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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual intérest. Other
international organizations, governmental and non-governmental, in liaison with ISO‘and [EC, also
take part in the work. In the field of information technology, ISO and IEC have established a joint
technical committee, ISO/IEC JTC 1.

The procedures used to develop this document and those intended for its\further maintenpnce are
described in the ISO/IEC Directives, Part 1. In particular the different @pproval criteria needed for
the different types of document should be noted.

Attention is drawn to the possibility that some of the elements of this document may be thg subject
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent
rights. Details of any patent rights identified during the’development of the document will be in
the Introduction and/or on the ISO list of patent declaration’s received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does
not constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms
and expressions related to conformity-assessment, as well as information about ISO's adherence
to the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT]) see the
following URL: www.iso.org/iso/foreword.html.

This document was prepared by ITU-T as Rec. ITU-T H.220.0 (03/2017) and drpfted in
accordance with its editerial rules. It was adopted under the JTC1 PSDO procedure [by Joint
Technical Committee ISO/IEC JTC 1, Information technology, Subcommittee SC 29, Cqding of
audio, picture, multimedia and hypermedia information, in collaboration with ITUAT.

This sixth edition cancels and replaces the fifth edition (ISO/IEC 13818-1:2015), which has been
technically révised. It also incorporates ISO/IEC 13818-1:2015/Cor.1:2016, ISO/IEC 1381811:2015/
Cor.2:2017,<ISO/IEC 13818-1:2015/Amd.1:2015, ISO/IEC 13818-1:2015/Amds.2-6:2016, gnd 1SO/
IEC 13818*1:2015/Amds.7-8 (unpublished following DAM ballot).

Adist of all parts in the ISO/IEC 13818 series can be found on the ISO website.
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INTERNATIONAL STANDARD ISO/IEC 13818-1
RECOMMENDATION ITU-T H.222.0

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

Summary

This [Recommendation | International Standard specifies the system layer of the coding. It was developed in9
princjpally support the combination and synchronization of video and audio coding methods defined in ISO/IEC-]
Part P (ITU-T H.262) and Part 3. Since 1994, this standard has been extended to support additional (vidéo ¢
specifications (e.g., ISO/IEC 14496-2, ITU-T H.264 | ISO/IEC 14496-10, ITU-T H.265 | ISO/IEE, 23008-3
ITU-I' T.800 | ISO/IEC 15444-1 Annex M JPEG 2000 video), audio coding specifications (e.g., ISOAEC 13818-
ISO/IEC 14496-3), system streams (e.g., ISO/IEC 14496-1 and ISO/IEC 15938-1), ISO/IEC 23009-1 dynamic ad3
streaning over HTTP (DASH), ISO/IEC 13818-11 intellectual property management and protéction (IPMP) as w
genetlic metadata. The system layer supports six basic functions:

1) the synchronization of multiple compressed streams on decoding;

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

4) continuous buffer management;

5) time identification; and

6) multiplexing and signalling of various components in asystem stream.

Recommendation ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream is either a transport stream or a prd
strean. Both streams are constructed from packetized elementary stream (PES) packets and packets containing
necegsary information. Both stream types support multiplexing of video and audio compressed streams fron
proggam with a common time base. The transport streaim® additionally supports the multiplexing of video and
compressed streams from multiple programs with independent time bases. For almost error-free environment
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progiam stream is generally more appropriate, supporting software processing of program information. The tragsport

streafn is more suitable for use in environments where errors are likely.

Recommendation ITU-T H.222.0 | ISO/IEC ;13818-1 multiplexed bit stream, whether a transport stream or a prd
streain, is constructed in two layers: the outermost layer is the system layer, and the innermost is the compression
The qystem layer provides the functions necessary for using one or more compressed data streams in a system. The
and audio parts of this Specificatiofl define the compression coding layer for audio and video data. Coding of other
of dafa is not defined by this Récommendation | International Standard, but is supported by the system layer pro
that the other types of data adhere to the constraints defined in this Recommendation | International Standard.
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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
thesg Topics.

Thefapproval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1

In spme areas of information technology which fall within ITU-T's purview, the necessary’standardg are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telegommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain ceftain
manidatory provisions (to ensure, e.g., interoperability “or applicability) and compliance with| the
Recpmmendation is achieved when all of these mandatory provisions are met. The words "shall" or Jome
othef obligatory language such as "must" and the negdtive equivalents are used to express requirements.| The
use pf such words does not suggest that compliancgavith the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU| draws attention to.the possibility that the practice or implementation of this Recommendation [may
invalve the use of ,a-claimed Intellectual Property Right. ITU takes no position concerning the evidgnce,
validlity or applicdbility of claimed Intellectual Property Rights, whether asserted by ITU members or others
outsjde of the ReCommendation development process.

As of the_date of approval of this Recommendation, ITU had received notice of intellectual propgrty,
protgcted by patents, which may be required to implement this Recommendation. However, implementers
are ¢autioned 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

T DO a e OTIS arc

dlllp UIICC 2. C UCIIVCIY U C Udld Cd

basic multiplexing approach for single video and audio elementary streams is illustrated in Figure Tntro. 1] The
videp and audio data is encoded as described in Rec. ITU-T H.262 | ISO/IEC 13818-2 and ISO/IEC\13818-3| The
resulting compressed elementary streams are packetized to produce PES packets. Information needed to use|PES
ts independently of either transport streams or program streams may be added when PES packets are formed.| This
information is not needed and need not be added when PES packets are further combined with,system level informption
to fom transport streams or program streams. This systems standard covers those processes to the right of the veftical
dashpd line.

[
. | .
—Yideo 48] video encoder |——a{ Packetizer [ VIUOPES (57 | Program
‘ PS | stream
. | .
Audio data Packetizer AudioPES Mux

—> Transport
TS | stream
R
Mux

Extent of systems specification _

g
] »

H.222.0(12)_F01

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

The [program stream is analdgous and similar to the ISO/IEC 11172 systems layer. It results from combining ofe or
morg streams of PES packets) which have a common time base, into a single stream.

For gpplications that<equire the elementary streams that comprise a single program to be in separate streams thgt are
not thultiplexed, the/elementary streams can also be encoded as separate program streams, one per elementary stjeam,
with|a commonrtime base. In this case the values encoded in the SCR fields of the various streams shall be consistept.

Like|the single program stream, all elementary streams can be decoded with synchronization.

The program stream is designed for use in relatively error-free environments and is suitable for applications which| may
inVO vC bUledlC p[ULCbbillg Uf S ySICIIT illfUlllldLiUll bubh ad> illLCldbLiVC Illulli-lllCL‘lid dpphbdl.iUllb. PlUgldlll 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.

The [rransport stream is a stream definition which is tailored for communicating or storing one or more programs of
coded data according to Rec. ITU-T H.262 | ISO/IEC 13818-2 and ISO/IEC 13818-3 and other data in environments in
whidh significant errors may occur. Such errors may be manifested as bit value errors or loss of packets.

Trankport streams may be either fixed or variable rate. In either case the constituent elementary streams may eithpr be
fixed or variable rate. The syntax and semantic constraints on the stream are identical in each-of these cases| The
trangport stream rate is defined by the values and locations of program clock reference (PCR)\fields, which in geperal

There are some difficulties with constructing and delivering a transport stream centaining multiple programs |with

The [transport stream may be constructed by any method that results in a yalid stream. It is possible to congtruct
trangport streams containing one or more programs from elementary codeddata streams, from program streams, or [from

The fransport stream is designed in such a way that several operation$.on a transport stream are possible with minimum

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

2) Extract the transport stream packets from‘One program within the transport stream and produce as ofitput
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 streamg and
produce as output a different transport stream (not illustrated).

4) Extract the contents of one'program from the transport stream and produce as output a program stfeam
containing that one program as shown in Figure Intro. 4.

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

Figufe Intro. 2 and Figure(ntro. 3 illustrate prototypical demultiplexing and decoding systems which take as input a
trangport stream. Figun€-Intro. 2 illustrates the first case, where a transport stream is directly demultiplexed and
decoded. Transport streams are constructed in two layers:

— asystem layer; and

— acompression layer.

The jnput stream to the transport stream decoder has a system layer wrapped about a compression layer. Input strpams
to thg 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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Figufe Intro. 3 illustrates the second case, where a transport stream containing multiple programs is converted i
trangport stream containing a single program. In this case the re-multiplexing operation may necessitate thé cotre]
of program clock reference (PCR) values to account for changes in the PCR locations in the bit stream.

Figu
into

Figu

conflgurations of transport streams. There are specific fields"defined in the transport stream and program stream s)
whidh facilitate the conversions illustrated. There is no requirement that specific implementations of demultiplexd
decoders include all of these functions.
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Figure Intro. 2 — Prototypical transport demultiplexing and decoding example
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Figure Intro. 3 — Prototypical transport multiplexing example

Fe Intro. 4 illustrates a case in which a multi-program transport stteam is first demultiplexed and then conv,
h program stream.

Fes Intro. 3 and Intro. 4 indicate that it is possible and’reasonable to convert between different types

Transport stream
demultiplex and program | ———»

decoder / stream multiplexor /
Transport stream Program stream

containing mulfiple programs

Channel , Channel-specific
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Figure Intro. 4 — Prototypical transport stream to program stream conversion

. 2 Program stream

program streamis a stream definition which is tailored for communicating or storing one program of coded
other datd ' environments where errors are very unlikely, and where processing of system coding, e.g
are, is_ aumajor consideration.

ram. streams may be either fixed or variable rate. In either case, the constituent elementary streams may be g
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data
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otZvariable rate The oynfqv and semantics constraints on the stream are identical in each case The prr\wram
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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 also allowed, but not shown.
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Figure Intro. 5 — Prototypical decoder for program streams

The |prototypical decoder for program streams shown in Figure Intro. 5 is composed of system, video\and gudio
decoders conforming to Parts 1, 2 and 3, respectively, of ISO/IEC 13818. In this decoder, the multiplexed doded
reprgsentation of one or more audio and/or video streams is assumed to be stored or communicated on some chanel in
som¢ channel-specific format. The channel-specific format is not governed by this Recommendation | International
Stanflard, nor is the channel-specific decoding part of the prototypical decoder.

The prototypical decoder accepts as input a program stream and relies on a program stream decoder to extract timing
infomation from the stream. The program stream decoder demultiplexes the stream, dndthe elementary streams so
prodjiced serve as inputs to video and audio decoders, whose outputs are decoded video‘and audio signals. Includgd in
the design, but not shown in the figure, is the flow of timing information among the.-program stream decoder, the yideo
and judio decoders, and the channel-specific decoder. The video and audio decoders are synchronized with each pther
and yvith the channel using this timing information.

Program streams are constructed in two layers: a system layer and a compréssion layer. The input stream to the program
stream decoder has a system layer wrapped about a compression layer{ Input streams to the video and audio decpders
havejonly the compression layer.

Opetations performed by the prototypical decoder either apply to the entire program stream ("multiplex{wide
operfitions"), or to individual elementary streams ("stream-Specific operations"). The program stream system layer is
divided into two sub-layers, one for multiplex-wide operations (the pack layer), and one for stream-specific operations
(the PES packet layer).

Intr¢. 3 Conversion between transport stfeam and program stream

It m3y be possible and reasonable to convert.befween transport streams and program streams by means of PES padkets.
This| results from the specification of transport stream and program stream as embodied in 2.4.1 and 2.5.1 of the
nornjative requirements of this Recommendation | International Standard. PES packets may, with some constrain{s, be
mapped directly from the payload efione multiplexed bit stream into the payload of another multiplexed bit stream] It is
possible to identify the correet order of PES packets in a program to assist with this if| the
program_packet sequence_ceunter is present in all PES packets.

Certgin other information\fiecessary for conversion, e.g., the relationship between elementary streams, is availafjle in
tablgs and headers in beth/streams. Such data, if available, shall be correct in any stream before and after conversiof.

Intrg. 4 Pagketized elementary stream

Trankport streams and program streams are each logically constructed from PES packets, as indicated in the syntax
defifjitions\in-2.4.3.6. PES packets shall be used to convert between transport streams and program streams; in $ome

case$ the PES packets need not be modified when performing such conversions. PES packets may be much larger|than
the skze=0f a transport stream pqr‘lzpt

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
interfpicture interval and audio sample rate are the same at the decoder as at the encoder. The system stream-cading
contgins timing information which can be used to implement systems which embody constant end-to-end delay.| It is
possjble to implement decoders which do not follow this model exactly; however, in such cases it is the-decqder's
respgnsibility to perform in an acceptable manner. The timing is embodied in the normative specifications of this
Recqmmendation | International Standard, which must be adhered to by all valid bit streams, regardless/of the meaps of
creaIng them.

All timing is defined in terms of a common system clock, referred to as a system time clock (STC). In the program
stream this clock may have an exactly specified ratio to the video or audio sample clocks,(on it may have an operpting
freqyency which differs slightly from the exact ratio while still providing precise end-to~édd timing and clock recovery.

In the transport stream the system clock frequency is constrained to have the exaetly’/specified ratio to the audiq and
videp sample clocks at all times; the effect of this constraint is to simplify sample rat€ recovery in decoders.

Intre¢. 6 Conditional access

Encryption and scrambling for conditional access to programs enc0ded in the program and transport strearps is
suppprted by the system data stream definitions. Conditional access.mechanisms are not specified here. The styeam
defirfitions are designed so that implementation of practical conditional access systems is reasonable, and there are ome
syntgctical elements specified which provide specific support fot’such systems.

Intre. 7 Multiplex-wide operations

Mulfiplex-wide operations include the coordination ofidata retrieval of the channel, the adjustment of clocks, anfl the
manggement of buffers. The tasks are intimately related. If the rate of data delivery of the channel is controllable,|then
data|delivery may be adjusted so that decodef-buffers neither overflow nor underflow; but if the data rate i$ not
contfollable, then elementary stream decoders-must slave their timing to the data received from the channel to gvoid
overflow or underflow.

Program streams are composed of paeks whose headers facilitate the above tasks. Pack headers specify intended fimes
at which each byte is to enter the.program stream Decoder from the channel, and this target arrival schedule serveg as a
reference for clock correction and-buffer management. The schedule need not be followed exactly by decoders, buf they
musf{ compensate for deviations'about it.

Simiarly, transport stréanis are composed of transport stream packets with headers containing information which
specifies the times af\which each byte is intended to enter a transport stream decoder from the channel. This sch¢dule
provjdes exactly the‘same function as that which is specified in the program stream.

An gdditionalkmultiplex-wide operation is a decoder's ability to establish what resources are required to decqde a
trangport stream or program stream. The first pack of each program stream conveys parameters to assist decoders i this
task.[ Included, for example, are the stream's maximum data rate and the highest number of simultaneous yideo
chanhels’ 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
- carnid i e os—in the transport streammake

this possible.

Intrg. 8.2 Synchronization

Syndhronization among multiple elementary streams is accomplished with presentation time stamps (PTSs) ih the
program stream and transport streams. Time stamps are generally in units of 90 kHz, but the system clock refefence
(SCR), the program clock reference (PCR) and the optional elementary stream clock reference (ESCR) have extengions
with|a resolution of 27 MHz. Decoding of N-elementary streams is synchronized by adjusting'the decoding of strpams
to a gommon master time base rather than by adjusting the decoding of one stream to match that of another. The mjaster
time|base may be one of the N-decoders' clocks, the data source's clock, or it may be som&.external clock.

Eacll program in a transport stream, which may contain multiple programs, may haye-its own time base. The time bases
of diffferent programs within a transport stream may be different.

Becduse PTSs apply to the decoding of individual elementary streams, theg,reside in the PES packet layer of both the
trangport streams and program streams. End-to-end synchronization occtirs)when encoders save time stamps at capture
time| when the time stamps propagate with associated coded data to decdders, and when decoders use those time sthmps
to schedule presentations.

Syndhronization of a decoding system with a channel is achievedthrough the use of the SCR in the program streanj and
by its analogue, the PCR, in the transport stream. The SCR%and PCR are time stamps encoding the timing of the bit
itself, and are derived from the same time base used for the audio and video PTS values from the same program.

contgining multiple programs. In some cases it may be possible for programs to share PCR fields. Refer to 3.4.4,
program-specific information (PSI), for the method-of identifying which PCR is associated with a program. A program

Intr¢. 8.3 Relation to compression layer

The [PES packet layer is independent-of the compression layer in some senses, but not in all. It is independent i the
¢ that PES packet payloads need not start at compression layer start codes, as defined in Parts 2 and (3 of
ISOJQIEC 13818. For example;wideo start codes may occur anywhere within the payload of a PES packet, and|start
may be split by a PES-packet header. However, time stamps encoded in PES packet headers apply to presentption
time$ of compression layer constructs (namely, presentation units). In addition, when the elementary stream|data
confprms to Rec. ITUST'H.262 | ISO/IEC 13818-2 or ISO/IEC 13818-3, the PES packet data bytes shall be|byte

Part [l ofISO/IEC 13818 employs a "system target decoder" (STD), one for transport streams (refer to 2.4.2) referned to
fransport system target decoder" (T-STD) and one for program streams (refer to 2.5.2) referred to as "program
system target decoder™ (P-S1D), to provide a formalism for timing and buifering relationships. Because the S1D 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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1.2.1 Identical Recommendations | International Standards

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

SECTION 1 — GENERAL

Scope

ort the combmatlon of the V1deo and aud10 codlng methods deﬁned in Parts 2 and 3 of ISO/IEC 13818 The Sy
supports six basic functions:

1) the synchronization of multiple compressed streams on decoding;

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

4) continuous buffer management;

5) time identification;

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

c. I[TU-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream is either a transport stream or a program stream.
ms are constructed from PES packets and packets containing other neCessary information. Both stream

prt multiplexing of video and audio compressed streams from onéprogram with a common time base.
port stream additionally supports the multiplexing of video and audie compressed streams from multiple prog
independent time bases. For almost error-free environments the ‘program stream is generally more approp
prting software processing of program information. The trangport stream is more suitable for use in environy

bc. ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed bit\stream, whether a transport stream or a program streaj
ructed in two layers: the outermost layer is the syStem layer, and the innermost is the compression layer.
m layer provides the functions necessary for using one or more compressed data streams in a system. The
hudio parts of this Specification define the compression coding layer for audio and video data. Coding of
of data is not defined by this Specification, but is supported by the system layer provided that the other typ
adhere to the constraints defined in 2.7.

Normative references

following Recommendations and International Standards contain provisions which, through reference in this
itute provisions of this Recommendation | International Standard. At the time of publication, the editions indi
valid. All Recommendations and Standards are subject to revision, and parties to agreements based on
mmendation | International Standard are encouraged to investigate the possibility of applying the most r
bn of the Recomimeidations and Standards listed below. Members of IEC and ISO maintain registers of curr
International ‘Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of curr

= Recommendation ITU-T H.262 (2000) | ISO/IEC 13818-2:2000, Information technology — Ge|
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1.2.2 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 ITIL.R RT 700-6 (2015) Parameter values for the HDTV standards for production

and international programme exchange.

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

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

— IS0 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 — Pdyt 1:
Latin alphabet No. 1.

— IS0 15706:2002, Information and documentation — International Standard Audiovisual Number (ISAN).

— ISO/IEC 11172-1:1993, Information technology — Coding of méying pictures and associated audip for
digital storage media at up to about 1,5 Mbit/s — Part 1: Systems.

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

— ISO/IEC 11172-3:1993, Information technology —«€oding of moving pictures and associated audip 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 assocjated
audio information — Part 3: Audio.

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

— ISO/IEC 13818-7:20006, Inforniation technology — Generic coding of moving pictures and assocjated
audio information — Part 7{Advanced Audio Coding (AAC).

— ISO/IEC 13818-11:2004, Information technology — Generic coding of moving pictures and assocjated
audio information —/Paxt 11: IPMP on MPEG-2 systems.

—  ISO/IEC 14496-1:2010, Information technology — Coding of audio-visual objects — Part 1: Systems.
—  ISO/IEC 14496-2:2004, Information technology — Coding of audio-visual objects — Part 2: Visual.
—  ISO/IEC14496-3:2009, Information technology — Coding of audio-visual objects — Part 3. Audio.

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

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

— ISO/IEC 23001-10:2015, Information technology — MPEG systems technologies — Part 10: Carriage of
Timed meradata meirics of media in 150 base mediad jiie Jormar.

— 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
sequpnce header code, the access unit begins with the picture start code. If a picture is preceded by a group_start_[code
and/gr a sequence header code, the access unit begins with the first byte of the first of these start codes. If it is.th¢ last
pictyre preceding a sequence end code in the bitstream, all bytes between the last byte of the coded picture angl the
sequence_end code (including the sequence end code) belong to the access unit.

For the definition of an access unit for Rec. ITU-T H.264 | ISO/IEC 14496-10 video, see the AVC aecess unit defirition
in 2.1.3.

In thg case of an ISO/IEC 14496-17 text stream, see ISO/IEC 14496-17 for the definition of-an access unit.

2.1. AVC 24-hour picture (system): An advanced video coding (AVC) access unit.wvith a presentation timg that
is more than 24 hours in the future. For the purpose of this definition, AVC access unityn has a presentation time that is
morg than 24 hours in the future if the difference between the initial arrival time ¢;;(n) and the DPB output time t, J,»(n)
is m¢re than 24 hours.

2.1. AVC access unit (system): An access unit as defined fOr, byte streams in Rec. ITU-T H.J64 |
ISOQEC 14496-10 with the constraints specified in 2.14.1.

2.1. AVC slice (system): A byte stream nal unit as definedin Rec. ITU-T H.264 | ISO/IEC 14496-10 [with
nal it type values of 1 or 5, or a byte stream nal unit data: structure with nal unit type value of 2 and any
asso¢iated byte stream nal unit data structures with nal_unit:type equal to 3 and/or 4.

2.1.5 AVC still picture (system): An AVC still pictute' consists of an AVC access unit containing an IDR pigture,
precg¢ded by SPS and PPS NAL units that carry sufficientinformation to correctly decode the IDR picture. Preceding an
AV({ still picture, there shall be another AVC stillzpicture or an end of sequence NAL unit terminating a precg¢ding
coded video sequence unless the AVC still picture is the very first access unit in the video stream.

2.1.4 AVC video sequence (system):\Coded video sequence as defined in 3.30 of Rec. ITU-T H.364 |
ISO/NEC 14496-10.

2.1.7 AVC video stream (system): A Rec. ITU-T H.264 | ISO/IEC 14496-10 stream. An AVC video stfeam
consjsts of one or more AVC videe-sequences. An AVC video stream may also result from re-assembling video|sub-
bitstreams.

2.1.8 AVC video sub=bitstream of MVC: The video sub-bitstream that contains the base view as defin¢d in
Ann¢x H of Rec. ITU-T"H.264 | ISO/IEC 14496-10, containing all VCL NAL units associated with the minimum yalue
of view order index present in each AVC video sequence of the AVC video stream. The AVC video sub-bitstream of
MV may additionally contain the associated NAL units with nal unit type syntax element equal to 14 (prefix NAL
unitg), as defiged)for MVC in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.1.9 AVC video sub-bitstream of MVCD: The video sub-bitstream that contains the base view as defingd in
AnngxLof Rec. ITU-T H.264 | ISO/IEC 14496-10, containing all VCL NAL units associated with the minimum yalue

OfV ess orderindex—precant 1n anclh A‘IF sadeo—ceagnenca of tha A‘IF 34 1deo-—ctraans Thao A‘IF 3 r]c\C Shlﬂ by Hstream Of

ofaerRaex ProseT—Oactr VTG CO—S U tnTc—oTTme TGOSttt 1t~

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. constant bitrate: Operation where the bitrate 1S constant from start to Tiish ot the compressed bit stream

2.1.21 constrained system parameter stream (CSPS) (system): A program stream for which the cconstqaints
defirjed in 2.7.9 apply.

2.1.22  cyclic redundancy check (CRC): The CRC to verify the correctness of data.

.23  data element: An item of data as represented before encoding and after decoding.
4  decoded stream: The decoded reconstruction of a compressed bit stream.

.25 decoder: An embodiment of a decoding process.
6

decoding (process): The process defined in this Recommendation | Internatienal Standard that reads an ihput-
2.1.27  decoding time-stamp (DTS) (system): A field that may be present in a PES packet header that indicatds the

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

2.1.30 entitlement control message (ECM): Entitlement control messages are private conditional agcess
ation which specify control words and possibly;-other, typically stream-specific, scrambling and/or cdntrol
parameters.

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

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

2.1.33  elementary stream (ES) (system): A generic term for one of the coded video, coded audio or other codgd bit
streams in PES packets. One Jelementary stream is carried in a sequence of PES packets with one and onlyl one
stream_id.

2.1.34  elementary.stream clock reference (ESCR) (system): A time stamp in the PES stream from which decpders
of PES streams may<{deérive timing.

2.1.35 encoder: An embodiment of an encoding process.

streajmief input pictures or audio samples and produces a coded bit stream conforming to this Recommendation.

2.1.4.60 ericoding (process): A process, not specified in this Recommendation | International Standard, that reads a

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.P65 |
ISOQIEC 23008-2 that contains all temporal sub-layers up to the temporal sub-layer with Temporalld "equpl to
sps_nax_sub layers minusl+1 as included in the active sequence parameter set, as specified in Rec. ITU-T H.P65 |
ISO/NIEC 23008-2.

2.1.47 HEVC dependent slice segment: An HEVC slice segment with then ‘syntax element
depepdent slice segment flag in the slice header set to a value equal to 1, as defined in, Rec. ITU-T H.265 |
ISONIEC 23008-2.

2.148 HEVC enhancement sub-partition: One HEVC layer with a particular valuec©of'nuh_layer id greater than 0
NAL unit header syntax element or an HEVC temporal video sub-bitstream-or"\HEVC temporal video spbset
therdof, of which the HEVC layer aggregation with an HEVC base sub-partition-ahd/zero or more other HEVC|sub-

2.149 HEVC highest temporal sub-layer representation: The sub-layer representation of the temporal sub-Jayer
with(the highest value of Temporalld, as defined in Rec. ITU-T H.265 NISO/IEC 23008-2, in the associated HEVC

2.1.80 HEVC independent slice segment: An HEWC) slice segment with the syntax element
depepdent slice segment flag in the slice header set to a yalue 0 or inferred to be equal to 0, as defingd in

2.1.41 HEVC layer: HEVC video sub-bitstream.that* contains all VCL NAL units with a particular valye of
nuh [layer id in the NAL unit header syntax elementiand associated non-VCL NAL units, as defined in Annex|F of

2.1.32 HEVC layer aggregation: Successive*HEVC layer component aggregation of all HEVC layer components in
VC video sequence.

2.1.33 HEVC layer component: V\CL' NAL units and the associated non-VCL NAL units of an HEVC accesy unit
belong to an HEVC sub-partition.

2.1.34 HEVC layer component aggregation: Concatenation of all HEVC layer components with the same optput
time| from all HEVC sub-pattitions indicated in an HEVC layer list in the order indicated by the HEVC layeq list,

2.1.§5 HEVC layerdist: Ordered list of HEVC sub-partitions for a target HEVC operation point of which the HEVC

OTE — An HEVC layer list is signalled for each target HEVC operation point using the HEVC operation point descriptor.

2.1.46 HEVC layered video stream: HEVC video stream that contains all VCL NAL units and associated non-VCL
tnits conforming to one or more profiles defined in Annex G or Annex H of Rec. ITU-T H.265 |

ISOMEE23668=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
tempjoral sub-layers, as speciiied in Rec. I'TU-T H.Z65 [ ISO/IEC Z5008-2.

2.1.43 HEVC temporal video sub-bitstream: An HEVC video sub-bitstream that contains all VCL NA& unit$ and
assog¢iated non-VCL NAL units of the temporal sub-layer of the same layer, as specified in Rec. ITU,T H.265 |
ISOAIEC 23008-2, associated with Temporalld equal to 0 and which may additionally contain all VCL'NAL unit$ and
assogiated non-VCL NAL units of all temporal sub-layers of the same layer associated with a ¢onfiguous range of
Temporalld from 1 to a value equal to or smaller than sps max_sub layers minusl included in-the active sequyence
parameter set, as specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.44 HEVC temporal video subset: An HEVC video sub-bitstream that containg all’ VCL NAL units angl the
assogiated non-VCL NAL units of one or more temporal sub-layers of the same layer, as\specified in Rec. ITU-T H.265
| ISQ/IEC 23008-2, with each temporal sub-layer not being present in the corresponding HEVC temporal video|sub-
bitstfeam and Temporalld associated with each temporal sub-layer forming a contiguous range of values that is equal to
or gmaller than sps max sub layers minusl included in the active sequence parameter set, as specifigd in
Rec.|/ITU-T H.265 | ISO/IEC 23008-2..

OTE — According to the constraints for the transport of HEVC specified inn2J17.1, each temporal sub-layer of an HEVC ideo
ream is present either in the HEVC temporal video sub-bitstream or. in‘exactly one HEVC temporal video subset whjch is
hrried in a set of elementary streams that are associated by hierarchy descriptors or HEVC hierarchy extension descriptors| This
Fevents multiple inclusions of the same temporal sub-layer and allows aggregation of the HEVC temporal video sub-bitsjream
ith associated HEVC temporal video subsets according to the hiefarchy descriptors, as specified in 2.17.3 and according fo the
erarchy descriptors or HEVC hierarchy extension descriptors, as'specified in 2.17.4.

o8 o Y 7

2.1.45 HEVC tile of slices: One or more consecutive/HEVC slices which form the coded representation of a tile, as
defied in Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.46 HEVC video sequence (system):(A” coded video sequence as defined in Rec. ITU-T H.265 |
ISOQEC 23008-2.

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

OTE - This term represents either\a byte stream as specified in Annex B of the first version of Rec. ITU-T HP65 |
I$O/IEC 23008-2 or an HEVC layered video sub-bitstream.

2.1.48 HEVC video sub-bitstream: A subset of the NAL units of an HEVC video stream in their original order

2.1.49 JPEG 2000 (J2K) video access unit: An access unit defined in Rec. ITU-T T.800 (2002)/Amd.3 (2(110) |
ISONIEC 15444-1:2004/Amd.3:2010 which includes all the parameters required to decode the access unit and digplay
the decoded data.

2.1.770  J2Kstill picture (system): J2K video access unit as defined in 2.1.69 with constraints as specified in S.2

2171 ,J2K video elementary stream: Video elementary stream consisting of a succession of J2K video agcess
unity.

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.
services.

ndata

2.1.82 (multiplexed) stream (system): A bit stream composed of 0 or more elementary streams cémbined|in a
manfer 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 AVC Yideo
sub-bitstream of MVC conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISQYIEC
14496-10 and one additional MVC video sub-bitstream associated with an MVC view_id subset including the [view
ordef index 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_i§ required before decoding

2.1.84 MVC operation point: An MVC operation point is identified by a temiporal id value representing a target
temporal level and a set of view_id values representing the target output views.{One MVC operation point is assodiated
with|an AVC video stream which conforms to one or more profiles defined in Annex H of Rec. ITU-T H.264 |
ISO/NEC 14496-10. The AVC video stream associated with an MVC~eperation point is re-assembled from p set
cons|sting of one or more of the following items: AVC video sub-bitstréam of MVC, MVC base view sub-bitstijeam,
MV( video sub-bitstreams.

2.1.85 MVC slice (system): A byte stream nal unit with nal* unit type syntax element equal to 20 of an AVC
vide¢ stream which conforms to one or more profiles defined’in~Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-1(.

NOTE — As specified in Rec. ITU-T H.264 | ISO/IEC 1449610, the value of svc_extension_flag is set equal to 0 for coded video
sequences conforming to one or more profiles specifieddn Annex H. MVC slices should not include NAL units for yhich
1 unit_type is equal to 20 with svc_extension_flag equal to 1.

2.1.46 MVC video sub-bitstream: The MVC’ video sub-bitstream is defined to be all VCL NAL units |with
nal ymit type equal to 20 associated with thé_same multiview video coding (MVC) view id subset of an advdgnced
videp coding (AVC) video stream and associated non-VCL NAL units which conform to one or more profiles defined
in Apnex H of Rec. ITU-T H.264 | ISQ/IEC 14496-10.

NOTE —In contrast to a sub-bitstreamn* as specified in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, an MVC pideo
spib-bitstream according to this Spceification is not necessarily a decodable MVC video sub-bitstream. The one exception is [when
ah MVC video sub-bitstream is“also an MVC base view sub-bitstream. Re-assembling MVC video sub-bitstreams jn an
ifcreasing order of view order/index, starting from the lowest value of view order index up to any value of view order index,
r¢sults in a decodable AVC.video stream.

2.1.§7 MVC view.id subset: A set of one or more view_id values, as defined in Annex H of Rec. ITU-T H.p64 |
ISOQIEC 14496-10%in"the NAL unit header syntax element, associated with one set of consecutive view order index
valugs.
NOTE — An*MVC video sub-bitstream or MVC base view sub-bitstream based on a specific MVC view_id subset maly not
ifclude view components for all view_id values included in that MVC view_id subset. One or more view order index value$ may
bp 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.

2.1.9 iew-component subset: The

MV(D view_id subset and associated non-VCL NAL units.
OTE — Re-assembling MVCD view-component subsets ordered according to the view order index, starting from the thinjmum
ew order index up to the highest view order index present in the access unit, while reordering the non-VCL, NAL [units

bnforming 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
VC access unit.

>0 < Z

2.1.93 MVCD view_id subset: A set of one or more view_id values, as defined in Annex of Rec. ITU-T H.p64 |
ISONEC 14496-10 in the NAL unit header syntax element, associated with one set of consecutive view order index
valugs.
NOTE — An MVCD video sub-bitstream or MVCD base view sub-bitstream based on a specifiec MVCD view_id subset mdy not

ifclude view components for all view_id values included in that MVCD view_id subset{One or more view order index yalues
ay be skipped if the view associated with a missing view order index value is not required for decoding the transmitted vievs.

=

2.1.94 pack (system): A pack consists of a pack header followed by zero orthore packets. It is a layer in the system
coding syntax described in 2.5.3.3.

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

96  packet identifier (PID) (system): A unique integer value.uised to identify elementary streams of a progrgm in
le or 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 duration of the
sponding PCM samples, by conditionally adding a slot to the audio frame.

2.1.98 payload: Payload refers to the bytes whieh follow the header bytes in a packet. For example, the payload of
somg¢ transport stream packets includes a PES, packet header and its PES packet data bytes, or pointer field and
PSI §ections, or private data; but a PES packet ;payload consists of only PES packet data bytes. The transport stfeam

2.1.99 PES (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
acket header followed by, a-number of contiguous bytes from an elementary data stream. It is a layer in the system
coding syntax described in2.4.3.6.

2.1.101 PES packet“header (system): The leading fields in a PES packet up to and not including the
PES|packet data byte.fields, where the stream is not a padding stream. In the case of a padding stream the PES packet
headgr is similarly-defined as the leading fields in a PES packet up to and not including padding_byte fields.

2.1.102 packetized elementary stream (PES) (system): A PES system consists of PES packets, all of whose
paylpads, consist of data from a single elementary stream, and all of which have the same stream_id. Specific semjantic
consfraints 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 fonditional access system.

2.1.113 service-compatible: This is defined as 'simulcast' of two stereoscopic views which do dot indlude
scalable or temporal coding. The two views are independently compressed using MPEG-2 video et AV[C or
both and can be decoded independently.

2.1.114 source 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 strgams.
The fesulting system stream conforms totally to this Recommendation | International Stanidard. The splice may resplt in
discqntinuities in timebase, continuity counter, PSI, and decoding.

2.1.116 start codes (system): 32-bit codes embedded in the coded bit stream CThey are used for several purposes
inclyding identifying some of the layers in the coding syntax. Start codes consist of a 24-bit prefix (0x000001) and an
8-biff stream_id as shown in Table 2-22.

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

2.1.118 still picture: A still picture consists of a video sequence, coded as defined in Rec. ITU-T H.362 |
ISONEC 13818-2, ISO/IEC 11172-2 or ISO/IEC 14496-2, that-Contains exactly one coded picture which is intra-c¢ded.
This| picture has an associated PTS and in case of coding according to ISO/IEC 11172-2, Rec. ITU-T H.262 |
ISOAQIEC 13818-2 or ISO/IEC 14496-2, the presentation time of succeeding pictures, if any, is later than that of th¢ still
pictyre by at least two picture periods.

2.1.119 SVC dependency representation: The\VCL NAL units of an AVC access unit associated with the pame
valu¢ of dependency id which is provided as patt of the NAL unit header or the associated prefix NAL unit header, and
the associated non-VCL NAL units. Re=assembling SVC dependency representations in a consecutive ord¢r of
depepdency id starting from the lowest Vvalue of dependency id present in the access unit up to any valye of
depepdency id present in the accesswunit, while reordering the non-VCL NAL units conforming to the order of NAL
unitq 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 14496-10 |with
nal it type equal to 20 ©f;an AVC video stream which conforms to one or more profiles defined in Annex |G of
Rec.[ITU-T H.264 | ISOZEC 14496-10.
OTE - As specifigd in Rec. ITU-T H.264 | ISO/IEC 14496-10, the value of svc_extension_flag is set equal to 1 for coded video

bquences conforthing to one or more profiles specified in Annex G. SVC slices should not include NAL units for ywhich
hl unit_typeis'equal to 20 with sve_extension_flag equal to 0.

S5 @ 7

2.1.121 SV video sub-bitstream: The video sub-bitstream that contains VCL NAL units with nal_unit_type ¢qual
to 2(] with.the same NAL unit header syntax element dependency _id not equal to 0.

2.1.122—ystenm hreader—(system)—The systenm header 5@ data structure defimed 275375 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
NAIJ unit header synfax element view_1d 1s indicated for an AVC video sequence in the sequence parameter set MVC
extemsion as defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 or in the sequence parameter set MV CD
extemsion as defined in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.2 Symbols and abbreviations

The mathematical operators used to describe this Recommendation | International Standard are(Similar to those uspd in
the €-programming language. However, integer division with truncation and rounding are specifically defined| The
bitw]se operators are defined assuming two's-complement representation of integers. Numbering and counting loops
geneyally begin from 0.

2.2.1 Arithmetic operators

+ Addition

- Subtraction (as a binary operator) or negation (as a unacy,operator)
++ Increment

—— Decrement

*orx  Multiplication

A Power
/ Integer division with truncation of thieresult toward 0. For example, 7/4 and —7/—4 are truncated to 1
and —7/4 and 7/-4 are truncated to=1.
/! Integer division with rounding ‘to the nearest integer. Half-integer values are rounded away frpm 0
unless otherwise specified.(Eor example 3//2 is rounded to 2, and —3//2 is rounded to —2.
DIV Integer division with truncation of the result towards — c.
% Modulus operatoz. Defined only for positive numbers.
Sign() Sign(x) =1 x>0
0 X==
-1 x<0

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

sin Sine

cos Cosine

exp Exponential

v 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

2.24 Constants
b 3.14159265359
e 2.71828182845

2.2.5 Logical operators

| Logical OR

&& Logical AND

1 ILacical NOT

1 Fosieal NOT
2.2.6 Mnemonics

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

bslbf Bit string, left bit first, where "left" is the order in which bit strings are written in this
Recommendation | International Standard. Bit strings are written as @-string of 1s arnd Os

within single quote marks, e.g., '1000 0001'. Blanks within a bit string_are for ease of regding

and have no significance.

NOTE - In some tables of this specification, two bit strings are used to define a range of values. In other tablds, bit
strings are used to specify integer values. In these cases, each bit string is equiyalent to a binary number of whig¢h the
least significant bit (unity position) equals the rightmost bit of the bit string and\the significance of bits increases| from
right to left.

ch Channel

er Granule of 3 * 32 sub-band samples in audie/Dayer II, 18 * 32 sub-band samples in gudio
Layer II1.

main_data The main_data portion of the bit stream ‘contains the scale factors, Huffman encoded |data,

and ancillary information.

main_data beg This gives the location in the bit stteam of the beginning of the main_data for the frame| The
location is equal to the endingilocation of the previous frame's main_data plus 1 bit.|It is
calculated from the main_data~end value of the previous frame.

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

rpchof Remainder polynomial-coefficients, highest order first
sb Sub-band
scfsi Scalefactorselector information

switch_point 1 Numbet,_of scalefactor band (long block scalefactor band) from which point on window
switching is used

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

tcimsbf Two's complement integer, msb (sign) bit first
uimsbf Unsigned integer, most significant bit first
vielbf Variable length code, left bit first, where "left" refers to the order in which the vargiable

length codes are written

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

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

2.2.7 Range operator

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

2.2.8 Relational operators

> Greater than

Y

Greater than or equal to

Less than

IN A

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

(E)

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

clements—previously—decoded—The-decoding—ofthe-data—elements—and—definition—of the statevariables—used—intheir

decoding are described in the clauses containing the semantic description of the syntax. The following constructs are

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

Notq this syntax uses the "C"-code convention that a variable or expression evaluating to a non-zero valug iS equivialent

to a ¢ondition that is true:

whilp ( condition ) { If the condition is true, then the group of data elements occurs nextin the data strean]. This
dgta_element repeats until the condition is not true.

H

do { The data element always occurs at least once. The-data element is repeated unfil the
dgta_element condition is not true.

H

whilp ( condition )

if ( gondition ) { If the condition is true, then the first group-of data elements occurs next in the data stregm.
dqta_element

H

else |{ If the condition is not tru¢;'then the second group of data elements occurs next in the data
dgta_element stream.

H

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

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

H

As noted, the group of data ‘elements may contain nested conditional constructs. For compactness, the {} are onjitted

when only one data element-follows:

data element [] data_element [] is an array of data. The number of data elements is indicated by the confext.

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

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

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

data_element [m..n] 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.
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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 1dentifies 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). i The|PES
packkt header also contains other optional fields. The PES packet data field contains a variable number of'‘contiguous
byte$ from one elementary stream.

Trankport stream packets begin with a 4-byte prefix, which contains a 13-bit packet ID (PID), definedtn Table 2-2| The
PID [identifies, via the program-specific information (PSI) tables, the contents of the data confained in the tranpport
stream packet. Transport stream packets of one PID value carry data of one and only one eleméntary stream.

The PSI tables 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);

«  IPMP control information table.

These tables contain the necessary and sufficient informationcto“demultiplex and present programs. The program|map
tabld in Table 2-33 specifies, among other information, which PIDs, and therefore which elementary streams, are
asso¢iated to form each program. This table also indicates the PID of the transport stream packets which carry the [PCR
for dach program. The conditional access table shall.be present if scrambling is employed. The network informption
tablg is optional and its contents are not specified by this Recommendation | International Standard. The IPMP cqntrol

infogmation table shall be present if IPMP as described in ISO/IEC 13818-11 is used by any of the components ip the
Rec.[ITU-T H.222.0 | ISO/IEC 13818-1 stream:

Trangport stream packets may be null packets. Null packets are intended for padding of transport streams. They mgy be
insefted or deleted by re-multiplexing processes and, therefore, the delivery of the payload of null packets t¢ the
decofder cannot be assumed.

This|Recommendation | International Standard does not specify the coded data which may be used as part of conditjonal
access systems. This Specifigation does, however, provide mechanisms for program service providers to transporf and
identify this data for deCeder processing, and to reference correctly data which are specified by this Specification.|This
type|of support is provided both through transport stream packet structures and in the conditional access table (refer to
Tablp 2-32).

24.2 Transport stream system target decoder

2.4.2.1.7 “General

The semantics of The wansport Stream speciiied in 2-4-3 and the conswaints of These Semantics specitied in 2.7 Tequire
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
The [following notation is used to describe the transport stream system target decoder and ,is’partially illustrat
Figute 2-1 above.
i,1,1”  are indices to bytes in the transport stream. The first byte has index O
J is an index to access units in the elementary streams.
k, k', k" are indices to presentation units in the elementary streams.
n is an index to the elementary streams.
p is an index to transport stream packets in the transportsfream.
t(i) indicates the time in seconds at which the i-th byte of the transport stream enters the system t
decoder. The value t(0) is an arbitrary constant:
PCR(i) is the time encoded in the PCR field measured in units of the period of the 27-MHz system
where i is the byte index of the final byte of the program_clock reference base field.
AL() is the j-th access unit in elementary stteam n. A,(j) is indexed in decoding order.
tda(j) is the decoding time, measured-in seconds, in the system target decoder of the j-th access umit in
elementary stream n.
P.(k) is the k-th presentationumit in elementary stream n. P,(k) results from decoding A,(j). P,
indexed in presentation-otder.
tpa(k)  is the presentation time, measured in seconds, in the system target decoder of the k-th present]
unit in elementary stream n.
t is time measured in seconds.
Fa(t) is the fudlness, measured in bytes, of the system target decoder input buffer for elementary stre
at timo t.
B, i3 thle main buffer for elementary stream n. It is present only for audio elementary streams.
BS, is the size of buffer, B,, measured in bytes.
Bgys is the main buffer in the system target decoder for system information for the program that is i
process of being decoded.
BS.. is the size of By, measured in bytes.
MB, is the multiplexing buffer, for elementary stream n. It is present only for video elementary streams.
MBS, is the size of MB,, measured in bytes.
EB, is the elementary stream buffer for elementary stream n. It is present only for video elementary
streams.
EBS, is the size of the elementary stream buffer EB,, measured in bytes.
TByys is the transport buffer for system information for the program that is in the process of being
decoded.
TBS.ys is the size of TByy,, measured in bytes.
TB, is the transport buffer for elementary stream n.

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

Rxgys is the rate at which data are removed from TBys.
Res is the video elementary stream rate coded in a sequence header.
2.4.2.2 System clock frequency

Timing information referenced in the T-STD is carried by several data fields defined in this_Specification. Refler to
2.4.3.4 and 2.4.3.6. In PCR fields this information is coded as the sampled value of a program's system clock] The
PCR|fields are carried in the adaptation field of the transport stream packets with a PID yalue equal to the PCR| PID
defirjed in the TS program_map_section of the program being decoded.

Pracfical decoders may reconstruct this clock from these values and their respectivie arrival times. The following are
minifnum constraints which apply to the program's system clock frequency ‘as-tepresented by the values of the
PCR|fields when they are received by a decoder.

The yalue of the system clock frequency is measured in Hz and shall meettlie following constraints:

27 000 000 — 810 < system_clock frequency < 27,000 000 + 810

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

Z

OTE - Sources of coded data should follow a tighter tolerance in order to facilitate compliant operation of consumer recdrders
hd playback equipment.

&

A prpgram's system_clock frequency may be more(daccurate than required. Such improved accuracy may be transnjitted
to thi decoder via the system clock descriptor described in 2.6.20.

Bit fates defined in this Specification are"measured in terms of system clock frequency. For example, a bit rate of
27 0P0 000 bits per second in the T-STD would indicate that one byte of data is transferred every eight (8) cycles qf the
systdm clock.

The |notation "system clock frequency"” is used in several places in this Specification to refer to the frequency|of a
clock meeting these requirements. For notational convenience, equations in which PCR, PTS, or DTS appear, lead to
valugs of time which are acoyrate to some integral multiple of (300 x 2*/system_clock frequency) seconds. This i$ due
to the encoding of PCR-{iming information as 33 bits of 1/300 of the system clock frequency plus 9 bits fof the
remdinder, 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

Inpuf to the transport stream system target decoder (T-STD) is a transport stream. A transport stream may coptain
multjple“programs with independent time bases. However, the T-STD decodes only one program at a time. Ip the
T-STD-model all timing indications refer to the time base of that program.

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

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

i" is the index of the byte containing the last bit of the most #€eent program_clock reference |base
field applicable to the program being decoded.

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

The fransport rate for any byte i between byte i” and byte i’ is given by

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

(2-5)

transport _rate(i) =

whe

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

case of a timebase discontinuity, indicated by the discontinuity indicator in the transport packet adaptation field,
the definition given in equation 2-4 and equation 2-5 for the time of arrival of bytes at the input to the T-STD if not
applicable between the last PCR ¢f'the old timebase and the first PCR of the new timebase. In this case the time of
arrivpl of these bytes is determihed according to equation 2-4 with the modification that the transport rate used i that
applicable between the last andnext to last PCR of the old timebase.

