and including the CRC. The value of this field shall not exceed
4093 (0xFFD).

metadata_service_id: This 8-bit field identifies the metadata service associated with the metadata Access Unit carried
in this metadata section. Each Metadata Table may contain metadata from multiple metadata services.
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section_fragment_indication: This 2-bit field conveys information on the fragmentation of the metadata Access unit
carried in this metadata section, corresponding to Table 2-135.

Table 2-135 — Section fragment indication

Value Description
11 A single metadata section carrying a complete metadata Access Unit.
'10' The first metadata section from a series of metadata sections with data from one metadata

Access Unit.

'01' The last metadata section from a series of metadata sections with data from one metadata
Access Unit.

'00' A metadata section from a series of metadata sections with data from one metadata Access
Unit, but neither the first nor the last one.

version_llumber: This 5-bit field is the version number of the whole Metadata Table. The version numbgr shall be
incremenfed by 1 modulo 32 whenever the information contained within the Metadata Table changes. When the
current_ngxt indicator is set to 'l', then the version number shall be that of the currently applicable ‘Metadpta Table.
When thq current_next_indicator is set to '0', then the version_number shall be that of the next.applicable| Metadata
Table.

current_pext_indicator: A 1-bit field, which when set to 'l' indicates that the Metadata Table sent is| currently
applicabl¢. When the bit is set to '0', it indicates that the Metadata Table sent is not yet applicable and shall be the next
Metadata [Table to become valid.

section_number: This 8-bit field gives the number of the metadata section. Thé section number of the first s¢ction in a
Metadata| Table shall be 0x00. The section_number shall be incrementedsby’1 with each additional sectipn in this
Metadata[Table.

last_sectipn_number: This 8-bit field specifies the number of the-ldst section (that is, the section with the highest
section_npimber) of the complete Metadata Table of which this seefion’is a part.

metadata byte: This 8-bit contains contiguous bytes from a metadata Access Unit.

CRC_32{This 32-bit field shall contain the CRC value that’gives a zero output of the registers in the decoder fdefined in
Annex A pfter processing the entire metadata section.

2.12.7 |Use of the DSM-CC data carousel to transport metadata

The DSM-CC tools as defined in ISO/IEC 13818-6 for Data Carousels can be used if a carousel delivery meghanism is
required Without the need to express the hiérarchical organization of the metadata structure in the transport mgchanism.
Informatipn on the carousel in which thé\metadata is contained, is included in the metadata descriptor defined in 2.6.60
and 2.6.62. A specific stream_type value is assigned to signal carriage of metadata in the DSM-CC data caropsel. Note
that signa]ling of metadata servicés within a DSM-CC data carousel is required, but not defined by this Specification.

2.12.8 se of the DSM-CC-object carousel to transport metadata

If a caroupel delivery mechanism is required with the capability to express the hierarchical organization of thd metadata
structure |n the transport, then the DSM-CC tools and file structures as defined in ISO/IEC 13818-6 for User to User
¢priate for
needed to
3.6.60 and
- a \ specific
stream type Value is a551gned to 51gnal carriage of metadata in the DSM CC object carousel. Note that 51gnalhng of
metadata services within a DSM-CC object carousel is required, but not defined by this Specification.

2.12.9 Metadata-related signalling

2.12.9.1 General

Metadata-related signalling covers four distinct areas:
+  signalling of metadata services and streams;
+  signalling of content for use by a metadata system;
. association of metadata to content; and

»  signalling of decoder configuration data.

160 Rec. ITU-T H.222.0 (03/2017) © ISO/IEC 2018 - All rights reserved


https://iecnorm.com/api/?name=7fed09a7fa50418acf1573ba10f7ae8a

ISO/IEC 13818-1:2018 (E)

2.12.9.2 Signalling of metadata services and streams

Carriage of metadata is signalled by a stream_type value in the inclusive range between 0x15 and 0x19, specifying
which of the five methods described in 2.12.4 to 2.12.8 is used to transport the metadata, and if appropriate, by a
stream_id value of OxFC indicating a metadata stream.

To uniquely identify a metadata service a metadata service id value is assigned to each such service by the transport;
the assigned value shall be unique within the transport or program stream carrying the metadata service. If the metadata
is carried in PES packets with a stream_id of OxFC, or in metadata sections, or in ISO/IEC 13818-6 synchronized
download sections, the assigned metadata service id value is signalled explicitly in the header of the
metadata AU cell or the metadata section. If a ISO/IEC 13818-6 carousel is used to carry the metadata, then the
signalling of metadata services is left to the application. The metadata descriptor specifies the format of the metadata
and provides information on the decoder configuration data, and is linked to the metadata service by carrying
information on the metadata service it is associated with.

2.12.9.3 [Signalling of content for use by a metadata system

In 2.6.56 jand 2.6.57, a content labelling descriptor is defined that can be used to assign a metadata application format
specific feference, the content reference id record, to audiovisual or any other content carried.oyer an| MPEG-2
transport ptream or program stream. The content reference id record can be used by the metadata System as|a label to
refer to sych content. The content may represent, for example, a program or a stream or segments thereof. The content
labelling fescriptor also provides information on the content time base used for time refef¢ncing from the [metadata,
including|the constant offset in time between the metadata time base and the applied content time base. The descriptor
allows ¢arriage of private data. The metadata application format may(" define constraints [ on the
content reference record, such as constraints on the time period during which it is ¥alid.

2.12.9.4 [Association of metadata to content

In 2.6.58 fand 2.6.59 the metadata pointer descriptor is defined to associaté.a single metadata service to audipvisual or
any other] content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream. The metadata is associated with thje content
within thq context as defined by the location of the descriptor. In a transport stream, the descriptor may be locgted in the
PMT in the descriptor loop for either the program or an elementary/stream, but may also be located in tables npt defined
in this Specification, such as tables describing bouquets of broadcast services.

The metaflata pointer descriptor points from the content's Context to the metadata service associated with thgt content.
The descijiptor provides the value of the metadata serviee. id that is assigned to the associated metadata servige, as well
as one or [more locations of the associated metadata..The location may for example be within the same transpprt stream
as the coptent, or within another transport streainbut also at a non-Rec. ITU-T H.222.0 | ISO/IEC 1381§-1 stream
location spich as the Internet.

2.12.9.5 [Signalling decoder configuration-data

Decoding| of metadata may require, the availability of metadata decoder configuration data. If needed, decoder
configurafion data shall be contained in one of the metadata services in the same program in [the same
Rec. ITU{T H.222.0 | ISO/IEC-33818-1 stream as the metadata service. If decoder configuration data is peeded to
decode a netadata service, then/the metadata descriptor either carries such data or provides the information on retrieval
of the deqoder configuration-data from the same or another metadata service. In a transport stream such other service
can be fqund by searching in the PMT for a metadata descriptor with the metadata service id as speciffed in the
decoder _¢onfig metadata service id field (and with the same metadata format and the same metadata application
format).

2.12.9.6 |O¥€rview of metadata signalling

Figure 2-9 provides an example of metadata signalling, in which a single program, the "content program", carries the
content (or essence) while the metadata is carried in a separate program, the "metadata program". In this example, the
metadata program and the content program exist on the same transport stream.
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Figure 2-9 — Metadata signalling and referencing

In the dontent program there are two metadata-related descriptors, the content labeling descriptor| and the
metadata |pointer descriptor. The content labeling descriptor associates a label,-illustrated in the diagram by "content
label" and encoded in the descriptor in the content reference id fields, with the-content. The label can then He used by
the metadata service to refer to the essence, either in whole, in part, or by, a\time-described segment. For exgmple, the
content I3beling descriptor could provide the label "News of 1/1/02", and the metadata could then refer to [a specific
story iten] in the "News of 1/1/02", for example by providing the specific timing of the story item.

The metaglata pointer descriptor provides information of where the/netadata service can be found for the given content.
In this exgmple, the metadata is carried in a separate program, but-it would be equally valid to have the metadgta carried
in the sarhe program as the content, or provided by some means beyond the scope of this Specification, for instance
from a URL. This descriptor also provides the metadata setvice id value that is assigned to the metadata servige. This is
required gince a metadata stream could carry multiple metadata services for many different programs and each program
needs to Qe able to uniquely identify its own metadataservice.

In the mefadata program, the metadata descriptor signals to which metadata service within a metadata stream fit applies.
If used, tHe metadata descriptor provides details’of where to find the decoder configuration information.

Upon ideptifying a metadata pointer descriptor in the PMT by a receiver decoding the content program, thg receiver
retrieves fhe metadata descriptor from.the metadata program. If needed first the decoder configuration data is|retrieved,
then the decoder is configured aceordingly, after which the metadata service can start being decoded.

2.12.10 [STD model for metadata

The STD [model specifies\normative constraints on Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams that carry|metadata.
For decoding of metadata in the STD, the regular T-STD and P-STD models are applicable with buffer B, [input rate
Rx, of thg metadata.into B, and output rate Ry epdaa OUt of B, and into Dypequdara, the metadata decoder. See Figupe 2-10.

Rmcladala - | D

o Lt

Rx, .

jve}

e netine:y >
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Figure 2-10 — Metadata decoding in the STD

The metadata enters buffer B, at rate Rx,. In the P-STD, rate Rx,, equals the rate of the program stream. In the T-STD,
rate Rx, is the rate out of TB, and equal to the rate defined by the metadata input_leak rate field in the metadata STD
descriptor. The size BS, of buffer B, is equal to the size defined in the metadata buffer size field in the metadata STD
descriptor. In case of synchronous delivery, metadata decoding is instantaneous and controlled by PTSs. At decode
time, that is when the STC equals the PTS, the associated metadata is removed instantaneously from B,. In case of
asynchronous delivery, the metadata is removed from B, at a rate Rpcugaa €qual to the rate defined by the
metadata output leak rate field in the metadata STD descriptor. Buffer B, shall not overflow.
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Note that the STD model defines constraints on the delivery of the metadata, without specifying any constraint on the
timing used in the metadata.

2.13 Carriage of ISO 15938 data

2.13.1 Introduction

Carriage of metadata over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream as defined in 2.12 allows for carriage
of ISO 15938 data by appropriate coding of the metadata format field. In this subclause, for the purpose to transport
ISO 15938 data, a specific instance is defined. Carriage of ISO 15938 data shall meet each requirement defined in 2.12,
but in addition the requirements defined in this subclause shall apply for transport of ISO 15938 data.

2.13.2 ISO 15938 decoder configuration data

Decoding of ISO 15938 data requires the availability of decoder configuration data. Consequently, when ISO 15938
data is cafried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, then the metadata descriptor shall signal darriage of
associated decoder configuration data in the same Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream by coding p value of
the decodpr_config_flags of either '001' or '010' or '011' or '100".

2.14 Carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video

2.14.1 [Introduction

This Spefification defines the carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 elementary stream within
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 systems, both for program and\ transport streams. Typically, a
Rec. ITU{T H.264 | ISO/IEC 14496-10 stream will be an element of a Rec. ITU<T)H.222.0 | ISO/IEC 13818-1f program,
as defined by the PMT in a transport stream and the PSM in a program streami./The carriage and buffer management of
AVC vid¢o streams is defined using existing parameters from this Recommendation | International Standafd such as
PTS and DTS, as well as information present within an AVC video str¢am:

Carriage ¢f AVC video streams in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream defines accurate mapping between
STD parameters and HRD parameters that may be present in an AVC video stream. Requirements are defined for the
presence pf HRD parameters in the AVC video stream, to ensure that it can be verified whether each STD refjuirement
is met forfeach AVC video stream carried in a transport strédm or a program stream.

NOTE]|1 — Though the timing information present in the AVC video stream may not use a 90-kHz clock, the PT$ and DTS
timestgmps need to be expressed in units of 90 kHz.

When a Rec. ITU-T H.264 | ISO/IEC 14496-10"stream is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818}1 stream,
the Rec. [TU-T H.264 | ISO/IEC 14496-10*ceded data shall be contained in PES packets. The Rec. ITU-[I' H.264 |
ISO/TEC [14496-10 coded data shall comply- with the byte stream format defined in Annex B of Rec. ITU{T H.264 |
ISO/IEC |4496-10, with the following-constraints:

*  Each AVC access unit shall contain an access unit delimiter NAL Unit;
NOTE 2 — ReciFTU-T H.264 | ISO/IEC 14496-10 requires that an access unit delimiter NAL Unit, if present, is
the first NAL Unit within an AVC access unit. Access unit delimiter NAL Units simplify the ability t¢ detect the
boundary between pictures; they avoid the need to process the content of slice headers, and they are particularly
usefulfor-the Baseline and Extended profiles where slice order can be arbitrary.

*  All Sequence and Picture Parameter Sets (SPS and PPS) necessary for decoding the AVC video stream
shall.be present within that AVC video stream.

NOTE 3 — Rec. ITU-T H.264 | ISO/IEC 14496-10 also allows delivery of SPS and PPS by external means. This
Specification does not provide support for such delivery, and therefore requires SPS and PPS to be ca1|ried within
the AVC video stream.

*  Each AVC video sequence that contains hrd parameters() with the low delay hrd flag set to 'l', shall
carry VUI parameters in which the timing_info_present flag shall be set to '1".

NOTE 4 —If the low_delay_hrd flag is set to 'l', then buffer underflow is allowed to occur in the STD model;

see 2.14.3 and 2.14.4. Setting the timing_info present flag to '1' ensures that the AVC video stream contains

sufficient information to determine the DPB output time and the CPB removal time of AVC access units, also in
case of underflow.

To provide display specific information such as aspect ratio, it is strongly recommended that each AVC video stream
carries VUI parameters with sufficient information to ensure that the decoded AVC video stream can be displayed
correctly by receivers.

When an AVC video stream conforms to one or more profiles defined in Annex G of Rec. ITU-T H.264 |
ISO/IEC 14496-10, the following constraints additionally apply:
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*  The AVC video sub-bitstream of SVC as defined in 2.1.10 shall be an element of a Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 program and the stream_type for this elementary stream shall be equal to 0x1B.

* For each SVC video sub-bitstream as defined in 2.1.121 that is an eclement of the same
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, the stream_type for this elementary stream shall be
equal to Ox1F.

e All subset Sequence Parameter Sets and Picture Parameter Sets necessary for decoding an SVC video
sub-bitstream shall be present within the elementary stream carrying the SVC video sub-bitstream.

*  In each elementary stream with stream_type equal to 0x1F, exactly one VDRD_drd nal unit as defined
in 2.14.3.3 may precede all the NAL units of the same SVC dependency representation.

NOTE 5 — If any VDRD drd_nal unit is included in any SVC dependency representation then the HRD model
should include this VDRD drd nal unit in the buffer model as additional non-VCL NAL units. The NAL unit
type 24 may be used in a different way by other specifications out of scope of this Specification. When carrying
AVC base and SVC enhancement layers in different elementary streams, usage of VDRD is strongly
recommended 1t access units are not aligned with PES packets.

* The TREF field as defined in 2.4.3.7 may be present in the PES headers of elementary str¢ams with
stream_type equal to Ox1F. The TREF field shall be set and shall be present in the)PES headers as
specified in 2.14.3.5 and 2.14.3.6 respectively.

NOTE 6 — Currently the presence of TREF is only specified for elementary streans with stream [type equal
to Ox1F.

e When a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program includesmore than one SYC video
sub-bitstream, or more than one AVC video sub-bitstream of SVC jand at least one SVC video
sub-bitstream, a hierarchy descriptor as defined in 2.6.7 shall be used<{o indicate the dependen¢ies of the
related video sub-bitstreams.

*  All NAL units of a re-assembled AVC access unit shall be passed to the decoder in the ordgr of NAL
units within an access unit as defined in Rec. ITU-T H.264 JISO/IEC 14496-10.

NOTE 7 — If SEI NAL units are present in any SVC depéndency representation of an SVC video sulff-bitstream,
these NAL units may require re-ordering to the order) of NAL units within an access unit as |[defined in
Rec. ITU-T H.264 | ISO/IEC 14496-10 before accessnit re-assembling.

*  The profile and level limitations indicated. Dy profile idc and level idc syntax elements in the
AVC video descriptor, if present, @nd the Type II  HRD parameters |in the
AVC timing and HRD descriptor, if présent, for an AVC video stream resulting from re-agsembling
(up to) the video sub-bitstream associated with the descriptors shall include NAL units with
nal_unit type syntax element equal %0 14 in the AVC video sub-bitstream of SVC and, if pregent in the
SVC video sub-bitstream, NAL units with nal_unit_type syntax element equal to 24.

When an| AVC video stream conforms\to one or more profiles defined in Annex H of Rec. ITU-T H.264 |
ISO/IEC ]4496-10, the following consttaints additionally apply:

e  The AVC video sub-bitstream of MVC or MVC base view sub-bitstream, as defined in 2.1.9 apd 2.1.83,
shall be an element.of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program and the stream_type for this
elementary str¢am'shall be equal to 0x1B.

e For each, MVC video sub-bitstream, as defined in 2.1.86, that is an element of the same
Rec. ITUsTEH.222.0 | ISO/IEC 13818-1 program, the stream_type for this elementary stream shall be
equalkto.0x20.

g Each MVC video sub-bitstream shall be associated with one or more consecutive view ornder index
values.

NOTE — According to its definition in 2.1.86, an MVC video sub-bitstream or MVC base view sub-bitsfream does
not necessarily include view components for all view_id values included in one MVC view_id subset if one or more
views are not required for decoding the transmitted views. As an example, consider a MVC bitstream having 4 views
V1, V2, V3, and V4 in ascending order of view order index, where view V1 is the base view, view V2 is depending
directly on V1, V3 is depending directly on V1 and V2, and V4 is depending directly on V2. Using such encoded
views, two MVC sub-bitstreams M1 and M2 may be created as follows: M1 is associated with the output views V1
and V2, and M2 with the output view V4. In this example, it is possible that only M1 and M2 are transmitted to a
receiver, thus sub-bitstream for V3 is not required to be transmitted since a combination of both sub-bitstreams M1
and M2 refers to the set of views V1, V2 and V4, and can be decoded without the presence of V3.

*  Each view order index value shall be associated with exactly one MVC view _id subset.
NOTE 8 — This restriction greatly simplifies the re-assembly of any decodable sub-bitstream.
*  When a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program includes more than one MVC video

sub-bitstream or more than one AVC video sub-bitstream of MVC and at least one MVC video
sub-bitstream, one or more hierarchy descriptors as defined in 2.6.6 and 2.6.7 shall be used to indicate
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the dependencies of the related video sub-bitstreams. If more than one hierarchy descriptor is present for
one elementary stream, the value of the syntax element hierarchy layer index shall be the same within
the same elementary stream. The syntax element hierarchy type shall be set to the value 9 or 15.

NOTE - Provided an MVC video sub-bitstream B depends on video sub-bitstream A and this dependency is
indicated using a hierarchy descriptor, further an MVC video sub-bitstream C depends on B and this dependency is
also indicated using a second hierarchy descriptor, then this implicitly indicates a dependency of C on A and no third
hierarchy descriptor is needed.

*  The subset sequence parameter sets and picture parameter sets necessary for decoding an MVC video
sub-bitstream shall be present within the elementary stream carrying the MVC video sub-bitstream.

* In each elementary stream with stream type equal to 0x20 exactly one VDRD NAL unit, as defined
in 2.14.3.3, may precede all the NAL units of the same MVC view-component subset.
NOTE 9 — If any VDRD_nal_unit is included in any MVC view component subset, then the HRD model should
include this VDRD_nal unit in the buffer model as additional non-VCL NAL units. The NAL unit type 24 may
L. = i LE + L. 41 2 £1 VRPN ol il O ks 4
be-tised-ra-differentway-by-otherspeetfieations-ontofseope-of this-Speetieation:
*  All NAL units of a re-assembled AVC access unit shall be passed to the decoder in the jordgr of NAL
units within an access unit, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10.
NOTE 10 — If SEI NAL units are present in any MVC view-component subset of an MVIE video sulff-bitstream,

these NAL units may require re-ordering to the order of NAL units within an access unit, as |defined in
Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.

*  The profile_idc and level idc indication in the AVC_video_descriptor, if present, and the Type II HRD
parameters in the AVC timing and HRD_descriptor, if present, for an AVC video stream resufting from
re-assembling (up to) the MVC video sub-bitstream associated with’the’descriptors shall include NAL
units with nal unit_type syntax element equal to 14, if present, in.the.AVC video sub-bitstream of MVC
or MVC base view sub-bitstream and, if present, in the MVC.video sub-bitstream, NAL ynits with
nal unit type syntax element equal to 20 and 24.

When an] AVC video stream conforms to one or more profiles/defined in Annex I of Rec. ITU-T H.264 |
ISO/TIEC 14496-10, the following constraints additionally apply:

e  The AVC video sub-bitstream of MVCD or MV.CD base view sub-bitstream, as defined in 2.1.10 and
2.1.88, shall be an element of a Rec. ITU-T H:222.0 | ISO/IEC 13818-1 program and the stream_type for
this elementary stream shall be equal to 0x1B,

g For each MVCD video sub-bitstreant,ras defined in 2.1.90, that is an element of [the same
Rec. ITU-T H.222.0 | ISO/IEC 138185} program, the stream_type for this elementary stream shall be
equal to 0x26.

g Each MVCD video sub-bitsteeam shall be associated with one or more consecutive view otder index
values.

