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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the

differenit types of document should be noted (see www.iso.org/directives).
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Information technology — Generic coding of moving pictures and associated
audio information: Systems

Summary
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This Recommendation | International Standard specifies the system layer of the coding. It was developed in 1994 to
principally support the combination and synchronization of video and audio coding methods defined in ISO/IEC 13818
Part 2 (ITU-T H.262) and Part 3. Since 1994, this standard has been extended to support additional video coding
specifications (e.g., ISO/IEC 14496-2, ITU-T H.264 | ISO/IEC 14496-10, ITU-T H.265 | ISO/IEC 23008-2 and
ITU-T T.800 | ISO/IEC 15444-1 Annex M JPEG 2000 video), audio coding specifications (e.g., ISO/IEC 13818-7 and
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6) multiplexing and signalling of various components in a systeny stream.
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FOREWORD

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

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

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

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

NOTE

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

Compliance with this Recommendation is voluntary. However,, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability ~or) applicability) and compliance with the
Recommiendation is achieved when all of these mandatory.provisions are met. The words "shall" or sqme other
obligatorly language such as "must" and the negative equivalents are used to express requirements. The use of
such worids does not suggest that compliance with thedRecommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the-possibility that the practice or implementation of this Recommendation may involve
the use df a claimed InteHectual Property Right. ITU takes no position concerning the evidence, validity or
applicabllity of claimed Intellectual Property Rights, whether asserted by ITU members or others qutside of
the Recommendation development process.

As of thej dat€ of*approval of this Recommendation, ITU had received notice of intellectual property, protected
by patentsy.which may be required to implement this Recommendation. However, implementers are ¢autioned
that this may ot Tepresent the 1atest information and are therctore Stongly urged 1o consult the 15B patent
database at http://www.itu.int/ITU-T/ipr/.

© ITU 2019

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

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

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

The basic rnultlplexmg approach for smgle video and audlo elementary streams is illustrated in Figure Intro. 1. The video
and audiq resulting
compress¢d elementary streams are packetlzed to produce PES packets. Informatlon needed to use PE packets
independgntly of either transport streams or program streams may be added when PES packets ate)formed. This
informatign is not needed and need not be added when PES packets are further combined with system level i\iFormation
to form trpnsport streams or program streams. This systems standard covers those processes to the right of the vertical
dashed lide.

Video data Packetizer Video PES » Program

|
stream
: PS

. | .
Audio data I _ I Packetizer Audio PES .+ Mux

—> Transport
TS | stream
—

» Mux

(—————————————— =

Extent of systems specification -

L] »

H.222.0(12)_FO1

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

The program stream is analogous and, similar to the ISO/IEC 11172 systems layer. It results from combining orje or more
streams of PES packets, which hav¢ a common time base, into a single stream.

For applidations that requir¢ the elementary streams that comprise a single program to be in separate streams that are not
multiplexgd, the elementary‘streams can also be encoded as separate program streams, one per elementary stregm, with a
common fime base. IAthis case the values encoded in the SCR fields of the various streams shall be consistent

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

The progfam stream is demgned for use in relatlvely error- free env1r0nments and is sultable for apphcatlons which may
involve sofbwarep : pforma : : : ain packets
may be of variable and relatlvely 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 to span a range
of layers in a layered model, and is designed for efficiency and ease of implementation in high bandwidth applications.
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The scope of syntactical and semantic rules set forth in the systems specification differs: the syntactical rules apply to
systems layer coding only, and do not extend to the compression layer coding of the video and audio specifications; by
contrast, the semantic rules apply to the combined stream in its entirety.

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

Intro. 1 Transport stream

The transport 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 which
significant errors may occur. Such errors may be manifested as bit value errors or loss of packets.

Transport| streams may be either fixed or variable rate. In either case the constituent elementary streams 1hay| either be
fixed or vfriable rate. The syntax and semantic constraints on the stream are identical in each of these cases, Th¢ transport
stream rafe is defined by the values and locations of program clock reference (PCR) fields, which in general arp separate
PCR fields for each program.

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

The transport stream may be constructed by any method that results in a valid stream,, It is possible to construct transport
streams cpntaining one or more programs from elementary coded data streams, frofwy program streams, or ffom other
transport streams which may themselves contain one or more programs.

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

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

) Extract the transport stream packets from one program within the transport stream and produce] as output
a different transport stream with only that one program as shown in Figure Intro. 3.

3) Extract the transport stream packets of ene*or more programs from one or more transport stijeams and
produce as output a different transport stream (not illustrated).

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

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

Figure Infro. 2 and Figure Intro. 3 ‘illustrate prototypical demultiplexing and decoding systems which take fs input a
transport tream. Figure Intro. 25Hustrates the first case, where a transport stream is directly demultiplexed and decoded.
Transport|streams are construeted in two layers:

- asystem layer; and

—  acompression layer.

The input|streaniitorthe transport stream decoder has a system layer wrapped about a compression layer. Input treams to
the video pnd audio decoders have only the compression layer.

Operations—performmed-by-tireprototypreat-decoderwhichaccepts—tramsportstreants—ertherapptyto-theentire transport
stream ("multiplex-wide operations"), or to individual elementary streams ("stream-specific operations"). The transport
stream system layer is divided into two sub-layers, one for multiplex-wide operations (the transport stream packet layer),
and one for stream-specific operations (the PES packet layer).

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

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

transport

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

Figure Infro. 4 illustrates a case in which a multi-program transport stréam is first demultiplexed and then cony
a progran] stream.

Figures Intro. 3 and Intro. 4 indicate that it is possible and reasonable to convert between different types and conf]
of transpdrt streams. There are specific fields defined in the transport stream and program stream syntax whicl

the conve

all of these functions.
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Figure Intro. 3 — Prototypical transport multiplexing example

Fsions illustrated. There is no requirement that spécific implementations of demultiplexors or decode
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Figure Intro: 4 — Prototypical transport stream to program stream conversion

Program stream

am stream.is a stream definition which is tailored for communicating or storing one program of code
in environments where errors are very unlikely, and where processing of system coding, e.g., by soff
sideration.

rection of

erted into

|gurations
facilitate
rs include

 data and
ware, 1S a

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

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

data is als

o allowed, but not shown.
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Figure Intro. 5 — Prototypical decoder for program streams
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typical decoder for program streams shown in Figure Intro. 5 is composed of system, video and audid
g to Parts 1, 2 and 3, respectively, of ISO/IEC 13818. In this decoder, the multiplexed coded repress
re audio and/or video streams is assumed to be stored or communicated on some channelin somg
rmat. The channel-specific format is not governed by this Recommendation | International*Standard,
pecific decoding part of the prototypical decoder.

typical decoder accepts as input a program stream and relies on a program stream'‘decoder to extr
n from the stream. The program stream decoder demultiplexes the stream, and the elementary
serve as inputs to video and audio decoders, whose outputs are decoded video and audio signals. I
but not shown in the figure, is the flow of timing information among the program stream decoder,
decoders, and the channel-specific decoder. The video and audio decoders are synchronized with ¢

and with the channel using this timing information.
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Transport]

treams are constructed in two layers: a system layer and a comptéssion layer. The input stream to th
coder has a system layer wrapped about a compression layer, Input streams to the video and audio
the compression layer.

s performed by the prototypical decoder either apply to the entire program stream ("multi
"), or to individual elementary streams ("stream-specific operations"). The program stream systei
to two sub-layers, one for multiplex-wide operations (the pack layer), and one for stream-specific
backet layer).

Conversion between transport stteam and program stream

possible and reasonable to convert between transport streams and program streams by means of PE
ts from the specification of transport stream and program stream as embodied in 2.4.1 and 2.5.1 of the
nts of this Recommendation NInternational Standard. PES packets may, with some constraints, b
om the payload of one multiplexed bit stream into the payload of another multiplexed bit stream. It i
r the correct order of PES. packets in a program to assist with this if the program_packet sequence |
all PES packets.

her informatiofixnecessary for conversion, e.g., the relationship between elementary streams, is ay
headers in both streams. Such data, if available, shall be correct in any stream before and after conv
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stteams and program streams are each logically constructed from PES packets, as indicated i in 4

€ syntax
bme cases

the PES packets need not be modrﬁed when performing such conversions. PES packets may be much larger than the size
of a transport stream packet.

A continuous sequence of PES packets of one elementary stream with one stream ID may be used to construct a PES
Stream. When PES packets are used to form a PES stream, they shall include elementary stream clock reference (ESCR)
fields and elementary stream rate (ES_Rate) fields, with constraints as defined in 2.4.3.8. The PES stream data shall be
contiguous bytes from the elementary stream in their original order. PES streams do not contain some necessary system
information which is contained in program streams and transport streams. Examples include the information in the pack
header, system header, program stream map, program stream directory, program map table, and elements of the transport
stream packet syntax.

Rec. ITU-T H.222.0 (08/2018) © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4a12842312f0aaac5f60e3aaca8b5c06

ISO/IEC 13818-1:2019(E)

The PES stream is a logical construct that may be useful within implementations of this Recommendation | International
Standard; however, it is not defined as a stream for interchange and interoperability. Applications requiring streams
containing only one elementary stream can use program streams or transport streams which each contain only one
elementary stream. These streams contain all of the necessary system information. Multiple program streams or transport
streams, each containing a single elementary stream, can be constructed with a common time base and therefore carry a
complete program, i.e., with audio and video.

Intro. 5 Timing model

Systems, video and audio all have a timing model in which the end-to-end delay from the signal input to an encoder to
the signal output from a decoder is a constant. This delay is the sum of encoding, encoder buffering, multiplexing,
communication or storage, demultiplexing, decoder buffering, decoding, and presentation delays. As part of this timing
model all video pictures and audio samples are presented exactly once, unless specifically coded to the contrary, and the
inter- plcture 1nterva1 and audio sample rate are the same at the decoder as at the encoder. The system stream coding
elay. It is
possible to 1mplement decoders which do not follow this model exactly; however, in such cases it is the|decoder's
responsib]lity to perform in an acceptable manner. The timing is embodied in the normative specifications of this
means of

creating them.

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

In the trarsport stream the system clock frequency is constrained to have the exactly.$pecified ratio to the audiojand video
sample clpcks at all times; the effect of this constraint is to simplify sample rate recovery in decoders.

Intro. 6 Conditional access

Encryption and scrambling for conditional access to programs encoded/n the program and transport streams is fupported
by the sydgtem data stream definitions. Conditional access mechanismsare not specified here. The stream definitions are
designed po that implementation of practical conditional access Systems is reasonable, and there are some dyntactical
elements gpecified which provide specific support for such systems.

Intro. 7 Multiplex-wide operations

Multiplextwide operations include the coordination ofl data retrieval of the channel, the adjustment of clockp, and the
managempnt of buffers. The tasks are intimately related. If the rate of data delivery of the channel is controllable, then
data deliyery may be adjusted so that decoder~buffers neither overflow nor underflow; but if the data rate is not
controllalle, then elementary stream decoders-must slave their timing to the data received from the channe| to avoid
overflow pr underflow.

Program dtreams are composed of packs)whose headers facilitate the above tasks. Pack headers specify intenddd times at
which eagh byte is to enter the program stream Decoder from the channel, and this target arrival schedule sprves as a
reference [for clock correction and-buffer management. The schedule need not be followed exactly by decoderg, but they
must compensate for deviations-about it.

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

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

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

Intro. 8 Individual stream operations (PES packet layer)

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

2) synchronizing playback of multiple elementary streams.
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Intro. 8.1 Demultiplexing

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

In the program stream both fixed and variable packet lengths are allowed subject to constraints as specified in 2.5.1
and 2.5.2. For transport streams the packet length is 188 bytes. Both fixed and variable PES packet lengths are allowed,
and will be relatively long in most applications.

On decoding, demultiplexing is required to reconstitute elementary streams from the multiplexed program stream or
transport stream. Stream_id codes in program stream packet headers, and packet ID codes in the transport stream make
this possible.

Intro. 8.2 Synchronization

Synchronjzation among multiple elementary streams is accomplished with presentation time stamps<(PT$s) in the
program gtream and transport streams. Time stamps are generally in units of 90 kHz, but the system clock|reference
(SCR), thg program clock reference (PCR) and the optional elementary stream clock reference (BSCR) have ¢xtensions
with a resplution of 27 MHz. Decoding of N-elementary streams is synchronized by adjusting-the decoding of $treams to
a commor1 master time base rather than by adjusting the decoding of one stream to match that'ef another. The nfaster time
base may |be one of the N-decoders' clocks, the data source's clock, or it may be some external clock.

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

Because IPTSs apply to the decoding of individual elementary streams, they ‘teside in the PES packet layer of both the
transport ftreams and program streams. End-to-end synchronization occursywhen encoders save time stamps pt capture
time, whepn the time stamps propagate with associated coded data to décoders, and when decoders use those tithe stamps
to schedule presentations.

Synchronjzation of a decoding system with a channel is achieved: through the use of the SCR in the program sfream and
by its analogue, the PCR, in the transport stream. The SCR and\PCR are time stamps encoding the timing of the pit stream
itself, and| are derived from the same time base used for.th¢“audio and video PTS values from the same program. Since
each progfam may have its own time base, there are separate PCR fields for each program in a transport stream gontaining
multiple grograms. In some cases it may be possible;for programs to share PCR fields. Refer to 2.4.4, progra-specific
informatign (PSI), for the method of identifying which PCR is associated with a program. A program shall haye one and
only one PCR time base associated with it.

Intro. 8.3 Relation to compression Jayer

The PES packet layer is independent ofthe compression layer in some senses, but not in all. It is independent ir] the sense
that PES packet payloads need not.start at compression layer start codes, as defined in Parts 2 and 3 of ISO/IFC 13818.
For example, video start codeg may occur anywhere within the payload of a PES packet, and start codes may be split by
a PES pagket header. Howeyver, time stamps encoded in PES packet headers apply to presentation times of compression
layer condtructs (namely, presentation units). In addition, when the elementary stream data conforms to Rec. ITU-T H.262
| ISO/IEC 13818-2 ©e-ISO/IEC 13818-3, the PES packet data bytes shall be byte aligned to the bytgs of this
Recommgndation|Infernational Standard.

Intro. 9 System reference decoder

P tl f SOOI 12010 1 1 Ve % R | | 1O ) 4 e L £ 4 o T, Ba AN f dt
ar Ol SO T o eMpIoysa— systertargetaccoact (ST oy onc ror transportstreants(rererto ==z reicrred to

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

Intro. 10 Applications

The streams defined in this Recommendation | International Standard are intended to be as useful as possible to a wide
variety of applications. Application developers should select the most appropriate stream.
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Modern data communications networks may be capable of supporting Rec. ITU-T H.222.0 | ISO/IEC 13818-1 video and
ISO/IEC 13818 audio. A real-time transport protocol is required. The program stream may be suitable for transmission
on such networks.

The program stream is also suitable for multimedia applications on CD-ROM. Software processing of the program stream
may be appropriate.

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

Many applications require storage and retrieval of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams on various digital
storage media (DSM). A digital storage media command and control (DSM-CC) protocol is specified in Annex B and
Part 6 of ISO/IEC 13818 in order to facilitate the control of such media.

© ISO/IEC 2019 - All rights reserved Rec. ITU-T H.222.0 (08/2018) Xiii
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

1.1

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

SECTION 1 - GENERAL

Scope

:2019 (E)

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

layer sup

A Rec. IT]
streams ai
multiplex

additionally supports the multiplexing of video and audio compressed streams from multiple programs with in

time base
processin,
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1.2.1

OTTS SIX DAsIC TUNCHOTS:

1) the synchronization of multiple compressed streams on decoding;

D) 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

U-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream is either a transport stream or a program str
e constructed from PES packets and packets containing other necessary information. Both stream typ
ng of video and audio compressed streams from one program with & common time base. The transp

5. For almost error-free environments the program stream.is, generally more appropriate, supporting
b of program information. The transport stream is more syitable for use in environments where errors

U-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stréam, whether a transport stream or a program
d in two layers: the outermost layer is the system layer, and the innermost is the compression layer. T|
ides the functions necessary for using one or more compressed data streams in a system. The video
is Specification define the compression coding layer for audio and video data. Coding of other types
d by this Specification, but is supported-by the system layer provided that the other types of data ad}
5 defined in 2.7.

Normative references

ving Recommendations and-International Standards contain provisions which, through reference in
provisions of this Recommendation | International Standard. At the time of publication, the editiong
d. All Recommendations and Standards are subject to revision, and parties to agreements base
ndation | International Standard are encouraged to investigate the possibility of applying the most recq
rommendationstand Standards listed below. Members of IEC and ISO maintain registers of curre
hal Standards-~The Telecommunication Standardization Bureau of the ITU maintains a list of curre
commendations.

[dentical Recommendations | International Standards

pam. Both
ES support
brt stream
lependent

software
are likely.

stream, is
he system
and audio
of data is
lere to the

this text,
indicated
d on this
nt edition
ntly valid
ntly valid

1.2.2

L~ Recommendation ITT-T H 262 (2000) [ISO/AEC 13818-2-2000 Information technology — Gene
of moving pictures and associated audio information: Video.

Paired Recommendations | International Standards equivalent in technical content

ic coding

—  Recommendation ITU-T H.264 (2014), Advanced video coding for generic audiovisual services.

ISO/IEC 14496-10:2014, Information technology — Coding of audio-visual objects — Part 10:
video coding.

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

Advanced

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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1.2.3

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

Additional references

Recommendation ITU-T J.17 (1988), Pre-emphasis used on sound-programme circuits.
Recommendation ITU-T T.800 (2002) | ISO/IEC 15444-1:2004, Information technology — JPEG 2000
image coding system: Core coding system.

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

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

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

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

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

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

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

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

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

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

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

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

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

ISO/IEC 13818-7:2006, Informdtion technology — Generic coding of moving pictures and associqted audio
information — Part 7: Advan¢ed Audio Coding (AAC).

ISO/IEC 13818-11:2004 Information technology — Generic coding of moving pictures and gssociated
audio information — Part 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: Visyal.
ISO/TEC:14496-3:2009, Information technology — Coding of audio-visual objects — Part 3. Audjo.

ISOAEE 14496-17:2006, Information technology, Coding of audio-visual objects — Part 17: Streaming
textyformat.

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

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

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

ISO/IEC 23001-12:2018, Information technology — MPEG systems technologies — Part 12: Sample
Variants.

ISO/IEC 23001-13:2019, Information technology — MPEG systems technologies — Part 13: Media
Orchestration.

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

— ISO/IEC 23009-1:2014 — Information technology — Dynamic adaptive streaming over HTTP (DASH) —
Part 1: Media presentation description and segment formats.

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

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

2.1 Definitions

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

2.1.1 access unit (system): A coded representation of a presentation unit. In the case of audio, an access unit is the
coded representation of an audio frame, whereby each audio frame carries data from one or more audio channels; an audio
frame may carry for example one mono channel, or two stereo channels or seven surround sound channels.

In the case of video, an access unit includes all the coded data for a picture, and any stuffing that follows it, up to but not
including the start of the next access unit. If a picture is not preceded by a group_start code or a sequence_header code,
the access unit begins with the picture start code. If a picture is preceded by a group start code and/or a
sequence__hpnﬂpr_rndp the access unit hr—\gi‘nc with the first byte of the first of these start codes If it is the last picture
preceding a sequence_end code in the bitstream, all bytes between the last byte of the coded pictur¢ and the
sequence [end code (including the sequence end code) belong to the access unit.

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

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

2.1.2 AVC 24-hour picture (system): An advanced video coding (AVC) access unit with a presentation time that is
more thany 24 hours in the future. For the purpose of this definition, AVC access unit n’has’a presentation time that is more
than 24 hgurs in the future if the difference between the initial arrival time t.i(n) and thé DPB output time t, gpn(J) is more
than 24 h¢urs.

2.1.3 AVC access unit (system): An access unit as defined for byte streams in Rec. ITU-T H.264 | ISO/IEC|14496-10
with the constraints specified in 2.14.1.

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

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

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

2.1.7 AVC video stream (system):’A Rec. ITU-T H.264 | ISO/IEC 14496-10 stream. An AVC video stream consists
of one or more AVC video sequefices. An AVC video stream may also result from re-assembling video sub-bifstreams.

2.1.8 AVC video sub-bitstream of MVC: The video sub-bitstream that contains the base view as defined ir} Annex H
of Rec. ITU-T H.264 | ISOAEC 14496-10, containing all VCL NAL units associated with the minimum valde of view
order indgx present in,each” AVC video sequence of the AVC video stream. The AVC video sub-bitstream of MVC may
additionally contain~the associated NAL units with nal unit type syntax element equal to 14 (prefix NAL|units), as
defined fqr MVC.inAnnex 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 dlefined in
Annex I of Rec. [TU-T H.264 | [SO/IEC 14496-10, containing all VCI, NAT, units associated with the minimuih value of
view order index present in each AVC video sequence of the AVC video stream. The AVC video sub-bitstream of MVCD
may additionally contain the associated NAL units with nal unit type syntax element equal to 14 (prefix NAL units), as
defined for MVC in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10.

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

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

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

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

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

2.1.17 coded P-frame: A P-frame picture or a pair of P-field pictures.

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

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

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

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

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

2.1.25 |decoder: An embodiment of a decoding process.

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

2.1.27 |decoding time-stamp (DTS) (system): A field that may be present ina PES packet header that indicates the
time that 4n access unit is decoded in the system target decoder.

2.1.28 |digital storage media (DSM): A digital storage or transmissioncdévice 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 access infformation
which spdcify control words and possibly other, typically stréam-specific, scrambling and/or control parametets.

2.1.31 |entitlement management message (EMM): Entitlement management messages are private conditiopal access
informati¢pn which specify the authorization levels or the'services of specific decoders. They may be addressedl to single
decoders pr groups of decoders.

2.1.32  lediting: The process by which one-or more compressed bit streams are manipulated to produce a new
compress¢d bit stream. Edited bit streams meetthe same requirements as streams which are not edited.

2.1.33  |elementary stream (ES) (system): A generic term for one of the coded video, coded audio or other{coded bit
streams ir] PES packets. One elementary stream is carried in a sequence of PES packets with one and only one §tream_id.

2.1.34  |elementary stream clock reference (ESCR) (system): A time stamp in the PES stream from whiclf decoders
of PES stieams may derive timing.

2.1.35 Jencoder: An embodiment of an encoding process.

2.1.36  |encoding (process): A process, not specified in this Recommendation | International Standard, that reads a
stream of[input pietures or audio samples and produces a coded bit stream conforming to this Recommendatiom.

2.1.37 |entropy coding: Variable length lossless coding of the digital representation of a signal to reduce re¢lundancy.

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.

2.1.42 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.i(n) and the DPB output time t, gpp(n) is more than 24 hours.
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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.

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

2.1.47 HEVC dependent slice segment: An HEVC slice segment with the syntax element
dependent_slice segment flag in the slice header set to a wvalue equal to 1, _as defined in Rec ITU-T H.265 |
ISO/IEC 23008-2.

2.1.48 [HEVC enhancement sub-partition: One HEVC layer with a particular value of nuh_layer~id)gredter than 0
in the NAL unit header syntax element or an HEVC temporal video sub-bitstream or HEVC temporal yideo subsgt thereof,
of which the HEVC layer aggregation with an HEVC base sub-partition and zero or more othery HEVC sub-partitions,
according|to HEVC layer list, results in a valid HEVC layered video stream.

2.1.49 [HEVC highest temporal sub-layer representation: The sub-layer representation’ of the temporal| sub-layer
with the highest value of Temporalld, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, in the associated HEVC
temporal yideo sub-bitstream or HEVC temporal video subset.

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

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

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

2.1.53 |HEVC layer component: VCL NAL units‘and the associated non-VCL NAL units of an HEVC access unit
which belpng to an HEVC sub-partition.

2.1.54 [HEVC layer component aggregation: Concatenation of all HEVC layer components with the sajne output
time from|all HEVC sub-partitions indicated'in an HEVC layer list in the order indicated by the HEVC layer list} resulting
in a valid [HEVC access unit as defined in*Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.55 [HEVC layer list: Ordeted list of HEVC sub-partitions for a target HEVC operation point of which the HEVC
layer aggiegation results in a yalid’ HEVC layered video stream.

NOTE|- An HEVC layer list 1s signalled for each target HEVC operation point using the HEVC operation point descriptor.

2.1.56 [HEVC layered-video stream: HEVC video stream that contains all VCL NAL units and associated{non-VCL
NAL unitf conforming:to one or more profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEQ 23008-2.

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

NOTE R Il T I1 08 IO/ 292000 1 b +lo. | A PSS 4 e £ S 13t d' t
ReeHF-FH265-HSOAEC23008-2speetftes-thesub-bitstream-extraction-proeess—for-anoperationrpeointaccording 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 HEVCslice 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.

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

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

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

2.1.63 HEVC temporal video sub-bitstream: An HEVC video sub-bitstream that contains all VCL NAL units and
associated non-VCL NAL units of the temporal sub-layer of the same layer, as specified in Rec. ITU-T H.265 |
ISO/IEC 23008-2, associated with Temporalld equal to 0 and which may additionally contain all VCL NAL units and
associated non-VCL NAL units of all temporal sub-layers of the same layer associated with a contiguous range of
Temporalld from 1 to a value equal to or smaller than sps_max sub_layers minusl included in the active sequence
parameter set, as specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.64 [HEVC temporal video subset: An HEVC video sub-bitstream that contains all VCL NAL,unifs and the
associated non-VCL NAL units of one or more temporal sub-layers of the same layer, as specified in Récy ITUY-T H.265
| ISO/IEQ 23008-2, with each temporal sub-layer not being present in the corresponding HEVC temporal yideo sub-
bitstream jand Temporalld associated with each temporal sub-layer forming a contiguous range of values that is equal to
or small¢r than sps max sub layers minusl included in the active sequence parameter‘-set, as spgcified in
Rec. ITU{T H.265 | ISO/IEC 23008-2.
NOTE[- According to the constraints for the transport of HEVC specified in 2.17.1, each temporal sub-layer of an HEVC video
streaml|is present either in the HEVC temporal video sub-bitstream or in exactly one HEVC teniporal video subset which is carried
in a sef of elementary streams that are associated by hierarchy descriptors or HEVC hierarehy extension descriptors. THis prevents
multiple inclusions of the same temporal sub-layer and allows aggregation of the”HEVC temporal video sub-bitsfream with
associqted HEVC temporal video subsets according to the hierarchy descriptors,.-as”specified in 2.17.3 and accordling to the
hierarchy descriptors or HEVC hierarchy extension descriptors, as specified in 2.17%.4.

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

2.1.66 [HEVC tile substream: Substream of a Rec. ITU-T<H.265 | ISO/IEC 23008 2 video stream that ¢ontains a
Motion Cpnstrained Tile Set, parameter sets, slice headers or‘a‘\combination thereof.

2.1.67 [HEVC video sequence (system): A coded vide0'sequence as defined in Rec. ITU-T H.265 | ISO/IE(] 23008-2.

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

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

2.1.70 JPEG 2000 (J2K) video access unit: The JPEG 2000 codestream or codestreams comprising a decddable and
randomly|accessible (portion of) image, preceded by all the parameters required to decode the access unit and display the
decoded data.

2.1.71 2K block: The JREG 2000 codestream or codestreams corresponding to a rectangular portion of a video frame,
as detailedl in S.3.

NOTE[- Usage ofJ2K blocks requires J2K block mode (defined in 2.1.72

2.1.72 2K block mode: Optional mode defined in S.3, dividing each frame of a J2K video stream in a certajn amount
of rectangulai blocks, each encoded as an independent J2K block (defined in 2.1.71).

2.1.73  JZKstll picture (system): JZK video access unit as defined 1n 2.1.70 with constraints as specified in S.2.

2.1.74  J2K stripe: The JPEG 2000 codestream or codestreams comprising a decodable horizontally divided portion
of an image, as detailed in S.4.

NOTE — Usage of J2K stripes requires J2K stripe mode (defined in 2.1.75) to be enabled in the J2K video descriptor. Such usage
enables transport of a J2K video stream with a low end-to-end latency.

2.1.75 J2K stripe mode: Optional mode defined in S.4, dividing the (portion of) image transported in a J2K video
access unit in a succession of horizontal stripes, each encoded as an independent J2K stripe (defined in 2.1.74).

2.1.76  J2K video elementary stream: Video elementary stream consisting of a succession of J2K video access units.

2.1.77 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.
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2.1.78 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.

2.1.79 MCTS: Motion Constrained Tile Set according to Rec. ITU-T H.265 | ISO/IEC 23008 2.

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

2.1.81 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.

2.1.82 metadata application format: Identifies the format of the application that uses the metadata; signals
application specific information for transport of metadata.

2.1.83 metadata decoder configuration information: Data needed by a receiver to decode a specific metadata
service. Oepending on the Tormat of the metadata, decoder configuration information may or may not be needdd.

2.1.84 |metadata format: Identifies the coding format of metadata.
2.1.85 |metadata service: A coherent set of metadata of the same format delivered to a receiver for a-Specifi¢ purpose.
2.1.86 |metadata service id: Identifier of a specific metadata service; used for some transportimethods of the|metadata.

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

2.1.88 |(multiplexed) stream (system): A bit stream composed of 0 or more elemientdry streams combined ir] a manner
that confqrms to this Recommendation | International Standard.

2.1.89 [MVC base view sub-bitstream: The MVC base view sub-bitstream is defined to contain the AVC video
sub-bitstream of MVC conforming to one or more profiles defined in Annéx H of Rec. ITU-T H.264 | ISO/IEC|14496-10
and one aglditional MVC video sub-bitstream associated with an MVCyiew id subset including the view order [index that
immediat¢ly follows the view order index associated with the baseview.

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

2.1.90 |MVC operation point: An MVC operation point is identified by a temporal id value representing a target
temporal level and a set of view_id values representing.thé-target output views. One MVC operation point is fssociated
with an AVC video stream which conforms to one\or more profiles defined in Annex H of Rec. ITU{T H.264 |
ISO/IEC ]4496-10. The AVC video stream associatéd with an MVC operation point is re-assembled from a set fonsisting
of one or jmore of the following items: AVC video sub-bitstream of MVC, MVC base view sub-bitstream, MVC video
sub-bitstreams.

2.191 |MVCslice (system): A byte .stteam nal unit with nal unit type syntax element equal to 20 of an AVC video
stream which conforms to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10,
NOTE[- As specified in Rec. ITU:T H.264 | ISO/IEC 14496-10, the value of svc_extension_flag is set equal to 0 for ¢oded video
sequenfces conforming to one-ot~more profiles specified in Annex H. MVC slices should not include NAL units| for which
nal_unjt_type is equal to 20-with svc_extension_flag equal to 1.

2.1.92 MVC video sub-bitstream: The MVC video sub-bitstream is defined to be all VCL NAL ynits with
nal_unit_fype equal t6,20 associated with the same multiview video coding (MVC) view_id subset of an advanced video
coding (AIVC) video_stream and associated non-VCL NAL units which conform to one or more profiles defined in Annex
H of Rec.|ITUA H.264 | ISO/IEC 14496-10.

NOTE |- I’ contrast to a sub bltstream as spemﬁed in Annex H of Rec ITU T H. 264 | ISO/IEC 14496 10 an NIVC video
2 2 2 d 2 on is when
an MVC v1deo sub bltstream is also an MVC base view sub bltstream Re assemblmg MVC V1deo sub- b1tstreams 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.

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

NOTE — An MVC video sub-bitstream or MVC base view sub-bitstream based on a specific MVC view_id subset may not include
view components for all view_id values included in that MVC view _id subset. One or more view order index values may be skipped
if the view associated with a missing view order index value is not required for decoding the transmitted views.

2.1.94 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.
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NOTE — The MVCD base view sub-bitstream is also an AVC video stream where no re-assembly is required before decoding.

2.1.95 MVCDslice (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.

2.1.96 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.
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.

2.1.97 MYVC view-component subset: The VCL NAL units of an AVC access unit associated with the same MVC
View_id subset and assaciated non-V.CL NATL units

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

2.1.98 |MVCD view-component subset: The VCL NAL units of an AVC access unit associatedwith the samhe MVCD
view_id spibset and associated non-VCL NAL units.
NOTE}- Re-assembling MVCD view-component subsets ordered according to the view order index, starting from th¢ minimum
view ofder index up to the highest view order index present in the access unit, while reordering the non-VCL NAL units ¢onforming
to the prder of NAL units within an access unit, as defined in Rec. ITU-T H.264 | ISOAEC"14496-10, results in an AVC access
unit.

2.1.99 |MVCD view_id subset: A set of one or more view_id values, as defined in Annex I of Rec. ITU{T H.264 |
ISO/IEC 14496-10 in the NAL unit header syntax element, associated with one set of consecutive view order index values.
NOTE[- An MVCD video sub-bitstream or MVCD base view sub-bitstream based on a specific MVCD view_id subget may not

includg view components for all view_id values included in that MVCB,view_id subset. One or more view order index yalues may
be skipped if the view associated with a missing view order index yvalue is not required for decoding the transmitted vigws.

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

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

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

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

2.1.104 |payload: Payload refer§\to‘the bytes which follow the header bytes in a packet. For example, the payload of
some tragsport stream packets\includes a PES packet header and its PES packet data bytes, or pointer [field and
PSI sectidns, or private data; but a PES packet payload consists of only PES packet data_bytes. The transpprt stream
packet header and adaptation fields are not payload.

2.1.105 [PES (system): An abbreviation for a Packetized Elementary Stream.

2.1.106 [PES packet (system): The data structure used to carry elementary stream data. A PES packet consistp of a PES
packet headerfollowed by a number of contiguous bytes from an elementary data stream. It is a layer in the syst¢m coding
syntax detcribedin2 43 6

2.1.107 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
header is similarly defined as the leading fields in a PES packet up to and not including padding_byte fields.

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

2.1.109 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.

2.1.110 presentation unit (PU) (system): A decoded audio access unit or a decoded picture.
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2.1.111 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.

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

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

2.1.114 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 2.4.4.1. An example
of privately defined PSI data is the non-mandatory network information table.

2.1.115 quality access unit: An access unit that contains dynamic quality metadata as defined in ISO/IEC 23001-10.

2.1.116 [random access: The process of beginning to read and decode the coded bit stream at an arbitrary polnt.

2.1.117 [reserved: The term "reserved", when used in the clauses defining the coded bit stream, indicates, tha{ the value
may be ysed in the future for ISO defined extensions. Unless otherwise specified within this Recommg¢ndation |
Internatiopal Standard, all reserved bits shall be set to '1".

2.1.118 |sample variant: An assembled media sample replacing an original sample as defined in ISO/IHC 23001-
12:2018.

NOTE}- In ISO/IEC 23001-12:2018, the term “sample” is used commonly for samples as defined in ISO Base Media File Format
(ISO/IEC 14496-12) and for access units as defined in 2.1.1.

2.1.119 Ecrambling (system): The alteration of the characteristics of a video{audio or coded data stream ip order to
prevent upauthorized reception of the information in a clear form. This alteratien is a specified process under the control
of a conditional access system.

2.1.120 [service-compatible: This is defined as 'simulcast' of tWwo¢ stereoscopic views which do not include
scalable pr temporal coding. The two views are independently~compressed using MPEG-2 video ot AVC or
both and|can be decoded independently.

2.1.121 |:0urce stream: A single non-multiplexed stream ef samples before compression coding.

2.1.122 splicing (system): The concatenation, performed on the system level, of two different elementary strgams. The
resulting pystem stream conforms totally to this Réeommendation | International Standard. The splice may result in
discontinyities in timebase, continuity counter, PS[;»and decoding.

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

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

2.1.125 still picture: A ‘still picture consists of a video sequence, coded as defined in Rec. ITU-T H.262 |
ISO/IEC ]3818-2, ISOAEC 11172-2 or ISO/IEC 14496-2, that contains exactly one coded picture which is infra-coded.
This pictfire has an.dssociated PTS and in case of coding according to ISO/IEC 11172-2, Rec. ITU-T H.262 |
ISO/IEC ]3818-2'orISO/IEC 14496-2, the presentation time of succeeding pictures, if any, is later than that ¢f the still
picture by at least'two picture periods.

2.1.126 |SV.C dependency representation: The VCL NAL units of an AVC access unit associated with the spme value
of dependency_id which is provided as part 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 order of
dependency id starting from the lowest value of dependency id present in the access unit up to any value of
dependency _id 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.

2.1.127 SVC slice (system): A byte stream nal unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10 with
nal_unit_type equal to 20 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.

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

sequences conforming to one or more profiles specified in Annex G. SVC slices should not include NAL units for which
nal_unit_type is equal to 20 with svc_extension_flag equal to 0.
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2.1.128 SVC video sub-bitstream: The video sub-bitstream that contains VCL NAL units with nal unit type equal
to 20 with the same NAL unit header syntax element dependency_id not equal to 0.