A tollerance is specified-for"the PCR values. The PCR tolerance is defined as the maximum inaccuracy allow¢d in
recejved PCRs. This{ indccuracy may be due to imprecision in the PCR values or to PCR modification dpiring
re-mpltiplexing. It\«dees not include errors in packet arrival time due to network jitter or other causes.| The
PCRJtolerance is:X 500 ns.

In the T-STD model, the inaccuracy will be reflected as an inaccuracy in the calculated transport rate ysing
equafion 2-5.

Transport streams with multiple programs and variable rate

Transport streams may contain multiple programs which have independent time bases. Separate sets of PCRs, as
indicated by the respective PCR_PID values, are required for each such independent program, and therefore the PCRs
cannot be co-located. The transport stream rate is piecewise constant for the program entering the T-STD. Therefore, if
the 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.
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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 puffer TB, is emptied as follows:
—  When there is no data in TB,, Rx,, is equal to zero.

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

whete:

Ruax|profile, level] is specified according to the profile and level which, can’ be found in Table 8-1B of
Rec.|ITU-T H.262 | ISO/IEC 13818-2. This table specifies the upper bound of the\rate of each elementary video stream
with|n a specific profile and level.

Rx, [is equal to 1, 2 x R, for ISO/IEC 11172-2 constrained param¢ter video streams, where R, refers t¢ the
maxjmum bitrate for a constrained parameters bitstream in ISO/IEC 11972-2.

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
13548 33 177 600

Charnnels: The number of full-bandwidth audio output channels plus the number of independently switched coupling
chanpel elements within the same\elementary audio stream. For example, in the typical case that there ane no
independently switched coupling channel elements, mono is 1 channel, stereo is 2 channels and 5.1 channel surround is
five thannels (the low-frequency-effects (LFE) channel is not counted).

For ¢ther audio,

Rx, =2x10° bits per second

For dystems_data:

Rx —1x10° hits persecond
7T P

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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sport packets which do not enter any TB, or TBy, are discarded.

The transport buffer size is fixed at 512 bytes.

(E)

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

whete BS,;, PES packet overhead buffering is defined as:

and ]

and
level
head

For |

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

max
BS x> additional multiplex buffering is defined as:

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

ux

where VBV . [profile, level] is defined in Table 8-14 of Rec. ITU-T H.262YISO/IEC 13818-2 and Ry«[pr
| is defined in Table 8-13 of Rec. ITU-T H.262 | ISO/IEC 13818-2, and (bv buffer size is carried in the seqy
er described in 6.2.2 of Rec. ITU-T H.262 | ISO/IEC 13818-2.

{igh 1440 and High level:

MBS, =BS, +BS

wheie BS,;, is defined as:

and ]

and Y

For

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

max

BSux 1S defined as:

BS,... =0.004seconds x R [ profile,level]

max

where R.x[profile, level] is defined in Table 8-13 of Rec. ITU-T H.262 | ISO/IEC 13818-2.
Constrained Parameters ISQ/IEC 11172-2 bitstreams:

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

whete BS,;, is defined as:

BS,, =(1/750)seconds xR

bfile,
ence

and

RJ 1cdafinad ac.
DYoo -G HReaas

BS,,. =0.004 seconds xR,

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.
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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

Q9 __12 12 804

13..48 51216
Charnnels: The number of full-bandwidth audio output channels plus the number of independently switched cou
chanpel elements within the same elementary audio stream. For example, in the typical case that\there aj
independently switched coupling channel elements, mono is 1 channel, stereo is 2 channels and 5.1,channel surroul
5 channels (the LFE channel is not counted).
For gther audio:

BS =BS,,  +BS, +BS, =3584 Dbytes

The

A pa
sharg

Syst
The
Vide

For Y
vide

Leal

The
follo)

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

BS ,. + BS ,, < 2848 bytes

dec

rtion (736 bytes) of the 3584 byte buffer is allocated for buffering to allow multiplexing. The rest, 2848 byte
d for access unit buffering BSy.., BS,, and additional multiplexing.
bms

main buffer By for system data is of size BS,y, = 1536 bytes.

0

ideo elementary streams, data is transferted from MB, to EB, using one of two methods: the leak method g
buffering verifier (VBV) delay method;

t method

leak method transfers data from MB, to EB, using a leak rate Ry,. The leak method is used whenever any o
wing is true:

»  the STD descriptor (refer to 2.6.32) for the elementary stream is not present in the transport stream;
»  the STD descriptor is present and the leak valid flag has a value of '1';

+  the.STD descriptor is present, the leak valid has a value of '0', and the vbv_delay fields coded i
yideo stream have the value OXFFFF; or

s\ trick mode status is true (refer to 2.4.3.7).

pling
€ no
nd is

, are

r the

f the

h the

For |

L ow~and Main level:

Rbx, =R . [ profile, level]

For High-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 right.

s reserved


https://standardsiso.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
descr —tfamy vbvlelay
valugs in a video sequence are not equal to OXxFFFF, none of the vbv delay fields in that sequence shall be eqL al to
OXxFHFF (refer to ISO/IEC 11172-2 and Rec. ITU-T H.262 | ISO/IEC 13818-2).

Wheh the vbv_delay method is used, the final byte of the video picture start code for picture j is transférred 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 above] and
vbv [delay(j) is the delay time, in seconds, indicated by the vbv_delay field of picture j. The transfer of bytes betveen
the fjnal bytes of successive picture start codes (including the final byte of the second start code), into the buffer EB,,, is
at a piecewise constant rate, Ry,(j), which is specified for each picture j. Specifically, the rate, Ry(j), of transfer int¢ this
buffgr is given by:

R, (j)=NB(j)/(vbv_delaxj)—vbv_delay(j+1)+td, (G+V)—td, (j)) (2-6)

whetfe NB(j) is the number of bytes between the final bytes of the picturesstart codes (including the final byte gf the
secohd start 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 fronm¢hose normally expected for periodic video disglay if
the low_delay flag in the video sequence extension is set to 'l'. It miay not be possible to determine the correct valups by
ekamination of the bit stream.

The Ry(j) derived from equation 2-6 shall be less than or equal*to Ry, [profile, level] for elementary streams of stfeam
type|0x02 (refer to Table 2-34), where Ry, [profile, level] is,defined in Rec. ITU-T H.262 | ISO/IEC 13818-2, and [shall
be 1gss 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.

Wheh a byte of data is transferred from MB,:to_EB,, all PES packet header bytes that are in MB,, and immedijately
precgde that byte are instantaneously removed and discarded. All data that enters MB,, leaves it. All PES packet payload
data ppytes enter EB,, instantaneously upon leaving MB,.

Removal of access units

For pach 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
remdved instantaneously attime td,(j). The decoding time td,(j) is specified in the DTS or PTS fields (refer to 2.4|3.6).
Decqding times td,(j +.99td,( + 2), ... of access units without encoded DTS or PTS fields which directly follow agcess
unit j may be derived\from information in the elementary stream. Refer to Annex C of Rec. ITU-T H.262 | ISQYIEC
13818-2, ISO/IEG-13818-3, or ISO/IEC 11172. Also refer to 2.7.5. In the case of audio, all PES packet headers thgt are
storgd immediately before the access unit or that are embedded within the data of the access unit are rempoved
simulltaneousSly*with the removal of the access unit. As the access unit is removed it is instantaneously decoded to a
pres¢ntationf unit.

Systemdata

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 thp bit stream.

Trick mode

When the 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 video access unit and the trick mode control field is set to '001' (slow motion) or '010' (fre€ze frame), or|'100'
(slow reverse) the B-picture access unit is not removed from the video data buffer EB, until the)last time of possibly
multjple times that any field of the picture is decoded and presented. Repetition of the presentation of fields and pidtures
is ddfined in 2.4.3.8 under slow motion, slow reverse, and field id cntrl. The access unit-is rémoved instantanepusly
from EB,, at the indicated time, which is dependent on the value of rep_cntrl.

Wheh the DSM_trick mode flag is set to '1' in the PES packet header of a packet cOntaining the first byte of a picture
start|code, trick_mode status becomes true when that picture start code in the PESpacket is removed from buffeq EB,
Trickk mode status remains true until a PES packet header is received by the T-STD in which the DSM_trick_modg flag
is sef to '0' and the first byte of the picture start code after that PES packet’ header is removed from buffer EB,. When
trick| mode status is true, the buffer EB, may underflow. All other constraints from normal streams are retained when
trick|mode status is true.

24.2.5 Decoding

Elenjentary streams buffered in B; through B, and EB; through EB, are decoded instantaneously by decodefs D,
throygh D, and may be delayed in re-order buffers O; through O, before being presented at the output of the T-§TD.
Re-arder buffers are used only in the case of a videe @lementary stream when some access units are not carrig¢d in
pres¢ntation order. These access units will need to~be re-ordered before presentation. In particular, if Py(k) |s an
I-picture or a P-picture carried before one or more Btpictures, then it must be delayed in the re-order buffer, O,, qf the
T-STD before being presented. Any picture previously stored in O, is presented before the current picture can be stpred.
P,(k} should be delayed until the next I-picture or P-picture is decoded. While it is stored in the re-order buffer, the
subsequent B-pictures are decoded and presented.

The fime at which a presentation unit:R, (k) is presented is tp,(k). For presentation units that do not require re-ordgring
delay, tpu(k) is equal to td,(j) sinee’the access units are decoded instantaneously; this is the case, for examplq, 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-prder
buffgr, which is a multiple-of-the nominal picture period. Care should be taken to use adequate re-ordering delay [from
the Heginning of video elementary streams to meet the requirements of the entire stream. For example, a stream which
initiglly has only I-<and’ P-pictures but later includes B-pictures should include re-ordering delay starting af the
beginning of the streant.

Rec.[ITU-T H262'| ISO/IEC 13818-2 explains re-ordering of video pictures in greater detail.

2.4.2.6 «Preésentation

The [funetion of a decoding system is to reconstruct presentation units from compressed data and to present theml 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.

41 1 1.1 1 1C A Al & L o > alad AL 1 11 £l 1 Ll 110
Wh I UIC VUV_UCldy ITICUIOU TOT1 bl)Cbllylllg U AlISICIS 15 11T ClleL, lVan Siidll TTOU OVCOITIOW 1101 UIIUCT 11UW, alidd DDn bhall
not qverflow.

The|delay of any data through the system target decoder buffers shall be less than or equal to one second ‘exceft for
still picture video data, ISO/IEC 14496 streams and ISO/IEC 23008-2 streams. Specifically: td,(j) — t(i)’< 1 seconfl for
all j,|and all bytes i in access unit A,(j).

For #till picture video data, the delay is constrained by td,(j) — t(i) < 60 seconds for all j, and‘all bytes i in agcess
unit A,(j).

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

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

Ovetflow does not occur if:

F,(1)S &S,

for all t and n.

Undg¢rflow does not occur if:

0<F, (1)

for all t and n.

2.4.2.8 T-STD extensions forycarriage of ISO/IEC 14496 data

For dlecoding of ISO/IEC 14496 data carried in a transport stream the T-STD model is extended. T-STD parametegs for
decoding of individual\ISO/IEC 14496 elementary streams are defined in 2.11.2, while 2.11.3 dgfines
T-STD extensions and-parameters for decoding of ISO/IEC 14496 scenes and associated streams.

2.429 T-STDsextensions for carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video

To define the*decoding in the T-STD of Rec. ITU-T H.264 | ISO/IEC 14496-10 video streams carried in a tranfport
stream, thé F*STD model needs to be extended. The T-STD extension and T-STD parameters for decoding of AVC
vide¢ streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 yideo
streams=are defined in 21431 T-STD extension and T-STD parameters for dpr‘nding 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 stream support including P-STD extensions and P-STD parameters are not specified for HEVC yideo stregms.

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 are ‘defined in 2.14.1 and
2.14)3.7.

NOTE — Program 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 extensions and T-STD parameters for decoding of HEVC layered video\streams are defined in 2.17.4. Program
streajm support including P-STD extensions and P-STD parameters are not specified for HEVC extension video strgams.

24.3 Specification of the transport stream syntax and semantics

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

2.4.3.1 Transport stream

See Table 2-1.

Table'2-1 — Transport stream

Syntax No. of bits Mnemonic

MPEG transport_stream() {
do {
transport_packet()
} while (nextbits() = =@g§ync_byte)

2.4.3.2 Transport,Stream packet layer
See Table 2-2.

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

Syntax No. of bits Mnemonic
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 Mnemoni

C

if(adaptation_field control =="10'|| adaptation_field control =="11"){
adaptation_field()
}
if(adaptation_field control =="'01" || adaptation_field control =="11") {
for (i=0;1i<N;it++){
data_byte 8 bslbf

2.4.3.3 Semantic definition of fields in transport stream packet layer

synd byte — The sync_byte is a fixed 8-bit field whose value is '0100 0111' (0x47). Sync_byte emulation invthe cl
of vglues for other regularly occurring fields, such as PID, should be avoided.

tranpport_error_indicator — The transport error_indicator is a 1-bit flag. When set to 'l' it andicates that at
1 ungorrectable bit error exists in the associated transport stream packet. This bit may be set to, "1"by entities extert
the transport layer. When set to '1' this bit shall not be reset to '0' unless the bit value(s) in error have been corrected.

paylpad_unit_start_indicator — The payload unit start indicator is a 1-bit flag which/has normative meanin
trangport stream packets that carry PES packets (refer to 2.4.3.6) or transport stream Segtion data (refer to Table 2-
2.444).

Wheh the payload of the transport stream packet contains PES packet data,he payload unit start indicator hal
following significance: a 'l' indicates that the payload of this transport strearn packet will commence with the firs
of 4 PES packet and a '0' indicates no PES packet shall start./in this transport stream packet. If
paylpad unit start indicator is set to 'l', then one and only one PES\packet starts in this transport stream packet.

also

Wheh the payload of the transport stream packet contains transport stream section data, the payload unit start indi

has

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

the following significance: if the transport stream packet carries the first byte of a section,

hoice

least
1al to

b for
B1 in

5 the
byte

the
This

cator
the

paylpad unit start indicator value shall be 'l', indicating*that the first byte of the payload of this transport styeam
packet carries the pointer field. If the transport stréam packet does not carry the first byte of a section| the
paylpad unit start indicator value shall be '0', indicating that there is no pointer field in the payload. Refer to 2.4.4.1
and 2.4.4.2. This also applies to private streams\of stream_type 5 (refer to Table 2-34).
For full packets the payload unit_start indicator shall be set to '0'".
The meaning of this bit for transport stteam packets carrying only private data is not defined in this Specification.
tranpport_priority — The transpert_priority is a 1-bit indicator. When set to 'l' it indicates that the associated packet is
of grrater priority than other packets having the same PID which do not have the bit set to '1'. The transport mechanism
can yise this to prioritize its-data within an elementary stream. Depending on the application the transport_priority|field
may [be coded regardless-of the PID or within one PID only. This field may be changed by channel-specific encodgrs or
decoders.
PID|- The PID is,.a 13-bit field, indicating the type of the data stored in the packet payload. PID value 0x00p0 is
resefved for the program association table (see Table 2-30). PID value 0x0001 is reserved for the conditional agcess
tablg (see Table 2-32). PID value 0x0002 is reserved for the transport stream description table (see Table 2}-36),
PID palu¢ '0x0003 is reserved for IPMP control information table (see ISO/IEC 13818-11) and PID vhlues
0x00q04-0x000F are reserved. PID value Ox1FFF is reserved for null packets (see Table 2-3).
Table 2-3 — PID table

Value Description

0x0000 Program association table

0x0001 Conditional access table

0x0002 Transport stream description table

0x0003 IPMP control information table

0x0004 Adaptive streaming information (see Note 2)

0x0005 .. 0x000F Reserved
25
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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

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

adaptation_field_control — This 2-bit field indicates whether this transport stream packet)header is followed Hy an
adapgation field and/or payload (see Table 2-5).

Table 2-5 — Adaptation field control values

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

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

contfnuity counter — The continuity counteris a 4-bit field incrementing with each transport stream packet with the
samg PID. The continuity counter wraps(around to 0 after its maximum value. The continuity counter shall npt be
incrgmented when the adaptation_field control of the packet equals '00' or '10".

In trinsport streams, duplicate packets may be sent as two, and only two, consecutive transport stream packets gf the
samg PID. The duplicate packets—shall have the same continuity counter value as the original packet and the
adaptation_field control fieldshall be equal to '01' or '11". In duplicate packets each byte of the original packet shgll be
dupljcated, with the exceptionthat in the program clock reference fields, if present, a valid value shall be encoded.

The pontinuity counter\iy’ a particular transport stream packet is continuous when it differs by a positive value of one
from| the continuity 2counter value in the previous transport stream packet of the same PID, or when either of the
non-jncrementing\conditions (adaptation_field control set to '00' or '10', or duplicate packets as described abovd) are
met.[The continuity counter may be discontinuous when the discontinuity indicator is set to '1' (refer to 2.4.3.4). In the
caseof a null'packet the value of the continuity counter is undefined.

-

datal byte — Data bytes shall be contlguous bytes of data from the PES packets (refer to 2 4. 3 6) transport stream
sections (refe D g byTe C r y M 3 j d i
indicated by the PID In the case of null packets wrth PID value OxlFFF data _bytes may be a551gned 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_ticld_extension_tlag T HsIbT
if (PCR_flag=="1") {
program_clock reference base 33 uimsbf
reserved 6 bslbf
program_clock reference extension 9 uimsbf
if (OPCR flag=="1") {
original_program_clock reference base 33 uimsbf
reserved 6 bslbf
original_program_clock_reference_extension 9 uimsbf
J
if (splicing point flag=="1") {
splice_countdown 8 tcimsbf
J
if (transport_private data flag=="1") {
transport_private_data_length 8 uimsbf
for (i=0; i < transport_private data length; i++) {
private_data_ byte 8 bslbf
}
if (adaptation field extension flag=="1") {
adaptation_field_extension_length 8 uimsbf
Itw_flag 1 bslbf
piecewise rate flag 1 bslbf
seamless_splice flag 1 bslbf
af descriptor_not_present_flag 1 bslbf
reserved 4 bslbf
if (Itw_flag=="1") {
Itw_valid flag 1 bslbf
Itw_offset 15 uimsbf
if (piecewise rate flag=="1") {
reserved 2 bslbf
piecewise. rate 22 uimsbf
if (seamless—splice flag=="1") {
Splice type 4 bslbf
DTS _next_AU[32..30] 3 bslbf
marker_bit 1 bslbf
DTS _next AU[29..15] 15 bslbf
marker_bit 1 bslbf
DTS next AU[14..0] 15 bslbf
marker_bit 1 bslbf
}
if (af_descriptor_not_present flag =="'0") {
for i=0;1<NI;i++) {
af qur‘ripfm‘(\
}
else {
for 1i=0;1<N2;it++) {
reserved 8 bslbf
}
}
}
for (i=0; 1 <N3;it++) {
stuffing byte 8 bslbf
}
}
}
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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
packgts carrying sections, an alternative stutfing method 1s described 1n 2.4.4.

discontinuity _indicator — This is a 1-bit field which when set to '1' indicates that the discontinuity state is ¢rue fqr the
currgnt transport stream packet. When the discontinuity indicator is set to '0' or is not present, the discontinuity state is
false} The discontinuity indicator is used to indicate two types of discontinuities, system time-base discontinuitie$ and
contfnuity counter discontinuities.

A system time-base discontinuity is indicated by the use of the discontinuity indicator in transport stream packetq of a
PID [designated as a PCR_PID (refer to 2.4.4.9). When the discontinuity state is true for a transport stream packef of a
PID [designated as a PCR_PID, the next PCR in a transport stream packet with that same’ PID represents a sampld of a
new [system time clock for the associated program. The system time-base discontinuity'\point is defined to be the instant
in tifne when the first byte of a packet containing a PCR of a new system time-basé.arrives at the input of the T-TD.
The [discontinuity indicator shall be set to 'l1'in the packet in which the system, time-base discontinuity occurs{ The
disc@ntinuity indicator bit may also be set to 'l' in transport stream packets of the same PCR_PID prior to the pcket
whidh contains the new system time-base PCR. In this case, once the discofitinuity indicator has been set to 'l', it[shall
contjnue to be set to '1' in all transport stream packets of the same PCR\ PID up to and including the transport styeam
packet which contains the first PCR of the new system time-base After the occurrence of a system timetbase
disc@ntinuity, no fewer than two PCRs for the new system time-base shall be received before another system timetbase
disc@ntinuity can occur. Further, except when trick mode status, is ‘true, data from no more than two system time-bases
shalllbe present in the set of T-STD buffers for one program attany time.

Priof to the occurrence of a system time-base discontinuity;‘the first byte of a transport stream packet which contdins a
PTS|or DTS which refers to the new system time-base shall not arrive at the input of the T-STD. After the occurrengce of
a syqtem time-base discontinuity, the first byte of a-transport stream packet which contains a PTS or DTS which refers
to thp previous system time-base shall not arrive at'the input of the T-STD.

A continuity counter discontinuity is indicated by the use of the discontinuity indicator in any transport stream packet.
Wheh the discontinuity state is true in amy transport stream packet of a PID not designated as a PCR_PID| the
contjnuity counter in that packet may be discontinuous with respect to the previous transport stream packet of the pame
PID.| When the discontinuity state(isytrue in a transport stream packet of a PID that is designated as a PCR_PII}, the
contjnuity counter may only b€ discontinuous in the packet in which a system time-base discontinuity occufs. A
contjnuity counter discontinyity point occurs when the discontinuity state is true in a transport stream packet angl the
contjnuity counter in the same packet is discontinuous with respect to the previous transport stream packet of the pame
PID.[A continuity counterydiscontinuity point shall occur at most one time from the initiation of the discontinuity|state
untilfthe conclusion-of the discontinuity state. Furthermore, for all PIDs that are not designated as PCR_PIDs, whep the
discgntinuity indicator is set to '1' in a packet of a specific PID, the discontinuity indicator may be set to 'l" in the|next
trangport stream packet of that same PID, but shall not be set to 'l' in three consecutive transport stream packet of that
samg PID.

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

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 access point
in the byte stream and prior to their activation.

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 elementary
stream access point, then the corresponding elementary stream shall also include an elementary

stream access point.

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

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

SvC

MVC vadeo subobitstreams of AV C vadeo streams conforming to one or more prnﬁ]pc defined in

Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 — The first byte of an MVC view-componerits
is an elementary stream access point if the following two conditions are met:

—  The subset sequence parameter sets and picture parameter sets referenced in this and_all'Subseq
MVC view-component subsets in the MVC video sub-bitstream shall be provided after this a
point in the byte stream and prior to their activation.

— If this MVC video sub-bitstream access point requires the elementary stréani access point o
same AVC access unit, if any, contained in the corresponding elementary stream that needs
present in decoding order before decoding the elementary stream assoeiated with this eleme
stream access point, then the corresponding elementary stream_shall also include an eleme
stream access point.

NOTE 2 - If the hierarchy descriptor is present for this MVC vid€o sub-bitstream, then the MVC

sub-bitstream of which the hierarchy layer index equals the*hierarchy embedded layer index o
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 a téxt access unit. In case in-band sample descrip
are used, each in-band sample description shall be‘provided in the ISO/IEC 14496-17 stream afte
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 access
The VPS, SPS and PPS parameter sets, asidefined in Rec. ITU-T H.265 | ISO/IEC 23008-2, referenc
this and all subsequent HEVC access™units in the HEVC video sequence shall be provided aftef
access point in the byte stream and ‘prior to their activation.

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

— The subset sequence parameter sets and picture parameter sets referenced in this and all subseq
MVCD view-¢omponent subsets in the MVCD video sub-bitstream shall be provided after this a
point in the/byt& stream and prior to their activation.

— If this MVCD video sub-bitstream access point requires the elementary stream access point o
same ‘AVC access unit, if any, contained in the corresponding elementary stream that needs
present in decoding order before decoding the elementary stream associated with this eleme
stfream access point, then the corresponding elementary stream shall also include an eleme
stream access point.

NOTE 3 — If the hierarchy descriptor is present for this MVCD video sub-bitstream, then the MVCD
sub-bitstream of which the hierarchy layer index equals the hierarchy embedded layer index o
MVCD sub-bitstream should have an elementary 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
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
sequence_end code followed by an elementary stream access point.

© ISO/IEC 2018 - All rights reserved Rec. ITU-T H.222.0 (03/2017)
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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 tran
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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
randpm access at this point.

Spedifically, when the bit is set to 'l', the next PES packet to start in the payload of transport stream packets with the
currgnt PID shall contain an elementary stream access point as defined in the semantics for the discontintity indifcator
field| In addition, in the case of video, a presentation timestamp shall be present for the first picture™ollowing the
elementary stream access point.

In thg case of audio, the presentation timestamp shall be present in the PES packet containing theé-first byte of the gudio
framp. In the PCR_PID the random_access_indicator may only be set to '1' in a transport stream packet containing the
PCR]fields.

elementary_stream_priority indicator — The elementary stream priority indicator\is a 1-bit field. It indigates,
among packets with the same PID, the priority of the elementary stream data carriéd-within the payload of this transport

stream packet. A '1' indicates that the payload has a higher priority than the payloads of other transport stream packgts.
In the case of ISO/IEC 11172-2 or Rec. ITU-T H.262 | ISO/IEC 13818-2 6r' ISO/IEC 14496-2 video, this field mgy be
set t¢ '1' only if the payload contains one or more bytes from an intra-codedslice.

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

For MVC video sub-bitstreams or MVC base view subsbitstreams of AVC video streams conforming to one or nore
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
contgins one or more bytes from an anchor picture, indicated by the slice type equal to 2, 4, 7, or 9 and the

VCD video sub-bitstreams or MVCD base view sub-bitstreams of AVC video streams conforming to one or pore
profiles defined in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10, this field may be set to 'l' only if the payload
contgins one or more bytes from an\‘anchor picture, indicated by the slice type equal to 2, 4, 7, or 9 and the
r pic_flag syntax element equal to 1 for all prefix NAL units and slice extension NAL units. In the case of HEVC
videp streams or HEVC temporal.video sub-bitstreams or HEVC temporal video subsets, this field may be set to '1'|only
if th¢ payload contains one-or_more bytes from a slice with slice type set to 2. A value of '0' indicates that the payload

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

OP(R_flag ~The OPCR flag is a 1-bit flag. A value of '1' indicates that the adaptation field contains an OPCR|field
coded in two-parts. A value of '0' indicates that the adaptation field does not contain any OPCR field.

spliging)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 Ticld, specilying the occurrence ol a splicing point. A value of ‘U’ 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 af Teast any PSI and private data packefs which were present in the original transport stream and, would
poss]bly require other private arrangements. It also means that the OPCR must be an identical copy of its assediated
PCR(in the original single program transport stream.

The PPCR is expressed as follows:

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

whete:

OPCR  base (i) = ((system _ clock _ frequency (X\t(i)) DIV 300 )% 2 |2-9)
OPCR _ext (i) = ((system _ clock _ frequency xt(i)) DIV-1Y% 300 (R-10)

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

splide_countdown — The splice_countdown is an 8-bit field, representing a value which may be positive or negatiye. A
positive value specifies the remaining number of transport streamvpackets, of the same PID, following the associiated
trangport stream packet until a splicing point is reached. Duplieate transport stream packets and transport stream pagkets
only contain adaptation fields are excluded. The splicing point is located immediately after the last byte df the
trangport stream packet in which the associated splice .¢ountdown field reaches zero. In the transport stream packet
wheile the splice_countdown reaches zero, the last data\byte of the transport stream packet payload shall be the last|byte
of a|coded audio frame or a coded picture. In th¢ case of video, the corresponding access unit may or may npt be
termjnated by a sequence end code. Transportsstream packets with the same PID, which follow, may contain data [from
a different elementary stream of the same type.

The payload of the next transport stream packet of the same PID (duplicate packets and packets without payload heing
excliided) shall commence with thefitst byte of a PES packet. In the case of audio, the PES packet payload [shall
commence with an access point. Ifi the case of video, the PES packet payload shall commence with an access poift, or
with|a sequence _end code, followed by an access point. Thus, the previous coded audio frame or coded picture alligns
with|the packet boundary, orlis)padded to make this so. Subsequent to the splicing point, the countdown field may] also
be present. When the splice countdown is a negative number whose value is minus n (-n), it indicates that the
asso¢iated transport stream packet is the n-th packet following the splicing point (duplicate packets and packets without
paylpad being excluded).

For the definition, 0f an elementary stream access point, see the semantics of discontinuity indicator.

tranpport sprivate_data_length — The transport private data length is an 8-bit field specifying the numbg¢r of
privgte.data bytes immediately following the transport private data length field. The number of private data bytes
shall| bé.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

ltw pffset-shal-be-valid—A-valie-of 0 indicates-that-the-value-in-theHw—offset field-is-undefined-

Itw_pffset (legal time window offset) — This is a 15-bit field, the value of which is defined only if the Itw_valid\flag has
a value of 'l'. When defined, the legal time window offset is in units of (300/f;) seconds, where f; is the system ¢lock
freqyency of the program that this PID belongs to, and fulfils:

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

whefe i is the index of the first byte of this transport stream packet, offset is the valtig'encoded in this field, t(i) is the
arrivpl time of byte i in the T-STD, and t,(i) is the upper bound in time of a time intetval called the legal time wipdow
whidh is associated with this transport stream packet.

The Jegal time window has the property that if this transport stream is delivered to a T-STD starting at time t,(i), ife., at
the gnd of its legal time window, and all other transport stream packets-0f the same program are delivered at the epd 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 elemeptary
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 elemeptary
stream data at the time the first byte of this transport stream packet enters it, and no buffer violatiops in
the T-STD shall occur.

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

The |nformation in this field is ifiterided for devices such as remultiplexers which may need this information in order to
recofstruct the state of the buffers MB,,.

piec¢wise_rate — The meaning of this 22-bit field is only defined when both the ltw_flag and the Itw_valid_flag afe set
to '1} When defined, 4t'1s-a positive integer specifying a hypothetical bitrate R which is used to define the end timgs of
the ILegal Time Windows of transport stream packets of the same PID that follow this packet but do not includp the
legal time window" offset field.

Assyme that'the first byte of this transport stream packet and the N following transport stream packets of the samg PID
have| indices A, Aj+1, ..., Ajn, respectively, and that the N latter packets do not have a value encoded in the |field
legal fime 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 spliceicountdlown
reaches zero shall remain in the VBV buffer of the VBV model for an amount of time equpl 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 whicl 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/IEG13818-2.

NOTE —t, is the time when coded picture n is removed from the VBV buffer, and (t,+; —t,) is the dutation
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 parametexs Table 1
Simple Profile Main Level, Maifx Profile Main Level,
SNR Profile Main Leyél(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_decoding_delay = 225 ms; max_splice_rate = 8.0 x 10° bit/s
'0011" splicd. décoding_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 Level (base layer),
Multi-view Profile Low Level (base layer) Video

splice_type Conditions
'0000' splice_decoding_delay = 115 ms; max_splice_rate = 4.0 x 10° bit/s
'0001" splice_decoding_delay = 155 ms; max_splice_rate =3.0 x 10° bit/s
'0010' splice_decoding_delay = 230 ms; max_splice_rate =2.0 x 10° bit/s
'0011" splice_decoding_delay =250 ms; max_splice_rate = 1.8 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
11t unspecified

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 > 10%bit/s
'0001" splice_decoding_delay = 160 ms; max_splice_rate = 6050 x*10° bit/s
'0010" splice_decoding_delay = 240 ms; max_splice_rate40:0 x 10° bit/s
‘0011 splice_decoding_delay = 250 ms; max_splice_rdte *=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 Jdelay = 115 ms; max_splice_rate = 3.0 x 10° bit/s
'0001" splice_dedoding_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* sptice decodingdetay =5 TS Tmax—sptice Tae="t0-0—~t0"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

1111

unspecified
T

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

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° bitfs
'0011" splice_decoding_delay = 250 ms; max_splice_rate =9.5 x J0%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 LIlevel (both layers) Video

splice_type

Conditions

'0000' splice_decoding_delay,£ 120 ms; max_splice_rate =25.0 x 10° bit/s
'0001" splice_decoding_deldy-= 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-defitred
111" unspegified
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 J0%bit/s
‘0011 splice_decoding_delay = 250 ms; max_splice_rate = 3.7%,x 10° 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_decading_delay = 250 ms; max_splice_rate = 62.4 x 10° bit/s
'0100'..'1011" Reserved
'1100'..'1110’ Usert=défined
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 106 bit/s
'0001" splice decoding delay = 90 ms; max_splice rate =3000 x 100 hit/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.

y the

2.4.3.6 PES packet
See Table 2-21.

Table 2-21 — PES packet

Syntax No. of bits Mnemonic
PE§ packet() {
packet_start code prefix 24 bslbf
stream_id 8 uimsbf
PES_packet _length 16 uimsbf
if (stream_id != program_stream_map
&& stream_id != padding_stream
&& stream_id != private stream 2
&& stream_id != ECM
&& stream_id = EMM
&& stream_id != program_stream_directory
&& stream_id != DSMCC_stream
&& stream_id != ITU-T Rec. H.222.1 type E stream) {
'10' 2 bslbf
PES_scrambling_control 2 bslbf
PES_priority 1 bslbf
data_alignment_indicator 1 bslbf
copyright 1 bslbf
original or copy 1 bslbf
PTS_DTS_flags 2 bslbf
ESCR _flag 1 bslbf
ES rate flag 1 bslbf
DSM_trick_mode_flag 1 bslbf
additional_copy_info-flag 1 bslbf
PES_CRC_flag 1 bslbf
PES_extension.flag 1 bslbf
PES_header_data_length 8 uimsbf
if (PTS_DTS flags =="10") {
'0010' 4 bslbf
PTS [32..30] 3 bslbf
marker_bit 1 bslbf
PTS [29..15] 15 bslbf
marker_bit 1 bslbf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf
1
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
H
if (ES rate flag=="1") {
marker_bit bslbf
ES rate 22 uimsbf
marker_bit 1 bsibf
i
if (DSM_trick_mode flag=="1") {
trick_mode_control 3 uimsbf
if (trick mode control == fast forward ) {
field_id 2 bslbf
intra_slice_refresh 1 bslbf
frequency_truncation 2 bslbf
else if (trick_ mode control == slow_motion ) {
rep_cntrl 5 uimsbf
else if ( trick mode control == freeze frame ) {
field_id 2 uimsbf
reserved 3 bslbf
else if ( trick mode control == fast reverse ) {
field_id 2 bslbf
intra_slice refresh 1 bslbf
frequency_truncation 2 bslbf
else if ( trick mode control == slow revérse ) {
rep_cntrl 5 uimsbf
}
else
reserved 5 bslbf
}
if ( additional copy info flag==") {
marker_bit 1 bslbf
additional copy .info 7 bslbf
}
if (PES_CRC flag =="1") {
previous PES packet CRC 16 bslbf
}
if (PES extefision flag=="1") {
PES\ private data flag 1 bslbf
pack header field flag 1 bslbf
program_packet sequence counter_ flag 1 bslbf
P-STD_buffer flag 1 bslbf
reserved 3 bslbf
PES_extension_flag 2 1 bslbf
if (PES private data flag=="1") {
PES_private_data 128 bslbf
}
T {pack headerfictd—ftag=—"17<
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 bsIbf
marker_bit 1 bslbf
TREF[i4..0] 15 bslbf
marker_bit 1 bslbf
}
}
for (1=0;1<N3;i++) {
reserved 8 bslbf
}
}
for (i<0;i<NI1;it+) {
stuffing_byte 8 bslbf
}
for (1<0;1<N2;i++) {
PES_packet_data_byte 8 bslbf
}
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 (1=0; 1 <PES packet length; i++)%{
PES_packet_data_byte 8 bslbf
}
else if ( stream_id == padding_stream) {
for (1< 0; 1 <PES packet\length; i++) {
padding_byte 8 bslbf
}
}
}
NOJ'E — The value N3(Cequals the byte count given by PES extension field length minus the bytes which contain|the
strehm_id_extension_flagand 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
consfitutes a packet start code that identifies the beginning of a packet. The packet start code prefix is the bit dtring
'000¢ 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

'1011 1110’ padding_stream

1011 1111" 3 private_stream_2

'110x xxxx' ISO/IEC 13818-3 or ISO/IEC 11172-3 or ISO/IEC 13818-7 or ISOAEC 14496-B 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, ISOAEC 14496-2, Rdc.

ITU-T H.264 | ISO/IEC 14496-10 or Rec. ITU-T H.265 [1SO/IEC 23008-2 vid{
stream number 'Xxxx'

o

'1111 0000' 3 ECM_stream

'1111 0001" 3 EMM stream

'1111 0010’ 5 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Anfiex 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 typéC

111101117 6 Rec. ITU-T H.222.1 type D

'1111 1000’ 6 Rec. ITU-T H.222.I'ype E

'1111 1001' 7 ancillary_stream

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

1111 1011 ISO/IEG-14496-1 FlexMux_stream

'1111 1100 meftadata stream

1111 1101" 8 extended stream_id

1111 1110 reserved data stream

1111 1111 4 program_stream_directory

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

NOI;E 1 — PES packets of-typ€ program_stream_map have unique syntax specified in 2.5.4.1.

NOJE 2 — PES packets of type private stream 1 and ISO/IEC_13552_stream follow the same PES packet syntax as those for
Red ITU-T H.262 [ISO/IEC 13818-2 video and ISO/IEC 13818-3 audio streams.

NOJE 3 — PES packets of type private stream 2, ECM_stream and EMM_stream are similar to private_stream_1 except that no
synfax is speeified after PES_packet length field.

NOE:E 4 PES packets of type program_stream_directory have a unique syntax specified in 2.5.5.
NO[LE.S'— 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.

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.

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


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

ISO/IEC 13818-1:2018 (E)

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
transpert-mechanist-

dat:;[ alignment_indicator — This is a 1-bit flag. When set to a value of 'l', it indicates that the PES packet'header is
immepdiately followed by the video syntax element or audio sync word indicated’ in | the
data|stream_alignment descriptor in 2.6.10 if this descriptor is present. If set to a value of '1' and the desefiptor is not
pres¢nt, alignment as indicated in alignment_type '01' in Table 2-53, Table 2-54 or Table 2-55 is requited. When sef to a
valu¢ of '0', it is not defined whether any such alignment occurs or not.

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

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

PTS| DTS_flags — This is a 2-bit field. When the PTS DTS flags fieldds'set to '10', the PTS fields shall be presgnt in
the HES packet header. When the PTS DTS flags field is set to '11', b6th the PTS fields and DTS fields shall be prisent
in thp PES packet header. When the PTS DTS flags field is set to '00%no PTS or DTS fields shall be present in thef PES
packet header. The value '01' is forbidden.

ESCR_flag — A 1-bit flag, which when set to 'l' indicates that ESCR base and extension fields are present in the|PES
packgt header. When set to '0' it indicates that no ESCR fields are present.

ES_rate_flag — A 1-bit flag, which when set to '1' indicates that the ES rate field is present in the PES packet hepder.
Wheh set to '0' it indicates that no ES_rate field issptesent.

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

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

PES| CRC _flag — A 1-bit flag, which when set to '1' indicates that a CRC field is present in the PES packet. When set
to '0'it indicates that this field-is not present.

PES| extension_flag = ‘A)1-bit flag, which when set to '1' indicates that an extension field exists in this PES packet
header. When set to~0\it indicates that this field is not present.

PES| header_data_length — An 8-bit field specifying the total number of bytes occupied by the optional fields and any
stufflng bytes-eontained in this PES packet header. The presence of optional fields is indicated in the byte that pre¢edes
the HES header data length field.

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

PTS (presentation time stamp) — Presentation times shall be related to decoding times as follows: The PTS 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
ISQAEC 144096-2)

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-agcess
unit fontaining the first picture start code that commences in this PES packet. A picture start code commenees)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 innnon-low_dlelay
sequpnces and in the case when there is no decoding discontinuity between access units (AUs) k and ki, the presentption
time|t,,(k) shall be equal to the decoding time tq,(k') of the next transmitted I- or P-coded frame (referto 2.7.5). If there
is a |decoding discontinuity, or the stream ends, the difference between t, (k) and ty,(k) shallxbe’ the same as iff the
original stream had continued without a discontinuity and without ending.
OTE 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

t¢ '1' (refer to 6.2.2.3 of Rec. ITU-T H.262 | ISO/IEC 13818-2). Also note that for field pictures the presentation time refers fo the

rst field picture of the coded frame.

For [AVC video streams conforming to one or more profiles defined in “Annex A of Rec. ITU-T H.264 |
ISOAIEC 14496-10 video, if a PTS is present in the PES packet header, it shdlD refer to the first AVC access unif that
commences in this PES packet. An AVC access unit commences in a PES-packet if the first byte of the AVC accesg unit
is prgsent in the PES packet. To achieve consistency between the STD medel and the HRD model defined in Annex C
of Rgc. ITU-T H.264 | ISO/IEC 14496-10, for each decoded AVC agcess unit, the PTS value in the STD shall, within
the gccuracy of their respective clocks, indicate the same instant 4n.time as the nominal DPB output time in the HRD,
defirfed herein as t,, app(n) = t.n(n) + t; * dpb_output_delay(n), Where t,,(n), t., and dpb_output_delay(n) are defingd as
in Afnex C of Rec. ITU-T H.264 | ISO/IEC 14496-10.

For [video sub-bitstreams of AVC video streams copforming to one or more profiles defined in Annex {3 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
depepdency representation that commences in this.PES packet. An SVC dependency representation commences| in a
PES [packet if the first byte of the SVC dependency representation is present in the PES packet. To achieve consisfency
betwjeen the STD model and the HRD modehdefined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for|each
re-agsembled 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 nominal DPB output time in the HRD, defined herein as t, ; gpp(n) = {:1(n)
+ t.| dpb_output_delay(n), where tx(1), t., and dpb_output delay(n) are defined as in Annex C of Rec. ITU-T HR64 |
ISO/JEC 14496-10.

OTE 3 — Different clocks may be used for derivation of PTS and t, j, gpp(n).

For MVC video sub-bitstreams, MVC base view sub-bitstream or AVC video sub-bitstream of MVC of AVC Yideo
streams conforming t¢ @n¢ or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, if a P['S is
pres¢nt in the PES<{packet header, it shall refer to the first MVC view-component subset that commences in this| PES
packet. An MV-C\view-component subset commences in a PES packet if the first byte of the MVC view-comp@nent
subsgt is present’in the PES packet. To achieve consistency between the STD model and the HRD model defingd in
Anngx C, 6f-Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-assembled and decoded AVC access unit, the|PTS
valu¢ in the STD shall, within the accuracy of their respective clocks, indicate the same instant in time as the norpinal
DPBLoutp ime in the HRD, defined herein as t., n) = t..(m) + t.* dpb output delay(n), where t .(n), tJ 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.

. text access 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 Pnr‘nding is the same Qﬂmp‘F‘ referred to by PTS at dm‘nding In the case of scalable r‘nrﬁng refer

to 2.J.6.

For HEVC video streams, HEVC temporal video sub-bitstreams and HEVC temporal video subsets, if a PAES.is prisent
in the PES packet header, it shall refer to the first HEVC access unit that commences in this PES packét."For HEVC
vide¢ sub-partitions, if a PTS 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
layey component is present in the PES packet. To achieve consistency between the STD modeland the HRD npodel
defirled in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, for each HEVC access unit. thesPTS value in the [STD
shalll within the accuracy of their respective clocks, indicate the same instant in time as the'nominal DPB output titpe in
the HRD, as defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2.

DTY (decoding time stamp) — The DTS is a 33-bit number coded in three separate” fields. It indicates the decqding
time] td,(j), in the system target decoder of an access unit j of elementary stream n. The value of DTS is specifipd in
unity of the period of the system clock frequency divided by 300 (yielding 90 kHz). The decoding time derived fromn the
DTS|according to equation 2-12 below:

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

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

In the case of ISO/IEC 11172-2 video, Rec. ITU-T H.262 | ISO/IEC 13818-2 video, or ISO/IEC 14496-2 video} if a
DTS| is present in a PES packet header, it shall reférsto the access unit containing the first picture start codg that
commences in this PES packet. A picture start codeicommences in a PES packet if the first byte of the picture start|code
is prgsent in the PES packet.

For AVC video streams conforming to onévor more profiles defined in Annex A of Rec. ITU-T H.264 | ISQYIEC
14496-10 video, if a DTS is present in the PES packet header, it shall refer to the first AVC access unit that commgnces
in thjs PES packet. An AVC access unit commences in a PES packet if the first byte of the AVC access unit is prgsent
in te 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 AVC access unit the DTS value in the STD shall, within the acciyracy
of their respective clocks, indidate the same instant in time as the nominal CPB removal time t,,( n ) in the HRD, as
defijed in Annex C of Rec:ITU-T H.264 | ISO/IEC 14496-10.

For [video sub-bitstréams of AVC video streams conforming to one or more profiles defined in Annex {3 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
dependency representation that commences in this PES packet. An SVC dependency representation commences| in a
PES |packet if-the first byte of the SVC dependency representation is present in the PES packet. To achieve consisfency
betwjeen the”STD model and the HRD model defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for|each
re-agsembled AVC access unit the DTS value in the STD shall, within the accuracy of their respective clocks, indicate

the arYe tnctant 11 4o Ao tho aogaiaa]l DD ool trno ¢ (0 N\ 1 o TIDTY oo dofinod 10 Aoy Of
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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 ).

© ISO/IEC 2018 - All rights reserved Rec. ITU-T H.222.0 (03/2017) 43


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

ISO/IEC 13818-1:2018 (E)

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
viewFcomponent subsef that commences in this PES packef. An MVCD view-component subset commences 1n,a| PES
packgt if the first byte of the MVCD view-component subset is present in the PES packet. To achieve consisfency
betwieen the STD model and the HRD model defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10;for eadh re-
assenbled AVC access unit the DTS value in the STD shall, within the accuracy of their respective clogks, ‘indicate the
samg instant in time as the nominal CPB removal time t,,( n ) in the HRD, as defined in Annex C of Ree. ITU-T H{264 |
ISOQIEC 14496-10.

ESCR_base; ESCR_extension — The elementary stream clock reference is a 42-bit field coded-in two parts. Thq first
part,|ESCR base, is a 33-bit field whose value is given by ESCR base(i), as given in equation 2-14. The second|part,
ESCR ext, is a 9-bit field whose value is given by ESCR_ext(i), as given in equation 2:45” The ESCR field indicates
the iptended time of arrival of the byte containing the last bit of the ESCR base at the\input of the PES-STD for|PES
streams (refer to 2.5.2.4).

Spedifically:

ESCR (i) = ESCR _base (i) x300 + ESCR _ext(i) (R-13)
whefe:
ESCR _ base (i) = ((system _ clock™ _ frequency x t(i))DIV 300)% 2%  (R-14)

ESCR _ext(i) = ((system _glock _ frequency x t(i))DIV 1)% 300 (R-15)

The [ESCR and ES rate field (refer to semantics immediately following) contain timing information relating tp the
sequpnce of PES streams. These fields shall satisfy the constraints defined in 2.7.3.

ES_rate (elementary stream rate) — The ES rate field is a 22-bit unsigned integer specifying the rate at which the
systgm target decoder receives bytestof*the PES packet in the case of a PES stream. The ES rate is valid in the|PES
packet in which it is included and_in subsequent PES packets of the same PES stream until a new ES rate figld is
encountered. The value of the ES-rate is measured in units of 50 bytes/second. The value '0' is forbidden. The valpe of
the HS rate is used to define the time of arrival of bytes at the input of a P-STD for PES streams defined in 2.5.2.4] The
valu¢ encoded in the ES tate’field may vary from PES packet to PES packet.

tric{_mode_control*<)A 3-bit field that indicates which trick mode is applied to the associated video stream| (see
Tablp 2-24). In cascs of other types of elementary streams, the meanings of this field and those defined by the following
five pits are undefined. For the definition of trick_mode status, refer to the trick mode section of 2.4.2.4.

Wheh trickymode status is false, the number of times N, a picture is output by the decoding process for progrefsive
sequenees; 'is specified for each picture by the repeat first field and top field first fields in the casg of
Rec.ITU-T H.262 | ISOAEC 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.