*  Each view order index value shall be associated to exactly one MVCD view_id subset.
NOTE 11 — This restriction greatly simplifies the re-assembly of any decodable sub-bitstream.

*  The subset sequenee parameter sets and picture parameter sets necessary for decoding an MV|ICD video
sub-bitstream-shall be present within the elementary stream carrying the MVCD video sub-bitsfream.

* In each glémentary stream with stream type equal to 0x26 exactly one VDRD nal unit, 3s defined
in 2.14.3.3, may precede all the NAL units of the same MVCD view-component subset.
NOTE 12 —If any VDRD_ nal unit is included in any MVCD view component subset, then the HRD model

should include this VDRD nal unit in the buffer model as additional non-VCL NAL units. The NAL unit type

24 may be used in a different way by other specifications out of scope of this Specification.

AL NAT a2t £ o o occarmhlad AN/ ononacc vt choll g snocca dta tha dacadar 130 g 2 d

. "
AHNAL-units-ofa-re-assembled- AV aeeessunit-shat-be-passed—to-the-decoderinthe-order of NAL

units within an access unit, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10.

NOTE 13 —If SEI NAL units are present in any MVCD view-component subset of an MVCD video sub-bitstream,
these NAL units may require re-ordering to the order of NAL units within an access unit, as defined in Rec.
ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.

2.14.2  Carriage in PES packets

Rec. ITU-T H.264 | ISO/IEC 14496-10 Video is carried in PES packets as PES packet data bytes, using one of the
16 stream_id values assigned to video, while signalling the Rec. ITU-T H.264 | ISO/IEC 14496-10 Video stream by
means of the assigned stream-type value in the PMT or PSM (see Table 2-34). The highest level that may occur in an
AVC video stream as well as a profile that the entire stream conforms to should be signalled using the AVC video
descriptor. If an AVC video descriptor is associated with an AVC video stream, then this descriptor shall be conveyed
in the descriptor loop for the respective elementary stream entry in the Program Map Table in case of a transport stream
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or in the Program Stream Map, when PSM is present, in case of a program stream. This Recommendation | International
Standard does not specify presentation of Rec. ITU-T H.264 | ISO/IEC 14496-10 streams in the context of a program.

For PES packetization, no specific data alignment constraints apply. For synchronization and STD management, PTSs
and, when appropriate, DTSs are encoded in the header of the PES packet that carries the Rec. ITU-T H.264 |
ISO/IEC 14496-10 video elementary stream data. For PTS and DTS encoding, the constraints and semantics apply as
defined in 2.4.3.7 and 2.7.

2.14.3  STD extensions

2.14.3.1 T-STD extensions

The T-STD model includes a transport buffer TB, and a multiplex buffer MB,, prior to buffer EB, for decoding of each
AVC video elementary stream n conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 |
ISO/IEC 14496-10 video elementary stream n. See Figure 2-11.
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Figure 2-11 — T-STD model extensions for Rec. ITU-T H.264'| ISO/IEC 14496-10 video

DPB, buffer management

Carriage ¢f an AVC video stream over Rec. ITU-T H.222.0 | ISO/TEC 13818-1 does not impact the size of buffer DPB,.
For decofling of an AVC video stream in the STD the.size of DPB, is as defined in Rec. ITU-T H.264 |
ISO/IEC |4496-10. The DPB buffer shall be managed “as specified in Annex C of Rec. ITU-T| H.264 |
ISO/IEC |4496-10 (C.2 and C.4). A decoded AVC accgss unit enters DPB,, instantaneously upon decoding of the AVC
access unfit, hence at the CPB removal time of the AVC access unit. A decoded AVC access unit is preserfted at the
DPB outgut time. If the AVC video stream provides insufficient information to determine the CPB removal time and
the DPB ¢utput time of AVC access units, then these time instants shall be determined in the STD model from PTS and
DTS timestamps as follows:

1) The CPB removal time of AVC access unit n is the instant in time indicated by DTS(n) where [DTS(n) is
the DTS value of AV(Gaceess unit n.

2) The DPB output time.of AVC access unit n is the instant in time indicated by PTS(n) where [PTS(n) is

the PTS value of AVC access unit n.
NOTE|1l — AVC video sequemnces in which the low_delay hrd flag in hrd parameters() is set to 1 carry sufficient inf¢rmation to
determjine the DPB output time and the CPB removal time of each AVC access unit. Hence for AVC access units for which STD
underflow may occury the CPB removal time and the DPB output time are defined by HRD parameters, and not by DTS and PTS
timestqmps.

TB,, MB{ and’ EB,, buffer management

The inpuf to;buffer TB, and its size TBS, are specified in 2.4.2.4. For buffers MB, and EB,, and for th¢ rate Rx,
between TB, and MB, and the rate Rbx, between MB, and EB, the following constraints apply for carriage of a
Rec. ITU-T H.264 | ISO/IEC 14496-10 stream:

Size EBS, of buffer EB,:
EBS, = cpb_size

Where cpb_size is the size CpbSize[ cpb_cnt _minusl | of the CPB for the byte stream format
signalled in the NAL hrd_parameters() carried in VUI parameters in the AVC video stream. If NAL
hrd parameters() are not present in the AVC video stream, then the cpb_size shall be the size
defined as 1200 x MaxCPB in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of
the AVC video stream.

Size MBS, of Buffer MB,:

MBS, = BS,.uix + BSon + 1200 x MaxCPBJlevel] — cpb_size
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where BS,;, packet overhead buffering, is defined as:

BS,n = (1/750) seconds x max {1200 x MaxBR[level], 2 000 000 bit/s}
and BS,,.x, additional multiplex buffering, is defined as:

BS.ux = 0.004 seconds x max {1200 x MaxBR[level], 2 000 000 bit/s}

where MaxCPBJ[level] and MaxBR[level] are defined for the byte stream format in Table A.1
(Level Limits) in Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC video stream, and

where cpb_size is the size CpbSize[ cpb_cnt_minusl ] of the CPB for the byte stream format
signalled in the NAL hrd_parameters() carried in VUI parameters in the AVC video stream. I[f NAL

hrd_parameters() are not present in the AVC video stream, then the cpb_size shall be the size
1200 MaxCPB defined in Annex A of Rec TTLL.T H 264 I ISOAEC 14496.10 forthe-level of the

AVC video stream.
Rate Rx,:

when there is no data in TB, then Rx, is equal to zero.
Otherwise: Rx, =bit _rate

where bit rate is 1.2 x BitRate[ SchedSelldx ] of data flow into the-CPB for the byte stream
format and BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.264 | ISO/IHC 14496-
10.
NOTE 2 — Annex E specifies the values for BitRate[ SchedSelldx] wietf NAL hrd_parameters() iy present in

the VUI parameters of the AVC video stream and default values for BitRate[ SchedSelldx ] based on profile
and level when NAL hrd parameters() is not present.

Transfer between MB, and EB,,

If the AVC _timing_and HRD_descriptor is present with the hrd management valid flag set to '1’,
then the transfer of data from MB, to EB, shdll follow the HRD defined scheme for data| arrival in
the CPB as defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10.

Otherwise, the leak method shall be used to transfer data from MB,, to EB,, as follows:

Rate Rbx,:

Rbx, #1200 x MaxBR[level]

where MaxBR[level] is“defined for the byte stream format in Table A.1 (Level Limits) in
Rec. ITU-T H.264 | ISO/TEC 14496-10 for each level.

If there is PES packet payload data in MB,, and buffer EB, is not full, the PES packet payload is
transferred from MB, to EB,, at a rate equal to Rbx,. If EB,, is full, data are not removed ffom MB,.
When a bytewof data is transferred from MB,, to EB,, all PES packet header bytes that afe in MB,
and precede’ that byte, are instantaneously removed and discarded. When there is no PES packet
payload.data present in MB,, no data is removed from MB,,. All data that enters MB, leayes it. All
PES packet payload data bytes enter EB, instantaneously upon leaving MB,,

Removal of AVC access units from EB,

Each AVC access unit A,(j) that is present in EB, is removed instantaneously at time td,(j). The
decoding time td,(j) is specified by the DTS or from the CPB removal time, as derfved from
information in the A VC video stream.

STD delay

The total delay of any Rec. ITU-T H.264 | ISO/IEC 14496-10 data other than AVC still picture data through the System
Target Decoders buffers TB,, MB,, and EB, shall be constrained by td,(j) — t(i) < 10 seconds for all j, and all bytes i in
AVC access unit A,(j).

The delay of any AVC still picture data through the System Target Decoders buffers TB,, MB,, and EB, shall be
constrained by td,(j) — t(i) < 60 seconds for all j, and all bytes i in AVC access unit A,(j).

Buffer management conditions

Transport streams shall be constructed so that the following conditions for buffer management are satisfied:

+  TB, shall not overflow and shall be empty at least once every second.

© ISO/IEC 2018 - All rights reserved Rec. ITU-T H.222.0 (03/2017) 167


https://iecnorm.com/api/?name=7fed09a7fa50418acf1573ba10f7ae8a

ISO/IEC 13818-1:2018 (E)
e MB,, EB,, and DPB, shall not overflow.

*  EB, shall not underflow, except when VUI parameters are present for the AVC video sequence with the
low_delay hrd flag set to 'l1'. Underflow of EB, occurs for AVC access unit A,(j) when one or more
bytes of A,(j) are not present in EB,, at the decoding time td,(j).

NOTE 3 — An AVC video stream may carry information to determine compliance of the AVC video stream to the HRD, as
specified in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10. The presence of this information can be signalled in a transport
stream using the AVC timing and HRD descriptor with the hrd management valid_flag set to '1". Irrespective of the presence of
this information, compliance of an AVC video stream to the T-STD ensures that HRD buffer management requirements for CPB,,
are met when each byte in the AVC video stream is delivered to and removed from CPB, in the HRD at exactly the same instant
in time at which the byte is delivered to and removed from EB,, in the T-STD.

2.14.3.2 P-STD extensions

The P-STD model for the decoding of an AVC video elementary stream n conforming to one or more profiles defined

in Annex Mwmwwﬂmmmmﬁ? decoder
D, followed by a buffer DPB, (see Figure 2-12). For each AVC video stream n, the size BS, of buffer B, in-the P-STD

is defined| by the P-STD buffer size field in the PES packet header.

s S | j-thaccessunit I k-th presentation unit 1
i Ppogram stream | [ N ©_<GRNR N
| demultiplexing | \ \
AG) P
e - AV G
J . B | 40 | p " Iop ]P0
(/ O \\ I n I n I nI
\‘ O“
/ \ H.222.0(12)_F2-1p
G | |
. O/

Figure 2-12 — P-STD model extensions for Rec. IFU~T H.264 | ISO/IEC 14496-10 video
DPB, buffer management

Buffer DFB, shall be managed in exactly the same way as-in‘the T-STD; see 2.14.3.1.

B, buffery management

The AV({ access unit data enters buffer B, as speeified in 2.5.2.2. At time td,(j), AVC access unit A,(j) is defoded and
instantanqously removed from B,. The deceding time td,(j) is specified by the DTS or by the CPB rem¢val time,
derived fijom information in the AVC video-stream. Upon decoding, the AVC access unit instantaneously enfers DPB,
or is outppt without entry into DPB,, aceording to the rules specified in Rec. ITU-T H.264 | ISO/IEC 14496-1().

STD delay

The total Helay of any Rec. ITUZT H.264 | ISO/IEC 14496-10 data other than AVC still picture data through the System
Target Dgcoders buffer B, shall be constrained by td,(j) — t(i) < 10 seconds for all j, and all bytes i in AVC access unit

An())-

The delay] of any AV still picture data through the System Target Decoders buffer B, shall be constrained by td,(j) —
t(i) < 60 seconds for all j, and all bytes i in AVC access unit A,(j).

Buffer mpnagement conditions

Program streams shall be constructed so that the following conditions for buffer management are satisfied:
* B, shall not overflow.

* B, shall not underflow, except when VUI parameters are present for the AVC video sequence with the
low delay hrd flag set to 'l' or when trick mode status is true. Underflow of B, occurs for AVC access
unit A,(j) when one or more bytes of A,(j) are not present in B, at the decoding time td,(j).

2.14.3.3 View and dependency representation delimiter NAL unit
See Table 2-136.
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Table 2-136 — View and dependency representation delimiter NAL unit

Syntax No. of bits Mnemonic
VDRD nal unit() {
forbidden_zero_bit 1 bslbf
nal_ref_idc 2 bslbf
nal_unit_type 5 bslbf
}

Semantics of view and dependency representation delimiter NAL unit

forbidden_zero bit  — shall be equal to 0x0

nal_ref idc — shall be equal to 0x0

nal_unit [type — shall be equal to 0x18

2.14.3.5 [T-STD extensions for SVC

The T-STD model described in 2.14.3.1 is applied if the received elementary stream is a video sub-bitstream of
stream_typpe 0x1B, i.e., only the AVC video sub-bitstream of SVC is received and decoded.

When thefre is a set of received video sub-bitstreams in a Rec. ITU-T H.222.0 | ISO/IECG.13818-1 program, [for which
dependenfies may be signalled in the hierarchy descriptor as defined in 2.6.6, and (When there is at least ¢ne of the
video sulf-bitstreams in the set of received elementary streams having the value\of stream type equal to [0x1F, the

T-STD m

Packets
PID

bdel as described in 2.14.3.1 is extended as illustrated in Figure 2-13 and,as specified below.

Elementary streams associated by hierarchy_descriptor

DRnH (jnﬂ)
with @efy ) (p) == td, (§

OR M ;1) == td, G,)
o/»l TB,., [ MB,, [ DRB, o —

f R RbX i,
%4 By [ MB,,, | "ts{DRB,,
; ES

ntm

DR, (j,) with A40) Py (k)
. . K
TS 1, | M | ain) o 40 DPB i—»tp”(
(i) Demfux $| . - @ Access unit
re-assembling
o — —»|Other PIDs H.222.0(J2)_F2-13
Figure 2-13 — T-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10
Video with scalable video sub-bitstreams
The folloyving additional-notations are used to describe the T-STD extensions and are illustrated in Figure 2-13 above.
ES, iSythe received elementary stream associated with dependency _id value equal to n
ESy is the received elementary stream associated with the highest value H of dependency id jpresent in
the set of received elementary streams
J TSam mdex to-the Te=assembied access umits
Jn is an index to the SVC dependency representations of the elementary stream associated with
dependency _id value equal to n
DR,(j,) is the j,-th SVC dependency representation of video sub-bitstream associated with dependency id
value equal to n
Au() is the j-th access unit resulting from re-assembling (up to) the jy-th SVC dependency representations
with dependency id value equal to H
tdy(jn)  is the decoding time, measured in seconds, in the system target decoder of the j,-th SVC
dependency representation of the video sub-bitstream associated with dependency id value equal
ton
tdy(j)  is the decoding time, measured in seconds, in the system target decoder of the j-th access unit Ay(j)

resulting from re-assembling (up to) the jy-th SVC dependency representations DRy(jy)

© ISO/IEC 2018 - All rights reserved Rec. ITU-T H.222.0 (03/2017) 169


https://iecnorm.com/api/?name=7fed09a7fa50418acf1573ba10f7ae8a

ISO/IEC 13818-1:2018 (E)

tref,(ju) 1s equal to the decoding time value td,.(j,;) associated with the j,,;-th SVC dependency

TB,

representation DR, ;(j,.;), indicated by the TREF field of the PES header of the j,-th SVC
dependency representation DR,(j,) of the same access unit

is the transport buffer for elementary stream associated with dependency id value equal to n

TBS, is the size of the transport buffer TB,,, measured in bytes

MB,

is the multiplexing buffer for elementary stream associated with dependency _id value equal to n

MBS, is the size of the multiplexing buffer MB,, measured in bytes

DRB, s the dependency representation buffer for elementary stream ES,

DRBS, is the size of dependency representation buffer DRB,, measured in bytes

EBy

is the elementary stream buffer for all video sub-bitstreams

EBSy s the size of elementary stream buffer EBy, measured in bytes

Carriage

For corre
dependen
dependen

DPB buf{

The DPB
timing va
represents

TB,, MB
The folloy

Rx,
Rbx, is the transfer rate from MB, to DRB,, as specified below

in PES packets

er management

L, EB, buffer management

wing applies:

is the transfer rate from TB, to MB,, as specified below

Ct re-assembling of the SVC dependency representations to an AVC access unit; 1f there is both an SVC
by representation with any dependency id equal ton and an SVC dependency representation with
by _id equal to (n+1) in the same AVC access unit, the following applies:

a PES packet per SVC dependency representation start shall b&spresent, i.e., at most jone SVC
dependency representation may commence in the same PES packet;

the PTS and, if applicable, the DTS value shall be provided in“the PES header of each SVC d¢pendency
representation;

if the DTS value of the SVC dependency representatiofiwith dependency id equal to n is diffg¢rent from
the DTS value of the SVC dependency representation)with dependency id equal to (n+1) of| the same
access unit, the TREF field as defined in 2.4.3.7 shall be present in the PES header extension of the SVC
dependency representation with dependency id.equal to (n+1) and the TREF field value shall e equal to
the DTS value of the SVC dependency representation with dependency _id equal to n.

buffer management for the re-assembled A'VC video stream shall conform to 2.14.3.1 using AVC access unit
lues, as DTS or CPB removal time,~and PTS or DPB removal time, associated with the SVC d¢pendency
tions of the video sub-bitstream in elémentary stream ESy.

There is exactly one transport buffer TB as defined in 2.14.3.1 for each received elementary str¢am in the
set of received yvideo sub-bitstreams contained in elementary streams as shown in Figure 2-13.

There isfexdactly one multiplexing buffer MB, for the AVC video sub-bitstream of SVC in elementary
stream ES,, where the size of the multiplexing buffer MBS, is constrained as follows:

MBS = BSmux,o+ BSon+ 1200 x MaxCPB[level]y, — cpb_sizey
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stream ES;
where MaxCPBJlevel], and cpb_size, for the elementary stream ES, are defined as in 2.14.3.1.

NOTE 1 — If HRD parameters are present in at least one of the video sub-bitstreams, those parameters have to be
carefully handled in order to not unnecessarily increase the multiplexing buffers allocation.

There is exactly one multiplexing buffer MB,, for each received elementary stream associated with
dependency id value not equal to 0, where the size of each multiplexing buffer MBS, is constrained as
follows:

MBSn = BSmux,n + BSoh,n

where BSmuxn, BSonn are defined in 2.14.3.1 for the AVC video stream resulting from re-assembling
(up to) the SVC video sub-bitstream in elementary stream ES,,.
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There is exactly one elementary stream buffer EBy for all the elementary streams in the set of received
elementary streams as shown in Figure 2-13, of which the size EBSy has the following value:

EBSy = cpb_sizey
where cpb_sizey is the cpb_size for the SVC video sub-bitstream in elementary stream ESy as defined

in 2.14.3.1 for the re-assembled AVC video stream.

There is exactly one dependency representation buffer DRB, for each elementary stream in the set of
received elementary streams as shown in Figure 2-13, where each dependency representation buffer
DRB, in the set of received elementary streams is allocated within EBy. Even though the size DRBS,, of
individual DRB,, is not constrained, the sum of the sizes DRBS,, is constrained as follows:

EBSy; =Y, (DRBS,)

Access ulrit re<assembling and EB removal

Transfer from TB, to MB, is applied as follows:

When there is no data in TB,, then Rx, is equal to zero. Otherwise:
Rx, = bit_rate

where bit_rate is 1.2 x BitRate[ SchedSelldx ] of data flow into the CPB for the byte stream fprmat and
BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.264 | ISO/IEC 14496-10 when NAL
hrd parameters() is present in the VUI parameters of the SVC video sub-bitstream.
NOTE 2 — Annex E also specifies default values for BitRate[ SchedSclldx] based on profile and |evel when
NAL HRD parameters are not present in the VUL The SVC video stbsbitstream level is determined by the level
of AVC video stream resulting from re-assembling (up to) the dssqciated video sub-bitstream n in glementary
stream ES,.

Transfer from MB, to DRB,, is applied as follows:

If the AVC_timing_and HRD_descriptor is present with the hrd_management valid flag sef to '1' for
elementary stream ESpy, then the transfer of data from MB, to DRB, shall follow the HRD defined
scheme for data arrival in the CPB ofcelementary stream ESy as defined in Annex C of
Rec. ITU-T H.264 | ISO/IEC 14496-10.

Otherwise, the leak method shall be used*to transfer data from MB,, to DRB,, as follows:
Rate Rbx,:

Rbx, = 1200 x MaxBR{[level],

where MaxBR{[level], ss.-defined for the byte stream format in Table A.1 (Level Limits) in
Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC video stream resulfing from
re-assembling (up+to)-the associated video sub-bitstream n in elementary stream ES,. If there is PES
packet payload-data in MB,, and buffer EBy is not full, the PES packet payload is transferred from MB,
to DRB,, at arate equal to Rbx,. If EBy is full, data are not removed from MB,. When a byte|of data is
transferred\ftom MB, to DRB,, all PES packet header bytes that are in MB, and precede thqt byte are
instantaneously removed and discarded. When there is no PES packet payload data present in MB,, no
data(isyremoved from MB,,. All data that enters MB,, leaves it. All PES packet payload data Hytes enter
DRB, instantaneously upon leaving MB,,.