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

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

2.1.131 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.

2.1.132 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.

2.1.133 transport stream packet header (system): The leading fields in a transport stream packet, up to and including
the continjuity counter field.

2.1.134 |variable bitrate: An attribute of transport streams or program streams wherein the rate of arrival of bjytes at the
input to ajdecoder varies with time.

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

2.1.136 |view order index: An index that indicates the decoding order of MVICview components in an AVC dccess unit
as defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 or MVCD, view components in an AVC acc¢ss unit as
defined inf Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10. The assogciation of view order index values to the{NAL unit
header syhtax element view_id is indicated for an AVC video sequence‘in the sequence parameter set MVC exfension as
defined i} Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 er)in' the sequence parameter set MVCD exfension as
defined il Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.2 Symbols and abbreviations

The mathpmatical operators used to describe this Reesommendation | International Standard are similar to thofe used in
the C-programming language. However, integer\division with truncation and rounding are specifically defined. The
bitwise operators are defined assuming two'sseomplement representation of integers. Numbering and counfing loops
generally begin from 0.

2.2.1 Arithmetic operators

+ Addition

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

—— Deerement

*or x < \Multiplication

Power

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

I Integer division with rounding to the nearest integer. Half-integer values are rounded away from 0
unless otherwise specified. For example 3//2 is rounded to 2, and —3//2 is rounded to —2.
DIV Integer division with truncation of the result towards — c.
% Modulus operator. Defined only for positive numbers.
Sign() Sign(x) = 1 x>0
0 x==0
-1 x<0

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

sin Sine
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cos Cosine
exp Exponential
V Square root
logio Logarithm to base ten
loge Logarithm to base e
2.2.2 Assignment
= Assignment operator
2.23 Bitwise operators
& AND
| OR
> Shift right with sign extension
< Shift left with 0 fill
2.2.4 Constants
[t 3.14159265359
e 2.71828182845
2.2.5 Logical operators
I Logical OR
& & Logical AND
! Logical NOT
2.2.6 [Mnemonics
The folloyving 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 | InternationahStandard. Bit strings are written as a string of 1s and Os within
single quote marks, e.g., 'LO00 0001'. Blanks within a bit string are for ease of repding and
have no significance.
NOTE - In some tables of this specification, two bit strings are used to define a range of values. In othef tables, bit
strings are used to specify integer values. In these cases, each bit string is equivalent to a binary number of which the
least significant bit (unity position).equals the rightmost bit of the bit string and the significance of bits incfeases from
right to left.
ch Channel
or Granule of 3 * 32 sub-band samples in audio Layer II, 18 * 32 sub-band samplef in audio
Layer III.
main_data The main_data portion of the bit stream contains the scale factors, Huffman encoded data, and
ancillary information.
main_data_beg This gives the location in the bit stream of the beginning of the main_data for the ffame. The
location is equal to the ending location of the previous frame's main_data plus 1 bit. It is
calculated from the main_data_end value of the previous frame.
partZ_length This value comtains the number of main_data bits used 10T scale 1actors.
rpchof Remainder polynomial coefficients, highest order first
sb Sub-band
scfsi Scalefactor selector information
switch point 1 Number 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
teimsbf Two's complement integer, msb (sign) bit first
uimsbf Unsigned integer, most significant bit first
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vlclbf Variable length code, left bit first, where "left" refers to the order in which the variable length

codes are written

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

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

2.2.7 Range operator
Range operator. n .. m defines the inclusive range of numbers from n up to m
2.2.8 Relational operators
> Greater than
> Greater than or equal to
< Less than
< Less than or equal to
== Equal to
1= Not equal to
max [,...,] The maximum value in the argument list
min [,...,] The minimum value in the argument list
2.3 Method of describing bit stream syntax
The bit stfeams retrieved by the decoder are described in 2.4.1 and 2.5.1. Each data item in the bit stream is in pold type.
It is descrjbed by its name, its length in bits, and a mnemonic for its type and\otrder of transmission.
The actioh caused by a decoded data element in a bit stream depends on)the value of that data element and on data
elements previously decoded. The decoding of the data elements and definition of the state variables used in theif decoding
are described in the clauses containing the semantic description of the syntax. The following constructs are used fo express
the conditions when data elements are present, and are in normal\ype.
Note this pyntax uses the "C"-code convention that a variable or expression evaluating to a non-zero value is ¢quivalent
to a condition that is true:
while ( cdndition ) { If the condition is true, then the group of data elements occurs next in the data sfream. This
data_element repeats until the condition is not true.
H
do { The data element always occurs at least once. The data element is repeated until the condition
data_element is not true:
H
while ( cdndition )
if ( condifion ) { If the condition is true, then the first group of data elements occurs next in the datg stream.
data_eJement
H
else { If the condition is not h'nra7 then the second grr\np of data elements occurs-next in the data
data_element stream.
H
for 1=0;1<n;it+) { The group of data elements occurs n times. Conditional constructs within the group of data

data_element

}

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

elements may depend on the value of the loop control variable i, which is set to zero for the

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

data_element []

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

© ISO/IEC 2019 - All rights reserved Rec. ITU-T H.222.0 (08/2018)
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data_element [m][n] data_element [m][n] is the m+1,n+1th element of a two-dimensional array of data.
data_element [1][m][n] data_element [1][m][n] is the I+1,m+1,n+1th element of a three-dimensional array of data.
data_element [m..n] is the inclusive range of bits between bit m and bit n in the data_element.

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.

2.4 Transport stream bitstream requirements

24.1 Fransportstream-eodingstruetureand-parameters

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

A transpoft stream consists of one or more programs. Audio and video elementary streams consist-of access uiits.

Elementayy stream data is carried in PES packets. A PES packet consists of a PES packet header followed by p4cket data.
PES packlets are inserted into transport stream packets. The first byte of each PES packet header is located 4t the first
available payload location of a transport stream packet.

The PES packet header begins with a 32-bit start-code that also identifies the stteam or stream type to which the packet
data belor]gs. The PES packet header may contain decoding and presentation time'stamps (DTS and PTS). The PES packet
header algo contains other optional fields. The PES packet data field contain$.a variable number of contiguous Qytes from
one elemgntary stream.

Transport|stream packets begin with a 4-byte prefix, which contairis a/13-bit packet ID (PID), defined in Tablg¢ 2-2. The
PID identifies, via the program-specific information (PSI) tables;.the contents of the data contained in the transpprt stream
packet. Transport stream packets of one PID value carry data‘offone and only one elementary stream.
The PSI tables are carried in the transport stream. There afesix PSI tables:

*  Program association table (PAT);

*  Program map table (MPT);

*  Conditional access table (CAT);

*  Network information table(NIT);

*  Transport stream descripfion table (TSDT);

*  IPMP control inforimation table.

These tables contain the necessary and sufficient information to demultiplex and present programs. The program map
table in Table 2-33 spee¢ifies, among other information, which PIDs, and therefore which elementary strpams, are
associated to form eaech program. This table also indicates the PID of the transport stream packets which carry the PCR
for each program. The conditional access table shall be present if scrambling is employed. The network informgtion table
is optiongl and dtsscontents are not specified by this Recommendation | International Standard. The IPMP control

informatin table shall be present if IPMP as described in ISO/IEC 13818-11 is used by any of the compongnts in the
Rec. ITU{T\H222.0 | ISO/IEC 13818-1 stream.

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

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

2.4.2.1 General

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

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

A0 Video 0, P, (k)
RX Rbx td, () |
| B, |1 MB, L B, | D, o ip,()
[ ihbyteof || ] S f ,
! transport stream i i J-th access unit 1 k-th presentation unit |
e 1o 4 [ & T N !
o An(i) Audio
. o— s, | 2% 5140 | p) P,()
© 7,0
[TB | RXys I B I R4 D System control
| sys | sys sys
H.222.0(12)_F2-1

Figure 2-1 — Transport stream systenitarget decoder notation

The follopving notation is used to describe the transpeft stream system target decoder and is partially illystrated in
Figure 2-] above.

i, 1, 1 are indices to bytes in the transport stream. The first byte has index 0.
I is an index to access unitsiin'the elementary streams.

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

n is an index to the elementary streams.
D is an index tQ transport stream packets in the transport stream.
t(1) indicates-the' time in seconds at which the i-th byte of the transport stream enters the sysfem target

decoderThe 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 clock
where i is the byte index of the final byte of the program_clock reference base field.

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

tda() is the decoding time, measured in seconds, in the system target decoder of the j-th accgss unit in
clementary stream 1.

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

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

t is time measured in seconds.

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

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

BS. is the size of buffer, B,, measured in bytes.
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Bsys is the main buffer in the system target decoder for system information for the program that is in the

process of being decoded.

BSsys 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, s the size of MB,, measured in bytes.

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

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

lementary

TBsys is the transport buffer for system information for the program that is in the process of being decoded.

TBSsys  is the size of TByys, measured in bytes.

TBn is the transport buffer for elementary stream n.

2.4.2.2

Timing infformation referenced in the T-STD is carried by.several data fields defined in this Specification. Refeq

and 2.4.3
are carrie
TS progr

Practical
minimum|
when they

The valug

NOTE
and pl3

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

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

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

Roys is the rate at which data are removed from Biys.

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

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

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

RXys is the rate at which data are removed from TBys.

Res is the video elementary stream rate coded in a§equence header.

System clock frequency

6. In PCR fields this information is coded as, the sampled value of a program's system clock. The H
1 in the adaptation field of the transport stream packets with a PID value equal to the PCR_PID defi
hm_map_section of the program being decoded.

Hecoders may reconstruct this clock-from these values and their respective arrival times. The foll
constraints which apply to the-pfogram's system clock frequency as represented by the values of the H
are received by a decoder.

of the system clock frequency is measured in Hz and shall meet the following constraints:
27 000 000= 810 < system_clock frequency <27 000 000 + 810
rafe.of change of system_clock frequency with time < 75 x 10~ Hz/s

— Sources-of coded data should follow a tighter tolerance in order to facilitate compliant operation of consumg
yback.equipment.

d is used.

method is

t02.4.3.4
CR fields
hed in the

wing are
CR fields

Ir recorders

A progrark

nsmitted

PSS lock—fiagiran 133 ba oaos rota oo srad S | d % 130 ba td
Sy St OO Ok O U cRC Yy TG y o CThRoTrcacctrarcnah roquir e ut mproveoaaccuracy—mayoc—t

to the decoder via the system clock descriptor described in 2.6.20.

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

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

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

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

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_clack_frequency x t(i)) DIF1) % 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 thg transport
rate at which data arrive, where the transport rate is determined as the/number of bytes in the transport stream between
the bytes fontaining the last bit of two successive program_clock refeteénce base fields of the same program divided by
the differ¢gnce between the time values encoded in these same two PCR fields.

) = PCR(i") N i—i" (2-4)

system _clock _frequency transport _rate(i)

where:
i is the index of any byfe)in the transport stream fori” <i<i'.

i” is the index of the byte containing the last bit of the most recent program_clock refergnce 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.glock.

The transport rate for any,byte i between byte i” and byte i’ is given by:

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

transport _rate(i) = (2-5)

where:

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

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

A tolerance is specified for the PCR values. The PCR tolerance is defined as the maximum inaccuracy allowed in received
PCRs. This inaccuracy may be due to imprecision in the PCR values or to PCR modification during re-multiplexing. It
does not include errors in packet arrival time due to network jitter or other causes. The PCR tolerance is = 500 ns.

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

2.4.2.4 Buffering

Complete transport stream packets containing system information, for the program selected for decoding, enter the system
transport puffer, TByys, at the transport stream rate. These include transport stream packets whose PID values pre 0, 1, 2
or 3, and| all transport stream packets identified via the program association table (see Table 2-30) las-Having the
program_fmap_PID value for the selected program. Network information table (NIT) data as specified by.the NIT PID is
not transfgrred to TBys.

NOTE]|1 — Size of IPMP control information table could be large, and the repetition rate of this table sheuld be adjusted to meet
the bufifer requirement.

All bytes that enter the buffer TB, are removed at the rate Rx, specified below. Bytes whick/are part of the PES packet
header or|its contents are delivered to the main buffer B, for audio elementary strgams and system data, gnd to the
multiplex|ng buffer MB, for video elementary streams. Other bytes are not, and.fmay be used to control the system.
Duplicate|transport stream packets are not delivered to By, MBy, or Bys.

The buffef TB, is emptied as follows:
- When there is no data in TB,, Rx, is equal to zero.

—  Otherwise for video:

Rx, =1,2xR_ [ profilelevel]

where:

Rmax[profile, level] is specified according to the profile'and level which can be found in Table 8-13 of Rec. ITY-T H.262
| ISO/TE( 13818-2. This table specifies the uppen, bound of the rate of each elementary video stream within [a specific
profile anfl level.

Rxn is eqyal to 1, 2 X Ruyax for ISO/IEC 11172-2 constrained parameter video streams, where Rmax refers to the maximum
bitrate forn a constrained parameters bitstream in ISO/IEC 11172-2.

For ISO/IEC 13818-7 ADTS audio;

Number of Channels Rxn [bit/s]
1.2 2 000 000

3.8 5529 600

9..12 8294 400

13 ..48 33 177 600

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

For other audio,
Rx, =2x10° bits persecond
For systems data:

Rx, =1x10° bits persecond
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Complete transport stream packets containing system information, for the program selected for decoding, enter the system
transport buffer, TBys, 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
Duplicate

Transport

removed from TBsys at the rate Rxsys and delivered to Bsys. Each byte is transferred instantaneously.
transport stream packets are not delivered to Bgys.

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

The transport buffer size is fixed at 512 bytes.

The elemes

carried in
Rec. ITU;

NOTE
implici

The multi

For Low 4

where BS|

and BShu

and wher
level] is d
header de

For High

where BS|

and BSiu

the sequence header. Refer to the sumar f constrained parameters in ISO/IEC 11172-2 and, Tab
T H.262 | ISO/IEC 13818-2.

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

plexing buffer size MBS, through MBS;, are defined for video as follows:

nd Main level:
MBS, =BS,,. +BS,, +VBV,_, [ profile, level]—vbv _buffer _size
1, PES packet overhead buffering is defined as:

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

, additional multiplex buffering is defined as:

BS,,.. =0.004 secondsx R [profile, level]

b VBV max[profile, level] is defined in Table 8-14 of Rec. ITU-T H.262 | ISO/IEC 13818-2 and R,
efined in Table 8-13 of Rec. ITU-T H.262 | ISO/IEC 13818-2, and vbv buffer size is carried in the]
seribed in 6.2.2 of Rec. ITU-T H.262:ISO/IEC 13818-2.

1440 and High level:

MBS, = BS, +BS,,

n 1S defined as:

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

is defined as:

ize as it is

le 8-14 of

in bits are

[ profile,
sequence

BS, —=0.0045cconds X R, | projile, level ]

mux

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

MBS, =BS,, . +BS, +vbv_max—vbv _buffer size

where BSon is defined as:

BS,, =(1/750)seconds xR,

© ISO/IEC 2019 - All rights reserved Rec. ITU-T H.222.0 (08/2018)
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and BSmux 1s defined as:

BS,, . =0.004seconds < R,

and where Ruax 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 BSux =4 ms X Rmax[profile, level] of the MBS, is allocated for buffering to allow multiplexing. The remainder
is available for BS,n 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.

Buffer BSxa
The main buffer sizes BS; through BS, are defined as follows.
Audio
For ISO/IEC 13818-7 ADTS audio:
Number of Channels BSh [bytes]
1.2 3584

3.8 8976

9.12 12 804

13..48 51216
Channels] The number of full-bandwidth audio output channels plus the-tumber of independently switched coupling
channel glements within the same elementary audio stream. For €xample, in the typical case that thefe are no
independgntly switched coupling channel elements, mono is 1 chanhel} stereo is 2 channels and 5.1 channel spirround is
5 channelp (the LFE channel is not counted).
For other jaudio:

BS, =BS,, . +BS;. +BS, =3584 bytes
The size gf the access unit decoding buffer BSge, and the PES packet overhead buffer BS,, are constrained by
BS,.+BS, <2848 bytes

A portion| (736 bytes) of the 3584.byte buffer is allocated for buffering to allow multiplexing. The rest, 2848 |bytes, are
shared fo1l access unit buffering-BSqec, BSon and additional multiplexing.
Systems
The main|buffer By for-system data is of size BSqys = 1536 bytes.
Video
For video| elefnentary streams, data is transferred from MB, to EB, using one of two methods: the leak metlllod or the
video buffermgverifrer (v BV detay metiod:
Leak method

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

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

*  the STD descriptor is present, the leak valid has a value of '0', and the vbv_delay fields coded in the video
stream have the value OxFFFF; or

*  trick mode status is true (refer to 2.4.3.7).

20 Rec. ITU-T H.222.0 (08/2018) © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4a12842312f0aaac5f60e3aaca8b5c06

ISO/IEC 13818-1:2019 (E)

For Low and Main level:

Rbx, =R, [profile, level]
For High-1440 and High level:
Rbx, = Min{l1.05xR,.,R . [ profile, level ]}

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

Rbx, =1,2xR__

where R TS5 the TmaximmunT bit Tate for o Cornstraimed Parameters bitstreanm i ISOAECH172=2-

If there is|PES packet payload data in MB,, and buffer EB,, is not full, the PES packet payload is transferred\frqgm MB,, to
EB, at a rpte equal to Rbx,. If EB, is full, data are not removed from MB,. When a byte of data is transferred from MB,
to EB,, al] PES packet header bytes that are in MB, and immediately precede that byte, are instantaneously remhoved and
discarded| When there is no PES packet payload data present in MB,, no data is removed from MB,. All data that enters
MB, leavgs it. All PES packet payload data bytes enter EB, instantaneously upon leaving MBj-

Vbv_delay method

The vbv_Helay method specifies precisely the time at which each byte of coded vid¢e data is transferred from MB, to
EB,, using the vbv_delay values coded in the video elementary stream. The vbv delay method is used whenevdr the STD
descriptoq (refer to 2.6.32) for this elementary stream is present in the transport Stream, the leak valid flag in the fHescriptor
has the vdlue '0', and vbv_delay fields coded in the video stream are not equal to OXFFFF. If any vbv_delay values in a
video seqfience are not equal to OXFFFF, none of the vbv_delay fields in that sequence shall be equal to OXFFFF (refer to
ISO/IEC |1172-2 and Rec. ITU-T H.262 | ISO/IEC 13818-2).

When the|vbv_delay method is used, the final byte of the video picture start code for picture j is transferred from MB,, to
the EB,, af the time tda(j) — vbv_delay(j), where td.(j) is the decoding time of picture j, as defined above, and vby_delay(j)
is the deldy time, in seconds, indicated by the vbv_delay field of picture j. The transfer of bytes between the fiinal bytes
of succesgive picture start codes (including the final byteof the second start code), into the buffer EB,, is at a piecewise
constant rpte, Rox(j), which is specified for each picture)j. Specifically, the rate, Rux(j), of transfer into this buff¢r is given
by:

R,.(j)=NB(j)/(vbv _delay(j)—vbv_delay(j+1)+td, (j+1)—1td,(j)) (2-6)

where NB(j) is the number of bytes between the final bytes of the picture start codes (including the final byte of the second
start code) of pictures j and j + 1, excluding PES packet header bytes.
NOTE|4 — vbv_delay(j + 1) and\tda(j + 1) may have values that differ from those normally expected for periodic videp display if
the low_delay flag in the video-sequence extension is set to '1'. It may not be possible to determine the correct values by ekamination
of the Bit stream.

The Rux(j) derived frémr-equation 2-6 shall be less than or equal to Rmax[profile, level] for elementary streams|of stream
type 0x02 (refer to Table 2-34), where Rmax[profile, level] is defined in Rec. ITU-T H.262 | ISO/IEC 13818-2{ and shall
be less than or-equal to the maximum bit rate allowed for constrained parameter video elementary streams of stream
type 0x01}, réfet-to ISO/IEC 11172-2.

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

Removal of access units

For each elementary stream buffer EB, and main buffer B, all data for the access unit that has been in the buffer longest,
An(j), and any stuffing bytes that immediately precede it that are present in the buffer at the time td.(j) are removed
instantaneously at time td,(j). The decoding time td,(j) is specified in the DTS or PTS fields (refer to 2.4.3.6). Decoding
times tdn(j + 1), tda(j + 2), ... of access units without encoded DTS or PTS fields which directly follow access unit j may
be derived from information in the elementary stream. Refer to Annex C of Rec. ITU-T H.262 | ISO/IEC 13818-2,
ISO/IEC 13818-3, or ISO/IEC 11172. Also refer to 2.7.5. In the case of audio, all PES packet headers that are stored
immediately before the access unit or that are embedded within the data of the access unit are removed simultaneously
with the removal of the access unit. As the access unit is removed it is instantaneously decoded to a presentation unit.
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System data

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

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

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

Low delay

When the low_delay flag in the video sequence extension is set to '1' (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 tda(j), the complete data for the access unit may not be present in the buffer EB,. When this case arises, the
buffer shdll be re-examined at intervals of two field-periods until the data for the complete access unit 1s pregent in the
buffer. At|this time the entire access unit shall be removed from buffer EB, instantaneously. Overflow of buitfer) 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 patagraph abovie and any
DTS or P[['S values encoded in the bit stream. Note that the decoder may be unable to re-establish correct decpding and
display tines as indicated by DTS and PTS until the EB,, buffer underflow situation ceasessand a PTS or DTS is found in
the bit str¢am.

Trick mode

When the|DSM_trick mode flag (2.4.3.6) is set to '1' in the PES Packet header'gPa packet containing the start off a B-type
video accpss unit and the trick mode control field is set to '001' (slow motion) or '010' (freeze frame), or '100' (slow
reverse) the B-picture access unit is not removed from the video data buffer EB, until the last time of possibly multiple
times that|any field of the picture is decoded and presented. Repetitioh of the presentation of fields and pictures|is defined
in 2.4.3.8|under slow motion, slow reverse, and field id_cntrl. The access unit is removed instantaneously fr¢m EB,, at
the indicafed time, which is dependent on the value of rep_cntrl.

When the] DSM_trick_mode flag is set to '1' in the PES pagcket header of a packet containing the first byte of a picture
start code} trick mode status becomes true when that picture start code in the PES packet is removed from Yuffer EB,
Trick modle status remains true until a PES packet header is received by the T-STD in which the DSM_trick mode flag
is set to '0] and the first byte of the picture start codeafter 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 statps is true.

2.4.2.5 |Decoding

Elementafy streams buffered in By through B, and EB, through EB, are decoded instantaneously by decoders ID; through
D, and mpy be delayed in re-order buffers O, through O, before being presented at the output of the T-STD| Re-order
buffers are used only in the-case of a video elementary stream when some access units are not carried in prgsentation
order. Th¢se access units will'heed to be re-ordered before presentation. In particular, if Pn(k) is an I-picture or 4 P-picture
carried bdfore one ormere B-pictures, then it must be delayed in the re-order buffer, O,, of the T-STD before being
presented| Any picture previously stored in O, is presented before the current picture can be stored. Pn(k) should be
delayed until theswext [-picture or P-picture is decoded. While it is stored in the re-order buffer, the subsequent B-pictures
are decodpd and presented.

The time kt-which-apresentation unit P is-presented-istp orpresentationunitsthat donotrequ b-ordering
delay, tpa(k) is equal to tda(j) since the access units are decoded instantaneously; this is the case, for example, for B-frames.
For presentation units that are delayed, tpa(k) and td.(j) differ by the time that Pn(k) is delayed in the re-order buffer,
which is a multiple of the nominal picture period. Care should be taken to use adequate re-ordering delay from the
beginning of video elementary streams to meet the requirements of the entire stream. For example, a stream which initially
has only I- and P-pictures but later includes B-pictures should include re-ordering delay starting at the beginning of the
stream.

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

2.4.2.6 Presentation

The function of a decoding system is to reconstruct presentation units from compressed data and to present them in a
synchronized sequence at the correct presentation times. Although real audio and visual presentation devices generally
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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, tpa(k).

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

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 TBgys shall not overflow. TB, and TB, 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 '1' (réfer t0[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 erhpfy at least gnce every
second. EB, shall not overflow.

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

The delay of any data through the system target decoder buffers shall be less than-or*equal to one second except for still
picture vifleo data, ISO/IEC 14496 streams and ISO/IEC 23008-2 streams. Sp€cifically: td.(j) — t(i) < 1 secongl for all j,
and all byfes i in access unit Ax(j).

For still pcture video data, the delay is constrained by tda(j) — t(i) < 60 s€eonds for all j, and all bytes i in access pnit Ax(j).

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

Definition of overflow and underflow
Let Fu(t) be the instantaneous fullness of T-STD buffen By.
Fn(t) = 0 instantaneously before t = t(0)

Overflow|does not occur if:

F,(t)<BS,

for all t and n.

Underflow does not occur if:
0<F,(t)

for all t and n.

2.4.2.8 [-STD extensionsfor carriage of ISO/TEC 14496 data

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

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

To define the decoding in the T-STD of Rec. ITU-T H.264 | ISO/IEC 14496-10 video 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 AVC video
streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 video streams
are defined in 2.14.3.1, T-STD extension and T-STD parameters for decoding of AVC video streams conforming to one
or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10 are defined in 2.14.3.5, and T-STD
extension and T-STD parameters for decoding of AVC video streams conforming to one or more profiles defined in
Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 are defined in 2.14.3.7.
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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.

24.2.11

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 mg

NOTE — N
supported.

2.4.2.12

T-STD e
Program

2.4.2.13

T-STD extensions and T-STD parameters for decoding of MVCD video sub-bitstreams are defined in 2.14.1 an

NOTE - P

2.4.2.14

T-STD e¥
stream su

2.4.3
The folloy

2.4.3.1
See Table

re profiles defined in Rec. ITU-T T.800 (2002) | ISO/IEC 15444-1:2004 are defined in S.6.

T-STD extensions for carriage of HEVC

tensions and T-STD parameters for the decoding of HEVC video streams are defined in 2.17.2 a
tream support including P-STD extensions and P-STD parameters are not specified’for HEVC video

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

ogram stream extensions are not specified for MVCD video sub-bitstreams:

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

tensions and T-STD parameters for decoding of HEVCflay¢red video streams are defined in 2.17.4
pport including P-STD extensions and P-STD parameters are not specified for HEVC extension vide

Specification of the transport stream syntax and semantics

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

[Transport stream

2-1.

Table 2-1 — Transport stream

0 extensions are specified for P-STD model, as carriage of J2K video elementary streams in program ‘stregams is not

nd 2.17.3.
streams.

12.14.3.7.

. Program
b streams.

Syntax No. of bits Mnéd

monic

MPEG
d

—

}

ansport_stream() {
b {
trangpert_packet()
while (nextbits() == sync_byte)

2.4.3.2

Transport stream packet layer

See Table 2-2.
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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

—

f(adaptation_field control =="'10" || adaptation field control =="11"){
adaptation_field()

—-

f(adaptation_field control =="'01"|| adaptation_field control =="11") {
for (1=0; 1 <N; it++){
data_byte 8 bplbf

2.4.3.3 [Semantic definition of fields in transport stream packet layer

sync_byte — The sync_byte is a fixed 8-bit field whose value is '0100 041 1"(0x47). Sync_byte emulation in thd choice of
values for| other regularly occurring fields, such as PID, should be avoided.

transporg_error_indicator — The transport error indicator is\a [-bit flag. When set to 'l' it indicates that at least
1 uncorregtable bit error exists in the associated transport stream packet. This bit may be set to 'l1' by entities ¢xternal to
the transpprt layer. When set to '1' this bit shall not be resetto '0' unless the bit value(s) in error have been corrgcted.

payload_pnit_start _indicator — The payload unit_start indicator is a 1-bit flag which has normative mganing for
transport ftream packets that carry PES packets (refer to 2.4.3.6) or transport stream section data (refer to Tabjle 2-31 in
2.4.4.5).

When the| payload of the transport stream (packet contains PES packet data, the payload unit_start indicat¢r has the
following|significance: a 'l' indicates that.the payload of this transport stream packet will commence with thd first byte
of a PES packet and a '0' indicatés no PES packet shall start in this transport stream packet. If the
payload ynit_start indicator is set to 'l', then one and only one PES packet starts in this transport stream pafket. This
also applips to private streams,ofstream_type 6 (refer to Table 2-34).

When the|payload of the transport stream packet contains transport stream section data, the payload unit _start| indicator
has the |following significance: if the transport stream packet carries the first byte of a sedtion, the
payload ynit start indicator value shall be '1', indicating that the first byte of the payload of this transport stregm packet
carries the pointerfield. If the transport stream packet does not carry the first byte of a sedtion, the
payload ynit start indicator value shall be '0', indicating that there is no pointer field in the payload. Refer[to 2.4.4.2
and 2.4.43.<This also applies to private streams of stream_type 5 (refer to Table 2-34).

For null packets the payload unit_start_indicator shall be set to '0'".
The meaning of this bit for transport stream packets carrying only private data is not defined in this Specification.

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

PID — The PID is a 13-bit field, indicating the type of the data stored in the packet payload. PID value 0x0000 is reserved
for the program association table (see Table 2-30). PID value 0x0001 is reserved for the conditional access table (see
Table 2-32). PID value 0x0002 is reserved for the transport stream description table (see Table 2-36), PID value 0x0003
is reserved for IPMP control information table (see ISO/IEC 13818-11) and PID values 0x0004-0x000F are reserved. PID
value Ox1FFF is reserved for null packets (see Table 2-3).
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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
0x0010 May be assigned as network PID, Program map_PID, elementary PID, or for other purposes
OxIFFE
x1FEE 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.

transpor{_scrambling_control — This 2-bit field indicates the scrambling mode of the transport stream packe} payload.
The transport stream packet header, and the adaptation field when present, shall not be scrambled; In the cas¢ of a null
packet thg 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

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

Table 2-5 — Adaptation field control values

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

Rec. ITU{T H.222.0 | ISO/IEC 13818-1 decoders shall discard transport stream packets with the adaptation field control
field set t¢ a value of '00%0n the case of a null packet the value of the adaptation field control shall be set to 'Q1".

continuity_counter + The continuity counter is a 4-bit field incrementing with each transport stream packef with the
. The-continuity counter wraps around to O after its maximum value. The continuity counter shpll not be
incremented/vhen the adaptation field control of the packet equals '00' or '10".

In transport Streams, duplicale packets May be Sent as two, and only Two, CONSecutive Tansport Sireaim packets of the same
PID. The duplicate packets shall have the same continuity counter value as the original packet and the
adaptation_field control field shall be equal to '01' or '11'. In duplicate packets each byte of the original packet shall be
duplicated, with the exception that in the program clock reference fields, if present, a valid value shall be encoded.

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

data_byte — Data bytes shall be contiguous bytes of data from the PES packets (refer to 2.4.3.6), transport stream sections
(refer to 2.4.4), packet stuffing bytes after transport stream sections, or private data not in these structures as indicated by
the PID. In the case of null packets with PID value Ox1FFF, data bytes may be assigned any value. The number of
data_bytes, N, is specified by 184 minus the number of bytes in the adaptation_field(), as described in 2.4.3.4.
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2.43.4 Adaptation field
See Table 2-6.

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 | bslbf
splicing_point_flag 1 bslbf
transport_private_data_flag 1 bslbf
adaptation_field_extension_flag 1 bslbf
if (PCR_flag=="1") {
program_clock reference base 33 uinsbf
reserved [ bslbf
program_clock reference extension 9 uimsbf
!
if (OPCR flag=="1") {
original program_clock reference base 33 uimsbf
reserved 6 bslbf
original program_clock reference extension 9 uimsbf
!
if (splicing_point_flag=="1") {
splice_countdown 8 tcimsbf
if (transport private data flag=="1") {
transport_private_data_length 8 uisbf
for (1 =0; i <transport private data length; id) ¥
private_data_byte 8 bslbf
}
if (adaptation field extension flag=="1") {
adaptation_field extension length 8 uimsbf
Itw_flag 1 bilbf
piecewise rate flag 1 bblbf
seamless_splice flag 1 bblbf
af_descriptor_not_présent_flag 1 bslbf
reserved 4 bblbf
if (Itw_flag =="0")¢
Itw_valid flag 1 bblbf
Itw_offset 15 uinsbf
if (piecewise rate flag=="1") {
reserved 2 bslbf
piecewise_rate 22 uimsbf
if (seamless_splice flag=="1") {
Splice_type 4 bblbf
DTS _next AU[32..30] 3 bplbf
marker_bit 1 bplbf
BFS—hext—AG29-15} 15 bsIbf
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 descriptor()
¥
else {
for (1=0;1<N2;i++) {
reserved 8 bslbf
}
)
}
for (1=0;1<N3;it++) {
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Table 2-6 — Transport stream adaptation field

Syntax No. of bits Mnemonic
stuffing byte 8 bslbf

}

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 adaptatlon ﬁeld of a transport stream packet. When the adaptat1on ﬁeld control Value 1s '11", the value of the

e ; 10—the-vglue of the
adaptatio ﬁeld length shall be 183. F or transport stream packets carrying PES packets stufﬁng is needed wh en there is
i ient PES packet data to completely fill the transport stream packet payload bytes. Stuffing is accomplished by
defining 94n 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 spaee in the g§daptation
field is filled with stuffing bytes.

This is the only method of stuffing allowed for transport stream packets carrying PES packets. For transpgrt stream
packets carrying sections, an alternative stuffing method is described in 2.4.4.1.

discontinpity_indicator — This is a 1-bit field which when set to '1" indicates that\the-discontinuity state is tijue for the
current trgnsport stream packet. When the discontinuity indicator is set to '0' or’is,not present, the discontinufty state is
false. Thq discontinuity indicator is used to indicate two types of discontinuities, system time-base discontinuities and
continuity counter discontinuities.

A system|time-base discontinuity is indicated by the use of the discontinuity indicator in transport stream pagckets of a
PID designated as a PCR_PID (refer to 2.4.4.10). When the discontinuity state is true for a transport stream packet of a
PID designated as a PCR_PID, the next PCR in a transport stream packet with that same PID represents a sqmple of a
new system time clock for the associated program. The system time-base discontinuity point is defined to be the instant
in time wlen the first byte of a packet containing a PCR of anew system time-base arrives at the input of the T{STD. The
discontinyity indicator shall be set to 'l' in the pack&t™n which the system time-base discontinuity ocgurs. The
discontinyity indicator bit may also be set to 'l' in transport stream packets of the same PCR_PID prior to the packet
which contains the new system time-base PCR. In this case, once the discontinuity indicator has been set to |1', it shall
continue fo be set to '1' in all transport stream paekets of the same PCR_PID up to and including the transpprt stream
packet which contains the first PCR of the-new system time-base. After the occurrence of a system [time-base
discontinyity, no fewer than two PCRs for'the new system time-base shall be received before another system [time-base
discontinyity can occur. Further, except\when trick mode status is true, data from no more than two system tjme-bases
shall be pfesent in the set of T-STD buffers for one program at any time.

PTS or DT'S which refers to-the-new system time-base shall not arrive at the input of the T-STD. After the occprrence of
a system time-base discontintity, the first byte of a transport stream packet which contains a PTS or DTS which refers to
the previdus system time=base shall not arrive at the input of the T-STD.

Prior to tiE: occurrence of a system time-base discontinuity, the first byte of a transport stream packet which gontains a

A contindity counter/discontinuity is indicated by the use of the discontinuity indicator in any transport streagm packet.
When thg discontinuity state is true in any transport stream packet of a PID not designated as a PCR| PID, the

continuity counter in that packet may be discontinuous with respect to the previous transport stream packet of the same
PID Wl’]Fﬂ the A{cr\r\hﬁhnify state 3¢ trie 11 o fronepr\rf stream. pqn‘/pf ofa PID that 1e desiognated as a PCR PID, the
. k=) —

continuity _counter may only be discontinuous in the packet in which a system time-base discontinuity occurs. A
continuity counter discontinuity point occurs when the discontinuity state is true in a transport stream packet and the
continuity counter in the same packet is discontinuous with respect to the previous transport stream packet of the same
PID. A continuity counter discontinuity point shall occur at most one time from the initiation of the discontinuity state
until the conclusion of the discontinuity state. Furthermore, for all PIDs that are not designated as PCR_PIDs, when the
discontinuity indicator is set to 'l' in a packet of a specific PID, the discontinuity indicator may be set to 'l' in the next
transport stream packet of that same PID, but shall not be set to 'l' in three consecutive transport stream packet of that
same PID.

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

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

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

»  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 strefam 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 df this SVC
sub-bitstream should have an elementary stream access point in the same accéss unit.