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


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

ISO/IEC 13818-1:2018 (E)

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

defirled in video elementary stream data to be incorrect. Likewise, the semantic constraint on the slice structure m
invalid. The video syntax elements to which this exception applies are:

Ad

Decqgders are not normatively required to decode the trick mode .cofitrol field. However, the following norm
requjrements shall apply to decoders that do decode the trick_mode, ‘control field.

fast fforward — The value '000', in the trick mode control fieldWhen this value is present it indicates a fast for
videp stream and defines the meaning of the following five bits in the PES packet header. The intra_slice refreq
may|be set to 'l' indicating that there may be missing~macroblocks which the decoder may replace with co

maculoblocks of previously decoded pictures. The field\id field, defined in Table 2-25, indicates which field or f

sho

mea

slow| motion — The value '001', in the trick thode control field. When this value is present it indicates a slow m
videp stream and defines the meaning of the following five bits in the PES packet header. In the case of progre
sequpnces, the picture should be displayed N x rep_cntrl times, where N is defined above.

In t

pictyre should be displayed forN% rep_cntrl picture duration.
In the case of Rec. ITH-1’ H.262 | ISO/IEC 13818-2 interlaced sequences, the picture should be displaye

N x

top_field first is 14and the bottom field if top field first is '0' (refer to Rec. ITU-T H.262 | ISO/IEC 13818-2).
field| is displayéd~for N xrep cntrl /2 field duration. The other field of the picture is then displayed

N -

freeze frame — The value '010', in the trick mode control field. When this value is present it indicates a freeze f]
vide stream and defines the meaning of the following five bits in the PES packet header. The field id field, defin|

Tab

*  Dbit rate;

e vbv_delay;

*  repeat first field;
* VvV _axis positive;

+  field_sequence;

. subcarrier;

*  burst_amplitude;
e subcarrier_phase.

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

d be displayed. The frequency_truncation fieldyindicates that a restricted set of coefficients may be included
ing of the values of this field are shown in Table 2-26.

He case of ISO/IEC 11172-2" video and Rec. ITU-T H.262 | ISO/IEC 13818-2 video progressive sequenceq

rep_cntrl field ducation. If the picture is a frame picture, the first field to be displayed is the top fig

N x rep_entrl / 2 field duration.
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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

intrg_slice_refresh — A 1-bit flag, which when set to 'l', indicates that there may be missing macroblocks betjveen
coded slices of video data in this PES packet. When set to '0' this may not occuf, For more information| see
Rec.[ITU-T H.262 | ISO/IEC 13818-2. The decoder may replace missing macroblocks“\with co-sited macroblocks of
previously decoded pictures.

freqpency_truncation — A 2-bit field which indicates that a restricted set of cogfficients may have been used in cqding
the viideo data in this PES packet. The values are defined in Table 2-26.

Table 2-26 — Coefficient selection values

Value Description
'00' Only DC coefficients are non-zero
'01' Only the first three ¢oefficients are non-zero
'10' Only the first six coefficients are non-zero
1 All coefficients may be non-zero

rep_fentrl — A 5-bit field that indicates the-niimber of times each field in an interlaced picture should be displaydd, or
the rumber of times that a progressive picture should be displayed. It is a function of the trick mode control field and
the tpp field first bit in the video sequience header whether the top field or the bottom field should be displayed fifst in
the case of interlaced pictures. TheValue '0' is forbidden.

add:[ional_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 valug that
yields a zero output of th€)I'6 registers in the decoder similar to the one defined in Annex A, but with the polynomigl:

—

Xl6+X12+X5+1

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

NOTE.5'- This CRC is intended for use in network maintenance such as isolating the source of intermittent errors. It {s not
iftenided 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 stregm or
the RES packets associated with a single program definition in a transport stream, providing functionality similay to a
contjnuity counter (refer to 2.4.3.2). This allows an application to retrieve the original PES packet sequence|of a
program stream or the original packet sequence of the original ISO/IEC 11172-1 stream. The counter will wrap arpund
to 0 after its maximum value. Repetition of PES packets shall not occur. Consequently, no two consecutive PES patkets
in thg 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 informption
from an ISO/IEC 11172-1 stream. When set to '0' it indicates that this PES packet carries(information from a program
stre

original_stuff 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 ISQ/IE€ 11172-1 packet header.

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

if (P—S8TD buffer scale ==0)
BS, =P—STD buffer _size x 128

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

The pncoded value of the’P-STD buffer size takes effect immediately when the P-STD_buffer size field is receivgd by
the Rec. ITU-T H.222:0 | ISO/IEC 13818-1 System Target Decoder (refer to 2.7.7).

For [AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T HR64 |
ISOJIEC 14496-10, the size BS, shall be larger than or equal to the size of the CPB signalled by| the
Cpb$ize[\ opb_cnt minusl ] specified by the NAL hrd parameters() in the AVC video stream. If 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
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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

1 ntarz otraana tuma 1o cmanifiad 10 tho nenaragra ononi 10 information ac cnoanifiaod 10 2 4 4 Nate that thic f1ald 1o d
elementas y-stream-type-is-specified-in-the-program-specific-information-as-specified-in-2-4-4Note-that-this-Held-s,use

as ar] extension of the stream_id defined above. This field shall not be used unless the value of stream_id is 1111/H01.

Table 2-27 — Stream_id_extension assignments

stream_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

NOJE 1 — PES packets of stream_id_extension 0b000 0000 (IPMP control information stream) have a unique syntax specifiegd in
ISQVIEC 13818-11 (MPEG-2 IPMP).

NOJE 2 — PES packets of stream_id_extension 0b000 0001 (IPMP stream,) hdve a unique syntax specified in ISO/IEC 1381
(MPEG-2 IPMP).

11

stuffing_byte — This is a fixed 8-bit value equal to '1111 11 that can be inserted by the encoder, for example to meet
the rpquirements of the channel. It is discarded by the decader. No more than 32 stuffing bytes shall be present i one
PES Jpacket header.

PES| packet_data_byte — PES packet data bytes.shall be contiguous bytes of data from the elementary stream
indidated 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 ISO/AEC 13818-3, the PES packet data bytes shall be byte aligned tp the
byte$ of this Recommendation | Internatiorial, Standard. The byte-order of the elementary stream shall be preserved| The
numper of PES packet data bytes, N, s specified by the PES packet length field. N shall be equal to the Yalue
indidated in the PES packet lengthaminus the number of bytes between the last byte of the PES packet length|field
and I‘\e first PES packet data byte.

In the case of a private/Stream 1, private stream 2, ECM stream, or EMM stream, the contents off the
PES|packet data byte field-ate user definable and will not be specified by ITU-T | ISO/IEC in the future.

padding_byte — This/s\a-fixed 8-bit value equal to '1111 1111". It is discarded by the decoder.

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

TREF (tiriestamp reference) — The TREF is a 33-bit number coded in three separate fields. It indicates the decqding
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

headerof the same j-‘rh access unit in a Pn‘r‘rpqpnnding elementar streamn

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 jprogram_packet sequence counter field is included within the header of each PES packet carrying data“fypm a
program stream, or an ISO/IEC 11172-1 System stream. This allows the order of PES packets in the origimal program
streajm, or packets in the original ISO/IEC 11172-1 system stream, to be reproduced at the decoder.

The pack header() field of a program stream, or an ISO/IEC 11172-1 system stream, is carried in the rafisport stregm in
the header of the immediately following PES packet.

244 Program-specific information

Program-specific information (PSI) includes both Rec. ITU-T H.222.0 | ISO/IEC 138181, normative data and prjivate
data [that enable demultiplexing of programs by decoders. Programs are composed of-one or more elementary strdams,
each| labelled with a PID. Programs, elementary streams or parts thereof may be.scrambled for conditional adcess.
However, program-specific information shall not be scrambled.

In trpnsport streams, program-specific information is classified into six table structures as shown in Table 2-28. While
thesg structures may be thought of as simple tables, they shall be segfented into sections and inserted in trangport
stream packets, some with predetermined PIDs and others with user seleCtable PIDs.

Table 2-28 — Program-specific information

Structure Name Stream Type Reserved PID # Description
Propram association table Rec. ITU-T H.222.0 | 0x00 Associates program number and
ISO/IEC 13818-1 program map table PID
Propram map table Rec. ITU-T H.222.0,) Assigned in the PAT Specifies PID values for componentg of
ISO/IEC 13818-1 one or more programs
Netpork information table Private Assigned in the PAT Physical network parameters such ag
FDM frequencies, transponder numbers,
etc.
Corlditional access table ReeITU-T H.222.0 | 0x01 Associates one or more (private) EMM
ISOAEC 13818-1 streams each with a unique PID value
Trapsport stream Rec. ITU-T H.222.0 | 0x02 Associates one or more descriptors ffom
des¢ription table ISO/IEC 13818-1 Table 2-45 to an entire transport strepm
IPMP control information Rec. ITU-T H.222.0 | 0x03 Contains IPMP tool list, rights
table ISO/IEC 13818-1 container, tool container defined in
ISO/IEC 13818-11

Rec.[ITU-T_H:222.0 | ISO/IEC 13818-1 defined PSI tables shall be segmented into one or more sections that are cqrried
withjn Aransports packets. A section is a syntactic structure that shall be used for mapping |each
Rec.|IFU-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.

Rec. ITU-T H.222.0 (03/2017) 49

© ISO/IEC 2018 - All rights reserved


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

ISO/IEC 13818-1:2018 (E)

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, provrdlng a complete hst of all programs
withy-the-transportstream—Thenostrecen ansmitted—version-of-the-table He—cHirent—he idicator-set to a
valu¢ of '1' shall always apply to the current data in the transport stream. Any changes in the programs carried?wfithin
the tfansport stream shall be described in an updated version of the program association table carried in transport stream
packets with PID value 0x0000. These sections shall all use table id value 0x00. Only sections with.this valjie of
tablg id are permitted within transport stream packets with PID value of 0x0000. For a new version of the PAT to
become valid, all sections (as indicated in the last section number) with a new version number and with the
currgnt_next_indicator set to 'l1' must exit By defined in the T-STD (refer to 2.4.2.1). The PAT bé¢omes valid when the
last yte of the section needed to complete the table exits Bys.

Whenever one or more elementary streams within a transport stream are scrambled, transport-stream packets with g PID
valu¢ 0x0001 shall be transmitted containing a complete conditional access table including CA_descriptors assodiated
with[the scrambled streams. The transmitted transport stream packets will together\form one complete version of the
conditional access table. The most recently transmitted version of the table witlicthe current next indicator set|to a
valug¢ of 'l' shall always apply to the current data in the transport stream. Any changes in scrambling making the
existing table invalid or incomplete shall be described in an updated verSion of the conditional access table. These
sectipns will all use table id value 0x01. Only sections with this table.4d value are permitted within transport stfeam
packgts with a PID value of 0x0001. For a new version of the CAT to become valid, all sections (as indicated ip the
last_pection_number) with a new version_number and with the current® next_indicator set to '1' must exit Bgy,. The CAT
becopmes valid when the last byte of the section needed to complete'the table exits Bgy.

EacH transport stream shall contain one or more transport stteam packets with PID values which are labelled undgr the
program association table as transport stream packets containing TS program map sections. Each program listed ih the
progfam association table shall be described in a umique TS program map_section. Every program shall be [fully
defirled within the transport stream itself. Private data which has an associated elementary PID field in the appropriate
progfam map table section is part of the program:~Other private data may exist in the transport stream without being
listedl in the program map table section. The most recently transmitted version of the TS program map_section with the
currgnt next indicator set to a value of !I';shall always apply to the current data within the transport stream.|Any
chaniges in the definition of any of the programs carried within the transport stream shall be described in an updlated
version of the corresponding sectiontef*the program map table carried in transport stream packets with the PID yalue
idenfified as the program map,PID for that specific program. All transport stream packets which carry a given
TS program map_section shall have the same PID value. During the continuous existence of a program, including all
of ity associated events, the program map PID shall not change. A program definition shall not span more thanj one
TS program map_section A new version of a TS program map_section becomes valid when the last byte of that
sectipn with a new version’number and with the current_next_indicator set to '1' exits Byy.

Sectlons with a table id value of 0x02 shall contain program map table information. Such sections may be carripd in
trangport stream packets with different PID values.

The petwotk~information table is optional and its contents are private. If present it is carried within transport styeam
packgts-that will have the same PID value, called the network PID. The network PID value is defined by the userf and,
wheh—present—sha be found in the program associa 1on—table unde he reserved program numbe 0x0000 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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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[thefirstbyteof the first Section tat 1S present i the paytoad of e transport STEanT Packet (S0 @ vaiue of UxX
the fointer_field indicates that the section starts immediately after the pointer field). When at least one sectipn(b
in a given transport stream packet, then the payload unit_start indicator (refer to 2.4.3.2) shall be set to '1'.and thq first
byteof the payload of that transport stream packet shall contain the pointer. When no section begins in a givien transport
strean packet, then the payload unit_start indicator shall be set to '0' and no pointer shall be sent in the payload o

packgt.

2.4.4.3 Program association table

DO in
pging

' that

The program association table (PAT) provides the correspondence between a program number and the PID value qf the
trangport stream packets which carry the program definition. The program_number is the numeric label associated

a prdgram.

with

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

multjple sections (see Table 2-30).

Table 2-30 — Program association section

Syntax No. of bits Mnemonic
program_association_section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf
'0’ 1 bslbf
reserved 2 bslbf
section_length 12 uimsbf
transport_stream_id 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicatoF 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (i=0; i <NM++) {

program_number 16 uimsbf

réserved 3 bslbf

if (program_number =="0") {

network_PID 13 uimsbf
}
else {
program_map_ PID 13 uimsbf

b
}
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

0x05 ISO_IEC 14496 object descriptor_section

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

tabl¢_id — This is an 8-bit field, which shall be set to 0x00 as shownih, Table 2-31.

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

sectipn_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 valpe in
this field shall not exceed 1021 (0x3FD).

tranpport_stream_id — This is a 16-bit field which serves as a label to identify this transport stream from any pther
multjplex within a network. Its value is defined by the user.

versjon_number — This 5-bit field is the wersion number of the whole program association table. The version number
shall] be incremented by 1 modulo 32, whenever the definition of the program association table changes. When the
currgnt_next indicator is set to '1', thén'the version_number shall be that of the currently applicable program associption
tabld. When the current next indicator is set to '0', then the version _number shall be that of the next applicable program
asso¢iation table.

current_next_indicator-* A’ 1-bit indicator, which when set to 'l' indicates that the program association table s¢nt is
currgntly applicable. When the bit is set to '0', it indicates that the table sent is not yet applicable and shall be the|next
tabld to become valid.

section_numbeér)> This 8-bit field gives the number of this section. The section number of the first section ifi the
Program Assoeiation Table shall be 0x00. It shall be incremented by 1 with each additional section in the program
asso¢iation'fable.

last i — This &-hi
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
sectipns.
Table 2-32 — Conditional access section
Syntax No. of bits Mnemopnic
CA_section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
'0' 1 bslbf
reserved 2 bslbf
section_length rn 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
}
2.4.4.77 Semantic definition of fields in conditional access section
tabl¢ id — This is an 8-bit field, which shall be set to 0x01 as specified in Table 2-31.

sect:[n_syntax_indicator = Fhe section_syntax_indicator is a 1-bit field which shall be set to '1".

sectiopn_length — This.iS)a 12-bit field, the first two bits of which shall be '00'. The remaining 10-bits specify the
numbper of bytes of‘the’section starting immediately following the section length field, and including the CRC| The
valug in this fieldishall not exceed 1021 (0x3FD).

versjon_number — This 5-bit field is the version number of the entire conditional access table. The version number
shalll be incremented by 1 modulo 32 when a change in the information carried within the CA table occurs. Whep the
currgnt_next_indicator is set to 'l', then the version number shall be that of the currently applicable conditional agcess
tabl When—the cHrent—He ‘:‘:; 1S o—0" ReH—Re—vE ‘;‘ RFHHROeF—S1a pe—tat—o e ..,able
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).

Table 2-33 — Transport stream program map section
Syntax No. of bits | Mnemonic
TS program_map_section() {

table_id 8 uimsbf
section_syntax_indicator 1 bsibf
'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 (i=0; iINT; 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()

H
§
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 i e o '0' hen ersi mbe C s e applicable

current_next_indicator — A 1-bit field, which when set to 'l' indicates that the TS program map seetion sdnt is
currgntly applicable. When the bit is set to '0', it indicates that the TS program map section sent is not_yet appli¢able

I PID — This is a 13-bit field indicating the PID of the transport stream packets which,shall contain the PCR fields
valid for the program specified by program number. If no PCR is associated with™a\program definition for private
streajms, then this field shall take the value of Ox1FFF. Refer to the semantic definitioi of PCR in 2.4.3.5 and Tablg 2-3

program_info_length — This is a 12-bit field, the first two bits of which shall be '00'. The remaining 10 bits specify the
numbper of bytes of the descriptors immediately following the program info) length field.
stream_type — This is an 8-bit field specifying the type of program element carried within the packets with the PID
whoge value is specified by the elementary PID. The values of stréam_type are specified in Table 2-34.
NOTE — A Rec. ITU-T H.222.0 | ISO/IEC 13818-1 auxiliary stream is available for data types defined by this Specificption,
ofher 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 Reserved
0x01 ISO/IEC 11172-2-Video
0x02 Rec. ITU¢TH.262 | ISO/IEC 13818-2 Video or ISO/IEC 11172-2 constrained parameter video stregm
(see Note 2)
0x03 ISQV/IEC 11172-3 Audio
0x04 [SO/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
Ox0A ISOAEC 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 delined 1n 2.1.83, or AVC video sub-bitsiream of MVC, as defined n 2.1.8 or
MVCD base view sub-bitstream, as defined in 2.1.88, or AVC video sub-bitstream of MVCD,,as
defined in 2.1.9, or AVC base layer 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

0x1C ISO/IEC 14496-3 Audio, without using any additional transport syntax, such as DST, ADS and SL

0x1D ISO/IEC 14496-17 Text

Ox1E Auxiliary video stream as defined in ISO/IEC 23002-3

O0x1F SVC video sub-bitstream of an AVC video stream conforming to one or more 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,one‘or more profiles defined in
Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10

0x21 Video stream conforming to one or more profiles as defined:in"Rec. ITU-T T.800 | ISO/IEC 154441

0x22 Additional view Rec. ITU-T H.262 | ISO/IEC 13818-2 yideo'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 more
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 $tream or an HEVC temporal video sub-bitstream

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

0x26 MVCD video sub-bitstream of anAVC video stream conforming to one or more profiles defined 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 a]l
NALSs units containedi the stream conform to one or more profiles defined in Annex G of Rec.
ITU-T H.265 | ISOAEC 23008-2

0x29 HEVC tempotal enhancement sub-partition of an HEVC video stream where all NAL units containpd
in the stream'‘conform to one or more profiles defined in Annex G of Rec. ITU-T H.265 | ISO/IEC
23008-2

0x2A HEVE€ enhancement sub-partition which includes Temporalld 0 of an HEVC video stream where a}l
NARL-Units contained in the stream conform to one or more profiles defined in Annex H of Rec. ITU-T
H:265 | ISO/IEC 23008-2

0x2B HEVC temporal enhancement sub-partition of an HEVC video stream where all NAL units containpd
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

0x2D ISO/IEC 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.
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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.

24.
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.T0 Syntax of the private section

h private data is sent in transport stream packets with a PID value designated as a program map PID in the pro|
iation table the private section shall be used. The private section allows data to be transmitted with & minimy
ture while enabling a decoder to parse the stream. The sections may be used in two ‘ways: if
bn_syntax_indicator is set to '1', then the whole structure common to all tables shall be used; if the indicator

then only the fields 'table id' through 'private section length' shall follow the common‘structure syntax
ntics and the rest of the private section may take any form the user determines. Examples of extended use o
x are found in informative Annex C.
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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
if (section_syntax_indicator =="0") {
for 1=0;1<N;it++) {
private_data_byte 8 bslbf
H
}
else {
table_id_extension 16 uimsbf
reserved 2 bslbf
version_number S uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (1= 0; i < private_section_length-9; i+H) {
private_data_byte 8 bslbf
}
CRC_32 32 rpchof
}
}
2.4.4.11 Semantic definition of fields in private section
table¢ id — This 8-bit field, the value of which identifies the Private Table this section belongs to. Only values defined in
Tablp 2-31 as "user private" may be used.

ion_syntax_indicator — This s a 1-bit indicator. When set to 'l', it indicates that the private section follows the
ic section syntax beyond the/private section length field. When set to '0', it indicates that the private data_bytes

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

te_section_length — A 12-bit field. It specifies the number of remaining bytes in the private section immediately
ing the privdate section_length field up to the end of the private section. The value in this field shall not ejceed

teAdata_byte — The private_data byte field is user definable and shall not be specified by ITU-T | ISO/IEC ih the

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 jan-gntire
trangport stream. The descriptors shall apply to the entire transport stream. This table uses a table id value\of 0x{3 as
specified in Table 2-31 and is carried in transport stream packets whose PID value is 0x0002 as specified.in,Table 3-3.

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 of fields in the transport stream section
tabl¢_id — This is an 8-bit ficld; which shall be set to '0x03' as specified in Table 2-31.

sectipn_length — This-is@ 12-bit field, the first two bits of which shall be '00'. The remaining 10 bits specify the number
of bytes of the sectipn,/starting immediately following the section_length field, and including the CRC. The valpe in
this field shall notexceed 1021 (0x3FD).

versjon_number — This 5-bit field is the version number of the whole transport stream description table. The vepsion
numbper shall*be incremented by 1 modulo 32 whenever the definition of the transport stream description table chapges.
Whep the current_next_ indicator is set to '1', then the version_number shall be that of the currently applicable transport
ahl MW han-th 4 am dinotn 1o ot 4o WO 4 A o] mborchall ha thaot

b2 |
streat-deseription-table—When-the-eurrent—next—indieatorisset-to—0-thenthe-version—numbershall be-that-ef 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.

Elenjentary 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
packgt data belongs. The PES packet header may contain just a presentation time stamp (PTS) or,both a presentation
timegtamp and a decoding time stamp (DTS). The PES packet header also contains other optiofial fields. The packet
data [contains a variable number of contiguous bytes from one elementary stream.

In a [program stream, PES packets are organized in packs. A pack commences with a pack header and is followgd by
zero [or more PES packets. The pack header begins with a 32-bit start-code. The pack header is used to store timing and
bitrafe information.

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

This|Recommendation | International Standard does not specify the coded.data which may be used as part of conditjonal
accefs systems. This Recommendation | International Standard does, however, provide mechanisms for program sefvice
provjders to transport and identify this data for decoder processing; and to correctly reference data which are|here
specified.

2.5.2 Program stream system target decoder

The pemantics of the program stream and the constraints‘on these semantics require exact definitions of decoding eyents
and the times at which these events occur. The definitions needed are set out in this Specification using a hypoth¢tical
decofder known as the program stream system targét'decoder (P-STD).

The [P-STD is a conceptual model used to.define these terms precisely and to model the decoding process durinp the
consfruction of program streams. The P-STD'1s defined only for this purpose. Neither the architecture of the P-STID nor
the timing described precludes uninterrupted, synchronized playback of program streams from a variety of decgders

with|different architectures or timing\schedules.
glq) Video
t
B, /‘I(]) D, Oftpl(k)

i Jj-th-access unit | i k-th presentation unit |
,,,,,,,,,,,,,,,, |

o
C Bn D Pn (k)
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) is the presentation time, measured in seconds, in the system target decoder o¢f\ 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 elemeptary
stream n at time t.

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

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

D, is the decoder for elementary stream n.

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

2.5.2.1 System clock frequency

Timing information referenced in P-STD is carried by several data.fields defined in this Specification. The fields are
defirjed in 2.5.3.3 and 2.4.3.6. This information is coded as the sampled value of a system clock.

The palue of the system clock frequency is measured in Hz and-shall meet the following constraints:
— 27000 000 — 810 <= system_clock frequency <=27 000 000 + 810;

—  rate of change of system_clock_frequeiicy with time <= 75 x 10 Hz/s.

The [notation "system_clock frequency" is used_in several places in this Recommendation | International Standard
torefer to the frequency of a clock meeting these requirements. For notational convenience, equations in
whigh SCR, PTS, or DTS appear, lead\ to values of time which are accurate to some integral multiple 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 system clock frequency plus-9:bits for the remainder, and encoding as 33 bits of the system clock frequency
divided by 300 for PTS and DTS-

2.5.2.2 Input to the program stream system target decoder

Dataf from the program stream enters the system target decoder. The i-th byte enters at time t(i). The time at whicl this
byte[enters the system/target decoder can be recovered from the input stream by decoding the input system ¢lock
reference (SCR)¢fields and the program mux rate field encoded in the pack header. The SCR, as defingd in
equation 2-18,{is)'‘coded in two parts: one, in units the period of 1/300 x the system clock frequency, dalled
systgm_clock teference base (see equation 2-19), and one, called system clock reference ext equption
(see pquation 2-20), in units of the period of the system clock frequency. In the following the values encoded in fhese
fieldp @rg denoted by SCR base(i) and SCR_ext(i). The value encoded in the SCR field indicates time t(i), where i
refersTo the byte comtaining e 1ast bit Ot e SyStem _Clock Teierence 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{off the
system clock

program_mux rate is a field defined in 2.5.3.3.

Aftef delivery of the last byte of a pack there may be a time interval during which no bytes are deliyeréd to the ingut of
the §-STD.

2.5.2.3 Buffering

The PES packet data from elementary stream n is passed to the input buffer for stream 0, B4. Transfer of byte i from the
systdm target decoder input to B, is instantaneous, so that byte i enters the buffer for §trgam n, of size BS,,, at time t{1).

Bytek present in the pack header, system headers, program stream maps, prograni stream directories, or PES packet
headgrs of the program stream such as SCR, DTS, PTS, and packet_length fieldsy are not delivered to any of the buffers,
but may be used to control the system.

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

At the decoding time, td,(j), all data for the access unit that has®een in the buffer longest, A,(j), and any stuffing bytes
that jmmediately precede it that are present in the buffer at’the time td,(j), are removed instantaneously at time t{,(j).
The decoding time td,(j) is specified in the DTS or PTS fields. Decoding times td,(j + 1), td,(j + 2), ... of access [units
withput encoded DTS or PTS fields which directly (follow access unit j may be derived from information i the
elementary stream. Refer to Annex C of Rec. ITU-FH.262 | ISO/IEC 13818-2, ISO/IEC 13818-3, ISO/IEC 11172}2 or
ISOQEC 11172-3. Also refer to 2.7.5. As the access unit is removed from the buffer, it is instantaneously decoded to a
pres¢ntation unit.

The [program stream shall be constructedand t(i) shall be chosen so that the input buffers of size BS; throughl BS,
neither overflow nor underflow in the program system target decoder. That is:

0<F, (1)< BS,

for aJl t and n,

and:
F,(t1)=0

instaptareously before t = t(0).

F t\ atha tnctontonante folloace AFD QT Lo 00, D
n IStRe-HStaftahtouSTHHieSS o1 U e Oy

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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tdn(j)—t(i) <= 60's

in the case 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.

(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 thlS case when the P-STD elementary stream buffer B, is
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Case arises, the buffer shall be re- exammed at mtervals of two ﬁeld—perlods unt11 the data for the complete a
s present in the buffer. At this time the entire access unit shall be removed from buffer B, instantaneously,

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

.4 PES streams

possible to construct a stream of data as a contiguous stream of PES packets, each containing data of the
entary stream and with the same stream_id. Such a stream is called a PES stream? The PES-STD model for a
m is identical to that for the program stream, with the exception that the Elementary Stream Clock Refer
R) is used in place of the SCR, and ES rate in place of program mux, rdfe. The demultiplexor sends data to
lementary stream buffer.

OTE — In the following equations, unit conversion should be implicitly petformed as appropriate.

PES stream only carries a single elementary stream, the buffer sizes in the PES-STD do not accoun|
plexing with other elementary streams, but only for multiplexing of the elementary stream carried in the
m with PES headers, pack headers and system headers.

br sizes BS,, in the PES-STD model are defined as follows:
—  ForRec. ITU-T H.262 | ISO/IEC 13818-2"video:

BS, =¥BV...x[profile, level] + BS,,

BS,n = (1/750) seconds x Rygy[profile, level], where VBV [profile, level] and R, [profile, level
the maximum VBV sizeg_and bit rate per profile, level, and layer as defined in Tables 8-14 and
respectively, of Rec/FIFU-T H.262 | ISO/IEC 13818-2. BSy, is allocated for PES packet header overl

—  ForISO/IEC 1117222 video:

BS, = VBV + BSop

BS,¢=1/750) seconds x R.x, where R.,,x and vbv_max refer to the maximum bitrate and maxi
vb\buffer size for a constrained parameter bitstream in ISO/IEC 11172-2 respectively.

— «For ISO/IEC 11172-3 or ISO/IEC 13818-3 audio:

BS, = 2848 bytes

unit
n the
PTS

bame
PES
ence
only

t for
PES

| are
R-13,
head.

mum

—  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
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

—  ForISO/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 forstereo BS, = 66 000 bytes
and for 5.1 surround sound audio BS, =198 000 bytes

—  ForRec. ITU-T H.264 | ISO/IEC 14496-10 video:

BS,= 1200 x MaxCRBJlevel] + BS,

where MaxCPBJ[level] is defined in TablesA.1 (Level Limits) in Rec. ITU-T H.264 | ISO/IEC 14496-10
for each level.

2.5.2.5 Decoding and presentation

Decqding and presentation in the program stréam system target decoder are the same as defined for the transport stfeam
systgm target decoder in 2.4.2.5 and 2.4.2.6-respectively.

2.5.2.6 P-STD extensions for carriage of ISO/IEC 14496 data

For flecoding of ISO/IEC 14496.data carried in a program stream the P-STD model is extended. For decodinpg of
indiyidual ISO/IEC 14496 elementary streams in the P-STD see 2.11.2. Clause 2.11.3 defines P-STD extensiong and
parameters for decoding of ISO/IEC 14496 scenes and associated streams.

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

For {lecoding of\AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.p64 |
ISOAIEC 1449610 video streams carried in a program stream in the P-STD model, see 2.14.3.2, for decoding of AVC
vide¢ streamns conforming to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10 cqrried
in a program stream in the P-STD model, see 2.14.3.6 and for decoding of AVC video streams conforming to ofie or
mord prnﬁlpc defined in Annex H of Ree ITLLLT H264 I ISOAEC 14496.10 carried in-a prngram 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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MP}
1001

2.5.3

See

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
LG_program_end_code — The MPEG program_end_code is the bit string '0000 0000 0000 0000 0000 0001011
' (0x000001B9). It terminates the program stream.
.3 Pack layer of program stream
Tables 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_reference_base [32..30] bslbf
marker_bif bslbf
system/clock _reference base [29..15] 15 bslbf
marker_bit 1 bslbf
system_clock_reference_base [14..0] 15 bslbf
marker_bit 1 bslbf
system_clock_reference extension 9 uimsbf
marker_bit 1 bslbf
program_mux_rate 22 uimsbf
marker_bit 1 bslbf
marker_bit 1 bslbf
reserved 5 bsIbf
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 '1'.

proJram_mux_rate — This is a 22-bit integer specifying the rate at which the P-STD receives the program(Stfeam
durifg the pack in which it is included. The value of program mux_rate is measured in units of 50 bytes/second| The
valu¢ '0' is forbidden. The value represented in program mux_rate is used to define the time of arrival of bytes gt the
input to the P-STD in 2.5.2. The value encoded in the program mux rate field may vary from pack*to pack|in a
Rec.[ITU-T H.222.0 | ISO/IEC 13818-1 program multiplexed stream.

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

stuffing byte — This is a fixed 8-bit value equal to '1111 1111' that can be inserted by the éncoder, for example to meet
the rpquirements of the channel. It is discarded by the decoder. In each pack header nomtore than 7 stuffing bytes [shall
be ptesent.

2.5.3.5 System header
See Table 2-40.

Table 2-40 — Program stream system header

Syntax No. of bits Mnemonic
system_header () {
system_header_start code 32 bslbf
header_length 16 uimsbf
marker_bit 1 bslbf
rate_bound 22 uimsbf
marker_bit 1 bslbf
audio_bound 6 uimsbf
fixed_flag 1 bslbf
CSPS_flag 1 bslbf
system_audio_lock flag 1 bslbf
system_video lock flag 1 bslbf
marker_bit 1 bslbf
video_bound 5 uimsbf
packet_rate_restriction_flag 1 bslbf
reserved_bits 7 bslbf
while (nextbits (fY=="1") {
stieam_id 8 uimsbf
if (stream_id =="1011 0111") {
1 2 bslbf
'000 0000’ 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
strean for which the decoding processes are simultaneously active. For the purpose of this subclause, the decqding
procgss of an ISO/IEC 13818-3 or ISO/IEC 11172-3 audio stream is active if the STD buffer is not empty ot if a
Pres¢ntation Unit is being presented in the P-STD model.

fixed_flag — The fixed flag is a 1-bit flag. When set to '1' fixed bitrate operation is indicated. When.set'to '0' varjiable
bitrafe operation is indicated. During fixed bitrate operation, the value encoded in all system_clock, feference fields in
the rultiplexed Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream shall adhere to the following lingar(€quation:

SCR_base(i) = ((cl x i+ c2) DIV 300) % 2* (R-22)
SCR_ext(i) = ((c1 x i+ c2) DIV 300) % 300 (R-23)

whete:
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.222.0 |ISO/IEC 13818-1 multiplexed stream of the|byte
containing the final bit of any system clock-reference field in the stream.

CSPS_flag — The CSPS flag is a 1-bit field. If its value is 8ot to 'l' the program stream meets the constraints defined
in2.J.9.

syst¢m_audio_lock flag — The system audio lock flag is a 1-bit field indicating that there is a specified, constant
ratiohal relationship between the audio sampling rate)and the system clock frequency in the system target decoder| The
systgm_clock frequency is defined in 2.5.2.1\Jand the audio sampling rate is specified in ISO/IEC 13818-3.| The
systgm_audio lock flag may only be set _to\' if, for all presentation units in all audio elementary streams if the
progfam stream, the ratio of system_clock.frequency to the actual audio sampling rate, SCASR, is constant and ¢qual
to the value indicated in the following table at the nominal sampling rate indicated in the audio stream.

system _clock _ frequency

SCASR = —— _ (B-24)
audio _sample _rate in _the P — STD
X L
The hotation 7 denotes real division.

N¢minal audio

sampling 16 32 22.05 44.1 24 48
frefjuency\(kHz)

27 000 000 27 000 000 27 000 000 27 000 000 27 000 000 27 000 000
SEASR
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.

SCFR =

system _clock _ frequency (2-25)

4~ 4L D
Jrarmc raic re ine 1

ominal
hme rate
(Hz)

SCFR

23.976 24 25 29.97 30 50 59.94 60

1126125 1 125 000 1 080 000 900 900 900 000 540 000 450450 450 0pO

The e the

nom

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

than
5 are
f the

videp bound — The video bound is a 5-bit integer in the inclusive range from 0 to 1L6.and is set to a value greater]
or efual to the maximum number of video streams in the program stream of-which the decoding processe
simulltaneously active. For the purpose of this subclause, the decoding process ofta-video stream is active if one d
buffgrs in the P-STD model is not empty, or if a Presentation Unit is being preseénted in the P-STD model.

| the
SPS

pacKket rate restriction flag — The packet rate restriction flag is a 4-bit flag. If the CSPS flag is set to 'l
packet rate restriction flag indicates which constraint is applicable to‘the packet rate, as specified in 2.7.9. If the (
flag |s set to value of '0', then the meaning of the packet rate restriction flag is undefined.

rved_bits — This 7-bit field is reserved for future use by ISO/IEC. Until otherwise specified by ITU-T | ISO/IEC it

have the value '111 1111".

rese
shalll

streg m to

whig

m_id — The stream _id is an 8-bit field that indicates'the coding and elementary stream number of the stred
h the following P-STD_buffer bound scale and RASTD buffer size bound fields refer.

e

If st the

strea)

eam_id equals '1011 1000' the P-STD_buffer bound scale and P-STD buffer size bound fields followin,
m_id refer to all audio streams in the program stream.

P

If st
streal

If st
streal

eam_id equals '1011 1001' the P-STD' buffer bound scale and P-STD buffer size bound fields followin,
m_id refer to all video streams in the program stream.

eam_id equals '1111 1101%~the' P-STD_buffer bound scale and P-STD_buffer size bound fields followin

e

the

P

b the
loded

Im_id refer to all elementary streams with an extended_stream_id in the program stream, independent of the ¢

valug of the stream_id extensien in the PES header of those streams.

If stlfam_id equals '101100111", the following stream id extension field shall be interpreted as referring to the stfeam
codipg and elementary.stream number according to Table 2-27.

If th 1l be

inter

e stream_idntakes on any other value it shall be a byte value greater than or equal to '1011 1100' and shg
preted as-referring to the stream coding and elementary stream number according to Table 2-22.

elementary stream present in the program stream shall have its P-STD buffer bound scale
D7~ buffer size bound specified exactly once by this mechanism in each system header.

Each and

P-ST

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:

if (P—STD _buffer bound scale ==0)
BS, < P—STD _buffer _size _bound x128

else:

RQ” < P_STD l’n{/‘fl‘for size bound x 1024

2.5.3.7 Packet layer of program stream

The packet layer of the program stream is defined by the PES packet layer in 2.4.3.6.

2.54 Program stream map

The [Program Stream Map (PSM) provides a description of the elementary streams in the program stream and [their
relatfonship to one another. When carried in a transport stream this structure shall not be nfodified. The PSM is prsent
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.

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

2.54.1 Syntax of program stream map

See Table 2-41.

Table 2-41 — Program,stream map

Syntax No. of bits Mnemonic
program_stream_map() {
packet start code prefix 24 bslbf
map_stream_id 8 uimsbf
program_stream_map_length 16 uimsbf
current_next_indicator 1 bslbf
single_extension_stream_flag 1 bslbf
reserved 1 bslbf
program_stream_map_version 5 uimsbf
reserved 7 bslbf
marker_bit 1 bslbf
program_stream_info_length 16 uimsbf
for 1=0;1<N;i++) {
descriptor()
}
elementary_stream_map_length 16 uimsbf
for (i=0; 1 NI i++) {
stréam_type 8 uimsbf
elementary_stream_id 8 uimsbf
elementary_stream_info_length 16 Uimsbf
if (elementary stream_id == 0xFD &&
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 (1=0;1 < N2;it++) {
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
mosf one elementary stream with stream_id equal to 0xFD.

current_next_indicator — This is a 1-bit field, when set to '1' indicates that the program stream map sent‘is currently
applicable. When the bit is set to '0', it indicates that the program stream map sent is not yet applicable/and shall be the
next(table to become valid.

program_stream_map_version — This 5-bit field is the version number of the whole program'stream map. The vefsion
numbper shall be incremented by 1 modulo 32 whenever the definition of the program stréam map changes. Wheh the
currgnt_next indicator is set to 'l', then the program_stream map_version shall be that-of the currently appligable
progfam stream map. When the current next indicator is set to '0', then the program/strteam map_version shall b¢ that
of thp next applicable program stream map.

program_stream_info_length — The program_stream_info_length is a 16-bityfield indicating the total length of the
desctiptors immediately following this field.

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

elenl?tary_stream_map_length — This is a 16-bit field specifyingthe total length, in bytes, of all elementary stream
infoymation in this program stream map. It includes the stream type, elementary stream id, | and
elementary_stream_info_length fields.

stregm_type — This 8-bit field specifies the type of the stream according to Table 2-34. The stream_type field [shall
onlylidentify elementary streams contained in PES packets. A value of 0x05 is prohibited.

elementary_stream_id — The elementary stream “id is an 8-bit field indicating the value of the stream id field ip the
PES |packet headers of PES packets in which, this elementary stream is stored. When elementary _stream_id is eqyal to
OxFID, the following applies:

— If single extension_stream- flag is equal to 1, this indicates that the program stream contains only one
elementary stream with' stream_id equal to OxFD. Note that the type of this elementary stream is
signalled by the enceded value of the stream id extension field in the PES headers of PES pagkets
carrying this elementary stream.

—  Otherwise «(single _extension_stream_flag is equal to 0), the elementary stream id extension figld is
present to-identify the elementay stream.

elenjentary_stream info_length — The elementary stream_info length is a 16-bit field indicating the length in bytes
of the descriptors and, when present, the pseudo descriptor tag, the pseudo descriptor length, and| the
elementary stréam id_extension (and associated marker bit) data immediately following this field.

pseudo “descriptor_tag — This is an 8-bit unsigned integer that shall be coded with the value 0x01; note that the use of
valug¢ 0%01 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 dirgctory
sfructures so that the directory contains an entry at every point where the decoder may be reset completely.

For [AVC video streams conforming to one or more profiles defined in Annex A of Rec., FTU-T HR64 |
ISOJIEC 14496-10, directory entries may be required to reference IDR picture or pictures associated with a recqvery
point SEI message in an AVC video stream. Each such directory entry shall refer to the first byte.of an AVC agcess
unit.

For [video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex {3 of
Rec.|ITU-T H.264 | ISO/IEC 14496-10, directory entries may be required to reference/IDR picture or pictures fo be
re-agsembled from video sub-bitstreams and associated with a recovery point SE[“message present in a Yideo
sub-bitstream. Each such directory entry shall refer to the first byte of an SVC dependency representation.

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, directory entries may be required’ to reference IDR picture or pictures fo be
re-agsembled from MVC video sub-bitstreams and associated with a recoyery point SEI message present in an MVC
vide¢ sub-bitstream. Each such directory entry shall refer to the first byte of an MVC view-component subset.

Direftory references to audio streams as defined in ISO/IEC 1381833 and ISO/IEC 11172-3 shall be the syncwofpd of
the audio frame.

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

Accgss units shall be referenced in a program_streaniZdirectory packet in the same order that they appear ip the
bitstfeam.

2.5.81 Syntax of program stream directory/packet

See Table 2-42.

Table 2-42 — Program stream directory packet

Syntax No. of bits Mnemonic
dirgctory PES packet(){

packet_start _code-prefix 24 bslbf
directory_stréam”id 8 uimsbf
PES_packet Jength 16 uimsbf
number_of~access_units 15 uimsbf
market_bit 1 bslbf
previdirectory_offset[44..30] 15 uimsbf
marker_bit 1 bslbf
prev_directory_offset[29..15] 15 uimsbf
marker bit 1 bslbf
prev_directory_ offset[14..0] 15 uimsbf
marker_bit 1 bslbf
next directory_offset[44..30] 15 uimsbf
marker_bit 1 bslbf
next_directory offset[29..15] 15 uimsbf
marker_bit 1 bslbf
next_directory_offset[14..0] 15 uimsbf
marker_bit 1 bslbf
for (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_Dbit 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 aimsbf
marker_bit 1 bslbf
bytes to_read[7..0] 8 uimsbf
marker_bit 1 bslbf
intra_coded _indicator 1 bslbf
coding_parameters_indicator 2 bslbf
if (packet_stream_id == O0xFD) {

packet stream_id_extension_Isbs 4 uimsbf
else {

reserved 4 bslbf
}

§
}

2.5.82 Semantic definition of fields in program stream directory

conslitutes a packet start code that identifies the beginning ‘of.a packet. The packet start code prefix is the bit dtring
'0000 0000 0000 0000 0000 0001' (0x000001 in hexadecimal).

dire¢tory stream_id — This 8-bit field shall have a value '1111 1111' (OxFF).

pacllet_start_code prefix — The packet_start code prefix is a 24-bit code. Together with the stream_id that folloys, it

PES| packet_length — The PES packet length ™s a 16-bit field indicating the total number of bytes i the
progfam_stream_directory immediately following this field (refer to Table 2-21).

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

prev|_directory_offset — This 45=bit'unsigned integer gives the byte address offset of the first byte of the packet|start
code| of the previous program-stream directory packet. This address offset is relative to the first byte of the start cofle of
the gacket which contains this-previous_directory offset field. The value '0' indicates that there is no previous program
streajn directory packet,

next| directory_offset.~ This 45-bit unsigned integer gives the byte address offset of the first byte of the packet|start
code| of the next program stream directory packet. This address offset is relative to the first byte of the start code gf the
packet which. contains this next directory offset field. The value '0' indicates that there is no next program stfeam
diredtory packet.

pacKet_stream_id — This 8-bit field is the stream id of the elementary stream that contains the access unit refergnced

b tHis-directory—entryv
Yy UHS-eHrectory-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

codipg parameters_indicator — This 2-bit field is used to indicate the location of coding parameters that are needed to
decofde the access units referenced (see Table 2-44). For example, this field can be used toydetermine the locatipn of
quanftization matrices for video frames.

Table 2-44 — Coding_parameters indicator

Value Meaning
'00' All coding parameters are set to theif default values
'01' All coding parameters are set in this access unit, at least one of them
is not set to a default
'10' Some coding parameters are'set in this access unit
1 No coding parameters dre coded in this access unit

paclet_stream_id_extension_msbs — This 3-bit ficld is present if packet stream id equals OxFD; its codipg is
specified below.

pacKket stream_id_extension_Isbs — This 4-bit field is present if packet stream_id equals 0xFD; its coding is spegified
below.

If ppcket stream id is equal to OxFD, the packet stream id extension indicates the encoded value of the
strean_id extension in the PES header of the PES packet(s) containing the access unit referenced by this direftory
entry. The value of the packet stream id extension is specified by:

packet_stream_id_extension = packet _stream_id_extension_msbs * 16 + packet_stream_id_extension_Isps

2.6 Program-and program element descriptors

Program and progfam element descriptors are structures which may be used to extend the definitions of programs and
program elements. All descriptors have a format which begins with an 8-bit tag value. The tag value is followed by an
8-bit|deseriptor 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_descrigtor
28 X X | MPEG-4_audio_desgriptor
29 X X | IOD_descriptof
30 X SL_descriptor
31 X X | FMC_descriptor
32 X X | external ES_ID_descriptor
33 X X |"MuxCode_descriptor
34 X X,y FmxBufferSize descriptor
35 X multiplexBuffer descriptor
36 X X | content_labeling_descriptor
37 X X | metadata_pointer descriptor
38 X X | metadata_descriptor
39 X X | metadata_ STD_descriptor
40 X X | AVC video descriptor
41 X X | IPMP_descriptor (defined in ISO/IEC 13818-11, MPEG-2
IPMP)
42 X X | AVC timing and HRD descriptor
43 X X | MPEG-2_AAC_audio_descriptor
44 X X | FlexMuxTiming_descriptor
45 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
2.6.2 Video stream descriptor

The video stream descriptor provides basic information which identifies the coding parameters of a video elementary
stream as described in Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 (see Table 2-46).

Table 2-46 — Video stream descriptor

Syntax No. of bits | Mnemonic
video_stream_descriptor(){
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
multiple frame rate_flag 1 bslbf
frame_rate_code 4 uimsbf
MPEG_1_only_flag 1 bslbf
constrained_parameter_flag 1 bslbf
still_picture_flag 1 bslbf
if MPEG_1_only flag=="0"){
profile_and_level_indication 8 uimsbf
chroma_format 2 uimsbf
frame_rate_extension_flag 1 bslbf
reserved 5 bslbf
}
}
2.6.3 Semantic definitions of fields in video stream descriptor

mulfiple_frame_rate flag — This 1-bit fieldswhen set to 'l" indicates that multiple frame rates may be present i

vide¢ stream. When set to a value of '0' only a single frame rate is present.

franje_rate_code — This is a 4-bit-field as defined in 6.3.3 of Rec. ITU-T H.262 | ISO/IEC 13818-2, except that Y
the thultiple frame rate flag is(Setto a value of 'l' the indication of a particular frame rate also permits certain

framp rates to be present in thewideo stream, as specified in Table 2-47:

Table 2-47 — Frame rate code

h the

when
bther

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 |

1de eam- alue is—feld cha atJteast—equa i 3 alue—of the
chrona_format field in any video sequence of the associated video stream. For the purposes of this subclausg, an
ISOQEC 11172-2 video stream is considered to have chroma_format field with the value '01', indicating 4:2:0:

franje rate extension_flag — This is a 1-bit flag which when set to 'l' indicates that either_of both the
framp rate extension n and the frame rate extension d fields are non-zero in any video Sequences off the
Rec.[ITU-T H.262 | ISO/IEC 13818-2 video stream. For the purposes of this subclause, an ISQ/TEC 11172-2 yideo
stream is constrained to have both fields set to zero.