The following specifies the access unit re-assembling that results in AVC access unit Ay(j):

)

Collect all SVC dependency representations DR, (j,) starting with the highest value of dependency id n,
equal to H, to the lowest value of dependency id n, equal to m, present in access unit Au(j) following the
rule below:

»  For each two corresponding DRy.i(jy+1) and DRy(j,) of the SVC dependency representations
collected for access unit Ay(j), if TREF field is present for DRy (jy:1), the TREF value of
DRy+1(jy+1) trefys1(jy+1) shall be equal to the DTS value td,(j,) of DR,(jy), otherwise the DTS value of
tdy+1(y+1) of DRy41(jy+1) shall be equal to DTS value td,(jy) of DR,(jy).

Assemble the SVC dependency representations in consecutive order of dependency id n starting from
'm' to 'H' for the j-th access unit Ay(j). If SEI NAL units are present in any SVC dependency
representation with dependency id not equal to 0, these NAL units shall be re-ordered to the order of
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NAL units within an access unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit
re-assembling.

NOTE 2 — The number of SVC dependency representations for each access unit Ay(j) may vary depending on
value of j. If m represents the lowest value of dependency id for access unit AH(j), then the collected and
assembled SVC dependency representations include DR,(ji), DRy+1Gim+1)s - - -» DRu(Gn)-

The following specifies the removal of access unit Ay(j) from buffer EBy:

At time tdu(j) the AVC access unit Au(j) shall be re-assembled and available for removal from buffer EB,.
The decoding time td.(j) is specified by the DTS or by the CPB removal time that is associated with the SVC
dependency representations in elementary stream ESy, as derived from information in the re-assembled AVC
video stream.

STD delay

The STD W&wg_
Buffer mhnagement conditions

Transport|streams shall be constructed so that the following conditions for buffer management are satisfied:
*  Each TB, shall not overflow and shall be empty at least once every second.
*  Each MB,, EBy, and DPB shall not overflow.

*  EBy shall not underflow, except when VUI parameters are present for the AYC video sequencd of the re-
assembled AVC video stream with the low_delay hrd flag set to '1'. Underflow of EBy; occurg for AVC
access unit Ay(j) when one or more bytes of Ay(j) are not present in\EBy; at the decoding time t{ly(j).

2.14.3.6 |P-STD extensions for SVC

The P-STD model described in 2.14.3.2 is applied if the decoded elemientary stream is a video sub-bifstream of
stream_typpe 0x1B, i.e., only the AVC video sub-bitstream of SVC is déeoded.

When thefre is a set of decoded video sub-bitstreams in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, [for which
dependenfies may be signalled in the hierarchy descriptor as‘defined in 2.6.6, and when there is at least ¢ne of the
video sulj-bitstreams in the set of decoded elementary streams having the value of stream type equal to|0x1F, the
P-STD mpdel as described in 2.14.3.2 is extended as illustrated in Figure 2-14 and as specified below.

Elementary streams assoe¢iated by hierarchy_descriptor

BH
Program
stream, DRB, .1, ] DRy (1)
with trefye1 (nr1) == td, (j,)
OR tdy+1(jn+1) == td, (j,)
D +1

O DR(j,) with R Au() Pl(k)
PS )DRBn tdn(jn) o tdy(j) » OPE tp{(>k)

t()[ Demux Access unit
re-assembling

O |-~ ¥ Qtherprogram streams H.222.0(12)_F214

The following additional notations are used to describe the P-STD extensions and are illustrated in Figure 2-14 above.

ES, is the decoded elementary stream associated with dependency id value equal to n

ESy is the decoded elementary stream associated with the highest value H of dependency _id in the set of
decoded elementary streams

J is an index to the re-assembled access units

Jn is an index to the SVC dependency representations of the elementary stream associated with

dependency _id value equal to n
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Carriage
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DR,(j,) is the j,-th SVC dependency representation of video sub-bitstream associated with dependency id
value equal to n

Au() is the j-th access unit resulting from re-assembling (up to) the jy-th SVC dependency representations
with dependency id value equal to H

tdy(jn)  is the decoding time, measured in seconds, in the system target decoder of the j,-th SVC
dependency representation of the video sub-bitstream associated with dependency id value equal
ton

tdu(j) is the decoding time, measured in seconds, in the system target decoder of the j-th access unit Ay(j)
resulting from re-assembling (up to) the jy-th SVC dependency representations DRy(jy)

tref,(ju) 1s equal to the decoding time value td,.(j,;) associated with the j,,;-th SVC dependency
representation DR, 1(j,.1), indicated by the TREF field of the PES header of the j,-th SVC
dependency representation DR,(j,) of the same access unit

B is the input buiter Tor all decoded video sub-Ditstreams

BSy is the size of the input buffer By, measured in bytes

DRB, is the dependency representation buffer for elementary stream ES,

DRBS,, is the size of dependency representation buffer DRB,, measured in bytes

in PES packets

ct re-assembling of the SVC dependency representations to an AVC access, unit, if there is botl
by representation with any dependency id equal ton and an SVE ,dependency representa
by _id equal to (n+1) in the same AVC access unit, the following applies:

* a PES packet per SVC dependency representation start shall be present, i.e., at most
dependency representation may commence in the same PES‘%acket;

* the PTS and, if applicable, the DTS value shall be provided in the PES header of each SVC dg
representation;

* if the DTS value of the SVC dependency representation with dependency_id equal to n is diffs
the DTS value of the SVC dependency représentation with dependency id equal to (n+1) of
access unit, the TREF field as defined in 2.4;3.7 shall be present in the PES header extension o
dependency representation with dependeney id equal to (n+1) and the TREF value shall be ed
DTS value of the SVC dependency representation with dependency _id equal to n.

er management

buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC a
lues, as DTS or CPB removal time, and PTS or DPB removal time, associated with the SVC dg
tions of the video sub-bitstfeam in elementary stream ESy.

management
wing applies:

*  There istexactly one elementary stream buffer By for all the elementary streams in the set o
elementary streams as shown in Figure 2-14, where the size of BSy is defined by the P-STD b
field\in the PES packet header of elementary stream ESy.

* , \There is exactly one dependency representation buffer DRB, for each elementary stream in

decoded elementary streams as shown in Figure 2-14, where each dependency representat

h an SVC
tion with

one SVC
pendency

rent from
the same
f the SVC
ual to the

ccess unit
pendency

f decoded
uffer size

the set of
on buffer

DRB,, m the set of decoded elementary streams 1s allocated within BSy. Even though the size
individual DRB, is not constrained, the sum of the sizes DRBS,, is constrained as follows:

BSuy =), (DRBS,)

RBS,, of

where BSy is the size of the input buffer for the SVC video sub-bitstream in elementary stream ESy as

defined in 2.14.3.2 for the re-assembled AVC video stream.

Access unit re-assembling and B removal

The following specifies the access unit re-assembling that results in AVC access unit Ax(j):

i)  Collect all SVC dependency representations DR,(j,) starting with the highest value of dependency id n,

equal to H, to the lowest value of dependency id n, equal to m, present in access unit Ay(j) foll
rule below:
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»  For each two corresponding DRy.i(jy+1) and DRy(j,) of the SVC dependency representations
collected for access unit Ay(j), if TREF field is present for DRy (jy:1), the TREF value of
DRy+1(jy+1) trefys1(jy+1) shall be equal to the DTS value td,(j,) of DR,(jy), otherwise the DTS value of
tdy+1(y+1) of DRy41(jy+1) shall be equal to DTS value td,(jy) of DR,(jy).

i) Assemble the SVC dependency representations in consecutive order of dependency id n starting
from 'm' to 'H' for the j-th access unit Ay(j). If SEI NAL units are present in any SVC dependency
representation with dependency id not equal to 0, these NAL units shall be re-ordered to the order of
NAL units within an access unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit
re-assembling.

NOTE — The number of SVC dependency representations for each access unit Ay(j) may vary depending on
value of j. If m represents the lowest value of dependency_id for access unit Ay(j), then the collected and
assembled SVC dependency representations include DR,,(jim), DR+ 1Gme+1)s ---» DRuGr)-

The following specifies the removal of access unit Au(j) from buffer By:

At time tdu(jy) the AVC access unit Au(jy) shall be re-assembled and available for removal from puffer B..
[The decoding time tdu(j) is specified by the DTS or by the CPB removal time that is associated with the SVC
dependency representations in elementary stream ESy, as derived from information in the reassembled AVC
video stream.

STD delay
The STD [delay for the re-assembled AVC access units shall follow the constraints specified in 2.14.3.2.

Buffer mphnagement conditions

Program gtreams shall be constructed so that the following conditions for bufferimanagement are satisfied:
* By shall not overflow.

* By shall not underflow, except when VUI parameters are present for the AVC video sequence|of the re-
assembled AVC video stream with the low_delay hrd\flag set to 'l' or when trick_mode statps is true.
Underflow of By occurs for AVC access unit Ag(j)/when one or more bytes of Agx(j) are not jpresent in
By at the decoding time tdy(j).

2.14.3.7 [T-STD extensions for MVC and MVCD

The T-STD model described in 2.14.3.1 is applied \if ‘the received elementary stream is a video sub-bitstream of
stream_type 0x1B, i.e., only the AVC video sub-bitstream of MVC or MVC base view sub-bitstream is redeived and
decoded.

When thgre is a set of received video sub-bitstreams and MVC video sub-bitstreams in a Rec. ITU-T [H.222.0 |
ISO/IEC ]3818-1 program, of which depéndencies may be signalled in the hierarchy descriptor, as defined in 2.6.7, and
when thete is at least one of the MVC yideo sub-bitstreams in the set of received elementary streams having the value
of stream| type equal to 0x20, the, T-STD model as described in 2.14.3.1 is extended as illustrated in Figure 2115 and as
specified pelow.

MYC elementary streams associated to the same program

EB,

Packets (0) R ben m
PIDn+ n Abprén-*m Xﬂ*m MBn+m I ! VSBn-Hn
/ BS i VSps1 (n+1) With
—] tdn+1 (jn+l) == tqq(_h)

I ] I ]
O/fﬂ B[ N MBut [ ] VB

VS, (j,) with
tdn(jn)
__ 4TS o—+| B, |—>| MB, Ii VSB, o
) Demux Access unit
re-assembling
,,,,, » Other PIDs H.222.0(12)_F2-15

Figure 2-15 — T-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 Video
with MVC video sub-bitstreams
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The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-15 above.

ES,

ESy

J
Jn

VS:(jn)

is the received elementary stream associated with the n-th MVC video sub-bitstream, where n is the
index to the MVC view _id subsets starting with value 0 for the MVC view_id subset containing the
base view and ordered according to the minimum view order index contained in each MVC video
sub-bitstream

is the received elementary stream associated with the H-th MVC video sub-bitstream which
includes the view components with the highest view order index present in all MVC video sub-
bitstreams of received elementary streams

is an index to the re-assembled access units

is an index to the MVC view-component subsets of the elementary stream ES, associated with the
n-th MVC video sub-bitstream

is the j,-th MVC view-component subset of the MVC video sub-bitstream associated with ES,

An(j)
td,(jn)
tdy(j)

TB,
TBS,
MB,
MBS,
VSB,
VSBS,
EBy

EBSH
Rx
Rbx,

Carriage|in PES packets

For corre¢t re-assembling of the MV C.wiew-component subsets to an AVC access unit, the following applies:

DPB buffer management

is the j-th access unit resulting from re-assembling (up to) the H-th MVC view-compongnt subset
associated with ESy

is the decoding time, measured in seconds, in the system target decoder of the MVC view-
component subset VS,(j,)

is the decoding time, measured in seconds, in the system target decoder of 'thej-th access [unit Ay(j)
resulting from re-assembling (up to) the MVC view-component subset MSy(ji)

is the transport buffer for elementary stream ES,

is the size of the transport buffer TB,,, measured in bytes

is the multiplexing buffer for elementary stream ES,

is the size of the multiplexing buffer MB,,, measured in¢bytes

is the view component subset buffer for elementary stream ES,

is the size of view component subset buffer VSBy, measured in bytes

is the elementary stream buffer for the AVC\video sub-bitstream of MVC and all MVC Yyideo sub-
bitstreams

is the size of elementary stream buffer-EBy, measured in bytes
transfer rate from TB, to MB,, as specified below

transfer rate from MB,, to VSB};-as specified below

* a PES packet per MVC view-component subset start shall be present, i.e., at most qne MVC
view-component.subset may commence in the same PES packet;

* the PTS and;\if applicable, the DTS value shall be provided in the PES header of egch MVC
view-component subset.

The DPB|bufferfianagement for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC access unit
timing values, as’DTS or CPB removal time, and PTS or DPB removal time, associated with the MVC view-component

subsets off the'MVC video sub-bitstream in elementary stream ESy,.

TB,, MB,, EB, buffer management

The following applies:

*  There is exactly one transport buffer TB, as defined in 2.14.3.1, for each received elementary stream in
the set of received MV C video sub-bitstreams, including AVC video sub-bitstream of MVC, contained in
elementary streams as shown in Figure 2-15.

*  There is exactly one multiplexing buffer MB,, for the AVC video sub-bitstream of MVC in elementary
stream ES,, where the size of the multiplexing buffer MBS, is constrained as follows:

MBS = BSmuxg+ BSono+ 1200 x MaxCPBJlevel], — cpb_size,
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where BSmux,, BSoh, are defined in 2.14.3.1 for the AVC video sub-bitstream of MVC in elementary
stream ES,.
where MaxCPBJlevel], and cpb_size, for the elementary stream ES, are defined, as in 2.14.3.1.

NOTE 1 - If HRD parameters are present in at least one of the MVC video sub-bitstreams, those parameters
have to be carefully handled in order to not unnecessarily increase the multiplexing buffers allocation.

*  There is exactly one multiplexing buffer MB, for each received elementary stream associated with view
order index value not equal to 0, where the size of each multiplexing buffer MBS, in the set of received
elementary streams is constrained as follows:

MBSn = BSmux,n + BSoh,n

where BSmuxn, BSohn are defined in 2.14.3.1 for the AVC video stream resulting from re-assembling (up
to) the MVC video sub-bitstream in elementary stream ES;.

*  There is exactly one elementary stream buffer EBy for all the elementary streams in the setyof received
elementary streams as shown in Figure 2-15, of which the size EBSy has the following valde;

EBSy = cpb_sizey

where cpb_sizey is the cpb_size for the MVC video sub-bitstream in elementary-stream ESy @s defined
in 2.14.3.1 for the re-assembled AVC video stream.

*  There is exactly one view component subset buffer VSB, for each€lementary stream in the set of
received elementary streams as shown in Figure 2-15, where each view component subset buffgr VSB,, in
the set of received elementary streams is allocated within EBy. Eyenthough the size VSBS,, of jndividual
VSB, is not constrained, the sum of the sizes VSBS,, is constraified-as follows:

EBSy; =Y, (VSBS,)

e Transfer from TB, to MB, is applied as follows:
Rate Rx,:
when there is no data in TB,, then Rx,, is equal to zero.
Otherwise: Rx, = bit_rate

where bit_rate is 1.2 x BitRate[ SchedSelldx ] of data flow into the CPB for the byte stream fprmat and
BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.264 | ISO/IEC 14496-10 when NAL
hrd_parameters() is present inithe VUI parameters of the MVC video sub-bitstream.
NOTE 2 — Annex E also specifies default values for BitRate[ SchedSelldx] based on profile and |evel when
NAL HRD parameters.atenot present in the VUI. The MVC video sub-bitstream level is determined by the level
of AVC video streamresulting from re-assembling (up to) the associated MVC video sub-bitsfream n in
elementary stream ES,.

*  Transfer from MBj to VSB, is applied as follows:

If the AVC ‘timing _and HRD descriptor is present with the hrd management valid flag sef to '1' for
elementdrys stream ESy, then the transfer of data from MB, to VSB, shall follow the HRD defined
scheme( for data arrival in the CPB of eclementary stream ESy as defined in Annex C of
Reo. TU-T H.264 | ISO/IEC 14496-10.

Qtherwise, the leak method shall be used to transfer data from MB,, to VSB,, as follows:

Rate Rbx, -

Rbx, = 1200 x MaxBR[level],

where MaxBR{[level], is defined for the byte stream format in Table A.1 (Level limits) in
Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC video stream resulting from
re-assembling (up to) the associated MVC video sub-bitstream n in elementary stream ES,. If there is
PES packet payload data in MB,, and buffer EBy is not full, the PES packet payload is transferred from
MB, to VSB,, at a rate equal to Rbx,,. If EBy is full, data are not removed from MB,. When a byte of data
is transferred from MB,, to VSB,, all PES packet header bytes that are in MB, and precede that byte are
instantaneously removed and discarded. When there is no PES packet payload data present in MB,, no
data is removed from MB,. All data that enters MB,, leaves it. All PES packet payload data bytes enter
VSB, instantaneously upon leaving MB,,.
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Access unit re-assembling and EB removal

The following specifies the access unit re-assembling that results in AVC access unit Ax(j):

The folloying specifies the removal of access unit Au(j) from buffer EBy:

STD delay
The STD (delay for re-assembled AVC access units shall follow the constraints.specified in 2.14.3.1.

Buffer mpnagement conditions

Transpor

i)  Assemble the MVC view-component subsets for the j-th access unit Ay(j) following the rule below:

*  For each two corresponding MVC view-component subsets VSy.(jy+1) and VS(jy) collected for
access unit Au(j), where VS, is associated with a program element identified by the
hierarchy_layer_index indicated in the associated hierarchy descriptor, and VSy.; indicates the
hierarchy_layer_index of VS, as the hierarchy_embedded_layer index in the hierarchy descriptor
associated with program element associated with VS,.,, the DTS value of tdyi(y+1) of VSyi1(y+1)
shall be equal to DTS value td,(j,) of VS(jy).

NOTE 3 —If no hierarchy descriptor is present, VS, is associated with the AVC sub-bitstream and VS, is
associated with the MVC sub-bitstream.

ii) If SEI NAL units are present in any MVC view-component subset with view order index not equal to 0,
[ these INAL units statt—be Te-ordered 1o theorderof INAL umits—within am access umit, a3 glefined in
Rec. ITU-T H.264 | ISO/IEC 14496-10, before access unit re-assembling.

At the decoding time tdy(j), the AVC access unit Ay(j) shall be re-assembled and available for removal from
buffer EB4. The decoding time td4(j) is specified by the DTS or by the CPB removial ‘time that is associated
with the MVC view-component subsets in elementary stream ESy, as derived(from informatipn in the
re-assembled AVC video stream.

tstreams shall be constructed so that the following conditionsfor buffer management are satisfied:
*  Each TB, shall not overflow and shall be empty at least once every second.
g Each MB,, EBy, and DPB shall not overflow.

*  EBy shall not underflow, except when VUI parameters are present for the AVC video sequencq of the re-
assembled AVC video stream with the 10w delay hrd flag set to '1'. Underflow of EBy occurg for AVC
access unit Ay(j) when one or more bytes of Ay(j) are not present in EBy; at the decoding time t{ly(j).

Buffer mgnagement for MVCD video sub-bitstream follows the same extensions as specified for MVC video in this

clause. C

Carriage(of MVCD sub-bitstream in PES packets

For corre

The P-S
stream_t

grriage in PES packets for MVCD video sub-bitstream is specified below:

t re-assembling of the MVCD view-component subsets to an AVC access unit, the following applieg:

* a PES packet pet*MVCD view-component subset start shall be present, i.e., at most one MVCD
view-comporent’subset may commence in the same PES packet;

* the PTS.and, if applicable, the DTS value shall be provided in the PES header of each MVCD
view-component subset.

-STD:extensions for MVC

[D%model described in 2.14.3.2 is applied i

f the decoded elementary stream is a video sub-bitstream of

When there is a set of decoded MVC video sub-bitstreams in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, of
which view order index values may be signalled in the MVC_extension_descriptor, as defined in 2.6.78, and when there
is at least one of the MVC video sub-bitstreams in the set of decoded elementary streams having the value of
stream_type equal to 0x20, the P-STD model, as described in 2.14.3.2, is extended as illustrated in Figure 2-16 and as

specified
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MVC elementary streams associated with the same program

By
Program W‘
stream, nm
VS, 1 Gy with
» VSB tdn+1 (ju+1) = tdn(.jn)
1 n+1 )
VS, (jn) with Ay () Pu(k)
d (j tdy(j tp,(k
: PSo »| VSB. td,G,) 5 () DPB Py(k)
t(i) Demux L Access unit

re-assembling

O-----% Other program streams H.222.0(12)_F2-16

Figure 2-16 — P-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 Video
with MVC video sub-bitstreams

The folloyving additional notations are used to describe the P-STD extensions and are illustrated insFigure 2-14 above.