*  MVC video sub-bitstreams of AVC video streams conforming to one or more profiles defined i Annex H
of Rec. ITU-T H.264 | ISO/IEC 14496-10 — The first byte of an MVC jyiew-component supset is an
elementary stream access point if the following two conditions are met:

—  The subset sequence parameter sets and picture parameter setsweterenced in this and all spbsequent
MVC view-component subsets in the MVC video sub-bitstfeam shall be provided after this access
point in the byte stream and prior to their activation.

—  Ifthis MVC 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 elemenfary stream associated with this elementary stream
access point, then the corresponding elementary‘stream shall also include an elementary strepm access
point.

NOTE 2 - If the hierarchy descriptor isgpresent for this MVC video sub-bitstream, then the MV({ video sub-
bitstream of which the hierarchy layer index equals the hierarchy embedded layer index off this MVC
sub-bitstream should have an elenientary 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 text access unit. In case in-band sample ddscriptions
are used, each in-band sample description shall be provided in the ISO/IEC 14496-17 stream| after this
access point and prior to.itsaise by an access unit.

*  HEVC video streams or’HEVC temporal video sub-bitstreams — The first byte of an HEVC agcess unit.
The VPS, SPS and'RPS parameter sets, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, refgrenced in
this and all subgequent HEVC access units in the HEVC video sequence shall be provided after this access
point in the Byte stream and prior to their activation.

*  MVCD.yideo sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex I
of Ree)ITU-T H.264 | ISO/IEC 14496-10 — The first byte of an MVCD view-component subset 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 spbsequent
MVCD view-component subsets in the MVCD video sub-bitstream shall be provided after this access
point in the byte stream and prior to their activation.

— Ifthis MVCD 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 3 — If the hierarchy descriptor is present for this MVCD video sub-bitstream, then the MVCD video
sub-bitstream of which the hierarchy layer index equals the hierarchy embedded_layer index of this
MVCD sub-bitstream should have an elementary stream access point in this same access unit.

After a continuity counter discontinuity in a transport packet which is designated as containing elementary stream data,
the first byte of elementary stream data in a transport stream packet of the same PID shall be the first byte of an elementary
stream access point. In the case of ISO/IEC 11172-2, or Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 video,
the first byte of an elementary stream access point may also be the first byte of a sequence_end code followed by an
elementary stream access point.
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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 transport stream
shall not be constructed in such a way that discarding such a packet will cause the loss of PES packet payload data or
transport stream section data.

After the occurrence of a discontinuity indicator set to 'l' 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 chenge-inRSHdata-

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

Specifically, when the bit is set to '1', the next PES packet to start in the payload of transport\stream packety with the
current PID shall contain an elementary stream access point as defined in the semantics for the discontinuity| indicator
field. In gddition, in the case of video, a presentation timestamp shall be present for thefirst picture follpwing the
elementar]y stream access point.

In the casp of audio, the presentation timestamp shall be present in the PES packet\Containing the first byte of| the audio
frame. Infthe PCR_PID the random_access_indicator may only be set to 'l' in-a-transport stream packet conthining the
PCR fields.

elementaly stream_priority_indicator — The elementary stream_priority indicator is a 1-bit field. It indicatps, among
packets with the same PID, the priority of the elementary stream data carried within the payload of this transpprt stream
packet. A|'l" indicates that the payload has a higher priority than the payloads of other transport stream packety.

In the cas¢ of ISO/IEC 11172-2 or Rec. ITU-T H.262 | ISO/IEC.13818-2 or ISO/IEC 14496-2 video, this field fnay be set
to '1' onlyif the payload contains one or more bytes from aintra-coded slice.

In the casp of Rec. ITU-T H.264 | ISO/IEC 14496-10_video, this field may be set to 'l' only if the payload coptains one
or more blytes from a slice with slice_type set to 2, 43,7, or 9.

A value of '0' indicates that the payload has the-same priority as all other packets which do not have this bit setjto '1'.

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

For MVCD video sub-bitstreams or MVCD base view sub-bitstreams of AVC video streams conforming to orfe or more
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
contains dne or more bytes'from an anchor picture, indicated by the slice _type equal to 2,4, 7, or 9 and the anchof_pic_flag
syntax elgment equalo 1 for all prefix NAL units and slice extension NAL units. In the case of HEVC video $treams or
HEVC temporal«vid€o sub-bitstreams or HEVC temporal video subsets, this field may be set to '1' only if the payload
contains ¢ne,or_more bytes from a slice with slice_type set to 2. A value of '0' indicates that the payload haq the same
priority ag alFether packets which do not have this bit set to '1".

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

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

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

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

30 Rec. ITU-T H.222.0 (08/2018) © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4a12842312f0aaac5f60e3aaca8b5c06

ISO/IEC 13818-1:2019 (E)

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

program_clock reference base; program_clock_reference_extension — The program clock reference (PCR) is a
42-bit field coded in two parts. The first part, program clock reference base, is a 33-bit field whose value is given by
PCR base(i), as given in equation 2-2. The second part, program_clock reference extension, is a 9-bit field whose value
is 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 strean. When
reconstrugting the original single program transport stream, the OPCR may be copied to the PCR field. Theyresullting PCR
value is valid only if the original single program transport stream is reconstructed exactly in its entiréty. This would
include at|least any PSI and private data packets which were present in the original transport stream and wouldl possibly
require other private arrangements. It also means that the OPCR must be an identical copy of its‘associated PICR in the
original single program transport stream.

The OPCR is expressed as follows:

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

where:
OPCR __base(i) = ((system _clock ~Yrequency < t(i)) DIV 300)%6R> (2-9)
OPCR _ext(i) = ((system _clock _ frequencyxt(i)) DIV 1)% 300 (2-10)

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

splice_copintdown — The splice_countdown is an 8-bit*field, representing a value which may be positive or ng¢gative. A
positive value specifies the remaining number oftfansport stream packets, of the same PID, following the gssociated
transport tream packet until a splicing point is#eached. Duplicate transport stream packets and transport streain packets
which only contain adaptation fields are excluded. The splicing point is located immediately after the last blyte of the
transport $tream packet in which the assogiated splice _countdown field reaches zero. In the transport stream padket where
the splice| countdown reaches zero, thelast data byte of the transport stream packet payload shall be the lasf byte of a
coded audio frame or a coded picture. In the case of video, the corresponding access unit may or may not be tprminated
by a sequgnce end code. Transport stream packets with the same PID, which follow, may contain data from g different
elementarjy stream of the same_type.

The payldad of the next fransport stream packet of the same PID (duplicate packets and packets without paylpad being
excluded)| shall commenee with the first byte of a PES packet. In the case of audio, the PES packet payload shall
commencp with an{access point. In the case of video, the PES packet payload shall commence with an acces$ point, or
with a sequence“end code, followed by an access point. Thus, the previous coded audio frame or coded pic{\re aligns

with the packet-boundary, or is padded to make this so. Subsequent to the splicing point, the countdown field may also
be presenf. When the splice _countdown is a negative number whose value is minus n (—n), it indicates that the associated
transport stream packet is the n-th packet following the splicing point (duplicate packets and packets without payload
being excluded).

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

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

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

adaptation_field_extension_length — The adaptation field extension length is an 8-bit field. It indicates the number of
bytes of the extended adaptation field data immediately following this field, including reserved bytes if present.

Itw_flag (legal time window_flag) — This is a 1-bit field which when set to 'l' indicates the presence of the Itw_offset
field.
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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 '1" indicates that the splice type and DTS next AU fields
are present. A value of '0' indicates that neither splice type nor DTS next AU fields are present. This field shall 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
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 'l', 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 '1" it indicates that the af descriptor() is not present in the
adaptationr freader:

Itw_valid) flag (legal time window valid flag) — This is a 1-bit field which when set to '1' indicates thatthe v3lue of the
Itw_offsef shall be valid. A value of '0' indicates that the value in the Itw_offset field is undefined.

Itw_offset (legal time window offset) — This is a 15-bit field, the value of which is defined only if the Itw_valid flag has
a value of 'l'. When defined, the legal time window offset is in units of (300/f;) seconds, where T is the system clock
frequency] of the program that this PID belongs to, and fulfils:

offset =t;(i) — (i)
Itw _ offset = offset //1

where i i the index of the first byte of this transport stream packet, offs€dis the value encoded in this field,|t(i) is the
arrival time of byte i in the T-STD, and t;(i) is the upper bound in timi€ of a time interval called the legal time window
which is gssociated with this transport stream packet.

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

*  For video — The MB, buffer for this PID in the T-STD shall contain less than 184 bytes of elementary
stream data at the time the first byte.6f 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 BSq.c + 1 bytes of eJementary
stream data at the time the. first byte of this transport stream packet enters it, and no buffer violatjons in the
T-STD shall occur.

Depending on factors including the'size of the buffer MB, and the rate of data transfer between MB, and EB,, it {s possible
to determine another time to(i), Such that if this packet is delivered anywhere in the interval [to(i), ti(i)], no T-S|TD buffer
violations| will occur. This_time interval is called the legal time window. The value of to is not defingd in this
Recommgndation | International Standard.

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

piecewise rate — The meaning of this 22-bit field is only defined when both the Itw_flag and the Itw_valid flag are set

to 'l'. Whendefired—tis-a-postttve-integer-speetfyingatrypotheteal-bitrate R—whiehts-used-te-definethe-emd times of
the Legal Time Windows of transport stream packets of the same PID that follow this packet but do not include the
legal time window_offset field.

Assume that the first byte of this transport stream packet and the N following transport stream packets of the same PID
have indices Ai, A+, ..., Ain, respectively, and that the N latter packets do not have a value encoded in the field
legal time window_offset. Then the values t;(Ajj) shall be determined by:

tl(A1+j) :tl(Al-)+jX188X8 blts/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:
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corresponding to the value ti(.) as computed by the formula above encoded in the legal time window offset field. t(j) is
the arrival time of byte j in the T-STD.

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

field.

splice_type — This is a 4-bit ficld. 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

In these t
satisfied H

=Fthrougtr Tabte2=-26-

hbles, a value for 'splice_decoding_delay' and 'max_splice_rate' means that the following condition
y the video elementary stream:

1)

)

The last byte of the coded picture ending in the transport stream packet in which, the*splice ¢
reaches zero shall remain in the VBV buffer of the VBV model for an amount of time
(splice_decoding_delay t,+1 — tn), where for the purpose of this subclause:

* n is the index of the coded picture ending in the transport stream packet in ¥
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-
*  (ta+1 —ty) is defined in C.9 through C.12 of Rec. ITU-T H.262 | ISO/IEC 13818-2.

NOTE 4 —t, is the time when coded picture n is removed from the VBV buffer, and (tn+1 — tn) is the duratio
picture n is presented.

The VBV buffer of the VBV model shall not overflow if its input is switched at the splicing
stream of a constant rate equal to 'max_splice raté'for an amount of time equal to 'splice_decodi

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

s shall be

buntdown
equal to

vhich the

h for which

point to a
hg delay'.

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" splice_decoding_delay = 250 ms; max_splice_rate = 7.2 x 10° bit/s

'0100" .. 1011 Reserved

'1100' »'1110' User-defined

111" unspecified
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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
Tt Tmspeciticd

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

Table 2-9 — Splice parameters Table 3

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 x10¥bit/s
'0001" splice_decoding_delay = 160 ms; max_splice_rate = 45/0 % 10°bit/s
'0010' splice_decoding_delay = 240 ms; max_splice_rate, =300 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
111" 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_deeoding_delay = 120 ms; max_splice_rate = 80.0 x 10° bit/s
'0001" splicevdecoding_delay = 160 ms; max_splice rate = 60.0 x 10° bit/s
'0010' splice_decoding_delay = 240 ms; max_splice_rate = 40.0 x 10° bit/s
'0011" splice_decoding_delay = 250 ms; max_splice_rate = 38.0 x 10° bit/s
'0100' .. '104 1 Reserved
'1100' .\10' User-defined
111" unspecified

Table 2-11 — Splice parameters Table 5
SNR Profile Low Level (base layer) Video

splice_type

Conditions

'0000' splice_decoding_delay = 115 ms; max_splice rate = 3.0 x 10° bit/s
'0001" splice_decoding_delay = 175 ms; max_splice_rate = 2.0 x 10° bit/s
'0010' splice_decoding_delay = 250 ms; max_splice _rate = 1.4 x 10° bit/s
'0011'..'1011" Reserved
'1100'..'1110' User-defined
111" unspecified
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Table 2-12 — Splice parameters Table 6
SNR Profile Main Level (base layer) Video

splice_type

Conditions

'0000' splice_decoding_delay = 115 ms; max_splice_rate = 10.0 x 10° bit/s
'0001" splice_decoding_delay = 145 ms; max_splice_rate = 8.0 x 10° bit/s
'0010' splice_decoding_delay = 235 ms; max_splice_rate = 5.0 x 10° bit/s
'0011" splice_decoding_delay = 250 ms; max_splice_rate =4.7 x 10° bit/s
'0100'..'1011" Reserved
'1100'..'1110' User-defined
111" unspecified

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 105bit/s
'0011' splice_decoding_delay = 250 ms; max_splice_rate = 19.0 x 409 bit/s
'0100'..'1011" Reserved
'1100" .. '1110" User-defined
111" unspecified

Table 2-14 — Splice parameters Table 8

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

splice_type

Conditions

'0000' splice_decoding_delay = 120 ms; max_splice_rate = 20.0 x 10° bit/s
'0001" splice_decoding_delay<=</60 ms; max_splice rate = 15.0 x 10° bit/s
'0010' splice_decoding_delay = 240 ms; max_splice_rate = 10.0 x 10° bit/s
'0011" splice_decoding_delay = 250 ms; max_splice_rate = 9.5 x 10° bit/s
'0100'..'1011" Reserved
'1100'..'1110" User-definied
1 unspecified

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

splice_type

Conditions

0000 Spiice _decoding_detay = 1 207Ts; Max_Spiice Talk = 29.0 X 10°bits
'0001" splice_decoding_delay = 165 ms; max_splice_rate = 18.0 x 10° bit/s
'0010' splice_decoding_delay = 250 ms; max_splice_rate = 12.0 x 10° bit/s
'0011'..'1011" Reserved
'1100'..'1110' User-defined
111" unspecified
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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

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 Y0bit/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 = 36:0x 10° bit/s
'0101'..'1011" Reserved
'1100" .. '1110" User-defined
111" unspecified

Table 2-18 — Splice parameters Table 12
Multi-view Profile Low Level (both layers) Video

splice_type

Conditions

'0000' splice_decoding_delay= 115 ms; max_splice_rate = 8.0 x 10° bit/s
'0001" splice_decoding delay = 155 ms; max_splice_rate = 6.0 x 10° bit/s
'0010' splice_decoding_delay = 230 ms; max_splice_rate = 4.0 x 10° bit/s
'0011" splice_deeoding_delay = 250 ms; max_splice rate = 3.7 x 10° bit/s
'0100' .. '1011" Reserved
'1100'..'1110' User-defined
111" unspecified

Table 2-19 — Splice parameters Table 13
Multi-view Profile High Level (both layers) Video

Pal spe
\,un-d-l-t-leﬂo

13 4
Spree—~ ypec

'0000' splice_decoding_delay = 120 ms; max_splice_rate = 130.0 x 10° bit/s
'0001" splice_decoding_delay = 150 ms; max_splice_rate = 104.0 x 106 bit/s
'0010' splice_decoding_delay = 240 ms; max_splice rate = 65.0 x 10° bit/s
'0011" splice_decoding_delay = 250 ms; max_splice rate = 62.4 x 10° bit/s
'0100'..'1011" Reserved
'1100'..'1110' User-defined
111" unspecified
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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 100 bit/s
'0001" splice_decoding_delay = 90 ms; max_splice_rate = 300.0 x 109 bit/s
'0010'..'0011" Reserved
'0100" splice_decoding_delay =250 ms; max_splice_rate = 180.0 x 100 bit/s
'0101"..'1011" Reserved
'1100'..'1110' User-defined
111" unspecified
DTS next_AU (decoding time stamp nex e case of
continuous and periodic decoding through t Ccess unit
following|the splicing point. This decoding time is expressed in the time base which is valid in the transpost strepm packet
in which the splice countdown reaches zero. From the first occurrence of this field onwards, it shall haye-the shme value
in all the|subsequent transport stream packets of the same PID in which it is present, until the packet in Which the
splice_cofintdown reaches zero (including this packet).
The af ddscriptor() field may carry one or more descriptors as defined in Annex U. For descriptors carrying infformation
associated with specific access units of an elementary stream, the descriptor applies to the\first access unit thgt starts in
the PES ppcket immediately following this adaptation field. There may be several TS packets carrying no paylgad before
the start off the PES, in which case these descriptors apply to the next TS packet with'pdyload on the same PID
The adapfation field shall contain only complete af descriptor() descriptors, i€.,a single descriptor is always |contained
in a singlg transport stream packet.
NOTE(5 — The adaptation field should remain relatively small; it is thereforerecommended for large descriptors to use PES carriage
as defined in Annex U.
stuffing_byte — This is a fixed 8-bit value equal to '1111 1111 that{can be inserted by the encoder. It is discardled by the
decoder.
2.4.3.6 |PES packet
See Tablg 2-21.
Table 2-21 — PES packet
Syntax No. of bits Mng¢monic
PES packet() {
ppcket_start code prefix 24 bslpf
8 uimsbf
16 uimsbf
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
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Table 2-21 — PES packet

Syntax No. of bits Mnemonic
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
}
if (PTS DTS flags =="11") {
'0011" 4 bslbf
PTS [32..30] 3
marker_bit 1
PTS129-15] 15
marker_bit 1
PTS [14..0] 15
marker_bit 1
'0001" 4
DTS [32..30] 3
marker_bit 1
DTS [29..15] 15
marker_bit 1
DTS [14..0] 15
marker_bit 1
}
if (ESCR flag=="1") {
reserved 2
ESCR_base[32..30] 3
marker_bit 1
ESCR_base|[29..15] 15
marker_bit 1
ESCR base[14..0] 15
marker_bit 1
ESCR_extension 9
marker_bit 1
§
if (ES rate flag=="1") {
marker_bit 1 bslpf
ES rate 22 ui{sbf
marker_bit 1 bslpf
}
if (DSM_trick_ mode flag =="1") {
trick_mode_control 3 uimsbf
if (trick mode Control == fast forward ) {
field_id 2 bslpf
intraslice refresh 1 bslpf
frequency_truncation 2 bslpf
else if'(‘trick mode control == slow_motion ) {
rep_cntrl 5 uimsbf
else if (trick mode control == freeze frame ) {
field id 2 uimsbf
reserved 3 bslpf
b
b‘lb\/ lf( tl 1\,‘1\71uud\47buutlul faatﬁnuvul oLv } {
field_id 2 bslbf
intra_slice refresh 1 bslbf
frequency_truncation 2 bslbf
else if (trick mode control == slow reverse ) {
rep_cntrl 5 uimsbf
}
else
reserved 5 bslbf
}
if ( additional copy info flag=="1") {
marker_bit 1 bslbf
additional_copy_info 7 bslbf
}
if (PES CRC flag=="1") {
previous PES packet CRC 16 bslbf
}
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Table 2-21 — PES packet

Syntax No. of bits Mnemonic

if (PES extension flag=="1") {

PES private data flag 1 bslbf
pack header field flag 1 bslbf
program_packet sequence counter flag 1 bslbf
P-STD_buffer_flag 1 bslbf
reserved 3 bslbf
PES_extension_flag 2 1 bslbf
if (PES private data flag=="1") {

PES private data 128 bslbf

}
if (pack header field flag=="1") {

pacK field Tength 8
pack header()

sbf

if (program packet sequence counter flag=="1") {

marker_bit 1 bslpf
program_packet_sequence_counter 7 uimsbf
marker_bit 1 bslpf
MPEG1_MPEG2 identifier 1 bslpf
original_stuff length 6 uimsbf

}
if (P-STD buffer flag=="1") {

'01' 2 bslpf
P-STD_buffer_scale 1 bslpf
P-STD buffer_size 13 uimsbf

}
if (PES extension flag 2 =="1") {

marker_bit 1 bslpf
PES_extension_field_length 7 uimsbf
stream_id_extension_flag 1 bslpf

if ( stream id extension flag=="0") {

stream_id_extension 7 uimsbf
else {
reserved 6 bslpf
tref_extension_flag 1 bslpf
if (tref extension’ flag=="0") {
reserved 4 bslpf
TREF[32..30] 3 bslpf
marker_bit 1 bslpf
TREF][29..15] 15 bslpf
marker_bit 1 bslpf
TREF[14..0] 15 bslpf
marker_bit 1 bslpf
}
h
for (1=0;1<N3;i++) {
reserved 8 bslpf
}
}
¥
for(i<0;i<NI1;it++) {
stuffing_byte 8 bslf)f
v
for (1 <0;1<N2;it+) {
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 (i=0; 1 <PES packet length; i++) {
PES packet data byte 8 bslbf

}

else if ( stream_id == padding_stream) {
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Table 2-21 — PES packet

Syntax

No. of bits

Mnemonic

}
}

for (1 <0; 1 <PES packet length; i++) {
padding_byte

}

8 bsl

bf

NOTE - The value N3 equals the byte count given by PES extension field length minus the bytes which contain the
stream_id_extension_flag and the occurring data elements in the if-else-construct after the stream id_extension_flag.

2.4.3.7 Semantic definition of fields in PES packet

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

is. th

stream_i¢l — In program streams, the stream_id specifies the type and number of the elementary stream’as defir

stream_id|

Table 2-22. In transport streams, the stream_id may be set to any valid value which“Correctly des

follows it
bit string

ned by the
cribes the

elementary stream type as defined in Table 2-22. In transport streams, the elementary stream type is specifiied in the
program-gpecific information as specified in 2.4.4. For AVC video streams conforming te_one or more profilgs defined
in Annex [G of Rec. ITU-T H.264 | ISO/IEC 14496-10, all video sub-bitstreams of the same AVC video stream ghall have
the same stream_id value. For AVC video streams conforming to one or more profilés defined in Annex H of Rec. ITU-
T H.264 | [SO/IEC 14496-10, all MV C video sub-bitstreams of the same AVC videostream shall have the same [stream_id
value. For AVC video streams conforming to one or more profiles defined“in Annex I of Rec. ITU- H.264 |
ISO/IEC 14496-10, all MVCD video sub-bitstreams of the same AVC videg stream shall have the same stream| id value.
PES_packet_length — A 16-bit field specifying the number of bytes inthe PES packet following the last byte of the field.
A value df 0 indicates that the PES packet length is neither specifié€d nor bounded and is allowed only in PHS packets
whose payload consists of bytes from a video elementary stream contained in transport stream packets.
PES_scrgmbling_control — The 2-bit PES scrambling contrel 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 fi¢lds 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 ISO/IEC 1##496-3 or
ISO/IEC 23008-3 audio stream number 'x xxxx'
"T110 xxxx' Rec. ITU-T H.262 | ISO/IEC 13818-2, ISO/IEC 11172-2, ISO/IEC 1449642, Rec.
ITU-T H.264 | ISO/IEC 14496-10 or Rec. ITU-T H.265 | ISO/IEC 23008 video
stream number 'XXxx'
"N 0000 3 ECM_stream
'1111 0001" 3 EMM _stream
1111 0010' 5 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Annex A
or ISO/IEC 13818-6 DSMCC _stream
1111 0011" 2 ISO/IEC 13522 stream
1111 0100' 6 Rec. ITU-T H.222.1 type A
1111 0101" 6 Rec. ITU-T H.222.1 type B
1111 0110' 6 Rec. ITU-T H.222.1 type C
"T1110111" 6 Rec. ITU-T H.222.1 type D
1111 1000' 6 Rec. ITU-T H.222.1 type E
1111 1001 7 ancillary_stream
1111 1010’ ISO/IEC 14496-1_SL-packetized_stream
‘1111 1011 ISO/IEC 14496-1_FlexMux_stream
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Table 2-22 — Stream_id assignments

Stream_id Note stream coding
'1111 1100 metadata stream

1111 1101 8 extended stream_id

1111 1110’ reserved data stream

111 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 given by
the values taken by the x's.

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

NOTE 2 —PES packets of't rivate_stream 1 and ISO/IEC_13552_stream follow the same PES packet syntax as those for Rec.
ITU-T Hf262 | ISO/IEC 13818-2 video and ISO/IEC 13818-3 audio streams.

NOTE 3 } PES packets of type private_stream 2, ECM_stream and EMM_stream are similar to private stream chexcept that no
syntax is gpecified after PES packet length field.

NOTE 4 } PES packets of type program_stream_directory have a unique syntax specified in 2.5.5.
NOTE 5 } PES packets of type DSM-CC_stream have a unique syntax specified in ISO/IEC 13818-6.
NOTE 6 { This stream_id is associated with stream_type 0x09 in Table 2-34.

NOTE 7 { This stream _id is only used in PES packets, which carry data from a program stream or an ISO/IEC 1117241 System
Stream, ih a transport stream (refer to 2.4.3.8).

NOTE 8 - The use of stream_id OxFD (extended_stream_id) identifies that this PES packet employs an extended syntax|to permit
additiona] stream types to be identified.

NOTE 9 t+ JPEG 2000 video streams (stream_type = 0x21) are carried using the saine PES packet syntax as private_strean 1.

NOTE 1( — Timeline and External Media Information streams (stream_type &,0x27) are carried using the same PES packe{ syntax as
private_stream_1.

Table 2-23 — PES scrambling control values

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

PES prigrity — This is a 1-bit field indicating the priority of the payload in this PES packet. A 'l' indicatep 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 th¢ transport
mechanisn.

data_alignment_indicator - This is a 1-bit flag. When set to a value of '1', it indicates that the PES packef header is
immediately followed by the video syntax element or audio sync word indicated in the data_stream_alignment Hescriptor
in 2.6.10 |f this-descriptor is present. If set to a value of '1' and the descriptor is not present, alignment as indicated in
alignmenq type01'in Table 2-53, Table 2-54 or Table 2-55 is required. When set to a value of '0', it is not defingd whether
any such aligniment occurs or not

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

original_or_copy — This is a 1-bit field. When set to '1' the contents of the associated PES packet payload is 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 field is set to '10', the PTS fields shall be present in the
PES packet header. When the PTS DTS _flags field is set to '11', both the PTS fields and DTS fields shall be present in
the PES packet header. When the PTS DTS flags field is set to '00' no PTS or DTS fields shall be present in the PES
packet header. The value '01' is forbidden.
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ESCR flag — A 1-bit flag, which when set to 'l' indicates that ESCR base and extension fields are present in the PES
packet header. When set to '0' it indicates that no ESCR fields are present.

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

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

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 [fo 0" it indicates that this field is not present.

PES_heafler_data_length — An 8-bit field specifying the total number of bytes occupied by the optionakfields and any
stuffing blytes contained in this PES packet header. The presence of optional fields is indicated in the.byte that precedes
the PES Ieader data length field.

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

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

PTS (k) = ((system _clock _ frequency x tp,(k))DIV 300)% 233 (2-11)

where tpn(k) is the presentation time of presentation unit Py(k).

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

In the cas¢ of ISO/IEC 11172-2 video or ISO/IEC }4496-2 video, if a PTS is present in a PES packet header, it ghall refer
to the acc¢ss unit containing the first picture start.code that commences in this PES packet. A picture start code cgmmences
in a PES |packet if the first byte of the picture start code is present in the PES packet. For I- and P-pictur¢s in non-
low_delay sequences and in the case when,there is no decoding discontinuity between access units (AUSs) k gnd k', the
presentatipn time t,n(k) shall be equal(fo,thie decoding time tan(k') of the next transmitted I- or P-picture (refer tg 2.7.5). If
there is a|decoding discontinuity, or the stream ends, the difference between tyn(k) and ten(k) shall be the samg as if the
original sfream had continued without a discontinuity and without ending.

NOTE[1 — A low_delay sequence is an ISO/IEC 14496-2 video sequence in which the low_delay flag is set to '1' (refer to 6.2.3 of
ISO/TEC 14496-2).

For Rec. [TU-T H.2624ISO/IEC 13818-2 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 ifIle fipst'Byte of the picture start code is present in the PES packet. For I- and P-coded frames in non-low_delay
sequenceq and in'the case when there is no decoding discontinuity between access units (AUs) k and k', the prgsentation
time tpn(k) shall be equal to the decoding time tg (k") of the next transmitted I- or P-coded frame (refer to 2.7.4). If there
is a decoding discontinuity, or the stream ends, the difference between tyn(k) and tan(k) shall be the same as if the original
stream had continued without a discontinuity and without ending.

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

'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 to the

first 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 | ISO/IEC 14496-10
video, if a PTS is present in the PES packet header, it shall refer to the first AVC access unit that commences in this PES
packet. An AVC access unit commences in a PES packet if the first byte of the AVC access unit 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 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 to n gpb(1)
= t.n(n) + tc * dpb_output delay(n), where t.n(n), t., and dpb_output_delay(n) are defined as in Annex C of Rec. ITU-T
H.264 | ISO/IEC 14496-10.
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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, if a PTS 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 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 nominal DPB output time in the HRD, defined herein as tondpp(n) = ton(n) + tc *
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.

NOTE 3 - Different clocks may be used for derivation of PTS and to,n,dpb(n).

For MVC video sub-bitstreams, MVC base view sub-bitstream or AVC video sub-bitstream of MVC 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 PTS is
present in the PES packet header, it shall refer to the first MVC view-component subset that commences in this PES
packet. ArMV-€view-compornent subsetcommernces imra PES packetif the first byteof the MV view=comporent subset
is present|in the PES packet. To achieve consistency between the STD model and the HRD model definedin“Annex C of
Rec. ITU{T H.264 | ISO/IEC 14496-10, for each re-assembled and decoded AVC access unit, the PTS ¥alue iph the STD
shall, witljin the accuracy of their respective clocks, indicate the same instant in time as the nominal DEB outgut time in
the HRD,| defined herein as tondpb(n) = tea(n) + tc* dpb_output delay(n), where t.q(n), tc, and dpb, output_ddlay(n) are
defined a4 in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10.

In the casp of an ISO/IEC 14496-17 text stream, if a PTS is present in PES packet header, 1b shall refer to th¢ first text
access unjt commencing in the PES packet. A text access unit commences in a PES packet if the first byte ¢f the text
access unjt is present in the PES packet.

For MVCD video sub-bitstreams, MVCD base view sub-bitstream or AVC videg sub-bitstream of MVCD of AVC video
streams cpnforming 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-coimponent subset that commences i1 this PES
packet. Ah MVCD view-component subset commences in a PES packet ifthe first byte of the MVCD view-cpmponent
subset is fJresent 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-assembléd and decoded AVC access unit, the PTS vglue in the
STD shall, within the accuracy of their respective clocks, indicate the same instant in time as the nominal DPB output
time in th¢ HRD, defined herein as ton gpp(n) = trn(n) + tc * dpboutput delay(n), where t.(n), tc, and dpb_outpuf delay(n)
are defingd as in Annex C of Rec. ITU-T H.264 | ISO/IEC-¥4496-10.

The preseptation time tyn(k) shall be equal to the decoding time t4n(k) for:
g 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 11:172-2, Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 videp streams.
*  text access units in ISO/JEC 14496-17.

If there is|filtering in audio, it is asstmed by the system model that filtering introduces no delay, hence the sample referred
to by PTY at encoding is the same sample referred to by PTS at decoding. In the case of scalable coding refer tp 2.7.6.

For HEV( video streamsp\HEVC temporal video sub-bitstreams and HEVC temporal video subsets, if a PTS|is present
in the PEY packet header, it shall refer to the first HEVC access unit that commences in this PES packet. For HHVC video
sub-partitjons, if a(PTS is present in the PES packet header, it shall refer to the first HEVC layer compgnent that
commencps in this’PES packet. An HEVC layer component commences in a PES packet if the first byte of the HEVC
layer conjponent’is present in the PES packet. To achieve consistency between the STD model and the HRD model
defined in Anniex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, for each HEVC access unit the PTS value in the $TD shall,
within the accuracy of their respective clocks, indicate the same instant in time as the nominal DPB output time in the
HRD, as defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2.

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

DTS(j) = ((system _clock _ frequency x td,(j))DIV 300)% 233 (2-12)

where tdn(j) is the decoding time of access unit An(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, ifa DTS
is present in a PES packet header, it shall refer to the access unit containing the first picture start code that commences in
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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 AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10
video, if a DTS is present in the PES packet header, it shall refer to the first AVC access unit that commences in this PES
packet. An AVC access unit commences in a PES packet if the first byte of the AVC access unit 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 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.

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, 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 consistency between
the STD thodel and the HRD model defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-gssembled
AVC accgss unit the DTS value in the STD shall, within the accuracy of their respective clocks, indicate the.sae instant
in time aq the nominal CPB removal time t;»( n ) in the HRD, as defined in Annex C of Rec. ITU-T\H:264 | ISO/IEC
14496-10

For MV({ video sub-bitstreams of AVC video streams conforming to one or more profileshdefined in Arjnex H of
Rec. ITU{T H.264 | ISO/IEC 14496-10, if a DTS is present in the PES packet header, itcshall refer to the first MVC
view-comjponent subset that commences in this PES packet. An MVC view-component'stibset 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 thodel and the HRD model defined in Annex C of Rec. ITU-T H.264 | ISOAEC 14496-10, for each re-gssembled
AVC accgss unit the DTS value in the STD shall, within the accuracy of their respective clocks, indicate the safne instant
in time ay 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

NOTEH — Different clocks may be used for derivation of DTS and tr.n( n )
In the cas¢ 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 PEY packet header, it shall refer to the first HEVC access'unit that commences in this PES packet. For HHVC video
sub-partitjons, if a DTS is present in the PES packet header, it shall refer to the first HEVC layer compgnent that
commencps in this PES packet. An HEVC layer component commences in a PES packet if the first byte of the HEVC
layer conjponent is present in the PES packet. Tocachieve consistency between the STD model and the HRD model
defined inf Annex C of Rec. ITU-T H.265 | ISO/IEC23008-2, for each HEVC access unit the DTS value in the $TD shall,
within thg accuracy of their respective clocks; indicate the same instant in time as the nominal CPB removal tjme in the
HRD, as defined in Annex C of Rec. ITU-TI.H.265 | ISO/IEC 23008-2.

For MV(D 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 figst MVCD
view-component subset that commences in this PES packet. An MVCD view-component subset commenceq in a PES
packet if the first byte of the MY.CD view-component subset is present in the PES packet. To achieve consistencly between
the STD rhodel and the HRD-model defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-gssembled
AVC accgss unit the DTSwalue in the STD shall, within the accuracy of their respective clocks, indicate the safne instant
in time aq 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

ESCR base; ESCR_extension — The elementary stream clock reference is a 42-bit field coded in two parts| The first
part, ESCIR “base, is a 33-bit field whose value is given by ESCR_base(i), as given in equation 2-14. The sefond part,
ESCR ext, is a 9-bit field whose value is given by ESCR_ext(i), as given in equation 2-15. The ESCR field indicates the
intended 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).

Specifically:

ESCR(i) = ESCR _base(i)x 300+ ESCR _ext(i) (2-13)
where:
ESCR _base(i) = ((system__clock _ frequencyxt(i))DIV 300)% 2°° (2-14)

ESCR _ext(i) = ((system__clock _ frequencyxt(i))DIV 1)% 300 (2-15)
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The ESCR and ES rate field (refer to semantics immediately following) contain timing information relating to the
sequence of PES streams. These fields shall satisfy the constraints defined in 2.7.3.

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

trick_mode_control — A 3-bit field that indicates which trick mode is applied to the associated video stream (see Table 2-
24). In cases of other types of elementary streams, the meanings of this field and those defined by the following five bits
are undefined. For the definition of trick mode status, refer to the trick mode section of 2.4.2.4.

When trick_mode status is false, the number of times N, a picture is output by the decoding process for progressive
sequenceg; 1S Specitied for eacir picture by e Tepeat first_tietd—amd—top_fietdfirst—fieids—imtie] case of
Rec. ITU{T H.262 | ISO/IEC 13818-2 video, and is specified through the sequence header in the case of ISOAHC 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 fqr progressive sequences, is specified for each picture by the repeat_first field and progressive framp fields in
the case off Rec. ITU-T H.262 | ISO/IEC 13818-2 video.

When tricdk 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 combinatign/of the following may oc¢ur:
*  discontinuity in the time base;
*  decoding discontinuity;

*  continuity counter discontinuity.

Table 2-24 — Trick mode control values

Value Description
'000" Fast forward
'001" Slow motion
'010' Freezg, frame
‘011" FRast'reverse
'100' Slow reverse
101" .. "1L(1" Reserved

In the corjtext of trick mode, the.nen-normal speed of decoding and presentation may cause the values of cerfain fields
defined in] video elementary streaim data to be incorrect. Likewise, the semantic constraint on the slice structufe may be
invalid. The video syntax elements to which this exception applies are:

*  bit_rate;
*  vbyldelay;
o (tepeat first field;

* \\V_axis_positive;

+ field sequence;
e subcarrier;
*  burst amplitude;

*  subcarrier phase.
A decoder cannot rely on the values encoded in these fields when in trick mode.