2.6.4 Audio stream descriptor

The faudio stream descriptor provides basic information which identifies the coding.version of an audio elemeptary
streajn 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-pit, field when set to 'l' indicates that the audio stream may contain one or more gudio
framps with the bitrate index set to '0000'. If set to '0', then the bitrate index is not '0000' (refer to 2.4.2|3 of
ISO/NEC 13818-3) in any-audio frame of the audio stream.

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

layer — Thi§<2=bit field is coded in the same manner as the layer field in the ISO/IEC 13818-3 or ISO/IEC 11172-3
audi¢ stréams (refer to 2.4.2.3 of ISO/IEC 13818-3). The layer indicated in this field shall be equal to or higher than the
highgsttayer 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 6 uimsbf
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 enhgnces
the |number of views of the bit-stream resulting from the {program eclement referenced by| the
hierdqrchy embedded layer index. The value of '1' for this flag is reserved.

no_temporal_scalability flag — A 1-bit flag, which when set toN0! indicates that the associated program elenent
enhances the frame rate of the bit-stream resulting from the program element referenced by| the
hierdqrchy embedded layer index. The value of '1' for this flag.is’reserved.

no_spatial_scalability flag — A 1-bit flag, which when\set to '0' indicates that the associated program element
enhapces the spatial resolution of the bit-stream (desulting from the program element referenced by| the
hierdqrchy embedded layer index. The value of '1' forthis flag is reserved.

no_duality scalability flag — A 1-bit flag, which when set to '0' indicates that the associated program element
enhapces the SNR quality or fidelity of<the bit-stream resulting from the program eclement referenced by the
hierdqrchy embedded layer index. The value)of '1' for this flag is reserved.

hierarchy_type — The hierarchical relation between the associated hierarchy layer and its hierarchy embedded layer is
defirfed in Table 2-50. If scalability) applies in more than one dimension, this field shall be set to the value ¢f '8’
("Combined Scalability"), and  the flags no_view_scalability flag, no_temporal scalability |flag,
no_spatial scalability flag and)no quality scalability flag shall be set accordingly. For MVC video sub-bitstrdgams,
this [field shall be set te“fhe value of '9' ("MVC video sub-bitstream") and the flags no view scalability |flag,
no_temporal scalability<flag, no spatial scalability flag and no quality scalability flag shall be set to '1'. For MVC
base| view sub-bitstreams, this field shall be set to the value of 'l5' and the flags no view scalability [flag,
no_temporal scalability flag, no spatial scalability flag and no_quality scalability flag shall be set to 'l'. For MV CD
videp sub-bitstreams, this field shall be set to the value of '9' ("MVCD video sub-bitstream") and the [flags
no iew_scalability flag, no_temporal_scalability flag, no_spatial scalability flag and no_quality scalability| flag
shalll be#set to 'l'. For MVCD base view sub-bitstreams, this field shall be set to the value of '15' and the [flags
no_ Viéw) scalability flag, no temporal scalability flag, no_ spatial scalability flag and no quality scalability| flag
shall be set to T".

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
assogiated aram-clement-an-ordered-seto asrsston-channels—The-mostrobus nsrssien-channelisdefined

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

Yalue 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-bitstream
10 Auxiliary picture layer as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.
1 .. 14 Reserved
15 Base layer or MVC base view sub-bitstream or AVC video sub-bitstream of MVC or HEVC temporal video
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 [registration_descriptor providessva method to uniquely and unambiguously identify formats of private |data
(see [Table 2-51).

Table 2-51 — Registration descriptor

Syntax No. of bits | Identifier
registration_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
format_identifier 32 uimsbf
for (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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2.6.10 Data stream alignment descriptor

The data stream alignment descriptor describes which type of alignment is present in the associated elementary stream.
If the data_alignment indicator in the PES packet header is set to '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 8 uimsbf
C iptor—te $ wimshf
alignment_type 8 uimsbf

2.6.11 Semantics of fields in data stream alignment descriptor

alignment_type — Table 2-53 describes the alignment type for ISO/IEC 11172-2 video, Rec. ITU-T H.2
ISOAIEC 13818-2 video, or ISO/IEC 14496-2 visual streams when the data alignment indicator in the PES p
headgr has a value of '1'. For these video streams, the first PES packet data byte followingthe PES header shall b
first pyte of a start code of the type indicated in Table 2-53. At the beginning of a vided.sequence, the alignment

occuf at the start code of the first sequence header.

The flefinition of an access unit is given in 2.1.1.

12

Tablg 2-54 describes the alignment ‘type for Rec. ITU-T H.264

Table 2-53 — Video stream alignfnent values

NOTE - Specifying alignment type '1' from Table 2-53 does not preclude the alignmentroim beginning at a GOP or SEQ hg

Alignment type Deseription
0 Reserved
1 Slice, or video access uhit
2 Video access unit
3 GOP, or SEQ
4 SEQ
5..255 Reserved

data|alignment indicator in the PESpacket header has a value of '1".

In this case:

For AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.
ISO/TEC14496-10, the first PES packet data byte following the PES header shall be the first byte
AVC dccess unit or the first byte of an AVC slice, as signalled by the alignment_type value.

Foryvideo sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annj
of)Rec. ITU-T H.264 | ISO/IEC 14496-10, the first PES packet data byte following the PES h
shall be the first byte of an SVC dependency representation or the first byte of an SVC slice, as sign|

by the alignment_type value.

For MVC video sub-bitstreams of AVC video streams conforming to one or more profiles defin

| ISO/IEC 14496-10 video when
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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 clice o \ﬁ"ff‘h ";cnv(' mp%ent cubcat
8 MVCD view-component subset

9..255 Reserved

Tablp 2-55 describes the alignment type for HEVC when the data alignment indicator in the PES packet header has a
valug of '1".

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 of'slices
6 HEVC slice or tile of slicés
7 HEVC access unit or slice or tile of slices
8 HEVC slice segment
9 HEVC slice segment or access unit
10 HEVC;sliee segment or slice
11 HEVC 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

Tablp 2-56 describes the-audio alignment type when the data alignment indicator in the PES packet header has a yalue
of '1]. In this case the'fifst 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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2.6.13  Semantics of fields in target background grid descriptor
horifontal_size — The horizontal size of the target background grid in pixels.
vertical_size — The vertical size of the target background grid in pixels.

aspect_ratio_information — Specifies the sample aspect ratio or display aspect ratio of thé\target background

Figure 2-3 — Target background grid descriptor display area

Aspdct ratio_information is defined in Rec. ITU-T H.262 | ISO/IEC 13818-2 (see Table 2-57),

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 [video window descriptor (see Table 2-58)is used to describe the window characteristics of the associated
elementary stream. Its values reference\the target background grid descriptor for the same stream. Alsd

targdt background grid descriptor in 2,6.12.

Table 2-58 — Video window descriptor

grid.

rideo
see

Syntax No. of bits | Mnemonic
video) window_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
horizontal_offset 14 uimsbf
vertical_offset 14 uimsbf
window_priority 4 uimsbf
}

2.6.15  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

.. 5 11
CONArIoITar access tavlc.

When the CA descriptor is found in the TS program map_section (table id = 0x02), the CA_PID points-to~pafkets
contgining program related access control information, such as ECMs. Its presence as program information ' indicates
applicability to the entire program. In the same case, its presence as extended ES information indicates'applicabiljty to
the associated program element. Provision is also made for private data.

When the CA descriptor is found in the CA_section (table id = 0x01), the CA_PID points)fo’ packets contajning
systgm-wide and/or access control management information, such as EMMs.

The |contents of the transport stream packets containing conditional access inforimation are privately defined
(see [Table 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 offields in conditional access descriptor

CA [system_ID — This is a(l16-bit field indicating the type of CA system applicable for either the associated ECM
and/¢pr EMM streams. The coding of this is privately defined and is not specified by ITU-T | ISO/IEC.

CA _|PID — This is a<d3;bit field indicating the PID of the transport stream packets which shall contain either ECM or
EMM information forthe CA systems as specified with the associated CA_system_ID. The contents (ECM or EMM) of
the packets indicated by the CA PID is determined from the context in which the CA PID is found, if., a
TS program=map section or the CA table in the transport stream, or the stream_id field in the program stream.

In transport streams, the presence of PID 0x03 indicates that there is IPMP as described in ISO/IEC 13818-11 usgd 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 bslbt
audio_type 8 bslbf
}

}

2.6.19 Semantic definition of fields in ISO 639 language descriptor

ISO| 639 language code — Identifies the language or languages used by the associated “‘program element.| The
ISO [639 language code contains a 3-character code as specified by ISO 639, Part 2. Each 'character is coded into § bits
accofding to ISO 8859-1 and inserted in order into this 24-bit field. In the case of 'multilingual audio streamp the
sequpnce of ISO_639 language code fields shall reflect the content of the audio stream)

audip_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 impaired‘ commentary®
0x04 .. 0x7F User Private
0x80 .. OxFF Reserved
*  Clean effects: This Valye indicates that the referenced program element has no
language.
b Hearing impaireds This value indicates that the referenced program element is
prepared fof the hearing impaired.
¢ Visual_impaired commentary: This value indicates that the referenced program
elemefityis prepared for the visually impaired viewer.

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

If an|external elock reference was used, the external clock reference indicator may be set to '1'. The decoder optiopally
may [use thesame external reference if it is available.

If thee system clock is more accurate than the 30-ppm accuracy required, then the accuracy of the clock can be
commumnicated by em‘nding it in the (‘]n(‘k_a(‘mlm(‘v fields The clock ﬁ‘eqnf‘ncv accuracvy 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)system clock has
been|derived from an external frequency reference that may be available at the decoder.

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

clock accuracy_exponent — This is a 3-bit integer. Together with the clock accuracy\integer, it gives the fractjonal
freqyency accuracy of the system clock in parts per million.

2.6.22 Multiplex buffer utilization descriptor

The [multiplex buffer utilization descriptor provides bounds on the oceupancy of the STD multiplex buffer. |This
infomation is intended for devices such as remultiplexers, which say’ use this information to support a desired
re-mltiplexing 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_offset_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 bpund
fieldp are valid

LTW_offset-lower_bound — This 15-bit field is defined only if the bound valid flag has a value of '1'. When dedthed,

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

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

2.6.2

5

cop1right_identiﬁer — This field is a 32-bit value obtained from the Registration Authority:

Syntax No. of bits | Identifier
copyright_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
TopyTright tdemtifier 32 wimsbf
for (1= 0;i<N;it++){
additional_copyright_info 8 bslbf
H
}

Semantic definition of fields in copyright descriptor

additional_copyright_info — The meaning of additional copyright info bytes, if any, are defined by the assignge of
that ¢opyright_identifier, and once defined, they shall not change.
2.6.26 Maximum bitrate descriptor
See Table 2-65.
Table 2-65 — Maximum bitrate descriptor
Syntax No. of bits | Identifier
maximum_bitrate _descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
maximum_bitrate 22 uimsbf
}
2.6.27 Semantic definition of fields in maximum bitrate descriptor

max

uppd
The
the 1

prog
2.6.2

See

8

Tablte.2-66.

jmum_bitrate — The maximum bitrate is coded as a 22-bit positive integer in this field. The value indicat¢s an
r bound of the bitratefincluding transport overhead, that will be encountered in this program element or program.
alue of maximum (bitrate is expressed in units of 50 bytes/second. The maximum_bitrate descriptor is included in
rogram Map Table (PMT). Its presence as extended program information indicates applicability to the ¢ntire
ram. Its presence as ES information indicates applicability to the associated program element.

Privaté data indicator descriptor

Table 2-66 — Private data indicator descriptor

Syntax No. of bits | Identifier
private_data_indicator descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
private_data_indicator 32 uimsbf
}
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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 sife given by sb_size, at the time deiined by equation 2-21.

When there is data present in this buffer, bytes are removed from this buffer at a rate defined by sb_leakwrate| The
buffgr, SB,, shall never overflow. During the continuous existence of a program, the value of the elements of the
Smopthing Buffer descriptor of the different program element(s) in the program, shall not change.

The meaning of the smoothing buffer descriptor is only defined when it is included in the PMT pr the program stream
Map

If, inf the case of a transport stream, it is present in the ES info in the Program Map Table, all transport stream packgts of
the HID of that program element enter the smoothing buffer.

If, inf the case of a transport stream, it is present in the program information, the follewing transport stream packets enter
the sfnoothing buffer:

« all transport stream packets of all PIDs listed as elementary,PIDs in the extended program informption
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 the program.

All Qytes that enter the associated buffer also exit it.

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

Table 2-67— Smoothing buffer descriptor

Syntax No. of bits | Mnemonic

smoothing_buffer deseriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
peserved 2 bslbf
sb_leak_rate 22 uimsbf
reserved 2 bslbf
sb_size 22 uimsbf

}

2.6.31 7/~Semantic definition of fields in smoothing buffer descriptor

sb le

SB, buffer for the associated elementary stream or other data in units of 400 bits/s.

f the

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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Table 2-68 — STD descriptor

ISO/IEC 13818-1:2018 (E)

}

Syntax No. of bits | Mnemonic
STD_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 7 bslbf
leak_valid_flag 1 bslbf

2.6.33  Semantic definition of fields in STD descriptor

leak| valid flag — The leak valid flag is a 1-bit flag. When set to 'l', the transfer of data from the buffer MBg-tp the

buffgr EB, in the T-STD uses the leak method as defined in 2.4.2.4. If this flag has a value equal to (0, ‘an

i the

vbv [delay fields present in the associated video stream do not have the value OxFFFF, the transfer of data from the
buffgr MB, to the buffer EB, uses the vbv_delay method as defined in 2.4.2.4.

2.6.34 IBP descriptor

This| optional descriptor provides information about some characteristics of the sequence.of frame types ih an

ISOAEC 11172-2, 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 No, of bits | Mnemonic
ibp_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
closed_gop_flag 1 uimsbf
identical_gop_flag 1 uimsbf
max_gop-length 14 uimsbf

2.6.35 Semantic definition of fields in IBP.deseriptor

closgd_gop flag — This 1-bit flag when set\to 'l' indicates that a group of pictures header is encoded before ¢very

I-frapne and that the closed gop flag is set to”'1" in all group of pictures headers in the video sequence.

identical gop flag — This 1-bit flag:when set to 'l' indicates that the number of P-frames and B-frames bet

ween

I-frames, and the picture coding-types and sequence of picture types between I-pictures is the same throughout the

sequpnce, except possibly for.the pictures up to the second I-picture.

max| gop_length — This 14bit unsigned integer indicates the maximum number of the coded pictures between any two

conspcutive I-picturesinhe sequence. The value of '0' is forbidden.

2.6.36 MPEG:4 video descriptor

For |ndividualISO/IEC 14496-2 streams directly carried in PES packets, as defined in 2.11.2, the MPEG-4 yideo

desctiptor (see Table 2-70) provides basic information for identifying the coding parameters of such visual eleme
streams. The MPEG-4 video descriptor does not apply to ISO/IEC 14496-2 streams encapsulated in SL-packets a

FlexMux packets, as definedin 2.11.3

htary
hd in

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
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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 uimshf
MPEG-4_audio_profile_and_level 8 uimsbf
}

2.6.39 Semantic definition of fields in MPEG-4 audio descriptor

MPE.G-4_audio_profile_and_level — This 8-bit field identifies the profile and level of the ISO/IEC 14496-3 gudio
stream corresponding to Table 2-72. If encoded with the value 0xOF, then it-is signalled that no profile and leyel is
defirjed for the associated MPEG-4 audio stream. The encoded value OxFE indicates that the audio profile and leyel is
not gpecified by the MPEG-4 audio profile and level field; in that case,"in addition to the MPEG-4 audio descriptor,
an MPEG-4 audio extension descriptor shall be associated with the $ame MPEG-4 audio stream. In all other cases,|next
to arf MPEG-4 audio descriptor, also an MPEG-4 audio extension“descriptor may be associated with the same MPEG-4
audi¢ stream.

Table 2-72 - MPEG-4_audio. (profile_and_level assignment values

Value Description
0x00 .. 0xOE Reserved
0x0F No audioprofile 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
0xd8 Scalable Profile, level 1
0x19 Scalable Profile, level 2
0x1A Scalable Profile, level 3
0x1B Scalable Profile, level 4
0x1C .. 0x1F Reserved
0x20 Speech profile_level 1
0x21 Speech profile, level 2
0x22 .. 0x27 Reserved
0x28 Synthesis profile, level 1
0x29 Synthesis profile, level 2
0x2A Synthesis profile, level 3
0x2B .. 0x2F Reserved
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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
0x3A Low delay audio profile, level 3
0x3B Low delay audio profile, level 4
0x3C Low delay audio profile, level 5
0x3D Low delay audio profile, level 6
0x3E Low delay audio profile, level 7
0x3F Low delay audio profile, level 8
0x40 Natural audio profile, level 1
0x41 Natural audio profile, level 2
0x42 Natural audio profile, level 3
0x43 Natural audio profile, level 4
0x44 .. 0x47 Reserved
0x48 Mobile audio internetworking profile, level 1
0x49 Mobile audio internetworking profile, level 2
0x4A Mobile audio internetworking prefile, 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 profileylevel 2
0x52 AAC profile, level 4
0x53 AAC profile, level 5
0x54 AAC 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
0xX5A High efficiency AAC profile, level 4
0x5B High efficiency AAC profile, level 5
0x5C High efficiency AAC profile, level 6
0x5D High efficiency AAC profile, level 7
0x5SE .. 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
0x81 .. 0x87 Reserved
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 T1OD descriptor

The [IOD descriptor (see Table 2-73) encapsulates the Initial@bjectDescriptor structure. An initial object desctiptor
allows access to a set of ISO/IEC 14496 streams by identifying the ES ID values of the ISO/IEC 14496-1 4cene
desctiption and object descriptor streams. Both the scenewdescription stream and the object descriptor stream coptain
furthler information about the ISO/IEC 14496 streams;that are part of the scene. See Annex R for a description df the
contgnt access procedure. The InitialObjectDescriptor 18 specified in 8.6.3 of ISO/IEC 14496-1.

Within a transport stream, the IOD descriptor shall be conveyed in the descriptor loop immediately following the
program_info length field in the Program Map-Table. If a program stream map is present in a program stream, the|[OD
descftiptor shall be conveyed in the descriptor loop immediately following the program stream_info length field ip the
program stream map. More than one I@D 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 to unifjuely
s¢lect one of the ISO/IEC 14496 presentations identified by multiple IOD descriptors.

Table 2-73 — 10D descriptor

Syntax No. of bits | Mnemonic
TOD_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.

SL descriptor

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.

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 [FMC descriptor (see Table 2-75) indicates that the ISO/IEC 14496-1 FlexMux tool has been used to mult

ISO
ISO

stre

An
and
FM

following the ES info length field in‘the Program Map Table. If a Program Stream Map is present in a program st

the HMC descriptor shall be conyeyed in the descriptor loop immediately following the elementary stream_info I
field|in the program stream Map.

For ¢ach SL_packetized stream in a FlexMux stream, the FlexMux channel shall be identified by a single entry i
FM({ descriptor.

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 transpogt, s
where the SL descriptor provides unambiguous mapping between an ISO/IEC 14496-1 ES_ID value and a Rec. ITU-T\H:2
I$O/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
}

[EC 14496-1 SL-packetized streams into a ‘FléxMux stream before encapsulation in PES packet
IEC14496 sections. The FMC descriptor associates FlexMux channels to the ES_ID values of the SL-packe
ajms in the FlexMux stream.

HMC descriptor is required for each program element referenced by an elementary PID value in a transport st

{ descriptor shall be conveyed for -the corresponding elementary stream in the descriptor loop immedi

Table 2-75 — FMC descriptor

for each elementary stream _id in a program stream that conveys a FlexMux stream. Within a transport streanJL, the

lream
D20 |

plex
5 or
tized

ream
tely

eam,
ngth

h the

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

2.6.4

Exte
prog

2.6.48 Muxcode descriptor

The
1449

One
conyj
Mux]
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the
elem
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Prog
Mux

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

}

7  Semantic definition of fields in External ES_ID descriptor

rnal_ES ID — This 16-bit field assigns an ES_ID identifier, as defined in ISO/IEC 14496-1, to a component
Fam.

Muxcode descriptor (see Table 2-77) conveys MuxCodeTableEntry structures as defined in 11.2.4.3 of ISO
6-1. MuxCodeTableEntries configure the MuxCode mod¢ of FlexMux.

or more Muxcode descriptors may be associated with each elementary PID or elementary_stream_id, respecti
eying an ISO/IEC 14496-1 FlexMux streamcthat utilizes the MuxCode mode. Within a transport stream
code descriptor shall be conveyed for the corresponding elementary stream in the descriptor loop immedj

of a

/IEC

vely,
| the
ately

wing the ES_info_length field in the Progtam Map Table. If a Program Stream Map is present in a program stjeam,

Muxcode descriptor shall be( conveyed in the descriptor loop immediately following
entary stream_info_length field in the Program Stream Map.

CodeTableEntries may be updated with new versions. In case of such updates, the version number of
ram Map Table or the program_stream map_version of each Program Stream Map, respectively, carryin
Code descriptor in their descriptor loop shall be incremented by 1 modulo 32.

Table 2-77 — Muxcode descriptor

the

each
b the

Syntax No. of bits | Mnemonic

Muxcode_descriptor () {

descriptor_tag 8 uimsbf

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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2.6.50 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.

Table2-78— EmxBufferSize descriptor
~ i

Syntax No. of bits | Mnemonic
FmxBufferSize descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf

DefaultFlexMuxBufferDescriptor()
for (i=0; i<descriptor_length; i +=4) {
FlexMuxBufferDescriptor()

}

2.6.§1 Semantic definition of fields in FmxBufferSize descriptor

DefqultFlexMuxBufferDescriptor() — This descriptor specifies the/default FlexMux buffer size for this FlexMux

stream. It is defined in 11.2 of ISO/IEC 14496-1.

FlexMuxBufferDescriptor() — This descriptor specifies the FlexMux buffer size for one SL-packetized stream cgrried

withfn the FlexMux stream. It is defined in 11.2 of ISO/IEC 14496-1.
2.6.82  MultiplexBuffer descriptor
The MultiplexBuffer descriptor (see Table 2-79) conveys the size of the multiplex buffer MB,,, as well as the leal§ rate
Rx, it which data is transferred from transport buffer TB, into buffer MB, for a specific Rec. ITU-T H.222.0 | ISO/IEC
1381f8-1 program element referenced by an elementary PID value in the Program Map Table.
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
defifjition of buffers and rates in the<[<STD model for decoding of ISO/IEC 14496 content.
The [MultiplexBuffer descriptor‘shall be conveyed in the descriptor loop immediately following the ES info I¢ngth
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
FmxRateLength 8 uimsbf

}

2.6.85 Semantic definition of fields in FlexMuxTiming descriptor
FCR_ES_ID —is the ES_ID associated with this clock reference stream
FCRResolution — is the resolution of the object time base in cycles per second

FCRLength — is the length of the fmxClockReference field in FlexMux packets with ind&x= 238 A length of zero [shall
indidate that no FlexMux packets with index =238 are present in this FlexMux stfeam. FCRlength shall take vhlues
betwjeen zero and 64.

Fmx[RateLength — Is the length of the fmxRate field in FlexMux packets with index = 238? FmxRateLength shall take
valugs between 1 and 32.

2.6.36  Content labelling descriptor

The fontent labelling descriptor assigns a label to content; the labél'can be used by metadata to reference the assodiated
contgnt. This label, the content reference id record, is metadata application format specific. The content labglling
descfiptor is associated with a content segment. For the purpose of this clause, a content segment is defined as a pdrtion
in tijne of a program, an elementary stream (such as audio or video) or any combination of programs or elemeptary
streajns. The descriptor may be included in the PMT\in the descriptor loop for either the program or an elemeptary
streajn, but may also be contained in tables not defined in this Specification, for example tables to describe segments of
programs or elementary streams. The content labelling descriptor also provides information on which content time|base
is uspd and on the offset between the content time base and the metadata time base. When the Normal Play Time (INPT)
concppt of DSM-CC, as specified in ISO/IEC"13818-6, is used as the content time base, the ID of the NPT time bgse is
provjded. The descriptor allows for cagriage of private data. See Table 2-81.

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


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

ISO/IEC 13818-1:2018 (E)

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 8 bslbf
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.§7 Semantic definition of fields in content labelling descriptor

metadata_application_format: The metadata “a@pplication format is a 16-bit field, coded as defined in Table 2-82
speclfies the application responsible for defining usage, syntax and semantics of the content reference id record a

that
hd of

any pther privately defined fields in this‘descriptor. See also 2.12.1. The value OXFFFF indicates that the format is
signglled by the value carried in the metadata_application format_identifier field.

Table 2-82 — Metadata_application_format

Valué 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
OxFHHE Brefimed-bythenretadata—appication—format—tdentifrerfretd:

is set to 0x08.

content reference id record length is set to 0x0C.

to '00".

NOTE 2 — For V-ISAN, the content reference id byte is set to binary encoding and the

NOTE 1 — For ISAN, the content_reference id byte is set to binary encoding and the content reference id record length

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

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.

© ISO/IEC 2018 - All rights reserved

Rec. ITU-T H.222.0 (03/2017)

95


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

ISO/IEC 13818-1:2018 (E)

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

contpnt_reference_id_record length: The content reference id record length is an 8<bit field that specifies the
numbper of content_reference id bytes immediately following this field. This field shallynot be coded with the valug '0'.

contpnt_reference_id_byte: The content reference id byte is part of a string, of one or more contiguous byteq that
assigns one or more reference identifications (labels) to the content to which this descriptor is associated. The fornfat of
this byte string is defined by the body indicated by the coded value in the metadata_application_format field.

contpnt_time_base_value: The content time base value is a 33-bit field that specifies a value in units of 90 kHz qf the
contgnt time base indicated by the content time base indicator field:

metgdata_time base value: The metadata_time base value is@33-bit field that is coded in units of 90 kHz. The|field
is cgded with the value of the metadata time base at thierinstant in time in which the time base indicated by
contgnt time base indicator reaches the value encoded in‘the content time base value field. Note that the metpadata
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|code is used, then the number of hours, minutes, seconds and frames is expressed in the corresponding number of
90-kHz units.

contpntld: The contentld is a 7-bit field that'specifies the value of the content Id field in the NPT Reference Desciiptor
for the applied NPT time base.

time| base association_data_length:The time base association data length is an 8-bit field that specifies the number
of regserved bytes immediately fellowing 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 deffined privately. These bytes can be used to provide additional information as deemed appropriate. The use of fhese
bytes is defined by theunetadata application format.

2.6.38 Metadata pointer descriptor

The metadatapointer descriptor (see Table 2-84) points to a single metadata service and associates this metadata sefvice
with| audievisual 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 trankport
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 3 uimsb1
descriptor_length 8 uimsbf
metadata_application_format 16 uimshf
if (metadata_application format== OxFFFF){
metadata_application_format_identifier 32 uimsbf
metadata_format 8 uimsbf
if (metadata_format== 0xFF){
metadata_format_identifier 32 uimsbf
metadata_service_id 8 uimsbf
metadata_locator_record_flag 1 bslbf
MPEG_carriage_flags 2 uimsbf
reserved 5 bslbf
if (metadata_locator record flag=="1"){
metadata_locator_record_length 8 uimsbf
for (1= 0; 1 < metadata locator record length; i++){
metadata_locator_record_byte 8 bslbf
H
; .
if (MPEG_carriage flags <2){
program_number 16 uimsbf
if MPEG_carriage flags == 1){
transport_stream_location 16 uimsbf
transport_stream_id 16 uimsbf
)
for (i=0; i<N;i++){
private_data_byte 8 bslbf
}
i
2.6.89 Semantic definition of fields\in metadata pointer descriptor
metadata_application_format:Th¢ metadata application format is a 16-bit field that specifies the applicption
respgnsible for defining usage, syntax and semantics of the metadata locator record record and any other priviately
defirjed fields in this descriptor! The coding of this field is defined in Table 2-82 in 2.6.57.
metadata_application.format_identifier: The coding of this field is defined in 2.6.57.
metgdata_format:;\The metadata format is an 8-bit field that indicates the format and coding of the metadata| The
coding of this field is specified in Table 2-85.
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
assofiated metadata is available on a location outside of a Rec. TTU-T H.222.0 [ISO/TEC T38T18-T stream, specified in a
metadata_locator record.

MPEG_carriage_flags: The MPEG carriage flags is a 2-bit field which specifies if the metadata stream containinjg the
asso¢iated metadata service is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, and if s0; whetheyr the
assog¢iated metadata is carried in a transport stream or program stream. The coding of this field is defined in Table 3-86.

Table 2-86 — MPEG_carriage_flags

Value Description
0 Carriage in the same transport stream where this metadata pointerzdgseriptor is carried.
1 Carriage in a different transport stream from where this metadata pointer descriptor is carried.
2 Carriage in a program stream. This may or may not be the/same program stream in which this
metadata pointer descriptor is carried.
3 None of the above.

metgdata_locator_record_length: The metadata locator record<length is an 8-bit field that specifies the numbgr of
metadata locator record bytes immediately following. This fieldishall not be coded with the value 0.

metadata_locator_record_byte: The metadata locator re¢ord byte is part of a string of one or more contiguous bytes
that form the metadata locator record. This record specifies one or more locations outside of a Rec. ITU-T H.232.0 |
ISONEC 13818-1 stream. The format of the metadata-locator record is defined by the metadata application signall¢d by
the metadata application format field. The record“may for example contain Internet URLs that specify wher¢ the
metadata can be found, possibly in addition to-their location(s) in the transport stream. If the MPEG_carriage flqgs is
coded with the value 0, 1 or 2 and the metadata locator record is present, then this signals alternative locations fqr the
samg metadata.

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 A4 SO/IEC 13818-1 stream in which associated metadata is carried. Iff the
MPHG carriage flags have the value 0, then the transport stream is the current one, and if the MPEG_carriage [flags
havelthe value 1, it is the transport stream signalled by the field's transport _stream_location and transport stream_igl.

tranpport_stream_location: The transport stream_location is a 16-bit field that is defined privately. For example} this
fieldmay be used byyapplications to signal the original network id defined by ETSI.

tranpport_streany_id: The transport stream id is a 16-bit field that identifies the transport stream in which assocjiated
metadata is earried.

private/data_byte: The private data byte is an 8-bit field. The private data bytes represent data, the format of which
is deffined 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
1T (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
\ 5
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 lengthii++) {
dec_config_identification record_byte 8 bslbf
} §
if (decoder_config_flags =="1000).§
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
H
I
for (i=0; iKN;i++) {
private_data_byte 8 bslbf
v
s
}
2.6.41 Semantic definition of fields in metadata descriptor
metgdata_application_format: The metadata_application_format is a 16-bit field that specifies the applicption
respoTsibtefor defimmmg usage,; symtax and Semarntics of the Service Tdentification Tecord amd any privatety 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.

'101'.."'110' Reserved.
11 Privately defined.

DSM-CC flag: This is a one-bit flag that is set to '1' if the stream with which this descriptor is associated is carrigd in
an I§O/IEC 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 thisymetadata stream.

servjce_identification length: This field specifies the number of service identification_record bytes immediately
following.

serv]ce_identification_record_byte: This byte is part of a string of one or mofecontiguous bytes that specify the
service identification_record. This record contains data on retrieval of the metadata service from a DSM-CC cardusel.
The [format of the metadata locator record is defined by the application indicated by the metadata application format.
Wheph a DSM-CC object carousel is used, the record may for example Comprise the unique object identifier| (the
IOPJIOR() 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 ttansaction id and the module id of the metpdata
service.

decoder_config_length: This field specifies the number of de¢oder config_bytes immediately following.

onfig_identification_record length: = This field specifies the immediately following number| of
onfig identification_record bytes.

onfig_identification_record_byte: This byte is part of a string of one or more contiguous bytes that specify the
onfig_identification_record. Fhis record specifies how to retrieve the required decoder configuration fr¢m a
-CC carousel. The format of the metadata locator record is defined by the metadata application format. When a
-CC object carousel is used, the record may for example comprise the unique object identifier (the IOP:IOR() [from
11.31 and 5.7.2.3 of ISO/FEC13818-6 DSM-CC) for the decoder configuration. Similarly, in case of a DSM-C(] data
caroyisel, the record may-forexample provide the transaction_id and the module_id of the decoder configuration.

decader_config_metadata_service id: This is the value of the metadata_service id that is assigned to the metadata
service that f(contains the decoder configuration. The metadata service indicated by | the
decofder_config, metadata_service id and the metadata service that uses that decoder configuration shall be in the fame
progfam. Hence in a transport stream, the metadata descriptors for both these metadata services shall be in the pame
PMT. The metadata descriptor of the metadata service indicated by the decoder config metadata service id shallfhave
a deqoder 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
}

(E)
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3  Semantic definition of fields in metadata STD descriptor

data_input_leak rate: The metadata input leak rate is a 22-bit field that specifies the leak rate for the-assoo
data stream in the T-STD model out of the buffer TB, into buffer B,. The leak rate is specified"in uni
bits/s. For metadata carried in a program stream, the coding of the metadata input leak rate field.ds not spec
e rate into B, equals the rate of the program stream.

iated
ts of
fied,

data_buffer size: The metadata buffer size is a 22-bit field that specifies the size of buffer'B, in the STD npodel
for the associated metadata stream. The size of B, is specified in units of 1024 bytes.

metjgdata_output_leak rate: The metadata output leak rate is a 22-bit field that spedifies for the associated metpdata
service the leak rate in the STD model out of buffer B, to the decoder. The leak rate.is specified in units of 400 Hits/s.
For [metadata streams transported synchronously (stream-type 0x15 or 0x19); the metadata access unity are
instaptaneously removed from B, under the control of PTS timestamps~and in that case the coding of the
metadata output leak rate field is not specified.
2.6.44 AVC video descriptor
For AVC video streams, the AVC video descriptor provides basiéinformation for identifying coding parameters qf the
asso¢iated AVC video stream, such as on profile and level parameters included in the SPS of an AVC video streqm or
in thg subset SPS of an SVC video sub-bitstream.
For AVC video streams conforming to one or more profiles defined in Annex G, or Annex H or Annex I of Rec. ITU-T
H.264 | ISO/IEC 14496 10, there may be one AVC vidéo descriptor associated to each of the video sub-bitstreanys, or
MV( video subsets or MVCD video subsets identifying coding parameters of the associated re-assembled AVC Yideo
streams.
The |JAVC video descriptor also signals the“presence of AVC still pictures, AVC 24-hour pictures as well ap 3D
rendgring assistance SEIs such as frame packing arrangement SEI message or stereo video information SEI message in
the AVC video stream. If this descripter'is not included in the PMT for an AVC video stream, a video sub-bitstreapn, or
an MVC video sub-bitstream or,an.MVCD video sub-bitstream in a transport stream or in the PSM, if present, fpr an
AV({ video stream, a video sub bitstream or an MVC video sub-bitstream in a program stream, then such AVC Yideo
stream shall not contain AV-C.still pictures, shall not contain AVC 24-hour pictures and may or may not contain ffame
packiing arrangement SEI mesSsage or stereo video information SEI message. (See Table 2-90.)
Table 2-90 — AVC video descriptor
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 d¢fined in Rec. 1TU-T H.264 | ISO/IET 14496-10. The entite AVC video stream to which the AVC descriplor is
assotiated 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 thesAVC video
dpscriptor, while also a profile may occur that is a subset of the profile signalled in the AVC video descriptorsHowever, |n the
entire AVC video stream, only tools shall be used that are included in the profile signalled in the AVC~yvideo descripfor, if
esent. For example, if the main profile is signalled, then the baseline profile may be used in some sequenees, but only using
lose tools that are in the main profile. If the sequence parameter sets in an AVC video stream signal-different profiles, ahd no
ditional constraints are signalled, then the stream may need examination to determine which profile;if any, the entire sfream
bnforms to. If an AVC video descriptor is to be associated with an AVC video stream that does/mot conform to a single pgofile,
fien the AVC video stream must be partitioned into two or more sub-streams, so that AVC video-descriptors can signal a §ingle
profile for each such sub-stream.

[l =Ny}

=

AV( _still present — This 1-bit field when set to 'l' indicates that the AVC yideo stream may include AV( still
pictdyres. When set to '0', then the associated AVC video stream shall not contain<AVC still pictures.

AV({ _24 hour_picture_flag — This 1-bit flag when set to 'l' indicates that the associated AVC video stream|may
contpin AVC 24-hour pictures. For the definition of an AVC 24-hourypicture, see 2.1.2. If this flag is set to '0|, the
assogiated AVC video stream shall not contain any AVC 24-hour picture.

Frame Packing SEI_not_present_flag — If this flag is set to '0"then the AVC video stream shall contain eithdr the
frame packing arrangement SEI message or stereo video infefmation SEI message. If the AVC video descripfor is
pres¢nt and this flag is set to '1', then the presence of either of these SEI messages is unspecified.

2.6.46 AVC timing and HRD descriptor

The AVC timing and HRD descriptor provides timing and HRD parameters of the associated AVC video stream| For
each| AVC video stream and for each video syb-bitstream or MVC video sub-bitstream or MVCD video sub-bitstream
carripd in a Rec. ITU-T H.222.0 | ISO/IEC-13818-1 stream, the AVC timing and HRD descriptor shall be includgd in
the HMT or in the PSM, if PSM is present in’the program stream, unless the AVC video stream, the video sub-bitstream
or the MVC video sub-bitstreamy, or MVCD video sub-bitstream carries VUI parameters with| the
timing_info present flag set to '1":

+  for each IDR pictuse or re-assembled IDR picture; and

+  for each picture-or re-assembled picture that is associated with a recovery point SEI message.

Absdgnce of the AVC timing and HRD descriptor in the PMT for an AVC video stream or a re-assembled AVC yideo
streajm signals usag€lofthe leak method in the T-STD for the transfer from MB,, to EB,, as defined:

« im2.14.3.1 for an AVC video stream conforming to one or more profiles defined in Annex A of
Réc. ITU-T H.264 | ISO/IEC 14496-10;

*{ 1in 2.14.3.5 for video sub-bitstreams of an AVC video stream conforming to one or more profiles defined
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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Table 2-91 — AVC timing and HRD descriptor
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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

if (90kHz_flag =="'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

}

7  Semantic definition of fields in AVC timing and HRD descriptor

management_valid_flag — This 1-bit field is only defined foruise in transport streams.

h the AVC timing and HRD descriptor is associated with an AVC video stream or a re-assembled AVC yideo
m carried in a transport stream, then the following applies. If the hrd management valid flag is set to 'l',[then
ering Period SEI and Picture Timing SEI messages, as defined in Annex C of Rec. ITU-T H.264 |
[EC 14496-10, shall be present in the associated”AVC video stream or re-assembled AVC video stream. These
bring Period SEI messages shall carry codédinitial cpb removal delay and initial cpb removal delay offset
bs for the NAL HRD. If the hrd management valid flag is set to 'l', then the transfer of each byte from MB, to
in the T-STD shall be according to~the delivery schedule for that byte into the CPB in the NAL HRD, as
detemined from the coded initial cpb_removal delay and initial cpb_removal delay offset values for SchedSelldx =
cnt_minusl. When the hrd management valid flag is set to '0', the leak method for the transfer from MB,, tq EB,
e T-STD shall be used:

as defined in 2.14:3°1 for AVC video streams conforming to one or more profiles defined in Annex|A of
Rec. ITU-T H:264 | ISO/IEC 14496-10;

as defined-inr 2.14.3.5 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.

as \defined in 2.14.3.7 for MVC video sub-bitstreams or MVCD video sub-bitstreams of AVC yideo
stteams conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 |
ISO/IEC 14496-10.

nthe*AVC timing and HRD descriptor is associated with an AVC video stream or a re-assembled AVC yideo
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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 =
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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

th" 4l < antad ANIC 1d 4 M han—tlhic—Fl 1c $ to 'O oo 1 tioa ol 4 tlha Loooo Lot th
withi—the—asseetated—AME—rideo—stream—When—thts—Hap—ts—set—+to—0—ne—information—abeout—theframe—rate—of the

assog¢iated 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 tor|l%;/ then the
assogiated AVC video stream shall carry Picture Order Count (POC) information (PicOrderCnt) wheréby- picturegs are
counted in units of At g,5( 11 ), Wwhere Atg 455( 1) is specified in equation E-10 of Rec. ITU-T H.264 | ISQ/IEC 1449p-10.
Wheh the temporal poc flag is set to '0', no information is conveyed regarding any potential relationship betweeh the
PO( information in the AVC video stream and time.
NOTE 2 — This reduces the overhead necessary to signal timing for each access unit. An effective PTS and DTS cgn be
cplculated for access units for which no explicit PTS/DTS is carried. Repetition of most recently presented field df the
appropriate parity (or frame) is implied when the difference between the PTSs of the current,and the next picture is greatef than
2% Atg g, (or greater than Aty 4., when frame_mbs_only_flag is equal to 1).

pictyre _to_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_struet’ field in picture timing SEI mesgages
(see Annex D of Rec. ITU-T H.264 | ISO/IEC 14496-10) and/or by~providing the Picture Order Count (ROC)
infogmation (PicOrderCnt), whereby pictures are counted in units 6f Atzgn(n) (see also the semantigs of
temploral poc flag), so that timing information for a successive AVC access unit can be derived from the preyious
pictyre in decoding or presentation order.

Wheh the picture to display conversion _mode flag is set to\0', then picture timing SEI messages in the AVC yideo
streajm, if present, shall not contain the pic_struct field, and hence the pic_struct present flag shall be set to '0' ip the
VUI|parameters in the AVC video stream.

2.6.8 MPEG-2 AAC audio descriptor

For individual ISO/IEC 13818-7 streams directly carried in PES packets, the MPEG-2 AAC audio descriptor defingd in
Tablp 2-92 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

MPEG2_-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_additional_information 8 uimsbf

!

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 NIPEG-4 fext descriptor shall be included 1n the PMT or in the PSM, if PSM 1S present 1n the program strean.

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

2.6.71 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 defingd in
ISONIEC 14496-17.

2.6.72 MPEG-4 audio extension descriptor

The MPEG-4 audio extension descriptor (see Table 2-95) carries zero or more audioProfileLevellndication field§ and
zero|or one audioSpecificConfig() field, both encoded as specified in ISO/IEC 14496-3. Note that for each ISQ/IEC
14496-3 audio stream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, it is required that the MPEG-4 gudio
descriptor be included in the PMT or in the PSM, if PSM is present in the program stream, while the MPEG-4 gudio
extemsion descriptor may be present too, providing additional information. If in the MPEG-4 audio descriptof the
MPHG-4 audio profile and level field is encoded\with the value OxFF, indicating that the audio profile and level s not
spec]fied in the MPEG-4 audio descriptor, then~the MPEG-4 audio extension descriptor shall be present in the pame
PMT or PSM as the MPEG-4 audio descriptor. Note that this descriptor allows to provide the audioSpecificConfig out
of bgnd, so as to allow receivers to retrieve information about the associated audio stream without accessing the stream
itself. The descriptor also allows to assoeiate an audioSpecificConfig to an audio stream.

Table 2-95 — MPEG-4 audio extension descriptor

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
num_of loops 4 uimsbf
for (i=0; i<num_of loops; i++) {

atdioProfiteleveHndication 8 timsbf

}

if (ASC flag =="1I)) {
ASC _size 8 uimsbf
audioSpecificConfig()

}

}

2.6.73  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 ®SM, if
PSM is present in the program stream.

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)

}

2.6.15 Semantic definition of fields in auxiliary video stream descriptor

aux |video_codedstreamtype — An 8-bit unsigned integer that indicates the compression coding type of the auxiliary
vide¢ stream. The value of aux_video codedstreamtype shall match’one of the stream types defined in Table 2-34 for
vide¢ (for instance 0x02, 0x10 or 0x1B). In order to convey additional information such as profile/level, a desctiptor
that gorresponds to the aux video codedstreamtype may also.be included in the PMT or in the PSM, if PSM is prgsent
in thp program stream, for the auxiliary video data stream:;

NOTE - For example, if the auxiliary video is encoded\using Rec. ITU-T H.264 | ISO/IEC 14496-10 Video, then the value of
apix_video_codedstreamtype is 0x1B and an AVC video descriptor (descriptor_tag = 40) can be optionally included.

si_rlsp() — Supplemental information RBSP as‘defined in ISO/IEC 23002-3. It shall contain at least one auxiliary yideo
suppllemental information (AVSI) message-(also defined in ISO/IEC 23002-3). The type of auxiliary video is infprred
from| si_rbsp(). The total size of si_rbsp() shall not exceed 254 bytes.

2.6.76 SVC extension descriptor

For [video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex (3 of
Rec.|ITU-T H.264 | ISO/IEC\14496-10, the SVC extension descriptor (see Table 2-97) provides information aboyt the
AV({ video stream resylting’from re-assembling (up to) the associated video sub-bitstream and provides informption
about scalability and re-assembly of the associated video sub-bitstream. There may be one SVC extension desciiptor
assogiated with any of'the video sub-bitstreams of an AVC video stream conforming to one or more profiles defingd in
Anngx G of Rec, [TU-T H.264 | ISO/IEC 14496-10.
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Table 2-97 — SVC extension descriptor

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 AVC yideo

stre

height — This 16-bit field indicates the maximum image height resolution}in pixels of the re-assembled AVC yideo

stre

fra

vide stream.

e_rate — This 16-bit field indicates the maximum frame rate,yin frames/256 seconds of the re-assembled AVC

averpge bitrate — This 16-bit ficld indicates the average bit\rate, in kbit per second, of the re-assembled AVC yideo

stream.

maxjmum_bitrate — This 16-bit field indicates the maximum bit rate, in kbit per second, of the re-assembled AVC

vide¢ stream.

dep¢d

ndency_id — This 3-bit field indicates thevalue of dependency id associated with the video sub-bitstream.

qualty id_start — This 4-bit field indicates the minimum value of the quality id of the NAL unit header syntax

ele

ent of all the NAL units contained\in the associated video sub-bitstream.

qualfty _id_end — This 4-bit field indicates the maximum value of the quality id of the NAL unit header syntax element

of al] the NAL units contained in-the associated video sub-bitstream.

oral_id_start — This\3<bit field indicates the minimum value of the temporal id of the NAL unit header syntax
ent of all the NAL ynits 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 header syntax

no_sei_nal unit_present — This 1-bit flag when set to '1' indicates that no SEI NAL units are present in the assodiated

= asethe o —ser TmatT PTTST .;'l OI d T d ard cr 1o Or ot present
for the AVC video sub-bitstream of SVC, any SEI NAL units, if present, are included in the AVC video sub-bitstream 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

averpge_bitrate — This 16-bit field indicates the average bit rate, in kbits per second, of the re-assembled AVC yideo
strean. When set to 0, the average bit rate is not indicated.

maxjmum_bitrate — This 16-bit field indicates the maXimum bit rate, in kbits per second, of the re-assembled AVC
vide¢ stream. When set to 0, the maximum bit rate is ot indicated.

view] association_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 is set ffo 'l'
no sych association is signalled.

base| view _is_left eyeview — This flagishall be set to '1' when the view_association _not present flag is set to 'lf and
no view association is conveyed irlthe descriptor. When the view_association_not_present_flag is set to '0' and thi§ flag
is sef to ', it indicates that the base view is associated with the left eye view (or enhancement view is associated|with
the right eye view). When the yiew association_not present flag is set to '0' and this flag is set to '0', it indicateq that
the Hase view 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 Junits
contgined in the asseciated MVC video sub-bitstream.

view| order_index max — This 10-bit field indicates the maximum value of the view order index of all the NAL Junits
contgined n,the associated MVC video sub-bitstream.

oral id_start — This 3-bit field indicates the minimum value of the temporal id of the NAL unit header syntax
- N . - bt

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 Mnemoni¢
J2K] video_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
profile_and_level 16 uimsbf
horizontal_size 32 uimsbf
vertical_size 32 uimsbf
max_bit_rate 32 uimsbf
max_buffer_size 32 uimsbf
DEN_frame_rate 16 uimsbf
NUM_frame_rate 16 uimsbf
color_specification 8 bslbf
still_mode 1 bslbf
interlaced_video 1 bslbf
reserved 6 bslbf
for (1=0; 1 <N; i++) {
private_data_byte 8 bslbf
}
}

2.6.81 Semantics of fields in J2K video descripton

profile_and level — This field shall be in thé’range 0x0101-0x04ff and coded as defined in Table A.1j0 of
Rec.|ITU-T T.800 | ISO/IEC 15444-1 and indigafes broadcast profile and level values.

horizontal_size — This field shall be codedthe same as Xsiz parameter found in the J2K codestream main head¢
defijed in Annex A of Rec. ITU-T T.800 | ISO/IEC 15444-1.