ES, is the received elementary stream associated with the n-th MVC video sitbsbitstream, wheje n is the
index to the MVC view _id subsets starting with value 0 for the MVClview _id subset contpining the
base view and ordered according to the minimum view order index contained in each MV( view id

subset

ESy is the received elementary stream associated with the H-th MVC video sub-bitstregm which
includes the view components with the highest view «order index present in all MV view id
subsets of received elementary streams

i is an index to the re-assembled access units

in is an index to the MVC view-component subsets*of the elementary stream associated with the n-th

MVC view_id subset
VS.(n) is the j,-th MVC view-component subset of the MVC video sub-bitstream associated with [ES,

Au() is the j-th access unit resulting from re-assembling (up to) the H-th MVC view-compongnt subset
associated with ESy

td,(j,) is the decoding time, measufed in seconds, in the system target decoder of the MVC
view-component subset VSi(jn)

tdu(j)  is the decoding time, measured in seconds, in the system target decoder of the j-th access junit Agx(j)
resulting from re-assembling (up to) the MVC view-component subset VSy(jy)

By is the input buffer for all decoded MVC video sub-bitstreams
BSy is the size of'the input buffer By, measured in bytes
VSB, is the view component subset buffer for elementary stream ES;

[VSBS, is thiesize of view component subset buffer VSB,,, measured in bytes

Carriage|in PES packets

For corregt re-assembling of the MVC view-component subsets to an AVC access unit, the following applies:
i me MVC

nacke ne \V/ 1e =Componen pse o n

view-component subset may commence in the same PES packet;

« the PTS and, if applicable, the DTS value shall be provided in the PES header of each MVC
view-component subset.

DPB buffer management

The DPB buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC access unit
timing values, as DTS or CPB removal time, and PTS or DPB removal time, associated with the MVC view-component
subsets of the MVC video sub-bitstream in elementary stream ESy.
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B, buffer management

The following applies:

o There is exactly one elementary stream buffer By for all the elementary streams in the set of decoded
elementary streams as shown in Figure 2-16, where the size of BSy is defined by the P-STD_buffer size
field in the PES packet header of elementary stream ESy.

e There is exactly one view component subset buffer VSB,, for each elementary stream in the set of
decoded elementary streams as shown in Figure 2-16, where each view component subset buffer VSB, in
the set of decoded elementary streams is allocated within BSy. Even though the size VSBS, of individual
VSB, is not constrained, the sum of the sizes VSBS,, is constrained as follows:

BSH = Zn (VSBSn)

where BSy is the size of the input buffer for the MVC video sub-bitstream in elementary stream ESy, as
defined in 2.14.3.2, for the re-assembled AVC video stream.

Access unit re-assembling and B removal

The folloying specifies the access unit re-assembling that results in AVC access unit Ax(j):

i) Assemble the MVC view-component subsets for the j-th access unit Ay(j) follewing the rule beJow:

*  For each two corresponding MVC view-component subsets VS (1) and VS(j,) collected for
access unit Au(j), where VS, is associated with a program element identified by the
hierarchy_layer_index indicated in the associated hierarchy deseriptor, and VS, references VS, by
the hierarchy _embedded layer index indicated in the hierarehy descriptor associated with program
element associated with VS, the DTS value of tdys(jga)-0f VSy41(jy+1) shall be equal to DTS
value td,(j,) of VS(jy).

NOTE — If no hierarchy descriptor is present, VS, is,asSociated with the AVC sub-bitstream apd VS, is
associated with the MVC sub-bitstream.

ii) If SEI NAL units are present in any MVC view-component subset with view order index not ¢qual to 0,
these NAL units shall be re-ordered to the ordér of NAL units within an access unit, as dlefined in
Rec. ITU-T H.264 | ISO/IEC 14496-10, before‘access unit re-assembling.
The folloyving specifies the removal of access unit Ay(j)<rom buffer By:

At the decoding time tdy(jy), the AVC access unit Au(jy) shall be re-assembled and available for renfoval from
buffer By. The decoding time tdu(j) is_specified by the DTS or by the CPB removal time that is fissociated
with the MVC view-component subgsets in elementary stream ESy, as derived from informatipn in the
re-assembled AVC video stream,

STD delay
The STD (delay for the re-assembled AVC access units shall follow the constraints specified in 2.14.3.2.

Buffer mhnagement conditions

Program gtreams shall be-constructed so that the following conditions for buffer management are satisfied:
g By shallnot overflow.

*  Bp.shall not underflow, except when VUI parameters are present for the AVC video sequece of the
re-assembled AVC video stream with the low_delay hrd flag set to 'l', or when trick mod¢ status is
true. Underflow of By occurs for AVC access unit Ay(j) when one or more bytes of Ay(j) are not present
in By at the decoding time tdy(j).

2.15 Carriage of ISO/IEC 14496-17 text streams

2.15.1 Introduction

This subclause defines the carriage of ISO/IEC 14496-17 elementary text streams within Rec. ITU-T H.222.0 |
ISO/TEC 13818-1 systems, both for program and transport streams. Typically, an ISO/IEC 14496-17 text stream will be
an element of an ISO/IEC 13818-1 program, as defined by the PMT in a transport stream and the PSM in a program
stream. The carriage and buffer management of ISO/IEC 14496-17 text streams is defined using existing parameters
from Rec. ITU-T H.222.0 | ISO/IEC 13818-1 such as PTS and DTS, as well as information from the ISO/IEC 14496-17
text stream. For this purpose, 2.15.3 specifies the decoding of ISO/IEC 14496-17 streams within the T-STD and P-STD
models, using the Hypothetical Text Decoder (HTD) defined in ISO/IEC 14496-17.
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When an ISO/IEC 14496-17 text stream is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the
ISO/IEC 14496-17 coded data shall be contained in PES packets, as defined in 2.15.2. Information needed to decode the
ISO/IEC 14496-17 text stream is provided by the MPEG-4 text descriptor, specified in 2.6.70.

Applications that wish to transmit font streams as specified in ISO/IEC 14496-18, can reference the streamed fonts as
specified in Annex A.1 of ISO/IEC 14496-17. To transmit ISO/IEC 14496-18 font streams, applications can use the
data or object carousel as defined in ISO/IEC 13818-6.

2.15.2  Carriage in PES packets

ISO/IEC 14496-17 text streams are carried in PES packets, using one of the assigned 14 stream_id_extension values. If
the textFormat field in TextConfig() is coded with the value 0x01, indicating Timed Text as specified in
3GPP TS 26.245, then the text stream consists of a concatenation of 3GPP Text Access Units in display order, whereby
each Text Access Units consists of one or more so-called TTUs. For carriage in PES packets, alignment between
PES packets and TTUs is required; i.e., the first byte in the payload of a PES packet carrying an ISO/IEC 14496-17 text
stream shplIl be the first byte of a TTU, which is the first byte of the TTU header specified in 7.4.2 in ISOJRC 14496-
17. There] is no further need for alignment; hence, the first TTU in a PES packet may contain for examplée-3 non-first
fragment pf a Text Access unit or a Sample Description.

A PTS shall be coded in the PES packet header of each PES packet carrying an ISO/IEC 14496-17 text stfeam. The
PTS shalll refer to the first Text Access Unit that commences in the PES packet. A Text Access_Unit commences in a
PES packpt if a TTU[1] with a complete text sample or the TTU[2] with the first fragment of{a text sample is [present in
the PES packet. For identifying whether a TTU[2] carries the first or a subsequent text sample fragment, see 7.3.2.2 and
7.4.5 in IO/IEC 14496-17.

2.15.3 |STD extensions

2.15.3.1 [T-STD extensions

The T-ST|D model includes a transport buffer TB, and a multiplex buffer B, prior to the Hypothetical Tex} Decoder
defined i1} ISO/IEC 14496-17. transport stream packets with ISO/IEG,14496-17 data, as indicated by its PID| enter the
buffer TH,. Bytes are removed from TB, to enter Buffer B, at<{he‘rate Rx,. Delivery of bytes from B, to| enter the
TTU Decpder in the HTD is at rate Rbx,,. See also Figure 2-17.

‘// O \\\
‘l O‘\‘ T T T e\ - - T T T T - - T T - - - - 0T = - -0
! Ci' 1
‘\\ O/}w = RX 5 R textSampleBuffer textDecoder gitc ded
N ) m L decod
S ceodet inbandSDBuffer |

out-of-band-SD
Buffer

Hypothetical text decoder as defined in ISO/IEC 14496-17

© H2220012)[F2-17
Figure 2-17 — T-STD model extensions for ISO/IEC 14496-17 text streams

Buffer mhnagement

The size [TBS; of TB, is equal to 512 bytes. For ISO/IEC 14496-17 text streams, the size BS, of B, i§ equal to
4096 bytes. The rate Rx, is equal to 2 000 000 bits/s. The rate Rbx, meets the delivery schedule defined for
ISO/IEC 14496-17 data at the input of the HTD in clause 7.7 of ISO/IEC 14496-17, i.e., Rbx, = R[profile, level] if the
textSampleBuffer is not full and Rbx, = 0 if the textSampleBuffer is full, where R[profile, level] is defined as the
profile and level specific rate R in clause 7.8 of ISO/IEC 14496-17.

Each of the following requirements shall apply:
—  Buffer TB, shall not overflow.
—  Buffer B, shall not overflow.
—  Each HTD requirement specified in clause 7.7 of ISO/IEC 14496-17 shall be met.
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2.15.3.2 P-STD extensions

The P-STD model for the decoding of an ISO/IEC 14496-17 text stream includes a multiplex buffer B, prior to the
Hypothetical Text Decoder defined in ISO/IEC 14496-17. For each ISO/IEC 14496-17 text stream n, the size BS,, of
buffer B, in the P-STD is defined by the P-STD buffer size field in the PES packet header.

Each of the following requirements shall apply:

Buffer B, shall not overflow.
Each HTD requirement specified in clause 7.7 of ISO/IEC 14496-17 shall be met.

2.16 Carriage of auxiliary video streams

ISO/IEC 23002-3 specifies auxiliary video streams. ISO/IEC 23002-3 auxiliary video streams can be carried over
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams as follows:

in Table 2-27, 16 stream-id_extension values are assigned to signal auxiliary video streams;
in Table 2-34, one stream-type value is assigned to signal an auxiliary video stream;

in Table 2-45, one descriptor tag is assigned to indicate an auxiliary video stream deseriptor;
in 2.6.74 the auxiliary video stream descriptor is specified;

the auxiliary video stream descriptor is associated with each auxiliary video stream.

Auxiliary| video streams provide additional information about a conventional primary-yideo sequence, as sgecified in
ISO/TEC 23002-3. The auxiliary video stream shall be synchronized with its primary/video counterpart through the use

of timestamps in the associated PES header based on the same PCR clock.

In case a program contains multiple video streams, it will be up to the application to specify the association bgtween the

video compponent and auxiliary video streams.

2.17 Carriage of HEVC

2.17.1  |Constraints for the transport of HEVC

For HEVLC video streams, HEVC temporal video subsbitstreams or HEVC temporal video subsets, the [following

constraints additionally apply:

Each HEVC access unit shall contairan access unit delimiter NAL unit.

NOTE 1 — HEVC requires that an*access unit delimiter NAL unit, if present, is the first NAL unif within an
HEVC access unit. Access unit-delimiter NAL units simplify the ability to detect the boundary betwgen HEVC
access units.

An HEVC video streagt o HEVC temporal video sub-bitstream of an HEVC video stream conforming to
one or more profiles defined in Annex A of Rec. ITU-T H.265 | ISO/IEC 23008-2 shall be an g¢lement of
a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program and the stream_type for this elementary stfeam shall
be equal to 0x24.

NOTE 2 —Such a stream can be the HEVC base sub-partition of an HEVC video stream conforminf to one or
more profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2.

The(video parameter sets, sequence parameter sets and picture parameter sets, as specified in Rec.
IRU=T H.265 | ISO/IEC 23008-2, that are necessary for decoding an HEVC video stream pr HEVC
temporal video sub-bitstream shall be present within the elementary stream carrying that HEVC video
Stream or HEVC temporal video sub-bitstream.

For each HEVC temporal video subset of an HEVC video stream conforming to one or more profiles
defined in Annex A of Rec. ITU-T H.265 | ISO/IEC 23008-2 that is an element of the same Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 program, the stream_type for this elementary stream shall be equal to 0x25.

NOTE 3 — Such a stream can be an HEVC sub-partition of an HEVC video stream conforming to one or more
profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2.

An HEVC enhancement sub-partition of an HEVC video stream conforming to one or more profiles
defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2 shall be an element of an
Rec. ITU-T H.222.0 | ISO/IEC 13818 1 program. The stream_type for this elementary stream shall be set
according to Table 2-34.

The video parameter sets, sequence parameter sets, and picture parameter sets, as specified in Rec. ITU-
T H.265 | ISO/IEC 23008-2, necessary for decoding an HEVC video stream, HEVC temporal video
sub-bitstream, or HEVC base sub-partition shall be present within the elementary stream carrying that
HEVC video stream, HEVC temporal video sub-bitstream, or HEVC base sub-partition.
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*  When a Rec. ITU-T H.222.0 | ISO/IEC 13818 1 program includes one or more elementary streams with
stream_type equal to 0x28, 0x29, 0x2A or 0x2B, at least one HEVC operation point descriptor shall be
present in the program map table associated with the program.

*  When a Rec. ITU-T H.222.0 | ISO/IEC 13818 1 program includes more than one elementary stream with
the same stream_type value of 0x24, 0x25 or in the range of 0x28-0x2B and hierarchy cannot be implied
as specified in Table 2-137, one hierarchy descriptor as defined in 2.6.7 shall be present for each
elementary stream with a stream_type value of 0x24, 0x25 and one HEVC hierarchy extension descriptor
as defined in 2.6.102 shall be present for each elementary stream with a stream_type value in the range
of 0x28-0x2B.

NOTE 4 — Hierarchy descriptors or HEVC hierarchy extension descriptors are needed to assign a hierarchy layer
index to each elementary stream if hierarchy cannot be implied, as specified in Table 2-137.

* In each elementary stream with stream type equal to 0x24 with a hierarchy descriptor, the
hierarchy_type in the hierarchy descriptor shall be equal to 15.

* In each elementary stream with stream type equal to 0x25 with a hierarchy descrjptor, the
hierarchy type in the hierarchy descriptor shall be equal to 3.

* The video parameter sets, sequence parameter sets and picture parameter sets, as.’specified in Rec.
ITU-T H.265 | ISO/IEC 23008-2, that are necessary for decoding the HEVC highest‘temporal| sub-layer
representation of an HEVC temporal video subset shall be present within the elementary strearh carrying
the HEVC temporal video sub-bitstream associated by a hierarchy descriptor.

*  The aggregation of the HEVC temporal video sub-bitstream with associated HEVC tempdral video
subsets according to the hierarchy descriptors, as specified in 2.17.3,,shall result in a valid HHVC video
stream.

NOTE 5 — The resulting HEVC video stream contains a set of temporal sub-layers, as specified in Rec. ITU-T
H.265 | ISO/IEC 23008-2, with Temporalld values forming a contiguous range of integer numbers.

* The aggregation, as specified in 2.17.4, of an HEVC(enhhancement sub-partition with gll HEVC
sub-partitions according to the HEVC operation signalled in the HEVC operation point descr{ptor shall
result in a valid layered HEVC video stream.

NOTE 6 — The resulting HEVC video stream is«the HEVC operation point of that HEVC enhanc¢ment sub-
partition.

*  Each HEVC picture with nuh _layer id largécthan O shall be contained within an elementary stfeam with
a stream_type equal to either 0x28, 0x29,'0x2A or 0x2B.

*  Anelementary stream ES,, with stream " type equal to either 0x29 or 0x2B shall satisfy the following:

— The elementary stream ES. contains an HEVC temporal video subset which is a| temporal
enhancement for exactly“one reference elementary stream ES. i.e., the layer L; present in the
reference elementary stream ES ¢ shall also be present in the elementary stream ES.
NOTE 7 — The reference elementary stream ES. is either an HEVC temporal video sub-bitstrqgam with a
stream_type equal to either 0x28 or 0x2A or another HEVC temporal video subset with stream_type equal to
either 0x29 or.0x2B, respectively, for which the same applies.

Carriage|in PES packets

Rec. ITUIT H.265 | ISOAEC 23008-2 video is carried in PES packets as PES packet data bytes, using one| of the 16
stream_id| values assigned to video, while signalling the Rec. ITU-T H.265 | ISO/IEC 23008-2 video stream, by means
of the asdigned stream-type value in the PMT (see Table 2-34). The highest level that may occur in an HEVC video
stream, a$ well as a profile and tier that the entire stream conforms to should be signalled using the HEVC video
descriptoy. \[f.an HEVC video descriptor is associated with an HEVC video stream, an HEVC temporal Video sub-
bitstream, an HEVT temporal video subset of an HEVC enhancement sub-partition, then this descriptor shall be
conveyed in the descriptor loop for the respective elementary stream entry in the program map table. This
Recommendation | International Standard does not specify the presentation of Rec. ITU-T H.265 | ISO/IEC 23008-2
streams in the context of a program stream.

For PES packetization, no specific data alignment constraints apply. For synchronization and STD management, PTSs
and, when appropriate, DTSs are encoded in the header of the PES packet that carries the ITU-T H.265 |
ISO/IEC 23008-2 video elementary stream data. For PTS and DTS encoding, the constraints and semantics apply as
defined in 2.4.3.7 and 2.7.

DPB buffer management

Carriage of an HEVC video stream, an HEVC temporal video sub-stream, an HEVC temporal video subset or an HEVC
enhancement sub-partition over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 does not impact the size of the buffer DPB. For
decoding of an HEVC video stream, an HEVC temporal video sub-bitstream or an HEVC temporal video sub-bitstream
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and its associated HEVC temporal video subsets in the STD, the size of DPB is as defined in Rec. ITU-T H.265 |
ISO/IEC 23008-2. The DPB shall be managed as specified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2
(clauses C.3 and C.5). A decoded HEVC access unit enters the DPB instantaneously upon decoding the HEVC access
unit, hence at the CPB removal time of the HEVC access unit. A decoded HEVC access unit is presented at the DPB
output time. If the HEVC video stream, HEVC temporal video sub-bitstream or HEVC temporal video subset provides
insufficient information to determine the CPB removal time and the DPB output time of HEVC access units, then these
time instants shall be determined in the STD model from PTS and DTS timestamps as follows:

1) The CPB removal time of HEVC access unit n is the instant in time indicated by DTS(n) where DTS(n)
is the DTS value of HEVC access unit n.

2) The DPB output time of HEVC access unit n is the instant in time indicated by PTS(n) where PTS(n) is
the PTS value of HEVC access unit n.

NOTE 8 — HEVC video sequences in which the low delay hrd flag in the syntax structure hrd_parameters() is set to 1 carry
sufficient information to determine the DPB output time and the CPB removal time of each HEVC access unit. Hence for HEVC
access [umits—for wiich—STPumderfrow Tmayoceur; the € PBTemovat—time—amdthe DPB—outputtime—aredefimefl by HRD
paramgters, and not by DTS and PTS timestamps.

NOTE|9 — An HEVC video stream may carry information to determine compliance of the HEVC video stredniyto the HRD, as
specifipd in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2. The presence of this information can be signalled infa transport
stream|using the HEVC timing and HRD descriptor with the hrd_management valid flag set to '1'. Irrespective of the presence
of thisinformation, compliance of an HEVC video stream to the T-STD ensures that HRD buffer management requifements for
the CPB are met when each byte in the HEVC video stream is delivered to and removed from the CPB'in the HRD at|exactly the
same ifistant in time at which the byte is delivered to and removed from EB,, in the T-STD.

2.17.2 [T-STD Extensions for single layer HEVC

When there is an HEVC video stream or HEVC temporal video sub-bitstream iman'ITU-T H.222.0 | ISO/IEC 13818-1
program gnd there is no HEVC temporal video subset associated with this elementary stream of stream_type 024 in the
same ITU-T H.222.0 | ISO/IEC 13818-1 program, the T-STD model as described in 2.4.2.1 is extended as illyistrated in
Figure 2-]8 and as specified below.

j_,

(i)

S~ . H.222.0(12)-Amd.3{14)_F2-1¢

Figure 2-18 — T-STD model extensions for single layer HEVC

TB,, MB{, EB, buffer management
The folloying additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-1§.
t(i) indicates the time irl séconds at which the i-th byte of the transport stream enters the system target dgcoder
TB, is the transport buffer for elementary stream n

TBS is the size-ofithe transport buffer TB,, measured in bytes
MB, is the-multiplexing buffer for elementary stream n

MBS, [isithe size of the multiplexing buffer MB,, measured in bytes

EB, is the elementary stream buffer for the HEVC video stream

J is an index to the HEVC access unit of the HEVC video stream

AL() is the j-th access unit of the HEVC video bitstream

td, )  1is the decoding time of A,(j), measured in seconds, in the system target decoder

Rx, is the transfer rate from the transport buffer TB, to the multiplex buffer MB, as specified below.

Rbx, is the transfer rate from the multiplex buffer MB,, to the elementary stream buffer EB,, as specified below.

The following apply:

*  There is exactly one transport buffer TB,, for the received HEVC video stream or HEVC temporal video
sub-bitstream where the size TBS is fixed to 512 bytes.
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*  There is exactly one multiplexing buffer MB, for the HEVC video stream or HEVC temporal video sub-
bitstream, where the size MBS, of the multiplexing buffer MB is constrained as follows:

MBS, = BS,.ux T BSo, + CpbNalFactor x MaxCPBYtier, level] — cpb_size

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

BSon= (1/750) seconds x max{ BrNalFactor x MaxBR{[tier, level], 2 000 000 bit/s}

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

BSux = 0.004 seconds x max{ BrNalFactor x MaxBR[tier, level], 2 000 000 bit/s}

MaxCPBitier, level] and MaxBR[tier, level] are taken from Annex A of Rec. ITU-T H.265 |
ISO/TEC 23008-2 for the tier and level of the HEVC video stream or HEVC temporal video sub-
bitstream where rates are expressed in bit/s. cpb_size is taken from the HRD parameters, as specified in
Annex E of Rec. ITU-T H.265 | ISO/IEC 23008-2, included in the HEVC video stream or HEVC
temporal video sub-bitstream, where the size is expressed in bits. Implicit conversion is,chrried out
according to Note 2 in 2.4.2.4.