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

fast forward — The value '000', in the trick_ mode control field. When this value is present it indicates a fast forward
video stream and defines the meaning of the following five bits in the PES packet header. The intra_slice refresh bit may
be set to '1' 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
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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 motion — The value '001', in the trick mode control field. When this value is present it indicates a slow motion
video stream and defines the meaning of the following five bits in the PES packet header. In the case of progressive
sequences, the picture should be displayed N x rep_cntrl times, where N is defined above.

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

In the case of 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 top field if top_field first
is 1, and the bottom field if top_field first is '0' (refer to Rec. ITU-T H.262 | ISO/IEC 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.

freeze frame — The value '01Q'_in the trick maode control field When this value ig present it indicates a freeze frame
video stream and defines the meaning of the following five bits in the PES packet header. The field id fieldy flefined in
Table 2-25, identifies which field(s) should be displayed. The field id field refers to the first videoaccesq unit that
commencps in the PES packet which contains the field id field, unless the PES packet contains zero payload byjtes. In the
latter casd the field id field refers to the most recent previous video access unit.

fast reveyse — The value '011', in the trick mode control field. When this value is present it indicates a fast revrse video
stream anfl defines the meaning of the following five bits in the PES packet header. The intra”slice _refresh Hit may be
set to '1' ihdicating that there may be missing macroblocks which the decoder may replace with co-sited macrgblocks of
previously decoded pictures. The field id field, defined in Table 2-25, indicates which field or fields should be flisplayed.
The frequency truncation field indicates that a restricted set of coefficients may be'ineluded. The meaning of the values
of this fie|d are shown in Table 2-26.

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

In the cqse of Rec. ITU-T H.262 | ISO/IEC 13818-2 interlaced sequences, the picture should be displayed for
N x rep_dntrl 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,'@"(fefer 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 durafion.

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
1" Reserved

intra_slide_refresh — A 1-bit flag, which when set to 'l', indicates that there may be missing macroblocks betwgen coded
slices of| vidéo data in this PES packet. When set to '0' this may not occur. 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.

frequency_truncation — A 2-bit field which indicates that a restricted set of coefficients may have been used in coding
the video data in this PES packet. The values are defined in Table 2-26.
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Table 2-26 — Coefficient selection values

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

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

addition l_cnpy_infn — This 7-bit field contains priva‘m data rPla‘ring fo onpvright information

previous |PES packet CRC — The previous PES packet CRC is a 16-bit field that contains the CRC value’that yields
a zero output of the 16 registers in the decoder similar to the one defined in Annex A, but with the polynemial

x0+x12+x3+1

after procpssing 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 is npt intended
for use|by elementary stream decoders. It is calculated only over the data bytes because PES.packet header data can be modified
during|transport.

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

pack_header_field_flag — A 1-bit flag which when set to '1" indicates that an ISO/IEC 11172-1 pack header or p program
stream pagck header is stored in this PES packet header. If this field is in a PES packet that is contained in § program
stream, thien this field shall be set to '0'. In a transport stream, when(set to the value '0' it indicates that no paclf 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 presept in this
PES packpt. When set to a value of '0' it indicates that'these fields are not present in the PES header.

P-STD_buffer flag — A 1-bit flag which when set to '1' indicates that the P-STD_buffer scale and P-STD_bpuffer size
are presemt in the PES packet header. When set to a value of '0' it indicates that these fields are not prespnt in the
PES headpr.

PES_extgnsion_flag 2 — A 1-bit field which when set to 'l" indicates the presence of the PES extension fi¢gld length
field and pssociated fields. When,set to a value of '0' this indicates that the PES extension_field length fielf and any
associated fields are not present,

PES_privyate_data — This is @ 16-byte field which contains private data. This data, combined with the fields §efore and

after, shaanot 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 ap optional
counter thatGrerements with each successive PES packet from a program stream or from an ISO/IEC 11172-1{stream or

the PES Pavl\utc assoctated—swh= a;uél\, programny deftttontra tlauay\ut at;valu, quv;d;us fuuvtiuua};t_y stnilar to a
continuity counter (refer to 2.4.3.2). This allows an application to retrieve the original PES packet sequence of a program
stream or the original packet sequence of the original ISO/IEC 11172-1 stream. The counter will wrap around to 0 after
its maximum value. Repetition of PES packets shall not occur. Consequently, no two consecutive PES packets in the
program multiplex shall have identical program_packet sequence counter values.

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

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

P-STD_buffer_scale — The P-STD_buffer scale is a 1-bit field, the meaning of which is only defined if this PES packet
is contained in a program stream. It indicates the scaling factor used to interpret the subsequent P-STD_buffer size field.
If the preceding stream id indicates an audio stream, P-STD buffer scale shall have the value '0'. If the preceding
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stream_id indicates a video stream, P-STD buffer scale shall have the value '1'. For all other stream types, the value may

be either '1' or '0".

P-STD_buffer_size — The P-STD buffer size is a 13-bit unsigned integer, the meaning of which is only 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 ', then the P-STD_buffer size measures the buffer size in units of 1024 bytes. Thus:

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

else:

(2-16)

bS5, = £ —31D _buffer _size x 1024

The encodled value of the P-STD buffer size takes effect immediately when the P-STD_buffer size field'is re
the Rec. I[[TU-T H.222.0 | ISO/IEC 13818-1 System Target Decoder (refer to 2.7.7).

For AV({ video streams conforming to one or more profiles defined in Annex A,'of Rec. ITU
ISO/IEC 14496-10, the size BS, shall be larger than or equal to the size of the~'CPB signalle
CpbSize[| cpb_cnt minusl ] specified by the NAL hrd parameters() in the AVC video stream. If
hrd_pararheters() are not present in the AVC video stream, then BS,, shall be larger than.or equal to the size o
CPB for the byte stream format defined in Annex A of Rec. ITU-T H.264 | ISO/IEC14496-10 as 1200 x Ma3
the applied level.

For videq sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex
ITU-T H.p64 | ISO/IEC 14496-10, the size BS, shall be larger than or équal to the size of the CPB signall
CpbSize[ |cpb_cnt_minus] ] specified by the NAL hrd parameters()~for the video sub-bitstream carried in ¢
stream EY, as defined in 2.14.3.6. If the NAL hrd_parameters() ar®@ not present in the video sub-bitstream, th
shall be larger than or equal to the size of the NAL CPB forthe byte stream format defined in Rec. ITU-
ISO/IEC 14496-10 as 1200 x MaxCPB for the applied level for-the elementary stream ES,.

For MV({ video sub-bitstreams of AVC video streamg{¢onforming to one or more profiles defined in Ar

(2-17)
ceived by

T H.264 |
1 by the
the NAL
[ the NAL
xCPB for

5 of Rec.
ed by the
lementary
e size BS,
T H.264 |

nex 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 NAE, hrd parameters() for the MVC video sub-bitstreams

elementarly stream ES,, as defined in 2.14.3.6:3[f the NAL hrd_parameters() are not present in the M
sub-bitstreams, the size BS, shall be larger than'or equal to the size of the NAL CPB for the byte stream form
in Rec. ITJU-T H.264 | ISO/IEC 14496-10.a5-1200 x MaxCPB for the applied level for the elementary stream F

PES_extdnsion_field length — This is a 7-bit field which specifies the length, in bytes, of the data following ti
the PES ektension field up to andincluding any reserved bytes.

stream_ifl extension_flag — (A\[-bit flag, which when set to '0' indicates that a stream_id_extension field is
the PES placket header. The\value of '1' for this flag is reserved.

stream_i¢l_extension3 In program streams, the stream_id extension specifies the type and number of the ¢
stream as|defined by the stream_id extension in Table 2-27. In transport streams, the stream_id_extension ma
any valid [value which correctly describes the elementary stream type as defined in Table 2-27. In transport st
elementarjy stream type is specified in the program-specific information as specified in 2.4.4. Note that this fig

carried in
VC video
ht defined
Sh.

1is field in

present in

lementary
i be set to
eams, the
1d is used

as an extensi0n of the stream_id defined above. This field shall not be used unless the value of stream_id is 'l 1

11 1101".
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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

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

NOTE 2 —PES 1 £ el PV AYaYaWaYaVa X BA 001 W 0 ) ifrad AT aviasralh 3818 11
T Publ\blo OT ouucuu O extenston-0v800-066+ T IvIT ou\,cuu} uuvu 3 uuu,luu o_yuLuA oy\,u;u\,u T ToSOTET -

(MPEG-] IPMP).

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

PES packet_data_byte — PES packet data bytes shall be contiguous bytes of data frem the elementafy stream
indicated| by the packet's stream id or PID. When the -elementary, . stteam data confprms to
Rec. ITU{T H.262 | ISO/IEC 13818-2 or ISO/IEC 13818-3, the PES packet data bytes.shall be byte aligned tq the bytes
of this Refommendation | International Standard. The byte-order of the elementary stsedm shall be preserved. Tle number
of PES packet data bytes, N, is specified by the PES packet length field. N shall be equal to the value indicgted in the
PES pacljet length minus the number of bytes between the last byte of the/PES packet length field and the first
PES paclet data byte.

In the dase of a private stream 1, private stream 2, ECM sttéam, or EMM stream, the contentg of the
PES packet data byte field are user definable and will not be spe€ified by ITU-T | ISO/IEC in the future.

padding_|byte — This is a fixed 8-bit value equal to '1111 11L1"\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 paclet header.
The value] of '1' for this flag is reserved.

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

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

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

When pldcing a program stteam into a transport stream, program stream PES packets with stream id [values of
private_stream 1, Rece JTU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 video, and ISO/IEC 13818-3 or
ISO/IEC | 1172-3 audio;-are carried in transport stream packets.

For these [PES pagekets, when reconstructing the program stream at the transport stream decoder, the PES packet data is
copied to the-program stream being reconstructed.

For progréss aelcets—with—streat vates A A A = gte—stream_2,
ECM, EMM, DSM CC_ stream or program . stream dlrectory, 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/IEC 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.
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The program_packet sequence counter field is included within the header of each PES packet carrying data from a
program stream, or an ISO/IEC 11172-1 System stream. This allows the order of PES packets in the original program
stream, or packets in the original ISO/IEC 11172-1 system stream, to be reproduced at the decoder.

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

2.4.4 Program-specific information

2.4.4.1 General

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

In transpqrt streams, program-specific information is classified into six table structures as shown in Table(2-28. While
these stru¢tures may be thought of as simple tables, they shall be segmented into sections and inserted intranspprt stream
packets, spme with predetermined PIDs and others with user selectable PIDs.

Table 2-28 — Program-specific information

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

Rec. ITU{T H.222.0 | ISO/IEC 13818-1 defined PSI tables shall be segmented into one or more sections that dre carried
within tfansports packets. A sectiohy'is a syntactic structure that shall be wused for mappjng each
Rec. ITU{T H.222.0 | ISO/IEC 138181 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 tgbles. The
means by|which private information is carried within transport stream packets is not defined by this Specificatipn. 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 fables. For this purpose, a private section is defined. If the private data is carried in transpprt stream
packets with the same PID value as transport stream packets carrying program map tables (as identified in th¢ program
association table);then the private section syntax and semantics shall be used. The data carried in the private data_bytes
may be sdrathbled. However, no other fields of the private section shall be scrambled. This private section allows data
to be trandmitfed with a minimum of structure When this stmetnure is not used the mapping of private data within transport
stream packets is not defined by this Recommendation | International Standard.

Sections may be variable in length. The beginning of a section is indicated by a pointer field in the transport stream
packet payload. The syntax of this field is specified in Table 2-29.

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

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

Each transport stream shall contain one or more transport stream packets with PID value 0x0000. These transport stream
packets together shall contain a complete program association table, providing a complete list of all programs within the
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transport stream. The most recently transmitted version of the table with the current next indicator set to a value of 'l'
shall always apply to the current data in the transport stream. Any changes in the programs carried within the transport
stream shall be described in an updated version of the program association table carried in transport stream packets with
PID value 0x0000. These sections shall all use table id value 0x00. Only sections with this value of table_id are permitted
within transport stream packets with PID value of 0x0000. For a new version of the PAT to become valid, all sections (as
indicated in the last section number) with a new version_number and with the current next_indicator set to 'l' must exit
Bsys defined in the T-STD (refer to 2.4.2.1). The PAT becomes valid when the last byte of the section needed to complete
the table exits Bgys.

Whenever one or more elementary streams within a transport stream are scrambled, transport stream packets with a PID
value 0x0001 shall be transmitted containing a complete conditional access table including CA_descriptors associated
with the scrambled streams. The transmitted transport stream packets will together form one complete version of the
conditional access table. The most recently transmitted version of the table with the current next indicator set to a value
of '1' shall always apply to the current data in the transport stream. Any changes in scrambling making the existing table
invalid orpireeomptete-shal-be-desertbedin-antpdated—verstonofthe-eonditional-aeeesstable—Theseseettonsyill all use
table id vialue 0x01. Only sections with this table id value are permitted within transport stream packets with-a PID value
of 0x0001. For a new version of the CAT to become valid, all sections (as indicated in the last section(numbger) with a
new versipn_number and with the current next indicator set to '1' must exit Bgys. The CAT becomes valid when the last

byte of the section needed to complete the table exits Bgys.

Each trangport stream shall contain one or more transport stream packets with PID values which are labelled|under the
program 3association table as transport stream packets containing TS program map sections/Each program ligted in the
program gssociation table shall be described in a unique TS program map_section. Every program shall be fully defined
within thq transport stream itself. Private data which has an associated elementary PID-field in the appropriatg program
map table| section is part of the program. Other private data may exist in the transpott’stream without being ligted in the
program |map table section. The most recently transmitted version of the JTS program map_section | with the
current_ngxt indicator set to a value of '1' shall always apply to the current data-within the transport stream. Anly changes
in the definition of any of the programs carried within the transport streamshall be described in an updated vergion of the
corresponlding section of the program map table carried in transport stteam packets with the PID value identified as the
program_fmap PID for that specific program. All transport stream paekets which carry a given TS program mdp_section
shall havq the same PID value. During the continuous existence.of\a program, including all of its associated dvents, the
program_pmap_PID shall not change. A program definition shall’hot span more than one TS program map_gection. A
new versipn of a TS program map_section becomes valid when the last byte of that section with a new version_number
and with the current next indicator set to 'l' exits By,

Sections yith a table id value of 0x02 shall contapiprogram map table information. Such sections may be |carried in
transport tream packets with different PID values\

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

The maxifnum number of bytes-ina section of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 defined PSI table is 1924 bytes.
The maximum number of bytes-in a private section is 4096 bytes.

The transport stream desecription table is optional. When present, the transport stream description is carrjed within
transport ptream paekets that have a PID value 0x0002 as specified in Table 2-28 and shall apply to the entirq transport
stream. S¢ctions of the transport stream description shall use a table id value of 0x03 as specified in Table 2431 and its
contents gre restuicted to descriptors specified in Table 2-45. The TS_description_section becomes valid wh¢n the last
byte of the section required to complete the table exits Bgys.

There are no restrictions on the occurrence of start codes, sync bytes or other bit patterns in transport stream section data.

2.44.2 Pointer
The pointer_field syntax is defined in Table 2-29.

Table 2-29 — Program-specific information pointer

Syntax No. of bits Mnemonic

pointer_field 8 uimsbf
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2.44.3

Semantics definition of fields in pointer syntax

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

2.4.4.4 Program association table

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

program.
The overa y multiple
sections (
Table 2-30 — Program association section
Syntax No. of bits Mngmonic
program |association_section() {
table_id 8 uimsbf
s¢ction_syntax_indicator 1 bslbf
Q' 1 bpIbf
reserved 2 bblbf
s¢ction_length 12 uimsbf
transport_stream_id 16 ui]:sbf
reserved 2 bslbf
version_number 5 uimsbf
cirrent_next_indicator 1 bblbf
s¢ction_number 8 uimsbf
I4st_section_number 8 ui]:sbf
fgr 1=0;1<N;it+) {
program_number 16 uimsbf
reserved 3 bslbf
if (program_number = = '0)\§
network PID 13 uimsbf
}
else {
program_map_PID 13 uimsbf
H
}
(RC_32 32 rpchof
}

2.44.5 Table_id assignments

The table id field identifies the contents of a transport stream section as shown in Table 2-31.

52

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

Rec. ITU-T H.222.0 (08/2018)
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Table 2-31 — table_id assignment values

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 ISO/IEC 23001-13 (Media Orchestration access unit) section

0x0C .. 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

2.4.4.6 [Semantic definition of fields in program association section
table_id | This is an 8-bit field, which shall be set to 0x00 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 off the section, starting immediately following the section_length field, and ineluding the CRC. The value in this
field shallf not exceed 1021 (0x3FD).

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

version_number — This 5-bit field is the version number of the whele program association table. The versign number
shall be ipcremented by 1 modulo 32 whenever the definition of the program association table changes. When the
current next indicator is set to 'l', then the version_number shall*be that of the currently applicable program agsociation
table. When the current next indicator is set to '0', then the-yetsion number shall be that of the next applicabl¢ program
associatiop table.

current_pext_indicator — A 1-bit indicator, whichswhen set to 'l' indicates that the program association table sent is
currently ppplicable. When the bit is set to '0', it_indicates that the table sent is not yet applicable and shall bg the next
table to b¢come valid.

section_number — This 8-bit field gives the;aiumber of this section. The section_number of the first section in th¢ Program
Associatipn Table shall be 0x00. It shall*be incremented by 1 with each additional section in the program apsociation
table.

last_sectipn_number — This 8<bit field specifies the number of the last section (that is, the section with tlie highest
section_npimber) 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
applicabl¢. When set.tg 0x0000, then the following PID reference shall be the network PID. For all other caseq the value
of this fie|d is userdefined. This field shall not take any single value more than once within one version of th¢ program
association tabfe.

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.

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.
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2.4.4.7 Conditional access table

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

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

Table 2-32 — Conditional access section

Syntax No. of bits Mnemonic
CA_section() {
table_id 8 uimsbf
eprtinn_evnmv_indicntnr 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

}

2.44.8 [Semantic definition of fields in conditional access section
table_id 4 This is an 8-bit field, which shall be set to 0x010 as specified in Table 2-31.
section_syntax_indicator — The section_syntax_indjcator is a 1-bit field which shall be set to '1".

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

version_number — This 5-bit field is thé version number of the entire conditional access table. The version nunber shall
be incremented by 1 modulo 32, when a change in the information carried within the CA table occurs. When the
current_ngxt indicator is set te~'L'} then the version number shall be that of the currently applicable conditiohal access
table. When the current next” indicator is set to '0', then the version_number shall be that of the next applicable cpnditional
access tafjle.

current_pext_indicator — A 1-bit indicator, which when set to 'l' indicates that the conditional access table sent is
currently ppplicable-~When the bit is set to '0', it indicates that the conditional access table sent is not yet applicable and
shall be the next ¢onditional access table to become valid.

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

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

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

2.4.49 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
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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 bslbf
'0’ 1 bslbf
reserved 2 bslbf
section_length 12 uimsbf
program_number 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bsibf
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;1<N;it++) {
descriptor()
}
for (1=0;1<NI;i++) {
stream_type 8 uimsbf
reserved 3 bslbf
elementary PID 13 uimsbf
reserved 4 bslbf
ES_info_length 12 uimsbf
for (i =0{U< N2; i++) {
descriptor()
b
H
CRC_32 32 rpchof
}
2.4.4.10 [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 4-31:

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).

program_number — program_number is a 16-bit field. It specifies the program to which the program map PID is
applicable. One program definition shall be carried within only one TS program map section. This implies that a
program definition is never longer than 1016 (0x3F8). See Informative Annex C for ways to deal with the cases when
that length is not sufficient. The program number may be used as a designation for a broadcast channel, for example. By
describing the different program elements belonging to a program, data from different sources (e.g., sequential events)
can be concatenated together to form a continuous set of streams using a program_number. For examples of applications
refer to Annex C.
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version_number — This 5-bit field is the version number of the TS program map_section. The version number shall be
incremented by 1 modulo 32 when a change in the information carried within the section occurs. Version number refers
to the definition of a single program, and therefore to a single section. When the current next indicator is set to 'l', then
the version_number shall be that of the currently applicable TS program map section. When the current next indicator
is set to '0', then the version number shall be that of the next applicable TS program map section.

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

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

PCR_PID — Thisis a 13 b1t field indicating the PID of the transport stream packets which shall contarn the PCR fields

valid for the
then this field shall take the value of Ox1FFF. Refer to the semantic definition of PCR in 2.4.3.5 and Table 2-3 for
restriction]s on the choice of PCR_PID value.
program| info_length — This is a 12-bit field, the first two bits of which shall be '00". The remaining’ L0 bits specify the
number of bytes of the descriptors immediately following the program_info length field.
stream_type — This is an 8-bit field specifying the type of program element carried within the packets with the JID whose
value is specified by the elementary PID. The values of stream_type are specified in Table, 2-34.
NOTE}- A Rec. ITU-T H.222.0 | ISO/IEC 13818-1 auxiliary stream is available for data types defined by this Specificgtion, other
than aydio, video, and DSM-CC, such as the program stream directory and the program str€éam map.
Table 2-34 — Stream type assignménts

Value Description

0x00 ITU-T | ISO/IEC Reserved

0x01 ISO/IEC 11172-2 Video

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

(see Note 2)

0x03 ISO/IEC 11172-3 Audio

0x04 ISO/IEC 13818-3 Audio

0x05 Rec. ITU-T H.222.0 | ISO/TEC 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. ITUST H.222.1

0x0A ISO/MEC 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

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

0x0F ISO/IEC 13818-7 Audio with ADTS transport syntax

0x10 ISO/IEC 14496-2 Visual

0x11 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

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 [PMP stream (defined in ISO/IEC 13818-11, MPEG-2 IPMP)
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Table 2-34 — Stream type assignments

Value Description

0x1B AVC video stream conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 |
ISO/IEC 14496-10 or AVC video sub-bitstream of SVC as defined in 2.1.10 or MVC base view
sub-bitstream, as defined in 2.1.89, or AVC video sub-bitstream of MVC, as defined in 2.1.8 or
MVCD base view sub-bitstream, as defined in 2.1.94, 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, ALS and SLS

0x1D ISO/IEC 14496-17 Text

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

Ox1F 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.defindd 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 1[5444-1

0x22 Additional view Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream for sefwice-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 mpore
profiles defined in Annex A for service-compatible stereoscopic3D-services (see Notes 3 and 4)

0x24 Rec. ITU-T H.265 | ISO/IEC 23008-2 video stream or an HEM.E temporal video sub-bitstream (see
Note 5)

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

0x26 MVCD video sub-bitstream of an AVC video stream conforming to one or more profiles defiped in
Annex I 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 ihcludes Temporalld 0 of an HEVC video stream wljere all

NALSs units contained in the stream.¢onform to one or more profiles defined in Annex G of Rgc.
ITU-T H.265 | ISO/IEC 23008-2

0x29 HEVC temporal enhancement-sitb-partition of an HEVC video stream where all NAL units cgntained
in the stream conform to one“or more profiles defined in Annex G of Rec. ITU-T H.265 | ISOfIEC
23008-2

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

NAL units contained in the stream conform to one or more profiles defined in Annex H of Ref. ITU-T
H.265 | ISO/FEE23008-2

0x2B HEVC temporal enhancement sub-partition of an HEVC video stream where all NAL units cdntained
in the stréam conform to one or more profiles defined in Annex H of Rec. ITU-T H.265 | ISO[IEC
230082
0x2C Greén 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 Media Orchestration Access Units carried in sections
Ox3t SubstreamrofaRee T HZ65HSOAEEC230682-videostreanr thatcontainsatviotromrEonstrained
Tile Set, parameter sets, slice headers or a combination thereof. See 2.17.5.1.
0x32 .. 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.

NOTE 5 — In the case of a single ES carrying multiple HEVC tile substreams that are identified through adaptation field descriptors,
stream type 0x24 can be used if the ES is deemed to be a backward compatible HEVC stream and is decodable on a legacy device.

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

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

CRC_32 —This is a 32-bit field that contains the CRC value that gives a zero output of the registers in the decoder defined

in Annex B after processing the entire transport stream program map section.

2.4.4.11 [Syntax of the private section
When private data is sent in transport stream packets with a PID value designated as a program map PID in th¢ program
association table the private section shall be used. The private section allows data to be transmitted with a mipnimum of
structure [while enabling a decoder to parse the stream. The sections may be used An, two wayfs: if the
section_syntax indicator is set to 'l', then the whole structure common to all tables shall be used; if the indidator is set
to '0', thep only the fields 'table id' through 'private section length' shall follow the comimon structure syntax and
semantics|{ and the rest of the private section may take any form the user determines. Examples of extended yse of this
syntax ar¢ found in informative Annex C.
A private [table may be made of several private sections, all with the same table id\(sce 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 (i =ON<N; it++) {
private_data_byte 8 bslbf
H
H
else {
table id_extension 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbft
last_section_number 8 uimsbf
for (1 =0; i < private_section_length-9; i++) {
private_data_byte 8 bslbf
}
CRC_32 32 rpchof
}
}
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2.4.4.12 Semantic definition of fields in private section

table_id — This 8-bit field, the value of which identifies the Private Table this section belongs to. Only values defined in
Table 2-31 as "user private" may be used.

section_syntax_indicator — This is a 1-bit indicator. When set to 'l', it indicates that the private section follows the
generic section syntax beyond the private section length field. When set to '0', it indicates that the private data bytes
immediately follow the private section length field.

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

private_section_length — A 12-bit field. It specifies the number of remaining bytes in the private section immediately
following the private section length field up to the end of the private section. The value in this field shall not exceed
4093 (OxFFD).

private_data_byte — The private data byte field is user definable and shall not be specified by ITU-T | ISO/IEC in the
future.

table_id_lextension — 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_numberishall be in¢remented
by 1 modulo 32 when a change in the information carried within the private section occurs. When the
current_ngxt indicator is set to '0', then the version number shall be that of the next applicable private sectioh with the
same tabl¢ id and section number.

current_hext indicator — A 1-bit field, which when set to 'l' indicates that the (private section sent is| currently
applicabl¢. When the current next indicator is set to '1', then the version_number shallbe that of the currently applicable
private_sgction. When the bit is set to '0', it indicates that the private section sefityis not yet applicable and shall be the
next private section with the same section_number and table id to become valid.

section_number — This 8-bit ficld gives the number of the private sectiom)The section _number of the first s¢ction in a
private taple shall be 0x00. The section_number shall be incremented\by 1 with each additional section in this private
table.

last_sectipn_number — This 8-bit field specifies the number .of the last section (that is, the section with tlie highest
section_npimber) 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 decodpr defined
in Annex |A after processing the entire private section,

2.4.4.13 |Syntax of the transport stream section

Rec. ITU-T H.222.0 | ISO/IEC 13818-1 (compliant bitstreams may carry the information defined in Thble 2-36.
Rec. ITU{T H.222.0 | ISO/IEC 13818-1.cempliant decoders may decode the information defined in this table.

The transport stream description table”is defined to support the carriage of descriptors as found in 2.6 for|{ an entire
transport ptream. The descriptoss_shall apply to the entire transport stream. This table uses a table id value df 0x03 as
specified |n Table 2-31 and is(cartied in transport stream packets whose PID value is 0x0002 as specified in Tdble 2-3.
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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 uimsbT
last_section_number 8 uimsbf
for (i=0;1<N;it++) {
descriptor()
H
CRC_32 32 ¥pchof
}

2.4.4.14 [Semantic definition of fields in the transport stream section
table_id | This is an 8-bit field, which shall be set to '0x03' as specified in Table2-31.

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 off the section, starting immediately following the section_length ficld, and including the CRC. The vallue in this
field shallf not exceed 1021 (0x3FD).

version_number — This 5-bit field is the version number of th¢.whole transport stream description table. The version
number shall be incremented by 1 modulo 32 whenever the definition of the transport stream description tablg changes.
When the|current next_indicator is set to '1', then the versien number shall be that of the currently applicablg transport
stream depcription table. When the current_next_indicater is set to '0', then the version _number shall be that df the next
applicablg transport stream description table.

current_hext indicator — A 1-bit indicator, whieh, when set to 'l', indicates that the transport stream descrigtion table
sent is cufrently 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 th¢ transport
stream depcription table shall be 0x00. It shall be incremented by 1 with each additional section in the transpprt stream
description table.

last_sectipn_number — This)8-bit field specifies the number of the last section (that is, the section with tlie highest
section_nfimber) of the ¢omplete transport stream description table.

CRC_32 |- This is @ 32*bit field that contains the CRC value that gives a zero output of the registers in the decodgr defined
in Annex |A aftersprocessing the entire transport stream description section.

2.5 [Program stream bitstream requirements
2.5.1 Program stream coding structure and parameters

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

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

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

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

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

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

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

2.5.2 Program-stream-systep-target-decoder

The semaptics of the program stream and the constraints on these semantics require exact definitions of deéeoding events
and the tilnes at which these events occur. The definitions needed are set out in this Specification using-a hypothetical
decoder khown as the program stream system target decoder (P-STD).

The P-STD is a conceptual model used to define these terms precisely and to model the decoding process ¢luring the
construction of program streams. The P-STD is defined only for this purpose. Neither the architecture of the §-STD nor
the timing described precludes uninterrupted, synchronized playback of program streams from a variety of decpders with
different grchitectures or timing schedules.

A() Video S 1(k)

B «,0) D k
TRbyieer | L2 1 ° v
! multiplex stream |
LT T P T
1 j-th access upi i i k-th presentation unit |
_______________ a e —
° |
P, (k)
o B, D n
o | p,(K)

System control

H.222.0(12)_F2-2

Figure 2-2 <«Program stream system target decoder notation

The following notation is usedito describe the program stream system target decoder and is partially fllustrated

in Figure P-2.

1, 1’ «are’‘indices to bytes in the program stream. The first byte has index 0.
J» 1s an index to access units in the elementary streams.

kK k" are indices to presentation units in the elementary streams.

n is an index to the elementary streams.

T1) 1ndicates the time in seconds at which the 1-th byte ol 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. An(j) is indexed in decoding order.

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

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

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

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

n at time t.

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

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

D, is the decoder for elementary stream n.

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

System clock frequency

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

The value

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

The notat
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on "system_clock frequency" is used in several places in this Recommendation | International Standaj
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encoded in the SCR field indicates time t(i), where i1 refers to the byte containing the last
ock reference base field.

Specifically:

where:
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SCR(i) = SCR” base(i)x 300+ SCR _ext(i)

SCR __base(i) = ((system__clock _frequency x t(i))DIV 300)%2>"
SCR ) ext(i) = ((system__clock _ frequency x t(i))DIV 1)%300

arrival times£(1); as given in equation 2-21, for all other bytes shall be constructed from SCR(i) and
h arrives, where the arrival rate within each pack is the value represented in the program mux_rate fj
der.
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where:

D =
system_clock _ frequency — program_mux _ratex50

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

(2-21)

is the index of the byte containing the last bit of the system clock reference base field in the

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

clock

program mux_rate is a field defined in 2.5.3.3.

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

The PES packet data from elementary stream n is passed to the input buffer for stream n, B,. Transfer of byte i from the
system target decoder input to B, is instantaneous, so that byte i enters the buffer for stream n, of size BS,, at time t(i).

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

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

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

The progtam stream shall be constructed and t(i) shall be chosen so that the input buffers of size BS ythrough BS, neither
overflow hor underflow in the program system target decoder. That is:

0<F,()<BS,

for all t and n,

and:
F.()=0

instantandously before t = t(0).
Fa(t) is th¢ instantaneous fullness of P-STD buffer B;.

An exception to this condition is that the P-STD buffer Bynidy underflow when the low_delay flag in the vided sequence
header is pet to '1' (refer to 2.4.2.7) or when trick_mode status is true (refer to 2.4.3.8).

For all prpgram streams, the delay caused by system target decoder input buffering shall be less than or eqpal to one
second except for still picture video data and ISO/TEC 14496 streams. The input buffering delay is the difference in time
between 4 byte entering the input buffer and when it is decoded.

Specifically: in the case of no still picturé.video data and no ISO/IEC 14496 stream the delay is constrained by

tdn(j)—t(i)<=1s

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

tdn(j)—t(i) <= 60's

in the cas¢ of ISO/TEC 14496 streams the delay is constrained by:

tdn(j)—t(i)<=10s

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

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

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

It is possible to construct a stream of data as a contiguous stream of PES packets each containing data of the same
elementary stream and with the same stream_id. Such a stream is called a PES stream. The PES-STD model for a PES
stream is identical to that for the program stream, with the exception that the Elementary Stream Clock Reference (ESCR)
is used in place of the SCR, and ES rate in place of program mux rate. The demultiplexor sends data to only one
elementary stream buffer.

NOTE - In the following equations, unit conversion should be implicitly performed as appropriate.

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

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

For Rec ITU-TH. 262 | ISO/IEC 13818-2 video:

BS: = VBVmay[profile, level] + BSn

BSon = (1/750) seconds x Rmax[profile, level], where VBV na[profile, level] and Rmax[profile, lev
maximum VBV size and bit rate per profile, level, and layer as defined in Tables 8-14
respectively, of Rec. ITU-T H.262 | ISO/IEC 13818-2. BSy, is allocated for PES packet header

For ISO/IEC 11172-2 video:

Bsn = VBVmax + BSOh

BSon = (1/750) seconds X Rmax, where Rmax and vbv_max referjto the maximum bitrate and
vbv_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 bjtes
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 t
stream carries a single €fementary stream only.

For ISO/IEC 14496-3 audio, except for ISO/IEC 14496-3 DST, ALS and SLS:

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

el] are the
and 8-13,
overhead.

maximum

hat a PES

Note that the above numbers differ from the BSn numbers specified in 2.11.2.2 due to the fact that a PES
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stream carries a single elementary stream only.
For ISO/IEC 14496-3 DST-64 audio:

BS, = 5000 x (number of channels) bytes; hence for stereo BS, = 10 000 bytes
and for 5.1 surround sound audio BS, = 30 000 bytes

For ISO/IEC 14496-3 DST-128 audio:

BS, =10 000 x (number of channels) bytes; hence for stereo BS, =20 000 bytes
and for 5.1 surround sound audio BS, = 60 000 bytes

For ISO/IEC 14496-3 DST-256 audio:
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BS, =20 000 x (number of channels) bytes; hence for stereo BS, = 40 000 bytes
and for 5.1 surround sound audio BS, = 120 000 bytes

—  For ISO/IEC 14496-3 ALS and SLS audio:

BS, =33 000 x (number of channels) bytes; hence for stereo BS, = 66 000 bytes
and for 5.1 surround sound audio BS, = 198 000 bytes

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

BS. = 1200 x MaxCPB[level] + BSan

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

:2019 (E)

14496-10

brt stream

ndividual
meters for

T H.264 |
b of AVC
10 carried
) or more
'D model,

2.5.2.5 |Decoding and presentation
Decoding|and presentation in the program stream system target decoder are the same as defined for theltransp
system tafget 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 decoding of ISO/IEC 14496 data carried in a program stream the P-STD model is extended. For decoding of
ISO/IEC 14496 elementary streams in the P-STD see 2.11.2. Clause 2.11.3 defines P-STD extensions and para
decoding pf 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 decoding of AVC video streams conforming to one or more profile§ defined in Annex A of Rec. ITUA
ISO/IEC 14496-10 video streams carried in a program stream in the-P<STD model, see 2.14.3.2, for decodin
video strepms conforming to one or more profiles defined in AnnexyG.of Rec. ITU-T H.264 | ISO/IEC 14496-
in a program stream in the P-STD model, see 2.14.3.6 and for decoding of AVC video streams conforming to of
profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 44496-10 carried in a program stream in the P-S']
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
2.5.3 Specification of the program stream syntax and semantics
The folloying syntax describes a stream.ofbytes.
2.5.3.1 [Program stream
See Tablg 2-37.
Table 2-37 — Program stream
Syntax No. of bits | Mnemonic
MPEG2 _ program_stream() {
do {
pack()
} while (nextbits() = = pack_start_code)
MPEG_program_end_code 32 bslbf
}

2.5.3.2 Semantic definition of fields in program stream

MPEG_program_end_code — The MPEG program end code is the bit string '0000 0000 0000 0000 0000 0001 1011
1001' (0x000001B9). It terminates the program stream.