Nl
o
2]

vertical_size — This field shall be_coded the same as Ysiz parameter found in the J2K codestream main headgr, as
defirjed in Annex A of Rec. ITUSI'T.800 | ISO/IEC 15444-1.

max| bit_rate — This fieldimay be coded the same as the Maxbr value in the j2k brat field box specified in Tablg S.1
and shall not exceed thémaximum compressed bit rate value for the profile and level specified in Table S.2. This|field
shalllbe set 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 ip the
j2k_prat box in\Table S.2. When profile and level = 0x0307, the max_buffer size shall be set appropriately and [shall
not dxceedimax_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 specifigd in
Table S.T (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 0000 0000 0001' '0000 0000 0011 1100’ 60/1 60.00

color_specification — This field shall be coded the same as the bcol colre 8-bit field of the j2k bcol box.as specified in
Tablp S.1 (see Annex S).

still [mode — This 1-bit field, when set to 'l', indicates that the J2K video stream may include J2KDstill pictures. When
set t¢ '0', then the associated J2K video stream shall not contain J2K still pictures.

intefflaced_video — This 1-bit field indicates whether the J2K video stream contains inteflaced video. When this flag is
set tp 'l' the J2K access unit elementary stream header (see Table S.1) shall includ€ the syntax elements Auf2,
fiel pox code, fic and fio. When this flag is set to '0', these syntax elements shall aot-be present in the J2K accesq unit
elementary stream header.

2.6.82 MVC operation point descriptor

The MVC operation point descriptor (see Table 2-101) provides a method’to indicate profile and level for one or more
opergition points each constituted by a set of one or more MVC video sub-bitstreams. If present, the MVC operption
point descriptor shall be included in the group of data elements folowing immediately the program_info length figld in
the gfrogram_map_section. If an MVC operation point descriptep is present within a program description, at leasf one
hierdrchy descriptor shall be present for each MVC video sub-bitstream present in the same program.

NOTE — In order to indicate different profiles, one MVC opération point descriptor per profile is needed.

Table 2-101 —NFVC operation point descriptor

Syntax No. of bits Mnemonic
MV operation_point_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
profile_idc 8 uimsbf
constraint_set() flag 1 bslbf
constraint_setl _flag 1 bslbf
constraintset2_flag 1 bslbf
constraint_set3 flag 1 bslbf
constraint_set4 flag 1 bslbf
constraint_setS_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

pro

con
con

ITU{T H.264 | ISO/IEC 14496-10.

AV({_compatible_flags — The semantics of AVC_compatible flags are exactly equal to,the semantics of the fig
defirjed for the 2 bits between the constraint_set2 flag and the level idc field in the sequence parameter set, as de
in R¢c. ITU-T H.264 | ISO/IEC 14496-10.

level count — This 8-bit field indicates the number of levels for which operationi<points are described.

level ide — This 8-bit field indicates the level, as defined in Rec. ITU-TYH.264 | ISO/IEC 14496-10, of the )
bitstfeam for the operation points described by the following groups of data’eclements.

ope

following group of data elements.

applicable_temporal_id — This 3-bit field indicates the highest value of the temporal id of the VCL NAL units i
re-agsembled AVC video stream.

num|_target output_views — This 8-bit field indicates\the value of the number of the views, targeted for output fd
asso¢iated operation point.

ES

elements. The elementary streams indicated in the following group of data elements together form an operation po
the MVC video bitstream. The value 0xff is reserved.

ES _reference — This 6-bit field ihdicates the hierarchy layer index value present in the hierarchy descriptor W
idenfifies a video sub-bitstream.

2.6.44 MPEG2 stereoscopic_video_format_ descriptor

The

videp cemponents (with stream_type value equal to 0x02). When present, the descriptor shall be located in the
followitig ES_info_length field in PMT. When the descriptor is included in the PMT, the associated MPEG-2 Y

NOTE - The profile and level for a single operation point, e.g., the entire MVC video bitstream, can be signalled using the

Vi
Tlhe specification of the)MVC operation point descriptor supports the indication of different profiles and levels for my
0

raint_set5_flag — These fields shall be coded according to the semantics for these fields defined in

nation_points_count — This 8-bit field indicates the number of eperation points described by the list included i

ount — This 8-bit field indicates the number of ES reference values included in the following group of]

deo descriptor. Beyond that, MVC allows for decoding different view subsets which can require different profiles and/or 1

peration points.

MPEG2\stereoscopic_video format descriptor (see Table 2-102) may be associated in the PMT for MP]

:Eraint_set()_ﬂag, constraint_setl flag, constraint set2 flag, constraint set3 flag, constraint_ set4 |flag,

fjle_idc — This 8-bit field indicates the profile, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10, of-alloperption
points described within this descriptor for the MVC bitstream.

Rec.
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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

ster¢o_video_arrangement_type present: When this bit is set to 'l', then the following 7-bits indicate the ‘type of
video_format_type included in the user data of associated MPEG-2 video elementary stream. If this|bit is get to
'0', then no such signalling is made available in this descriptor.

arrapgement_type: This field shall be set to the same value as arrangement type defined “in Table L{l of
Rec.[ITU-T H.262 | ISO/IEC 13818-2:2000/Amd.4 and included in the user data extension'of associated MPEG-2
vide¢ elementary stream.

2.6.86  Stereoscopic_program_info_descriptor

Stergoscopic_program_info_descriptor (see Table 2-103) specifies the identification0f 2D-only (monoscopic), frame
compatible stereoscopic 3D as well as service-compatible stereoscopic 3D “services. This descriptor corveys
ation at a program level and assists decoders determine resources required to support the signalled services.
When present, this descriptor shall be included in the loop following program_info length field in the PMT. In addjtion,
when this descriptor is present, stream_type values and descriptors asSociated with the video components in the|loop
following ES _info length in the PMT shall not conflict with the sterepscopic_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_servicestype 3 bslbf

}

2.6.87 Semantic definition-of fields in the stereoscopic_program_info_descriptor
desciptor_length: This field shall be set to 0x01.

stergoscopic_servicel type: This specifies the type of service that is provided through the associated components|such
as mpnoscopic, frani€ 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.

2.6.8
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NOTE2=Service-compatibiestereoscopic 3D Service 15 based o Simuicast ot SeTeoSToPIT VIEW SCqUTIICTS.
Each view of the stereoscopic video sequences can be coded independently using either MPEG-2 or AVC video or
any combination thereof. Base view video stream for service-compatible stereoscopic 3D services is signalled
using stream_type value of 0x02 for MPEG-2 video and stream_type value of 0x1B for AVC video. Additional
view video stream for service-compatible stereoscopic 3D services is signalled using stream_type value of 0x22
for MPEG-2 video and stream_type value of 0x23 for AVC video.

8  Stereoscopic_video_info_descriptor

stereoscopic_video_info descriptor (see Table 2-105) provides information related to service-compz
pscopic 3D services that carry left and right view in separate video streams. The two streams are called the |
video stream" and the "additional view video stream". The base view video stream may be displayed on its
2D video service. If signalled as specified below, the additional view videosstream may also be displayed
for a 2D video service.

stereoscopic_video info descriptor is located in the loop following” ES info length field in PMT.

pscopic_video info_descriptor shall be included for both the base viéw) video component (stream_type values
k1B) and additional view video component (stream_type values\0x22 or 0x23) in the PMT for programs
prt service-compatible stereoscopic 3D video. The stereoscopicwvideo info descriptor should not be associate
ponents with any other stream_type values as its meaning is undefined for other stream_type values.

Table 2-105 — Stereoscopictvideo_info_descriptor syntax

Syntax No. of bits Format
Stereoscopic_ video_info_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 7 bslbf
base_video_flag 1 bslbf
if (base_video fldg){
reserved 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
}
)

tible
base
own
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The
Dx02
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d for

2.6.89 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 % 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 pxtension descriptor (see Table 2-107) provides a mechanism to extend the Rec. ATU-T H.222.0 | ISO/IEC 13§18-1
desctiptor range (see Table 2-45). The descriptors which are based on the extension descriptor are signalled using the
extepsion descriptor with extension descriptor tag values defined in Table 2-108.

Table 2-107 — Extension descriptor

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

if ( extension_descriptor_tag == 0x02)x{
ObjectDescriptorUpdate()

}

else if ( extension_descriptor_tag == 0x03) {
HEVC timing-and HRD descriptor()

}

else if ( extensiom descriptor_tag == 0x04) {
af exténsions_descriptor ()

}

elsedfi(extension_descriptor_tag == 0x05 ) {
HEVC_operation_point_descriptor( )

S

else if ( extension_descriptor _tag == 0x06 ) {

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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2.6.9
desc

desc
imm

extension_descriptor_tag<)The extension_descriptor tag is an 8-bit field which identifies each descriptor that
ag value. See Tablé-25108 for the extension_descriptor tag values.

this f
Obj¢
HEY
af e

HEY

1

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()

}

U‘IDC lf\ CAlCllDiUll_L‘leblilJ‘l,Ul_l,aé = GAGC} {
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

}

}

Semantic definition of fields in/the extension descriptor

ktensions_descriptor() — This structure is defined in 2.6.99.

riptor_tag — The descriptor_tag iS\an'8-bit field whose value is defined in Table 2-45.

ctDescriptorUpdate() — This structure is defined in section 8.5.5.2 of ISO/IEC 14496-1.
(C_timing,_and_HRD_descriptor() — This structure is defined in 2.6.95 and 2.6.96.

C_operation point descriptor( ) — This structure is defined in 2.6.100 and 2.6.101.

riptor_length — The descriptor length is an 8-bit field specifying the number of bytes of the desc
ediately following the descriptor length field.

iptor

uses

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
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 descfiptor()
0x0A X | n/a | MPEG-H 3dAudio_scene descriptor()
0x0B X | n/a | MPEG-H_3dAudio_text dabel descriptor()
0x0C X | n/a | MPEG-H 3dAudio mplt-stream descriptor()
0x0D X | n/a | MPEG-H _3dAudio.drc loudness descriptor()
0x0E X | n/a | MPEG-H 3dAudie’ command descriptor()
0x0F X | n/a | Quality extension descriptor()
0x10 X | n/a | Virtual _segmentation_descriptor()
0x11 .. OxFF n/a | n/a | Rec./TU-T H.222.0 | ISO/IEC 13818-1 Reserved

2.6.92 ODUpdate_descriptor

The [ODUpdate descriptor may be used to ¢diry a set of ObjectDescriptors through an ObjectDescriptorUpdate,| as a
repldcement or as a complement to ISO/IEC 14496 object descriptor streams defined in the I0D. If used| the
ObjdctDescriptorUpdate command shall be processed by the MPEG-4 terminal as defined in 7.2.5.5.2 of ISQVYIEC
14496-1. The descriptors carried injthe ODUpdate descriptor are in the same name scope as the scene description
desctibed in the InitialObjectDeseriptor carried in the IOD descriptor.

When an ODUpdate_descriptor is used within a transport stream, the ODUpdate descriptor shall be conveyed ip the
desctiptor loop immediately following the program_info_length field in the program map table, and shall be included
after|an IOD descriptor.

Wheph an ODUpdate “descriptor is used within a program stream, the ODUpdate descriptor shall be conveyed ip the
desctiptor loopimimediately following the program stream info length field in the program stream map, and shgll be
inclyded afteran'TOD descriptor.

If anfODWUpdate descriptor is included before an IOD descriptor or if IOD descriptor is 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 8 uimsbf
for (i=0; i<N; i++) {
private_data 8 bslbf
j
!

2.6.94 Semantic definition of fields in the Transport_profile_descriptor

tranpport_profile — This 8-bit profile value signals the use of constraints in the associated transport, stream for the
program. See Table 2-110.

Table 2-110 — Transport_profile values

Values Description
0x00 unspecified
0x01 Complete profile *
0x02 Adaptive profile ®
0x03 .. 0xOE reserved
0xOF .. OxFF user_private

Transport streams using this profile conform to all the normative 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 thé.tormative 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 proeess these streams usually do not use the PCR to derive the
decoder STC. However, the PCR vyalue can be used in conjunction with the PTS and DTS for
conformant STD management of allMthe 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 certaimr [ocations;

— conforming continuity coutiter errors and time base discontinuity may occur more frequently than in
complete profile.

User private values(ofitransport profile that need unique identification can use the MPEG
registration_descriptor with;a’unique format identifier value that is obtained from the Registration Authority.

C

2.6.95 HEVC video descriptor

For 3n HEVC video strgam, the HEVC video descriptor (see Table 2-111) provides basic information for identifying
codipg parameters,Such as profile and level parameters of that HEVC video stream. For an HEVC temporal video| sub-
bitstteam or an HEVC temporal video subset, the HEVC video descriptor provides information such as the assogiated
HEVC highesttemporal sub-layer representation contained in the elementary stream to which it applies. This descijiptor
can 3lso be-used to indicate presence of WCG and HDR video components in the associated PID as well as additjonal
parafneters to assist decoders with HDR capability to render intended video data on HDR capable display devicgs. In
addi]?on, 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
level_idc 8 uimsbf
temporal_layer_subset_flag 1 bslbf
HEVC _still_present_flag 1 bsibf
HEVC_24hr_picture_present_flag 1 bslbf
sub_pic_hrd_params_not_present_flag 1 bslbf
reserved 2 bslbf
HDR_WCG _idc 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
profjle_space, tier_flag, profile_idc, profile. compatibility indication, progressive_source |flag,

intefflaced_source_flag, non_packed_constraint_flag,“frame_only_constraint_flag, level ide — When the HEVC
vide¢ descriptor applies to an HEVC video stream or to an HEVC complete temporal representation, these fields |shall
be cpded according to the semantics defined in\Rec. ITU-T H.265 | ISO/IEC 23008-2 for general profile space,
geneyal _tier flag, general profile idc, general profile compatibility flag[i], general progressive source |flag,
geneyal_interlaced source flag, general non_packed constraint flag, general_frame _only constraint |flag,
geneyal_level idc, respectively, for the corréesponding HEVC video stream or HEVC complete temporal representgtion,
and the entire HEVC video stream or. HEVC complete temporal representation to which the HEVC video descripfor is
asso¢iated 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 subget of
whidh the corresponding(HEVC highest temporal sub-layer representation is not an HEVC complete temporal
reprgsentation, these fields'shall be coded according to the semantics defined in Rec. ITU-T H.265 | ISO/IEC 23008-2
for |[sub_layer profile space, sub layer tier flag, sub_layer profile idc, sub_layer profile compatibility flqg/i],
sub Jayer progressivé source flag, sub_layer_interlaced source flag, sub_layer non_packed constraint |flag,
sub_fayer framrexonly constraint flag, sub layer level idc, respectively, for the corresponding HEVC highest
temporal sub-layer representation, and the entire HEVC highest temporal sub-layer representation to which the HEVC
vide¢ descriptor is associated shall conform to the information signalled by these fields.
NOTE 1 — In one or more sequences in the HEVC Vldeo stream the level may be lower than the level 51gnalled in the HEVC
v g c /ever,
in the entire HEVC v1deo 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 1d_min and temporal 1d_mak are
not ihcluded in this descriptor.

HEVYC _still_present_flag — This 1-bit field, when set to '1", indicates that the HEVC video stream or the HEVC highest
temporal sub-layer representation may include HEVC still pictures. When the HEVC still present flag is set to '(f, the
asso¢iated HEVC video stream shall not contain HEVC still pictures.

When the program element to which this descriptor applies is part of an HEVC layered wideo stream and the
HEVC still present flag is set to '0', the whole HEVC layered video stream shall not contain HEVC still pictures.

NOTE 2 — According to Rec. ITU-T H.265 | ISO/IEC 23008-2, IDR pictures are always as§ociated with a Temporalld [value
efjual to 0. Consequently, if the HEVC video descriptor applies to an HEVC temporal video.subset, HEVC still pictures car} only
bp present in the associated HEVC temporal video sub-bitstream.

HEVYC 24 hour_picture_present flag — This 1-bit flag, when set to 'l', indicates that the associated HEVC yideo
stream or the HEVC highest temporal sub-layer representation may contair HEVC 24-hour pictures. For the defirjition
of ap HEVC 24-hour picture, see 2.1.42. When the HEVC 24 hour piCture present flag is set to '0', the assodiated
HEWVC video stream shall not contain any HEVC 24-hour pictures.

Whep the program element to which this descriptor applies,«is part of an HEVC layered video stream| and
HEVC 24 hour picture present flag is set to '0', the whole HEYC layered video stream shall not contain any HEVC
24-hpur pictures.

sub [pic_hrd params not present flag — This 1-bit field, when set to '0', indicates that the VUI in the HEVC yideo
strean  shall have the syntax eclement sub> pic hrd params present flag set to 'I'  When | the
sub_pic_hrd params not present flag is equal,to 'l', the associated HEVC video stream may not coptain
sub_pic hrd params present flag in the VUI orthe' sub_pic hrd params present flag may be set to '0'.

Whep the program element to which this® descriptor applies is part of an HEVC layered video stream| and
sub pic hrd params not present flag is set'to '0', the following apply:

The HEVC timing and HRB descriptor shall be present in the program map table associated with the progfam.

NOTE 3 —If sub_picture (hrd 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.

The HRD paramet€r structures that are applicable for all program elements with stream_type value of (x24,
0x25, or in the-range of 0x28-0x2B, inclusively, shall be present in the HEVC video stream and the valpie of
sub_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/pr wide.colot gamut (WCG) video components in the associated PID according to Table 2-112. HDR is defingd to
be vjdeo,that has high dynamic range if the video stream EOTF is higher than the Rec. ITU-R BT.1886 refetence
EOT[F~This field also shall not be set to 2 unless bit_depth luma minus8 as defined in Rec. ITU-T H.265 | ISQ/IEC
23008-24n-the-associated—video—is—greaterthan-orequal-to 2 WCG-is-defined-to-be—video-thatiscoded-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
C(j:ur_description present_flag, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, is set to '0', with colour_primaries and
trgnsfer_characteristics not present in the video stream.

NOTE 2 — An example where it would be desirable to set HDR_WCG_idc to 1 would be when colour_primaries as defihed i
Rdc. 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 as
deffined in Rec. ITU-T H.265 | ISO/IEC 23008-2 is equal to 16 to indicate BT.2100 PQ EOTF or equal to 18totindicate
BT.2100 HLG EOTF, and when colour_primaries as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 is equal‘to 9 to indicatq
Rdc. ITU-R BT.2020.

temporal_id_min — This 3-bit field indicates the minimum value of the Temporalld, as défined in Rec. ITU-T H.p6S |
ISOAQIEC 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 Temporafld;-as defined in Rec. ITU-T H.R6S5 |
ISOQEC 23008-2, of all HEVC access units in the associated elementary streamy,

2.6.97 HEVC timing and HRD descriptor

For §n HEVC video stream, an HEVC temporal video sub-bitstream‘or an HEVC temporal video subset, the HEVC
timifjg and HRD descriptor (see Table 2-113) provides timing and"HRD parameters, as defined in Annex C of|Rec.
ITU{T H.265 | ISO/IEC 23008-2, for the associated HEVC video”stream or the HEVC highest temporal sub-Jayer
reprgsentation thereof, respectively.

Table 2-113 - HEVC timing and HRD descriptor

Syntax No. Of bits Mnemonic
HEVC timing and HRD descriptor() {
hrd_management_valid_flag 1 bslbf
target_schedule_idx_not_present ‘flag 1 bslbf
target_schedule_idx 5 uimsbf
picture_and_timing_info_present_flag 1 bslbf
if (picture_and_timing_info-present flag =="1") {
90kHz flag 1 bslbf
reserved 7 bslbf
if (90kHz {flag =="0") {
N 32 uimsbf
K 32 uimsbf
}
num_units_in_tick 32 uimsbf
5
}

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 en
hrd management valid flag is equal to 0, then target schedule idx_not present flag shall be set to 'l".

targgt schedule_idx — When target schedule idx not present flag is equal to '0', this 5-bit field indicates-the indpx of
the delivery schedule which is assigned for SchedSelldx. When the value of target schedule idx not,present flag is
equal to 'l' and the value of hrd management valid flag is equal to 'l', the value of target scheduleyidx is inferrpd to
be equal to '0'.

pictyre_and_timing_info_present_flag — This 1-bit flag when set to 'l' indicates that the 90kHz flag and parameters
for accurate 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 tithebase is 90 kHz.

N, K — For an HEVC video stream or HEVC highest temporal sub-layer represéntation, the frequency of the HEVC
time|base is defined by the syntax element vui time scale in the VUI parameters, as defined in Annex E of|Rec.
ITU{T H.265 | ISO/IEC 23008-2. The relationship between the HEVC time seale and the STC shall be defined by the
parameters N and K in this descriptor as follows.

time_scale = (N x system_clock fréquency) | K

If th¢ 90kHz flag is set to '1', then N equals 1 and K equals 300. Ifithe 90kHz flag is set to '0', then the values of N and
K ar¢ provided by the coded values of the N and K fields.
NOTE - This allows mapping of time expressed in units of #jme “scale to 90 kHz units, as needed for the calculation of PTP and
OTS timestamps, for example in decoders for HEVC access;umits for which no PTS or DTS is encoded in the PES header.

num|_units_in_tick — This 32-bit field is coded exactly in the same way as the vui num_units_in_tick field in|VUI
paraeters in Annex E of Rec. ITU-T H.265 | ISOAEC 23008-2. The information provided by this field shall apply to
the gntire HEVC video stream or HEVC highest,femporal sub-layer representation to which the HEVC timing and HRD
desctiptor is associated.

2.6.99 AF extensions descriptor

The AF extensions descriptor (see Table 2-114) is used to signal that adaptation field descriptors could be present in the
adapgation header of the compenent, 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 fgr the
cpmponent.

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 (j =0;j <ES_count[i]; j++) {
reserved 1 bslbf
prepend_dependencies]i][j] 1 bslbf
ES_referenceli][j] 6 uimsbf
}
reserved 2 bsibf
numEsInOpli] 6 uimsbf
for (k = 0; k < NumESinOP[i]; k++) {
necessary layer flag[i][k] 1 bslbf
output_layer flag][i][k] 1 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_indicatorfi] 12 uimsbf
}
if (avg_bit rate info flag[i]=="1") {
avg_bit_rateli] 24 uimsbf
}
if (max_bit_rate) info flag[i] =="1") {
max_bit_rate[i] 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
defifed in 73:3"of Rec. ITU-T H.265 | ISO/IEC 23008-2 with the value of profilePresentFlag set equal to 'l| and
maxNumSubLayersMinusl set equal to 6.

If myltiple 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.
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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
hierdrchy _embedded Jayer index or hierarchy ext embedded layer index. When the value of
prepgnd_dependencies[i][j] is equal to '0', only the elementary stream indicated by ES_reference[i][j], when net present
yet In OperationPointESList[i], shall be added into OperationPointESList[i]. The elementary stream andicated by
ES_geference[i][m] shall be placed earlier (i.e., with a lower index) into OperationPointESList[i] than)the"clementary
stre indicated with ES reference[i][n] when m is less than n. The order of elementary sstream in the
OpetationPointESList[i] shall be in ascending order of their hierarchy layer index values.

ES_reference[i][j] — This 6-bit field indicates the hierarchy layer index value present in the_hierarchy descriptpr or
HEWVC hierarchy extension descriptor which identifies an elementary stream. The valug~of ES reference[i][m] and
ES ;];ference[i][n] for m not equal to n shall not be the same.

numlEsInOp[i] — This 6-bit field indicates the number of elementary streams in OperationPointESList[i] after all the
ESs that are part of the i-th HEVC operation point have been included into OperationPointESList[i] (i.e., after pafsing
prepgnd _dependencies[i][ES_count[i] — 1]).

nece:rsary_layer_ﬂag[i] [k] — This flag when set to 'l' indicatest that the k-th elementary streanmh in
OpefationPointESList[i] is a necessary layer, as defined in Annex F ofRee? ITU-T H.265 | ISO/IEC 23008-2, of thg i-th
operfition point. This flag equal to '0' indicates that the k-th elementary stream in OperationPointESList[i] is fot a
necefpsary layer, as defined in Annex F of Rec. ITU-T H.265 | ISOAEC 23008-2, of the i-th operation point.

output_layer flag[i][k] — This flag when set to 'l' indicates,tliatthe k-th elementary stream in OperationPointESI{ist[i]
is anf output layer. Otherwise, when set to '0', it indicates that'the k-th elementary stream in OperationPointESLis{[i] is
not gn output layer. When the value of necessary layer>flag[i][k] is equal to '0', the value of output layer flag|i][k]
shalllbe ignored.

ptl_ref idx[i][k] — A 6-bit field that indicates the index x to the profile tier level info[x] element of the
profile tier level array which applies to the ksth elementary stream in OperationPointESList[i]. When the valyie of
necepsary _layer flag[i][k] is equal to '0', thie yalue of ptl_ref idx[i][k] shall be ignored.

avg |bit_rate_info_flag[i] — This flag indicates whether the syntax element avg_bit rate[i] is present in this descriftor.

max| bit_rate_info_flag[i] — This-flag indicates whether the syntax element max_bit rate[i] is present in| this
desctiptor.

consfant_frame_rate_info idc[i] — This 2-bit field, in combination with the syntax element frame rate indicatpr as
specified below, indicates’how the frame rate for the associated operation point j is determined. The value of 0 indikates
that the frame rate isyiot specified for the i-th HEVC operation point and that the syntax element frame rate indicafor is
not fresent in thisrdescriptor 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 units in the re-
assembled HEVC video stream for operation point i.

franjeTate 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 the HEVC hierarchy extension descriptor is present, it is‘used to specify the dependency of the assodiated
elementary stream to other elementary streams in the same pregram.

extension_dimension_bits — A 16-bit field indicating the*possible enhancement of the associated program element
from| the base layer resulting from the program element of'the layer with nuh_layer id equal to '0'.

The pllocation 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 |-th bit\equal to '1" indicates that the corresponding enhancement dimension is present. When the elementary stfeam
contgins-auxiliary pictures as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, the value of the 4th bit of

hitechaoll bha cat acaial ¢4 111 4] 1 it chaoll ba cat aqaal 0 N AT o tbha olaas tul_y' stream

othadn—dinranciaon eerre)
extenston—eatnenston—bis—Ssnar—oe—Set-eqtarto——otherwise,tH-shahoeset-equatto—o—yvren—tne—eremen

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.

NOFE=Agivermr hierarchy chammet may-at thesame tinebe-assigned-toseverat progranr etemernts:
hierarchy_ext embedded_layer_index[i] — 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 stredm’assodiated
with(this HEVC hierarchy extension descriptor.

2.6.104 Green extension descriptor

The pyntax of the green extension descriptor containing static metadata is shown in Table 2-118.

Table 2-118 — Green extension descriptor

Syntax No. bits Mnemonic
Green_extension_descriptor() {

num_constant_backlight_voltage time_intervals 2 uimsbf
reserved 6 bslbf
for (i=0; i <num_constant_backlight voltage time intérvals; 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 3D audio descriptor

The MPEG-H 3D.audio descriptor (see Table 2-119) provides information on basic coding information in the assodiated
ISOQEC 23008-3 ‘stream. This descriptor shall be present in the associated PMT for MPEG-H 3D audio content|with
stream_typesequal 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 1able 2-120) provides information on the complete configuration.dgta of

one ISO/IEC 23008-3 stream.

Table 2-120 — MPEG-H 3D audio config descriptor

Syntax

No of bits Mnemonic

MPEG-H_3dAudio_config_descriptor() {
mpegh3daConfig()
}

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 MPEG-H 3D audio scene descriptor (see Table 2-121) provides information on user selectable and/or modiffiable

audi¢ objects in an ISO/IEC 23008-3 stream.

Table 2-121 —- MPEG-H 3D audio scene descriptor

Syntax No of bits Mnemonic
MPEG-H_3dAudio_scene_descriptor() {
groupDefinitionPresent 1 bslbf
switchGroupDefinitionPresent 1 bslbf
groupPresetDefinitionPresent 1 bslbf
reserved 5 bslbf
3dAudioScenelnfolD 8 bslbf
if (groupDefinifionPresent) {
reserved bslbf
numGroups 7 uimsb
for (1=0; i < numGroups; i++) {
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

5
if (mae_allowGainInteractivity ) {
reserved 2 bslbf
mae_interactivityMinGain 6 uimsbf
reserved 3 bslbf
mae_interactivityMaxGain 5 uimsbf
}
if ( mae_hasContentLanguage ) {
mae_contentLanguage 24 uimsb
}
}
}
if (switchGroupDefinitionPresent) {
reserved 3 bslbf
numSwitchGroups uimsbf
for (i=0; i < numSwitchGroups; i++) {
reserved 1 bslbf
mae_switchGroupID 5 uimsbf
mae_switchGroupAllowQnOff 1 bslbf’
mae_switchGroupDefaultOnOff 1 bslbf
reserved 3 bslbf
mae_bsSwitchGroupNumMembers 5 uimsbf
for (1= 0;i <ymae_ bsSwitchGroupNumMembers + 1; i++) {
resérved 1 bslbf
mae_switchGroupMemberID 7 uimsbf
b
reserved bslbf
mae_switchGroupDefaultGroupID 7 uimsbf
}
¥
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 uimsb
}
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 flag signalling the presence of interactivity information of one group in this
desctiptor.

groypContentDataPresent — A ©ng-bit flag signalling the presence of content information of one group inf this
desctiptor.

switthGroupDefinitionPresent — A one-bit flag signalling the presence of switch group information in this descriptor.
presptGroupDefinitionPresent — A one-bit flag signalling the presence of preset group information in this descripfor.
3dApdioSceneInfolD — See 15.3 of ISO/IEC 23008-3.

numGroups <\This field signals the number of groups in the audio scene description. This field can take vhlues
between 1¢and 127, and shall be less or equal to the value of mae numGroups present in the associated ISO/IEC
230(8-3 stream.

A8 P VA WaVa¥e)

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.
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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.

(E)
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| numSwitchGroups present in the associated ISO/IEC 23008-3 stream.

SwitchGroups — This field signals the number of switch groups minus one in the overall scene. This field can
s between 0 and 31, resulting in a maximum number of 32 switch groups. It shall be less or equal to the val

| switchGroupID — See ISO/IEC 23008-3.
| switchGroupAllowOnOff — See 15.3 of ISO/IEC 23008-3.

| switchGroupDefaultOnOff — See 15.3 of ISO/IEC 23008-3; if mae switchGroupAllowOnOff is '0',
| switchGroupDefaultOnOff shall be set to '0'.

| bsSwitchGroupNumMembers — See 15.3 of ISO/IEC 23008-3.

| switchGroupMemberID — See 15.3 of ISO/IEC 23008-3.

| switchGroupDefaultGroupID — See 15.3 of ISO/IEC 23008-3.

| numGroupPresets — See 15.3 of ISO/IEC 23008-3.

| groupPresetID — See 15.3 of ISO/IEC 23008-3.

| groupPresetKind — See 15.3 of ISO/IEC 23008-3.

| groupPresetNumConditions — See 15.3 of ISO/IEC:23008-3.

| groupPresetGrouplD — See 15.3 of ISO/IEC 23008-3.

| groupPresetConditionOnOff — See 15.3 of ISO/IEC 23008-3.

| sroupPresetDisableGainInteractivity<-See 15.3 of ISO/IEC 23008-3.

| groupPresetGainFlag — See 15.3 of ISO/IEC 23008-3.

| groupPresetDisablePositionInteractivity — See 15.3 of ISO/IEC 23008-3.
| groupPresetPositionFlag —See 15.3 of ISO/IEC 23008-3.

| gsroupPresetGain —+See 15.3 of ISO/IEC 23008-3.

| groupPresetAzOffset — See 15.3 of ISO/IEC 23008-3.

| groupPresetElIOffset — See 15.3 of ISO/IEC 23008-3.

| groupPresetDistFactor — See 15.3 of ISO/IEC 23008-3.

fields provided both in this descriptor and as in-band information in the ISO/IEC 23008-3 stream shall be set 4
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2.6.1

12 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() {
3dAudioScenelnfolD 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
groupDescriptionDataLength 8 uimsbf
for ( ¢ = 0; ¢ < groupDescriptionDataLength; c++) {
groupDescriptionData 8 uimsbf
}
}
reserved bslbf
numSwitchGroupDescriptions uimsbf
for (n = 0; n < numSwitchGroupDescriptions; n++ ) {
reserved 3 bslbf
mae_descriptionSwitchGrouplID; 5 uimsb
switchGroupDescriptionDataLength 8 uimsbf
for ( ¢ = 0; ¢ < switchGroupDescriptionDataLength; c++ ) {
switchGroupDescriptionData 8 uimsbf
5
}
reserved 3 bslbf
numGroupPresetsDescriptions 5 uimsbf
for ( n = 0; n < numGroupPresetsDescriptions;ir++ ) {
reserved 3 bslbf
mae_descriptionGroupPresetID 5 uimsbf
groupPresetDescriptionDatal.ength 8 uimsbf
for ( ¢ = 0; ¢ < groupPresetDescriptionLength; c++) {
groupPresetDescriptionData 8 uimsbf
}
}
b
for (i=0; i<N; i)«
resépved 8 bslbf
h
}
2.6.113°~ Semantic definition of fields in MPEG-H 3D audio text label descriptor

3dAudioScenelnfolD — 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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GroupDescriptions — 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.

(E)

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.

num

SwitchGroupDescriptions — 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.

switfhGroupDescriptionData — [his ficld contains a description of a Switch group, 1.c., a string describing the coptent
by afhigh-level description. The format shall follow UTF-8 according to ISO/IEC 10646.
numGroupPresetsDescriptions — The number of available descriptions for group presets.
mae| descriptionGroupPresetID — See 15.3 of ISO/IEC 23008-3.
groupPresetDescriptionDatal.ength — The length, specified in bytes, of the following group preseb description.
gro:]pPresetDescriptionData — This field contains a description of a metadata element greup,'i.e., a string descrjbing
the dontent by a high-level description. The format shall follow UTF-8 according to ISO/JECG-10646.
Dataf fields provided both in this descriptor and as in-band information in the IS/IEQ23008-3 stream shall be set tp the
samg value.
2.6.114 MPEG-H 3D audio multi-stream descriptor
The IMPEG-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 cqmbination with this descriptor, an MPEG-H 3D audio scene“descriptor explaining the actual representation df the
overgll audio scene is required to be present in the descriptor logp’of the main stream.
Table 2-123 - MPEG-H 3Dy audio multi-stream descriptor
Syntax No of bits Mnemonic
MPEG-H_3dAudio_multi-stream_descriptor() {
thisIsMainStream 1 bslbf
thisStreamID 7 uimsbf
if ( thisIsMainStream ) {
reserved 1 sIbf
numAuxiliaryStreams 7 uimsbf
reserved 1 bslbf
maédrumGroups 7 uimsb
for\(i=0; i< mae_numGroups; i++) {
mae_grouplD 7 uimsbf
isInMainStream 1 bslbf
if ( thislsMainStream =='0') {
isInTS 1 bslbf
auxiliaryStreamID 7 uimsbf
}
H
}
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 l Op HIStAICT ITITIS 10,

isInMainStream — If this flag is set to '1', the audio data related to the group (as indicated through mae groupID) is
pres¢nt in the main stream, otherwise the encoded data is transmitted in an auxiliary stream.

isInTS — If this flag is set to 'l', the audio data related to the group (as indicated through mae_groupIB).s present in the
samg transport 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 in an auxiliary stfeam,
this nteger identifies the used auxiliary stream.

The |location of the 'external source' may be signalled using the TEMI location descriptor and/or the TEMI
BasqURL _descriptor as defined in section U.3.

When the TEMI descriptor(s) are conveyed in a TEMI AU as a separate elefnentary stream on a separated PID, an
MPHG-H 3dAudio_extStreamID_descriptor() shall be present in the associated-descriptor loop of the TEMI elemeptary
streajn which provides an ID in the field "auxiliaryStreamID" that is matehing the "auxiliaryStreamID" provided ip the
MPHG-H 3dAudio multi-stream_descriptor() of the main stream.

2.6.116 MPEG-H 3D audio DRC and Loudness descriptor

The MPEG-H 3D audio dynamic range control (DRC) and Leudness descriptor (see Table 2-124) provides informption
on DRC and Loudness information contained in an ISO/IEC, 23008-3 stream.

Table 2-124 — MPEG-H 3D audio DRC and Loudness descriptor()

Syntax No of bits Mnemonic
MPEG-H_3dAudio_drc_loudness_descriptor() {
reserved 7 bslbf
mpegh3daDrcAndLoudnessInfoPresent 1 bslbf
if (mpegh3daDrcAndLeudnessInfoPresent) {
reserved 2 bslbf
drcInstructionsUniDrecCount 6 uimsbf
reserved 2 bslbf
louduessInfoCount 6 uimsbf
reserved 3 bslbf
downmixIdCount 5 uimsb
for (i=0; i<drcInstructionsUniDrcCount; i++) {
Teserved 6 bsibt
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
lf\ lillli‘tclFCG}\TGI%CLFLUDUIIL } {
bsLimiterPeakTarget 8 uimshbf
}
if ( dreSetTargetLoudnessPresent ) {
reserved 1 bslbf
bsDrcSetTargetLoudnessValueUpper 6 uimsbf
drcSetTargetLoudnessValueLowerPresent 1 bslbf
if(drcSetTargetLoudnessValueLowerPresent) {
reserved 2 bslbf
bsDrcSetTargetLoudnessValueLower 6 uimsbf
}
¥
reserved 1 bslbf
dependsOnDrcSet 6 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_groupID 7 uimsbf
} else if (loudnesslnfoType == 3) {
reseryed 3 bslbf
mae__groupPresetID 5 uimsbf
¥
loudnessInfo_size 8 uimsbf
loudnessInfo()
§
for\(i=0; i<downmixIdCount; i++) {
reserved 1 bslbf’
downmixId 7 uimsb
downmixType 2 uimsb
€1€Pspeakertayoutidx G witrsb
}
}
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_

_groupPresetID — See ISO/IEC 23008-3.

mae

groupID — See ISO/IEC 23008-3.

drcSetld — See ISO/IEC 23003-4.

dowpmixId — See ISO/IEC 23003-4 and ISO/IEC 23008-3.
additionalDownmixIdCount — See ISO/IEC 23003-4.
limiferPeakTargetPresent — See ISO/IEC 23003-4.
drcSetTargetLoudnessPresent — See ISO/IEC 23003-4.
additionalDownmixId — See ISO/IEC 23003-4.

drc§

bsLimiterPeakTarget — See ISO/IEC 23003-4.

bsDs
drcS
bsDj

etEffect — See ISO/IEC 23003-4.

cSetTargetLoudnessValueUpper — See ISO/IEC 23003-4.
etTargetLoudnessValueLowerPresent — See ISO/IEC 23003-4.
cSetTargetLoudnessValueLower — See ISO/IEC 23003-4.

dep

nolndependentUse — See ISO/IEC 23003-4.

lou
lou
lou
dow
CIC

Datal
same

2.6.1
The

ndsOnDrcSet — See ISO/IEC 23003-4.

essInfoType — See ISO/IEC 23008-3.
essInfo_size — The number of bytes of the immediately following loudnessInfo().
essInfo() — One loudnessInfo() structurd.as defined in ISO/IEC 23003-4.
hmixType — See ISO/IEC 23008-3.
PspeakerLayoutldx — See ISO/TEC 23008-3.

fields provided both in this descriptor and as in-band information in the IS/IEC 23008-3 stream shall be set t
value.

18 MPEG-H 3D audio command descriptor

MPEG-H 8D audio command descriptor encapsulates an MHAS packet of the
TYP_USERINTERACTION that contains an interaction command or type PACTYP_AUDIOSCENEINFO
hins the'audio scene information. Both types are supported by a MPEG-H 3D audio decoder.

i 1sert1ng the MHAS packet contalned n th1s descrlptor 1nt0 the MHAS elementary stream, a recelver can seng

D the

header nothing else needs to be added when multiplexing these bytes, consecutlvely, 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 puality extension descriptor shall be sent once per event or program and hence is signalled using a desetiptor ip the
progfam map table. This descriptor shall appear in the elementary stream loop of the PID for which quality, informhtion
is provided.
Dyngmic quality metadata is stored in access units and is associated with one or more video franies, These access [units
are encapsulated in MPEG sections identified by stream_type value of 0x2F.
The guality extension descriptor describes metrics that are present in each Quality Access\Unit, and the constant|field
size that is used for the values. The quality metrics are defined in 4.3 of ISO/IEC 2300110+
The pyntax of quality extension descriptor containing static metadata is shown in Table2-126.
Table 2-126 — Quality extension descriptor
Syntax No. bits Mnemonic
Qudlity extension_descriptor() {

field_size_bytes 8 uimsbf

metric_count 8 uimsbf

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

metric_codel[i] 32 uimsbf
}
}

field| size bytes — The constant size in byte 6f the value for a metric in each Quality Access Unit.
metric_count — The number of metrics for quality values in each Quality Access Unit
metific_code — The code name of the' metrics in the Quality Access Unit.
Semgntics for all the syntax_clements above are specified in 4.2 of ISO/IEC 23001-10. The quality metrics {o be
signglled can 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
*\V~"'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
1T ( timescale_1lag =— 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

timefcale_flag: If set to '1', timescale informatiomnis present. If set to '0', ticks_per second is inferred to be 1, and MDL
is inferred to be 0 (i.e., maximum_duration length minus_1=—1). The value of '0' allows maximum segment durption
of up to 31 seconds, expressed in integer.seconds.

ticky per_second: Precision, in tieks' per second, of the maximum_ duration field, e.g., 0.1 second precisipn is
10 tigks/s, 0.01 second precision/with 100 ticks/s, etc.

maxjmum_duration_length, minus_1: Length, in bytes (minus one), of the maximum_duration field variable|byte
length. This provides additional bytes in addition to the 5 bits pre-allocated to the maximum_duration field.

num|_partitions: Nufber of partitions described in the virtual segmentation descriptor.

expljcit_boundary-flag: If set to '0', this elementary stream is a dependent stream, and boundary data for it is proyided
on a|reference partition on a different PID, specified by boundary PID; otherwise, the current PID carries bounidary
desctiptors;

partjtion_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 Erequency of coding the program clock reference
+ > = PO

The |transport stream shall be constructed such that the time interval between the bytes containing the last-Qit of
progfam clock reference base fields in successive occurrences of the PCRs in transport stream paekets 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 fall i and 1" where i and i’ are the indexes of the bytes containing the- last bit of consecutive
progfam_clock reference base fields in the transport stream packets of the PCR_PID forleach program.

’

Therp shall be at least two (2) PCRs, from the specified PCR_PID within a transport stream, between consecutive [PCR
discqntinuities (refer to 2.4.3.4) to facilitate phase locking and extrapolation of bytedelivery times.

2.7.3 Frequency of coding the elementary stream clock reference

The program stream and transport stream shall be constructed such that-ifithe elementary stream clock reference fi¢ld is
codeqd in any PES packets containing data of a given elementary streamthe time interval in the PES_STD betweep the
byte$ containing the last bit of successive ESCR base fields shall. be less than or equal to 0.7 s. In PES Streams the
ESCR encoding is required with the same interval. Thus:

|t(i) —t@)[<0.7s

for ajl i and 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 clocksreference fields is optional; they need not be coded. However, if they are cpded,
this constraint applies.

2.74 Frequency of presentation timestamp coding

The |program stream and transportystream shall be constructed so that the maximum difference between doded
pres¢ntation timestamps referring to-each elementary video or audio stream is 0.7 s. Thus:

lp, (k)= tp, (k") <0.7s

for a]l n, k, and k" satisfying:
*  Py(¥)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
with k <k’ <k”; and

. No dP(‘nding discontinnity 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
headpr if the first byte of a picture start code or the first byte of an audio access unit is contained in the PES packet.

A defcoding_timestamp (DTS) shall appear in a PES packet header if and only if the following two conditiens are njet:
* aPTSis present in the PES packet header;

+  the decoding time differs from the presentation time.

For gach AVC 24-hour picture, no explicit PTS and DTS value shall be encoded in the PES+header. For such AVC
acceps unit, decoders shall infer the presentation time from the parameters within the AVC video stream. Thergfore,
each|AVC video stream that contains one or more AVC 24-hour picture(s):

o shall either carry picture timing SEI messages with coded (values of cpb_removal delay| and
dpb_output_delay; or

+  shall carry VUI parameters with the fixed frame rate flag set to’'1' and shall carry Picture Order Count
(POC) information (PicOrderCnt) whereby pictures are cotmted in units of Atg gp( n ), where Atg gph(n )
is specified in equation E-10 of Rec. ITU-T H.264 | ISOAEC 14496-10.

NOTE 1 — The requirements in the second bullet are met if almAVC timing and HRD descriptor is associated with the
AVC video stream with the fixed frame rate flag set to '1™and the temporal poc flag set to 'l".

The following applies to AVC access units in an AVC video'stréam carried in a Rec. ITU-T H.222.0 | ISO/IEC 13§18-1
stream. For each AVC access unit that does not represent ansAVC 24-hour picture, a PES header with a coded PTS|and,
if applicable, DTS value shall be provided, unless all gconditions expressed under one of the following four bullets are
true:

* Inthe AVC video sequence the following SEI messages are present, as signalled by VUI parameters

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

b) buffering period\> SEI messages providing the initial cpb removal delay and | the
initial cpb_remoyal delay offset parameters.
NOTE 2 — When-picture timing SEI messages are present in the AVC video sequence, then these messaggs are
present for.éach AVC access unit, as required by Rec. ITU-T H.264 | ISO/IEC 14496-10. When buffering geriod
SEI messages are present in the AVC video sequence, then these messages shall be present for each IDR dccess

unit.andfor each access unit that is associated with a recovery point SEI message, as required by Rec.|ITU-
TAH264 | ISO/IEC 14496-10.

*  AnAVC timing and HRD descriptor is associated with the AVC video stream and in this descriptdr the
fixed frame rate flag is set to 'l' and the temporal poc flag is set to '1'.

*\7~" An AVC timing and HRD descriptor is associated with the AVC video stream and in this descriptqr the
fixed frame rate flag is set to 'l', the picture to display conversion flag is set to 'l',| the
s 1 £1 " $ £ 1N d 4l ANLC 2 1ot 433 QLI '4.] the
LUlllPUlul_lJU\.«_Llué IS OVl U A\ AU IIT IV 7YV V O VIULVDY D\y\il«l\.«ll\y\.& }Jl\.«lul\/ IJ]JIIJJO [Sp =)y 111\/00“5\.«0 VvV Il

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:

be the

same.
NOTE - This does not imply that the picture coding type is the same in both layers.

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

¢ The picture from which the spatial prediction is made shall be one of the followingt
—  the coincident or most recently decoded lower layer picture;
— the coincident or most recently decoded lower layer picture that is an I 'e#'P-picture;

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

If a pideo sequence is coded as a temporally scalable enhancement of another\sequence, such as specified in 79 of
Rec.[ITU-T H.262 | ISO/IEC 13818-2, then the following lower layer pictutes may be used as the reference. Timgs are
relatjve to presentation times of:

»  the coincident or most recently presented lower layer picture;

*  the next lower layer picture to be presented.

For [AVC video streams conforming to one or morex profiles defined in Annex G of Rec. ITU-T HR64 |
ISOQEC 14496-10, there are no timing constraints on SV€ dependency representations or re-assembled AVC agcess
unitd of video sub-bitstreams of an AVC video stream.

2.7.7 Frequency of coding P-STD_buffer_size-in PES packet headers

In a program stream, the P-STD buffer scaleand P-STD buffer size fields shall occur in the first PES packet of|each
elementary stream and again whenever the(value changes. They may also occur in any other PES packet.