*  There is exactly one elementary stream buffer EB, for all the elementary streams in fhe'set of received
elementary streams associated by hierarchy descriptors, with a total size EBS,

EBS, = cpb_size

where cpb_size is taken from the HRD parameters, as specified in Annex)E of Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC video stream or the HEVE temporal video sub-pitstream,
where the size is expressed in bits. Implicit conversion is carried out dccording to Note 2 in 2.412.4.

e Transfer from TB, to MB, is applied as follows:

When there is no data in TB,, then Rx, is equal to zero. Otherwise:
Rx, =bit _rate

where bit rate is BrNalFactor/BrVIcFactor x BitRate[ SchedSelldx ] of data flow into the CIB for the
byte stream format and BitRate[ SchedSelldx .]“i§ as defined in Annex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2 when NAL hrd parameters()«is' present in the VUI parameters of the HEVC video
stream.

NOTE — Annex E also specifies default valuesfor BitRate[ SchedSelldx] based on profile, tier and level when NAL
HRD parameters are not present in the VUL

e Transfer from MB, to EB, is appliéd@s follows:

If the HEVC timing and HRD descriptor is present with the hrd management valid flag sef to '1' for
the elementary stream, then the“transfer of data from MB, to EB,, shall follow the HRD defingd scheme
for data arrival in the CPB of the elementary stream as defined in Annex C of Rec. ITU-T H.265 |
ISO/IEC 23008-2.

Otherwise, the leakuméthod shall be used to transfer data from MB,, to EB, as follows:

Rbx, = BrNalFactor x MaxBR{[tier, level]

where MaxBR[tier, level] is taken from Annex A of Rec. ITU-T H.265 | ISO/IEC 23008-2 fpr the tier
and level.of the HEVC video stream or HEVC temporal video sub-bitstream.

If there is PES packet payload data in MB,, and buffer EB, is not full, the PES packet payload is
transferred from MB, to EB, at a rate equal to Rbx,. If EB, is full, data are not removed ffom MB,.
When a byte of data is transferred from MB, to EB,, all PES packet header bytes that are in| MB, and

pracada that hata ara tnctantananyialy raraavad a0 d A:nnnwlad ‘ytmn thara 1c na DEQ noolrat no 'load data
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present in MB,,, no data is removed from MB,. All data that enters MB, leaves it. All PES packet
payload data bytes enter EB,, instantaneously upon leaving MB,,.

STD delay

The STD delay of any ITU-T H.265 | ISO/IEC 23008-2 data other than HEVC still picture data through the system
target decoders buffers TB,, MB,, and EB, shall be constrained by td,(j) — t(i) < 10 seconds for all j, and all bytes i in
access unit A,(j).

The delay of any HEVC still picture data through the system target decoders TB,,, MB,,, and EB,, shall be constrained by
td,(j) — t(i) < 60 seconds for all j, and all bytes i in access unit A,(j).

Buffer management conditions

Transport streams shall be constructed so that the following conditions for buffer management are satisfied:
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*  Each TB, shall not overflow and shall be empty at least once every second.
e Each MB,, EB, and DPB shall not overflow.

*  EB, shall not underflow, except when VUI parameters are present for the HEVC video sequence with the

low_delay hrd flag set to '1'. Underflow of EB, occurs for HEVC access unit A,(j) when on
bytes of A,(j) are not present in EB, at the decoding time td,(j).

T-STD extensions for layered transport of HEVC temporal video subsets

€ Or more

When there is an HEVC video sub-bitstream and at least one associated elementary stream of type 0x25 in an
ITU-T H.222.0 | ISO/IEC 13818-1 program, the T-STD model as described in 2.4.2.1 is extended as illustrated in
Figure 2-19 and as specified below.

HEVC temporal video subsets
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Figure 2-19 — T-STD model extensions for layered transport-of HEVC temporal video subsets

The folloying additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-19.

t(i) indicates the time in seconds at which the i-th byteof the transport stream enters the system target dg

H is the number of received HEVC temporal ¥ideo subsets, associated by hierarchy descriptors with
HEVC temporal video sub-bitstream.

k is an index identifying the H+1 received elementary streams which contain exactly one HEVC temp
sub-bitstream and H HEVC temporal video subsets associated by hierarchy descriptors. The inde
equal to 0 identifies the elementary stream which contains the HEVC temporal video sub-bitstream
values k ranging from 1 up o H identify the associated HEVC temporal video subsets.

ESqx is the received elementary stream which contains the k-th HEVC temporal video subset or the HEVC
temporal video sub-bitstream if k equals 0.

ESin is the receivedtelementary stream containing the highest HEVC temporal video subset present in
received elemertary streams.

PIDy is the packet identifier value which identifies ES, u.

j is an‘index to the output access units.

An() isthre j=thraccess umit of the HE V€ compliete temporat Tepresentation.

td,(j) is the decoding time of A,(j) in the system target decoder.

TB,x is the transport buffer for elementary stream k.

TBS,x is the size of the transport buffer TB, x, measured in bytes.

MB,x is the multiplexing buffer for elementary stream k.

MBS, is the size of the multiplexing buffer MB,,, measured in bytes.

EB, is the elementary stream buffer for the received HEVC temporal video sub-bitstream ES,and the received
HEVC temporal video subsets ES, ; to ES, .

EBS, is the size of elementary stream buffer EB,, measured in bytes.
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Rxux is the transfer rate from the k-th transport buffer TB, to the k-th multiplex buffer MB, y as specified below.

Rbx, is the transfer rate from the k-th multiplex buffer MB,y to the elementary stream buffer EB, as specified
below.

NOTE - The index n, where used, indicates that the received elementary streams and associated buffers belong to a certain
HEVC temporal video sub-bitstream and its associated HEVC temporal video subsets, distinguishing these elementary streams
and associated buffers from other elementary streams and buffers, maintaining consistency with the notation in Figure 2-18.

TB,x, MB, x, EB, buffer management
The following apply:

»  There is one transport buffer TB,y for each received elementary stream ES, x, where the size TBS,y is
fixed to 512 bytes.

. There is one multiplex buffer MB,, for each received elementary stream ES, x, where the size MBS, of

41 loral h O AR W & o Y . fgacones | fall
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MBS, x = BS;ux + BSo, + CpbNalFactor x MaxCPBltier, level] — cpb_size

where
BS,;, packet overhead buffering, and BS,,,, additional multiplex buffering, are as'specified in 3.17.2;

MaxCPBltier, level] and MaxBR[tier, level] are taken from the tier and levelGpecification of HEVC for
the tier and level of the HEVC highest temporal sub-layer representation agsociated with ES, y;

cpb_size is taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layerrépresentation associated yith ES,, .
In the HRD parameters, cpb_size is expressed in bits, and its value is implicitly converted info a value
expressed in bytes according to Note 2 in 2.4.2.4.

*  There is exactly one elementary stream buffer EB, for the H- 1 elementary streams in the set of received
elementary streams ES,; o to ES, i, with a total size EBS
EBS, = cpb size

where cpb_size is taken from the HRD parameters, as specified in Annex E of Rec. ITU- H.265 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation associated with
ES,n. In the HRD parameters, cpb_size is~eXpressed in bits, and its value is implicitly convefted into a
value expressed in bytes according to Note2 in 2.4.2.4.

*  Transfer from TB, to MB,\ is applied as follows:
When there is no data in TB, x then Rx, x is equal to zero. Otherwise:
Rx,x = bit_rate
where bit rate is as speeified in 2.17.2.
*  Transfer from MB, to EB, is applied as follows:

If the HEVC timing and HRD_ descriptor is present with the hrd management valid flag sef to 'l1' for
the HEVC video sub-bitstream, then the transfer of data from MB, to EB,, shall follow the HRD defined
scheme fordata arrival in the CPB of elementary stream ES,y as defined in Annex C of Rec. ITU-T
H.26541SO/IEC 23008-2.

Otherwise, the leak method shall be used to transfer data from MB,x to EB, as follows:
Rbx, = BrNalFactor x MaxBR[tier, level]

where MaxBR[tier, level] is defined for the byte stream format in Annex A of Rec. ITU-I H.265 |
ISO/IEC 23008-2 for the tier and level of the HEVC video stream or the HEVC highest temporal sub-
layer representation associated with ES, .

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

At the output of the elementary stream buffer EB,, the elementary streams are aggregated by removing all HEVC access
units in ascending DTS order and transferring them to the HEVC decoder Dy, irrespective of which elementary stream
ES, x each HEVC access unit belongs to.

STD delay
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The STD delay of any ITU-T H.265 | ISO/IEC 23008-2 data other than HEVC still picture data through the system
target decoders buffers TB,x, MB,x, and EB, shall be constrained by td,(j) — t(i) < 10 seconds for all k, all j, and all
bytes i in access unit A,(j).

The delay of any HEVC still picture data through the system target decoders TB, x, MB, x, and EB,, shall be constrained
by td,(j) — t(i) < 60 seconds for all k, all j, and all bytes i in access unit A,(j).

Buffer management conditions

Transport streams shall be constructed so that the following conditions for buffer management are satisfied:

Each TB,x shall not overflow and shall be empty at least once every second.
Each MB, x, EB,, and DPB shall not overflow.

EB, shall not underﬂow except when VUI parameters are present for the HEVC v1de0 sequence with the
e C e A f An(j) are

When thg
H.222.0 |

tin EB at the decodmg time td,(j).

T-STD extensions for layered transport of HEVC sub-partitions with bitstream-partition*spe
operation

re is at least one elementary stream with stream_type value in the range of 0x28 te 0x2B in a R
ISO/IEC 13818-1 program, the T-STD model as described in 2.4.2.1 is extended-forelementary str
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a stream_}ype value in the range of 0x28 to 0x2B as illustrated in Figure 2-20 and as specified below.
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NOTE — The lower dashed box containing blocks that handle the HEVC base layer represents the T-STD buffer model as
specified in 2.17.2, if there are no HEVC temporal video subsets, or 2.17.3, if the program contains at least one program element
with stream_type equal to 0x25.

The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-20 above.

(i)

Indicates the time in seconds at which the i-th byte of the transport stream enters the system target
decoder.

Is an index into the received HEVC sub-partitions of stream type 0x28 or 0x2A (which include
Temporalld 0). The order of HEVC sub-partitions is indicated by the HEVC operation point descriptor.
The same index also applies to corresponding HEVC temporal enhancement sub-partitions. Here, 1 starts
from n, which is associated with the HEVC base sub-partition, and runs up to (n+m), where m is specified
below.
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m Is the number of received HEVC sub-partitions of stream_type 0x28 or 0x2A.

Hl Is the number of received HEVC corresponding temporal enhancement sub-partitions of the I-th received
HEVC sub-partition of stream_type 0x28 or 0x2A, associated by HEVC hierarchy extension descriptors
with the same HEVC base sub-partition.

ESix Is the received elementary stream which contains the k-th HEVC corresponding temporal enhancement
sub-partition of the I-th received HEVC sub-partition of stream_type 0x28 or 0x2A, or the I-th HEVC sub-
partition of stream_type 0x28 or 0x2A if k equals 0.

ESyimum Is the received elementary stream which contains the HEVC sub-partition of the highest HEVC operation
point in the set of received elementary streams.

PID nimum Is the packet identifier value which identifies ES, i ym.

J Is an index to the output HEVC access units.

C() Is the j-th HEVC layer component of the 1-th received HEVC sub-partition of stream_type 0x28 or 0x2A
or HEVC corresponding temporal enhancement sub-partition.

AL() Is the j-th HEVC access unit of the HEVC complete temporal representation.
td,(j) Is the decoding time of A,(j) in the system target decoder.

tri(j) Is the value of TREF, if available in the PES header attached to C,(j), else the'décoding time of A,(j) in the
system target decoder.

TBix Is the transport buffer for elementary stream ES; .

TBSx Is the size of the transport buffer TByy, measured in bytes.
MB; Is the multiplexing buffer for elementary stream ES,.

MBS, Is the size of the multiplexing buffer MB, , measured in-bytes.

EB; Is the elementary stream buffer for the received HEVE temporal video sub-bitstream ES,yand thg received
HEVC temporal video subsets ES; | to ES, u.

NOTE|! — Each buffer EB, contains one partition as specifieddn Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.

EBS, Is the size of elementary stream buffer EB,,' measured in bytes.
Rx,x Is the transfer rate from the k-th transport buffer TBx to the k-th multiplex buffer MB, as| specified
below.

Rbx; Is the transfer rate from the k-th multiplex buffer MB to the elementary stream buffer EB, af specified
below.

NOTE|2 — The index n, where used, indicates that the received elementary streams and associated buffers belong o a certain
HEVC]| base sub-partition, distinguishing these elementary streams and associated buffers from other elementary sfreams and
buffery, maintaining consistency 'with the notation in Figure 2-1 and other T-STD extensions.

TB,x, MB, i, EB, buffer management
The folloying applies:

g There s one transport buffer TB,y for each received elementary stream ES,j, where the sizgq TBSy is
fixed to 512 bytes.

e There is one multiplex buffer MB,, for each received elementary stream ES,,. where the size MBSy of
the multiplex buffer MB, is constrained as follows:

MBS x = BS;,ux + BSon + CpbNalFactor x MaxCPBltier, level] — cpb_size
where
BS,p, packet overhead buffering, and BS,,,, additional multiplex buffering, are as specified in 2.17.2;

MaxCPBltier, level] and MaxBR{[tier, level] are taken from the tier and level specification of the HEVC for the
tier and level of ES; the HEVC operation point associated with ES, x;

cpb_size is taken from the sub-layer HRD parameters within the applicable hrd parameters( ), as specified in
Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, for the HEVC operation point associated with ES;. In the
HRD parameters, cpb_size is expressed in bits, and its value is implicitly converted into a value expressed in
bytes according to Note 2 in 2.4.2.4.
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*  There is one elementary stream buffer EB, for the HI + 1 elementary streams in the set of received
elementary streams ES; o to ESl,,, 11, with a total size EBS,
EBS,; = cpb_size

where cpb_size is taken from the sub-layer HRD parameters within the applicable hrd parameters( ), as
specified in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, for the HEVC operation point associated with
ES; . In the HRD parameters, cpb_size is expressed in bits, and its value is implicitly converted into a value
expressed in bytes according to Note 2 in 2.4.2.4.

. Transfer from TB;y to MB is applied as follows:
—  When there is no data in TB; then Rx, is equal to zero.
—  Otherwise, Rxx = bit_rate

bit rate is taken from the NAL HRD parameters within the applicable hrd parameters( ), as specified in
Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2. for the HEVC operation point associated with ES,y, if sub-
lpyer HRD parameters are present in the VPS and nal hrd parameters present flag is set to 'l'.

therwise:

bit rate = BrNalFactor / BrVclFactor x BitRateyc, if sub-layer HRD parameters withini the gpplicable
Jrd_parameters( ), as specified in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, for.the HEVC|operation
point associated with ES, x are present in the VPS and vcl_hrd_parameters_present flag.is set to '1"; HitRate ycr.
ik taken from the VCL HRD parameters.

ENalF actor and BrVclFactor are as defined in Rec. ITU-T H.265 | ISO/IEC23008-2 for the profilg, tier, and
1

vel of ES, the HEVC operation point associated with ES.

both cases, the index of the applicable hrd parameters( ) syntax strugture in the active VPS of the HEVC
yideo stream is given by: bsp hrd idx[ target ols ][ 0 ][ max_temporal id ][ target schedule idx [[1+ 1] as
gpecified in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-25where target ols and max_tempojral id are
ignalled in the HEVC operation point descriptor for the HEVC operation point associated with [ES,y, and
thrget schedule idx is signalled in the HEVC timing and HRD.descriptor.

*  Transfer from MB, to EB, is applied as follows:

— Ifthe HEVC timing and HRD_descriptor.is present with the hrd management valid flap set to '1'
for the HEVC video sub-bitstream, thewthe transfer of data from MB, to EB, shall follow the HRD
defined scheme for data arrival in the*CPB of elementary stream ES;y as defined in Afnex C of
Rec. ITU-T H.265 | ISO/IEC 23008-2.

—  Otherwise, the leak method shall’be used to transfer data from MB, to EB, as follows:
Rbx, = BrNalFactorx’MaxBR[tier, level]

where MaxBR{[tier, level] is as defined for the byte stream format in the tier and level spg¢cification
of Rec. ITU T H.265+ ISO/IEC 23008-2 (Table A.2) for the tier and level for ES signalled in the
HEVC operationpoint descriptor for ES,y.

there is PES packet.payload data in MB,y, and EB, is not full, the PES packet payload is transfdrred from
B,k to EB, at a rate-€qual to Rbx, . If EB; is full, data are not removed from MB,x. When a byte|of data is
ansferred from\MB,x to EB, all PES packet header bytes that are in MB,, and precede thaf byte are
ihstantaneously~removed and discarded. When there is no PES packet payload data present in MBy, |no data is
moved from MB;,. All data that enters MB;, leaves it. All PES packet payload data bytes [enter EB,
ihstantaneously upon leaving MB.

Aggregationof elementary streams

The HEVC layer list for an HEVC operation point is the OperationPointESList[] associated with the HEVC operation
point.

When there is no hierarchy descriptor or HEVC hierarchy extension descriptor present in the program map table
associated with an Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, a value for the hierarchy layer index is implicitly
assigned for each elementary stream with stream type 0x24, 0x25, 0x28, 0x29, 0x2A and 0x2B as described in
Table 2-137.
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Table 2-137 — Implied hierarchy layer index if no hierarchy descriptors are used

Implied hierarchy layer_index for program element with stream_type value

Existing stream types
0x24 0x25 0x28 0x29 0x2A 0x2B

[

0x24

0x24, 0x25

0x24, 0x28

0x24, 0x25, 0x28

0x24, 0x25, 0x28, 0x29
0x24, 0x2A

0x24, 0x2A, 0x2B
0x24, 0x25, 0x2A

0x24, 0x15, 0x2A, 0x2B

(=N} =} el Ho ) K=l =) R K
[
W

1
1
1 2
1 2 3

The HEVC operation point is aggregated from the HEVC layer components at the output of the élementdry stream
buffers EB, by determining the value of TREF, if available in the PES header, or else TREF is set'te DTS, fqr the next
HEVC layer component at the output of EB,.,, and gathering all HEVC layer components with-@DTS equal{to TREF,
in the ordpr given by the HEVC layer list as specified above, and transferring them to the HE¥C"decoder Dy.

Carriage|in PES packets

For correft re-assembling of the HEVC layer components to an HEVC access unitif there is an HEVC d¢pendency
representdtion in the same HEVC access unit in more than one elementary stream,the following applies:

*  Each PES packet shall contain exactly one HEVC layer component;
* The PTS and, if applicable, the DTS value shall be provided in the PES header of each HEVC layer
component;

e Ifthe DTS value of the HEVC layer component in‘an ¢lementary stream is different from the IPTS value
of the HEVC layer component of the same HEV.C access unit in an ES listed in the hierarchy [descriptor
or the HEVC hierarchy extension descriptors of the first elementary stream, the TREF field as fdefined in
2.4.3.7 shall be present in the PES headerextension of the HEVC layer component of first elementary
stream and the TREF field value shall be-equal to the DTS value of the HEVC layer comporjent of the
second elementary stream.

STD delay

The STD [delay of any Rec. ITU-T H.265 FISO/IEC 23008-2 data other than HEVC still picture data through the System
Target Dgcoders buffers TB,x, MB,,-and EB, shall be constrained by td,(j) — t(i) < 10 seconds for all 1, all k{ all j, and
all bytes ifin HEVC access unit A,(j).

The delay| of any HEVC still pigture data through the system target decoders TB,, MB, and EB; shall be c¢nstrained
by tdi(j) (i) < 60 seconds forall 1. all k, all j, and all bytes i in HEVC access unit A,(j).

Buffer mphnagement conditions

Transport streams, shall be constructed so that the following conditions for buffer management are satisfied:
*  (Each TB, shall not overflow and shall be empty at least once every second;
g Each MB,,, EB,, and DPB shall not overflow;

+  EB; shall not underflow, except when VUI parameters are present for the HEVC video sequence with the
low_delay hrd flag set to '1'. Underflow of EB, occurs for HEVC access unit A,(j) when one or more
bytes of A,(j) are not present in EB; at the decoding time td,(j).

2.18 Carriage of green access units

2.18.1 Carriage of green access units in MPEG-2 sections

Green access units are carried using the MPEG-2 private section syntax with the section _syntax_indicator element set
to '0". See Table 2-138.
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Table 2-138 — Green access unit section syntax

Syntax Bits Mnemonic
Green_access_unit_section_message() {
table ID 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
reserved 2 bslbf
private_section_length 12 uimsbf
'0010’ 4 bslbf
Display_in_PTS [32..30] 3 bslbf
INIdI KT DI I USUT
Display_in_PTS [29..15] 15 bslbf
marker_bit 1 bslbf
Display_in_PTS [14..0] 15 bslbf
marker_bit 1 bslbf
Green_Au()
CRC_32 32 rpchof
}

2.18.2 [Semantics of green access unit section
table_id | This shall be set to 0x09.
section_s]yntax_indicator — This shall be set to '0'".