2.5.3.3
See Table

Pack layer of program stream

s 2-38 and 2-39.
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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] 3 bsibf
marker_bit 1 bslbf
system_clock_reference_base [29..15] 15 bslbf
marker_bit 1 bslbf
system_clock_reference_base [14..0] 15 bslbf
marker_bit 1 bslbf
system_clock_reference_extension 9 uimsbf
marker_bit 1 bslbf
program_mux_rate 22 uimsbf
marker_bit 1 bslbf
marker_bit 1 bslbf
reserved 5 bslbf
pack_stuffing_length 3 uimsbf
for (i=0; 1 <pack stuffing length; i++) {
stuffing_byte 8 bslbf
H
if (nextbits() = = system_header_start code) {
systemheader ()
H
}
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' (0x000Q01BA). It
identifies [the beginfithg of a pack.
system_clock (reference_base; system_clock_reference_extension — The system clock reference (SCR) is a 42-bit field
coded in twoarts. The first part, system_clock reference base, is a 33-bit field whose value is given by SCR [base(i) as
given in f = Tom; T 1s given by

SCR_ext(i), as given in equation 2-20. The SCR indicates the intended time of arrival of the byte containing the last bit
of the system_clock reference base at the input of the program target decoder.

The frequency of coding requirements for the SCR field are given in 2.7.1.
marker_bit — A marker bit is a 1-bit field that has the value '1".

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

pack_stuffing length — A 3-bit integer specifying the number of stuffing bytes which follow this field.
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stuffing_byte — This is a fixed 8-bit value equal to '1111 1111 that can be inserted by the encoder, for example to meet
the requirements of the channel. It is discarded by the decoder. In each pack header no more than 7 stuffing bytes shall
be present.

2.5.3.5 System header
See Table 2-40.

Table 2-40 — Program stream system header

Syntax No. of bits Mnemonic
system_header () {
system_header_start code 32 bslbf
header_length 16 uimsbf
T_Dbit T bsIbf
rate_bound 22 uimsbf
arker_bit 1 bslpf
apdio_bound 6 uinsbf
fixed_flag 1 bslbf
(SPS _flag 1 bslpf
system_audio_lock flag 1 bslpf
system_video_lock_flag 1 bslbf
nmarker_bit 1 bslpf
video_bound 5 uimsbf
ppcket_rate_restriction_flag 1 bslpf
reserved_bits 7 bslpf
while (nextbits () =="1") {
stream_id 8 uinpsbf
if (stream_id =="1011 0111") {
'"11' 2 bslpf
'000 0000’ 7 bslpf
stream_id_extension 7 uimsbf
'1011 0110’ 8 bslpf
"1’ 2 bslpf
P-STD_buffer_bound_scale 1 bslpf
P-STD_buffer_size bound 13 uinpsbf
¥
else {
"1’ 2 bslbf
P-STD_buffer_bound_scale 1 bslbf
P-STD_buffer_size bound 13 uinpsbf
}
}
}
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 (001 1011
1011' (0x000001BB)t1dentifies the beginning of a system header.
header_l¢ngth =-This 16-bit field indicates the length in bytes of the system header following the header lefgth field.
Future extensions of this Specification may extend the system header.
rate_bouhd—A22-bitfteld—Therate—beotndis—aninteger—~value—preaterthanorequalto—themasdmunr—value of the

program_mux_rate field coded in any pack of the program stream. It may be used by a decoder to assess whether it is
capable of decoding the entire stream.

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

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

SCR_base(i) = ((c1 x i + ¢2) DIV 300) % 2°3 (2-22)
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SCR_ext(i) = ((c1 x i+ c2) DIV 300) % 300

cl isareal-valued constant valid for all i.

¢2 s areal-valued constant valid for all i.

(2-23)

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 set to 'l' the program stream meets the constraints defined

in2.7.9.

system_audio_lock flag — The system audio lock flag is a 1-bit field indicating that there is a specified, constant
rational relationship between the audio sampling rate and the system clock frequency in the system target decoder. The

system ¢

ck frequency is defined in 252 1 and the audio sampling rate is specified in ISO/AEC 138

8-3. The

system_ai
stream, th
indicated

idio_lock flag may only be set to '1" if, for all presentation units in all audio elementary streams inthi
in the following table at the nominal sampling rate indicated in the audio stream.

system _clock _ frequency

e ratio of system_clock frequency to the actual audio sampling rate, SCASR, is constant and equal tg

b program
the value

SCASR = —— : (2-24)
audio _sample rate _in_the P —STD
X o
The notatjon — denotes real division.
Nomindl audio
sampling 16 32 22.05 44.1 24 48
frequengy (kHz)
27 000 000 27 000 000 27 000 000 27 000 000 27 000 000 27 Q00 000
SCASR | e | s | e D) s | s |
16 000 32000 22 050. 44100 24 000 48 000
system_vjdeo_lock flag — The system video lock flag is a.,1-bit field indicating that there is a specified, constant
rational r¢lationship between the video time base and the<system clock frequency in the system target decpder. The
system_video lock flag may only be set to 'l' if, for all\presentation units in all video elementary streams i the Rec.
ITU-T H.22.0 | ISO/IEC 13818-1 program, the ratio: of system clock frequency to the frequency of the acfual video
time base|is constant.

For ISO/I
'1", then th
indicated

For ISO/I
video stre
times sysf
sequence,

For Rec.
parameter
then the
system_cl|

in the following table at the mominal frame rate indicated in the video stream.

FC 14496-2 video streams, if the system_video lock flag is set to 'l’, then the time base of the ISO/IE

em_clock frequency-divided by K, with N and K integers that have a fixed value within each vis
with K greater than or equal to N.

ock/ frequency divided by K, with N and K integers that have a fixed value within each AVC video

h N

am, as defined by vep.time increment resolution, shall be locked to the STC and shall be exactly ¢

TU-T H.264 [ISO/IEC 14496-10 video streams, the frequency of the AVC time base is defined by
time scale! If the system video lock flag is set to 'l' for an AVC video stream or for a video sub-pitstream,
freqiency of the AVC time base shall be locked to the STC and shall be exactly equal to)

FC 11172-2 and Rec. ITU-T H.26241SO/IEC 13818-2 video streams, if the system_video lock flag is set to
e ratio of system_clock frequency-to the actual video frame rate, SCFR, shall be constant and equal tq

the value

" 14496-2
qual to N
ual object

the AVC

N times
sequence,

with K gr

4 41 1+
At IaIr 0T CquaTr tO—INT

system _clock _ frequency
frame _rate in_the P—STD

SCFR =

(2-25)

Nominal
frame rate
(Hz)

23.976

24

25

29.97

30

50

59.94

60

SCFR

1126125

1 125 000

1 080 000

900 900

900 000

540 000

450450

450 000

The values of the ratio SCFR are exact. The actual frame rate differs slightly from the nominal rate in cases where the
nominal rate is 23.976, 29.97, or 59.94 frames per second.
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video_bound — The video_bound is a 5-bit integer in the inclusive range from 0 to 16 and is set to a value greater than or
equal to the maximum number of video streams in the program stream of which the decoding processes are simultaneously
active. For the purpose of this subclause, the decoding process of a video stream is active if one of the buffers in the
P-STD model is not empty, or if a Presentation Unit is being presented in the P-STD model.

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

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

stream_id — The stream id is an 8-bit field that indicates the coding and elementary stream number of the stream to
which the following P-STD_buffer bound scale and P-STD_buffer size bound fields refer.

If stream id equals '1011 1000' the P-STD buffer hound scale and P-STD huffer size bound fields following the
stream_id|refer to all audio streams in the program stream.

If stream|id equals '1011 1001' the P-STD buffer bound scale and P-STD buffer size bound fields)follpwing the
stream_id|refer to all video streams in the program stream.

If stream|id equals '1111 1101', the P-STD buffer bound scale and P-STD buffer size bound fields follpwing the
stream_id| refer to all elementary streams with an extended stream_id in the program streant/independent of fthe coded
value of the stream_id_extension in the PES header of those streams.

If stream |id equals '1011 0111, the following stream_id_extension field shall be interpreted as referring to the stream
coding an{d elementary stream number according to Table 2-27.

If the stredm_id takes on any other value it shall be a byte value greater than or,dqualto '1011 1100' and shall be ipterpreted
as referrirg to the stream coding and elementary stream number according fo Table 2-22.

Each elgmentary stream present in the program stream shall have its P-STD buffer bound scale and
P-STD_buffer size bound specified exactly once by this mechanisnnin each system header.

stream_i¢l extension — The stream_id_extension is a 7-bit field:\In case the stream_id field is coded with the value '1011
0111', th¢n the stream id extension indicates the coding “and elementary stream number of the strean] with an
extended |stream id to which the P-STD buffer bound.s¢ale and P-STD buffer size bound fields follgwing the
stream_id| extension field refer.

P-STD_buffer_bound_scale — The P-STD_bufférbound scale is a 1-bit field that indicates the scaling factpr used to
interpret fthe subsequent P-STD buffer size bound field. If the preceding stream id indicates an audip stream,
P-STD bpiffer bound scale shall have thévalue '0'. If the preceding stream id indicates a vided stream,
P-STD bpffer bound scale shall have ;‘the value 'lI'. For all other stream types, the value| of the
P-STD_byiffer bound scale may be either '1' or '0'".

P-STD_buffer_size_bound — The P<STD_buffer size bound is a 13-bit unsigned integer defining a value greater than
or equal fo the maximum P STD input buffer size, BS,, over all packets for stream n in the program ptream. If
P-STD bpffer bound scal€ has the value '0', then P-STD_buffer size bound measures the buffer size bound {n units of
128 bytes| If P-STD_buffer, bound_scale has the value '1', then P-STD_buffer size bound measures the buffer §ize bound
in units of 1024 bytes_ Thus:

if (P—STD _buffer bound scale ==0)
BS, < P—S8TD _buffer _size_bound x128

else:

BS, < P—STD buffer size_bound x 1024

2.5.3.7 Packet layer of program stream

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

254 Program stream map

The Program Stream Map (PSM) provides a description of the elementary streams in the program stream and their
relationship to one another. When carried in a transport stream this structure shall not be modified. The PSM is present
as a PES packet when the stream_id value is 0xBC (refer to Table 2-22).

NOTE — This syntax differs from the PES packet syntax described in 2.4.3.6.
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Definition for the descriptor() fields may be found in 2.6.

2.5.4.1 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 bs|bf
program_stream_map_version 5 uimsbf
reserved 7 bs|bf
njarker_bit 1 bs|bf
program_stream_info_length 16 uimsbf
fgr 1=0;1<N;itt) {
descriptor()
}
elementary stream map_length 16 uimsbf
for (1=0; 1< NI; i++) {
stream_type 8 uimsbf
elementary_stream_id 8 uimsbf
elementary stream_info length 16 Uimsbf
if ( elementary stream_id == O0xFD &&
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 (i=3;1<N2;it++) {
descriptor()
}
§
else {
for (1=0; 1< N2;i++) {
descriptor()
}
}
}
(rRC_32 32 rpchof

2.5.4.2 [Semantic definition of fields in program stream map

packet_sfart 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 'OO]O 0000 000020000 0000 0001' (0x000001 in hexadecimal).

map_strdam_id.=THis is an 8-bit field whose value shall be 0xBC.

program| stteam_map_length — The program_stream_map_length is a 16-bit field indicating the total numbgr of bytes

in the program_stream map immediately following this field The maximnm value of this field is 1018 (OXx3FA).

single_extension_stream_flag — This is a 1-bit field indicating, when set to 'l', that the program stream contains at most

one elementary stream with stream_id equal to OxFD.

current_next_indicator — This is a 1-bit field, when set to 'l' 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 version
number shall be incremented by 1 modulo 32 whenever the definition of the program stream map changes. When the
current_next_indicator is set to 'l', then the program stream map_ version shall be that of the currently applicable
program stream map. When the current next indicator is set to '0', then the program_stream map version shall be that

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

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

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

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

elementary_stream_id — The elementary stream id is an 8-bit field indicating the value of the stream id field in the
PES packet headers of PES packets in which this elementary stream is stored. When elementary stream _id is equal to
0xFD, the following applies:

—1f simglcextension streanftag s equatto— 15 this Tdicatesthattheprogran streanT comntains| only one
elementary stream with stream_id equal to OxFD. Note that the type of this elementary streamyiq signalled
by the encoded value of the stream_id extension field in the PES headers of PES packets cafrying this
elementary stream.

—  Otherwise (single extension stream flag is equal to 0), the elementary stream)-fd extension field is
present to identify the elementay stream.

elementaly stream_info_length — The elementary stream_info length is a 16-bit field indicating the length in bytes of
the desqriptors and, when present, the pseudo descriptor tag, the pseudoy descriptor length, |and the
elementarly stream_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 fthe use of
value 0xO|l for descriptor tags is forbidden in Table 2-45.

pseudo_descriptor_length — The pseudo_descriptor_length is an 8-bitunsigned integer that shall be coded with the value
1.

elementaly stream_id_extension — This 7-bit field, when" present, indicates the encoded valu¢ of the
elementarly stream id extension field in the PES packet headers of PES packets in which this elementary streanj is stored.

CRC_32 - This is a 32-bit field that contains the CRC valuethat gives a zero output of the registers in the decodkr defined
in Annex [A after processing the entire program streammap.

2.5.5 Program stream directory

The directory for an entire stream is made up”of all the directory data carried by program stream directofy packets
identified|with the directory stream id. The'syntax for program stream_directory packets is defined in Table P-42.

NOTE|1 — This syntax differs from th¢ PES packet syntax described in 2.4.3.6.

Directory| entries may be_ trequired to reference I-pictures in a video stream as defined in
Rec. ITU{T H.262 | ISO/IEC ¥3818-2 and ISO/IEC 11172-2. If an I-picture that is referenced in a directory entry is
preceded py a sequence header with no intervening picture headers, the directory entry shall reference the first yte of the
sequence header. If an [-picture that is referenced in a directory entry is preceded by a group of pictures head¢r with no
intervening picture headers and no immediately preceding sequence header, the directory entry shall referende the first
byte of the group df pictures header. Any other picture that a directory entry references shall be referenced bjy the first
byte of the picture header.

NOTE|2 €It is'recommended that I-pictures immediately following a sequence header should be referenced in directory structures

so thatfthe.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. ITU-T H.264 |
ISO/IEC 14496-10, directory entries may be required to reference IDR picture or pictures associated with a recovery point
SEI message in an AVC video stream. Each such directory entry shall refer to the first byte of an AVC access unit.

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, directory entries may be required to reference IDR picture or pictures to be
re-assembled from video sub-bitstreams and associated with a recovery point SEI message present in a video
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 to be
re-assembled from MVC video sub-bitstreams and associated with a recovery point SEI message present in an MVC
video sub-bitstream. Each such directory entry shall refer to the first byte of an MVC view-component subset.
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Directory references to audio streams as defined in ISO/IEC 13818-3 and ISO/IEC 11172-3 shall be the syncword of the
audio frame.

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

Access units shall be referenced in a program_stream_directory packet in the same order that they appear in the bitstream.

2.5.5.1 Syntax of program stream directory packet

See Table 2-42.

Table 2-42 — Program stream directory packet

Syntax No. of bits Mnemonic
directory PES packet(){
8
16
15
1
15
1
15
1
15
1
15
1
15
1
15
A 1
fgr (i =0; i < number of access units; i++) {
packet stream_id 8
PES header position_offset sign 1
PES header position_offset[43..30] 14
marker_bit 1
PES header position_offset[29..15] 15
marker_bit 1
PES header position_offset[14..0] 15
marker_bit 1
reference_offset 16
marker_bit 1
if (packet stream id == OxED) {
packet_stream_id. extension_msbs 3 uimsbf
else {
reserved 3 bslbf
}
PTS[32..30] 3
marker_bit 1
PTS|[29.:15] 15
marker/ bit 1
PTS[14..0] 15
marker bit 1
bytes to read[22..8] 15
marker_bit 1
bytes_to_read[7..0] 8
marker_bit 1
intra_coded_indicator 1
coding_parameters_indicator 2
if (packet stream id == OxFD) {
packet stream_id_extension_Isbs 4 uimsbf
else {
reserved 4 bslbf
}
}
h
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2.5.5.2 Semantic definition of fields in program stream directory

packet_start code_prefix — The packet start code prefix is a 24-bit code. Together with the stream_id that follows, it
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).

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

PES packet_length — The PES packet length is a 16-bit field indicating the total number of bytes in the
program_stream_directory immediately following this field (refer to Table 2-21).

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

prev_directory_offset — This 45-bit unsigned integer gives the byte address offset of the first byte of the packet start
code of the previous program stream directory packet. This address offset is relative to the first byte of the start code of
the packe]I which contains this previous_directory oftset field. The value 0" indicates that there 1s no previoup program
stream difectory packet.

next_dirgctory_offset — This 45-bit unsigned integer gives the byte address offset of the first byte of the [packet|start code
of the next program stream directory packet. This address offset is relative to the first byte of the start-code of the packet
which comtains this next directory offset field. The value '0' indicates that there is no next program stream| directory
packet.

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

PES_heafler_position_offset_sign — This 1-bit field is the arithmetic sign for th¢ RES header position_offset|{described
immediat¢ly 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 heafler_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.

referencq offset — This 16-bit field is an unsigned integer indicating the position of the first byte of the referen¢ed access
unit, meagured in bytes relative to the first byte of the PES\packet containing the first byte of the referenced acgess unit.

PTS (prepentation_time_stamp) — This 33-bit field isthe PTS of the access unit that is referenced. The semaritics 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 indlicated by
reference | offset that are needed to decode\the access unit completely. This value includes any bytes multipleked at the
systems lgyer including those containing\information from other streams.

intra_coded_indicator — This is a I-bit flag. When set to '1' it indicates that the referenced access unit is not pedictively
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". Fpr all PES
packets containing data whieh is not from a Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream, this field is pndefined
(see Tablg 2-43).

Table 2-43 — Intra_coded indicator

Value Meaning
‘0’ Not Intra
T Intra

coding_parameters_indicator — This 2-bit field is used to indicate the location of coding parameters that are needed to
decode the access units referenced (see Table 2-44). For example, this field can be used to determine the location of
quantization matrices for video frames.
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Table 2-44 — Coding_parameters indicator

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

packet_stream_id_extension_msbs — This 3-bit field is present if packet stream id equals OxFD; its coding is specified
below.

packet_stream_id_extension_lsbs — This 4-bit field is present if packet stream id equals OxFD; its coding is specified
below.

If packet stream id is equal to OxFD, the packet stream id extension indicates the encoded jvalile of the
stream_id| extension in the PES header of the PES packet(s) containing the access unit referenced by this direcfory entry.
The valug of the packet stream id_extension is specified by:

packet stream_id_extension = packet_stream_id_extension_msbs * 16 + packet stream’ id_extensipn_Isbs

2.6 [Program and program element descriptors

Program nd program element descriptors are structures which may be used to extend the definitions of programs and
program g¢lements. All descriptors have a format which begins with an 8-bit tagvalue. The tag value is followed by an
8-bit descfiptor length and data fields.

2.6.1 Semantic definition of fields in program and program element descriptors
The folloying semantics apply to the descriptors defined in 2.6.2 through the end of 2.6.
descriptojr_tag — The descriptor_tag is an 8-bit field which identifies each descriptor.

Table 2-4p provides the Rec. ITU-T H.222.0 | ISO/IEC 13818-1"defined, Rec. ITU-T H.222.0 | ISO/IEC 13818-] reserved,
and user gvailable descriptor tag values. An X' in the TS or PS columns indicates the applicability of the degcriptor to
either the ftransport stream or program stream respectively. Note that the meaning of fields in a descriptor may ¢lepend on
which str¢am it is used in. Each case is specified in¢he 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.

Table 245 — Program and program element descriptors

descriptor_tag TS PS Identification
0 n/a n/a | Reserved
n/a X | Forbidden
2 X X | video_stream_descriptor
3 X X | audio_stream_descriptor
4 X X | hierarchy descriptor
S %X %X TCEISTation (CSCIiptoT
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
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Table 2-45 — Program and program element descriptors

descriptor_tag TS PS Identification

17 X STD_descriptor
18 X X | IBP_descriptor

19..26 X Defined in ISO/IEC 13818-6
27 X X | MPEG-4_video_descriptor
28 X X | MPEG-4_audio_descriptor
29 X X | IOD_descriptor
30 X SL_descriptor
31 X X EMC _descriptor
32 X X | external ES ID descriptor
33 X X | MuxCode_descriptor
34 X X | 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 ‘udio_descriptor
44 X X | FlexMuxTimiug* descriptor
45 X X | MPEG-4text_descriptor
46 X X | MPEG-4" audio_extension_descriptor
47 X X | Auxiliary video_stream_descriptor
48 X X J\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
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).
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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 uimsbT
chroma_format 2 uimsbf
frame_rate_extension_flag 1 bslbf
reserved 5 bslbf
H
}
2.6.3 Semantic definitions of fields in video stream descriptor

multiple [frame_rate_flag — This 1-bit field when set to '1' indicates that multiple-franie rates may be present ir] the video
stream. When set to a value of '0' only a single frame rate is present.

frame_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 thaf when the
multiple frame rate flag is set to a value of '1' the indication of a particular frame rate also permits certain other frame
rates to bg present in the video stream, as specified in Table 2-47:

Table 2-47 — Frame rate code

Coded as Also includes
23.976
24.0 23.976
25.0
29.97 23.976
30.0 23.976 24.0 29.97
50.0 25.0
59.94 23.976 29.97
60.0 23.976 24.0 29.97 30.0 59.94

MPEG_1| only flag ~~TFhis is a 1-bit field which when set to 'l' indicates that the video stream confains only
ISO/IEC | 1172-2 dat. If set to '0' the video stream may contain both Rec. ITU-T H.262 | ISO/IEC 13818-2 yideo data
and constfained parameter ISO/IEC 11172-2 video data.

constrained/parameter_flag — This is a 1-bit field which when set to '1' indicates that the video stream shall not contain
unconstrlmswmmm_ﬂwmmwm, nstrained

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 'l' indicates that the video stream contains only still pictures.
If the bit is set to '0' then the video stream may contain either moving or still picture data.

profile_and_level_indication — This 8-bit field is coded in the same manner as the profile and level indication fields
in the Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream. The value of this field indicates a profile and level that is equal
to or higher than any profile and level in any sequence in the associated video stream. For the purposes of this subclause,
an ISO/IEC 11172-2 constrained parameter stream is considered to be a Main Profile at Low Level stream (MP @ LL).

chroma_format — This 2-bit field is coded in the same manner as the chroma format fields in the Rec. ITU-T H.262 |
ISO/IEC 13818-2 video stream. The value of this field shall be at least equal to or higher than the value of the
chroma format field in any video sequence of the associated video stream. For the purposes of this subclause, an
ISO/IEC 11172-2 video stream is considered to have chroma_format field with the value '01', indicating 4:2:0.
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frame_rate_extension_flag — This is a 1-bit flag which when set to 'l' indicates that either or
frame rate extension n and the frame rate extension d fields are non-zero in any video sequences of the
Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream. For the purposes of this subclause, an ISO/IEC 11172-2 video stream
is constrained to have both fields set to zero.

2.6.4

Audio stream descriptor

:2019 (E)

both the

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

as describ

ed in ISO/TEC 13818-3 or ISO/IEC 11172-3 (see Table 2-48).

Table 2-48 — Audio stream descriptor

2.6.5

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
}

Semantic definition of fields in audio stream descriptor

free_format_flag — This 1-bit field when set to '1' indicates that the audio stream may contain one or more aud

with the b
in any aud

ID — Thig
to 2.4.2.3

itrate_index set to '0000'". If set to '0', then the bitrate index i§not '0000' (refer to 2.4.2.3 of ISO/IEQ
io frame of the audio stream.

1-bit field when set to '1' indicates that the ID field isiset to '1' in each audio frame in the audio str
of ISO/IEC 13818-3).

layer — This 2-bit field is coded in the same manner as thé layer field in the ISO/IEC 13818-3 or ISO/IEC 1117

streams (1f
layer sped

variable |
not chang]

2.6.6

The hiera
coded vid|

efer to 2.4.2.3 of ISO/IEC 13818-3). The layer indicated in this field shall be equal to or higher than t
ified in any audio frame of the audio stream.

rate_audio_indicator — This 1-bit flag, when set to '0' indicates that the encoded value of the bit rate
e in consecutive audio frames which ‘are intended to be presented without discontinuity.

Hierarchy descriptor

chy descriptor providestinformation to identify the program elements containing components of hierg
o, audio, and private'streams. (See Table 2-49.)

Table 2-49 — Hierarchy descriptor

lio frames
13818-3)

bam (refer

2-3 audio
he highest

field shall

rchically-

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
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Table 2-49 — Hierarchy descriptor

Syntax No. of bits | Mnemonic
reserved 2 bslbf
hierarchy_channel 6 uimsbf

}
2.6.7 Semantic definition of fields in hierarchy descriptor

no_view_scalability flag — A 1-bit flag, which when set to '0' indicates that the associated program element enhances
the number of views of the bit-stream resulting from the program element referenced by the
hierarchy embedded layer index. The value of '1' for this flag is reserved.

no_temporal_scalability flag — A 1-bit flag, which when set to '0' indicates that the associated prograrh element
enhances| the frame rate of the bit-stream resulting from the program element referenced| by the
hierarchy| embedded layer index. The value of '1' for this flag is reserved.

no_spatigl_scalability flag — A 1-bit flag, which when set to '0' indicates that the associated program elemenf enhances
the spatial resolution of the bit-stream resulting from the program element\ Teferenced | by the
hierarchy| embedded layer index. The value of '1' for this flag is reserved.

no_quality_scalability_flag — A 1-bit flag, which when set to '0' indicates that the assgCiated program elemen{ enhances
the SNR| quality or fidelity of the bit-stream resulting from the progfam™ element referenced by the
hierarchy| 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 embedddd layer is
defined i Table 2-50. If scalability applies in more than one dimensien, this field shall be set to the v3lue of '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-bitstreams, this
field shal]l be set to the value of '9' ("MVC video sub:bitstream") and the flags no view scalalfility flag,
no_tempdral scalability flag, no_spatial scalability flag and no"quality scalability flag shall be set to 'l'. For MVC
base viey sub-bitstreams, this field shall be set to the ‘value of 'l5' and the flags no view scalability flag,
no_tempgral_scalability flag, no_spatial scalability flagrand no_quality scalability flag shall be set to '1'. For MVCD
video subp-bitstreams, this field shall be set to the value of '9' ("MVCD video sub-bitstream") and [the flags
no_view_pcalability flag, no temporal_scalabilityoflag, no spatial scalability flag and no_quality scalability flag
shall be get to 'l'. For MVCD base view sub-bitstreams, this field shall be set to the value of '15' and| the flags
no_view_pcalability flag, no temporal_scalability flag, no_spatial scalability flag and no_quality scalability flag
shall be s¢t to '1".

hierarchy layer_index — The hierarchy; layer index is a 6-bit field that defines a unique index of the associatefl program
element ifh a table of coding layer, hierarchies. Indices shall be unique within a single program definition. For yideo sub-
bitstreamg of AVC video streams-¢onforming to one or more profiles defined in Annex G of Rec. ITU-T H.264| ISO/IEC
14496-10j this is the program_¢lement 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-asspmbled in
increasing order of hierarchy layer index. For MVC video sub-bitstreams of AVC video streams conforming to one or
more profiiles 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(ofithe same access unit are re-assembled in increasing order of hierarchy layer index. For MMCD video
sub-bitstr¢ams, of AVC video streams conforming to one or more profiles defined in Annex I of Rec. ITU{T H.264 |
ISO/IEC 4496-10, thtsts-the progrant clenrent iudcz\, whichts aoaisucd e way that-the-bitstreanrorder-wittbe correct
ifassociated 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 'l' for this flag is reserved.

hierarchy _embedded_layer_index — The hierarchy embedded layer index is a 6-bit field that defines the
hierarchy layer index of the program element that needs to be accessed and be present in decoding order before decoding
of the elementary stream associated with this hierarchy descriptor. This field is undefined if the hierarchy type value is
15.

hierarchy channel — The hierarchy channel is a 6-bit field that indicates the intended channel number for the associated
program element in an ordered set of transmission channels. The most robust transmission channel is defined by the
lowest value of this field with respect to the overall transmission hierarchy definition.
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NOTE — A given hierarchy channel may at the same time be assigned to several program elements.

Table 2-50 — Hierarchy_type field values

Value Description
0 Reserved
1 Spatial Scalability
2 SNR Scalability
3 Temporal Scalability
4 Data partitioning
5 Extension bitstream
6 Private Stream
7 Multi-view Profile
8 Combined Scalability or MV-HEVC sub-partition.
9 MVC video sub-bitstream or MVCD video sub-bitstream
10 Auxiliary picture layer as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.
11.. 14 Reserved
15 Base layer or MVC base view sub-bitstream or AVC video sub-bitstream of MVC or HEVC temporal viddo
sub-bitstream or HEVC base sub-partition or Base layer of MVCD base view sub-bitstream or AVC video
sub-bitstream of MVCD.
2.6.8 Registration descriptor
The regigtration descriptor provides a method to uniquely and unambiguously identify formats of private data
(see Tablg¢ 2-51).

Syntax No. of bits | Identifier
registration_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
format_identifier 32 uimsbf
for (i=0; i <N;i+t){
additional” identification_info 8 bslbf
}
}
2.6.9 Semantic definition of fields in registration descriptor
format_idlentifier — The format identifier is a 32-bit value obtained from a Registration Authority as desi
ISO/IEC JTC 1/8C(29:
additional_identification_info — The meaning of additional identification info bytes, if any, are defined by th|
of that fojrnat_identiﬁer, and once defined they shall not change.

Table 2-51 — Registration descriptor

pnated by

e assignee

2.6.10

Data stream alignment descriptor

The data stream alignment descriptor describes which type of alignment is present in the associated elementary stream.
If the data_alignment _indicator in the PES packet header is set to '1' and the descriptor is present, alignment — as specified
in this descriptor — is required (see Table 2-52).
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Table 2-52 — Data stream alignment descriptor

Syntax No. of bits | Mnemonic

data_stream_alignment descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
alignment_type 8 uimsbf

}

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.262 |
ISO/IEC 13818-2 video, or ISO/IEC 14496-2 visual streams when the data alignment indicator in the PES packet header

has a valy,

of'1' Eorthacaxindan ctraoiac thao £00t DDQ ool of doto bhotg follouning thao DEQ baoodaor chaoll hao
1T te5 THeHISt T Eo—Packer—aata—oyte HE T o eaae St oot

first byte

of a start
start code

NOTE
The defin

Table 2-
data_aligj

In this cagd

e
=V TaCO-StroarsT TOTTOVY

ode of the type indicated in Table 2-53. At the begin_ning of a video sequence, the alignment shall-o
of the first sequence header.

— Specifying alignment type 'l' from Table 2-53 does not preclude the alignment from beginning at a GOP or S

tion of an access unit is given in 2.1.1.

Table 2-53 — Video stream alignment values

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

b4 describes the alignment type for Ree€ MITU-T H.264 | ISO/IEC 14496-10 video
yment_indicator in the PES packet header has\a value of '1".

e:
*  For AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-

ISO/IEC 14496-10, the firstPES packet data byte following the PES header shall be the first
AVC access unit or thefitstbyte of an AVC slice, as signalled by the alignment_type value.

*  For video sub-bitstreams of AVC video streams conforming to one or more profiles defined in
of Rec. ITU-T H264 | ISO/IEC 14496-10, the first PES packet data byte following the PES he
be the first byte of an SVC dependency representation or the first byte of an SVC slice, as signal
alignment_ type value.

*  For MY CWideo sub-bitstreams of AVC video streams conforming to one or more profiles defined
H of Rec. ITU-T H.264 | ISO/IEC 14496-10, the first PES packet data byte following the P
shall.be the first byte of an MVC view-component subset or the first byte of an MVC slice, as si{
thé alignment_type value.

cur at the

EQ header.

when the

T H.264 |
byte of an

Annex G
ader shall
led by the

in Annex
ES header
rnalled by

e For MVCD video sub-bitstreams of AVC video streams conforming to one or more profiles

efined in

80

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.

Rec. ITU-T H.222.0 (08/2018) © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4a12842312f0aaac5f60e3aaca8b5c06

ISO/IEC 13818-1:2019 (E)

Table 2-54 — AVC video stream alignment values

Table 2-5

value of ']".

Table 2-5
of'1" Int

Alignment type Description

0 Reserved
1 AVC slice or AVC access unit
2 AVC access unit
3 SVC slice or SVC dependency representation
4 SVC dependency representation
5 MVC slice or MVC view-component subset
6 MVC view-component subset
7 MVCD slice or MVCD view-component subset
8 MVCD view-component subset

9..255 Reserved

'

5 describes the alignment type for HEVC when the data alignment indicator in the PES paeket he

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 dfslices
6 HEVC slice or tile of shices
7 HEVC access uniteor slice or tile of slices
8 HEVC slice segment
9 HEVC slice-ségment or access unit
10 HEVC.sliee segment or slice
11 HEVQ 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
16 .. 255 Reserved

2.6.12

b describes the\audio alignment type when the data_alignment indicator in the PES packet header h
his case thiefirst PES packet data byte following the PES header is the first byte of an audio sync w

Table 2-56 — Audio stream alignment values

nder has a

hs a value
ord.

Alignment type Description
0 Reserved
1 Sync word
2..255 Reserved

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.

© ISO/IEC 2019 - All rights reserved
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Figure 2-3 — Target background grid descriptor display area

2.6.13 [Semantics of fields in target background grid descriptor
horizontql_size — The horizontal size of the target background grid in pixels.
vertical_size — The vertical size of the target background grid in pixels.
aspect_rgtio_information — Specifies the sample aspect ratio or display aspect ratio of the“target backgr
Aspect_rgtio_information is defined in Rec. ITU-T H.262 | ISO/IEC 13818-2 (see Table 2-57%)-
Table 2-57 — Target background grid descriptor
Syntax No:-of bits | Mnemonic
target_background grid descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
horizontal_size 14 uimsbf
vertical_size 14 uimsbf
aspect_ratio_information 4 uimsbf
}
2.6.14 |Video window descriptor
The videqd window descriptor (see Table 2-58)is used to describe the window characteristics of the associg
elementarfy stream. Its values reference'the target background grid descriptor for the same stream.
target ba¢kground grid descriptor in2.6>12.
Table 2-58 — Video window descriptor
Syntax No. of bits | Mnemonic
video~window_descriptor() {
descriptor_tag uimsbf
descriptor_length uimsbf
horizontal_offset 14 uimsbf
vertical offset 14 uimsbf
window_priority 4 uimsbf
}
2.6.15  Semantic definition of fields in video window descriptor

und grid.

ted video
Also see

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 2.4.4.9) and the program_stream map (refer to 2.5.3). If any elementary stream is
scrambled, a CA descriptor shall be present for the program containing that elementary stream. If any system-wide
conditional access management information exists within a transport stream, a CA descriptor shall be present in the
conditional access table.

When the-CA—deseriptor—is—found—inthe—FS—prosram—map—section—(table—d—0x02)—the-CA—PIDpeints—+to packets
containing program related access control information, such as ECMs. Its presence as program informatioyr| indicates
applicabiliity to the entire program. In the same case, its presence as extended ES information indicates appli¢ability to

the associpted program element. Provision is also made for private data.

When thg CA descriptor is found in the CA_section (table id = 0x01), the CA PID points)to packets ¢ontaining
system-wlde and/or access control management information, such as EMMs.

The contents of the transport stream packets containing conditional access information are privately defined
(see Tabl¢ 2-59).

Table 2-59 — Conditional access descriptor

Syntax No. of bits | Mnemonic
CA_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
CA_system_ID 16 uimsbf
reserved 3 bslbf
CA_PID 13 uimsbf
for 1=0;1<N;it++) {
private_data_byte 8 uimsbf
}
}

2.6.17 [Semantic definition of'fields in conditional access descriptor

CA_systgm_ID — This is a 16-bit field indicating the type of CA system applicable for either the associated E¢M and/or
EMM strgams. The coding ofthis 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 eithef ECM or
EMM infprmation forthe CA systems as specified with the associated CA_system ID. The contents (ECM or{EMM) of
the packdts indicated by the CA PID is determined from the context in which the CA PID is fourd, i.e., a
TS program/map_section or the CA table in the transport stream, or the stream_id field in the program streamny.

In transport streams, the presence ol PID Ux03 indicates that there 1s IPMP as described in ISO/IEC 13813-11 used by
components in the transport stream. In program streams, the presence of stream ID_extension value 0x00 indicates that
IPMP as described in ISO/IEC 13818-11 is used by components in the program stream. Within a given
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, components could use both IPMP as described in ISO/IEC 13818-11 as
well as CA as defined in ISO/IEC 13818-1:2006. Compatibility between the two schemes is described in
ISO/IEC 13818-11.
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2.6.18 ISO 639 language descriptor

The language descriptor is used to specify the language of the associated program element (see Table 2-60).