2.7.8 Coding of system header in'the program stream

In a program stream, the systemthegder may be present in any pack, immediately following the pack header. The system
headpr shall be present in the\first pack of a program stream. The values encoded in all the system headers ip the
progfam stream shall be idéntical.

2.7.9 Constrained system parameter program stream

A prpgram streariiyis a "Constrained System Parameters Stream" (CSPS) if it conforms to the bounds specified g[ this
subcjause. Program streams are not limited to the bounds specified by the CSPS. A CSPS may be identified by means
of the CSPS_flag defined in the system header in 2.5.3.5. The CSPS is a subset of all possible program streams.

PacKetrate

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 i Table 2-37 and Semantics i 2.5.3.2-

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

t(i") is the time, measured in seconds, encoded in the SCR for pack p + 1, immediately following
pack p, or in the case of the final pack in the program stream, the time of arrival of the|byte
containing the last bit of the MPEG_program_end code.

Decgder buffer size

In thi case of a CSPS the maximum size of each input buffer in the system target decoder is bounded. Different bqunds
apply for video elementary streams and audio elementary streams.

In the case of a Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 video-elementary stream in a CSPY, the
following applies:

BS, |has a size which is equal to the sum of the size of the Video Buffer Verifier (VBV) as specified if the
Rec.[ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 stream, respéctively, and an additional amount of buffpring
BS.4h. BS.q4 1s specified as:

BSa < MAX[6 x 1024, R, 2 < 0.001] bytes

whete Ryax is the maximum bit rate of the Rec. ITU-T H.262"1 ISO/IEC 13818-2 or ISO/IEC 11172-2 video elemeptary
streajm.

In the case of a Rec. ITU-T H.264 | ISO/IEC 14496-10 video elementary stream in a CSPS, the following applies:

BS, has a size which is equal to the sum of cpb-'size and an additional amount of buffering BS,44. BS.4q is specified|as:

BS,uq SMAX[6 % 1024, Rypee % 0.001] bytes

whetle Rymax 1S the maximum videobitrate of the AVC video stream, and

whete cpb_size is the CpbSjze[ept cnt minusl ] size of the CPB for the byte stream format signalled in the NAL
hrd_parameters() in the AVCwideo stream. If the NAL hrd_parameters() are not present in the AVC video stream,|then
the dpb_size shall be the-size’ defined as 1200 x MaxCPB in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 fqr the
applied level.

In the case of an audio elementary stream in a CSPS, unless otherwise specified below, the following applies:

BS, <4096 bytes

In thg ease 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

SCASR = (2-30)
audio _sample _rate _in _the T — STD
X .
The notation 7 denotes real division.
Nominal audio
sampling 16 32 22.05 44.1 24 48
frequency (kHz)
27 000 000 27 000 000 27 000 000 27 000 000 27 000 000 27 000.000
SCASR | e | e | s | s | e | et -
16 000 32 000 22 050 44 100 24 000 438,000
For 3ll presentation units in each ISO/IEC 11172-2 video and Rec. ITU-T H.262 | ISO/IEC 13818-2 videco. stream ip the
trangport stream, the ratio of system_clock frequency to the actual video frame rate, SCFR, is constantand equal tp the
valu¢ indicated in the following table at the nominal frame rate indicated in the video stream.
SCFR - system _ cloc.*k _ frequency (b-31)
frame _rate _in _the T — STD
Nominal
frime rate 23.976 24 25 29.97 30 50 59.94 60
(Hz)
SCFR 1126 125 1 125 000 1 080 000 900 900 9007000 540 000 450 450 450 0P0
The [values of the SCFR are exact. The actual frame rate differs slightly from the nominal rate in cases wherg the

nom

For ]
as d
Systq
sequ

For ]
vide

nal rate is 23.976, 29.97, or 59.94 frames per second.

pfined by vop time increment resolution, shall be locked to the STC and shall be exactly equal to N {
m_clock frequency divided by K, with N and-KZintegers that have a fixed value within each visual o
ence, with K greater than or equal to N.

Rec. ITU-T H.264 | ISO/IEC 14496-10 video streams, the time base of the Rec. ITU-T H.264 | ISO/IEC 1449
stream shall be locked to the system cloé¢k frequency. The frequency of the AVC time base is defined by the

parameter time_scale, and this frequency shall be exactly equal to N times system_clock frequency divided by K,

N ar

d K integers that have a fixed value within each AVC video sequence and K greater than or equal to N

exanpple, if the time scale is setSto” 90 000, then the frequency of the AVC time base is exactly equ

systd

2.8

The
ISO
also

2.9

m_clock frequency divided-by.300.

Compatibility with ISO/IEC 11172

program stream( of-this Recommendation | International Standard is defined to be forward compatible
[EC 11172-1. Deceoders of the program stream as defined in this Recommendation | International Standard
support decoding of ISO/IEC 11172-1.

Registration of copyright identifiers

2.9.—General

SO/IEC 14496-2 video streams carried in a transport sti€am, the time base of the ISO/IEC 14496-2 video stijeam,

imes
bject

6-10
AVC
with

For
hl to

with
shall

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).

Registration Managemen

eq 3 ] 1g
to be used in conjunction |with

election of the Registration Authori ha i eation of a
) which will review appeals filed by organizations whose request for a RID

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

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

2.10 Registration of private data format

The fegistration descriptor of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 is provided by this text invorder to enable usgrs of
this Ppecification to unambiguously carry data when its format is not recognized by this Spécification. This provjiision
will permit this Specification to carry all types of data while providing for a method of uiambiguous identificatipn of
the characteristics of the underlying private data.

2.10J1 General

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

2.102 Implementation of a Registration Authority (RA)

ISOQIEC JTC 1/SC 29 shall call for nominations from member Bodies of ISO or National Committees of IEC which will
serv¢ as the Registration Authority for the format_identifiex as defined in 2.6.8 and 2.6.9. The selected organizpation
shalll serve as the Registration Authority. The so-named-Registration Authority shall execute its duties in compljance
with|Annex H/JTC 1 Directives. The registered privat¢\data format identifier is hereafter referred to as the Regisfered
Identifier (RID).

Upon selection of the Registration Authority, JFC 1 shall require the creation of a Registration Management Jroup
( ) which will review appeals filed by-organizations whose request for an RID to be used in conjunction with this
Spedification has been denied by the Registration Authority.

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

2.11 Carriage of ISO/TEC 14496 data

2.11]1 Introduction

A Rgc. ITU-T H.222.0 | ISO/IEC 13818-1 stream may carry individual ISO/IEC 14496-2 and 14496-3 elemeptary
streams as well ag~ISO/IEC 14496-1 audiovisual scenes with its associated streams. Typically, the ISO/IEC 13496
streams will beelements of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, as defined by the PMT in a trangport
streajm and;the PSM in a program stream.

For fhe-carriage of ISO/IEC 14496 data in transport streams and program streams, distinction is made betfveen
individuat ciememary streams and an 1SO/IEC 14496-Taudiovisual SCele witlt {13 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.

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


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

ISO/IEC 13818-1:2018 (E)
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!
ISO/IEC 14496-3 audio Carriage in PES packets Stream_type = 0x11 Stream_id ='110x xxxx'

If a PTS or DTS is present in the PES packet header it shall refer to the visual object that follows eithér the first [VOP
start|code or the first still texture object startcode that commences in the PES packet. Each ISO/IE€ 14496-2 Yideo
streain carried by Rec. ITU-T H.222.0 | ISO/IEC 13818-1 shall contain the information required to decod¢ the
ISOJIEC 14496-2 video stream; consequently the stream shall contain Visual Object Sequence' Headers, Visual Opject
Headers and Video Object Layer Headers.

In the case of an ISO/IEC 14496-3 elementary stream signalled by a stream type<value of Ox1l, before|PES
packetization the elementary stream data shall be first encapsulated in the LATM transport syntax defingd in
ISOJIEC 14496-3. In such a case, if a PTS is present in the PES packet header it shall refer to the first audio framg that
follofws the first syncword that commences in the payload of the PES packet.

In thie case of an ISO/IEC 14496-3 elementary stream signalled by a stream type value of 0x1C, the first byte of|each
audip frame shall be the first byte of the payload of a PES packet; prior'te PES packetization no encapsulation i any
additional transport syntax shall be applied. An audio frame from anJSO/IEC 14496-3 elementary stream signalled by a
stream_type value of 0x1C may be fragmented for carriage in multiple PES packets. In the PES packet header the
data|alignment indicator shall be set to '1' in each PES packet that carries a complete such audio frame or the| first
fragment thereof. The data alignment indicator shall be set.to '0' for PES packets carrying subsequent (non-first)
frag:[::ents of an audio frame.

Carr]age of individual ISO/IEC 14496-2 and ISO/IEC.14496-3 elementary streams in PES packets shall be identifigd by
apprppriate stream_id and stream_type values, indicating the use of ISO/IEC 14496-2 Visual or 14496-3 Audip. In
addifion, such carriage shall be signalled by the/MPEG-4 video descriptor or MPEG-4 audio descriptor, respectijvely.
Thege descriptors shall be conveyed in the descriptor loop for the respective elementary stream entry in the Program
Map|Table in case of a transport stream or'in’the Program Stream Map, when present, in case of a program stream.|Rec.
ITU4T H.222.0 | ISO/IEC 13818-1 does not specify presentation of ISO/IEC 14496-2 and ISO/IEC 14496-3 elemehtary
streajms in the context of a programe

Carrfage of an individual ISO/IEC 14496-17 text streams in PES packets shall be identified by appropriate stream _id
and gtream_type values, indicating the use of ISO/IEC 14496-17 text.

2.1142.2 STD extension®for individual ISO/IEC 14496 elementary streams

The [T-STD modeldncludes a transport buffer TB, and a multiplex buffer B, prior to decoding of each indivjidual
ISONEC 14496~¢lementary stream n. Note that in the T-STD the single multiplex buffer B, is also applied for
ISONIEC 144962 video, as indicated in Figure 2-4, instead of the approach with two buffers MB, and EB, usefl for
ISONEC,13818-2 video in the T-STD. For buffers TB, and B, and the rate Rx, between TB, and B, the following
consfraints apply.
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—————————————————

Transport stream | ________________ . _______
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i demultiplexing | j-thaccessunit | i k-th composition unit !
l j Video G k)
X ) | > te,(k)
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I Q / ) Audio Gk
by D, il
- transport stream | — H.222.0(12)_F2-4

Figure 2-4 — T-STD model extensions for individual ISO/IEC 14496 elementary streams

In cqgse 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 ass
BSux = 0.004 seconds x max {R.«[profile,level];22 000 000 bit/s}
Rate Rx,:
Rx, = 1.2 R x| profile,level ]
where:

VBV .u[profile,level] and Ryx[profile,level] are defined in ISO/IEC 14496-2 for each profile and level.
For profiles and levels for which no VBV ,,,x value is specified, the size of B, and the rate Rx, arel user

defined.

For ¢arriage 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/FEE.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 overhead buffer
BS,, are constrained by: BSy.. + BS,, < 2848 bytes; a portion (736 bytes) of the 3584(byte
buffer is allocated for buffering to allow multiplexing. The rest, 2848 bytes, are sharefl for
access unit buffering BS,.., BS,, and additional multiplexing.

Bsn =8976 ]qytgs H 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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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:
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if number of audio channels <= 8 then Rx, = 30 000 000 bit/s,
else Rx, = 120 000 000 bit/s.
For ISO/IEC 14496-3 DST-128 and DST-256 audio:
Rx, =120 000 000 bit/s.

P-STD model includes a multiplex buffer B, prior to decoding of each individual ISOAEC 14496 eleme

3 Carriage of audiovisual ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams

3.1 Introduction

clause describes the encapsulation and signalling when an audiovisual sceng,represented by ISO/IEC 14496 d
bd in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program stream or’transport stream. ISO/IEC 14496 co|
sts of the initial object descriptor and a variable number of streams' such as object descriptor streams, s
fiption streams (carrying either BIFS-Command or BIFS-Anim “access units), IPMP streams, OCI streams
visual streams. Each of the ISO/IEC 14496 streams shall bé\eontained in an SL-packetized stream and
nally be multiplexed into a FlexMux stream, both “défined in ISO/IEC 14496-1. For carriag
ITU-T H.222.0 | ISO/IEC 13818-1 program stream or transport stream, these SL-packetized streams and Flex
Ims shall contain encoded Object Clock Reference (OCR) and FlexMux Clock Reference (FCR) fields as speq
[1.3.4 and in 2.11.3.5, respectively. The SL-packetized streams or FlexMux streams are then encapsulated eith

plexing. ISO_IEC 14496 sections are built or_the long format of H.222.0 | ISO/IEC 13818-1 sections.

tionally, an ISO/IEC 14496 audiovisual scene may refer to non SL-Packetized streams carried i
ITU-T H.222.0 | ISO/IEC 13818-1 transport stream using a "pid://PID_NUMBER" URL scheme instead
OD_ID" URL scheme.

[EC 14496 streams may derive their time base from the PCR of the program through the OCR_ES ID mechan

3.2 Assignment of ES 1D values

SO/IEC 14496-1 scene_carried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream may associate a numb
[EC 14496, ISO/IEC 13818 and other streams by the use of the ES_ID parameter. The scene and the assog
Ims may be carricd’over the same Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, but a scene may also refer

m n. The size BS, of buffer B, in the P-STD is defined by the P-STD _buffer size field in the’PES packet head¢
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packets or in ISO_IEC 14496 sections prior to transport stream packetization and multiplexing or program stream
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streams carried elsewhere, for example over an IP network. How to identify such other means is not defined in this
Spedification.

ISONEC14496-1 defines name scoping rules for identifiers. These rules allow the same ES ID value to be used fof two
diffeyent, streams within ISO/IEC 14496 content. When one or multiple ISO/IEC 14496-1 scenes are carried|in a
Rec ITU T H "qq.n i ISO/IEC 138}8 l Pluélalll, du}}ll\/utp ES ID vulupo ohull llUt ULlLul VV;th;ll th\a Pluslulll DU\/} 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:

then

If X(t) = foe(t)/fopject(t)

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/TEC 14496 stream within the transport stream or program stream as indicated by the OCR_Ep 1D
field in the ES descriptor for that stream.

—  The object time base of an SL-packetized stream whose OCR _ES ID identifies a non SD-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 FlexMux strpams
carripd 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 pame
scene shall have the same resolution.

—  The resolution of OCRs and FCRs for a scene, f;, shall have a value smallér than or equal to 90 000 [Hz.

—  The ratio (fy(t)/300)/f,;, shall be an integer value larger than or equalto one. Consequently the resolption
of the OCR and FCR syntax elements may only take values such.as 90 000 Hz, 45 000 Hz, 30 000 Hz,
22 500 Hz, 18 000 Hz, etc.

WitHin the above constraints and the ISO/IEC 14496-1 constraint that\the resolution f, shall represent an infeger
number of cycles per second, f,; can be selected as appropriate for the'scene.

The [SO/IEC 14496 time stamps coded in the SL packet header shall refer to instants of the object time base df the
streafn carried in the SL packet. The resolution of each stich time stamp shall be of a factor 2* smaller thap the
resolution of the OCRs or FCRs associated with the stream, with k a positive integer larger than or equal to zer¢. To
achigve the same wrap around, the length of the time. stamp fields, TimeStampLength, shall be k bit smaller thap the
length of the OCR or FCR field, OCRLength and ‘RCRLength, respectively. Hence for each stream the following
conditions shall apply for encoding of time stampsz

—  TimeStampResolution = (OCRRgsolution or FCRResolution respectively)/2¥, with k a positive infeger
larger than or equal to zero. ISO/IEC 14496-1 requires TimeStampResolution to represent an infeger
number of cycles per second.

—  TimeStampLength =QCRLength or FCRLength respectively — k.

For $L-packetized streams inheriting their object time base from the PCR PID, the following considerations apply:
—  TimeStampReselution = 90000 / 2k, with k a positive integer larger than or equal to zero.

—  TimeStampLength = 33-k.

For $L-packetized streams carrying an OCR, the relationship between a value of the STC and the corresponding yalue
of the object time'\base of a stream is established by associating PTS fields in PES packet headers with the OCR or|[FCR
in Sl packet headers and FlexMux Stream packets respectively, as specified in 2.11.3.6 and 2.11.3.7.

For $L-packetized streams inheriting their time base from the PCR, the object time base of such a stream is fy(t) / 300.

2.11.34 Dretivery timing of St=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

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


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

ISO/IEC 13818-1:2018 (E)

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.

he—+1e —Stream-sha he-time-interval- between-the-bytes-containinethe last
bit of successive FCR fields shall be less than or equal to 0.7 s. Thus:

N\ Q he con od

[t(i") —t(i")| <=0.7s

for all 1" and i” where i" and i" are the indexes of the bytes containing the last\bit of consecptive
FCR fields in the FlexMux stream.

3) Al ISO/IEC 14496 time stamps within the SL-packetized streams carried within a FlexMux stream [shall
refer to instants of the object time base conveyed by the FCR fields/in-the FlexMux stream.| The
SL-packetized streams carried in FlexMux packets need not carry OCR fields. If OCR fields are prgsent,
they may be ignored.

2.11{3.6 Carriage of SL-packetized streams in PES packets

A sifpgle ISO/IEC 14496-1 SL-packetized stream may be mapped into a single PES stream. One and only one SL packet
from an SL-packetized stream shall constitute the payload of one PES¢acKet. PES packets that carry an SL-packetized
streajm shall be identified by stream_id = 0xFA in the PES packet header.

Whep an OCR field is coded in the SL packet header, a PTS shall be encoded in the header of the PES packet that
carrips such SL packet header. This PTS shall be encoded with-the 33-bit value of the 90-kHz portion of the ST that
corrgsponds to the value of the object time base at the instait 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 |packets with a payload consisting of ElexMux packets shall be identified by stream_id = 0xFB in the PES packet
header. An integer number of FlexMux packets shall constitute the payload of one PES packet, i.c., the payload| of a
PES|packet carrying a FlexMux streafn, shall start with a FlexMux packet header and shall end with the last byte of a
FlexMux packet.

If an| fmxClockReference (FCR) field is encoded in one of the FlexMux packets contained in a PES packet, then af PTS
shalll be encoded in the headec/of the PES packet that contains such FlexMux packet. This PTS shall be encoded|with
the 33-bit value of the 99-kHz portion of the STC that corresponds to the value of the object time base of the FleMux
streajn at the instant smytime indicated by the FCR. In case multiple FlexMux packets with an encoded FCR fielf are
contgined in a PES¢{packet, the PTS shall correspond to the time indicated by the FCR in the first such FlexMux packet
encountered in the’payload of the PES packet.

The ES IDs%associated with each SL-packetized stream conveyed in the FlexMux stream shall be signalled by an FMC
desctipter as specified in 2.6.44.

2.11.3:8—€arriage-of SEpacketsandFlexMuxpackets-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 uimshbf
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;i++)
reserved 8 bslbf
}
CRC_32 32 rpchof
}
tabl¢ id — This 8-bit field shall be sét.to '0x04', '0x05', or '0x08', in case of an ISO_IEC 14496 section. A valpe of
'0x04' indicates an ISO IEC 14496, 'section that carries an ISO/IEC 14496-1 scene description stream. A valyie of
'0x0%' indicates an ISO_IEC 14496 “section that carries an ISO/IEC 14496-1 object descriptor stream. A value of ’:tXOS'
indidates an ISO_IEC 14496/ section that carries other ISO/IEC 14496 streams.
sectipn_syntax_indicater<=This 1-bit field shall be set to '1'.
private_indicator ~This 1-bit field shall not be specified by this Specification.
ISO[IEC 14496 section_length — This 12-bit field shall specify the number of remaining bytes in the seftion
immediately.following the ISO IEC 14496 section length field up to the end of the ISO_IEC 14496 section| The
valu¢ of thigrfield shall not exceed 4093 (OxFFD).
tabl¢ 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.

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


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

ISO/IEC 13818-1:2018 (E)

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

Figufe 2-5 shows extensions of the Transport System Target Decoder for delivery of ISO/IEC 14496 program elements
encapsulated in Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport streams.

,,,,,,,,,,,,,,,

()
5e 14D o Cnk)
1| J te; (k)
}hTransport stream l .
| demultiplexing | Alz(].)
B ‘ DB 14n®| Cpp(k)
I z teyr (k)
Cin(k)
tClm(k)
| i-th byte of |
i transport stream |
7777777777777777 C, (k)
te,(k)

H.222.0(12)_F2-5

Figure 2-5 — T-STD model for ISO/IEC 14496 content

The following-notation is used in Figure 2-5 and its description:
TB, is the transport buffer.

MRB, _isthe mn]tiplpy buffer for FlexMux stream n or for ST -pn(‘kptiw'd stream n

FB,, isthe FlexMux buffer for the elementary stream in FlexMux channel p of FlexMux stream n.
DB,, is the decoder buffer for the elementary stream in FlexMux channel p of FlexMux stream n.
DB, is the decoder buffer for elementary stream n.
D,, is the decoder for the elementary stream in FlexMux channel p of FlexMux stream n.
D, is the decoder for elementary stream n.
Rx, is the rate at which data are removed from TB,,.
Rbx, is the rate at which data are removed from MB,,.

Anp(j) is the jth access unit in elementary stream in FlexMux channel p of FlexMux stream n. A,,(j) is
indexed in decoding order.
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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

s bt 1 4 4 - 1 N4 L. 1 £1°1 LW, 4
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teo(k) is the composition time, measured in seconds, in the system target decoder ofi\ th§ kth
composition unit in elementary stream n.

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

2.1113.9.2 Processing of FlexMux streams

Complete transport stream packets containing data from FlexMux stream n are passed te the transport buffer for
FlexMux stream n, TB,. The size of TB, is fixed at 512 bytes. All bytes that enter TBare-removed from TB, at g rate
Rxy,|specified by the TB leak rate field in the MultiplexBuffer descriptor associated, with FlexMux stream n. When

therd is no data in buffer TB,, rate Rx, is equal to zero. Duplicate transport stream, packets are not delivered to MB,

In cqse of carriage in PES packets, the PES packet header and payload data bytes are delivered to buffer MB,; all pther
bytes leaving TB, do not enter MB,, and may be used to confrol 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 pther
bytes do not enter MB,, and may be used to control the system. In either case, the size of MB, shall be specified by the
MB [buffer size field in the MultiplexBuffer descriptor.

The |[FlexMux Stream packet bytes in buffer MB, are all delivered to their associated FlexMux buffer at the rate
specified by the field fmxRate encoded in the FlexMux stream and in compliance with the FlexMux buffer njodel
defirled in 11.2.9 of ISO/IEC 14496-1. Only FlexMux packet payload data bytes in FlexMux channel p of FlexMux
stream n enter buffer FB,,. FlexMux packet header byfes in FlexMux channel p of FlexMux stream n are discarded and
may [be used to control the system. The rate specified by the fmxRate field shall be applicable for all FlexMux pafkets
in thp stream immediately following the FlexMux Clock Reference channel packet up to the next encountered FlexMux
Clock Reference channel packet. When there is-ho FlexMux stream data present in MB,,, no data is removed from MB;.
Byteg from the PES packet header or from the ISO _IEC 14496 section header that immediately precede a FlexMux
header are instantaneously removedy and discarded and may be used to control the system. Bytes fron] the
ISO [IEC 14496 section CRC-32 fields that immediately follow the last FlexMux Stream packet in the section payload
are rpmoved instantaneously and-discarded and may be used to verify the integrity of the data. Bytes from the FlexMux
Clock Reference channel are instantaneously removed and discarded and may be used to lock the ISO/IEC 14496 object
time([base to the STC. When-there is no PES packet or section payload data bytes, respectively present in MB,, noj data
is removed from MB,,. All\data that enters MB,, leaves it. All PES packet payload bytes of stream n enter the FlexMux
demultiplexer instantdneously upon leaving MB,,.

2.11{3.9.3 Definition of FlexMux Buffer, FB,,

For pach channel p of a FlexMux stream n, the size of FlexMux buffer FB,, is defined using the FmxBuffefSize
descfiptot. FlexMux packet payload bytes are transferred from buffer FB,, to decoder buffer DB, in compliance|with
the HléxMux buffer model defined in 11.2.9 of ISO/IEC 14496-1. Only SL packet payload bytes in FlexMux chanpel p
of FlexMux stream n enter buller DB,,. 1he SL packet ncader Dytes il FIexMUX channel p ol FIeXVIUX streaim 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
paylpad bytes of stream n enter buffer DB, instantaneously upon leaving MB,,, with the exception of the SIo)packet
headgrs. Bytes from the SL packet headers do not enter DB,, and may be used to control the system. The size-of‘de¢oder
buffgr DB, is given by the bufferSizeDB of the DecoderConfigDescriptor defined in ISO/IEC 14496-1.

2.11)3.9.5 Buffer management
Trangport streams shall be constructed so that conditions defined in this subclause are satisfied.

TB, phall not overflow and shall be empty at least once every second. MB,, shall not overflew. FB,, shall not overflow.
DB, and DB, shall neither underflow nor overflow. Underflow of DB, occurs when @he-or more bytes of an agcess
unit pre not present in DB, at the decoding time associated with this access unit. Underflow of DB, occurs when ope or
morg bytes 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 trjnsport stream may contain one or more programs, each described by a Program Map Table. ISO/IEC 194496
contgnt can be conveyed in addition to the already defined stréam types for such a program. Elements of the
ISOJIEC 14496 content may be conveyed in one or more RecITU-T H.222.0 | ISO/IEC 13818-1 program elements
referenced by a unique PID value within a transport streamc‘As a special case, it is possible that a program within a
trangport stream consists only of ISO/IEC 14496 programelements. ISO/IEC 14496 content associated with a program
and farried in the transport stream shall be referenced'in the Program Map Table of that program. An initial object
desctiptor shall be used to define an ISO/IEC 14496-1 scene; the use of this descriptor is specified in 2.11.3.10.2.

Carrfage of ISO/IEC 14496 content in a PID is\signalled by a stream_type value of 0x12 or 0x13 in the Program|Map
Tablp in association with that PID value. A valde of 0x12 indicates carriage in PES packets. The stream _id field ip the
PES|packet header signals whether the PES packet contains a single SL packet or a number of FlexMux packe}s. A
stream_type value of 0x13 in the Program Map Table indicates that the program element carries an object desctiptor
stream or a BIFS-Command stream Contained in sections. In this case the table id in the section header indicates
whether an object descriptor stream-is carried in the sections or a BIFS-Command stream. See also Table 2-130{ The
sectipn contains either a single SL packet or a number of FlexMux packets, as indicated by the presence of ap SL
descriptor or a FMC descriptor respectively in the descriptor loop of the Program Map Table for the
Rec.[ITU-T H.222.0 | ISOAEC 13818-1 program element that carries the sections. When ISO/IEC 14496 contdnt is
carripd, the SL descfiptor and the FMC descriptor shall specify the ES ID for each encapsulated ISO/IEC 134496
stream. When théassignment 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 procedurf for
ISONEC 14496, 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 Carriage in PES packets | Stream_type = 0x12 Stream_id ="1111 1010’
SL packets Carriage in ISO_IEC _ Stream_type = 0x13 Table_id = 0x05

ISO/IEC 14496-1 14496 sections

;)tt;];r;;gescnptor Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream_id ="1111 1011
SL packets followed by ", 1700050 1SO_TEC_ | Stream_type = 0x13 | Table_id = 0x05
Multiplex into FlexMux 14496 sections
packets -
Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream_id="'1111 1010’
SLPACKTTS Carriage in ISO_IEC_ | Stream_type = 0x13 | Table_id = 0x04

ISQVIEC 14496-1 14496 _sections

:tcrizl ;ilclescrlp tion Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream_id ="1411-1011
SL pgcketg followed by Carriage in ISO_IEC _ Stream_type = 0x13 Table id = 0x04
Multiplex into FlexMux 14496 sections
packets -

Allpther ISO/IEC | Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream/ id ="'1111 1010]

144P6 streams SL packets
Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream_id ="1111 1011
SL packets followed by
Multiplex into FlexMux
packets

2.11§3.10.2  Inmitial Object Descriptor
In cgse of carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496« initial object descriptor serves as the ipitial
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that
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2.11
Figul

s point to all associated streams. The initial object descriptor shall be conveyed in the IOD descriptor locat
escriptor loop immediately following the program_info length.field in the Program Map Table of the progrd
h the scene is associated. It contains ES_Descriptors identifying the scene description and object descriptor str|
form part of this program. It may also contain ES Desériptors identifying one or more associated IPM
streams. Identification of streams is done by means of ES-1Ds as specified in clause 8 of ISO/IEC 14496-1.

3.11 P-STD Model for 14496 content

Fe 2-6 shows the STD model when ISO/IEC 14496 systems data are carried in a program stream.
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Figure 2-6 — P-STD model for ISO/IEC 14496 Systems stream
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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.

U
Td,(j) is the decoding time, measured in seconds, in the system target decoder of the jth accesstupit in
elementary stream in FlexMux channel p of FlexMux stream n.

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

Cup(k) is the kth composition unit in elementary stream in FlexMux channel p ‘of, FlexMux stregm n.
Cyp(k) results from decoding A,,(j). Cpp(k) is indexed in composition order.

Cu(k) is the kth composition unit in elementary stream n. C,(k) results, from decoding A,(j). Co{k) is
indexed in composition order.

teyp(k) is the composition time, measured in seconds, in the~system target decoder of thg kth
composition unit in elementary stream in FlexMux channel-p of FlexMux stream n.

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

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

2.113.11.1  Processing of FlexMux streams

At the input of the STD each byte in the payload of {RES packets carrying a FlexMux stream n is transfprred
instaptaneously to buffer B,.. The i-th byte enters B, at tifie t(i). PES packet header bytes do not enter buffer B, andmay
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 FlexMux stream packet bytes in bufferBj.dre all delivered to their associated FlexMux buffer at the rate spedified
by the field fmxRate encoded in the FlexMux stream and in compliance with the FlexMux buffer model defingd in
11.2]9 of ISO/IEC 14496-1. Only FlexMux packet payload data bytes in FlexMux channel p of FlexMux stream n pnter
buffgr FB,,. FlexMux packet headerbytes in FlexMux channel p of FlexMux stream n are discarded and may be used to
contfol the system. The rate specified by the fmxRate field shall be applicable for all FlexMux packets in the strean up
to the next encountered FlexMux~Clock Reference channel packet. Bytes from the FlexMux Clock Reference channel
are ipstantaneously 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 payload data present in B, no data is removed from B,. All data that enters B, leaves it.
All BES packet paylodadybytes of stream n enter the FlexMux demultiplexer instantaneously upon leaving B,.

2.11{3.11.2  Definition of FlexMux Buffer, FB,,

For pach channel p of a FlexMux stream n, the size of FlexMux buffer FB,, is defined using the FmxBuffefSize
desctiptot if a Program Stream Map is present in the program stream. FlexMux packet payload bytes are transfprred
from| buffer FB,, to decoder buffer DB,, in compliance with the FlexMux buffer model defined in 11.2}9 of
ISO/TECT#4496-1—Omty St packet payload bytes 1T FIeXViuX cianmet p of FiexiViux streant T emer putfer 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

211312 +—Overview

A prpgram stream contains only one program. ISO/IEC 14496 data can be conveyed in addition to the alreadydefined
stream types for such a program. As a special case, it is also possible that a program stream carries only ISO/TEC 13496
data] If a Program Stream Map is present, ISO/IEC 14496 content carried in the program stream shall be referencgd as
follows. Carriage of ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams in SL and FlexMux pack¢ts is
indidated by the appropriate stream id and by an initial object descriptor; the use of this descriptor is spegified
in 2.1.3.12.2. 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, shall be updated anf the
progfam_stream map_version shall be incremented by 1 modulo 32. Note that in a Program-Stream the ISO/IEC 13496
contgnt may also be referenced by private means.

For an example of a content access procedure for ISO/IEC 14496 program compotients within a program streani, see
Anng¢x R.

2.11)3.12.2  Initial object descriptor

In cqse of carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496.initial object descriptor serves as the initial agcess
poinf to all associated streams. If a Program Stream Map is present\in the program stream, the initial object descifiptor
shalll be conveyed in the IOD descriptor that is located-in* the descriptor loop immediately following the
progfam_stream_info_length field. It contains ES Descriptorsidentifying the scene description and object desctiptor
streams of the scene that form part of this program. It.may also contain ES Descriptors identifying one or more
assogiated IPMP or OCI streams. Identification of streains is done by means of ES IDs as specified in clause|8 of
ISOAIEC 14496-1. 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 Rgc. ITU-T H.222.0 | ISO/IEC A3818-1 stream can carry metadata. The format of the metadata may be defingd by
ISO for by any other authority. This-Subclause defines how to carry the metadata; transport mechanisms are defingd as
well Jas metadata related-signalling, the applied metadata timing model and extensions of the STD model for decqding
of mptadata.

A mgtadata service is-detined to be a coherent set of metadata of the same format delivered to a receiver for a spgcific
purppse. Metadata¢Services are contained in metadata streams; each metadata stream carries one or more metadata
services. This Spegification assumes the notion of metadata Access Units within a metadata service. The definition] of a
Metddata Access/Unit is metadata format specific, but each metadata service is assumed to represent a concatenation (or
a colllection),of metadata Access Units.

When ¢ransporting a metadata service over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, a unique metadata sefvice
id is ‘assTgmed toeach such service A metadata service d Teferernces unmiquety a metadata service among att the etadata
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
timefover any media, the metadata content time line is expected but not required to be transport agnostic.

Whehn transporting content and the associated metadata over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams; accprate
time|references from the metadata to the content are to be maintained. The same is needed if the metadata lis deliyered
over|other means. To achieve this, the time line model of Figure 2-7 is assumed in this Specification.

Contentt¥ng line as

Metadata timing, specifieddn the

transport agnostic N|[T » megadath (format is
mgtradata specific:
A/V content \PC, SMPTE, )
/! Production / \\ \\
/ Transport / . .
A/V content (1) A/¥ content (2)

Delivery time
» line (STC)
Receiver content
RT time line (single
format)

H.222.0(12)_F2-7

Figure 2-7 — Timing model fo¥ delivery of content and metadata

Metgdata is associated with the audiovisual content, usually in a transport agnostic way, at production or any other ptage
prioq to transport. Where needed, time information is embedded in the metadata to indicate for example spgcific
segnjents within the content, using the metadata content time line used in the metadata. For example UTC or SMPTE
time|codes may be used. The time line\format is independent of any time code that may or may not be embedded ip the
audipvisual stream itself. For example, the metadata time line may utilize UTC, while SMPTE time code$ are
emb¢dded in the video stream.

The following requirements-shall be met for each metadata stream:
e no time-dis¢ontinuities shall occur in the metadata content time line;
»  the metadata content time line shall be locked to the sampling clock of the content;

. €ach time reference in the metadata stream refers to the same metadata content time line.

At tfanspott;~a transport-specific timing is associated with the content; this is the delivery time line. In the cage of
trangport over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the dehvery tlme line is pr0V1ded by the System [ime

2 rrupt
the dehvery of the content, for example in the case of news- flash mterruptlons 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

Wheh using NPT, during playback in any mode at any point in time the offset remains constant between themetadata
time[base and the NPT time base. As long as neither STC discontinuities nor insertions with other content.occuf, the
samg is true for the offset in time between the metadata time base and the STC time base, but only in normal playback
modg¢. For privately defined time lines the offset is also required to be constant, but possibly within constraintp not
defirjed in this Specification.

Wheh synchronous transport of metadata is applied in PES packets or by using the synchronized DSM-CC dowload
protgcol, PTSs are assigned to the metadata. Such PTS may for example indicate the(point in time at which the
metadata becomes valid. This implies a priori knowledge of how to associate the metadata to the delivery tirping.
Howjever, synchronously transported metadata may also contain time references, which are to be mapped from the
metadata content time line to the receiver content time line using the specified offSet-between both time lines. Seq also

Figufe 2-8.
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Figure 2-8 — Delivery of metadata in PES packets

2.12)3  Options.for transport of metadata

To afknowledge/the very diverse characteristics of metadata, a variety of tools is defined to transport the metadatajover
a Ref. ITUFIRH.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.

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


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

ISO/IEC 13818-1:2018 (E)

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
streajn_type OxI5 and sfream_id OxFC, in metadafa sections or in synchronized DSM-CC download secfions., When
metadata decoder configuration data is carried in a DSM-CC carousel, the signalling of such data is required, but not
defirjed by this Specification; instead, such signalling is left at the discretion of applications.

2.1244  Use of PES packets to transport metadata
2.12/4.1 General

PES|packets provide a mechanism for synchronous transport of metadata. By means of the PTS in the PES packet
header the metadata access units are associated with a certain instant of the STC, withoutthe.need for time referendes in
the metadata. This implies a priori knowledge of how to associate the metadata to\the delivery timing. Spgcific

stream_id and stream_type values are assigned to signal PES packets carrying metadataj see 2.12.9.
Wheh using PES packets with a stream_type of 0x15 and a stream_id of OxFE to transport the metadata, a Metadata
Accgss Unit Wrapper shall be used as the tool to align PES packets and the metadata Access Units, yising

ata_ AU cells. This allows random access indication, whose meaning ‘depends on the format of the metadatal and
a cel] sequence counter to identify loss of metadata AU _cells. Each métadata Access Unit is carried and, if appropfiate,
fragented in one or more metadata AU cells. In each PES packet that carries metadata, the | first
acket data byte shall be the first byte of a Metadata AU ‘cell. For each metadata Access Unit contained ih the
samg PES packet, the PTS in the PES header applies. The PTS §ignals the time at which the metadata Access Unifs are
ed instantaneously and removed from buffer B, in ‘the STD. Note that the relationship between a degoded

A PHS packet may contain a single metadata AU cell*This is useful if a metadata Access Unit does not fit into a single

When metadata is carried by PES packets in.a‘program stream, and if a Program Stream Map is applied in that program

etadata Access Unit Wrdpper (see Table 2-131) shall be used when carrying metadata Access Units in|PES
packets with a stream_type of 0x15 and a stream_id value of 0xFC or in synchronized DSM-CC download sectiops of
type 0x19. The wfapper defines a structure consisting of a concatenated number of Metadata AU cell§. By
g the size of the céntained metadata in each metadata AU _cell, metadata agnostic parsing is possible in receivers:
the garser can retrieve, the metadata and provide it to a metadata decoder without a priori knowledge on any detjil of
the metadata. The.Metadata AU _cell shall be aligned with the transport; that is the first byte of the payload of the|PES
packgt or synchronized DSM-CC download section shall be the first byte of a Metadata AU _cell.

If a|metadata Access Unit does not fit entirely into a metadata AU cell, then the metadata Access Unit shafll 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

(N £ N £ hit LY i
yn X \NO+—0- 1ts ROMORie

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

}

}

metgdata_service_id: This 8-bit field identifies the metadata service associated with the metadata Access Unit carried
in thjs metadata AU cell.

sequence_number: This 8-bit field specifies the sequence number of the metadata AU _cell. This number increments
by ohe for each successive metadata AU_cell constituting the metadata AU wrapper, independent of the coded yalue
of the metadata_service id.

cell ffragment indication: This 2-bit field conveys informdtion 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 ¢el] 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_access_indicator: This 1-bit field, when coded with the value '1', indicates that the metadata carried in this
metadata AU cell représents an entry point to the metadata service where decoding is possible without informption
from| previous metadata AU _cells. The meaning of a random access point is defined by the format of the metadata.

decoder_config flag: This 1-bit field signals the presence of decoder configuration information in the carried metadata
Accgss Unit, Note that this does not preclude the presence of metadata in the Access Unit next to decoder configurption
data.

AU_cell data_tengtir This 16-bit ficid Specifics the number of AU_Ccil_data_bytes imimediately foltowing.
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
Mct( dde Td,‘U‘lC bUllldillb OIlIC O M10UIC bUlllpiCLC IllCldddld ALL«CDD Ullitb flUlll Olc O M10IC lllClddde SCI 1C€S.
Congeptually, the transport mechanism of Metadata Tables is comparable to the transport mechanism of Program|Map
Tablps and Program Association Tables. Each Metadata Table may be made up of multiple metadata sectigns. [Each
Metgdata Table may contain metadata from multiple metadata services.

Spedific stream_type and table id values are assigned to metadata sections. Metadata decoder configuration data can
also pe carried in sections, signalled by a metadata description value, as assigned by the metadatadecoder configurption
descftiptor.

Table 2-134 — Section syntax for transport of metadata

Syntax Noxof 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

}

tabl¢ id: The table id is an 8-bit'field that shall be set to '0x06' for each metadata section.
sectipn_syntax_indicator:~This 1-bit field shall be set to '1'.
private_indicator: This T-bit field is not specified by this Specification.

random_access_indicator: This 1-bit field, when coded with the value '1', indicates that the metadata carried in this
metadata section)represents an access point to the metadata service where decoding is possible without informption
from| previeus.metadata sections. The meaning of a random access point is defined by the format of the metadata.

decodeér- config_flag: This 1-bit field, when coded with the value 'l', indicates that decoder configuration informption

3 VRDPRES | todoto A I Lozt MR ED PP N todot S
1S plUDClll IO UIC IICLAUdta ACUUSS UIIIL LAITICU IIT UIDS T1ivtallata SUULIVUILL

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.

versjon_number: This 5-bit field is the version number of the whole Metadata Table. The version number shdll be
incrgmented by 1 modulo 32 whenever the information contained within the Metadata Table changes. When the
currgnt next indicator is set to 'l', then the version number shall be that of the currently applicable_Metadata Tfable.
When the current_next indicator is set to '0', then the version_number shall be that of the next{applicable Metpdata
Tablp.

current_next_indicator: A 1-bit field, which when set to 'l' indicates that the Metadata Table sent is currently
applicable. When the bit is set to '0', it indicates that the Metadata Table sent is not yet\applicable and shall be the|next
Metddata Table to become valid.

section_number: This 8-bit field gives the number of the metadata section. Thésection number of the first section in a
Metddata Table shall be 0x00. The section_number shall be incremented by’1 with each additional section in this
Metgdata Table.

last [section_number: This 8-bit field specifies the number of the\last section (that is, the section with the highest
sectipn_number) of the complete Metadata Table of which this section' is a part.

metgdata_byte: This 8-bit contains contiguous bytes from a metadata Access Unit.

CR(_32: This 32-bit field shall contain the CRC value that'gives a zero output of the registers in the decoder defingd in
Anngx A after processing the entire metadata section.

2.12J7  Use of the DSM-CC data carousel to transport metadata

The PSM-CC tools as defined in ISO/IEC 13818-6 for Data Carousels can be used if a carousel delivery mechani$m is
requfred without the need to express the hierarchical organization of the metadata structure in the transport mechanism.
Infoymation on the carousel in which the metadata is contained, is included in the metadata descriptor defined in 2{6.60
and 2.6.62. A specific stream_typevalue is assigned to signal carriage of metadata in the DSM-CC data carousel. [Note
that $ignalling of metadata servigesswithin a DSM-CC data carousel is required, but not defined by this Specificatiop.

2.12{8 Use of the DSM-CC.object carousel to transport metadata

If a qarousel delivery mechanism is required with the capability to express the hierarchical organization of the metadata
strugture in the transport, then the DSM-CC tools and file structures as defined in ISO/IEC 13818-6 for User to [User
Objgct Carousels«can be used. These file structures provide the tools to structure the metadata as deemed appropriafe for
efficjent parsing of the metadata and for expressing the hierarchical organization of the metadata. Information needged to
idenfify the catousel in which the metadata is contained, is included in the metadata descriptor defined in 2.6.6( and
2.6.41. This may be the IOP:IOR() as defined in 11.3.1 and 5.7.2.3 of ISO/IEC 13818-6 DSM-CC. A spgcific
streapn_type value is assigned to signal carriage of metadata in the DSM-CC object carousel. Note that signalling of
metadata services withima DSM=CCobjectcarouset is Tequired; but ot 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.
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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
infofmaftion on the mefadata service it is associated with.

2.129.3 Signalling of content for use by a metadata system

In 26.56 and 2.6.57, a content labelling descriptor is defined that can be used to assign a metadata application fqrmat
specific reference, the content reference id record, to audiovisual or any other content carried ‘9ver an MPEG-2
trangport stream or program stream. The content reference id record can be used by the metadata-.system as a label to
referf to such content. The content may represent, for example, a program or a stream or segments thereof. The coptent
labelling descriptor also provides information on the content time base used for time referencing from the metadata,
inclyding the constant offset in time between the metadata time base and the applied codtent time base. The desctiptor
allows carriage of private data. The metadata application format may-\d&fine constraints on | the
contgnt_reference record, such as constraints on the time period during which it is yalid.

2.12]9.4 Association of metadata to content

In 26.58 and 2.6.59 the metadata pointer descriptor is defined to associate‘a single metadata service to audiovisyal or
any pther content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream) The metadata is associated with the coptent
with|n the context as 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 th]s Specification, such as tables describing bouquets of broadcast services.

The metadata pointer descriptor points from the content's Context to the metadata service associated with that comtent.
The Hescriptor provides the value of the metadata service) 1d that is assigned to the associated metadata service, as|well
as ofpe or more locations of the associated metadata. The location may for example be within the same transport sIeam
as thHe content, or within another transport stream;-but also at a non-Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream
location such as the Internet.

2.12)9.5 Signalling decoder configuration’/data

Decqding of metadata may require~the availability of metadata decoder configuration data. If needed, de¢oder
conflguration data shall be contained in one of the metadata services in the same program in the pame
Rec.[ITU-T H.222.0 | ISO/IEC_13818-1 stream as the metadata service. If decoder configuration data is need¢d to
decode a metadata service, then the metadata descriptor either carries such data or provides the information on retrieval
of the decoder configuration/data from the same or another metadata service. In a transport stream such other sepvice
can pe found by seareliing in the PMT for a metadata descriptor with the metadata service id as specified in the
decoder config_metadata service id field (and with the same metadata format and the same metadata applicption
formiat).

2.1209.6 Overview of metadata signalling

Figufe2-9 provides an example of metadata 51gna111ng, in which a smgle program the "content program carries the
| 2ta ] 3 3 , the

metadata program and the content program ex1st on the same transport stream
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Figure 2-9 — Metadata signalling and referencing

In the content program there are two metadata-related descriptors, the corntent labeling descriptor and the
metadata pointer descriptor. The content labeling descriptor associates a label, illustrated in the diagram by "coptent
label" and encoded in the descriptor in the content reference id fields, with the content. The label can then be usg¢d by
the thetadata service to refer to the essence, either in whole, in part, or by time-described segment. For examplg, the
contgnt labeling descriptor could provide the label "News of 1/1/02", and the metadata could then refer to a spgcific
story| item in the "News of 1/1/02", for example by providing the specifi¢ timing of the story item.

The netadata pointer descriptor provides information of where themetadata service can be found for the given corjtent.
In thjs example, the metadata is carried in a separate program, bt it would be equally valid to have the metadata cqrried
in thie same 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 service. This is
requjred since a metadata stream could carry multiple meétadata services for many different programs and each program
needs to be able to uniquely identify its own metadata service.

In the metadata program, the metadata descriptor-signals to which metadata service within a metadata stream it applies.
If usgd, the metadata descriptor provides detailsof where to find the decoder configuration information.

Upon identifying a metadata pointer descriptor in the PMT by a receiver decoding the content program, the recgiver
retri¢ves the metadata descriptor frofii-the metadata program. If needed first the decoder configuration data is retri¢gved,
then|the decoder is configured aceordingly, after which the metadata service can start being decoded.

2.12]10 STD model for metadata

The PTD model specifi€és-normative constraints on Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams that carry metadata.
For dlecoding of metadata in the STD, the regular T-STD and P-STD models are applicable with buffer B,, inpuf rate
Rx, ¢f the metadatainto B, and output rate Ry epdaa OUt of B, and into Dypequdara, the metadata decoder. See Figure 2-]0.

1{Xn Rmcladala D

metadata

K222 0042\ E2 40
5 S Wy

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.