Display_in_PTS — This is the 33-bit PTS specified similar to thdt ‘defined in the PES header and is useqd with the
associated video access unit.

Green_Au() — Defined in 2.18.3.

2.18.3 |Green access unit

The formpt of the green access unit is defined in Fable 2-139. Green access units contain dynamic metadata and are
carried in|MPEG private section format.

Table 2-139 — Green access unit

Syntax No. bits Mnenjonic
Green| Au {
num_quality_levels 4 uimpbf
reserved 4 bslpf

for (k=0; k<num_constant_backlight voltage time_intervals; k++) {
for'(j=0; j < num_max_variations; j++) {

lower_bound 8 uimpbf
if (lower_bound > 0)

upper_bound 8 uimbe
rgb_component for_infinite_psnr 8 uimsbf
for (i=1; 1 <= num_quality levels; i++){

max_rgb_component 8 uimsbf

scaled_psnr_rgb 8 uimsbf
H

}

As explained in 6.4 of ISO/IEC 23001-11, each combination of constant backlight voltage time interval and
max_variation is associated with contrast-enhancement metadata and a set of quality levels defined in Table 2-139.

The metadata in the Green AU is applicable to the presentation subsystem until the next Green AU containing
metadata arrives.
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Semantics for all the elements in Table 2-139 is defined in 6.4 of ISO/IEC 23001-11.

2.184 Timing relationship between green access unit and media access unit

The green access unit should be decoded and information should be available before the associated media access unit is
decoded. Such a timing relationship guarantees that the metadata within the green access unit is made available to the
display with sufficient lead time relative to the PTS of the associated media access unit. Note that the PTS of the media
access unit and the PTS of the green access unit are identical. The green access unit is transmitted in the transport
stream with a sufficient lead time so that the display control settings can be adjusted in advance of presentation time for
correct operation. If num_constant backlight voltage time intervals > 1, then the lead time should be equal to or larger
than the largest constant backlight voltage time interval. The PMT shall not contain more than one green metadata
component (stream_type equal to 0x2C).

NOTE - Applications that use carouseling of green access unit data carouseling in a given program can do so as long as the
display_in PTS value is adjusted to conform to the PCR clock and T-STD buffer.

2.18.5  [Buffer model for processing green access units

The buffgr model reflects the processing required to handle green access units. The model can beaised td establish
constrainfs which can be used to verify the validity of dynamic green metadata prepared in accordance| with this
standard.

Figure 2-21 illustrates the buffer model for processing green access units.

Green access G -
unit Eb buffer > reen access
2048 bytes unit decoder

Y

——» Tb 512 bytes

H.222.0(17)_F2-21

MPEG-2 fransport stream packets come into the model at the left,-and are filtered by PID. Packets whose PIID matches
the green Jaccess unit PID flow into the 512 byte transport buffer. These buffered packets are removed at a rafe of Rx =
300 kbps [(kilobits/second) and stored in the green access unit Eb buffer (2048 Bytes). Green access unit table sections
are remoyed from the Eb buffer immediately after the full-access unit is available (based on section length)|and these
are passedl onto the green access unit decoder at a rate,Rbx = 300 kbps for decoding and each decoded accgss unit is
associated with the video at time = display_in PTS. The Eb buffer shall not overflow and the green access ufit section
shall be ayailable in the Eb buffer at least 100 ms béfore display in PTS.

NOTEJ- In the worst-case, a green AU would contain 4488 bits. Under such conditions, the Eb buffer is large enough to hold up

to threp green AUs and the rate Rx is high ¢npugh to allow the removal of green AUs that are associated with vifleo frames
at 60 fpps.

2.19 (Carriage of ISO/IEC 23008-3 MPEG-H 3D audio data

2.19.1 [|Introduction

An ITU-T Rec. H.222.0 [NISO/IEC 13818-1 stream may carry ISO/IEC 23008-3 audio elementary streams. Typically, an
ISO/IEC P3008-3 stream-will be an element of an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program, as defijed by the
PMT in a|Transporf Stream and the PSM in a Program Stream.

2.19.2 [Carriage in PES packets

IndividualLISOAEC 23008-3 elementarv streams shall be carried in PES pm‘l(efq as PF‘Q_pm‘](Pf_dam_hvag For PES
packetization no specific data alignment constraints apply. For synchronization PTS is encoded in the header of the PES
packet that carries the ISO/IEC 23008-3 elementary stream data; for PTS encoding the same constraints apply as for
ISO/IEC 13818 elementary streams.

Before PES packetization the elementary stream data shall be first encapsulated in the MHAS transport syntax defined
in clause 14 of ISO/IEC 23008-3. If a PTS is present in the PES packet header, it shall refer to the first
mpeghAudioStreamPacket (MHAS packet) of MHASPacketType PACTYP_MPEGH3DAFRAME that commences in
the payload of the PES packet. This MHAS packet shall occur after the first MHAS packet of MHASPacketTypes
PACTYP_SYNC and PACTYPE MPEGH3DACFG that commences in the payload of the PES packet, if any are
present. Note that additional MHAS packets of other packet types may be present between those MHAS packets
(PACTYP_SYNC, PACTYPE MPEGH3DACFG and PACTYP_MPEGH3DAFRAME), e.g., PACTYP_SYNCGAP,
PACTYP_AUDIOSCENEINFO or PACTYP AUDIOTRUNCATION.
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It is recommended but not mandatory that in this case the first byte of the PES packet data bytes is the first byte of an
mpeghAudioStreamPacket with MHASPacketType set to PACTYP_SYNC. In this case, the data_alignment_indicator
in the PES packet header is set to 'l'. According to 14.4.4 of ISO/IEC 23008-3, the mpeghAudioStreamPacket yields an
overall syncword of 0xCO01AS.

To provide appropriate specific information, it is strongly recommended that each MPEG-H 3D audio stream carries
audio scene information data with sufficient information to ensure that the decoded and rendered MPEG-H 3D audio
stream can be presented correctly by receivers.

Carriage of ISO/IEC 23008-3 elementary streams in PES packets shall be identified by appropriate stream id and
stream_type values, indicating the use of ISO/IEC 23008-3 3D audio. In addition, an MPEG-H_3dAudio_descriptor()
shall be present in the descriptor loop for the respective elementary stream entry in the Program Map Table in case of a
transport stream.

2.19.3 STD extensions for ISO/IEC 23008-3 elementary streams

The T-STD model as defined in 2.4.2.1 includes a transport buffer TB, and a multiplex buffer B, prior to-ddcoding of
each ISOfIEC 23008-3 3D audio elementary stream n. For buffers TB, and B, and the rate Rx, betweenIB, and B, the
following|constraints apply for the carriage of an ISO/IEC 23008-3 3D audio stream:

The size BS, of the buffer B,, is defined as BS, = BS,ux + BSgcc + BS, with:
BS, = 3584 bytes for 1-2 encoded audio channel signals

Here, the size of the access unit decoding buffer BSg.., and the PES packet overhead buffer| BS,, are
constrained by: BSg. + BSy, < 2848 bytes; a portion (736 bytes) of the 3584 byte buffer is allpcated for
buffering to allow multiplexing. The rest, 2848 bytes, are shared for\aecess unit buffering BSy..| BS,, and
additional multiplexing.

BS, = 8976 bytes for 3-8 encoded audio channel signals

BS, = 12804 bytes for 9-12 encoded audio channel signals
BS, = 51216 bytes for 13-48 encoded audio channel signals
BS, = 136576 bytes for 49-128 encoded audio channel signals
Rate Rx,:
Rx, =2 000 000 bit/s for 1-2 encoded audie.channel signals

Rx, =5 529 600 bit/s for 3-8 encoded audio channel signals

Rx, = 8 294 400 bit/s for 9-12 encoded audio channel signals
Rx, =33 177 600 bit/s for 13;48 encoded audio channel signals
Rx, = 88 473 600 bit/s for 49-128 encoded audio channel signals

2.19.4 |STD extensions for multiple ISO/IEC 23008-3 elementary streams

ISO/IEC R3008-3 MPEG:H 3D audio allows encoding an audio program as several elementary streams. (Pne single
audio decpder decodes dll elementary streams to one audio presentation. Each of those elementary streams carries one
or more ehcoded audio channel signals.

For every| single-elementary stream the constraints for the buffer size BS, and the rate Rx, apply as describeq in 2.19.3
above.

As described in 14.6 of ISO/IEC 23008-3, the MHAS packets of each elementary stream are merged into one single
stream before forwarding the data to the decoder. Note that based on user interactivity only a subset of the elementary
streams may be merged into this single stream instead of the complete set of elementary streams.

Figure 2-22 illustrates an example of multiple elementary streams. Those streams are merged into one single
intermediate stream and decoded by a single ISO/IEC 23008-3 3D audio decoder.
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Figure 2-22 — Transport stream system target decoder for multiple audio elementary streams

In additign to the notation used and described in 2.4.2.1 to describe Figure 2-1 the following notation)js used in
Figure 2-22:

Dinx is the audio decoder for all x audio elementary streams n to n+x.

2.19.5 |MPEG-2 Transport stream random access constraints and signalling

A TS packet containing the PES packet header of a 3D audio random access point (RAP)'shall have an adaptdtion field.
The paylgad unit_start indicator bit shall be set to 'l' in the TS packet header and(the adaptation field c¢ntrol bits
shall be s¢t to '11' (as per section 2.4.3.3). In addition, the random_access_indicatorbit in the adaptation field|of the TS
packet thdt contains the PES packet header of the 3D audio RAP shall be set to 't"and follow the constraints specified in
2.4.3.5.

If the PES packet contains a RAP, then the MHAS packet of type PACTYR* MPEGH3DAFRAME containing the RAP
shall be the first MHAS packet of that type that commences in the RES packet. The audio data encapsulafed in this
MHAS p4cket shall follow the rules for a random access point as defined in 5.7 of ISO/IEC 23008-3.

2.20 Carriage of Quality Access Units in MPEG-2sections

2.20.1 |General description

Quality Alccess Units carrying dynamic quality metadata associated with one or more video frames, i.e., a given quality
metric saple can be applicable for multiple video frames for a given DTS interval, until a new quality metric{sample is
declared. [These access units are encapsulatedin/ MPEG sections identified by stream_type value of 0x2F.

Each Quality Access Unit contains configuration and timing information, as well as an array of qualify values,
corresponding one for one to the deClared metrics. Each value is padded by preceding zero bytes, as needed, to the
number of bytes indicated by field $ize bytes.

Quality access_unit shall be ¢atried in MPEG sections.

Every Quplity Access Unit shall be a random access point.

NOTE[- in order todnake processing easier, each Quality Access Unit should be contained in a single TS packet.

The syntax for the\Quality Access Units is provided in Table 2-140. The attribute definitions are aligned with those in
ISO/IEC 2300(1-10.

Table 2-140 — Quality Access Unit

Syntax No. bits Mnemonic
Quality_Access_Unit() {
field_size_bytes 8 uimsbf
metric_count 8 uimsbf
for (1= 0; i <metric_count; i++) {
metric_code 32 uimsbf
sample_count 8 uimsbf
for (j =0;j <sample count; j++) {
'0010' 4 bslbf
media_DTS [32..30] 3 uimsbf
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Syntax No. bits Mnemonic
marker_bit 1 bslbf
media_DTS [29..15] 15 uimsbf
marker_bit 1 bslbf
media_DTS [14..0] 15 uimsbf
marker_bit 1 bslbf
quality metric_sample N uimsbf
}
}
}

field_size bytes — Size of the quality metric_sample field. As such, N=8*field size bytes

metric_cous

metric_c

pde — The code name of the metrics in the Quality Access unit, as defined in 4.2 of ISO/IEC 23001-1{0.

sample_dount — Number of quality metric samples per metric.

media_D

As such,

'S — DTS of the media access unit described by the quality metric sample.

juality metric_sample is an array signalled using the 'i" and 'j' values of the loop:

2.20.2 JBuffer model for processing Quality Access Units

The buff

of ISO/IEC

r model reflects processing required to handle Quality Access Units./The model can be used td establish

constrainfs which can be used to verify the validity of dynamic Quality, inetadata prepared in accordance| with this

Standard.

Figure 2-23 illustrates the buffer model for processing Quality Access‘Units.
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Figure 2-23 — Quality Access Unit decoder processing model
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Annex A

CRC decoder model

(This annex forms an integral part of this Recommendation | International Standard.)

Al CRC decoder model
The 32-bit CRC decoder model is specified in Figure A.1.

Received data and CRC_32 bits

(most significant bit first) >
i z(2) ¥ z(3)

\—P z(0) —T
z(1)

E;Z(4)—>---

231

H.222.0(12)_FA.1

Figure A.1 — 32-bit CRC decoder model

The 32-bit CRC decoder operates at bit level and consists of 14.adders '+' and 32 delay elements z(i). The input of the
CRC decgder is added to the output of z(31), and the result is;provided to the input z(0) and to one of the inpyts of each
remaining adder. The other input of each remaining adder is'the output of z(i), while the output of each remaining adder
is connecfed to the input of z(i + 1), withi=0, 1, 3, 4, 67,9, 10, 11, 15, 21, 22, and 25. Refer to Figure A.1.

This is th¢ CRC calculated with the polynomial:
32 x24I 110 R TS 2 (A-1)

Bytes arefreceived at the input of the CRCG-decoder. Each byte is shifted into the CRC decoder one bit at a tim¢, with the
left most pit (msb) first. For example,.if the input is byte 0x01 the seven '0's enter the CRC decoder first, followed by
the one 'lf. Before the CRC processing of the data of a section the output of each delay element z(i) is set tq its initial
value 'l'. |After this initialization; each byte of the section is provided to the input of the CRC decoder, including the
four CR( 32 bytes. After shifting the last bit of the last CRC 32 byte into the decoder, i.e., into z(0) after thie addition
with the qutput of z(31), the output of all delay elements z(i) is read. In the case where there are no errors, epch of the
outputs of z(i) shall bezero. At the CRC encoder the CRC 32 field is encoded with a value such that this is ensured.
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Annex B

Digital storage medium command and control (DSM-CC)

(This annex does not form an integral part of this Recommendation | International Standard.)

B.1 Introduction

The DSM-CC protocol is a specific application protocol intended to provide the basic control functions and operations
specific to managing a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream on digital storage media. This DSM-CC is a
low-level protocol above network/OS layers and below application layers.

The DSM-CC shall be transparent in the following sense:

. It is independent of the DSM used;

e itis independent of whether the DSM is located at a local or remote site;
* itis independent of the network protocol with which the DSM-CC is interfaced;

* itis independent of the various operating systems on which the DSM is operated.

B.1.1 |Purpose

Many applications of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 DSM Control Commands require acgess to a
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 bitstream stored on a variety of digital storage media at a local or rgmote site.
Different DSM have their own specific control commands and thus, a user would néed/to know different sets ¢f specific
DSM confrol commands in order to access Rec. ITU-T H.222.0 | ISO/IEC 138181 bitstreams from different [PSM. This
brings mgny difficulties to the interface design of a Rec. ITU-T H.222.0 (-ASO/IEC 13818-1 or ISO/IE( 11172-1
application system. To overcome this difficulty, a set of common DSM control commands, which is independent of the
specific [DSM used, is suggested in this annex. This annex is informative only. ISO/IEC 13818-6 defines [ DSM-CC
extension|with a broader scope.

B.1.2  [Future applications

Beyond the immediate applications supported by the current DSM control commands, future applications|based on
extensionp of DSM command control could include the following:

Video on|demand

Video prdgrams are provided as requested by a.customer through various communication channels. The customer could
select a vlideo program from a list of programs.available from a video server. Such applications could be used [by hotels,
cable TV Jeducational institutions, hospitals;etc.

Interactiye video services

In these applications, the user pfovides frequent feedback controlling the manipulation of stored video and auglio. These
services cpan include video-based games, user-controlled video tours, electronic shopping, etc.

Video nefworks

Various applications may wish to exchange stored audio and video data through some type of computer netwprk. Users
could royte AV<information through the video network to their terminals. Electronic publishing and njultimedia
applications.are-examples of this kind of application.

B.1.3 enefits

Specifying the DSM control commands independent of the DSM, end-users can perform Rec. ITU-T H.222.0 |
ISO/TEC 13818-1 decoding without having to fully understand the detailed operation of the specific DSM used.

The DSM control commands are codes to give end users the assurance that the Rec. ITU-T 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.1.4 Basic functions

B.1.4.1 Stream selection

The DSM-CC provides the means to select a Rec. ITU-T 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:

* index of the Rec. ITU-T 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);

*  mode (retrieval/storage).
B.1.4.2 Retrieval

The DSM-CC provides the means to:
* play an identified Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream,;

e play from a given presentation time;

»  set the playback speed (normal or fast);

* set the playback duration (until a specified presentation time, the end of the bitstream i’ forward play or
the beginning in reverse play or the issuance of a stop command);

* set the direction (forward or reverse);

*  pause;

*  resume;

*  change the access point in the bitstream;

*  stop.
B.1.4.3 [Storage
The DSM|-CC provides the means to:

*  cause storage of a valid bitstream for a specified duration;

¥ cause storage to stop.

DSM-CC]lprovides a useful but limited subset of functionality that may be required in DSM based Rec. ITU-T|H.222.0 |
ISO/IEC |13818-1 applications. It is fully expected:‘that significant additional capabilities will be addegl through
subsequeifit extensions.

B.2 General elements

B.2.1 Scope

The scopg of this work consists.ofithe development of a Recommendation | International Standard to specify aluseful set
of commands for control of (digital storage media on which a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bifstream is
stored. Tle commands can perform remote control of a digital storage media in a general way independerjtly of the
specific JSM and apply.torany Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream stored on a DSM.

B.2.2 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 ¢apable of
retrieving a Rec ITU T H 222 0| ISO/IEC 13818 l bltstream and is also (optlonally) capable of geI erating a

acknowledgements are sent is shown in Figure B 1 as an out-of- band channel This can also be accomphshed by
inserting the DSM-CC commands and acknowledgements into the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams if
an out-of-band channel is not available.
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B.2.3

The DSM-CC is encoded into a DSM-CC bitstream according to the syntax and semantics defined in B.3
B.3.9. THe DSM-CC bitstream can be transmitted both as a stand-alone bitstream andrifica Rec. ITU-T

ISO/IEC

When thd

decoding
bitstream
Rec. ITU

could be ¢ontrolled and transmitted by other types of network multiplexors:.

For some
bitstream
DSM-CC
multiplex

The DSM
packetize
then muld
transmiss

ISO/IEC 13818-1:2

DSM-CC

DSM ACK User

DSM
ISO/-IEC 13818 Video bitstream
bitstream System P
decoder | Audio bitstream

ISO/.IEC 13818 Video bitstream
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018 (E)

H 222 0(12) ER 1

Figure B.1 — Configuration of DSM-CC application

[The transmission of DSM-CC commands and acknowledgements

3818-1 Systems bitstream.

This transmission mode can be used in the applications when the-DSM is connected directly
T H.222.0 | ISO/IEC 13818-1 decoder. It can also be used in the applications where the DSM-CC

ISO/IEC 13818 bitstream . p
(no DSM-CC embedded) System Video bitstream
> Audio bitstream

decodér

DSM-CC bitstream DSM-CC Decoded DSM-CC
decoder

H.222.0(12)_FB.2

Figure B.2 — BSM-CC bitstream decoded as a stand-alone bitstream

applications, it is desirable to transmit the DSM-CC in a Rec. ITU-T H.222.0 | ISO/IEC 13818-
so that some featyres_of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 systems bitstream could be app
bitstream as well~In this case, the DSM-CC bitstream is embedded in the systems bitstream by th
DI

-CC bitstream is encoded by the systems encoder in the following process. First, the DSM-CC bi
| into-apacketized elementary stream (PES) according to the syntax described in 2.4.3.6. The PES

R through

H.222.0 |

DSM-CC bitstream is transmitted in stand-alone mode, its relationship to-the Systems bitstreain and the
process is illustrated in Figure B.2. In this case, the DSM-CC bitstream is not embedded in th¢

Systems
with the
bitstream

I systems
lied to the
e systems

tstream is
packet is
ent of the

iplexed into elther a program stream (PS) ora transport stream (TS) accordmg to the requlrem
onvnedia C

diagram of the Systems decoder deplcted in Flgure B 3.

the block

In Figure B.3, the output of the Systems decoder is a video bitstream, audio bitstream and/or DSM-CC bitstream. The
DSM-CC bitstream is identified by the stream_id, value '1111 0010' as defined by the stream_id Table 2-22. Once the

DSM-CC

bitstream is identified, it follows the rules as specified by T-STD or P-STD.
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ISO/IEC 13818 bitstream Video bitstream
(DSM-CC is embedded) ‘

) System Audio bitstream

decoder

DSM-CC Decoded
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\4

v

H.222.0(12)_FB.3

Figure B.3 — DSM-CC bitstream decoded as part of the system bitstream

B.3 Technical elements

B.3.1 Definitions

For the pyrposes of this Recommendation | International Standard, the following definitions apply:

B.3.1.1 SM-CC: Digital Storage Media Command and Control Commands that are, spegified by
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 for the control of digital storage media at a local or remote site coptaining a
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 bitstream.