Table 2-60 — ISO 639 language descriptor

Syntax No. of bits Mnemonic

ISO_639 language descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for 1=0;1<N;it++) {
ISO_639_language_code 24 bslbf
audio_type 8 bslbf
¥

}

2.6.19 [Semantic definition of fields in ISO 639 language descriptor

ISO_639]language code — Identifies the language or languages used by the associated ‘program elehent. The
ISO_639 |language code contains a 3-character code as specified by ISO 639, Part 2. Each'character is coded |nto 8 bits
according|to ISO 8859-1 and inserted in order into this 24-bit field. In the case of multilingual audio streams thd sequence
of ISO_639 language code fields shall reflect the content of the audio stream.

audio_type — The audio_type is an 8-bit field which specifies the type of stream’dgfined in Table 2-61.

Table 2-61 — Audio type values

Value Description
0x00 Undefined
0x01 Clean effects®
0x02 Hearing impaired®
0x03 Visual impaited commentary®
0x04 .. 0x7F User Private
0x80 .. 0xFF Reserved
2 Clean effects: This value indicates that the referenced program element has no
language.
b Hearing impaifed; ‘This value indicates that the referenced program element is
prepared for the hearing impaired.
¢ Visual _impaired commentary: This value indicates that the referenced program
elemeft is'prepared for the visually impaired viewer.

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

If an extefnal ¢lock reference was used, the external clock reference indicator may be set to '1'. The decoder pptionally
may use thesdme external reference if it is available.

If the system clock is more accurate than the 30-ppm accuracy required, then the accuracy of the clock can be
communicated by encoding it in the clock accuracy fields. The clock frequency accuracy is:

clock_accuracy integer x 10-cock-accuracy_exponent 15y, (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
i

2.6.21 [Semantic definition of fields in system clock descriptor

external_|clock_reference_indicator — This is a 1-bit indicator. When set to 'l', it indicates that the"$ystem[clock has
been deriyed from an external frequency reference that may be available at the decoder.

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

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

2.6.22  [Multiplex buffer utilization descriptor

The multjplex buffer utilization descriptor provides bounds on the occupancy of the STD multiplex bufffer. This
informati¢n is intended for devices such as remultiplexers, which bmay’ use this information to support |a desired
re-multiplexing strategy (see Table 2-63).

Table 2-63 — Multiplex buffer utilization descriptor

Syntax No. of bits | Mnemonic

Multiplex_buffer utilization descriptez() {

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 '1' indicates that the LTW_offset lower bound and the LTW_offset upper_bojund fields
are valid.

LTW_offset Jower_bound — This 15-bit field is defined only if the bound_valid flag has a value of '1'. Whep defined,
this field has the units of (27 MHz/300) clock periods, as defined for the LTW offset (refer to 2.4.3.4). The
LTW _offset lower bound represents the lowest value that any LTW _offset field would have, if that field were coded in
every packet of the stream or streams referenced by this descriptor. Actual LTW_offset fields may or may not be coded
in the bitstream when the multiplex buffer utilization descriptor is present. This bound is valid until the next occurrence
of this descriptor.

LTW_offset_upper_bound — This 15-bit field is defined only if the bound valid has a value of 'l'. When defined, this
field has the units of (27 MHz/300) clock periods, as defined for the LTW offset (refer to 2.4.3.4). The
LTW _offset upper bound represents the largest value that any LTW_offset field would have, if that field were coded in
every packet of the stream or streams referenced by this descriptor. Actual LTW_offset fields may or may not be coded
in the bitstream when the multiplex buffer utilization descriptor is present. This bound is valid until the next occurrence
of this descriptor.
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2.6.24  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

Syntax No. of bits | Identifier
copyright_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
copyright_identifier 32 uimsbf
for (1=0;1<N;i++){
additional_copyright_info 8 bslbf
}
}
2.6.25 [Semantic definition of fields in copyright descriptor
copyright_identifier — This field is a 32-bit value obtained from the Registration Authority.

additiondl_copyright_info — The meaning of additional copyright info bytes, if any, are defined by the assignee of that

copyright| identifier, and once defined, they shall not change.
2.6.26 [Maximum bitrate descriptor
See Tablg 2-65.
Table 2-65 — Maximum bitraté 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 offields in maximum bitrate descriptor
maximurh_bitrate — The maXximum bitrate is coded as a 22-bit positive integer in this field. The value indicatef an upper

bound of the bitrate, including/transport overhead, that will be encountered in this program element or program. [The value

of maximi
Map Tabl
as ES infq

2.6.28

Private data indicator descriptor

hm_ bitrate is expressed in units of 50 bytes/second. The maximum_bitrate descriptor is included in thg Program
e (PMT). Itspresence as extended program information indicates applicability to the entire program. It$ presence
rmatiomindicates applicability to the associated program element.

See Table Z-00.
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Table 2-66 — Private data indicator descriptor

Syntax No. of bits | Identifier
private data_indicator descriptor() {
descriptor_tag uimsbf
descriptor_length uimsbf
private_data_indicator 32 uimsbf
}

Rec. ITU-T H.222.0 (08/2018)
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2.6.29  Semantic definition of fields in Private data indicator descriptor

private_data_indicator — The value of the private data indicator is private and shall not be defined by ITU-T | ISO/IEC.

2.6.30 Smoothing buffer descriptor

This descriptor is optional and conveys information about the size of a smoothing buffer, SB,, associated with this
descriptor, and the associated leak rate out of that buffer, for the program element(s) that it refers to.

In the case of transport streams, bytes of transport stream packets of the associated program element(s) present in the
transport stream are input to a buffer SB, of size given by sb_size, at the time defined by equation 2-4.

In the case of program streams, bytes of all PES packets of the associated elementary streams, are input to a buffer SB,
of size given by sb_size, at the time defined by equation 2-21.

When there is data present in this buffer, bytes are removed from this buffer at a rate defined by sb_leak rate. The buffer,
SB, shallreveroverftowDurimgthecontimuousexistence of @ prograrm;thevatue of theetementsof the-§moothing
Buffer degcriptor of the different program element(s) in the program, shall not change.

The meanjing of the smoothing buffer descriptor is only defined when it is included in the PMT or the progrgm stream
Map.

If, in the dase of a transport stream, it is present in the ES info in the Program Map Table, all transport stream packets of
the PID of that program element enter the smoothing buffer.

If, in the ¢ase of a transport stream, it is present in the program information, the followitig transport stream padkets enter
the smoothing buffer:

» all transport stream packets of all PIDs listed as elementary PIDgin)the extended program infofmation 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 pregram.

All bytes fhat enter the associated buffer also exit it.

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

Table 2-67 <‘Smoothing buffer descriptor

Syntax No. of bits | Mnemonic

smoothing_buffer descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
sb_leak rate 22 uimsbf
reserved 2 bslbf
sb_size 22 uimsbf

f

2.6.31 [Semantic definition of fields in smoothing buffer descriptor

sb_leak rate — This 22-bit field is coded as a positive integer. Its contents indicate the value of the leak rate out of the
SB,, buffer for the associated elementary stream or other data in units of 400 bits/s.

sb_size — This 22-bit field is coded as a positive integer. Its contents indicate the value of the size of the multiplexing
buffer smoothing buffer SB, for the associated elementary stream or other data in units of 1 byte (see Table 2-67).

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

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

bv_delay
er MB,, to

es in an

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 MB, to the
buffer EBgimrtie-T=STDusesthe teak methodasdefimed 242 241 this ftag tasa vatuveequatto- 0% amd the

fields pregent in the associated video stream do not have the value OxFFFF, the transfer of data from the buff

the buffer| EB, uses the vbv_delay method as defined in 2.4.2.4.

2.6.34 [IBP descriptor

This optipnal descriptor provides information about some characteristics of the sequence™of frame tyj

ISO/IEC

2.6.35

closed_gd
and that tf

identical |
and the pi
possibly f

max_gop
consecuti

2.6.36

For indiv

1172-2, Rec. ITU-T H.262 | ISO/IEC 13818-2, or ISO/IEC 14496-2 video stream (see Table 2-69).

Table 2-69 — IBP descriptor

Syntax Ne.-of bits | Mnemonic
ibp_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
closed_gop_flag 1 uimsbf
identical_gop_flag 1 uimsbf
max_gop-length 14 uimsbf
}

Semantic definition of fields in IBP descriptor

p_flag — This 1-bit flag when set to "I"'indicates that a group of pictures header is encoded before eve
e closed gop flag is set to '1' incall group of pictures headers in the video sequence.

| gop_flag — This 1-bit flag when set to '1' indicates that the number of P-frames and B-frames between
Cture coding types and séquence of picture types between I-pictures is the same throughout the sequen|
pr the pictures up tosthesecond I-picture.

| length — This J4=bit unsigned integer indicates the maximum number of the coded pictures betwee]
Ve [-pictures.inithe sequence. The value of '0' is forbidden.

MPEG-=4\video descriptor
dual\ISO/IEC 14496-2 streams directly carried in PES packets, as defined in 2.11.2, the MPE

descriptof

ry [-frame

I-frames,
ce, except

h any two

-4 video

(sce’ Table 2-70) provides basic information for identifying the coding parameters of such visual e

ementary

streams. The MPEG-4 video descriptor does not apply to ISO/IEC 14496-2 streams encapsulated in SL-packets and in
FlexMux packets, as defined in 2.11.3.

88

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 aimsbf
}

2.6.39 [Semantic definition of fields in MPEG-4 audio descriptor

MPEG-4] audio_profile_and_level — This 8-bit field identifies the profile and leve) of the ISO/IEC 14496-3 auglio stream
corresponding to Table 2-72. If encoded with the value 0xOF, then it is signalled that no profile and level is defined for
the associpted MPEG-4 audio stream. The encoded value 0xFF indicates that the audio profile and level is no{ specified
by the MPEG-4_audio profile and level field; in that case, in additign t6 the MPEG-4 audio descriptor, an MPEG-4
audio ext¢nsion descriptor shall be associated with the same MPEG+4 audio stream. In all other cases, next to gn MPEG-
4 audio d¢scriptor, also an MPEG-4 audio extension descriptor may be associated with the same MPEG-4 audjo stream.

Table 2-72 —- MPEG-4_audio_profile_and_level assignment values

Value Description
0x00 .. 0xOE Reserved
0x0F No audio prefile 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
0x18 Scalable Profile, level 1
0x19 Scalable Profile, level 2
0xDhA Scalable Profile, level 3
0x1B Scalable Profile, level 4
0x1C .. Ox1F Reserved
%26 Speechprofitetevet
0x21 Speech profile, level 2
0x22 .. 0x27 Reserved
0x28 Synthesis profile, level 1
0x29 Synthesis profile, level 2
0x2A Synthesis profile, level 3
0x2B .. 0x2F Reserved
0x30 High quality audio profile, level 1
0x31 High quality audio profile, level 2
0x32 High quality audio profile, level 3
0x33 High quality audio profile, level 4
0x34 High quality audio profile, level 5
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Table 2-72 —- MPEG-4_audio_profile_and_level assignment values

Value Description
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
6x3D towdetay audioprofite; tevet 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 profile, level. 3
0x4B Mobile audio internetworking profile, level 4
0x4C Mobile audio internetworking profileylevel 5
0x4D Mobile audio internetworking profile, level 6
0x4E .. 0x4F Reserved
0x50 AAC profile, level 1
0x51 AAC profile, level 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
0x5A High efficiency AAC profile, level 4
0x5B High efficiency AAC profile, level 5
0x5€ High efficiency AAC profile, level 6
0x5D High efficiency AAC profile, level 7
0x5E .. 0x5F Reserved
0x60 High efficiency AAC v2 profile, level 2
0x61 High efficiency AAC v2 profile, level 3
0x62 High efficiency AAC v2 profile, level 4
0x63 High efficiency AAC v2 profile, level 5
0x64 High efficiency AAC v2 profile, level 6
0x65 High efficiency AAC v2 profile, level 7
0x66 .. 0x67 Reserved
0x68 Extended HE AAC Profile, level 1
0x69 Extended HE AAC Profile, level 2
0x6A Extended HE AAC Profile, level 3
0x6B Extended HE AAC Profile, level 4
0x6C Extended HE AAC Profile, level 6
0x6D Extended HE AAC Profile, level 7
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Table 2-72 —- MPEG-4_audio_profile_and_level assignment values

Value Description
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
%88 Tow Detay AACv2Profite; tfevett
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 .. 0xFE Reserved
OxFF Audio profile and level not specified by the MPEG-4 audio_profile_and level
field in this descriptor

2.6.40 [IOD descriptor

The 10D dlescriptor (see Table 2-73) encapsulates the InitialObjectDescriptor structure. An initial object descripjtor allows
access to @ set of ISO/IEC 14496 streams by identifying the ES \ID values of the ISO/IEC 14496-1 scene descrjption and
object deqdcriptor streams. Both the scene description stream afd’the object descriptor stream contain further infformation
about the [SO/IEC 14496 streams that are part of the scene, Sée Annex R for a description of the content access‘:frocedure.
The Initial ObjectDescriptor is specified in 8.6.3 of ISO/IEC 14496-1.

Within a |transport stream, the IOD descriptor shall be conveyed in the descriptor loop immediately follpwing the
program_|nfo_length field in the Program Map Table. If a program stream map is present in a program streani, the IOD
descriptoy shall be conveyed in the descriptor leop immediately following the program_stream_info length fleld in the
program stream map. More than one 10D 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 uniquely select
one of the ISO/IEC 14496 presentations‘identified by multiple IOD descriptors.

Table 2-73 — IOD descriptor

Syntax No. of bits | Mnemonic
[OD' descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
Scope—of—1OD—tabet 8 winrsbf
I0D_label 8 uimsbf
InitialObjectDescriptor ()
}

2.6.41 Semantic definition of fields in IOD descriptor

Scope_of TOD 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
10D descriptor is carried. A value of 0x11 indicates that the IOD label is unique within the transport stream in which the
10D descriptor is carried. All other values of the Scope_of IOD label field are reserved.

IOD _label — This 8-bit field specifies the label of the IOD descriptor.
InitialObjectDescriptor () — This structure is defined in 8.6.3.1 of ISO/IEC 14496-1.
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2.6.42  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.
NOTE - SL packetized streams may be used in a program stream. However, only one stream_id exists for ISO/IEC 14496-1
SL-packetized streams. In order to associate multiple such streams within a program stream to an ISO/IEC 14496-1 scene, FlexMux
has to be used and signalled appropriately by an FMC descriptor. This limitation does not exist in a transport stream where the SL
descriptor provides unambiguous mapping between an ISO/IEC 14496-1 ES ID value and a Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 elementary PID value.

Table 2-74 — SL descriptor

Syntax No. of bits | Mnemonic
SL_descriptor () {
descriptor_tag 8 aimsbf
descriptor_length 8 uimsbf
ES_ID 16 uimsbf
}

2.6.43 [Semantic definition of fields in SL descriptor
ES_ID — [This 16-bit field shall specify the identifier of an ISO/IEC 14496-1"SL-packetized stream.

2.6.44 |[FMC descriptor

The FM( descriptor (see Table 2-75) indicates that the ISO/IEC 14496-1 FlexMux tool has been used to |multiplex
ISO/IEC | 14496-1 SL-packetized streams into a FlexMux stream before encapsulation in PES ppckets or
ISO//TEC] 4496 _sections. The FMC descriptor associates-FlexMux channels to the ES_ID values of the SL-packetized
streams i} the FlexMux stream.

An FMC {descriptor is required for each program glément referenced by an elementary PID value in a transpgrt stream
and for eqdch elementary stream_id in a program stream that conveys a FlexMux stream. Within a transport sfream, the
FMC desgriptor shall be conveyed for the corfeésponding elementary stream in the descriptor loop immediately [following
the ES_inffo length field in the Program Map Table. If a Program Stream Map is present in a program stream) the FMC
descriptoy shall be conveyed in the deseriptor loop immediately following the elementary stream info length field in the
program stream Map.

For each BL_packetized stream.in*a FlexMux stream, the FlexMux channel shall be identified by a single efjtry in the
FMC desgriptor.

Table 2-75 — FMC descriptor

Syntax No. of bits | Mnemonic
FMC _descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for (i=0; i <descriptor length; i +=23) {
ES_ID 16 uimsbf
FlexMuxChannel 8 uimsbf
b
}

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.

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

The External ES ID descriptor (see Table 2-76) assigns an ES_ID, as defined in ISO/IEC 14496-1, to a program element
to which no ES ID value has been assigned by other means. This ES ID allows reference to a non-ISO/IEC 14496
component in the scene description or, for example, to associate a non-ISO/IEC 14496 component with an IPMP stream.

Within a transport stream, the assignment of an ES_ID shall be made by conveying an External ES ID descriptor for the
corresponding elementary stream in the descriptor loop immediately following the ES info length field in the Program
Map Table. If a program stream map is present in a program stream, the External ES ID descriptor shall be conveyed in
the descriptor loop immediately following the elementary stream info length field in the Program Stream Map.

Table 2-76 — External_ES_ID descriptor

Syntax No. of bits | Mnemonic
External ES ID_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
External ES_ID 16 uimsbf
}

2.6.47 [Semantic definition of fields in External_ES_ID descriptor

External |[ES ID — This 16-bit field assigns an ES_ID identifier, as defined in ISQ/LE€ 14496-1, to a comppnent of a
program.

2.6.48 |Muxcode descriptor

The Mux¢ode descriptor (see Table 2-77) conveys MuxCodeTableEntry\structures as defined in 11.2.4.3 of ISO/IEC
14496-1. MuxCodeTableEntries configure the MuxCode mode of FlexMux.

One or mpre Muxcode descriptors may be associated with each el¢mentary PID or elementary stream_id, respectively,
conveying an ISO/IEC 14496-1 FlexMux stream that utilizes the-MuxCode mode. Within a transport stream, thelMuxcode
descriptoy shall be conveyed for the corresponding elementary stream in the descriptor loop immediately follpwing the
ES info length field in the Program Map Table. If a Program Stream Map is present in a program stream, the{Muxcode
descriptoy shall be conveyed in the descriptor loop imniediately following the elementary stream info length field in the
Program $tream Map.

MuxCodgTableEntries may be updated with new versions. In case of such updates, the version number of each Program
Map Table or the program stream map yersion of each Program Stream Map, respectively, carrying the MuxCode
descripto in their descriptor loop shall belincremented by 1 modulo 32.

Table 2-77 — Muxcode descriptor

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

for (i=0;1<N;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.

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
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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.
Table 2-78 — FmxBufferSize descriptor
Syntax No. of bits | Mnemonic
FmxBufferSize descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
DefaultFlexMuxBufferDescriptor()
for (i=0; i<descriptor_length; i +=4) {
FrexivtuxBufferDescriptor(y
H
}
2.6.51 [Semantic definition of fields in FmxBufferSize descriptor
DefaultFlexMuxBufferDescriptor() — This descriptor specifies the default FlexMux buffer size)for this FlexM
It is defingd in 11.2 of ISO/IEC 14496-1.

FlexMux
within the

2.6.52

The Mult
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13818-1 1
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stream or
buffers an

The Mult
in the Pro

BufferDescriptor() — This descriptor specifies the FlexMux buffer size fot,one SL-packetized streg
FlexMux stream. It is defined in 11.2 of ISO/IEC 14496-1.

MultiplexBuffer descriptor

plexBuffer descriptor (see Table 2-79) conveys the size of the multiplex buffer MB,, as well as thg
ich data is transferred from transport buffer TB, into buffer-MB, for a specific Rec. ITU-T H.222.0
rogram element referenced by an elementary PID valuedn ‘the Program Map Table.

plexBuffer descriptor shall be associated with each,elemientary PID that contains an ISO/IEC 14494
SL-packetized stream, including those containing ISO IEC 14496 sections. See 2.11.3.9 for the de
d rates in the T-STD model for decoding of ISQ/IEC 14496 content.

plexBuffer descriptor shall be conveyed in:the descriptor loop immediately following the ES info lg
pram 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

IX stream.

m carried

leak rate
| ISO/IEC

FlexMux
finition of

ngth field

Semantic definition of fields in MnltipleRllffpr dpuvriptnr

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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FlexMuxTiming descriptor

See Table 2-80.

2.6.55

FCR_ES|ID —is the ES_ID associated with this clock reference stream
FCRResdlution — is the resolution of the object time base in cycles per second

FCRLength — is the length of the fmxClockReference field in FlexMux packets with index'= 238 A length of

indicate t

between Zero and 64.

FmxRatelLength — Is the length of the fmxRate field in FlexMux packets with-index = 238? FmxRateLength
values befween 1 and 32.

2.6.56

The content labelling descriptor assigns a label to content; the label can be used by metadata to reference the
content. This label, the content reference id record, is metadata application format specific. The content]
descriptoi| is associated with a content segment. For the purpose of this clause, a content segment is defined af

in time o

streams. The descriptor may be included in the PMT in the descriptor loop for either the program or an elementa

but may a|
or elemen|
on the off]
DSM-CC
The descr]

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
EmxRatel pngfh 8 uimsbf

}

Semantic definition of fields in FlexMuxTiming descriptor

hat no FlexMux packets with index =238 are present in this FlexMux stteam. FCRlength shall tg

Content labelling descriptor

[ a program, an elementary stream (such as audio” or video) or any combination of programs or e

Iso be contained in tables not defined in this,Specification, for example tables to describe segments of]
tary streams. The content labelling descriptor also provides information on which content time base i
ket between the content time base and)the metadata time base. When the Normal Play Time (NPT) ¢
as specified in ISO/IEC 13818:6;-is used as the content time base, the ID of the NPT time base is
iptor allows for carriage of private data. See Table 2-81.

zero shall
ke values

shall take

hssociated
labelling
a portion
ementary
ry stream,
programs
used and
oncept of
provided.
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Table 2-81 — Content labelling descriptor

Syntax No. of bits Mnemonic
Content_labeling_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
metadata_application_format 16 uimsbf
if (metadata_application_format== OxFFFF){
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 38 bsIbT
}
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
}
b
for (i=0; i<N;it++){
private_data_byte 8 bslbf
H
i
2.6.57 [Semantic definition of fields in content labelling descriptor

metadata application_format: The metadata_application format is a 16-bit field, coded as defined in Table|2-82, that

specifies
any other]
signalled

he application responsible for defining usage, syntax and semantics of the content_reference id rec¢rd and of
privately defined fields in this-descriptor. See also 2.12.1. The value OxFFFF indicates that the|format is
by the value carried in the metadata application format identifier field.

Table 2-82 — Metadata_application_format

and 0

Value Description
0x0000-."0x000F Reserved
0x0010 ISO 15706 (ISAN) encoded in its binary form (see Notes 1 and 3)
0x0011 ISO 15706-2 (V-ISAN) encoded in its binary form (see Notes 2 and 3
0x0012 .. 0x00FF Reserved
0x0100 .. OxFFFE User defined
OxFFFF Defined by the metadata_application_format_identifier field
NOTE 107 ggr ISAN, the content reference id byte is set to binary encoding and the content reference id record length
1s set to 0x08.

NOTE 2 — For V-ISAN, the content reference id byte is set to binary encoding and the
content_reference id record length is set to 0x0C.

NOTE 3 — For interoperability amongst metadata applications that use the metadata_application_format values of 0x0010

to '00'.

x0011, 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
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— The assigned Registration Authority for the format_identifier field is SMPTE.
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content_reference_id_record_flag: The content reference id record flag is a 1-bit flag that signals the presence of a
content_reference id record in this descriptor.

content_time_base_indicator: The content time base indicator (see Table 2-83) is a 4-bit field which specifies the used
content time base. If the descriptor is associated with a program, then the content time base applies to all streams that are
part of that program. A value of 1 indicates usage of the STC, while a value of 2 indicates usage of NPT, the Normal Play
Time as defined in ISO/IEC 13818-6. The values between 8 and 15 indicate usage of a privately defined content time
base. If coded with a value of 0, no content time base is defined in this descriptor. If no content time base is specified for
a program or stream, then the mapping of time references in the metadata to the content is not defined in this Specification.

Table 2-83 — Content_time_base_indicator values

Value Description
Q No content-time base defined-in this Apcnm’pmr
1 Use of STC
2 Use of NPT

3.7 Reserved

8..15 Use of privately defined content time base

content_yeference_id_record length: The content reference id record length is an 8-bit” field that spgcifies the
number of content_reference id_bytes immediately following this field. This field shall-not'be coded with the palue '0'.

content_yeference_id_byte: The content reference id byte is part of a string of dne or more contiguous pytes that
assigns onle or more reference identifications (labels) to the content to which thi§ descriptor is associated. The|format of
this byte dtring is defined by the body indicated by the coded value in the metadata_application_format field.

content_fime_base value: The content time base value is a 33-bit ficld(that specifies a value in units of 90 kHz of the
content tijne base indicated by the content time base_indicator field,

metadata time base value: The metadata_time base value is a*33-bit field that is coded in units of 90 kHz| The field
is coded |with the value of the metadata time base at the «imstant in time in which the time base indicated by
content time base indicator reaches the value encoded in the'content time base value field. Note that the metpdata time
base may|use any time-scale, but that its value is to be codéd in units of 90 kHz. For example, if a SMPTE type of time
code is uspd, then the number of hours, minutes, seconds and frames is expressed in the corresponding number pf 90-kHz
units.

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

time_basg_association_data_length; The-time base association data length is an 8-bit field that specifies the number
of reserveld bytes immediately following this field. The reserved bytes can be used to carry time base associatiqn data for
time base$ defined in future.

private_data_byte: The private/ data byte is an 8-bit field. The private _data bytes represent data, the format of which
is defined| privately. These bytes can be used to provide additional information as deemed appropriate. The uge of these
bytes is d¢fined by the-fietadata application format.

2.6.58 |Metadata-pointer descriptor

The metaglata pointer descriptor (see Table 2-84) points to a single metadata service and associates this metaddta service
with audigvisual content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream. The metadata is associated with the content
within the context of the descriptor. The context is defined by the location of the descriptor. In a transport stream, the
descriptor may be located in the PMT in the descriptor loop for either the program or an elementary stream, but may also
be located in tables not defined in this Specification, such as tables describing bouquets of broadcast services. The
metadata may be located in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, but the same metadata may also be provided
on alternative locations, such as the Internet.

The descriptor may contain location information of metadata that is not carried in a Rec. ITU-T H.222.0|
ISO/IEC 13818-1 stream; the coding of the location information is metadata application format specific. The descriptor
allows for carriage of private data.

For metadata carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the descriptor specifies the tools used for such
carriage. If the metadata is carried in PES packets, metadata sections, or ISO/IEC 13818-6 synchronized download
sections, the metadata service id field identifies the metadata service in the referenced metadata stream. If an
ISO/IEC 13818-6 carousel is used to carry the metadata, then the private data may provide information to signal the
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metadata service, such as the applied value of the module_id for carriage of the metadata in a data carousel, and the file
name of the metadata when the object carousel is used.

Receivers should be aware that multiple metadata services may be pointed to from the same program or audiovisual
stream (as defined by the context of the descriptor). A unique metadata pointer descriptor shall be used to point to each
metadata service used by the program or audiovisual stream. Similarly, the same metadata service can be pointed to from
several programs or audiovisual streams by using a separate metadata pointer descriptors for each association.

Table 2-84 — Metadata pointer descriptor

Syntax No. of bits | Mnemonic
Metadata_pointer descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
— T_formrat T6 uitspf
if (metadata_application_format== 0xFFFF){
metadata_application_format_identifier 32 uimspf
metadata_format 8 uimspf
if (metadata_format== 0xFF){
metadata_format_identifier 32 uimspf
metadata_service_id 8 uimspf
metadata_locator_record_flag 1 bsl
MPEG_carriage_flags 2 uimspf
reserved 5 bsl
if (metadata_locator record flag =="1"){
metadata_locator_record_length 8 uimspf
for (1= 0; i <metadata locator record length; i++){
metadata_locator_record_byte 8 bsl
}
} .
if (MPEG_carriage flags <2){
program_number 16 uimspf
if (MPEG_carriage_flags == 1){
transport_stream_location 16 uimspf
transport_stream_id 16 uimspf
i
for (i=0; i<N;i++){
private_data_byte 8 bslbf
}
H
2.6.59 [Semantic definition of fields in metadata pointer descriptor

metadata application_format; ‘Th¢ metadata application format is a 16-bit field that specifies the application

responsib
defined fi

metadatj
metadat

of this fie
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application, format_identifier: The coding of this field is defined in 2.6.57.

e for defining usagg;\syntax and semantics of the metadata locator record record and any other
blds in this descriptor: The coding of this field is defined in Table 2-82 in 2.6.57.

privately

format;The metadata format is an 8-bit field that indicates the format and coding of the metadata. Tthe coding

d is gpecified 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 .. 0xFE Private use

OxFF Defined by metadata format identifier field

Rec. ITU-T H.222.0 (08/2018)
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The values 0x10 and 0x11 identify ISO/IEC 15938-1 defined data. The value 0x3F indicates that the format is defined by
the body indicated by the metadata application format field. The values in the inclusive range of 0x40 up to OXFE are
available to signal use of private formats. The value OxFF indicates that the format is signalled by the
metadata format identifier field.

metadata_format_identifier: The coding of this 32-bit field is fully equivalent to the coding of the format identifier
field in the registration descriptor, as defined in 2.6.8.

NOTE — SMPTE is assigned as Registration Authority for the format identifier field.

metadata_service_id: This 8-bit field references the metadata service. It is used for retrieving a metadata service from
within a metadata stream.

metadata_locator_record_flag: The metadata locator record flag is a 1-bit field which, when set to 'l' indicates that
associated metadata is available on a location outside of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, specified in a
metadata_locator_record.

MPEG_cIarriage_ﬂags: The MPEG carriage flags is a 2-bit field which specifies if the metadata stream contpining the
associated metadata service is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, and if so, whethenthe associated
metadata |s carried in a transport stream or program stream. The coding of this field is defined in Table 2-86.

Table 2-86 — MPEG_carriage_flags

Value Description
0 Carriage in the same transport stream where this metadata pointer.deSeriptor is carried.
1 Carriage in a different transport stream from where this 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.

metadata locator_record_length: The metadata locator record\dength is an 8-bit field that specifies the qumber of
metadata |locator record bytes immediately following. This field'shall not be coded with the value 0.

metadata locator_record_byte: The metadata locator reCord byte is part of a string of one or more contigyous bytes
that form|the metadata locator record. This record specifics one or more locations outside of a Rec. ITU-T|H.222.0 |
ISO/IEC ]3818-1 stream. The format of the metadatatlocator record is defined by the metadata application signalled by
the metadata application format field. The record“may for example contain Internet URLs that specify here the
metadata can be found, possibly in addition to-their location(s) in the transport stream. If the MPEG carriagde flags is
coded with the value 0, 1 or 2 and the metadata locator record is present, then this signals alternative locations for the
same metpdata.

program| number: The program_number is a 16-bit field that identifies the program number of the MPEG-2 program
in the Req ITU-T H.222.0 | ISO/IEC 13818-1 stream in which associated metadata is carried. If the MPEG_carr|age flags
have the Yalue 0, then the transpoit stream is the current one, and if the MPEG_carriage flags have the value [l, it is the
transport ytream signalled by the field's transport_stream location and transport_stream _id.

transport_stream_location: The transport stream_location is a 16-bit field that is defined privately. For example, this
field may|be used by-applications to signal the original network id defined by ETSI.

transporf_stream_id: The transport stream id is a 16-bit field that identifies the transport stream in which gssociated
metadata |s ¢arried.

private_data_byte: The private_dafa_byte 1s an 8-bit ficld. 1he private_data_bytes represent data, the rormat of which
is defined privately. These bytes can be used to provide additional information as deemed appropriate.

2.6.60 Metadata descriptor

The metadata descriptor (see Table 2-87) specifies parameters of a metadata service carried in an MPEG-2 TS or PS. In
an MPEG-2 TS, the descriptor is included in the PMT in the descriptor loop for the elementary stream that carries the
metadata service. The descriptor specifies the format of the associated metadata, and contains the value of the
metadata_service id to identify the metadata service to which the metadata descriptor applies. As needed, the descriptor
can convey information to identify the metadata service from a collection of metadata transmitted in a DSM-CC carousel.
Optionally metadata application format specific private data can be carried.

The metadata descriptor also signals whether decoder configuration is required and is able to carry the decoder
configuration bytes, but this is only practical if the number of these bytes is small. If the decoder configuration information
is too large to be carried by the descriptor, it shall be contained in a metadata service. This may be within the metadata
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service itself, or in another metadata service within the same program. Identification of the metadata service that contains

the decoder configuration is provided by the metadata descriptor. If a DSM-CC carousel is used to carry the decoder
configuration, then information can be provided how to retrieve the decoder configuration from the carousel.

Table 2-87 — Metadata descriptor

Syntax No. of bits Mnemonic
Metadata_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
metadata_application_format 16 uimsbf
if (metadata_application format == OxFFFF) {
metadata_application_format_identifier 32 uimsbf
}
metadata—format $ tHmsbi;
if (metadata_format== 0xFF){
metadata_format_identifier 32 uinmsbf’
}
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
}
)
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 length;i*¥) {
dec_config_identification_record_byte 8 bslbf
}
}
if (decoder config flags =="'100") {
decoder_config_metadataservice_id 8 uimsbf
}
if (decoder config flags =='10}"|| decoder config flags =="110") {
reserved_data_length 8 uimsbf
for(i=0;i<reserved-data length;i++) {
reserved 8 bslbf
}
b
for (i=0; i<N;&HF) {
private_data_byte 8 bslbf
}
}
2.6.61 [Semantic definition of fields in metadata descriptor
metadata application

responsibl?ef dnng_ uage s.yntax an sn_tcs o he se_rviceideticaion_recrd an any rively eﬁned 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

:2019 (E)

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

DSM-CC carousel.

used if the metadata service to which this descriptor applies is using the same type of

'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-C(
ISO/IEC

NOTE

service_idlentification length: This field specifies the number of service identification_record bytes im

following

service idlentification_record _byte: This byte is part of a string of one or maredeontiguous bytes that s

service_id
The form
When a D|
from 11.3]
carousel,

decoder_

decoder_
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object car
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service
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program.
The meta)

| flag: This is a one-bit flag that is set to '1" if the stream with which this descriptor is associated-is ca
3818-6 data or object carousel.

1 — The use of the object or data carousel is indicated by the applied stream-type value for thishmetadata stream

entification_record. This record contains data on retrieval of the metddata service from a DSM-C(
it of the metadata locator record is defined by the application indieated by the metadata applicatid

.1 and 5.7.2.3 of ISO/IEC 13818-6 DSM-CC) for the metadata service. Similarly, in case of a DSM
he record can for example provide the transaction_id and the,module id of the metadata service.

config_length: This field specifies the number of decader config bytes immediately following.

config_byte: These bytes comprise the decoder configuration information. This sequence of bytes
uration information needed by the receiver to:decode this service. It is intended that carriage in the
is only used when the configuration information is very small.

g _identification_record_length: This.“ field specifies the immediately following nu
o identification_record bytes.

g_identification_record_byte: This byte is part of a string of one or more contiguous bytes that s
o identification record. This'record specifies how to retrieve the required decoder configuration fro
el. The format of the metadata locator record is defined by the metadata application format. When a
pusel is used, the recordimay for example comprise the unique object identifier (the IOP:IOR() from
ISO/IEC 13818-6 DSM-CC) for the decoder configuration. Similarly, in case of a DSM-CC data caf
ly for example pravide the transaction_id and the module_id of the decoder configuration.

config_metadata service id: This is the value of the metadata_service id that is assigned to the
that confains the decoder configuration. The metadata service indicated

onfig suetadata service id and the metadata service that uses that decoder configuration shall be ir}
Hende in'a transport stream, the metadata descriptors for both these metadata services shall be in the s
datd descriptor of the metadata service indicated by the decoder config metadata service id shg

ried in an

mediately

becify the
carousel.
n format.

SM-CC object carousel is used, the record may for example comprise the unique object identifier (the JOP:IOR()
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mber of

becify the
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DSM-CC
1.3.1 and
ousel, the

metadata
by the
the same
yme PMT.
111 have a

decoder

onfig_fiag fictd with @ vatue 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
2.6.62

privately. These bytes can be used to provide additional information as deemed appropriate.