2132 ISO 15938 decaoder onnﬁgnrnﬁnn data

Decqding of ISO 15938 data requires the availability of decoder configuration data. Consequently, when ISO-15938
data[is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, then the metadata descriptor shall signal‘carriage of
assogiated decoder configuration data in the same Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream by coding a valfie of
the decoder_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| Specification 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 13818-1 program,
as dg¢fined by the PMT in a transport stream and the PSM in a program stream-The carriage and buffer managemgnt of
AV({ video streams is defined using existing parameters from this Recommendation | International Standard su¢h as
PTS[and DTS, as well as information present within an AVC video stréam:

Carrfjage of AVC video streams in a Rec. ITU-T H.222.0 | ISO/IE€13818-1 stream defines accurate mapping betjveen
STD| parameters and HRD parameters that may be present in ar, AVC video stream. Requirements are defined fdr the
pres¢nce of HRD parameters in the AVC video stream, to ensure that it can be verified whether each STD requirement
is m¢t for each AVC video stream carried in a transport stream or a program stream.

NOTE 1 — Though the timing information present in the. AVC video stream may not use a 90-kHz clock, the PTS and| DTS
timestamps need to be expressed in units of 90 kHz.

Wheh 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 stjeam,
the Rec. ITU-T H.264 | ISO/IEC 14496-10.coded data shall be contained in PES packets. The Rec. ITU-T H.264 |
ISONEC 14496-10 coded data shall comply with the byte stream format defined in Annex B of Rec. ITU-T H.p64 |
ISOAIEC 14496-10, with the followingconstraints:

e Each AVC access ufifjshall contain an access unit delimiter NAL Unit;

NOTE 2 — Rec.\[TU-T H.264 | ISO/IEC 14496-10 requires that an access unit delimiter NAL Unit, if pres¢nt, is
the first NAL Wnit within an AVC access unit. Access unit delimiter NAL Units simplify the ability to detect the
boundarybetween pictures; they avoid the need to process the content of slice headers, and they are particyilarly
usefultfor 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 styeam
shallbe 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 carried Within
the AVC video stream.

. Each AVC video sequence that contains hrd_parampfprc() with the low Aplny hrd ﬂqg set to 1" 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 'l' ensures that the AVC video stream contains
sufficient information to determine the DPB output time and the CPB removal time of AVC access units, also in
case of underflow.

To provide display specific information such as aspect ratio, it is strongly recommended that each AVC video stream
carries VUI parameters with sufficient information to ensure that the decoded AVC video stream can be displayed
correctly by receivers.

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 1n a different way Dy Other speciiications out ol scope of this Specitication. when cafrying
AVC base and SVC enhancement layers in different elementary streams, usage of VDRD is ‘strpngly
recommended if 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’ stteams|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 streams ywith stream_type fequal
to Ox1F.

*  When a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program includes_more than one SVC vyideo
sub-bitstream, or more than one AVC video sub-bitstream of SYC\ and at least one SVC yideo
sub-bitstream, a hierarchy descriptor as defined in 2.6.7 shall be used.te’indicate the dependencies df the
related video sub-bitstreams.

*  All NAL units of a re-assembled AVC access unit shall bepassed to the decoder in the order of NAL
units within an access unit as defined in Rec. ITU-T H.264TISO/IEC 14496-10.

NOTE 7 — If SEI NAL units are present in any SVC dependency representation of an SVC video sub-bitstfeam,
these NAL units may require re-ordering to the ordersof NAL units within an access unit as defingd in
Rec. ITU-T H.264 | ISO/IEC 14496-10 before access™unit re-assembling.

e The profile and level limitations indicated\by  profile idc and level idc syntax elements 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 resulting from re-assempling
(up to) the video sub-bitstream associated with the descriptors shall include NAL units (with
nal unit type syntax element equalk to 14 in the AVC video sub-bitstream of SVC and, if present ip the
SVC video sub-bitstream, NAL tiits with nal_unit_type syntax element equal to 24.

n an AVC video stream conforms(tQ*one or more profiles defined in Annex H of Rec. ITU-T H.264 |
[EC 14496-10, the following constraints additionally apply:

¢ The AVC video subsbitstream of MVC or MVC base view sub-bitstream, as defined in 2.1.9 and 2.]1.83,
shall be an element,of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program and the stream_type fof this
elementary stream shall be equal to 0x1B.

e For each \MVC video sub-bitstream, as defined in 2.1.86, that is an element of the pame
Rec. ITU<DH.222.0 | ISO/IEC 13818-1 program, the stream_type for this elementary stream shdll be
equalto.0x20.

. Each~MVC video sub-bitstream shall be associated with one or more consecutive view order index
values.

NOTE — According to its definition in 2.1.86, an MVC video sub-bitstream or MVC base view sub-bitstream| does
not necessarlly 1nclude view components for all v1ew id values 1ncluded in one MVC view_| 1d subset if one orfmore

e e ample a iews
V1, V2 V3, and V4 in ascendlng order of view order index, Where view V1 is the base view, view V2 is dependlng
d1rect1y 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.
NOFE-9—Han PRD—pal—uniiinchdeddnam- MV C o den—componentsubset—theathe B
include this VDRD_nal unit in the buffer model as additional non-VCL NAL units. The NAL unit
be used in a different way by other specifications out of scope of this Specification.
e All NAL units of a re-assembled AVC access unit shall be passed to the decoder in the erder 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 MY C.video sub-bitstfeam,
these NAL units may require re-ordering to the order of NAL units within an aecess unit, as defined in
Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.

e 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 AV€ video stream resulting [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 th€/AVC video sub-bitstream of MVC
or MVC base view sub-bitstream and, if present, in the MVCivideo sub-bitstream, NAL units with
nal unit type syntax element equal to 20 and 24.

redetshould
typ€ 24 may

Whep an AVC video stream conforms to one or more profiles<defined in Annex I of Rec. ITU-T H.364 |
ISO/NEC 14496-10, the following constraints additionally apply:

e The AVC video sub-bitstream of MVCD or MVCD base view sub-bitstream, as defined in 2.1.1( 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.

e For each MVCD video sub-bitstream{/as defined in 2.1.90, that is an element of the pame
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, the stream_type for this elementary stream shdll be
equal to 0x26.

. Each MVCD video sub-bitstream shall be associated with one or more consecutive view order index
values.

*  Each view order index value shall be associated to exactly one MVCD view_id subset.
NOTE 11 — This restri¢tion greatly simplifies the re-assembly of any decodable sub-bitstream.

*  The subset sequence parameter sets and picture parameter sets necessary for decoding an MVCD yideo
sub-bitstream shall be present within the elementary stream carrying the MVCD video sub-bitstream

* In each eglementary stream with stream type equal to 0x26 exactly one VDRD nal unit, as 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 1nhodel

should include this VDRD nal unit in the buffer model as additional non-VCL NAL units. The NAL unif type
24 may be used in a different way by other specifications out of scope of this Specification.

*\( " All NAL units of a re-assembled AVC access unit shall be passed to the decoder in the 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 rnultrplex buffer MB, pr10r to buffer EB, for decodrng of each

ISONEC 14496 10 Vrdeo elementary stream n. See Flgure 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

Carrlage of an AVC video stream over Rec. ITU-T H.222.0 | ISO/TEC 13818-1 does not impact the size of buffer PB,.
For [decoding of an AVC video stream in the STD the,size of DPB, is as defined in Rec. ITU-T H.364 |
ISOQIEC 14496-10. The DPB buffer shall be managed“as specified in Annex C of Rec. ITU-T H.264 |
ISOQEC 14496-10 (C.2 and C.4). A decoded AVC access unit enters DPB,, instantaneously upon decoding of the AVC
acce$s unit, hence at the CPB removal time of the AVC access unit. A decoded AVC access unit is presented gt the
DPB| output time. If the AVC video stream provides insufficient information to determine the CPB removal tim¢ and
the IDPB output time of AVC access units, thenthese time instants shall be determined in the STD model from PT$ and
DTS|timestamps as follows:

1) The CPB removal time of AVC access unit n is the instant in time indicated by DTS(n) where DTS(n) is
the DTS value of AVC access unit n.

2) The DPB output time/of AVC access unit n is the instant in time indicated by PTS(n) where PTS(n) is

the PTS value of AVC access unit n.
NOTE 1 — AVC video sequenees in which the low_delay hrd flag in hrd parameters() is set to 1 carry sufficient informatfon to
determine the DPB output, time and the CPB removal time of each AVC access unit. Hence for AVC access units for which STD
uhderflow may occurythe CPB removal time and the DPB output time are defined by HRD parameters, and not by DTS and PTS
timestamps.

TB,{ MB, andEB,, buffer management

The [input to-buffer TB, and its size TBS, are specified in 2.4.2.4. For buffers MB, and EB,, and for the ratq Rx,
betwjeen_TB, and MB, and the rate Rbx, between MB, and EB, the following constraints apply for carriage|of a
Rec ITH-T H 264 | ISOAEC 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

(Level Limits) in Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC video stream,

(E)

Al
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. If

NAL

hrd_parameters() are not present in the AVC video stream, then the cpb_size shall be the
1200 x MaxCPB defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level @
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 st
format and BitRate[ SchedSelldx ] is as defined in Annex E of Rec,JJTU-T H.264 | ISO/IEC 14
10.

NOTE 2 — Annex E specifies the values for BitRate[ SchedSelldx] when NAL hrd_parameters() is pres
the VUI parameters of the AVC video stream and default values for BitRate[ SchedSelldx ] based on p
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 {
then the transfer of data from MB, to EB, shall.follow the HRD defined scheme for data arriy
the CPB as defined in Annex C of Rec. ITU<T, H.264 | ISO/IEC 14496-10.

Otherwise, the leak method shall be used te transfer data from MB,, to EB,, as follows:
Rate Rbx,:

Rbx,=%1200 x MaxBR[level]

where MaxBR[level] ,i$\defined for the byte stream format in Table A.1 (Level Limit
Rec. ITU-T H.264 | ISOAEC 14496-10 for each level.

If there is PES packet payload data in MB,, and buffer EB, is not full, the PES packet paylo
transferred from MB, to EB, at a rate equal to Rbx,,. If EB,, is full, data are not removed from

When a bytevof data is transferred from MB,, to EB,, all PES packet header bytes that are in
and precede that byte, are instantaneously removed and discarded. When there is no PES p
payload-data present in MB,, no data is removed from MB,. All data that enters MB,, leaves i
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)
decoding time td,(j) is specified by the DTS or from the CPB removal time, as derived
information in the AVC video stream.

size
f the

ream
496-

bnt in
rofile

o '1',
al in

5) in

ad is
MB,,.
MB,
hcket
. All

The
from

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:
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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 Apnex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 elementary stream includes a multiplex buffer B, and a\de¢oder
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.

oo oo —-o-— oo | j-thaccessunit | k-th presentation unit
i Program stream | [ R @ O AN
| demultiplexing | \ \
ALG) . P,(k)
//” N |B—| td () 5 AVCvideo W tp, (k)
(/ O \\ n n n
L Ao — | —
/ \ H.222.0(12)_F2-12
G | |
.0

Figure 2-12 — P-STD model extensions for Rec. ITUsT H.264 | ISO/IEC 14496-10 video

DPH, buffer management

Buffpr DPB,, shall be managed in exactly the same way as.in the T-STD; see 2.14.3.1.

B, bpffer management

The AVC access unit data enters buffer B, as specified in 2.5.2.2. At time td,(j), AVC access unit A,(j) is decoded and
instaptaneously removed from B,. The decoding time td,(j) is specified by the DTS or by the CPB removal fime,
deriyed from information in the AVC video stream. Upon decoding, the AVC access unit instantaneously enters DPB,
or is|output without entry into DPB,, according to the rules specified in Rec. ITU-T H.264 | ISO/IEC 14496-10.

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 Syjstem

Target Decoders buffer By shall be constrained by td,(j) — t(i) < 10 seconds for all j, and all bytes i in AVC accesg unit
ALG)

The felay of any AV€ still picture data through the System Target Decoders buffer B, shall be constrained by td}(j) —
t(i) 4 60 seconds+for all j, and all bytes i in AVC access unit A,(j).

Progranystreams shall be constructed so that the following conditions for buffer management are satisfied:

ButIr management conditions

* 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

(E)

Syntax No. of bits Mnemonic
VDRD nal unit() {
forbidden_zero_bit 1 bslbf
nal_ref_idc 2 bslbf
nal_unit_type 5 bslbf
}
2.14.3.4 Semantics of view and dependency representation delimiter NAL unit
forbidden_zero_bit  — shall be equal to 0x0
nal_fef idc — shall be equal to 0x0
nal_pmnit_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 aryideo sub-bitstream of
stream_type 0x1B, i.e., only the AVC video sub-bitstream of SVC is received and decoded.
Wheh there is a set of received video sub-bitstreams in a Rec. ITU-T H.222.0 | ISO/IEC-13818-1 program, for which
depepdencies may be signalled in the hierarchy descriptor as defined in 2.6.6, and-wilien there is at least one df the
videp sub-bitstreams in the set of received elementary streams having the value 0f/stream type equal to Ox1H, the
T-STD model 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
EB,,
Packets of RX 1y Rbx,
PID,.,, —{*| Bam e ) g i TS AT N
with 60fp) (o) == td,
ORM 1 (j 1) == td, ()
O Y Rt I B S I S
W DR, (j,) with AL () Pylk)
. . K
_1dTs B, I_.| MB r .| ORB. | ain) o 1, 0), opB |28
(i) | Demux $| { il | Access unit -
re-assembling
O ——» Other PIDs H.222.0(12)_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 following additiondbnotations are used to describe the T-STD extensions and are illustrated in Figure 2-13 aboye.
ES, is-the received elementary stream associated with dependency _id value equal to n
ESy 1s the received elementary stream associated with the highest value H of dependency id presgnt in
the set of received elementary streams
J is an index to the re-assembled access units
i 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

td,(j,)  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://standardsiso.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
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

TB, 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

EB.. is the elementary stream buffer for all video sub-bitstreams

EBSy s the size of elementary stream buffer EBy, measured in bytes
Rx, is the transfer rate from TB, to MB,, as specified below
Rbx, is the transfer rate from MB, to DRB,, as specified below

Carriage in PES packets

For forrect re-assembling of the SVC dependency representations to an AVC access unit, if there is both an [SVC
dependency representation with any dependency id equal ton and an SVC depehdéncy representation |with
depepdency 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 one [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 dependency
representation;

+ if the DTS value of the SVC dependency representationwith dependency id equal to n is different [from
the DTS value of the SVC dependency representation*with dependency id equal to (n+1) of the pame
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-egual to (n+1) and the TREF field value shall be eqyal to
the DTS value of the SVC dependency representation with dependency _id equal to n.

DPB buffer management

The PPB buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC accesg unit
timinjg values, as DTS or CPB removal time,~and PTS or DPB removal time, associated with the SVC dependency
reprgsentations of the 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, video sub-bitstreams contained in elementary streams as shown in Figure 2-13.

*  There js.exactly one multiplexing buffer MB, for the AVC video sub-bitstream of SVC in elemeptary
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

where BSmux,g, BSoh, are defined in 2.14.3.1 for the AVC video sub-bitstream of SVC in elemeptary
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:

ss unit re-assembling and EB removal

following specifies the access unit re-assembling that results in AVC access unit Ay(j):

EBS; =, (DRBS,)

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 formaf and
BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.264 | {SO/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[ SchedSeHdx] based on profile and level when
NAL HRD parameters are not present in the VUL The SVC video sub-bitstream level is determined by the|level
of AVC video stream resulting from re-assembling (up to) the as§ociated video sub-bitstream n in elemgntary
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 set to '|" 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 of selémentary stream ESy as defined in Annex € of
Rec. ITU-T H.264 | ISO/IEC 14496-10.

Otherwise, the leak method shall be used. t0' transfer data from MB,, to DRB,, as follows:
Rate Rbx,:

RbX;= 1200 x MaxBR[level],

where MaxBR{[level], . i$ .defined for the byte stream format in Table A.1 (Level Limit§) in
Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC video stream resulting [from
re-assembling (up-te)/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 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 DRB,, all PES packet header bytes that are in MB, and precede that bytg are
instantaneeusly removed and discarded. When there is no PES packet payload data present in MB;,, no
datadis-rémoved from MB,,. All data that enters MB,, leaves it. All PES packet payload data bytes pnter
DRB; instantaneously upon leaving MB,,.

)

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

© ISO/IEC 2018 - All rights reserved Rec. ITU-T H.222.0 (03/2017) 171


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

ISO/IEC 13818-1:2018 (E)

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:

ST

The BTD delay for re-assembled AVC access units shall follow the constraints specified in 2.14.3.1.

Buffer management conditions

Tran|

2.14

The
strea

Whe
depe]
vide
P-ST

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.

A V4
J

sport 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.
e Each MB,, EBy, and DPB shall not overflow.

*  EBy shall not underflow, except when VUI parameters are present for the’AVC video sequence of th

access unit Ay(j) when one or more bytes of Ay(j) are not present indEBy; at the decoding time tdy(j)

3.6 P-STD extensions for SVC

m_type 0x1B, i.e., only the AVC video sub-bitstream of SVC is déeoded.

h there is a set of decoded video sub-bitstreams in a Rec. ITU=T H.222.0 | ISO/IEC 13818-1 program, for y
hdencies may be signalled in the hierarchy descriptor as defined in 2.6.6, and when there is at least one o
sub-bitstreams in the set of decoded elementary streams having the value of stream type equal to Ox1H

D model as described in 2.14.3.2 is extended as illustrated in Figure 2-14 and as specified below.
Elementary streams assoc¢iated by hierarchy_descriptor
BH
Program ORB
stream, n+m| DR, (insy)
@ with trefy Gort) == td, (i)
OR tdn+1(jn+) == td, ()
'?‘le
3
ON DR, (jy) with e Au(i) Py(k)
__dps M DRB, (da(jn) ° tdy(j) opp | P
t(i) Demux Access unit
re-assembling
O - ¥ Otherprogram streams H.222.0(12)_F2-14

Figure 2-14 — P-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10
Video with scalable video sub-bitstreams

€ re-

assembled AVC video stream with the low_delay hrd flag set to '1'. Underflow of EBy; occurs for AVC

P-STD model described in 2.14.3.2 is applied if the decoded el€mentary stream is a video sub-bitstream of

hich
f the
, the

The following additional notations are used to describe the P-STD extensions and are illustrated in Figure 2-14 above.

172

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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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,(ju1). indicated by the TREF field of the PES header of the j.-th SVC
dependency representation DR,(j,) of the same access unit

By is the input buffer for all decoded video sub-bitstreams

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

Carriage in PES packets

For forrect re-assembling of the SVC dependency representations to an AVC access\bnit, if there is both an [SVC
depepdency representation with any dependency id equal ton and an SVC( dependency representation (with
depepdency 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 one [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 dependency
representation;

+ if the DTS value of the SVC dependency representation with dependency id equal to n is different [from
the DTS value of the SVC dependency representation with dependency id equal to (n+1) of the pame
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 value shall be equal tp the
DTS value of the SVC dependency representation with dependency _id equal to n.

DPH buffer management

The DPB buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC accesg unit
timinjg values, as DTS or CPB removal time, and PTS or DPB removal time, associated with the SVC dependency
reprgsentations of the video sub-bitstream in elementary stream ESy,.

B, bpffer management

The following applies:

*  There isexactly one elementary stream buffer By for all the elementary streams in the set of degoded
elementary streams as shown in Figure 2-14, where the size of BSy is defined by the P-STD_buffer]| size
field.in the PES packet header of elementary stream ESy.

» There is exactly one dependency representation buffer DRB, for each elementary stream in the set of
decoded elementary streams as shown in Figure 2-14, where each dependency representation buffer
DRB, in the set of decoded elementary streams is allocated within BSy. Even though the size DRBS,, of
individual DRB, is not constrained, the sum of the sizes DRBS, is constrained as follows:

BSuy =), (DRBS,)

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):

)

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) followin,
rule below:

© ISO/IEC 2018 - All rights reserved Rec. ITU-T H.222.0 (03/2017)
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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,;,(jin), DRy 1(Gme+1)s ---» DRu(n)-

The following specifies the removal of access unit Au(j) from buffer By:

At time tdu(ju) the AVC access unit Ay(ju) shall be re-assembled and available for removal fronbuffer Bi.
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 re-assembled AVC
video stream.

STD|delay
The BTD delay for the re-assembled AVC access units shall follow the constraints specified in 2.14.3.2.

Buffler management conditions

Progfam streams shall be constructed so that the following conditions for buffer'management are satisfied:
e By shall not overflow.

* By shall not underflow, except when VUI parameters ar€)present for the AVC video sequence of tHe re-
assembled AVC video stream with the low_delay hrd\ flag set to '1' or when trick_mode status is|true.
Underflow of By occurs for AVC access unit Ag(j) when one or more bytes of Agx(j) are not presgnt 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-bitstrean of
stream_type 0x1B, i.e., only the AVC video sub-bitstream of MVC or MVC base view sub-bitstream is received and
decoded.

Wheh there is a set of received video sub=bitstreams and MVC video sub-bitstreams in a Rec. ITU-T H.222.0 |
ISOAQIEC 13818-1 program, of which dependencies may be signalled in the hierarchy descriptor, as defined in 2.6.7, and
when there is at least one of the MV.C\video sub-bitstreams in the set of received elementary streams having the yalue
of stfeam_type equal to 0x20, the T-STD model as described in 2.14.3.1 is extended as illustrated in Figure 2-15 apd as
specified below.

MV.C elementary streams associated to the same program

EB,

Packets of RX, . Ibe m
PID, *RBMU ~=» MB VSB,im

n+m | ES
n+tm

VSps1 (n+1) With

CME] ofpe) s

NS G ) wsith An() H, (k)

| tdn(jn) \ tdyy () tpy (k)
: TS o——» 1B, |—b| MB, |7 VSB, 7o) Dy DPB
() Demux 4 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, 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

ESy 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

j is an index to the re-assembled access units

Jn is an index to the MVC view-component subsets of the elementary stream ES, associated with the
n-th MVC video sub-bitstream

VS.(n) is the j,-th MVC view-component subset of the MVC video sub-bitstream associated with ESg

Au() is the j-th access unit resulting from re-assembling (up to) the H-th MVC view-compenent spibset
associated with ESy

tdy(jn)  is the decoding time, measured in seconds, in the system target decoder of{the MVC yiew-
component subset VS,(j,)

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 MVC view-component subset VSy()

TB, is the transport buffer for elementary stream ES,

TBS, is the size of the transport buffer TB,,, measured in bytes

MB, is the multiplexing buffer for elementary stream ES,

MBS,  is the size of the multiplexing buffer MB,, measured in bytes

VSB, is the view component subset buffer for elementarystream ES,

VSBS, is the size of view component subset buffer VSByymeasured in bytes

EBy is the elementary stream buffer for the AVCyyideo sub-bitstream of MVC and all MVC video|sub-
bitstreams

EBSy s the size of elementary stream buffer-EBy, measured in bytes

Rx, transfer rate from TB, to MB,, as specified below

Rbx, transfer rate from MB,, to VSB},-as specified below

Carriage in PES packets
For ¢orrect re-assembling of the MV Cview-component subsets to an AVC access unit, the following applies:

* a PES packet peryMVC view-component subset start shall be present, i.e., at most one MVC

view-component §ubset 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 PPB bufferananagement for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC accesq unit
timinjg values,"as’DTS or CPB removal time, and PTS or DPB removal time, associated with the MVC view-comp¢nent
subsgts of the MV C video sub-bitstream in elementary stream ESy.
TB,.iMB,. 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-RS RS o aro dofined 10 2 14 3 1 for tho AN/C xadea ctraaima racnlting fooa o accorahling u
where-BSmmomBSemate-defined-in214-31for-the-AVC-video-streatnresultingfromre-assemblin 2 (up

to) the MVC video sub-bitstream in elementary stream ES;.

e There is exactly one elementary stream buffer EBy for all the elementary streams in the set,'of rec¢ived
elementary streams as shown in Figure 2-15, of which the size EBSy has the following value;

EBSy = cpb_sizey

where cpb_sizey is the cpb_size for the MVC 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 view component subset buffer VSB, for each e¢lementary stream in the spt of
received elementary streams as shown in Figure 2-15, where each view.component subset buffer VSB,, in
the set of received elementary streams is allocated within EBy. Eyen though the size VSBS,, of indivjidual
VSB, is not constrained, the sum of the sizes VSBS,, is constrained 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 forma} 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 MVC video sub-bitstream.
NOTE 2 — Annex E also spetifies default values for BitRate[ SchedSelldx] based on profile and level when
NAL HRD parameters,are.not present in the VUI. The MVC video sub-bitstream level is determined by thelevel

of AVC video stream: resulting from re-assembling (up to) the associated MVC video sub-bitstream| n in
elementary stream\ES,..

e Transfer from MB, to VSB, is applied as follows:

If the AVE-timing and HRD descriptor is present with the hrd management valid flag set to '|" for
elementary)stream ESy, then the transfer of data from MB, to VSB, shall follow the HRD defined

scheme\for data arrival in the CPB of elementary stream ESy as defined in Annex € of
Ree, JTU-T H.264 | ISO/IEC 14496-10.

Otherwise, the leak method shall be used to transfer data from MB, to VSB,, as follows:
Rate Rbx,:

Rbsx = 1200 < MaxBRHevell;

TCOXY

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):

)

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 VSy(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 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 MV C sub-bitstream.

ii) If SEI NAL units are present in any MVC view-component subset with view order index not equial|to 0,
these NAL units shall be re-ordered to the order of NAL units within an access unit, ascdefingd in
Rec. ITU-T H.264 | ISO/IEC 14496-10, before access unit re-assembling.

The following specifies the removal of access unit Au(j) from buffer EBy:

At the decoding time tdx(j), the AVC access unit Ay(j) shall be re-assembled and available for removal [from

buffer EB4. The decoding time tdu(j) is specified by the DTS or by the CPB removal time that is assodiated

with the MVC view-component subsets in elementary stream ESy, as derived, from information if the
re-assembled AVC video stream.

STD) delay

The BTD delay for re-assembled AVC access units shall follow the constraints specified in 2.14.3.1.

Buffer management conditions

Trangport streams shall be constructed so that the following conditions for buffer management are satisfied:

*  Each TB, shall not overflow and shall be empty at I€ast once every second.

. Each MB,, EBy, and DPB shall not overflow.

*  EBjy 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 '1'. Underflow of EBy occurs for AVC
access unit Ay(j) when one or more bytes of Ay(j) are not present in EBy; at the decoding time tdy(j)

Buffpr management for MVCD video sub-bitstream follows the same extensions as specified for MVC video ir this
clauge. Carriage in PES packets for MVCD videbd sub-bitstream is specified below:

Carriage of MVCD sub-bitstream in PES packets

For ¢orrect re-assembling of the MVED view-component subsets to an AVC access unit, the following applies:

* a PES packet_pee“MVCD view-component subset start shall be present, i.e., at most one MVCD
view-component' subset may commence in the same PES packet;

« the PTScand, if applicable, the DTS value shall be provided in the PES header of each MNCD
view-component subset.

2.14)3.8 P-STD_ extensions for MVC

The [P-STD Sinodel described in 2.14.3.2 is applied if the decoded elementary stream is a video sub-bitstrean of
stream_typ€ 0x1B, i.e., only the AVC video sub-bitstream of MVC or MVC base view sub-bitstream is decoded.
Wheh-there deced Cddeo—sy streamsina Ree TTU grain, 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 below.
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MVC elementary streams associated with the same program

By
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Figure 2-16 — P-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 Video
with MVC video sub-bitstreams

The following additional notations are used to describe the P-STD extensions and are illustratedin,Figure 2-16 aboye.

ES, is the received elementary stream associated with the n-th MVC video sub-bitstream, where n 1s the
index to the MVC view_id subsets starting with value 0 for the MV@ view _id subset containinlg the
base view and ordered according to the minimum view order index contained in each MVC view_id
subset

ESy 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 view_id
subsets of received elementary streams

J is an index to the re-assembled access units

Jn is an index to the MVC view-component subsetsrof 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 fronse-assembling (up to) the H-th MVC view-component spibset
associated with ESy

td,(jo) is the decoding time, measufed in seconds, in the system target decoder of the MVC
view-component subset VS;(j,)

tdy(j) s the decoding time, medsured in seconds, in the system target decoder of the j-th access unit Ay(j)
resulting from re-agssembling (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 viewcomponent subset buffer for elementary stream ES;

VSBS, isthesize of view component subset buffer VSB,,, measured in bytes

Carriage in PESpackets

For gorrect re*assembling of the MVC view-component subsets to an AVC access unit, the following applies:

*\"“'a PES packet per MVC view-component subset start shall be present, i.e., at most one 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 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 streaminESy, as
defined in 2.14.3.2, for the re-assembled AVC video stream.

Accgss unit re-assembling and B removal

The following 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) following the rule below:

*  For each two corresponding MVC view-component subsets VS, (ji+1)”and VS(j,) collectefl for
access unit Au(j), where VS, is associated with a program\“element identified by| the
hierarchy_layer_index indicated in the associated hierarchy desctiptor, and VS, references V§, by
the hierarchy _embedded layer index indicated in the hierarchy-descriptor associated with program
element associated with VS, the DTS value of tdys(jyen)> of 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 and V§,., 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 NAL units shall be re-ordered to the order of NAL units within an access unit, as defin¢d in
Rec. ITU-T H.264 | ISO/IEC 14496-10, befor&.access unit re-assembling.

The following specifies the removal of access unit Ay(j) from buffer By:

At the decoding time td,(jy;), the AVC access unit Ay(jy) shall be re-assembled and available for removal [from
buffer Bu. The decoding time tdu(j) is spécified by the DTS or by the CPB removal time that is assodiated
with the MVC view-component subsets in elementary stream ESy, as derived from information i the
re-assembled AVC video stream(

STD) delay
The BTD delay for the re-assembled-AVC access units shall follow the constraints specified in 2.14.3.2.

Buffer management conditions

Program streams shall be-constructed so that the following conditions for buffer management are satisfied:
. By shallMhot 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 stafus is
true. Underflow of By occurs for AVC access unit Ay(j) when one or more bytes of Ay(j) are not prgsent
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
cach . . . . .

ackets and TTUs is required; i.e., the first byte in the payload of a PES packet carrying an ISO/IEC 14496<11] text
shall be the first byte of a TTU, which is the first byte of the TTU header specified in 7.4.2 in ISO/IEC 14496-
17. There is no further need for alignment; hence, the first TTU in a PES packet may contain for example/a nontfirst
ent of 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 stream] The
PTS|shall refer to the first Text Access Unit that commences in the PES packet. A Text Access)Unit commencey in a
PES [packet if a TTU[1] with a complete text sample or the TTU[2] with the first fragment of a text sample is presgnt in
the HES packet. For identifying whether a TTU[2] carries the first or a subsequent text safmple fragment, see 7.3.2.2 and
7.4.4 in ISO/IEC 14496-17.

2.15/3 STD extensions

2.15]3.1 T-STD extensions

The [T-STD model includes a transport buffer TB, and a multiplex buffer B, prior to the Hypothetical Text Deqoder
defijed in ISO/IEC 14496-17. transport stream packets with ISO/IEE, 14496-17 data, as indicated by its PID, entqr the
buffgr TB,. Bytes are removed from TB, to enter Buffer B, at therrate Rx,. Delivery of bytes from B, to enter the
TTU| Decoder in the HTD is at rate Rbx,,. See also Figure 2-17.

\
/

‘// O \\\
e R
| ! !
‘ i O i Decoded
\\ ;w - RX, 5 RHE | TTU textSampleBuffer textDecoder text
\\ j n n i d ()d
N B Battnd nband-SD Buffer |
|
i out-of-band-SD
| Buffer
|

Hypothetical text decoder as defined in ISO/IEC 14496-17

C H.222.0(12)_F2-17 |
Figure 2-17 — T-STD model extensions for ISO/IEC 14496-17 text streams

Buffer managément

The [size, TBS, of TB, is equal to 512 bytes. For ISO/IEC 14496-17 text streams, the size BS, of B, is equial to
409¢ bytes.’ The rate Rx, is equal to 2 000 000 bits/s. The rate Rbx, meets the delivery schedule defined for
ISOAEE14496-17 data at the input of the HTD in clause 7.7 of ISO/TEC 14496-17, i.e., Rbx, = Rprofile, 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

nnnnnnnn
ISO D\_/ LDUUL .) prbllle aumual_y VlUCU SUCAIILS. loullD\_/ £2JUUL= 3 du)&llldly VIUCU SUCAIIS  Cdll UC bctlllCU

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 descriptor;
* in 2.6.74 the auxiliary video stream descriptor is specified;

+  the auxiliary video stream descriptor is associated with each auxiliary video gtream.

Aux{liary video streams provide additional information about a conventional primary\wideo sequence, as specifi
ISOQIEC 23002-3. The auxiliary video stream shall be synchronized with its primary.video counterpart through th¢ use
of tifnestamps in the associated PES header based on the same PCR clock.

In c4

videp component and auxiliary video streams.

2.17 Carriage of HEVC

2.17]1  Constraints for the transport of HEVC

For
con

sfraints additionally apply:

. Each HEVC access unit shall contai{ an access unit delimiter NAL unit.

access units.

a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program and the stream_type for this elementary stream
be equal to 0x24y

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

*  Thedyidéo parameter sets, sequence parameter sets and picture parameter sets, as specified in

stream or HEVC temporal video sub-bitstream.

¢  For each HEVC temporal video subset of an HEVC video stream conforming to one or more pr

over

bd in

se a program contains multiple video streams, it will be up to the applieatien to specify the association between the

HEVC video streams, HEVC temporal video sub-bitstreams or HEVC temporal video subsets, the following

NOTE 1 — HEVC requires thafsan access unit delimiter NAL unit, if present, is the first NAL unit witlin an
HEVC access unit. Access unit-delimiter NAL units simplify the ability to detect the boundary between HEVC

*  An HEVC video stream\er HEVC temporal video sub-bitstream of an HEVC video stream conformipg to
one or more profiles defined in Annex A of Rec. ITU-T H.265 | ISO/IEC 23008-2 shall be an elemgnt of

shall

NOTE 2.=Such a stream can be the HEVC base sub-partition of an HEVC video stream conforming to dne or

Rec.

ITU=T H.265 | ISO/IEC 23008-2, that are necessary for decoding an HEVC video stream or HEVC
temporal video sub-bitstream shall be present within the elementary stream carrying that HEVC yideo

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

more

*  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.

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 descriptor) 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-Jayer
representation of an HEVC temporal video subset shall be present within the elemeéntary stream carfying
the HEVC temporal video sub-bitstream associated by a hierarchy descriptor;:

*  The aggregation of the HEVC temporal video sub-bitstream with assd¢iated HEVC temporal yideo
subsets according to the hierarchy descriptors, as specified in 2.17.3, ghall result in a valid HEVC Yideo
stream.

NOTE 5 — The resulting HEVC video stream contains a set of temporal sub-layers, as specified in Rec. [[TU-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, énhancement sub-partition with all HEVC
sub-partitions according to the HEVC operation signalled in the HEVC operation point descriptor [shall
result in a valid layered HEVC video stream.

NOTE 6 — The resulting HEVC video stream is the HEVC operation point of that HEVC enhancemen{ sub-
partition.

*  Each HEVC picture with nuh_layer id largérthan O shall be contained within an elementary stream|with
a stream_type equal to either 0x28, 0x29;.0%x2A or 0x2B.

*  Anelementary stream ES,, with streain_type equal to either 0x29 or 0x2B shall satisfy the following

—  The elementary stream ESg- contains an HEVC temporal video subset which is a temporal
enhancement for exactly\one reference elementary stream ES.g 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-bitstream with a

stream_type equal to either 0x28 or 0x2A or another HEVC temporal video subset with stream_type eqpal to
either 0x29 or{0x2B, respectively, for which the same applies.

Carriage in PES packets

Rec.|ITU-T H.265 | ISOJEC 23008-2 video is carried in PES packets as PES packet data bytes, using one of the 16
stream_id values asSigwed to video, while signalling the Rec. ITU-T H.265 | ISO/IEC 23008-2 video stream, by njeans
of the assigned sfream-type value in the PMT (see Table 2-34). The highest level that may occur in an HEVC yideo
stream, as well, as a profile and tier that the entire stream conforms to should be signalled using the HEVC Yideo
descftiptor.clfian HEVC video descriptor is associated with an HEVC video stream, an HEVC temporal video|sub-
bitstfeamy, an HEVC temporal video subset or an HEVC enhancement sub-partition, then this descriptor sha]l 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.

O o — V VITTU SCUUTTIICT W C oW _nelay_nra g CSyITta r 7 CIC C carry
fficient information to determine the DPB output time and the CPB removal time of each HEVC access unit. Hence for HEVC
beess units for which STD underflow may occur, the CPB removal time and the DPB output time are defined by [HRD
hrameters, and not by DTS and PTS timestamps.

OTE 9 — An HEVC video stream may carry information to determine compliance of the HEVC video stream'to the HRD, as
becified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2. The presence of this information can be signalled in a tragjsport
ream using the HEVC timing and HRD descriptor with the hrd_management valid flag set to '1'. IrréSpective of the presence
f this information, compliance of an HEVC video stream to the T-STD ensures that HRD buffer manhagement requirements for
e CPB are met when each byte in the HEVC video stream is delivered to and removed from the.CPB'in the HRD at exact]y the
me instant in time at which the byte is delivered to and removed from EB, in the T-STD.

Cc vww Z T » oy

=

2.172  T-STD Extensions for single layer HEVC

Wheh there is an HEVC video stream or HEVC temporal video sub-bitstream in an’ITU-T H.222.0 | ISO/IEC 13§18-1
program and there is no HEVC temporal video subset associated with this elem@ntary stream of stream_type 0x24 in the
samg [TU-T H.222.0 | ISO/IEC 13818-1 program, the T-STD model as desefibed in 2.4.2.1 is extended as illustrated in
Figufe 2-18 and as specified below.

S H.222.0(12)-Amd.3(14)_F3-1¢

Figure 2-18 — F-STD model extensions for single layer HEVC

TB,{ MB,, EB, buffer management
The following additional notations‘are used to describe the T-STD extensions and are illustrated in Figure 2-18.

t(i) indicates the time inl Seconds at which the i-th byte of the transport stream enters the system target decode]

=

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, isthe size of the multiplexing buffer MB,, measured in bytes

EB, 15 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/IEC 23008-2 for the tier and level of the HEVC video stream or HEVC temporal Vldeo sub—

Annex E of Rec. ITU T H265 | ISO/IEC 23008 2, 1ncluded in the HEVC video stream or HEVC
temporal video sub-bitstream, where the size is expressed in bits. Implicit conversion is ‘carried out
according to Note 2 in 2.4.2.4.

*  There is exactly one elementary stream buffer EB, for all the elementary streams in the’ set of recgived
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.R265 |
ISO/IEC 23008-2, included in the HEVC video stream or the HEVC Memporal video sub-bitstijeam,
where the size is expressed in bits. Implicit conversion is carried out.according to Note 2 in 2.4.2.4.

¢ Transfer from TB, to MB, is applied as follows:

When there is no data in TB,, then Rx, is equal to zero. Othepwise:
Rx, =bit _rate

where bit rate is BrNalFactor/BrVIcFactor x BitRatéfSchedSelldx ] of data flow into the CPB fqr the
byte stream format and BitRate[ SchedSelldx ] *is-as defined in Annex E of Rec. ITU-T H.265 |
ISO/TEC 23008-2 when NAL hrd parameters().is' present in the VUI parameters of the HEVC Yideo
stream.

NOTE — Annex E also specifies default values-for 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 applied‘as follows:

If the HEVC timing and HRD(descriptor is present with the hrd management valid flag set to '|' for
the elementary stream, then the transfer of data from MB, to EB,, shall follow the HRD defined 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 leak méthod 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 for th¢ tier
and level\of the HEVC video stream or HEVC temporal video sub-bitstream.

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

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.

(E)

*  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).

T-STD extensions for layered transport of HEVC temporal video subsets

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.

Packets of ) :L— TB, »

MB, y

EB,

PID,
///

A, (§) with tdyG)

O ---»Other PIDs

H.222.0(12)-Amd.3(14)_F3-1¢

Figure 2-19 — T-STD model extensions for layered transport'of HEVC temporal video subsets

The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-19.

(i)

ES, 4

ES,i

PIDy{

Ax(
td, (]

indicates the time in seconds at which the i-th byte,of the transport stream enters the system target decode

is the number of received HEVC temporal-wideo subsets, associated by hierarchy descriptors with the
HEVC temporal video sub-bitstream.

is an index identifying the H+1 received elementary streams which contain exactly one HEVC temporal
sub-bitstream and H HEVC temiparal video subsets associated by hierarchy descriptors. The index va
equal to 0 identifies the elementary stream which contains the HEVC temporal video sub-bitstream and 1i
values k ranging from 1 up«to H identify the associated HEVC temporal video subsets.

is the received elementary stream which contains the k-th HEVC temporal video subset or the H
temporal video subgbitstream if k equals 0.

is the received-elementary stream containing the highest HEVC temporal video subset present in the
received elementary streams.

is the pacKket identifier value which identifies ES, .
is amnindex to the output access units.

isithe j-th access unit of the HEVC complete temporal representation.

=

pame

ideo
ue k
ndex

EVC

et of

TBox
TBS,x
MB, x
MBS,
EB,

EBS,

i5-the-deeeding time-of Aq-Hnthe-systemtarget-deeoder:
is the transport buffer for elementary stream k.

is the size of the transport buffer TB, x, measured in bytes.
is the multiplexing buffer for elementary stream k.

is the size of the multiplexing buffer MB, x, measured in bytes.

is the elementary stream buffer for the received HEVC temporal video sub-bitstream ES,and the received

HEVC temporal video subsets ES, ; to ES, .

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, x of
the multiplex buffer MB,,x is constrained as follows:

MBS, x = BS;ux + BSo, + CpbNalFactor x MaxCPBltier, level] — cpb_size

where
BS,p, packet overhead buffering, and BS,,,, additional multiplex buffering, are as-spécified in 2.17.3;

MaxCPBitier, level] and MaxBR[tier, level] are taken from the tier and level specification of HEV( for
the tier and level of the HEVC highest temporal sub-layer representation associated with ES, y;

cpb_size is taken from the HRD parameters, as specified in Ammex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layerteptesentation associated with ES, .
In the HRD parameters, cpb_size is expressed in bits, and its valueis implicitly converted into a Yalue
expressed in bytes according to Note 2 in 2.4.2.4.

*  There is exactly one elementary stream buffer EB, for thed#*1 elementary streams in the set of recgived
elementary streams ES,; o to ES, i, with a total size EBS;

EBS, = cpb'\size

where cpb_size is taken from the HRD paraméters, as specified in Annex E of Rec. ITU-T 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-&xpressed in bits, and its value is implicitly converted ipto a
value expressed in bytes according to Note?2 in 2.4.2.4.

*  Transfer from TB, to MB,\ is applied as follows:
When there is no data in TB, x thenRx, x is equal to zero. Otherwise:
Rx,x = bit_rate
where bit_rate is as spe¢ified 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 set to '|' for
the HEVC video’sub-bitstream, then the transfer of data from MB, to EB,, shall follow the HRD defined
scheme forddta arrival in the CPB of elementary stream ES, y as defined in Annex C of Rec. ITU-T
H.265{TSO/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-T H.265 |
ISO/IEC 23008-2 for the tier and level of the HEVC video stream or the HEVC highest temporal|sub-

laver representation associated with ES
T K

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, 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 video sequence with the
low ldelay hrd flag set to 'l'. Underflow of EB, occurs for HEVC access unit A,(j) when one or more bytes of°Aj(]) are
not fresent in EB, at the decoding time td,(j).

2.1744  T-STD extensions for layered transport of HEVC sub-partitions with bitstream-partition-specific CPB
operation

Wheh there is at least one elementary stream with stream_type value in the range of 0x28 to 0x2B in a Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 program, the T-STD model as described in 2.4.2.1 is extended/for elementary streams|with
a strgam_type value in the range of 0x28 to 0x2B as illustrated in Figure 2-20 and as speeified below.
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Figure 2-20 — T-STD model extensions for bitstream-partition-specific CPB operation

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.

t(1) Indicates the time in seconds at which the i-th byte of the transport stream enters the system target
decoder.
1 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 ,imum Is the packet identifier value which identifies ES, iy tm.

J Is an index to the output HEVC access units.

Ciy) Is the j-th HEVC layer component of the 1-th received HEVC sub-partition of stream_type 0x28 or (x2A
or HEVC corresponding temporal enhancement sub-partition.

A)) Is the j-th HEVC access unit of the HEVC complete temporal representation.
tdj(j) Is the decoding time of A,(j) in the system target decoder.

try(j) Is the value of TREF, if available in the PES header attached to C,(j), else the decoding 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.
MBix Is the multiplexing buffer for elementary stream ES,.

MBS, x Is the size of the multiplexing buffer MB, , measured imbytes.

ER, Is the elementary stream buffer for the received HEVE temporal video sub-bitstream ES,yand the recgived
HEVC temporal video subsets ES; | to ES, u.

NOTE 1 — Each buffer EB, contains one partition as specified.in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.

EBS, Is the size of elementary stream buffer EBjymeasured in bytes.
R x Is the transfer rate from the k-th transport buffer TBx to the k-th multiplex buffer MB,y as spedified
below.

Rix; Is the transfer rate from the k-th multiplex buffer MB, to the elementary stream buffer EB, as spedified
below.
OTE 2 — The index n, where used; indicates that the received elementary streams and associated buffers belong to a cprtain

EVC base sub-partition, distinguishing these elementary streams and associated buffers from other elementary streamf and
hffers, maintaining consistency With the notation in Figure 2-1 and other T-STD extensions.

o T Z

TB,, MB,x, EB, buffer-management
The following appliess

. There' is one transport buffer TB,y for each received elementary stream ES,j, where the size TB$y is
fixed to 512 bytes.

. There is one multiplex buffer MB, for each received elementary stream ES;,, where the size MBY;x of
the multiplex buffer MB, is constrained as follows:

MBS = BSmux F BSor T CpbNalFactor X MaxCPBTTier, 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

regation of elementary streams

bit_rate 1s taken from the NAL HRD parameters within the applicable hrd parameters(), as specifi¢d in
Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, for the HEVC operation point associated with ESy,i] sub-
layer HRD parameters are present in the VPS and nal hrd parameters present flag is set to 'l".

Otherwise:

bit rate = BrNalFactor / BrVclFactor x BitRateyc, if sub-layer HRD parameters within the appligable
hrd_parameters( ), as specified in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, fertthe HEVC operption
point associated with ES, x are present in the VPS and vcl_hrd_parameters_present flag is set to '1"; BitRafe vcr
is taken from the VCL HRD parameters.

BrNalFactor and BrVclFactor are as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 for the profile, tier} and
level of ES; the HEVC operation point associated with ES.

In both cases, the index of the applicable hrd parameters( ) syntax structire in the active VPS of the HEVC
video stream is given by: bsp hrd idx[ target ols ][ 0 ][ max_temporal id ][ target schedule idx J[1+ ]] as
specified in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2,.-where target ols and max_temporal id are
signalled in the HEVC operation point descriptor for the HEVC operation point associated with ES, | and
target_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_descriptof is present with the hrd management valid flag set|to '1'
for the HEVC video sub-bitstream, then\the 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 Annex |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, = BrNalFacterx’MaxBR[tier, level]

where MaxBR{[tier, level is as defined for the byte stream format in the tier and level specificption
of Rec. ITU T H.265 | ISO/IEC 23008-2 (Table A.2) for the tier and level for ES signalled ip the
HEVC operatiofi point descriptor for ES,y.

If there is PES packet payload data in MBy, and EB, is not full, the PES packet payload is transferred [from
MB to EB, at a rate_equal to Rbxx. If EB; is full, data are not removed from MB;. When a byte of dgta is
transferred from\MB, to EB; all PES packet header bytes that are in MB;x and precede that byt¢ are
instantaneously ¥¢moved and discarded. When there is no PES packet payload data present in MBy, no data is
removed from’ MB,x. All data that enters MB,x leaves it. All PES packet payload data bytes entef EB,
instantangously upon leaving MB.

HEVC layer list for an HEVC operation point is the OperationPointESList[] associated with the HEVC operption
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

0x2ff, 0x2A, 0x2B
0x2M, 0x25, 0x2A

0x2, 0x25, 0x2A, 0x2B

[

1
1

S|lo|g|Iolo|lo|o|O
[
W

NN =] =

3

The [HEVC operation point is aggregated from the HEVC layer components at the output of the €l¢mentary stream
buffgrs EB, by determining the value of TREF, if available in the PES header, or else TREF is set t0-DTS, for the|next
HEVC layer component at the output of EB,.,, and gathering all HEVC layer components with’a DTS equal to TREF,
in the order given by the HEVC layer list as specified above, and transferring them to the HEVC*decoder Dy,.