B.3.1.2 |DSM ACK: The acknowledgement from the DSM-CC command receiver to the command initiator.

B.3.1.3 [MPEG bitstream: An ISO/IEC 11172-1 Systems stream, Rec. ITU-T H,222:0 | ISO/IEC 13818-] program
stream or[Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport stream.

B.3.1.4 [DSM-CC server: A system, either local or remote, used to storg~and/or retrieve a Rec. ITU-T|H.222.0 |
ISO/IEC | 3818-1 bitstream.

B.3.1.5 [point of random access: A point in a Rec. ITU-T H.222.0 | ISOAEC 13818-1 bitstream with the prgperty that
for at leagt one elementary stream within the bitstream, the next ac€ess' unit, 'N', completely contained in the| bitstream
can be defoded without reference to previous access units, and_for every elementary stream in the bitstream [all access
units with the same or later presentation times are completelyi:contained subsequently in the bitstream apd can be
completelly decoded by a system target decoder without access to information prior to the point of random ag¢cess. The
bitstream|as stored on the DSM may have certain peints’ of random access; the output of the DSM mdy include
additional points of random access manufactured by thevDSM's own manipulation of the stored material (e.g., storing
quantization matrices so that a sequence header can-be generated whenever necessary). A point of random accfss has an
associated PTS, namely the actual or implied PTS\0f access unit 'N'.

B.3.1.6 |current operational PTS value: The actual or implied PTS associated with the last point of randpm access
preceding the last access unit provideds from the DSM from the currently selected Rec. ITU-T H.222.0 |
ISO/IEC |3818-1 bitstream. If no ag¢Cess unit has been provided from this Rec. ITU-T H.222.0 | ISO/IE¢ 13818-1
bitstream, the DSM is incapable of providing random access into the current bitstream, then the current operational
PTS valug is the first point of random access in the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream.

B.3.1.7 |DSM-CC bitstream:"A sequence of bits satisfying the syntax of B.3.2.

B.3.2 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.

*  The actual control command or acknowledgement shall follow the last byte of the packet length field.

*  An acknowledgement stream shall be provided by the DSM control bitstream receiver after the requested
operation is started or is completed, depending on the command received.

« At all times the DSM is responsible for providing a normative Rec. ITU-T H.222.0 | ISO/IEC 13818-1
stream. This may include manipulating the trick mode bits defined in 2.4.3.6.
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Table B.1 - DSM-CC syntax

B.3.3
packet_st

Syntax No. of bits | Mnemonic
DSM_CC() {
packet_start code_prefix 24 bslbf
stream_id 8 uimsbf
packet_length 16 uimsbf
command_id 8 uimsbf
If (command_id =="01") {
control()
} else if (command _id =="02") {
ack()
§
i

Semantics of fields in specification of DSM-CC syntax

art_code_prefix — This is a 24-bit code. Together with the stream_id that follows it Constitutes a

packet stg
string '00

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

stream_i¢l — This 8-bit field specifies the bitstream type and shall have a value '1114,0010' for the DSM-CC
Refer to Table 2-22.

DSM-CC

rt code that identifies the beginning of a DSM-CC packet bitstream. The packet. 'start code prefiy is the bit

bitstream.

packet_lgngth — This 16-bit field specifies the number of bytes in the DSM4E€¢ packet immediately following the last
byte of thjs field.

comman
stream. T

B.3.4

_id — This 8-bit unsigned integer identifies the bitstreami\ds a control command or an acknow
he values are defined in Table B.2.

Table B.2 — Command\id assigned values

Value Command_id
0x00 Forbidden
0x01 Control
0x02 Ack
0x03 .. OxFF Reserved

Control layer

Constraints on setting flags in DSM-CC control

command:If none of these bits are set, then this command shall be ignored.

retrieval command. If none of these bits are set, then this command shall be ignored.

edgement

* At most_one of the flags for select, playback and storage shall be set to 'l' for each DSM control

*  Atunost one of pause_mode, resume mode, stop_mode, play flag, and jump flag shall be set for each

e At most one of record flag and stop_mode shall be selected for each storage command. If norje of these

bitsare set, then this command shall be ignored.
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See Table B.3.
Table B.3 - DSM-CC control
Syntax No. of bits | Mnemonic
control() {
select_flag 1 bslbf
retrieval_flag 1 bslbf
storage_flag 1 bslbf
reserved 12 bslbf
marker_bit 1 bslbf
If (select_flag=="1") {
bitstream_id [31..17] 15 bslbf
marker_bit 1 bslbf
bitstream_id [16..2] 15 bslbf
marker_bit 1 bslbf
bitstream_id [1..0] 2 bslbf
select_mode 5 bslbf
marker_bit 1 bslbf
5
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()
H
if (play; flag =="1"){
speed_mode 1 bslbf
direction_indicator 1 bslbf
reserved 6 bslbf
time_code()
}
5
if (storage flag =='"1") {
reserved 6 bslbf
record_flag 1 bslbf
stop_mode 1 bslbf
if (record_flag =='1") {
time_code()
}
5
}
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B.3.5 Semantics of fields in control layer
marker_bit — This is a 1-bit marker that is always set to '1' to avoid start code emulation.

reserved_bits — This 12-bit field is reserved for future use by this Recommendation | International Standard for
DSM control commands. Until otherwise specified by ITU-T | ISO/IEC it shall have the value '0000 0000 0000'.

select_flag — This 1-bit flag when set to 'l' specifies a bitstream selection operation. When it is set to '0' no bitstream
selection operation shall occur.

retrieval flag — This 1-bit flag when set to 'l' specifies that a specific retrieval (playback) action will occur. The
operation starts from the current operational PTS value.

storage flag — This 1-bit flag when set to '1' specifies that a storage operation is to be executed.
bitstream_ID — This 32-bit field is coded in three parts. The parts are combined to form an unsigned integer specifying

- 222004381 ed o-Be a—H=5 e BHHty to map
the nameq of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams stored on its DSM uniquely to a series’of numbers

which coyld be represented by the bitstream_ID.

select_mgde — This 5-bit unsigned integer specifies which mode of bitstream operation is requestedsTable B.4 specifies
the defingd modes.

Table B.4 — Select mode assigned values

Code Mode
0x00 Forbidden
0x01 Storage
0x02 Retrieval
0x03 .. Ox1F Reserved

jump_flag — This 1-bit flag when set to 'l' specifies a jump ja.the playback pointer to a new access unit| The new
PTS is spcified by a relative time _code with respect to the ‘€irrent operational PTS value. This function is pnly valid
when the purrent Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream is in the "stop" mode.

play_flag — This 1-bit flag when set to '1' specifies te\play a bitstream for a certain time period. The speed,|direction,
and play quration are additional parameters in the bit’stream. The play starts from the current operational PTS value.

pause_mgpde — This is a one-bit code specifying to pause the playback action and keep the playback pointer at the
current ofjerational PTS value.

resume_tmnode — This is a one-bit @ode specifying to continue the playback action from the current operational
PTS valu¢. Resume only has meaning if the current bitstream is in the "pause" state, and the bitstream will bq set to the
forward pflay state at normal speed.

stop_mode — This is a one-bit code specifying to stop a bitstream transmission.

direction| indicator - This is a one-bit code to indicate the playback direction. If this bit is set to 'l', it stands for a
forward pflay. Othepwise it stands for a backward play.

speed_mede —This is a 1-bit code to specify the speed scale. If this bit is set to '1', it specifies that the speed|is normal
play. If thiis bit'is'set to '0', it specifies that the speed is fast play (i.e., fast forward or fast reverse).

record_flag — This 1s one-bit flag to specily the request of recording the bitstream irom an end user to a DSM for a
specified duration or until the reception of a stop command, whichever comes first.
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B.3.6 Acknowledgement layer

Constraints on setting flags in DSM-CC control
Only one of the acks bits specified below can be set to '1' for each DSM ack bitstream (see Table B.5).

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 bslbt
reserved 10 bslbf
marker_bit 1 bslbf
cmd_status 1 bslbf
If (cmd_status =="1' &&
(retrieval_ack =='1' || storage_ack =="1")) {
time_code()
}
}

B.3.7 Semantics of fields in acknowledgement layer
select_ack — This 1-bit field when it is set to 'l' indicates that the ack() comimand is to acknowledge a select cgmmand.

retrieval [ack — This 1-bit field when set to 'l' indicates that-the’ack() command is to acknowledge 4 retrieval
command]

storage gck — This 1-bit field when set to 'l" indicates that the.ack() command is to acknowledge a storage cojmmand.

error_ack — This 1-bit field when set to '1' indicates a*DSM error. The defined errors are EOF (end of file on forward
play or start of file on reverse play) on a stream being-retrieved and Disk Full on a stream being stored. If thif bit is set
to'l', cmd_status is undefined. The current bitstreanis still selected.

cmd_status — This 1-bit flag set to '1' indicates that the command is accepted. When set to '0' it indicates the command
is rejected. The semantics vary according tol-the command received as follows:

* If select ack is set cand* cmd status is set to 'l', it specifies that the Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 bitstream is selected and the server is ready to provide the selected mode of pperation.
The current operational PTS value is set to the first point of random access of the newly selected
Rec. ITU-T H.222:0 | ISO/IEC 13818-1 bitstream. If cmd_status is set to '0', the operation has [failed and
no bitstream\is selected.

* Ifretripval®ack is set and cmd_status is set to 'l', it specifies that the retrieval operation is initigted for all
retrievdl commands. The position of the current operational PTS pointer is reported by the spcceeding
time, code.

» /,Eor the play flag command with infinite time flag !="1', a second acknowledgement will be [sent. This
will acknowledge that the play operation has ended by reaching the duration defined by the|play flag
command.

+ Ifthe cmd_status is set to '0' in a retrieval acknowledgement, the operation has failed. Possible reasons
for this failure include an invalid bitstream ID, jumping beyond the end of a file, or a function not
supported such as reverse play in standard speed.

«  If storage ack is set, it specifies that the storage operation is being started for the record flag command
or is completed by the stop mode command. The PTS of the last complete access unit stored is reported
by the succeeding time code.

+ If the recording operation is ended by reaching the duration defined by the storage flag command,
another acknowledgement shall be sent and the current operational PTS value after the recording shall be
reported.

+ Ifthe 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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Constraints on time code

ISO/IEC 13818-1:2018 (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 2** exceeds the duration.

* A backward operation of specified duration given by a time_ code terminates after the actual or implied
PTS of an access unit is observed such that current operational PTS value at the start of the operation

minus that PTS modulo 2* exceeds the duration.

*  For all the commands in the control() layer, the time code is specified as a relative duration with respect

to the current operational PTS value.

*  For all the commands in the ack() layer, the time code is specified by the current operational PTS value.

See Tabld B'6.

Table B.6 — Time code

}

Syntax No. of bits | Mnemgonic
time_code() {
reserved 7 bslbf
infinite_time_flag 1 bslbf
if (infinite_time flag=="0") {
reserved bslbf
PTS [32..30] bslbf
marker bslbf
PTS [29..15] 15 bslbf
marker_bit 1 bslbf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf

B.3.9 Semantics of fields in time code

infinite_tfme_flag — This 1-bit flag when-set to '1' indicates an infinite time period. This flag is set to '1"' in ap

where a tjme period for a specific operation could not be defined in advance.

PTS [32.J0] — The presentation timestamp of the access unit of the bitstream. Depending upon the function, t

an absolufe value or a relativetinie delay in cycles of the 90-kHz system clock.

plications

his can be
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Annex C

Program-specific information

(This annex does not form an integral part of this Recommendation | International Standard.)

C.1 Explanation of program-specific information in transport streams

Clause 2.4.4 contains the normative syntax, semantics and text concerning program-specific information. In all cases,
compliance with the constraints of 2.4.4 is required. This annex provides explanatory information on how to use the PSI
functions, and considers examples of how it may be used in practice.

C.2 ﬂlli.l Ut‘lu\,iiUll

This Recpmmendation | International Standard provides a method for describing the contents of granspgrt stream
packets for the purpose of the demultiplexing and presentation of programs. The coding specification-accommodates
this functjon through the program-specific information (PSI). This annex discusses the use of PSI.

The PSI ay be thought of as belonging to six tables:

1) Program association table (PAT);

2) TS program map table (PMT);

3) Network information table (NIT);

4)  Conditional access table (CAT).

5)  Transport stream description table (TSDT); and
6) IPMP control information table.

The contdnts of the PAT, PMT, CAT and TSDT are specified in this‘Recommendation | International Standard. ICIT is
defined ir] ISO/IEC 13818-11 (MPEG-2 IPMP).

The NIT {s a private table, and the PID value of the transpott stream packets which carry it is specified in the FAT. Both
the NIT ahd ICIT must follow the structure defined in thi§ Recommendation | International Standard.

C3 [Functional mechanism

The tablef listed above are conceptual in that-they need never be regenerated in a specified form within 4 decoder.
While thgse structures may be thought, of'as simple tables, they may be partitioned before they are sent in| transport
stream pdckets. The syntax supports-this operation by allowing the tables to be partitioned into section}s and by
providing| a normative mapping method into transport stream packet payloads. A method is also provideg to carry
private dqta in a similar format. This is advantageous as the same basic processing in the decoder can then bg used for
both the PSI data and the private data helping to keep cost down. For advice on the optimum placing of PSI in the
transport tream, see Annex D.

Each sect]on is uniquely identified by the combination of the following elements:
i) table_id
The 8-bit table id identifies to which table the section belongs.

»  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.

*  Sections with table id 0x03 belong to the TS description_section.

»  Sections with table id 0x04 belong to the ISO_IEC 14496 scene description_section.
*  Sections with table id 0x05 belong to the ISO_TEC 14496 object descriptor_section.
*  Sections with table id 0x06 belong to the metadata section.

*  Sections with table id 0x07 belong to the IPMP_Control Information_section.

Other values of the table id can be allocated by the user for private purposes.

It is possible to set up filters looking at the table id field to identify whether a new section belongs to a
table of interest or not.
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ii) table_id_extension

This 16-bit field exists in the long version of a section. In the Program Association Table it is used to
identify the transport stream id of the stream — effectively a user-defined label which allows one
transport stream to be distinguished from another within a network or across networks. In the conditional
access table this field currently has no meaning and is therefore marked as "reserved" meaning that it
shall be coded as OxFFFF, but that a meaning may be defined by ITU-T | ISO/IEC in a subsequent
revision of this Recommendation | International Standard. In a TS Program Map section the field
contains the program number, and thereby identifies the program to which the data in the section refers.
The table id extension can also be used as a filter point in certain cases.

iii) section_number

The section_number field allows the sections of a particular table to be reassembled in their original
order by the decoder. There is no obligation within this Recommendation | International Standard that
sections must be transmitted in numerical order, but this is recommended, unless it is desired to transmit
some sections of the table more frequently than others, e.g., due to random access considerations.

iv) version_number

When the characteristics of the transport stream described in the PSI change (e.g., extra programs added,
different composition of elementary streams for a given program), then new PSI data has to b sent with
the updated information as the most recently transmitted version of the sections marked as "curfent" must
always be valid. Decoders need to be able to identify whether the mostuccently received [section is
identical with the section they have already processed/stored (in which case the sectiopn can be
discarded), or whether it is different, and may therefore signify a configuration change. This i§ achieved
by sending a section with the same table id, table id extension,.and’section number as thg previous
section containing the relevant data, but with the next value version) number.

v) current_next_indicator

It is important to know at what point in the bitstream,the PSI is valid. Each section can th¢refore be
numbered as valid "now" (current), or as valid jn the immediate future (next). This allows the
transmission of a future configuration in advance<f ‘the change, giving the decoder the oppdartunity to
prepare for the change. There is however no ebligation to transmit the next version of a pection in
advance, but if it is transmitted, then it shall béthe next correct version of that section.

C4 The mapping of sections into transport stream packets

Sections gre mapped directly into transport stream“packets, that is to say, without a prior mapping into PES packets.
Sections dlo not have to start at the beginning ef transport stream packets, (although they may), because the start of the
first section in the payload of a transport stream packet is pointed to by the pointer field. The presence of the
pointer field is signalled by the payload unit start indicator being set to a value of 'l' in PSI pagkets. (In
non-PSI gackets, the indicator signalg that a PES packet starts in the transport stream packet.) The pointer field points
to the staft of the first section in the transport stream packet. There is never more than one pointer field in g transport
stream pafcket, as the start of any.Other section can be identified by counting the length of the first and any spbsequent
sections, §ince no gaps between sections within a transport stream packet are allowed by the syntax.

It is impoftant to note thatwithin transport stream packets of any single PID value, one section must be finished before
the next dne is allow€d-fo be started, or else it is not possible to identify to which section header the data belongs. If a
section fipishes before the end of a transport stream packet, but it is not convenient to open another section, [a stuffing
mechanisfn is proyided to fill up the space. Stuffing is performed by filling each remaining byte of the packgt with the
value OxHF ..Consequently the table id value OxFF is forbidden, or else this would be confused with stuffinig. Once a
OxFF bytg has occurred at the end of a section, then the rest of the transport stream packet must be styffed with
OxFF bytes, allowing a decoder to discard the rest of the transport stream packet. Stuffing can also be performed using
the normal adaptation_field mechanism.

CS Repetition rates and random access

In systems where random access is a consideration, it is recommended to re-transmit PSI sections several times, even
when changes do not occur in the configuration, as in the general case, a decoder needs the PSI data to identify the
contents of the transport stream, to be able to start decoding. This Recommendation | International Standard does not
place any requirements on the repetition or occurrence rate of PSI sections. Clearly though, repeating sections
frequently helps random access applications, whilst causing an increase in the amount of bitrate used by PSI data. If
program mappings are static or quasi-static, they may be stored in the decoder to allow faster access to the data than
having to wait for it to be re-transmitted. The trade-off between the amount of storage required and the desired impact
on channel acquisition time may be made by the decoder manufacturer.
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C.6 What is a program?

The concept of a program has a precise definition within this Recommendation | International Standard [refer to 2.1.105
program (system)]. For a transport stream the time base is defined by the PCR. This effectively creates a virtual channel
within the transport stream.

Note that this is not the same definition as is commonly used in broadcasting, where a "program" is a collection of
elementary streams not only with a common timebase, but also with a common start and end time. A series of
"broadcaster programs" (referred to in this annex as events) can be transmitted sequentially in a transport stream using
the same program_number to create a "broadcasting conventional" TV-channel (sometimes called a service).

Event descriptions could be transmitted in private sections().

A program is denoted by a program number which has significance only within a transport stream. The
program_number is a 16-bit un51gned mteger and thus permits 65535 umque programs to exist within a transport stream
(program Qax . > able to the
decoder (¢.g., in a cable network) in order to successfully demultiplex a program the decoder must be notlﬁ bd of both
the transport_stream_id (to find the right multiplex) and the program number of the service (to find the, right program
within thq multiplex).

The transport stream mapping may be accomplished via the optional network information table)Note that thg network
informatipn table may be stored in decoder non-volatile memory to reduce channel acquisition time. In this case, it
needs to Qe transmitted only often enough to support timely decoder initialization set-up opeérations. The cont¢nts of the
NIT are pfivate, but shall take at least the minimum section structure.

C.7 Allocation of program_number

It may nof be convenient in all cases to group together all the program elemetits’which share a common clock| reference
as one prggram. It is conceivable to have a multi-service transport streamwith only one set of PCRs, common to all. In
general, though, a broadcaster may prefer to logically split up the transport stream into several programs, where the
PCR_PID (location of the clock reference) is always the same. This ‘method of splitting the program elerhents into
pseudo-independent programs can have several uses. Two examples follow:

i) multilingual transmissions into separate markets

One video stream may be accompanied by,séveral audio streams in different languages. It is advisable to
include an example of the ISO_639 language descriptor associated with each audio stream to gnable the
selection of the correct program and-audio. It is reasonable to have several program definifions with
different program numbers, wherg\all the programs reference the same video stream and PCR| PID, but
have different audio PIDs. It is,chowever, also reasonable and possible to list the video stream gnd all the
audio streams as one program, where this does not exceed the section size limit of 1024 bytes.

ii) Very large program definitions

There is a maximum limit on the length of a section of 1024 bytes (including section hfader and
CRC 32). This means that no single program definition may exceed this length. For the great majority of
cases, even with each program element having several descriptors, this size is adequate. However, one
may envisage. cases in very high bitrate systems, which could exceed this limit. It is then |n general
possible tesidentify methods of splitting the references of the streams, so that they do not all have to be
listed-together. Some program elements could be referenced under more than one program, jand some
under-only one or the other, but not both.

C.8 [Usage of PSI in a typical system

A communications system, especially in broadcast applications, may consist of many individual transport streams. Each
one of the four PSI data structures may appear in each and every transport stream in a system. There must always be a
complete version of the program association table listing all programs within the transport stream and a complete TS
program map table, containing complete program definitions for all programs within the transport stream. If any
streams are scrambled, then there must also be a conditional access table present listing the relevant 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.

C9 The relationships of PSI structures

Figure C.1 shows an example of the relationship between the four PSI structures and the transport stream. Other
examples|are possible, but the figure shows the primary connections.

In the following subclauses, each PSI table is described.