Metadata STD descriptor

This descriptor defines parameters of the STD model (defined in 2.12.10) for the processing of the metadata stream to
which this descriptor is associated. See Table 2-89.
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Table 2-89 — Metadata STD descriptor

Syntax No. of bits Mnemonic
Metadata STD_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
metadata_input_leak_rate 22 uimsbf
reserved 2 bslbf
metadata_buffer_size 22 uimsbf
reserved 2 bslbf
metadata_output_leak rate 22 uimsbf
}

Semantic definition of fields in metadata STD descriptor

metadatd_input_leak_rate: The metadata input leak rate is a 22-bit field that specifies the leak rate for the

metadata
For metad
into B, eq

metadata buffer_size: The metadata_buffer size is a 22-bit field that specifies the size of buffer'B, in the S

for the asf

metadata output_leak rate: The metadata output leak rate is a 22-bit field that specifies for the associated

service th
metadata
removed 1
is not spe

2.6.64

For AVC
associate(
the subset

For AVC
H.264 | I
MVC vid
streams.

The AVC
assistance
video stre]
video sub
stream, a
contain A
arrangem

stream in the T-STD model out of the buffer TB, into buffer B,. The leak rate is specified in units‘of
ata carried in a program stream, the coding of the metadata input leak rate field is not spécified, 4
uals the rate of the program stream.

ociated metadata stream. The size of B, is specified in units of 1024 bytes.

e leak rate in the STD model out of buffer B, to the decoder. The leak rate is/specified in units of 400
streams transported synchronously (stream-type 0x15 or 0x19), the metadata access units are instar
rom B, under the control of PTS timestamps and in that case the coding-of the metadata output leak
ified.

AVC video descriptor

video streams, the AVC video descriptor provides basié nformation for identifying coding parame
AVC video stream, such as on profile and level parameters included in the SPS of an AVC video st
SPS of an SVC video sub-bitstream.

video streams conforming to one or more profiles defined in Annex G, or Annex H or Annex I of R
O/IEC 14496 10, there may be one AVC video descriptor associated to each of the video sub-bits
Lo subsets or MVCD video subsets ideritifying coding parameters of the associated re-assembled A

video descriptor also signals the'presence of AVC still pictures, AVC 24-hour pictures as well as 3D
SEIs such as frame packing arrangement SEI message or stereo video information SEI message in|
am. If this descriptor is not inéluded in the PMT for an AVC video stream, a video sub-bitstream, o
Lbitstream or an MVCDyyideo sub-bitstream in a transport stream or in the PSM, if present, for an A
yideo sub bitstream pran'MVC video sub-bitstream in a program stream, then such AVC video strean
VC still pictures;” shall not contain AVC 24-hour pictures and may or may not contain fram
bnt SET messagé or stereo video information SEI message. (See Table 2-90.)

Table 2-90 — AVC video descriptor
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Syntax No. of bits Mnemonic
AVC_video_descriptor() |
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
profile_idc 8 uimsbf
constraint_set0_flag 1 bslbf
constraint_setl_flag 1 bslbf
constraint_set2_flag 1 bslbf
constraint_set3_flag 1 bslbf
constraint_set4_flag 1 bslbf
constraint_set5_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_set0_flag, constraint_setl_flag, constraint_set2 flag, constraint_set3 flag,
constraint_set4 flag, constraint set5S flag and AVC_compatible flags and level idc — These fields, with the
exception of AVC compatible flags, shall be coded according to the semantics for these fields defined in
Rec. ITU-T H.264 | ISO/IEC 14496-10. The semantics of AVC_compatible flags are exactly equal to the semantics of
the field(s) defined for the 2 bits between the constraint set5 flag and the level idc field in the sequence parameter set,
as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10. The entire AVC video stream to which the AVC descriptor is
associated shall conform to the profile, level and constraints signalled by these fields.

NOTE}- In one or more sequences in the AVC video stream the level may be lower than the level signalled in the,AVC video
descrifftor, while also a profile may occur that is a subset of the profile signalled in the AVC video descriptor. Howgver, in the
entire AVC video stream, only tools shall be used that are included in the profile signalled in the AVC video deseriptor] if present.
For exgmple, if the main profile is signalled, then the baseline profile may be used in some sequences, butonly using [those tools
that ar¢ in the main profile. If the sequence parameter sets in an AVC video stream signal different pgofiles, and nq additional
constrdints are signalled, then the stream may need examination to determine which profile, if any, the.entire stream c¢nforms to.
If an A[VC video descriptor is to be associated with an AVC video stream that does not conform te, asingle profile, thgn the AVC
video gtream must be partitioned into two or more sub-streams, so that AVC video descriptors ¢an-signal a single prof]le for each
such syb-stream.

AVC_still_present — This 1-bit field when set to 'l" indicates that the AVC video sfream may include AVC still pictures.
When setlto '0', then the associated AVC video stream shall not contain AVC still pictures.

AVC_24 |hour_picture_flag — This 1-bit flag when set to '1' indicates that the'associated AVC video stream mfty contain
AVC 24-hour pictures. For the definition of an AVC 24-hour picture,,see2.1.2. If this flag is set to '0', the gssociated
AVC viddo stream shall not contain any AVC 24-hour picture.

Frame_Ppacking SEI_not_present_flag — If this flag is set to0"\then the AVC video stream shall contain [either the
frame packing arrangement SEI message or stereo video information SEI message. If the AVC video descriptor|is present
and this fllag is set to '1', then the presence of either of these-SEI messages is unspecified.

2.6.66 |AVC timing and HRD descriptor

The AV({ timing and HRD descriptor provides timiing and HRD parameters of the associated AVC video stfeam. For
each AV( video stream and for each video sub-bitstream or MVC video sub-bitstream or MVCD video subjbitstream
carried inja Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the AVC timing and HRD descriptor shall be included in the
PMT or ih the PSM, if PSM is present incthe program stream, unless the AVC video stream, the video sub-bifstream or
the MVClvideo sub-bitstream or MVCD+ideo sub-bitstream carries VUI parameters with the timing_info_pr¢sent flag
setto'l"
e for each IDR pieture or re-assembled IDR picture; and

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

Absence ¢f the AVC timing and HRD descriptor in the PMT for an AVC video stream or a re-assembled A[VC video
stream signals usagé of the leak method in the T-STD for the transfer from MB, to EB,, as defined:

* in2.14.3.1 for an AVC video stream conforming to one or more profiles defined in Annex A of Rec. ITU-
TH.264 | ISO/IEC 14496-10;

e I b | T R rad AN L b | 4 £ - 4 t"l,‘df d
TIT Z71T5.J.J 10T VIUCO SUD-UItSIITAIIrs Ul all Zx v C VIUCTU Strealir CONTOTIIITZ {0 01T OT TToTT pro1res deiine

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 '1' 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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hrd_management_valid_flag — This 1-bit field is only defined for{use in transport streams.

When the
carried in
Period SH
present in
shall carr
hrd mana
to the d
initial cpl
hrd mana

When the

13818-1:2019 (E)

Table 2-91 — AVC timing and HRD descriptor

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

T (YOKHZ 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

}

Semantic definition of fields in AVC timing and HRD descriptor

a transport stream, then the following applies, Ifdhe hrd management valid flag is set to 'l', then
I and Picture Timing SEI messages, as defingd\in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-1
the associated AVC video stream or re-assembled AVC video stream. These Buffering Period SEI

gement valid flag is set to 'l', then the transfer of each byte from MB, to EB, in the T-STD shall be
clivery schedule for that byte, into the CPB in the NAL HRD, as determined from t
b removal delay and initial cpb_temoval delay offset values for SchedSelldx = cpb _cnt minusl.
gement valid flag is set to (0'y'the leak method for the transfer from MB,, to EB, in the T-STD shall

* asdefined in 2.14.8.1 for AVC video streams conforming to one or more profiles defined in A
Rec. ITU-T H.264'ISO/IEC 14496-10;

* asdefined in\2)14.3.5 for video sub-bitstreams of AVC video streams conforming to one or mo
defined in.Arinex 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 Al
streaims conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC

AYCtiming and HRD descriptor is associated with an AVC video stream or a re-assembled AVC vid

carried in

AVC timing and HRD descriptor is associated with’an’/AVC video stream or a re-assembled AVC video stream

Buffering
D, shall be
messages

y coded initial cpb _removal delay and‘nitial cpb_removal delay offset values for the NAL HRD. If the

according
he coded
'When the
be used:

hnex A of
e profiles

VC video
14496-10.

€0 stream

a program stream then the mpnning of the hrd management valid ﬂag is not defined

picture_and_timing_info_present — This 1-bit field when set to 'l' indicates that the 90kHz_flag and parameters for
accurate mapping to 90-kHz system clock are included in this descriptor.

90kHz_flag, N, K — The 90kHz flag when set to 'l' indicates that the frequency of the AVC time base is 90 kHz. For an
AVC video stream the frequency of the AVC time base is defined by the AVC parameter time_scale in VUI parameters,
as defined in Annex E of Rec. ITU-T H.264 | ISO/IEC 14496-10. The relationship between the AVC time scale and the

STC shall

where tim

104

be defined by the parameters N and K in this descriptor as follows.

(N xsystem _clock _ frequency)
K

time _scale=

e _scale denotes the exact frequency of the AVC time base, with K larger than or equal to N.
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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 '1', it indicates that the coded frame rate is constant within
the associated AVC video stream. When this flag is set to '0', no information about the frame rate of the associated AVC
video stream is provided in this descriptor.

temporal_poc_flag — When the temporal poc flag is set to 'l' and the fixed frame rate flag is set to 'l', then the
associate Video stream shall caity Picture Order Couln fformation (PIicOTderCnt) whereby piktures are
counted i units of At apb( 1 ), Where Ats gpb( 1 ) is specified in equation E-10 of Rec. ITU-T H.264 | ISO/IEC [14496-10.
When the| temporal poc flag is set to '0', no information is conveyed regarding any potential relationship between the
POC infofmation 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 can bd calculated
for accpss units for which no explicit PTS/DTS is carried. Repetition of most recently presented field ‘of the appropriatp parity (or
frame)|is implied when the difference between the PTSs of the current and the next picture is gr€ater than 2 x Atfdpb|(or greater
than Afs.dapb When frame_mbs_only_flag is equal to 1).

picture_tp_display_conversion_flag — This 1-bit field when set to 'l' indicates thaf/the associated AVC video stream
may carry display information on coded pictures by providing the pic struct-ield in picture timing SEI [messages
(see Anngx D of Rec. ITU-T H.264 | ISO/IEC 14496-10) and/or by providing the Picture Order Count (POC) information
(PicOrderCnt), whereby pictures are counted in units of Atg gpu( 11 ) (see alsa.the semantics of temporal poc flag), so that
timing information for a successive AVC access unit can be derived from the previous picture in decoding or prgsentation
order.

When the| picture to display_conversion_mode_flag is set to '0',then picture timing SEI messages in the AIVC video
stream, ifpresent, shall not contain the pic_struct field, and hence'the pic_struct present flag shall be set to '0' in the VUI
parameters in the AVC video stream.

2.6.68 |MPEG-2 AAC audio descriptor

For individual ISO/IEC 13818-7 streams directly eaftied in PES packets, the MPEG-2 AAC audio descriptor defined in
Table 2-9P provides basic information for identifying the coding parameters of such audio elementary streams

Table2-92 - MPEG-2 AAC_audio_descriptor

Syntax No. of bits | Mnemonic

MPEG-2_AAC “audio_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MPEG-2_AAC _profile 8 uimsbf
MPEG-2_AAC_channel_configuration 8 uimsbf
MPEG-2_AAC_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/IEC 14496-17 text stream, thereby providing basic information needed for the decoding of the associated ISO/IEC
14496-17 stream. For each ISO/IEC 14496-17 text stream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream,
the MPEG-4 text descriptor shall be included in the PMT or in the PSM, if PSM is present in the program stream.

2.6.71

Table 2-94 —- MPEG-4 text descriptor

Syntax No. of bits Mnemonic
MPEG-4_text descriptor () {
descriptor_tag 8 uimsbf.
descriptor_length 8 uimsbf'
textConfig()
}

Semantic definition of fields in MPEG-4 text descriptor

textConfig() — This shall carry the TextConfig() of the associated ISQ/IEC 14496-17 text stream, as

ISO/IEC

2.6.72

The MPH
Zero or o
14496-3 4
descriptoq
extension
MPEG-4 |
specified
or PSM a

4496-17.

IMPEG-4 audio extension descriptor

G-4 audio extension descriptor (see Table 2-95) carti¢s zero or more audioProfileLevellndication
e audioSpecificConfig() field, both encoded as speeified in ISO/IEC 14496-3. Note that for each
udio stream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, it is required that the MPE
be included in the PMT or in the PSM, if PSM is present in the program stream, while the MPE
descriptor may be present too, providing-additional information. If in the MPEG-4 audio desq
audio_profile_and level field is encoded\with the value OxFF, indicating that the audio profile and 1
n the MPEG-4 audio descriptor, thenthe MPEG-4 audio extension descriptor shall be present in the §
the MPEG-4 audio descriptor. Note that this descriptor allows to provide the audioSpecificConfig ot

so as to allow receivers to retrieve information about the associated audio stream without accessing the stream

descriptof

also allows to associate an @udioSpecificConfig to an audio stream.

Table 2-95 - MPEG-4 audio extension descriptor

Syntax No. of bits Mnemonic

MPEG-4 audio_extension_descriptor () {

lefined in

fields and

ISO/IEC
G-4 audio
G-4 audio
riptor the
tvel is not
ame PMT
t of band,
tself. The

2.6.73

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
ASC flag 1 bslbf
reserved 3 bslbf
TIam_of_1o0ps L3 umsbt
for (i=0; i<num_of loops; i++) {

audioProfileLevellndication 8 uimsbf
}
if (ASC flag =="1") {

ASC_size 8 uimsbf

audioSpecificConfig()
H

}

Semantic definition of fields in MPEG-4 audio extension descriptor

ASC_flag — A one-bit flag signalling the presence of the ASC size field in this descriptor.

num_of loops — A 4-bit field specifying the number of immediately following audioprofileLevellndication fields in this
descriptor. This field may be encoded with the value zero.
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audioProfileLevellndication — The audio profile and level of the associated ISO/IEC 14496-3 audio stream, encoded as
specified for the audioprofileLevellndication field in 1.5.2.1 in ISO/IEC 14496-3. Note that a single ISO/IEC 14496-3
audio stream may comply to more than one audio profile and level, and that this descriptor is designed to convey up to
15 different audioprofileLevellndication values.

ASC _size — The number of bytes of the immediately following AudioSpecificConfig().

audioSpecificConfig() — The audioSpecificConfig() of the associated ISO/IEC 14496-3 audio stream, as specified in
1.6.2.1 in ISO/IEC 14496-3.

2.6.74  Auxiliary video stream descriptor

The auxiliary video stream descriptor (see Table 2-96) specifies parameters for the decoding and interpretation of the
auxiliary video stream to which the descriptor is associated. For each auxiliary video stream carried in a Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 stream, the auxiliary video stream descriptor shall be included in the PMT or in the PSM, if

PSM is present-t-the-prosrarm-streati

Table 2-96 — Auxiliary video stream descriptor

Syntax No. of bits Mnemonic
Auxiliary video stream_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
aux_video_codedstreamtype 8 uimsbf

si_rbsp(descriptor_length-1)

}

2.6.75 [Semantic definition of fields in auxiliary video stream descriptor

aux_videp codedstreamtype — An 8-bit unsigned integer that indicates the compression coding type of thd auxiliary
video stram. The value of aux_video codedstreamtype shall mateh one of the stream types defined in Tabl¢ 2-34 for
video (forjinstance 0x02, 0x10 or 0x1B). In order to convey additienal information such as profile/level, a descyiptor that
corresponlds to the aux_video_codedstreamtype may also be included in the PMT or in the PSM, if PSM is pregent in the
program gtream, 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
aux_vifleo codedstreamtype is 0x1B and an AVC video descriptor (descriptor_tag = 40) can be optionally included.

si_rbsp() |- Supplemental information RBSP as-defined in ISO/IEC 23002-3. It shall contain at least one auxiljary video
supplemeptal information (AVSI) message,(also defined in ISO/IEC 23002-3). The type of auxiliary video {s inferred
from si_rBsp(). The total size of si_rbsp()Shall not exceed 254 bytes.

2.6.76  |[SVC extension descriptor

For vide¢ sub-bitstreams of~-AVC video streams conforming to one or more profiles defined in Anpex G of
Rec. ITU{T H.264 | ISO/IEC 14496-10, the SVC extension descriptor (see Table 2-97) provides information|about the
AVC vid¢o stream resulting from re-assembling (up to) the associated video sub-bitstream and provides infformation
about scalability and re~assembly of the associated video sub-bitstream. There may be one SVC extension descriptor
associated with any of'the video sub-bitstreams of an AVC video stream conforming to one or more profiles fdefined in
Annex G pf Rec<ITU-T H.264 | ISO/IEC 14496-10.
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2.6.77

width — Tjhis 16-bit field indicates the maximum image width resolution, in pixels-of the re-assembled AVC vid

height —
stream.

13818-1:2019 (E)

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
}

Semantic definition of fields in SVC extension descriptor

£O stream.

This 16-bit field indicates the maximum image height resolutionyifijpixels of the re-assembled AVC video

frame_rate — This 16-bit field indicates the maximum frame rate, in_fratnes/256 seconds of the re-assembled AVC video

stream.

average_
stream.

bitrate — This 16-bit field indicates the average bit.rate, in kbit per second, of the re-assembled A[VC video

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

stream.
dependenjcy_id — This 3-bit field indicates the value of dependency id associated with the video sub-bitstreanp.
quality_ig_start — This 4-bit field indicates.the¢ minimum value of the quality id of the NAL unit header synt3

of all the NAL units contained in the asseciated video sub-bitstream.

quality_i

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

temporal
element o

temporal
element o

f all the NAL units contained in the associated video sub-bitstream.
no_sei_nal ainit’ present — This 1-bit flag when set to 'l' indicates that no SEI NAL units are present in the
Lbitsfream

video sub

1 end — This 4-bit field indicates the maximum value of the quality id of the NAL unit header synta

| id_start — This 3-bit field indicates the minimum value of the temporal id of the NAL unit head
fall the NAL uhits contained in the associated video sub-bitstream.

| id_end ~This 3-bit field indicates the maximum value of the temporal id of the NAL unit head

X element

X element

er syntax

ler syntax

hssociated

NOTE — In case the no_sei_nal unit present flag is set to '1' for all SVC video sub-bitstreams and is not set to '1' or not 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 MV C extension descriptor (see Table 2-98) provides information about the AVC
video stream resulting from reassembling (up to) the associated MV C video sub-bitstream and provides information about
the contained MV C 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 equal to 0x20)
of an AVC video stream conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 |
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ISO/IEC 14496-10. When the MVC video sub-bitstream is an MVC base view sub-bitstream, the MVC extension
descriptor shall be present in the associated PMT or PSM for stream_type equal to 0x1B.

This descriptor can also be used by applications that require association between stereoscopic MVC views and left or
right eye using the syntax elements 'view_association _not present' and 'base_view is_left eyeview'.

Table 2-98 — MVC extension descriptor

Syntax No. of bits Mnemonic

MVC extension_descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
average_bit_rate 16 uimsbf
maximum_bitrate 16 uimsbf
view_association_not_present 1 bslbf
base_view_is_left_eyeview 1 bslbf
reserved 2 bslbf
view_order_index_min 10 bslbf
view_order_index_max 10 bslbf
temporal_id_start 3 bslbf
temporal_id_end 3 bslbf
no_sei_nal_unit_present 1 bslbf
no_prefix_nal_unit_present 1 bslbf

}

2.6.79 [Semantics of fields in MVC extension descriptor

average_bitrate — This 16-bit field indicates the average bit rate;dn kbits per second, of the re-assembled A[VC video
stream. When set to 0, the average bit rate is not indicated.

maximum_bitrate — This 16-bit field indicates the maximuibit rate, in kbits per second, of the re-assembled AVC video
stream. When set to 0, the maximum bit rate is not indicated.

view_ass¢ciation_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 s¢t to '1' no
such assogiation is signalled.

base_view is left eyeview — This flag shall be set to '1' when the view_association_not_present flag is set to['l' and no
view assolciation is conveyed in the desctiptor. When the view_association not present flag is set to '0' and this flag is
set to '1', |t indicates that the base, view is associated with the left eye view (or enhancement view is associatefl with the
right eye view). When the viewtassociation not_present flag is set to '0' and this flag is set to '0', it indicat¢s that the
base view| is associated with-thetright 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 WAL units
contained|in the asso¢iated MVC video sub-bitstream.

view_order_index> max — This 10-bit field indicates the maximum value of the view order index of all the WAL units
contained|in the dssociated MVC video sub-bitstream.

temporalé

st A B—vatd petd reader syntax
element of all the NAL units contained in the associated MVC video sub-bitstream.

temporal_id_end — This 3-bit field indicates the maximum value of the temporal id of the NAL unit header syntax
element of all the NAL units contained in the associated MVC 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 'l' 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 MV C only.

2.6.80 J2K video descriptor

For J2K video elementary streams conforming to one or more profiles defined in Rec. ITU-T T.800 | ISO/IEC 15444-1,
the J2K video descriptor (see Table 2-99) provides information that may be present in each J2K access unit as well as for
the J2K video sequence. In addition, it provides information to signal J2K still pictures. This descriptor shall be included
for each J2K video elementary stream component in the PMT with stream_type equal to 0x21.

Table 2-99 — J2K video descriptor

Syntax No. of bits Mnemonic
J2K viddo descriptor() {
dpscriptor_tag 8 uimpbf
dpscriptor_length 8 uimpbf
ektended_capability flag 1 bslpf
profile_and_level 15 bslpf
hprizontal_size 32 uimpbf
vertical_size 32 uimpbf
:[ax_bit_rate 32 uimpbf
ax_buffer_size 32 uimpbf
DEN_frame_rate 16 bslpf
NUM._frame_rate 16 bslpf
if (extended_capability flag=="1") {
stripe_flag 1 bslpf
block_flag 1 bslpf
mdm_flag 1 bslpf
reserved (all bits to be set to '0'") 5 bslpf
Helse {
color_specification 8 bslpf
}
sJill_mode 1 bslpf
interlaced_video 1 bslpf
reserved 6 bslpf
if (extended_capability flag=="1") {
colour_primaries 8 uimpbf
transfer_characteristics 8 uimpbf
matrix_coefficients 8 uimpbf
video_full_range_flag 1 bslpf
reserved 7 bslpf
if (stripe_flag=+"1") {
strpumax_idx 8 uimpbf
strp height 16 uimEbf
}
ifi(block flag=="1") {
full_horizontal_size 32 uimpbf
full vertical size 32 uimEbf
blk_width 16 uimsbf
blk_height 16 uimsbf
max_blk _idx_h 8 uimsbf
max_blk _idx_v 8 uimsbf
blk_idx_h 8 uimsbf
blk_idx_v 8 uimsbf
}
if (mdm_flag =="1") {
X ¢c0,Y ¢c0,X cl,Y cl,X c2,Y_c2 16x6 uimsbf
X wp 16 uimsbf
Y_wp 16 uimsbf
L_max 32 uimsbf
L_min 32 uimsbf
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Table 2-99 — J2K video descriptor

:2019 (E)

Syntax No. of bits Mnemonic

}

}
}

for (i=0; i<N; i++) {
private_data_byte 8 bslbf

MaxCLL 16 uimsbf
MaxFALL 16 uimsbf

}

2.6.81

extended
three bytd
following

Semamtics of fieldsim 2K video descriptor

| capability_flag — This 1-bit field indicates that the J2K video stream uses extended color specificatio
s defining the chromaticity parameters, as described below), and that it might have onef 0r-seve
capabilities enabled: stripes (through the J2K stripe mode), blocks (through the J2K block'mode), ot

of mastering display metadata. The exact list of enabled capabilities is set through subsequent flags'in the video

(see beloy

profile_a
in all J2]
Rec. ITUA
NOTE
with 1|
extend

Recom|
by botl

horizont
comprised

V).

hd_level — This 15-bit field shall correspond to the 15 least significant bits of the.2-bytes Rsiz valu
K codestream main headers of this J2K video stream. Rsiz values that_dre defined in Tabld
T T.800 | ISO/IEC 15444-1 and do set to '0' their most significant bit are\allowed.

- the combination of the extend_capability flag and the profile_and level field\ensures backward and forward col
pgacy devices conforming to previous versions of this Recommenddtion | International Standard. K
pd_capability flag set to 'l' leads indeed to a 16-bit value outside the range accepted by previous versi
imendation | International Standard. This way, J2K video streams with extended capabilities can be unequivocall

legacy and new devices.

1_size — This 32-bit field indicates the horizontal size, of the frame (for progressive) or field (for i
in each J2K access unit. If J2K block mode is enabled; this frame or field corresponds to a spatial rg

block of the entire video frame or field. It shall be coded the same as the Xsiz parameter found in all J2K ¢

main head

vertical_§
in each J3
the entire
all J2K cd
the Ysiz

comprised

max_bit |

ers of this J2K video stream, as defined in Aniaéx A of Rec. ITU-T T.800 | ISO/IEC 15444-1.

ize — This 32-bit field indicates the vertical:size of the frame (for progressive) or field (for interlaced)
K access unit. If J2K block mode is enabled, this frame or field corresponds to a spatial rectangulal
video frame or field. If J2K stripe mode is disabled, it shall be coded the same as the Ysiz paramete]

h (through
ral of the
inclusion
descriptor

b included
A.10 of

mpatibility
laving the
ns of this
identified

hterlaced)
ctangular
destream

omprised
I block of
r found in

destream main headers of this J2K video stream. If J2K stripe mode is enabled, it shall be coded as the sum of

parameters found in all J2K.eodestreams composing the frame (for progressive) or a field (for i
in each J2K access unit. Ysiz parameters are defined in Annex A of Rec. ITU-T T.800 | ISO/IEC 1]

rate — This field may<be‘coded the same as the brat_max_br field specified in Table S.1 and shall 1

the maxinjum compressed bit tate value for the profile and level specified in Table S.2. This field shall be set app

and signa]

max_bufi
S.2. Whet
(max_bit |

DEN _fra

led when profile ‘and level ='000 0011 0000 0111', where no maximum bit rate is specified.

fer_size — This field shall not exceed the Maximum buffer size value for the profile and level specifie
| profile_é&nd"level ='000 0011 0000 0111', the max_buffer size shall be set appropriately and shall 1
rate/ LL6OES), where max_bit_rate is expressed in bit/s.

meérate — This field shall be coded the same as frat denominator field specified in Table S.1 (see A

nterlaced)
1444-1.

ot exceed
ropriately

d in Table
ot exceed

hnex S).

NUM_frame_rate — This field shall be coded the same as frat_numerator field 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;?illll:el[;?‘tees: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 01110101 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
OOOO 00000000 nnnl Q000 nnOO 0011 11[\!\ 0. 1 an.nn

stripe_flq

video strgam has J2K stripe mode enabled. When this flag is set to 'l' the J2K access unit elementary-stres
S.1) shall not include the syntax element j2k tcod, shall include the syntax element, j2k strp, and the
DK access

(see Tablg

corresponding J2K access unit shall be made of a succession of J2K stripes. When this flag is setyto '0', the J
unit elem¢ntary stream header shall include the syntax element j2k tcod, shall not include thie.syntax elemen
rresponding J2K access unit shall be made of one J2K codestream in case of pregréssive content andl two J2K
codestreafns in case of interlaced content.

and the c(

block_flajg — This 1-bit field is included only if the extended capability flag is set,to¢1". When set to ', it ind
deo stream has J2K block mode enabled, meaning that this J2K video(stream actually corresponds tp a spatial

the J2K v
rectanguls
defined in

mdm_flag — This 1-bit field is included only if the extended capability{flag is set to '1'. When set to '1’, it ind
video descriptor contains the characteristics of the“\Mastering Display Metadata, as despribed in
T 2086:2014 (see below corresponding fields). Whensset to '0', then the J2K video descriptor shall npt contain

the J2K
SMPTE §
the charag

color_spq
legacy co
in Table d

still_modle — This 1-bit field, when set to '1', indicates that the J2K video stream may include J2K still pictures,

to '0', theq

g — This 1-bit field is included only if the extended capability flag is set to '1'. It indicates whethg

r block of the full video stream. Subdivision of each frame into, ré¢tangular independent blocks

teristics of the Mastering Display Metadata.

or specification method. It shall be coded thesame as the beol _colcr 8-bit field of the j2k bcol box af
.1 (see Annex S).

the associated J2K video stream shall not contain J2K still pictures.

r the J2K
m header

j2k_strp,

cates that

is further

Section S.3. When set to '0', then the associated J2K video stream.shall not have J2K block mode erjabled.

cates that

cification — This 8-bit field is included only ifith¢-extended capability flag is set to '0' and correspdnds to the

specified

When set

interlacedl_video — This 1-bit field indicates whether the J2K video stream contains interlaced video. When this flag is

set to 'l'
fiel box |
access un

color_primaries, transfer characteristics, matrix_coefficients, video_full_range_flag — These four fields (

fields and
specificat
above). T
23001-8.

the J2K access unit elementary stream header (see Table S.1) shall include the syntax elements
Code, fiel fic and fiel_fie. When this flag is set to '0', these syntax elements shall not be present i
t elementary stream/header.

one 1-bit field) are included only if the extended capability flag is set to 'l' and correspond

nese fields shall be coded according to the semantics with the same name defined in Rec. ITU-T H.273

brat_auf?,
h the J2K

hree 8-bit
0 a color

on method~allowing a broader set of color code points than the legacy method (see color_specificgtion field

| ISO/IEC

0xff and

strp_ma

_idY — This R-bit field is included onlyv if J2K Qtripp maode is enabled It shall be in the range 0x01

indicates the maximum value of the stripe index. It corresponds to the number of stripes in the block/field/frame, minus
one. Value 0x00 is forbidden as a minimum of 2 stripes is required (otherwise J2K stripe mode shall be disabled).

strp_height — This 16-bit field is included only if J2K stripe mode is enabled. It indicates the default vertical size of a
stripe. Depending on the vertical size field value, the last stripe might have a different height, as detailed in S.4.

full_horizontal_size — This 32-bit field is included only if J2K block mode is enabled. It indicates the horizontal size of

the entire

video frame of this J2K video stream.

full_vertical_size — This 32-bit field is included only if J2K block mode is enabled. It indicates the vertical size of the
entire video frame of this J2K video stream.

blk_width — This 16-bit field is included only if J2K block mode is enabled. It indicates the default width of a J2K block.
Depending on the full_horizontal size field value, the last block of a row might have a different width, as detailed in S.3.
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blk_height — This 16-bit field is included only if J2K block mode is enabled. It indicates the default height of a J2K
block. Depending on the full vertical size field value, the last block of a column might have a different height, as detailed
in S.3.

max_blk_idx_h — This 8-bit field is included only if J2K block mode is enabled and indicates the maximum value of the
horizontal block index for this video frame. It corresponds to the total number of blocks in the horizontal direction, minus
one.

max_blk_idx_v — This 8-bit field is included only if J2K block mode is enabled and indicates the maximum value of the
vertical block index for this video frame. It corresponds to the total number of blocks in the vertical direction, minus one.

blk_idx_h — This 8-bit field is included only if J2K block mode is enabled and indicates the horizontal block index of the
current block.

blk_idx_v — This 8-bit field is included only if J2K block mode is enabled and indicates the vertical block index of the
current black

The following fields X c0, Y c0, X c1,Y cl, X ¢2,Y ¢2, X wp, Y_wp, L max and L min correspond to|the fields
defined i SMPTE ST2086:2014 "Mastering Display Color Volume Metadata Supporting High Luminance pnd Wide
Color Gamut Images". The fields MaxFALL and MaxCLL correspond to the fields defined in ANSI/CTA 8¢1-G:2016
"A DTV Profile for Uncompressed High Speed Digital Interfaces". If these 12 fields have unknownrvalues at the time of
generating the stream, they shall not be included in the descriptor and the mdm _flag shall be set'to™0'".

X ¢0,Y [0, X el,Y_cl,X €2, Y_c2 - These 16-bit fields are included only if the mdmnflag is set to '1'. They specify
the normadllized x and y chromaticity coordinates of the colour primary components of the mastering display in ifcrements
of 0.0000R, according to the CIE 1931 definition of x and y as specified in ISO 1166451 (see also ISO 11664-B and CIE
15). For describing mastering displays that use red, green, and blue colour primarigs; it is suggested that index value cO
should cofrespond to the green primary, cl should correspond to the blue primary, and c2 should correspond fto the red
colour primary. The values of these 6 fields shall be in the range of 0 to 50 Q00, inclusive.

X wp and Y_wp — These 16-bit fields are included only if the mdm_flag 1s set to '1'. They specify the normaljzed x and
y chromaticity coordinates of the white point of the mastering display, ih normalized increments of 0.00002, acgording to
the CIE 1p31 definition of x and y as specified in ISO 11664-1 (se&also ISO 11664-3 and CIE 15). The valueg of X_wp
and Y_wyp shall be in the range of 0 to 50 000.

L_max ahd L min — These 32-bit fields are included ofly if the mdm_flag is set to 'l'. They specify th¢ nominal
maximun] and minimum display luminance, respectively;.of the mastering display in units of 0.0001 candelas per square
metre. L min shall be less than L _max. At minimumtluminance, the mastering display is considered to havd the same
nominal chromaticity as the white point.

MaxCLL]— This 16-bit field is included only*ifthe mdm_flag is set to '1". It specifies the Maximum Content Light Level
and correfponds to the brightest pixel in the-entire stream, in units of 1 cd/m2, where 0x0001 represents 1 dd/m2 and
OxFFFF rppresents 65535 cd/m2. It shallbe calculated according to Annex P Calculation of MaxCLL and MaxFALL
section P.[l in ANSI/CTA 861-G:2016-A DTV Profile for Uncompressed High Speed Digital Interfaces.

MaxFALJL — This 16-bit field-is;included only if the mdm_flag is set to 'l". It specifies the Maximum Fram¢ Average
Light Leviel and corresponds-te-the highest frame average brightness per frame in the entire stream, in units of 1 cd/m2,
where 0xP001 representsyl cd/m2 and OXxFFFF represents 65535 cd/m2. It shall be calculated according tq Annex P
Calculatign of MaxCLL and MaxFALL section P.2 in ANSI/CTA 861-G:2016 "A DTV Profile for Uncompregsed High
Speed Digital Interfaces".

If for some reason.the MaxCLL and/or MaxFALL values are unknown, the value 0x0000 shall be used.

2.6.82 VC operation point descriptor

The MVC operation point descriptor (see Table 2-101) provides a method to indicate profile and level for one or more
operation points each constituted by a set of one or more MVC video sub-bitstreams. If present, the MVC operation point
descriptor shall be included in the group of data elements following immediately the program info length field in the
program_map_section. If an MVC operation point descriptor is present within a program description, at least one
hierarchy descriptor shall be present for each MVC video sub-bitstream present in the same program.

NOTE — In order to indicate different profiles, one MVC operation point descriptor per profile is needed.

Table 2-101 — MVC operation point descriptor

Syntax No. of bits Mnemonic

MVC operation_point_descriptor() {
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Syntax No. of bits Mnemonic
descriptor_tag 8 uimsbf
descriptor_length 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_set5_flag 1 bslbf
AVC_compatible_flags 2 bslbf
I¢vel_count 8 uimsbf
for (1=0; i <level count; i++) {

level_idc 8 uimspf
operation_points_count 8 uimstf
for (j =0; j< operation_points count; j++ ) {
reserved 5 bslhf
applicable_temporal_id 3 uimspf
num_target_output_views 8 uimspf
ES_count 8 uimspf
for (k=0; k<ES_count; k++) {
reserved 2 bsIhf
ES_reference 6 uimspf
}
}
}
}
2.6.83 [Semantic definition of fields in MVC operation point descriptor
profile_idc — This 8-bit field indicates theprofile, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10, of all|operation
points degcribed within this descriptor for'the MVC bitstream.

constrai:]:_setO_ﬂag, constraint-setl_flag, constraint_set2 flag, constraint_set3 flag,

constrai
ITU-T H.

constraint_pet4_flag,

set5 flag — These«fi¢lds shall be coded according to the semantics for these fields definegl in Rec.

P64 | ISO/IEC 14496-10.

AVC_compatible_flags *~ The semantics of AVC_compatible flags are exactly equal to the semantics of the field(s)
r the 2 bits betiveen the constraint_set2 flag and the level idc field in the sequence parameter set, as flefined in

defined fd
Rec. ITU-

level count — This 8-bit field indicates the number of levels for which operation points are described.

T H.264 ( ISO/IEC 14496-10.

level idc

- This 8-bit field indicates the level, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10, of the MV bitstream

for the operation points described by the following groups of data elements.

operation_points_count — This 8-bit field indicates the number of operation points described by the list included in the

following

group of data elements.

applicable_temporal_id — This 3-bit field indicates the highest value of the temporal id of the VCL NAL units in the
re-assembled AVC video stream.

num_target_output_views — This 8-bit field indicates the value of the number of the views, targeted for output for the
associated operation point.