Carriage in PES packets
For ¢orrect re-assembling of the HEVC layer components to an HEVC access unit,-if there is an HEVC dependency
reprgsentation 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 previded in the PES header of each HEVC Jayer
component;

+  Ifthe DTS value of the HEVC layer component in‘an’elementary stream is different from the DTS yalue
of the HEVC layer component of the same HEVE)access unit in an ES listed in the hierarchy desctiptor
or the HEVC hierarchy extension descriptors 6fithe first elementary stream, the TREF field as defined in
2.4.3.7 shall be present in the PES header-g&xtension of the HEVC layer component of first elemeptary
stream and the TREF field value shall be‘equal to the DTS value of the HEVC layer component qf the
second elementary stream.

STD| delay

The BTD delay of any Rec. ITU-T H.265 [\SO/IEC 23008-2 data other than HEVC still picture data through the Syjstem
Target Decoders 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 i in HEVC access unit A,(j)-

The Helay of any HEVC still pictute data through the system target decoders TB,, MB, and EB; shall be constrgined
by tdi(j) — t(i) < 60 seconds for all 1. all k, all j, and all bytes i in HEVC access unit A,(j).

Buffler management conditions

Trangport streams shal 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;,, EB,, and DPB shall not overflow;

*  EB; shall not underflow, except when VUI parameters are present for the HEVC video sequence wit
dala oo ca LR ndazf] » » aooaca nat A " han na

byte_s of An_(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
marker_bit 1 bslbf
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
tabl¢ id — This shall be set to 0x09.
sectIn_syntax_indicator — This shall be set to '0'".

Displlay_in_PTS — This is the 33-bit PTS specified similar to thdt defined in the PES header and is used with the
assogiated video access unit.

Gre¢n_Au() — Defined in 2.18.3.

2.18{3  Green access unit

The [format of the green access unit is defined in Fable 2-139. Green access units contain dynamic metadata anfl are
carripd in MPEG private section format.

TFable 2-139 — Green access unit

Syntax No. bits Mnemonic
ireen_Au {
num_quality_levels 4 uimsbf
reserved 4 bslbf

for (k=0; k <tium_constant_backlight voltage time intervals; k++) {
for.(j=0; j < num_max_variations; j++) {

lower_bound 8 uimsbf
if (lower_bound > 0)

upper_bound 8 uimsbf
rgb_component for_infinite psnr 8 uimsbf
for (i=1; i <= 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 — Application at use ca eling green access unit data carouseling
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 puffer model reflects the processing required to handle green access units. The model can be used to estaplish
consfraints which can be used to verify the validity of dynamic green metadata prepared in agcordance withl this
standard.

Figufe 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

MPHG-2 transport stream packets come into the model at the left, and-are filtered by PID. Packets whose PID mafches
the green access unit PID flow into the 512 byte transport buffer, These buffered packets are removed at a rate of Rx =
300 kbps (kilobits/second) and stored in the green access unit-Eb buffer (2048 Bytes). Green access unit table segtions
are rpmoved from the Eb buffer immediately after the full\access unit is available (based on section length) and fhese
are fjassed onto the green access unit decoder at a rate Rbx = 300 kbps for decoding and each decoded access uhit is
assogiated with the video at time = display_in_PTS. The Eb buffer shall not overflow and the green access unit seftion
shallfbe available in the Eb buffer at least 100 ms béfore display _in PTS.
NOTE — In the worst-case, a green AU would contain 4488 bits. Under such conditions, the Eb buffer is large enough to hqld up
t¢ three green AUs and the rate Rx is high‘enough to allow the removal of green AUs that are associated with video ffames
af 60 fps.

2.19 Carriage of ISO/IEC(23008-3 MPEG-H 3D audio data

2.19{1 Introduction

An I[TU-T Rec. H.222.04ISO/IEC 13818-1 stream may carry ISO/IEC 23008-3 audio elementary streams. Typically, an
ISOAIEC 23008-3 stream-will be an element of an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program, as defined by the
PMT| in a Transpor Str€am and the PSM in a Program Stream.

2.192 Carriage in PES packets

Indiyidual ISO/IEC 23008-3 elementary streams shall be carried in PES packets as PES packet data bytes. For|PES
packgtization no specific data alignment constraints apply. For synchronization PTS is encoded in the header of thel PES

k bl 4 . 41 JQ 2 1 4 4 dost £, i nlaalal 1. 4] 4. k. 1 o f
paC U Uldal Lallivy v 1oV O JUUG=J UlClllCllLaly Suuvdalll Udtd, 1UL I 1.9 Cllqulllé UIT SalllC CUILISU aIlIts app1y S Tor

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 [[-STD model as defined in 2.4.2.1 includes a transport buffer TB, and a multiplex buffer B, prior to decoding of
each|ISO/IEC 23008-3 3D audio elementary stream n. For buffers TB, and B, and the rate Rx, between'TB, and B, the
following constraints apply for the carriage of an ISO/IEC 23008-3 3D audio stream:

The pize 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.f are
constrained by: BSg. + BSy, < 2848 bytes; a portion (736 bytes) of the 3584 byte buffer is allocated for
buffering to allow multiplexing. The rest, 2848 bytes, are shared for@ccess 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 sighals

BS, = 136576 bytes for 49-128 encoded audio channgl signals
Rate|Rx,:

Rx, =2 000 000 bit/s for 1-2 encoded audio channel signals

Rx, =5 529 600 bit/s for 3-8 encodediaudio channel signals

Rx, = 8 294 400 bit/s for 9-12 eticoded audio channel signals
Rx, =33 177 600 bit/s for.13-48 encoded audio channel signals
Rx, = 88 473 600 bit/sfor49-128 encoded audio channel signals

2.19/4  STD extensions for.multiple ISO/IEC 23008-3 elementary streams

ISONEC 23008-3 MPEG3H 3D audio allows encoding an audio program as several elementary streams. One sfingle
audip decoder decodges all elementary streams to one audio presentation. Each of those elementary streams carrie$ one
or mpre encoded audio channel signals.

For ¢very single-clementary stream the constraints for the buffer size BS, and the rate Rx, apply as described 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 sjngle
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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In agldition to the notation used and described in 2.4.2.1 to describe Figure 2-1 the following notatién is us¢d in
Figure 2-22:

Dinx is the audio decoder for all x audio elementary streams n to n+x.

2.19j5 MPEG-2 Transport stream random access constraints and signalling

A T$ packet containing the PES packet header of a 3D audio random access point (RAP).shall have an adaptation field.
The payload unit_start indicator bit shall be set to 'l' in the TS packet header and-the¢ adaptation_field contro] bits
shalllbe set to '11' (as per section 2.4.3.3). In addition, the random_access_indicatot.bit' in the adaptation field of the TS
packkt that contains the PES packet header of the 3D audio RAP shall be set to 'd' and follow the constraints specified in
2.4.35.

If th¢ PES packet contains a RAP, then the MHAS packet of type PACTYB "MPEGH3DAFRAME containing the RAP
shallf be the first MHAS packet of that type that commences in the PES packet. The audio data encapsulated ir} this
MHAS packet 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-2 sections

2.20{1 General description

Quality Access Units carrying dynamic quality metadata associated with one or more video frames, i.e., a given quality
metrjc sample can be applicable for multiple video frames for a given DTS interval, until a new quality metric sample is
declgred. These access units are encapsulatedin/MPEG sections identified by stream_type value of 0x2F.

Eacl Quality Access Unit contains configuration and timing information, as well as an array of quality vdlues,
corrgsponding one for one to the declared metrics. Each value is padded by preceding zero bytes, as needed, tp the
number of bytes indicated by field(sizé bytes.

Quality access_unit shall be carried in MPEG sections.

Everly Quality Access Unitshall be a random access point.

NOTE - in order tognake processing easier, each Quality Access Unit should be contained in a single TS packet.

The pyntax for the,Quality Access Units is provided in Table 2-140. The attribute definitions are aligned with thgse in
ISOQEC 23001 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

}
}
H

/IEC

metific_code — The code name of the metrics in the Quality Access unit, as defined in 4.2 of ISO/IEC23001-10.

sample_count — Number of quality metric samples per metric.
medja_DTS — DTS of the media access unit described by the quality metric sample.

As sfich, quality metric_sample is an array signalled using the 'i' and 'j' values of the loop:

2.202 Buffer model for processing Quality Access Units

The [buffer model reflects processing required to handle Quality Access Units, The model can be used to establish
consfraints which can be used to verify the validity of dynamic Quality/inetadata prepared in accordance with this
Stanflard.

Figufe 2-23 illustrates the buffer model for processing Quality Access\Units.

QualinAccess ' ) -
— > Tb512bytes RX ) UnitEb buffer Rbx ) Quality Access
2048 bytcs Unit decoder

H.222.0(14)-Amd.6(16)_F6-1

Figure 2-23 — Quality Access Unit decoder processing model

MPHG-2 Transport Stream packets cone into the model at the left, and are filtered by PID. Packets whose PID majches
the Quality Access Unit PID flow(into the 512 byte transport buffer. These buffered packets are removed at a rdte of
Rx 5300 kbps (kilobits/second)\and stored in the Quality Access Unit Eb buffer (2048 Bytes). Quality Access|Unit
tabld sections are removed_fron the Eb buffer immediately after the full access unit is available (based on seftion
length) and these are passéd onto the Quality Access Unit decoder at a rate Rbx = 300 kbps for decoding and
assogiation with the corré€sponding video frames. Eb buffer shall not overflow and the Quality Access Unit section [shall
be ayailable in the/Eb/buffer to meet the requirement of DTS earlier than the DTS of the latest media accesg unit
desctibed in the copresponding Quality Access Unit.
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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)

L» 2(0)

«(1)

22) ¥ z(3)

24) -

7 Z(31) |

H.222.0(12)_FA.1

Figure A.1 — 32-bit CRC decoder model

The B2-bit CRC decoder operates at bit level and consists of 14-adders '+' and 32 delay elements z(i). The input qf the
CR( decoder is added to the output of z(31), and the result is\provided to the input z(0) and to one of the inputs of|each
remdining adder. The other input of each remaining adder is the output of z(i), while the output of each remaining gdder
is cohnected to the input of z(i + 1), withi=0, 1, 3, 4, 6,7, 9, 10, 11, 15, 21, 22, and 25. Refer to Figure A.1.

Thislis the CRC calculated with the polynomial:

X32+X26+X23+X22+X16+X12+X11+X10+X8+X7+X5+X4+X2+X+l A-l)

Bytep are received at the input of the CRC. decoder. Each byte is shifted into the CRC decoder one bit at a time, with the
left most bit (msb) first. For examplg;-if the input is byte 0x01 the seven '0's enter the CRC decoder first, followgd by
the dne '1'. Before the CRC progessing of the data of a section the output of each delay element z(i) is set to its ipitial
valug 'l'. After this initialization;-cach byte of the section is provided to the input of the CRC decoder, including the
four |[CRC 32 bytes. After shifting the last bit of the last CRC 32 byte into the decoder, i.e., into z(0) after the addition
with|the output of z(31),-the“output of all delay elements z(i) is read. In the case where there are no errors, each df the
outppits 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.)

Introduction

(E)

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

SN CC chall bhatian
(23 2w vl

B.1.

Manpy applications of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 DSM Control Commiands require access

Rec.
Diffs
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bring
appl
spec

extemsion with a broader scope.

B.1.]

Bey

shiH-betramsparent-trthetoHowiesense:
« Itis independent of the DSM used;
+ itis independent of whether the DSM is located at a local or remote site;
* itis independent of the network protocol with which the DSM-CC is interfaced;

+ itis independent of the various operating systems on which the DSM is operated.

Purpose

ITU-T H.222.0 | ISO/IEC 13818-1 bitstream stored on a variety of digital storage\media at a local or remote
rent DSM have their own specific control commands and thus, a user would need-to know different sets of sps
| control commands in order to access Rec. ITU-T H.222.0 | ISO/IEC 13818-I\bitstreams from different DSM.
s many difficulties to the interface design of a Rec. ITU-T H.222.0 |ISO/IEC 13818-1 or ISO/IEC 111
cation system. To overcome this difficulty, a set of common DSM contfol commands, which is independent d
fic DSM used, is suggested in this annex. This annex is informative only. ISO/IEC 13818-6 defines DSM

Future applications

nd the immediate applications supported by the curtent' DSM control commands, future applications base
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exte]lsions of DSM command control could include the folowing:

0 on demand

0 programs are provided as requested by a‘customer through various communication channels. The customer ¢
t a video program from a list of programs.available from a video server. Such applications could be used by h
TV, educational institutions, hospitalsyetc.

ractive video services

ese applications, the user prevides frequent feedback controlling the manipulation of stored video and audio. T
ces can include video-based games, user-controlled video tours, electronic shopping, etc.

0 networks
bus applications'may wish to exchange stored audio and video data through some type of computer network. [
cations.are examples of this kind of application.
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I route AV information through the video network to their terminals. Electronic publishing and multinedia

Spe

lIlelg the DSM conirol commands inaepenaent or In€ DSM, €nd-users can perrorm ReEC. ITU-1T H.Z

ISO/TEC 13818-1 decoding without having to fully understand the detailed operation of the specific DSM used.

0|

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,;

+  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 bitstrearn, in’ forward plpy 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 PSM-CC provides the means to:

*  cause storage of a valid bitstream for a specified duration;

. cause storage to stop.

DSM-CC provides a useful but limited subset of functiofiality that may be required in DSM based Rec. ITU-T H.222.0 |
ISONEC 13818-1 applications. It is fully expected~that significant additional capabilities will be added thrpugh
subsgquent extensions.

B.2 General elements

B.2. Scope

The pcope of this work consists ¢f the development of a Recommendation | International Standard to specify a useffl set
of commands for control ofrdigital storage media on which a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstregm is
storgd. The commands caf-perform remote control of a digital storage media in a general way independently of the
speclfic DSM and applyfe any Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream stored on a DSM.

B.2.] Overview/of the DSM-CC application

The purrent DSM-CC syntax and semantics cover the single user to DSM application. The user's system is capaljle of
retrigving @ ‘Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream and is also (optionally) capable of generating a
Rec |ITU-T' H.222.0 | ISO/IEC 13818-1 bitstream. The control channel over which the DSM commands| and
acknpwledgements are sent is shown in Figure B.1 as an out-of-band channel. This can also be accomplisheld 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.] The transmission of DSM-CC commands and acknowledgements

The

B.3.9

ISO

Wheph the DSM-CC bitstream is transmitted in stand-alone mode, its relationship\to’ the Systems bitstream an
deco)
bitst

Rec.
coul
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ISO/IEC 13818-1:2018 (E)

DSM-CC

DSM ACK User

DSM
ISO/-IEC 13818 Video bitstream
bitstream System P
decoder | Audio bitstream

ISO/.IEC 13818 Video bitstream
bitstream System [

cncader 1o Audio bitstream

H.222.0(12)_FB.1

Figure B.1 — Configuration of DSM-CC application

[EC 13818-1 Systems bitstream.

| be controlled and transmitted by other types of network multiplexofs.

ISO/IEC 13818 bitstream . p
(no DSM-CC embedded) System Video bitstream
> Audio bitstream

decoder

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

DSM-CC is encoded into a DSM-CC bitstream according to the syntax and semantics idefined in B.3.2 thrpugh
. The DSM-CC bitstream can be transmitted both as a stand-alone bitstream and(in a Rec. ITU-T H.222.0 |

i the

ding process is illustrated in Figure B.2. In this case, the DSM-CC bitstream is not embedded in the Systems
eam. This transmission mode can be used in the applications when thesDSM is connected directly with the
ITU-T H.222.0 | ISO/IEC 13818-1 decoder. It can also be used in thé applications where the DSM-CC bitstyeam

ome applications, it is desirable to transmit the DSM-CC in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 systems

bitstfeam so that some features jof the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 systems bitstream could be applied to the
DSM-CC bitstream as wellZIn this case, the DSM-CC bitstream is embedded in the systems bitstream by the syqtems

mult]

The

packetized into~a, packetized elementary stream (PES) according to the syntax described in 2.4.3.6. The PES pacl

then

trangmission media. The decoding procedures are the inverse of the encoding procedures and are illustrated in the |
diagfam.of the Systems decoder depicted in Figure B.3.

plexor.

DSM-CC bitstream is encoded by the systems encoder in the following process. First, the DSM-CC bitstrez

multiplexed into either a program stream (PS) or a transport stream (TS) according to the requirement o

m is
cet is
f the
lock

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

\4

v

decoder
DSM-CC Decoded
bitstream DSM-CC DSM-CC )
decoder
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. Definitions
For the purposes of this Recommendation | International Standard, the following definitions apply:

B.3.].1 DSM-CC: Digital Storage Media Command and Control Commands that are) specified by
Rec.[ITU-T H.222.0 | ISO/IEC 13818-1 for the control of digital storage media at a local or remete site containjng 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 corhmand initiator.

B.3.1.3 MPEG bitstream: An ISO/IEC 11172-1 Systems stream, Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program
streajn 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 store and/or retrieve a Rec. ITU-T H.222.0 |
ISO/JEC 13818-1 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 property that
for af least one elementary stream within the bitstream, the next ac¢ess unit, 'N', completely contained in the bitstream
can be decoded without reference to previous access units, and for'every elementary stream in the bitstream all agcess
unitd with the same or later presentation times are completelyscontained subsequently in the bitstream and cqn be
completely decoded by a system target decoder without ac¢éss to information prior to the point of random access| The
bitstfeam as stored on the DSM may have certain poinfs' of random access; the output of the DSM may in¢lude
addifional points of random access manufactured by tlie-DSM's own manipulation of the stored material (e.g., stpring
quanftization matrices so that a sequence header can‘be generated whenever necessary). A point of random access hps an
assogiated PTS, namely the actual or implied PTS of access unit 'N'.

B.3.]1.6 current operational PTS value:Th¢ actual or implied PTS associated with the last point of random ag¢cess
precgding the last access unit provided”from the DSM from the currently selected Rec. ITU-T H.22P.0 |
ISOAQIEC 13818-1 bitstream. If no acdess unit has been provided from this Rec. ITU-T H.222.0 | ISO/IEC 13§18-1
bitstfeam, the DSM is incapable ¢f'providing random access into the current bitstream, then the current operatjonal
PTS value 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.] 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 tp 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

If (command_id =="01") {

control()

) else if (command_id = ="'02") {

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

-

}

ack()

B.3.] Semantics of fields in specification of DSM-CC syntax

pacKet_start code_prefix — This is a 24-bit code. Together with the stream_id that follows it Constitutes a DSM
packet start code that identifies the beginning of a DSM-CC packet bitstream. The packet-start code prefix is th

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

[-CC
e bit

stream_id — This 8-bit field specifies the bitstream type and shall have a value '1111 0010' for the DSM-CC bitstijeam.

Refer to Table 2-22.

pacKet_length — This 16-bit field specifies the number of bytes in the DSM-CC ‘packet immediately following th

byte|of this field.

command_id — This 8-bit unsigned integer identifies the bitstream i§ a control command or an acknowledge

streajn. The 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 Reseryed

B.3.4 Control layer

Conjtraints on setting flags(in) DSM-CC control

+ At mostenc-of the flags for select, playback and storage shall be set to '1' for each DSM co
command:-1f none of these bits are set, then this command shall be ignored.

*  Atuost one of pause_mode, resume mode, stop _mode, play flag, and jump flag shall be set for
retrieval command. If none of these bits are set, then this command shall be ignored.

*. At most one of record flag and stop_mode shall be selected for each storage command. If none of
bits are set, then this command shall be ignored.

e last

ment

ntrol

each
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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\eode()
H
if (playnflag = ="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 bsibf
if (record_flag =='1") {
time_code()
}
5
}
202 Rec. ITU-T H.222.0 (03/2017)
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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
whigh Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream is to be selected. It is the DSM server's responsibility-to| map
the rfames of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams stored on its DSM uniquely to a series)of numbers
whidh could be represented by the bitstream_ID.

seledt_mode — This 5-bit unsigned integer specifies which mode of bitstream operation is requested!Table B.4 spe¢ifies
the defined modes.

Table B.4 — Select mode assigned values

Code Mode
0x00 Forbidden
0x01 Storage
0x02 Retrieval
0x03 .. Ox1F Reserved

jump_flag — This 1-bit flag when set to 'l' specifies a jump_ift;the playback pointer to a new access unit. The| new
PTS|is specified by a relative time _code with respect to the*Current operational PTS value. This function is only alid
when the current 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 teiplay a bitstream for a certain time period. The speed, diregtion,
and play duration are additional parameters in the bit’stream. The play starts from the current operational PTS valug.

paude_mode — This is a one-bit code specifying to pause the playback action and keep the playback pointer gt the
currgnt operational PTS value.

resume_mode — This is a one-bit_code specifying to continue the playback action from the current operatjonal
PTS|value. Resume only has meaning‘if the current bitstream is in the "pause" state, and the bitstream will be set tp the
forwprd play state at normal speéd.

stop| mode — This is a onegbit-code specifying to stop a bitstream transmission.

dire¢tion_indicator - This is a one-bit code to indicate the playback direction. If this bit is set to 'l', it stands [for a
forwprd play. Othepwise it stands for a backward play.

speefl mode —TFhis is a 1-bit code to specify the speed scale. If this bit is set to '1', it specifies that the speed is nqrmal
play] If this bitus’set to '0', it specifies that the speed is fast play (i.e., fast forward or fast reverse).

recopd_flag — This is one-bit flag to specify the request of recording the bitstream from an end user to a DSM [for a
specified duration or until the reception of a stop command, whichever comes first.
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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 bslbf
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

seledt_ack — This 1-bit field when it is set to '1" indicates that the ack() command is to acknowledge a select commgnd.

retrieval_ack — This 1-bit field when set to 'l' indicates that the“ack() command is to acknowledge a retiieval
comand.

storage ack — This 1-bit field when set to 'l" indicates that theack() command is to acknowledge a storage command.

errop_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-setrieved and Disk Full on a stream being stored. If this bit |s set
to 'l emd_status is undefined. The current bitstream/is still selected.

cmd| status — This 1-bit flag set to '1' indicates that the command is accepted. When set to '0' it indicates the cominand
is rejected. The semantics vary according to the command received as follows:

o If select ack is set_and’cmd status is set to 'l', it specifies that the Rec. ITU-T H.22p.0 |
ISO/IEC 13818-1 bitstream is selected and the server is ready to provide the selected mode of opergtion.
The current operational PTS value is set to the first point of random access of the newly selgcted
Rec. ITU-T H222.0 | ISO/IEC 13818-1 bitstream. If cmd_status is set to '0', the operation has failed and
no bitstreaniis Selected.

« Ifretrievallack is set and cmd_status is set to 'l', it specifies that the retrieval operation is initiated fpr all
retrieyal’commands. The position of the current operational PTS pointer is reported by the succe¢ding
time~code.

* For 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.

s If the cmd_Status 15 Set 10 01 a Tetricval acknowIcdgement, the operation nas taited. Possibic Teasons
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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B.3.8

Time code

Constraints on time code

*  For all the commands in the ack() layer, the time code is specified by the current operational PTS-y3
See Table B.6.
Table B.6 — Time code
Syntax No. of bits | Mnemonic
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
ini'il]ite_time_ﬂag — This 1-bit flag when set to '1' indicates an infinite time period. This flag is set to '1' in applica
whete a time period for a specific operation could not be defined in advance.
PTS|[32..0] — The presentation timestamp of the access unit of the bitstream. Depending upon the function, this ¢
an aBpsolute value or a relative time'delay in cycles of the 90-kHz system clock.

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 PT

S value.
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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 Introduction

This| Recommendation | International Standard provides a method for describing the contents of transport stream
packets for the purpose of the demultiplexing and presentation of programs. The coding specification’ accommoflates
this function through the program-specific information (PSI). This annex discusses the use of PSI.

The PSI may be thought of as belonging to six tables:

1) Program association table (PAT);

2) TS program map table (PMT);

3) Network information table (NIT);

4) Conditional access table (CAT).

5) Transport stream description table (TSDT); and
6) IPMP control information table.

The pontents of the PAT, PMT, CAT and TSDT are specified in this'lRecommendation | International Standard. IQIT is
defied in ISO/IEC 13818-11 (MPEG-2 IPMP).

The NIT is a private table, and the PID value of the transport stream packets which carry it is specified in the PAT. [Both
the NIT and ICIT must follow the structure defined in this;Recommendation | International Standard.

C3 Functional mechanism

The [tables listed above are conceptual in that-they need never be regenerated in a specified form within a decpder.
While these structures may be thought oftas simple tables, they may be partitioned before they are sent in tranpport
strean packets. The syntax supportstthis operation by allowing the tables to be partitioned into sections and by
providing a normative mapping method into transport stream packet payloads. A method is also provided to farry
privdte data in a similar format.(This is advantageous as the same basic processing in the decoder can then be used for
both|the PSI data and the private data helping to keep cost down. For advice on the optimum placing of PSI ip the
trangport stream, see AnneX-B:
EacHf section is uniquety identified by the combination of the following elements:
i)  tablelid

‘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 Dy 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.trampsmit
some sections of the table more frequently than others, e.g., due to random access considerations.

iv) version_number

When the characteristics of the transport stream described in the PSI change (e.g., extra-programs added,
different composition of elementary streams for a given program), then new PSI data has to be sent[with
the updated information as the most recently transmitted version of the sections marked as "current" must
always be valid. Decoders need to be able to identify whether the most (recently received sectipn is
identical with the section they have already processed/stored (in whiCh case the section cah be
discarded), or whether it is different, and may therefore signify a configiiration change. This is achjeved
by sending a section with the same table id, table id extension, @ad”section number as the preyious
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 therefofe be
numbered as valid "now" (current), or as valid in_the immediate future (next). This allowg the
transmission of a future configuration in advance of the change, giving the decoder the opportunity to
prepare for the change. There is however no gbligation to transmit the next version of a sectign in
advance, but if it is transmitted, then it shall be'the next correct version of that section.

C4 The mapping of sections into transport stream packets

Sectfons are mapped directly into transport streatipackets, that is to say, without a prior mapping into PES padkets.
Sectfons do not have to start at the beginning efitransport stream packets, (although they may), because the start df the
first [section in the payload of a transport stream packet is pointed to by the pointer field. The presence of the
poinfer field is signalled by the payload unit start indicator being set to a value of 'l' in PSI packets| (In
non-PSI packets, the indicator signals that a PES packet starts in the transport stream packet.) The pointer field points
to the start of the first section in the'transport stream packet. There is never more than one pointer_field in a trangport
stream packet, as the start of any other section can be identified by counting the length of the first and any subsequent
sectipns, since no gaps between)sections within a transport stream packet are allowed by the syntax.

It is jmportant to note that within transport stream packets of any single PID value, one section must be finished bgfore
the rlext one is allow€d'to be started, or else it is not possible to identify to which section header the data belongs| If a
sectipn finishes befere the end of a transport stream packet, but it is not convenient to open another section, a sh%ﬁng

mechanism is preVided to fill up the space. Stuffing is performed by filling each remaining byte of the packet with the
valug¢ OxFF..Consequently the table id value OXFF is forbidden, or else this would be confused with stuffing. Ofce a
OxFF byte\has occurred at the end of a section, then the rest of the transport stream packet must be stuffed |with
OxFF bytes, allowing a decoder to discard the rest of the transport stream packet. Stuffing can also be performed Tsing

the lnr’n‘lq] aﬂqpfqﬁnn fleld 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
progfam_number is a 16-bit unsigned integer and thus permits 65535 unique programs to exist within a transportstream
(program_number 0 is reserved for identification of the NIT). Where several transport streams are available tp the
decogder (e.g., in a cable network), in order to successfully demultiplex a program, the decoder must be notified of|both
the transport_stream_id (to find the right multiplex) and the program number of the service (to find the.right program
with|n the multiplex).

The fransport stream mapping may be accomplished via the optional network information table; Note that the netfvork
ation table may be stored in decoder non-volatile memory to reduce channel acquisitiofi time. In this cape, it
needp to be transmitted only often enough to support timely decoder initialization set-up operations. The contents qf the
NIT pre private, but shall take at least the minimum section structure.

C.7 Allocation of program_number

It m3y not be convenient in all cases to group together all the program elements’which share a common clock refefence
as onpe program. It is conceivable to have a multi-service transport streany with only one set of PCRs, common to dll. In
general, though, a broadcaster may prefer to logically split up the tramsport stream into several programs, wherg the
PCR] PID (location of the clock reference) is always the same. This method of splitting the program elements| into
pseuflo-independent programs can have several uses. Two examplés follow:

1) multilingual transmissions into separate markets

One video stream may be accompanied by-Several audio streams in different languages. It is advisable to
include an example of the ISO 639 language descriptor associated with each audio stream to enable the
selection of the correct program and, audio. It is reasonable to have several program definitions|with
different program numbers, wherge all the programs reference the same video stream and PCR_PI, but
have different audio PIDs. It is,chowever, also reasonable and possible to list the video stream and a]l the
audio streams as one program,where this does not exceed the section size limit of 1024 bytes.

i1) Very large program definitions

There is a maximum)hmit on the length of a section of 1024 bytes (including section header and
CRC 32). This mieans that no single program definition may exceed this length. For the great majorfty of
cases, even withyeach 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 in geperal
possible tonidentify methods of splitting the references of the streams, so that they do not all have fo be
listed~tegether. Some program elements could be referenced under more than one program, and $ome
undefionly one or the other, but not both.

C.8 Usage of PSI in a typical system

A comintunications system, especially in broadcast applications, may consist of many individual transport streams. [Each
one of the four PST dafa structures may appear inl each and every tansport stream in a systelm. 1here must always be a
complete version of the program association table listing all programs within the transport stream and a complete TS
program map table, containing complete program definitions for all programs within the transport stream. If any
streams are scrambled, then there must also be a conditional access table present listing the relevant Entitlement
Management Messages (EMM) streams. The presence of a NIT is fully optional.

The PSI tables are mapped into transport stream packets via the section structure described above. Each section has a
table_id field in its header, allowing sections from PSI tables and private data in private sections to be mixed in
transport stream packets of the same PID value or even in the same transport stream packet. Note, however, that within
packets of the same PID, a complete section must be transmitted before the next section can be started. This is only
possible for packets labelled as containing TS Program Map Table section or NIT packets however, since private
sections may not be mapped into PAT or CAT packets.
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It is required that all PAT sections be mapped into transport stream packets with PID = 0x0000 and all CA sections be
mapped into packets with PID = 0x0001. PMT sections may be mapped into packets of user-selected PID value, listed
as the PMT_PID for each program in the Program Association Table. Likewise, the PID for the NIT-bearing transport
stream packets is user-selected, but must be pointed to by the entry "program number == 0x00" in the PAT, if the NIT

exists.

The contents of any CA parameter streams are entirely private, but EMMs and ECMs must also be sent in transport
stream packets to be compliant with this Recommendation | International Standard.

Private data tables may be sent using the private section() syntax. Such tables could be used for example in a
broadcasting environment to describe a service, an upcoming event, broadcast schedules and related information.

C.9 ___The relationships of PST structures

Figufe C.1 shows an example of the relationship between the four PSI structures and the transport stream™(ther
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
i 1
Program X —
Program 'Y Decoder
brogram | Audio H.222.0(12)_FC.1
Elementary stream®ID
Program 45
Video
Program 20 Elementary stream PID
ProgramY
Program map table
MPEG-2
Program 1 Program 20
2 EMM SyS 2 Audio Video EMM Sys 1 S transport
stream
CASyseml |—  CAPID
CAPID }7 CA System 2
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.

C.9.2  Program map table

The |program 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 values. These
trangport stream packets may contain other private structures as defined by the table id field. Itus-possible to havie TS
PMT| sections referring to different programs carried in transport stream packets having a commen PID value.

This|Recommendation | International Standard requires a minimum of program identification: program number, [PCR
PID,[stream types and program elements PIDs. Additional information for either programs or elementary streams|may
be conveyed by use of the descriptor() construct. Refer to C.9.6.

Privgte data may also be sent in transport stream packets denoted as carrying~I'S program map table sections. This is
accomplished by the use of the private section(). In a private_section() the dpplication decides whether version_number
and purrent_next indicator represent the values of these fields for a sifigle’ section or whether they are applicaljle to
many sections as parts of a larger private table.

NOTE 1 — Transport stream packets containing the Program Map Table ‘are transmitted unencrypted.
NOTE 2 — It is possible to transmit information on events in private descriptors carried within the TS program_map_sectior]()s.

C.9.3 Conditional access table

The fonditional access table (CAT) gives the association’ between one or more conditional access (CA) systems, [their
EMM streams and any special parameters associatedswith them.

NOTE — The (private) contents of the transport sticam packets containing EMM and CA parameters if present will, in general, be
ehcrypted (scrambled).

C.9.4 Network information table

The |contents of the network information table (NIT) are private and not specified by this Recommendatjon |
Interpational Standard. In generdl, it'will contain mappings of user-selected services with transport_stream_ids, channel
freqyencies, satellite transponder-numbers, modulation characteristics, etc.

C.9.5 Private_section()

Privgte_sections() <anvoccur in two basic forms, the short version (where only the fields up to and inclyding
sectipn_length aré»included) or the long version (where all the fields up to and including last section numbep are
pres¢nt, and after'the private data bytes the CRC_32 field is present).

Privgte_section()s can occur in PIDs which are labelled as PMT PIDs or in transport stream packets with other| PID
valugsCwhich contain exclusively private sections(), including the PID allocated to the NIT. If the transport stream
paC utb Uf t}lc PID bau_yius t}lC PliVatC_bCUtiUll(}b alrcv idClltiﬁCd ad> d PID bau_yius PlintU_DCbtiUllb (Dtlcalll_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. 4/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|implementation of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream must make reasonable bandwidth demjands
for BSI information and, in applications where randem access is a consideration, should promote fast signal acquisjtion.
This|subclause analyses this issue and gives some-broadcast application examples.

The packet-based nature of the transport stream allows for the interspersing of PSI information with fine granularity in
the multiplexed data. This provides significant flexibility in the construction and transmission of PSI.

Signpl acquisition time in a real )decoder is dependent on many factors, including: FDM tuning slew fime,
demyiltiplexing time, sequence headers, I-frame occurrence rate and scrambling key retrieval and processing.

This|subclause examines both-the bitrate and signal acquisition time impacts of the PSI syntax in 2.4.4.4 and 2.4.4.9. It
is aspumed that the conditional access table does not need to be received dynamically at every program change.|This
assumption is also made of the private EMM streams. This is because these streams do not contain the quickly-vafying
ECM components_tised for program element scrambling (encryption).

Also} in the diseussion below, the time to acquire and process ECMs has been neglected.

Tablps C3\and C.4 provide bandwidth usage values for a range of transport stream conditions. One axis of the table is
the guimber of programs contained in a single transport stream. The other axis is the frequency with which thg PSI

. / . . L
informmatrom Tstransmtted T the TaITSpoTt Srearttr.
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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
(SJ) 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.

Table C.4 — Program map table bandwidth usage (bit/s)
Number of programs per transport stream
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frequency will be a key determinant of the component of signal acquisition-time due to PSI structures.

bandwidth usage tables assume that only the minimum program mapping information is provided. This mean
ID values and stream types are provided with no additional descriptors. All programs in the example are comp]
o elementary streams. Program associations are 2 bytes long,swhile the minimal program map is 26 bytes

e is additional overhead associated with version numbers, section lengths, etc. This will be on the order of 1-3
tal PSI bitrate usage in sections of moderate to maximum length (a few hundred bytes to 1024 bytes) and will
nored here.

hbove assumptions allow forty-six (46) program associations to map into one Program Association Table tran|
m packet (if no adaptation field is present). Similarly, seven (7) TS program map sections fit into a §
port stream packet. It may be noted that te'facilitate easy "drop/add" it is possible to transmit only on

b a frequency of 25 Hz for the two RSk Tables, yields a worst-case contribution to the signal acquisition tin
bximately 80 ms. This would only dccur when the required PAT data was "just missed" and then, once the
hequired and decoded, the requited PMT data was also "just missed". This doubling of the worst case acquis
is one disadvantage of the extra/level of indirection introduced by the PAT structure. This effect could be red
ordinated transmission of related PAT and PMT packets. Presumably, the advantage that this approach offe
b/add" re-multiplexing-eperations is compensatory.

the 25-Hz PSI fréquency, the following examples may be constructed (all examples leave ample allowang
us datalink, FEC;CA and routing overheads):
Hz CATV/channel
o\ five 5.2-Mbit/s programs:
« " total PSI bandwidth:

26.5 Mbit/s (includes transport overhead)
5.2 kbit/s

that
osed
ong.
% of
thus

sport
ingle
e (1)

he of
PAT
ition
uced
s for

e for

* CA bamdwidtin 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)

212

e 32 3.9-Mbit/s programs:
+ 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%

127.5 Mbit/s (includes transport overhead)
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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 timing model it is straightforward to implement the\deé¢oder
such| that it produces as output high quality audio and video which are properly synchronized. There is fio-normative
requjrement, however, that decoders be implemented in such a way as to provide such high quality presentation oytput.
In agplications where the data are not delivered to the decoder with correct timing, it may be possibl¢ to producf the
desired presentation output; however, such capabilities are not in general guaranteed. This informative annex desdribes
the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Systems timing model in detail, and gives ‘some suggestion$ for
implpmenting decoder systems to suit some typical applications.

D.1.1 Timing model

Rec.[ITU-T H.222.0 | ISO/IEC 13818-1 Systems embodies a timing model in which all digitized pictures and gudio
samples that enter the encoder are presented exactly once each, after a constant eénd to end delay, at the output df the
decoder. As such, the sample rates, i.e., the video frame rate and the audio sample rate, are precisely the same 4t the
decogder as they are at the encoder. This timing model is diagrammed in Figute D.1:

ifleo i Vid t
Vifleo in EncoderH Buffer }7 4{ Buffer HDecoder }ﬂ%
System System
coder Storage decoder
and or transmission and
L. multiplex multiplex .

Aud t

Audio in Encoder H Buffer }— —{ Buffer H Decoder }7u e
Variable delay Constant delay Variable delay

Constant delay H.222.0(12) FD.1

Figure D.1 — Constant delay model

As indicated in Figure D.}ythe delay from the input to the encoder to the output or presentation from the decoder is
consfant in this model!);While the delay through each of the encoder and decoder buffers is variable. Not only is the
delay through each-of\these buffers variable within the path of one elementary stream, the individual buffer delalys in
the ideo and audie.paths differ as well. Therefore the relative location of coded bits representing audio or video ip the
combined stream) does not indicate synchronization information. The relative location of coded audio and vidgo is
consfrained_ofily by the System Target Decoder (STD) model such that the decoder buffers must behave properly;
thergforef.coded audio and video that represent sound and pictures that are to be presented simultaneously mdy be
sepafated in time within the coded bit stream by as much as one second, which is the maximum decoder buffer ¢elay
that 1s"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 mgan either the actual common system clock as described in this model or the equivalent function, however itmay be
implpmented.

Sincg the end-to-end delay through the entire system is constant, the audio and video presentations “aré predisely
synchronized. The construction of System bit streams is constrained such that when they are decodedyby a decodef that
follows this model with the appropriately sized decoder buffers, those buffers are guaranteed never’'to overflow nor
unddrflow, with specific exceptions allowing intentional underflow.

In ofder for the decoder system to incur the precise amount of delay that causes the entire end-to-end delay fo be
conslant, it is necessary for the decoder to have a system clock whose frequency of operation and absolute instantarjeous
valu¢ match those of the encoder. The information necessary to convey the encoder's\system clock is encoded ip the
SCRJor PCR; this function is explained below.

Decqders which are implemented in accordance with this timing model such that they present audio samples and yideo
pictyres exactly once (with specific intentionally coded exceptions), at a Constant rate, and such that decoder byffers
behalve as in the model, are referred to in this annex as precisely timed.decoders, or those that produce precisely timed
outppt. Decoder implementations are not required by this International Standard to present audio and vidgo in
accofdance with this model; it is possible to construct decoders that\do not have constant delay, or equivalently dp not
pres¢nt each picture or audio sample exactly once. In such implementations, however, the synchronization between
pres¢nted audio and video may not be precise, and the behaviour of the decoder buffers may not follow the refefence
decoder model. It is important to avoid overflow at the decoder buffers, as overflow causes a loss of data that may |have
significant effects on the resulting decoding process. This,;annex covers primarily the operation of such precisely timed
decoders and some of the options that are available in<implementing these decoders.

D.1.2 Audio and video presentation synchronization

WitHin the coding of this Recommendation*| International Standard Systems data are timestamps concerning the
pres¢gntation and decoding of video pictures and blocks of audio samples. The pictures and blocks are dalled
"Presentation Units", abbreviated PU.. The sets of coded bits which represent the PUs and which are included withih the
Rec.[ITU-T H.222.0 | ISO/IEC 13818-1 bit stream are called "Access Units", abbreviated AU. An audio access uhit is
abbrgviated AAU, and a video access unit is abbreviated VAU. In ISO/IEC 13818-3 audio the term "audio frame|' has
the spme meaning as AAU of APU (audio presentation unit) depending on the context. A video presentation unit (YPU)
is a picture, and a VAU is\a’coded picture.

Somgp, but not necessarily all, AAUs and VAUs have associated with them PTSs. A PTS indicates the time that thg PU
whidh results from“decoding the AU which is associated with the PTS should be presented to the user. The audio PTSs
and yideo PTSsate both samples from a common time clock, which is referred to as the System Time Clock or STC.
With the correetvalues of audio and video PTSs included in the data stream, and with the presentation of the audi¢ and
videp PUs occurring at the time indicated by the appropriate PTSs in terms of the common STC, prgcise
sync hronlzatlon of the presented audio and video is achleved at the decodlng system Whlle the STC is not part gf the
normative-conten his-Recommen H-a A d A mation e i# this
Recommendatlon | International Standard via such terms as the system clock frequency, the STC is an 1mp0rtant 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
1mplernentat10n For example if Vrdeo p1ctures are decoded in exactly one p1cture presentatron 1nterval 1/P, where Pis
the CTate C eTode C C | bits
asso¢iated w1th each plcture is delayed from the tlme 1nd1cated in the PTS and DTS ﬁelds by l/P and the V1deo de¢oder
buff¢r must be larger than that specified in the STD model by R/P. The video presentation is likewise délayed|with
resp¢ct to the STD, and the PTS should be handled accordingly. Since the video is delayed, the audio decoding and
pres¢ntation should be delayed by a similar amount in order to provide correct synchronization. Delaying decoding and
pres¢ntation of audio and video in a decoder may be implemented for example by adding a constant te the PTS vhlues
wher they are used within the decoder.

Another difference between the STD and precise practical decoder implementation is that inthe STD model the explicit
assumption is made that the final audio and video output is presented to the user instadtancously and without fyrther
delay. This may not be the case in practice, particularly with cathode-ray tube displays,\and this additional delay should
also |[be taken into account in the design. Encoders are required to encode audio-and video such that the cqrrect
synchronization is achieved when the data is decoded with the STD. Delays in‘the input and sampling of audig and
videg, such as video camera optical charge integration, must be taken into account in the encoder.

In the STD model proper synchronization is assumed and the timestamps\and buffer behaviour are tested agains} this
assumption as a condition of bit stream validity. Of course in a_physical decoder precise synchronization i not
automatically the case, particularly upon start-up and in the presence of timing jitter. Precise decoder timing is a ggal to
be targeted by decoder designs. Inaccuracy in decoder timing affects’the behaviour of the decoder buffers. These tppics
are qovered in more detail in later subclauses of this annex.

The BTD includes Decoding Time Stamps (DTS) as well.assPTS fields. The DTS refers to the time that an AU is fo be
extrgcted from the decoder buffer and decoded in the“STD model. Since the audio and video elementary stream
decoders are instantaneous in the STD, the decoding time and presentation time are identical in most cases; the|only
exception occurs with video pictures which haveundergone re-ordering within the coded bit stream, i.e., I{ and
P-pigtures in the case of non-low-delay video sequences. In cases where re-ordering exists, a temporary delay buffer in
the ideo decoder is used to store the appropriate decoded I- or P-picture until it should be presented. In all cases where
the decoding and presentation times are identical in the STD, i.e., all AAUs, B-picture VAUSs, and I- and P-pigture
VAUSs within low-delay video sequences, the DTS is not coded, as it would have the same value as the PTS. Wherte the
valugs differ, both are coded if either)is coded. For all AUs where only the PTS is coded, this field may be interpretpd as
being both the PTS and the DTS

Sincg PTS and DTS valueS-aré not required for every AAU and VAU, the decoder may choose to interpolate values
whidgh are not coded. PTS,values are required with intervals not exceeding 700 ms in each elementary audio and yideo
stream. These time intervals are measured in presentation time, that is, in the same context as the values of the felds,
not ip terms of the'times that the fields are transmitted and received. In cases of data streams where the system, yideo
n AU
r the
each
n the
¢ : hough
re- ordermg delay in the decoder affects the relat1onsh1p 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

T T 3 pPTOZTId Ca v l"-l'l‘lll" rlock
recofistruction control loops in decoders with sufficient accuracy for all identified applications.

the dlock reference field is called the Program Clock Reference or PCR. In general the SCR and PCR definitions| may
pnsidered to be equivalent, although there are distinctions. The remainder of this subclause usesthe term SCR for
clarify; the same statements apply to the PCR except where otherwise noted. The PCR in transportstteams providgs the
reference for one program, where a program is a set of elementary streams that have a common time base an(d are
interjded for synchronized decoding and presentation. There may be multiple programs in one transport stream| and

The BCR field indicates the correct value of the STC when the SCR is received at the decoder. Since the SCR occpipies
morg than one byte of data, and System data streams are defined as streams of bytes;the SCR is defined to arrive gt the
decoder when the last byte of the system clock reference base field is received at the decoder. Alternatively the [SCR
can lpe interpreted as the time that the SCR field should arrive at the decoder, ‘assuming that the STC is already kifiown
d correct. Which interpretation is used depends on the structure of the application system. In applications whete the
data [source can be controlled by the decoder, such as a locally attachéd’ DSM, it is possible for the decoder to haye an
autopomous STC frequency, and so the STC need not be recovered: In many important applications, however| this
assumption cannot be made correctly. For example, consider the case’ where a data stream is delivered simultaneougly to
multjple decoders. If each decoder has its own autonomous STE€ with its own independent clock frequency, the $CRs
pt be assured to arrive at the correct time at all decoders;*one decoder will in general require the SCRs sooner|than
Jource is delivering them, while another requires them later. This difference cannot be made up with a finitd size
data [buffer over an unbounded length of time of data\reception. Therefore the following addresses primarily the|case
e the STC must slave its timing to the receivedSCRs (or PCRs).

In alcorrectly constructed and delivered Rec. £FTU-T H.222.0 | ISO/IEC 13818-1 data stream, each SCR arrives gt the
decoder at precisely the time indicated by thewalue of that SCR. In this context, "time" means correct value of the STC.
In c¢nceept, this STC value is the same- value that the encoder's STC had when the SCR was stored or transmjtted.
Howjever, the encoding may have been‘performed not in real time or the data stream may have been modified sifce it
was priginally encoded, and in gefiefal the encoder or data source may be implemented in a variety of ways suclj that
the encoder's STC may be a theorefical quantity.

If th¢ decoder's clock frequency matches exactly that of the encoder, then the decoding and presentation of videg and
audip will automatically”have the same rate as those at the encoder, and the end-to-end delay will be constant. With
matdhed encoder and‘decoder clock frequencies, any correct SCR value can be used to set the instantaneous value gf the
decofder's STC, and<from that time on the decoder's STC will match that of the encoder without the need for further
adjustment. This\condition remains true until there is a discontinuity of timing, such as the end of a program streqm or
the pgresence.ofia’discontinuity indicator in a transport stream.

In prfactice a decoder's free-running system clock frequency will not match the encoder's system clock frequency which
is sappled and indicated in the SCR values. The decoder's STC can be made to slave its timing to the encoder usinlg 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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