Program association Network
table (PID 0) information table
Program 0 4{ Network PID }7
Program map PID Program 1 Private
Program 2 network
Program 45 data
Program 20

L1

Program X
Program 'Y Decoder
oo £ NVM .
i H.222.0(12)_FC.1
Program 1 Audio
Elementary streamPID
Program 45
Video
Program 20 Elementary stream PID
ProgramY

Program map table

EMMOSYS 2 Program 1 Program 20 EMM Svs 1 MPEG-2
Y Audio Video Y ensport

CASysem! —| capp |
/' capD | CASysem?

CA System N

Conditional
access table (PID 1)

Figure C.1 — Program and network mapping relationships
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C.9.1 Program Association Table

Every transport stream must contain a complete valid Program Association Table. The Program Association Table gives
the correspondence between a program_number and the PID of the transport stream packets that carry the definition of
that program (the PMT_PID). The PAT may be partitioned into up to 255 sections before it is mapped into transport
stream packets. Each section carries a part of the overall PAT. This partitioning may be desirable to minimize data loss
in error conditions. That is, packet loss or bit errors may be localized to smaller sections of the PAT, thus allowing other
sections to still be received and correctly decoded. If all PAT information is put into one section, an error causing a
changed bit in the table id, for example, would cause the loss of the entire PAT. However, this is still permitted as long
as the section does not extend beyond the 1024-byte maximum length limit.

Program 0 (zero) is reserved and is used to specify the Network PID. This is a pointer to the transport stream packets
which carry the network information table.

The program association table is always transmitted without encryption.

C9.2 IProgram map table

The progfam map table (MPT) provides the mapping between a program number and the program-’elements that
comprise [it. This table is present in transport stream packets having one or more privately-selected PID valyes. These
transport ptream packets may contain other private structures as defined by the table id field. I€)is possible t¢p have TS
PMT sectjons referring to different programs carried in transport stream packets having a common PID value.

This Rec¢mmendation | International Standard requires a minimum of program identification: program nunpber, PCR
PID, stregm types and program elements PIDs. Additional information for either programs or elementary strpams may
be conveyed by use of the descriptor() construct. Refer to C.9.6.

Private d4ta may also be sent in transport stream packets denoted as carrying TS program map table sectios. This is
accomplighed by the use of the private section(). In a private_section() the.application decides whether versioh _number
and curreht 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 Tabl® ar¢ transmitted unencrypted.
NOTE]|2 — It is possible to transmit information on events in privatedescriptors carried within the TS program_map_spction()s.

C.9.3 (Conditional access table

The condjtional access table (CAT) gives the association between one or more conditional access (CA) systems, their
EMM str¢ams and any special parameters associatedwith them.

NOTE[- The (private) contents of the transport stream packets containing EMM and CA parameters if present will, in general, be
encrypfed (scrambled).

C94 [Network information table

The contpnts of the network information table (NIT) are private and not specified by this Recommg¢ndation |
Internatiopal Standard. In generaly'it will contain mappings of user-selected services with transport_stream_idg, channel
frequencigs, satellite transponder humbers, modulation characteristics, etc.

C.9.5 [Private_section()

Private_s¢ctions() camn occur in two basic forms, the short version (where only the fields up to and [including
section_lgngth arexinicluded) or the long version (where all the fields up to and including last section nyimber are
present, ahd aften the private data bytes the CRC_32 field is present).

Private_st¢ction()s can aoccur in PIDs which are labelled as PMT PIDs or in transport stream packets with bther 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.9.6  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()), is used to indicate the location (PID value of transport packets) of ECM data
associated with program elements when it is found in a TS PMT section. When found in a CA section it refers to
EMMs.
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In order to extend the number of private descriptors available, the following mechanism could be used: A private
descriptor_tag could be privately defined to be constructed as a composite descriptor. This entails privately defining a
further sub_descriptor as the first field of the private data bytes of the private descriptor. The described structure is as
indicated in Tables C.1 and C.2.

Table C.1 — Composite_descriptor

Syntax No. of bits | Mnemonic
Composite_descriptor(){
descriptor_tag(privately defined) 8 uimsbf
descriptor_length 8 uimsbf

for (1= 0; 1 <N;it++){
Sub_descriptor()

Table C.2 — Sub-descriptor

Syntax No. of bits | “Mnemonic

sub_descriptor() {

sub_descriptor_tag 8 uimsbf

sub_descriptor_length 8 uimsbf

for (i=0; i <Nj;it++) {

private_data_byte 8 uimsbf

}

}

C.10 |Bandwidth utilization and signal acquisition time

Any implpmentation of a Rec. ITU-T H.222.0 | ISOAEC 13818-1 bitstream must make reasonable bandwidtl demands
for PSI infformation and, in applications where randém access is a consideration, should promote fast signal a¢quisition.
This subc]ause analyses this issue and gives some broadcast application examples.

The packgt-based nature of the transport stteam allows for the interspersing of PSI information with fine granularity in
the multiglexed data. This provides signifieant flexibility in the construction and transmission of PSI.

Signal adquisition time in a real ,decoder is dependent on many factors, including: FDM tuning slew time,
demultiplpxing time, sequence headers, I-frame occurrence rate and scrambling key retrieval and processing.

This subcjause examines béthy the bitrate and signal acquisition time impacts of the PSI syntax in 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 chgnge. This
assumptidn is also made-of the private EMM streams. This is because these streams do not contain the quickly-varying
ECM conpponents,tised for program element scrambling (encryption).

Also, in the discussion below, the time to acquire and process ECMs has been neglected.
Tables C.Band C.4 provide bandwidth usag uesfor arang onditions. One 3 of t
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.

4 nrovide bandwidth age valye 0 nge o nSHOI cam condition One .' 1etableis
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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
Frequency of PA table 10 15040 15040 15040 15040 45120
Information 25 37600 37600 37600 37600 112800
(sﬁl) 50 75200 75200 75200 75200 225600
100 150400 150400 150400 150400 451200

{\IOTElf Since 46 program_association_sections fit into one transport packet, the numbers in the table do not change until the

ast column.

Fable-Eod—p btebamdwidt iths)

Number of programs per transport stream

1 5 10 32 128
1 1504 1504 3008 7520 8576
Frequencly of PM table 10 15040 15040 30080 75200 285760
Information 25 37600 37600 75200 %\QSSOOO 7114400
™ 50 75200 75200 150400, 376000 14128800
100 150400 150400 300800 601600 2857600

This freqyency will be a key determinant of the component of signal acquisitipn‘time due to PSI structures.

Both bandwidth usage tables assume that only the minimum program mapping information is provided. This theans that
the PID vhlues and stream types are provided with no additional descriptors. All programs in the example are fomposed
of two el¢mentary streams. Program associations are 2 bytes long¢While the minimal program map is 26 bytes long.
There is gdditional overhead associated with version numbers, sectiont lengths, etc. This will be on the order df 1-3% of
the total BSI bitrate usage in sections of moderate to maximum Jength (a few hundred bytes to 1024 bytes) and will thus
be ignoregl here.

The abov§ assumptions allow forty-six (46) program associations to map into one Program Association Tablg transport
stream pgcket (if no adaptation field is present). Similarly, seven (7) TS program map sections fit int¢ a single
transport [stream packet. It may be noted that te'dacilitate easy "drop/add" it is possible to transmit onlly one (1)
TS progrhm map_section per PMT PID. This.may cause an undesirable increase in PSI bitrate usage, however.

Using a ffequency of 25 Hz for the two RSI Tables, yields a worst-case contribution to the signal acquisitign time of
approximftely 80 ms. This would onlyeecur when the required PAT data was "just missed" and then, onc¢ the PAT
was acquired and decoded, the required PMT data was also "just missed". This doubling of the worst case acquisition
time is orje disadvantage of the extra-level of indirection introduced by the PAT structure. This effect could He reduced
by coordipated transmission of-teélated PAT and PMT packets. Presumably, the advantage that this approach|offers for
"drop/add" re-multiplexing Operations is compensatory.

With the P5-Hz PSI frequency, the following examples may be constructed (all examples leave ample allofvance for
various dgtalink, FECy{CA and routing overheads):

6-MHz JATV-channel

o 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 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 27.1 Mbit/s
*  PSI Overhead: 0.28%

OC-3 fibre 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 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 128.2 Mbit/s
*  PSI Overhead: 0.18%
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C-band satellite transponder
* 128 256-kbit/s audio programs:  33.5 Mbit/s (includes transport overhead)
«  total PSI bandwidth: 826.4 kbit/s
+  CA bandwidth: 500 kbit/s
total Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 34.7 Mbit/s
*  PSI overhead: 2.4% (actually would be lower if only one PID used per program)
As expected, the percent overhead increases for lower-rate services since many more services are possible per transport

stream. However, the overhead is not excessive in all cases. Higher transmission rates (than 25 Hz) for the PSI data may
be used to decrease the impact on channel acquisition time with only modest bitrate demand increases.
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Annex D

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.1 Introduction

The Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Systems specification includes a specific timing model for the sampling,
encoding, encoder buffering, transmission, reception, decoder buffering, decoding, and presentation of digital audio and
video in combination. This model is embodied directly in the specification of the syntax and semantic requirements of
compliant Rec. ITU-T H.222.0 | ISO/IEC 13818-1 data streams. Given that a decoding system receives a compliant bit
stream that-is delivered correctly in accordance with the Hming model it is etraightf‘nr\xmrd to imp]pmpnt the decoder
such thatlfit produces as output high quality audio and video which are properly synchronized. There is np,hormative
requiremdnt, however, that decoders be implemented in such a way as to provide such high quality presentatipn output.
In applicdtions where the data are not delivered to the decoder with correct timing, it may be possibleto prioduce the
desired pfesentation output; however, such capabilities are not in general guaranteed. This informativé annex|describes
the Rec. |ITU-T H.222.0 | ISO/IEC 13818-1 Systems timing model in detail, and gives“Some suggeptions for
implemertting decoder systems to suit some typical applications.

D.1.1 [Timing model

Rec. ITUIT H.222.0 | ISO/IEC 13818-1 Systems embodies a timing model in which all digitized pictures pnd audio
samples that enter the encoder are presented exactly once each, after a constant end to end delay, at the output of the
decoder. As such, the sample rates, i.e., the video frame rate and the audio sample rate, are precisely the sgme at the
decoder ap they are at the encoder. This timing model is diagrammed in Figure D.1:

. . Yid t
M%Eneoder}—{ Buffer }7 4{ Buffer HDecoder PMV
System System
coder Storage decoder
and or transmission and
L. multiplex multiplex .

Aud; t
~Audio i lrﬁEncoder}—{ Buffer }— —{ Buffer HDecoder P;»u 1004
Variable delay Constant delay Variable delay
Constant delay H.242.0(12)_FD.1

Figure D.1 — Constant delay model

As indicafed in Figure D.1the delay from the input to the encoder to the output or presentation from the ecoder is
constant in this model!%-While the delay through each of the encoder and decoder buffers is variable. Not gnly is the
delay thrqugh each-efithese buffers variable within the path of one elementary stream, the individual buffer| delays in
the video Jand 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
constraingd.‘enly by the System Target Decoder (STD) model such that the decoder buffers must behave| properly;
therefore 'coded—audio—and—video—thatrepresent soumnd—andpictures—that—arcto—bepresented—simuitancousty may be
separated in time within the coded bit stream by as much as one second, which is the maximum decoder buffer delay
that is allowed in the STD model.

The audio and video sample rates at the encoder are significantly different from one another, and may or may not have
an exact and fixed relationship to one another, depending on whether the combined stream is a program stream or a
transport stream, and on whether the System audio locked and System video locked flags are set in the program
stream. The duration of a block of audio samples (an audio presentation unit) is generally not the same as the duration
of a video picture.

D' Constant delay as indicated for the entire system is required for correct synchronization, 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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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 system clock in the encoder, the timestamps that are created from it, and the recreation of the clock in the
decoder and the correct use of the timestamps that provide the facility to synchronize properly the operation of the
decoder.

Encoder implementations may not follow this model exactly; however, the data stream which results from the actual
encoder, storage system, network, and one or more multiplexor must follow the model precisely. (Delivery of the data
may deviate somewhat, depending on the application). Therefore in this annex, the term "encoder system clock" is used
to mean either the actual common system clock as described in this model or the equivalent function, however it may be
implemented-

Since thel end-to-end delay through the entire system is constant, the audio and video presentations are| precisely
synchronized. The construction of System bit streams is constrained such that when they are decoded by-a decoder that
follows this model with the appropriately sized decoder buffers, those buffers are guaranteed néver to ovgrflow nor
underflow, with specific exceptions allowing intentional underflow.

In order for the decoder system to incur the precise amount of delay that causes the entit¢ end-to-end d¢lay to be
constant, |t is necessary for the decoder to have a system clock whose frequency of operationand absolute instantaneous
value mafch those of the encoder. The information necessary to convey the encoderls system clock is encogled in the
SCR or PLR; this function is explained below.

Decoders|which are implemented in accordance with this timing model such that-they present audio samples fand video
pictures gxactly once (with specific intentionally coded exceptions), at aconstant rate, and such that decoder buffers
behave ag in the model, are referred to in this annex as precisely timed de€coders, or those that produce precigely timed
output. fecoder implementations are not required by this Interndtional Standard to present audio and| video in
accordande with this model; it is possible to construct decoders that\do not have constant delay, or equivalently do not
present egch picture or audio sample exactly once. In such implementations, however, the synchronization between
presented|audio and video may not be precise, and the behayiour of the decoder buffers may not follow the|reference
decoder npodel. It is important to avoid overflow at the decoder buffers, as overflow causes a loss of data that|may have
significanlt effects on the resulting decoding process. Thi§ annex covers primarily the operation of such precigely timed
decoders ind some of the options that are available indmplementing these decoders.

D.1.2  |Audio and video presentation synchrenization

Within the coding of this Recommendation™| International Standard Systems data are timestamps concgrning the
presentatipn and decoding of video pictures and blocks of audio samples. The pictures and blocks are called
"Presentafion Units", abbreviated PU( The sets of coded bits which represent the PUs and which are included pvithin the
Rec. ITUT H.222.0 | ISO/IEC 13818-1 bit stream are called "Access Units", abbreviated AU. An audio accpss unit is
abbreviat¢d AAU, and a video_ aecess unit is abbreviated VAU. In ISO/IEC 13818-3 audio the term "audio ffame" has
the same meaning as AAU or\APU (audio presentation unit) depending on the context. A video presentation unit (VPU)
is a pictute, and a VAU is a‘eoded picture.

Some, buf not necessarily all, AAUs and VAUs have associated with them PTSs. A PTS indicates the time that the PU
which resplts from'decoding the AU which is associated with the PTS should be presented to the user. The ayidio PTSs
and vided PTSs ar¢ both samples from a common time clock, which is referred to as the System Time Clock or STC.
With the ¢orfect'values of audio and video PTSs included in the data stream, and with the presentation of the jaudio and
video PUs “occurring at the time indicated by the appropriate PTSs in terms of the common ST(, 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.

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.
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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 source, and audio and video decoding and presentation are exactly synchronized. While
exact and consistent, the STD is somewhat simplified with respect to physical implementations of decoders in order to
clarify its specification and to facilitate its broad application to a variety of decoder implementations. In particular, in
the STD model each of the operations performed on the bit stream in the decoder is performed instantaneously, with the
obvious exception of the time that bits spend in the decoder buffers. In a real decoder system the individual audio and
video decoders do not perform instantaneously, and their delays must be taken into account in the design of the
implementation. For example, if video pictures are decoded in exactly one picture presentation interval 1/P, where P is
the frame rate, and compressed video data are arriving at the decoder at bit rate R, the completion of removing bits
associated with each picture is delayed from the time indicated in the PTS and DTS fields by 1/P, and the video decoder
buffer myst be larger than that specified in the STD model by R/P. The video presentation is likewise delayed with
respect tg the STD, and the PTS should be handled accordingly. Since the video is delayed, the audiordecpding and
presentatipn should be delayed by a similar amount in order to provide correct synchronization. Delaying decpding and
presentatipn of audio and video in a decoder may be implemented for example by adding a constant t6 the P[T'S values
when they are used within the decoder.

Another difference between the STD and precise practical decoder implementation is that in‘the STD model the explicit
assumptidn is made that the final audio and video output is presented to the user instantancously and withdut further
delay. This may not be the case in practice, particularly with cathode-ray tube displays, and this additional delay should
also be tpken into account in the design. Encoders are required to encode audie’,and video such that the correct
synchronization is achieved when the data is decoded with the STD. Delays inm~the input and sampling of pudio and
video, sugh as video camera optical charge integration, must be taken into account’in the encoder.

In the STID model proper synchronization is assumed and the timestampsyand buffer behaviour are tested against this
assumptidn as a condition of bit stream validity. Of course in a physical decoder precise synchronizatfon is not
automaticlly the case, particularly upon start-up and in the presence, of timing jitter. Precise decoder timing i$ a goal to
be targetad by decoder designs. Inaccuracy in decoder timing affects the behaviour of the decoder buffers. Thiese topics
are cover¢d in more detail in later subclauses of this annex.

The STD fincludes Decoding Time Stamps (DTS) as well.as/PTS fields. The DTS refers to the time that an AU is to be
extracted [from the decoder buffer and decoded in thesSTD model. Since the audio and video elementary stream
decoders pre instantaneous in the STD, the decodingitime and presentation time are identical in most cases}, the only
exception| occurs with video pictures which have~undergone re-ordering within the coded bit stream, i.f., I- and
P-pictureq in the case of non-low-delay video sequences. In cases where re-ordering exists, a temporary delay buffer in
the video |decoder is used to store the appropriate decoded I- or P-picture until it should be presented. In all cqses where
the decoding and presentation times are(identical in the STD, i.e., all AAUs, B-picture VAUSs, and I- and| P-picture
VAUSs within low-delay video sequerices; the DTS is not coded, as it would have the same value as the PTS. Where the
values difffer, both are coded if either,is coded. For all AUs where only the PTS is coded, this field may be intdrpreted as
being both the PTS and the DTS:

Since PTP and DTS values_are not required for every AAU and VAU, the decoder may choose to interpolate values
which arg not coded. PTS wvalues are required with intervals not exceeding 700 ms in each elementary audio [and video
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 29.9V 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.

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
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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
made available within the decoder system. This is subject of the next subclause.

D.1.3 System time clock recovery in the decoder

Within the Rec. ITU-T 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 decoder and to an encoder. They have a resolution of one part in 27 000 000 per second, and occur at intervals
up to 100 ms in transport streams, or up to 700 ms in program streams. As such, they can be utilized to implement clock
reconstruction control loops in decoders with sufficient accuracy for all identified applications.

In the prggram stream, the clock reference field is called the System Clock Reference or SCR. In the transpgrt stream,
the clock reference field is called the Program Clock Reference or PCR. In general the SCR and PCR¢definitions may
be considpred to be equivalent, although there are distinctions. The remainder of this subclause uses the term SCR for
clarity; the same statements apply to the PCR except where otherwise noted. The PCR in transport streams prpvides the
clock refdrence for one program, where a program is a set of elementary streams that have a common time bape and are
intended for synchronized decoding and presentation. There may be multiple programs it-one transport stfeam, and
each may|have an independent time base and a separate set of PCRs.

The SCR [field indicates the correct value of the STC when the SCR is received at the'decoder. Since the SCR occupies
more thar] one byte of data, and System data streams are defined as streams of bytes,'the SCR is defined to arfive at the
decoder when the last byte of the system clock reference base field is receiyed dt the decoder. Alternatively the SCR
can be inferpreted as the time that the SCR field should arrive at the decoder,-assuming that the STC is already known
to be corrpct. Which interpretation is used depends on the structure of the-application system. In applications [where the
data sour¢e can be controlled by the decoder, such as a locally attachéd DSM, it is possible for the decoder fo have an
autonomdus STC frequency, and so the STC need not be recovefed: ITn many important applications, however, this
assumptidn cannot be made correctly. For example, consider the case where a data stream is delivered simultaneously to
multiple decoders. If each decoder has its own autonomous STE with its own independent clock frequency,|the SCRs
cannot be|assured to arrive at the correct time at all decoders;one decoder will in general require the SCRs sgoner than
the sourc¢ is delivering them, while another requires theim-later. This difference cannot be made up with a ffinite size
data buffgr over an unbounded length of time of data\reception. Therefore the following addresses primarily the case
where thel STC must slave its timing to the received.SCRs (or PCRs).

In a corrdctly constructed and delivered Rec. ATU-T H.222.0 | ISO/IEC 13818-1 data stream, each SCR arrives at the
decoder af precisely the time indicated by the value of that SCR. In this context, "time" means correct value of the STC.
In concefft, this STC value is the same yalue that the encoder's STC had when the SCR was stored or transmitted.
However| the encoding may have beén performed not in real time or the data stream may have been modifi¢d since it
was origipally encoded, and in general the encoder or data source may be implemented in a variety of ways| such that
the encodpr's STC may be a theoretical quantity.

If the dedoder's clock frequency matches exactly that of the encoder, then the decoding and presentation of video and
audio wil| automatically have the same rate as those at the encoder, and the end-to-end delay will be constant. With
matched ¢gncoder and{decoder clock frequencies, any correct SCR value can be used to set the instantaneous vglue 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
adjustmenjt. This condition remains true until there is a discontinuity of timing, such as the end of a program|stream or
the preserjce/of'a’discontinuity indicator in a transport stream.

In practice a decoder's free-running system clock irequency 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.

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.
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