ES_count — This 8-bit field indicates the number of ES_reference values included in the following group of data elements.
The elementary streams indicated in the following group of data elements together form an operation point of the MVC
video bitstream. The value 0xff is reserved.
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ES_reference — This 6-bit field indicates the hierarchy layer index value present in the hierarchy descriptor which
identifies a video sub-bitstream.

NOTE — The profile and level for a single operation point, e.g., the entire MVC video bitstream, can be signalled using the AVC
video descriptor. Beyond that, MVC allows for decoding different view subsets which can require different profiles and/or levels.
The specification of the MVC operation point descriptor supports the indication of different profiles and levels for multiple
operation points.

2.6.84

MPEG?2_stereoscopic_video_ format_descriptor

The MPEG2_stereoscopic_video format descriptor (see Table 2-102) may be associated in the PMT for MPEG-2 video
components (with stream_type value equal to 0x02). When present, the descriptor shall be located in the loop following
ES info length field in PMT. When the descriptor is included in the PMT, the associated MPEG-2 video elementary
stream shall contain stereoscopic video format information in the user data extension as specified in Rec. ITU-T H.262 |
ISO/IEC 13818-2:2000/Amd.4. If the descriptor is not included for MPEG-2 video with stream_type value equal to 0x02,
then the associated MPEG-2 video elementary stream may or may not contain stereoscopic video format information.

2.6.85

stereo_vi
stereo_vig
'0', then n

arrangenpent_type: This field shall’ be set to the same value as arrangement type defined in Tabl
T H.262 | ISO/IEC 13818-2:2000/Amd.4 and included in the user_data extension of associated MPE

Rec. ITU-
elementar

2.6.86

Stereosco
compatib]
at a progr
descriptof
is present

Table 2-102 - MPEG2_stereoscopic_video_format_descriptor syntax

Syntax No. of bits Format
MPEG2_stereoscopic_video format descriptor() {
descriptor_tag uimsbf
descriptor_length uimsbf
stereo_video_arrangement_type present bslbf
if (stereo_video_arrangement type present) {
arrangement_type 7 bslbf
}
else {
reserved 7 bslbf
¥
§

Semantic definition of fields in the MPEG2, stereoscopic_video_format descriptor

leo_arrangement type present: When“this bit is set to 'l', then the following 7-bits indicate t}
leo format type included in the user_ data of associated MPEG-2 video elementary stream. If this b

b such signalling is made availabl¢.in this descriptor.

y stream.

Stereoscopic_program_info_descriptor

pic_programninfo descriptor (see Table 2-103) specifies the identification of 2D-only (monoscop

e type of
it is set to

e L-1 of
(G-2 video

ic), frame

e stereos¢opic 3D as well as service-compatible stereoscopic 3D services. This descriptor conveys information

hm level-and assists decoders determine resources required to support the signalled services. When pr
shall be included in the loop following program_info_length field in the PMT. In addition, when this
streéam_type values and descriptors associated with the video components in the loop following ES _in

esent, this
descriptor
fo_length

in the PM

1" shall not contlict with the stereoscopic_service type signalled in this descriptor.

Table 2-103 — Stereoscopic_program_info_descriptor syntax

Syntax No. of bits Format
Stereoscopic_program_info_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 5 bslbf
stereoscopic_service_type 3 bslbf
}
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Semantic definition of fields in the stereoscopic_program_info_descriptor

r_length: This field shall be set to 0x01.

stereoscopic_service_type: This specifies the type of service that is provided through the associated components such as
monoscopic, frame compatible stereoscopic or service-compatible stereoscopic according to Table 2-104.

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
O Service-compatibtestercoscopre 3D-service see Note 2y
'100'..'111" Rec. ITU-T H.222.0 | ISO/IEC 13818-1 reserved

—

th< & mMA

NOTE 1 — 2D-only (monoscopic) service is used in 2D/3D mixed programs based on service-compatible
sfereoscopic 3D service, i.e., a service that has an arbitrary mixture of 2D and 3D video. 2D video can be €oded
independently using either MPEG-2 or AVC video to maintain stability of 3DTV broadcasting system.

OTE 2 — Service-compatible stereoscopic 3D service is based on 'simulcast' of stereoscopic viéw ‘sequences.
ach view of the stereoscopic video sequences can be coded independently using either MPEG-2 or AVC video
ly combination thereof. Base view video stream for service-compatible stereoscopic 3D services is signalled
bing stream_type value of 0x02 for MPEG-2 video and stream_type value of 0x1B for-AVC video. Additional
ew video stream for service-compatible stereoscopic 3D services is signalled usingsstream_type value of 0x22
r MPEG-2 video and stream_type value of 0x23 for AVC video.

2.6.88

Stereoscopic_video_info_descriptor

The ster¢oscopic_video_info_descriptor (see Table 2-105) providesCinformation related to service-c
stereoscopic 3D services that carry left and right view in separate video streams. The two streams are called

view vide
a 2D vide
a 2D vide|

p stream” and the "additional view video stream". The basg\wiew video stream may be displayed on i
b service. If signalled as specified below, the additionakview video stream may also be displayed on i
b service.

The ster¢oscopic_video info descriptor is located in~the loop following ES info length field in P
stereoscopic_video info_descriptor shall be included for both the base view video component (stream_type va

or 0x1B)

hind additional view video component (streaim_type values 0x22 or 0x23) in the PMT for programs th|

service-cqmpatible stereoscopic 3D video. The, stereoscopic video info descriptor should not be asso
componeijts with any other stream_type valueg as its meaning is undefined for other stream_type values.

Table 2105 — Stereoscopic_video_info_descriptor syntax

pompatible
the "base
s own for
ts own for

MT. The
lues 0x02
At support
iated for

Syntax No. of bits Format
Stereoscopic_ videorinfe’ descriptor() {
descriptor,_tag 8 uimsbf
descriptor_length 8 uimsbf
reseryed 7 bslbf
base video flag 1 bslbf
if (base_video flag) {
reserved 7 bslbf
leftview_flag 1 bslbf
} else {
reserved 7 bslbf
usable_as 2D 1 bslbf
horizontal _upsampling_factor 4 bslbf
vertical_upsampling_factor 4 bslbf
}
i

2.6.89

Semantic definition of fields in the stereoscopic_video_info_descriptor

base video_flag: When the bit is set to 'l', 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
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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.

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 7> coded resolution of base view
'0110' .. '1000" reserved
1001' .. '1111" user_private

2.6.90 |[Extension descriptor

The extenjsion descriptor (see Table 2-107) provides a mechanism to extend the Rec. ITU-T H.222.0 | ISO/IEC 13818-1
descriptoy] range (see Table 2-45). The descriptors which aré<based on the extension descriptor are signalled|using the
extension|descriptor with extension_descriptor tag values défined in Table 2-108.

Table 2-107 — Extension descriptor

Syntax No. of bits Mnemonic
Elxtension_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
extension_descriptor tag 8 uimsbf

if ( extension( descriptor_tag == 0x02) {
QbjectDescriptorUpdate()

H

else\if( extension_descriptor tag == 0x03) {
HEVC timing and HRD descriptor()

!

else if ( extension_descriptor_tag == 0x04) {

af extensions_descriptor ()

}

else if ( extension_descriptor_tag == 0x05 ) {
HEVC operation_point descriptor( )

b

else if ( extension_descriptor_tag == 0x06 ) {
HEVC _hierarchy_extension_descriptor( )

b

else if ( extension_descriptor tag == 0x07) {

Green_extension_descriptor ()
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Table 2-107 — Extension descriptor

Syntax No. of bits Mnemonic

else if ( extension_descriptor_tag == 0x08) {
MPEG-H_3dAudio_descriptor()

}

else if ( extension_descriptor_tag == 0x09) {
MPEG-H_3dAudio_config_descriptor()

}

else if ( extension_descriptor_tag == 0x0A) {
MPEG-H_3dAudio_scene_descriptor()

}

else if ( extension_descriptor_tag == 0x0B) {
MPEG-H_3dAudio_text label descriptor()

}

else if ( extension_descriptor_tag == 0x0C) {
MPEG-H_3dAudio_multi-stream_descriptor()

}

else if ( extension_descriptor_tag == 0x0D) {
MPEG-H_3dAudio_drc_loudness_descriptor()

}

else if ( extension_descriptor _tag == 0x0E) {
MPEG-H_3dAudio_command _descriptor()

}

else if ( extension_descriptor_tag == 0xOF) {
Quality extension_descriptor ()

}

else if ( extension_descriptor_tag == 0x10)
Virtual segmentation_descriptofA))

}

else if ( extension_descriptor _tag== 0x11) {
timed metadata extension_descriptor()

}

else if ( extension descriptor tag == 0x12) {
HEVC (ile substream_descriptor()

}

else if (extension_descriptor_tag == 0x13) {
HEVC subregion_descriptor()

h
else {
for (i=0:i<N:i++) {
reserved 8 bslbf
}
}

2.6.91 Semantic definition of fields in the extension descriptor
descriptor_tag — The descriptor_tag is an 8-bit field whose value is defined in Table 2-45.

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

extension_descriptor_tag — The extension_descriptor tag is an 8-bit field which identifies each descriptor that uses this
tag value. See Table 2-108 for the extension_descriptor tag values.

118 Rec. ITU-T H.222.0 (08/2018) © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4a12842312f0aaac5f60e3aaca8b5c06

ISO/IEC 13818-1:2019 (E)

ObjectDescriptorUpdate() — This structure is defined in section 8.5.5.2 of ISO/IEC 14496-1.
HEVC_timing_and_HRD_descriptor() — This structure is defined in 2.6.95 and 2.6.96.

af_extensions_descriptor() — This structure is defined in 2.6.99.

HEVC_operation_point_descriptor( ) — This structure is defined in 2.6.100 and 2.6.101.

HEVC_hierarchy_extension_descriptor( ) — This structure is defined in 2.6.102 and 2.6.103.

Green_extension_descriptor() — This structure is defined in 2.6.104 and 2.6.105.
MPEG-H_3dAudio_descriptor() — This structure is defined in 2.6.106 and 2.6.107.
MPEG-H_3dAudio_config_descriptor() — This structure is defined in 2.6.108 and 2.6.109.
MPEG-H_3dAudio_scene_descriptor() — This structure is defined in 2.6.110 and 2.6.111.

MPEG-H_3dAudio_text_label_descriptor() — This structure is defined in 2.6.112 and 2.6.113.
MPEG-H_3dAudio_multi-stream_descriptor() — This structure is defined in 2.6.114 and 2.6.115.
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 _e¢xtension_descriptor() — This structure is defined in 2.6.119.

Virtual_segmentation_descriptor() — This structure is defined in 2.6.120 and 2.6.121"

timed_metadata_extension_descriptor() — This structure is defined in clause 8.23 of ISO/IEC 23001-13.
HEVC_t]:e_substream_descriptor() — This structure is defined in 2.6.122,and™2.6.123.
HEVC_subregion_descriptor() — This structure is defined in 2.6.1254nd2.6.126.
Table 2-108 — Extension descriptor tag values
Extension_descriptor_tag TS | PS Identification
0 n/a | n/a | Reserved
1 n/a | X | Forbidden
2 X X [|ODUpdate descriptor
3 X | nfa~| HEVC timing and HRD_descriptor()
4 X. ¢\0/a | af extensions descriptor()
5 X;v| n/a | HEVC operation_point_descriptor( )
6 X | n/a | HEVC hierarchy extension_descriptor( )
7 X | n/a | Green_extension_descriptor()
8 X | n/a | MPEG-H_3dAudio_descriptor()
9 X | n/a | MPEG-H_3dAudio_config_descriptor()
0x0A X | n/a | MPEG-H 3dAudio_scene descriptor()
0x0B X | n/a | MPEG-H_3dAudio_text label descriptor()
0x0C X | n/a | MPEG-H_3dAudio_multi-stream_descriptor()
0x0D X n/a | MPEG-H 3d A11(11'n_drr‘_lnndnpqq_dper‘rip‘mrﬂ
0x0E X | n/a | MPEG-H 3dAudio command descriptor()
0xOF X | n/a | Quality extension descriptor()
0x10 X | n/a | Virtual segmentation_descriptor()
Ox11 X | n/a | timed metadata_extension_descriptor()
0x12 X | n/a | HEVC tile substream descriptor()
0x13 X | n/a | HEVC subregion_descriptor()
0x14 .. OxFF n/a | n/a | Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Reserved

2.6.92 ODUpdate_descriptor

The ODUpdate descriptor may be used to carry a set of ObjectDescriptors through an ObjectDescriptorUpdate, as a
replacement or as a complement to ISO/IEC 14496 object descriptor streams defined in the IOD. If used, the
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ObjectDescriptorUpdate command shall be processed by the MPEG-4 terminal as defined in 7.2.5.5.2 of ISO/IEC 14496-
1. The descriptors carried in the ODUpdate descriptor are in the same name scope as the scene description described in
the InitialObjectDescriptor carried in the IOD descriptor.

When an ODUpdate descriptor is used within a transport stream, the ODUpdate descriptor shall be conveyed in the
descriptor loop immediately following the program info length field in the program map table, and shall be included
after an IOD descriptor.

When an ODUpdate_descriptor is used within a program stream, the ODUpdate descriptor shall be conveyed in the
descriptor loop immediately following the program_stream info length field in the program stream map, and shall be
included after an IOD descriptor.

If an ODUpdate descriptor is included before an 10D 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 Trangport profile descriptor (see Table 2-109) may be associated in the PMT to signal a profilervalie of transport
stream in| the associated program. When present, the descriptor shall only be located in theNoeop follpwing the
program_|nfo length field in the PMT. If the descriptor is not included in the PMT, then the assogiated transpprt stream
conforms|to the complete profile.

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
b
}

2.6.94 [Semantic definition of fields in the Transport profile_descriptor

transporg_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
0x0F OxFFE nqer_lqrix ate ©

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 the normative definitions for transport streams with the
following exceptions:

— The PCR jitter may exceed the specified tolerance as applications that use this profile usually do not
include null-PID packets. Clients that process these streams usually do not use the PCR to derive the
decoder STC. However, the PCR value can be used in conjunction with the PTS and DTS for
conformant STD management of all the media components in the associated program;

— the PCR interval occasionally exceeds 100 ms in applications that use this profile due to occasional
bit rate variations in certain locations;

— conforming continuity counter errors and time base discontinuity may occur more frequently than in
complete profile.

¢ User private values of transport_profile that need unique identification can use the MPEG
registration_descriptor with a unique format_identifier value that is obtained from the Registration Authority.
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2.6.95 HEVC video descriptor

For an HEVC video stream, the HEVC video descriptor (see Table 2-111) provides basic information for identifying
coding parameters, such as profile and level parameters of that HEVC video stream. For an HEVC temporal video sub-
bitstream or an HEVC temporal video subset, the HEVC video descriptor provides information such as the associated
HEVC highest temporal sub-layer representation contained in the elementary stream to which it applies. This descriptor
can also be used to indicate presence of WCG and HDR video components in the associated PID as well as additional
parameters to assist decoders with HDR capability to render intended video data on HDR capable display devices. In
addition, this can assist non-HDR capable decoders to use the information appropriately.

NOTE 1 — In case that the video characteristics change over time, care should be taken that the descriptor is updated accordingly.

This descriptor, when present, shall only be used for elementary streams with a stream_type value of 0x24, 0x25 or 0x31.
If more than one program element with a stream_type value of 0x31 is carried in a program, an HEVC video_descriptor
may only be used for the first of these program elements. In this case, the information in the HEVC video descriptor
applies to the combination of all HEVC tile substreams with a HEVC tile substream descriptor indicating SubstreamID
values in [the range of 0 up to TotalSubstreamIDs, as indicated in the HEVC subregion descriptor. When(th¢ program
element for which the HEVC video descriptor is used is part of an HEVC layered video stream, i.e., the prograrh contains
at least ¢ne other program element with a stream type value in the range of 0x28 .. 0x2B, (the” sempantics of
HEVC stjll present flag, HEVC 24hr picture present flag and sub pic _hrd params not present:\flag shal|l apply to
the wholg HEVC layered video stream, i.e., also to all program elements with a stream_typé(value in thq 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
ambigyous and depend on the output layer set, i.e., the combination with other elementary streams. This information {s signalled
by the HEVC operation point descriptor.

Table 2-111 - HEVC video descripter

Syntax No. of bits Mnemonic
HEVC vjideo_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
npn_packed_constraint_flag 1 bslbf
frame_only_constraint_flag 1 bslbf
cppied_44bits 44 bslbf
I¢vel idc 8 uimsbf
t¢émporal_layer_subset—flag 1 bslbf
HEVC _still_present” flag 1 bslbf
HEVC_24hr_picture_present_flag 1 bslbf
syb_pic_hrd params_not_present_flag 1 bslbf
reserved 2 bslbf
HDR_WCG idc 2 bslbf
iff ( temporal layer subset flag=="1") {
temporal_id_min 3 uimsbf
reserved 5 bslbf
temporal_id_max 3 uimsbf
reserved 5 bslbf
}
}
2.6.96 Semantic definition of fields in HEVC video descriptor
profile space, tier_flag, profile_idc, profile_compatibility indication, progressive_source_flag,

interlaced_source_flag, non_packed_constraint_flag, frame_only_constraint_flag, level idc — When the HEVC
video descriptor applies to an HEVC video stream or to an HEVC complete temporal representation, these fields shall be
coded according to the semantics defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 for general profile space,
general_tier flag, general profile idc, general profile compatibility flag[i], general progressive source flag,
general_interlaced source flag, general _non_packed constraint flag, general _frame_only constraint flag,
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general_level idc, respectively, for the corresponding HEVC video stream or HEVC 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, 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 flag[i], sub
layer progressive_source flag, sub_layer _interlaced source flag, sub_layer non_packed constraint flag, sub_layer
frame_only 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 video descriptor is
associated shall conform to the information signalled by these fields.

The 32 flags general profile compatibility flag[i] or sub_layer profile compatibility flag[i], with index i ranging from
0 to 31, are arranged in the bit string profile compatibility indication with index i equal to 0 at the leftmost position and
index i in¢reasing from left to right in the bit string.

NOTE[1 — In one or more sequences in the HEVC video stream the level may be lower than the level signalled in-the HLVC video
descrifftor, while also a profile may occur that is a subset of the profile signalled in the HEVC video descripfor,;-Howgver, in the
entire HEVC video stream, only subsets of the entire bitstream syntax shall be used that are included in thelprofile signhlled in the
HEVC|video descriptor, if present. If the sequence parameter sets in an HEVC video stream signal(different profiles, and no
additiopal 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 doesmbt conform to a sinjgle profile,
then the HEVC video stream should be partitioned into two or more sub-streams, so that HEVC*Video descriptors cpn signal a
single profile for each such sub-stream.

copied_44tbits — When the HEVC video descriptor applies to an HEVC video stream'or to an HEVC completq temporal
representgtion, 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 Dbits found in the profile ‘tier level() syntax element | between
general_frame _only constraint_flag and general level idc for the corrgsponding HEVC video stream ¢r HEVC
complete femporal representation, and the entire HEVC video stream orHEVC complete temporal representatiop to which
the HEV( video descriptor is associated shall conform to the inforniation signalled by these fields.

When the]HEVC video descriptor applies to an HEVC temporalvideo sub-bitstream or HEVC temporal videq subset of
which th¢ corresponding HEVC highest temporal sub-layer’ representation is not an HEVC complete| temporal
representgtion, this bit field shall be coded according to the-sémantics 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_layen frame_only constraint flag and sub_layer-level idc for the corresponding HEVC highest temporall sub-layer
representgtion, and the entire HEVC highest temporal sub-layer representation to which the HEVC video depcriptor 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 g subset of
temporal Jayers are included in this descriptor. This field shall be set to 1 for HEVC temporal video subsets and for HEVC
temporal [video sub-bitstreams. When-set to '0', the syntax elements temporal id min and temporal id mgx are not
included in this descriptor.

HEVC _still present_flag = This 1-bit field, when set to 'l', indicates that the HEVC video stream or the HEVC highest
temporal pub-layer representation may include HEVC still pictures. When the HEVC still present flag is sef to '0', the
associated HEVC video stream shall not contain HEVC still pictures.

When thg¢ program-element to which this descriptor applies is part of an HEVC layered video streamp and the
HEVC stjll_present flag is set to '0', the whole HEVC layered video stream shall not contain HEVC still pictyres.

NOTE 2% *According to Rec. ITU-T H.265 | ISO/IEC 23008-2, IDR pictures are always associated with a Temporalld yalue equal
to 0. Consequently, 1t the HEVC video descriptor applies to an HEVC temporal video subset, HEVC still pictures can only be
present in the associated HEVC temporal video sub-bitstream.

HEVC_24 hour_picture_present_flag — This 1-bit flag, when set to 'l', indicates that the associated HEVC video
stream or the HEVC highest temporal sub-layer representation may contain HEVC 24-hour pictures. For the definition of
an HEVC 24-hour picture, see 2.1.42. When the HEVC 24 hour picture present flag is set to '0', the associated HEVC
video stream shall not contain any HEVC 24-hour pictures.

When 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 HEVC layered video stream shall not contain any HEVC
24-hour pictures.

sub_pic_hrd_params_not_present_flag — This 1-bit field, when set to '0', indicates that the VUI in the HEVC video
stream shall have the syntax element sub pic_hrd params present flag set to 'l When the

122 Rec. ITU-T H.222.0 (08/2018) © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4a12842312f0aaac5f60e3aaca8b5c06

ISO/IEC 13818-1

:2019 (E)

sub_pic_hrd params not present flag is equal to 'l', the associated HEVC video stream may not contain
sub_pic_hrd params present flag in the VUI or the sub_pic_hrd params present flag may be set to '0".

When 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 HRD descriptor shall be present in the program map table associated with the program.

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 'l in this case.

*  The HRD parameter structures that are applicable for all program elements with stream_type value of 0x24,
0x25, or in the range of 0x28 .. 0x2B, inclusively, shall be present in the HEVC video stream and the value of

S

ub_pic_hrd params_present flag in those HRD parameter structures shall be set to '1".

HDR_WCG _idc — The value of this syntax element indicates the presence or absence of high dynamic range (HDR)
and/or wide color gamut (WCQ) video components in the associated PID according to Table 2-112. HDR is defined to

be video that has high dynamic range if the video stream EOTF is higher than the Rec. ITU-R BT.1886 referen

This field
the associ
colour g3
bit_depth|
equal to 2|

also shall not be set to 2 unless bit_depth luma minus8 as defined in Rec. ITU-T H.265 | ISO/IEC2
nted video is greater than or equal to 2. WCG is defined to be video that is coded using colour primai
mut not contained within Rec. ITU-R BT.709. This field also shall not be setnfo”1 or
| chroma minus8 as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 in the associatedcvideo is grea

Table 2-112 — Semantics of HDR_WGC idc

ce EOTF.
3008-2 in
ies with a
2 unless
er than or

HDR_WCG_idc Description

0 SDR, i.e., video is based on the Rec. ITU-R BT.1886 reference EOl
a color gamut that is containéd within Rec. ITU-R BT.709 with a Rg
ITU-R BT.709 container, (s€¢)Note 1)

F with

1 WCG only, i.e., videg-eolor gamut in a Rec ITU-R BT.2020 contain
exceeds Rec. ITU-R)BT.709 (see Note 2)

er that

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
stream

the

NOTE 1
colour
transfer|
NOTE 2
Rec. IT]
NOTE j
defined
BT.210
Rec. IT]

— An example where it would be desirable to set HDR_WCG _idc to 0 would be when the

Hescription_present flag, as defined in Rec. ITU=1"H.265 | ISO/IEC 23008-2, is set to '0', with colour primaries
| characteristics not present in the video streaih.

— An example where it would be desirable to set HDR_ WCG idc to 1 would be when colour_primaries as defi
J-T H.265 | ISO/IEC 23008-2 is equal t0.9 to indicate Rec. ITU-R BT.2020.

— An example where it would be desirable to set HDR_WCG _idc to 2 would be when transfer characteristics
in Rec. ITU-T H.265 | ISO/IEG23008-2 is equal to 16 to indicate BT.2100 PQ EOTF or equal to 18 to indicate
HLG EOTF, and when colour-primaries as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 is equal to 9 to in|
J-R BT.2020.

and

ned in

S

dicate

temporal
ISO/IEC ]

temporal
ISO/IEC ]

2.6.97

| id_min — This 3-bit_field indicates the minimum value of the Temporalld, as defined in Rec. ITU
P3008-2, of all HEVC access units in the associated elementary stream.

| id_max —<This 3-bit field indicates the maximum value of the Temporalld, as defined in Rec. ITU
P3008-2;.0f all HEVC access units in the associated elementary stream.

HEVC timing and HRD descriptor

T H.265 |

T H.265 |

oL

Foran H

C timing

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-layer representation thereof,
respectively.
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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 uimspf
}
}
2.6.98 [Semantic definition of fields in HEVC timing and HRD descriptor

hrd_management_valid_flag — This 1-bit flag is only defined for use in transport streams»When the HEVC t

HRD des
carried in

When the|
as defined
HEVC hig
in the HE]
Buffering
values an
NAL HR]
as defined
MB; to H
the NAL 1
the coded
target sch
hrd mang
defined in
the T-STI]

target_sc
value tar
hrd mana

target_sc
the delivg
equal to 'l

equal to '(".

riptor is associated with an HEVC video stream or with an HEVC highest temporal sub-layer repr
a transport stream, then the following rules apply.

value of hrd management valid flag is equal to 'l', Buffering Period*SEI and Picture Timing SEI
in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, shall be present’in the associated HEVC video|
bhest temporal sub-layer representation. For HEVC layered video(stteams, each HEVC operation poin
V C operation point descriptor shall have applicable Buffering\Period SEI and Picture Timing SEI mes
Period SEI messages shall carry coded nal initial cpbyremoval delay and nal initial cpb remo
| may additionally carry nal initial alt removal delay and nal initial alt cpb_removal offset valy
D. If the hrd management valid flag is set to 'l', then the transfer of each byte from MB, to EB, in t
in 2.17.2 or the transfer from MBx to EB,, in thesT-STD as defined in 2.17.3 or the transfer of each

HRD, as determined from the coded nal initial, cpb_removal delay and nal initial cpb removal off3
nal_initial alt cpb removal delay and.fal initial alt cpb removal offset values for SchedSelld;
edule idx, as specified in Annex* C of Rec. ITU-T H.265 | ISO/IEC 23008-2. W
gement valid flag is set to '0', the léak method shall be used for the transfer from MB,, to EB, in the
2.17.2 or the transfer from MBxto EB, in the T-STD as defined in 2.17.3 or the transfer from MB;,
D as defined in 2.17.4.

hedule_idx_not_present flag — This 1-bit flag when set to '0' indicates that the following 5 bits rep
pet_schedule idx as-specified below. When set to 'l, the following 5 bits are unspecifi
gement valid flagris-€qual to 0, then target schedule idx not present flag shall be set to 'l".

hedule_idx —<When target schedule idx_not present flag is equal to '0', this 5-bit field indicates th
ry schedule\@which is assigned for SchedSelldx. When the value of target schedule idx not prese
"and the.value of hrd_management valid_flag is equal to 'l', the value of target_schedule idx is infg

iming and
Esentation

messages,
stream or
signalled
sages. All
val offset
es for the
he T-STD
byte from

Bi in the T-STD as defined in 2.17.4 shall besaccording to the delivery schedule for that byte into the CPB in

et or from
K equal to
Vhen the
T-STD as

to EB; in

resent the
d. When

e index of
nt flag is
rred to be

picture_gnd fiming_info_present_flag — This 1-bit flag when set to 'l" indicates that the 90kHz_flag and para

meters for

accurate mapping to a 90-kHz system clock are included in this descriptor.

90kHz_flag — This 1-bit flag when set to 'l' indicates that the frequency of the HEVC time base is 90 kHz.

N, K —For an HEVC video stream or HEVC highest temporal sub-layer representation, 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 scale and the STC shall be defined by the parameters N
and K in this descriptor as follows.

time_scale = (N x system_clock_frequency) / K

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 - 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 HEVC access units for which no PTS or DTS is encoded in the PES header.
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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
parameters in Annex E of Rec. ITU-T H.265 | ISO/IEC 23008-2. The information provided by this field shall apply to the
entire HEVC video stream or HEVC highest temporal sub-layer representation to which the HEVC timing and HRD

descriptor 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
adaptation header of the component, as defined in 2.4.3.5.

NOTE — There may be AF descriptors in an adaptation field of a TS packet even though this descriptor is not set for the component.

Table 2-114 — Adaptation field extension descriptor

Syntax

No. of bits

Mnemonic

af_extenJions_descriptor() {

}

2.6.100 [HEVC operation point descriptor

The HEV[C operation point descriptor (see Table 2-115) provides a method to indicate profile and’level for orje or more
HEVC operation points. When present, the HEVC operation point descriptor shall be incliided in the groyp of data
elements hich 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\insthe TS. However, as far af matching
elementary streams are found in the TS, the information provided in the descriptor should describe the operation pointq correctly.

Table 2-115 — HEVC operation point/déscriptor

Syntax No. of bits Mnemonic
HEVC operation_point_descriptor( ) {
reserved 2 bslbf
num_ptl 6 uimsbf
for (1=0; 1 <num_ptl; i++, i++) {
profile_tier_level infoli}] 96 bslbf
H
operation_points_count 8 uimsbf
for (1= 0; i< 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
b
reserved 2 bslbf
numEsInOpli] 6 uimsbf
for (k= 0; k < NumESinOP[i]; k++) {
necessary layer flagl[i][k] 1 bslbf
output—tayer—flagtittkt 1 bsibf
ptl_ref_idx[i][k] 6 uimsbf
H
reserved 1 bslbf
avg_bit_rate_info_flag]i] 1 bslbf
max_bit_rate_info_flag]i] 1 bslbf
constant_frame_rate_info_idc[i] 2 uimsbf
applicable_temporal_id[i] 3 uimsbf
if (constant_frame rate info idc[i] >0) {
reserved 4 bslbf
frame_rate_indicator]i] 12 uimsbf
}
24 uimsbf
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Syntax No. of bits Mnemonic

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]

}

}

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.

in 7.33 fof Rec. ITU-T H.265 | ISO/IEC 23008-2 with the value of profilePresentFlag set_equgl tp '1' and
maxNum$ubLayersMinus] set equal to 6.

If multiplg HEVC operation point descriptors are found for the same program, all profile tier levelNinfo[x] elements of
all HEV( operation point descriptors for this program are aggregated in their order of occurrende-into a comron array,
which is feferenced in this specification as profile tier level array[]. If there is only a single HEVC operation point
descriptoi), 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 follpwing 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 opleration point defined in this descriptor.

ES_count[i] — This 8-bit field indicates the number of ES referefce values included in the following groyp of data
elements.|The aggregation of elementary streams, according to the{ordered list indicated in the following groyip of data
elements, |forms an HEVC operation point. The value 0xff is reserved.

Let OperdtionPointESList[i] be the list of elementary strears that are part of the i-th HEVC operation point.

prepend _|dependencies[i][j] — This flag if set to '1' spécifies that the elementary stream indicated by ES_referpence[i][j],
when not present yet in OperationPointESList[i], shall be added into OperationPointESList[i] and the elementgry stream
indicated |by the syntax element hierarchy embedded layer index in the hierarchy descriptor, or all of the elementary
streams iphdicated by the syntax element hierarchy ext embedded layer index in the HEVC hierarchy [extension
descriptoy, with the hierarchy layer index value specified by the following syntax element ES reference[i][j],|when not
present ydt in OperationPointESList[i]-shall be added into OperationPointLayerList[i] immediately before the elementary
stream $ignalled by the ES reference[i][j] in ascending order of the value of their $ssociated
hierarchy| embedded layer index or hierarchy ext embedded layer index. When the value of
prepend_dlependencies[i][j] isréqual to '0', only the elementary stream indicated by ES_reference[i][j], when not present
yet in OperationPointESList[i], shall be added into OperationPointESList[i]. The elementary stream indicated by
ES_refergnce[i][m] shall ‘be placed earlier (i.e., with a lower index) into OperationPointESList[i] than the e|ementary
stream ifdicated wifh—ES reference[i][n] when m is less than n. The order of elementary streafn in the
OperatioJPointESList[i] shall be in ascending order of their hierarchy layer index values.

ES_refergnceli] [j] — This 6-bit field indicates the hierarchy layer index value present in the hierarchy descriptofjor HEVC
hierarchy| extension descriptor which identifies an elementary stream. The value of ES reference[i][m] and
ES_reference{i]{n] for m not equat to i Snail ot be the same.

numEsInOpli] — 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 parsing
prepend_dependencies[i][ES_count[i] — 1]).

necessary_layer flag[i][k] — This flag when set to '1' indicates that the k-th elementary stream in OperationPointESList[i]
is a necessary layer, as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, of the i-th operation point. This flag
equal to '0' indicates that the k-th elementary stream in OperationPointESList[i] is not a necessary layer, as defined in
Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, of the i-th operation point.

output_layer_flag[i][k] — This flag when set to '1' indicates that the k-th elementary stream in OperationPointESList[i]
is an output layer. Otherwise, when set to '0', it indicates that the k-th elementary stream in OperationPointESList[i] is
not an output layer. When the value of necessary layer flag[i][k] is equal to '0', the value of output layer flag[i][k] shall
be ignored.
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ptl_ref_idx[i][kK] — 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 k-th elementary stream in OperationPointESList[i]. When the value of
necessary layer flag[i][k] is equal to '0", the value of ptl ref idx[i][k] shall be ignored.

avg_bit_rate_info_flag[i] — This flag indicates whether the syntax element avg_bit rate[i] is present in this descriptor.
max_bit_rate_info_flag[i] — This flag indicates whether the syntax element max_bit rate[i] is present in this descriptor.

constant_frame rate_info_idc[i] — This 2-bit field, in combination with the syntax element frame rate indicator as
specified below, indicates how the frame rate for the associated operation point j is determined. The value of 0 indicates
that the frame rate is not specified for the i-th HEVC operation point and that the syntax element frame rate indicator is
not present in this descriptor for the i-th HEVC operation point.

applicable_temporal_id[i] — This 3-bit field indicates the highest value of Temporalld of the VCL NAL units in the re-
assembled HEVC video stream for operation point i.

frame_rafe indicator[i] — [T constant frame rafe info_idc[i] is equal to I, this 12-bit field indicates a constaht number
of ticks, as specified in the HEVC timing and HRD descriptor, for the distance in time between two picturés’ pt the i-th
HEVC operation point. If constant frame rate info_idc[i] equals 2, this 12-bit field indicates the frame.rate fpr the i-th
operation|point measured in frames per second. If constant frame rate info idc[i] equals 3, this 12-bit field indlicates the
frame ratq for the i-th HEVC operation point measured in frames per 1.001 seconds.

avg_bit_fate[i] — This 24-bit field indicates the average bit rate, in 1000 bits per second, 0f'the HEVC laydred video
stream cofresponding to the i-th HEVC operation point.

max_bit_[rate[i] — This 24-bit field indicates the maximum bit rate, in 1000 bits perseeond, of the HEVC laygred video
stream cofresponding to the i-th HEVC operation point.

2.6.102 [HEVC hierarchy extension descriptor

The HEV[C hierarchy extension descriptor provides information to identifyi the program elements containing components
of layered HEVC streams (see Table 2-116). When present, this descriptor shall only be used for elementary strpams 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_présent_flag 1 bslbf
reserved 2 bslbf
num_embedded_layers 6 uimsbf
reserved 2 bslbf
hierarchy_channel 6 uimsbf
for (1=0;1i<num_embedded layers ;it+) {
reserved 2 bslbf
hierarchy ext embedded layer index]i] 6 nimsbf
}
}

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 associated
elementary stream to other elementary streams in the same program.

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 allocation of the bits to enhancement dimensions is given in Table 2-117.
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Table 2-117 — Semantics of extension dimension bits

Index to bits Description
0 Multi-view enhancement
1 Spatial scalability, including SNR quality or fidelity enhancement
2 Depth enhancement
3 Temporal enhancement
4 Auxiliary enhancement
5..15 Reserved

The i-th bit equal to '1' indicates that the corresponding enhancement dimension is present. When the elementary stream
contains auxiliary pictures as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, the value of the 4th bit of

extension_dimension_bits shall be set equal to 'l', otherwise, it shall be set equal to '0'. When the elementa
contains guxiliary pictures that are depth pictures, as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23
value of Hoth 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'd table
layer hierprchies. Indices shall be unique within a single program definition. For video sub-bitstreams of HE
streams cpnforming to one or more profiles defined in Annex F of Rec. ITU-T H.265 | ISONEE€ 23008-2,
program glement index, which is assigned in a way that the bitstream order will be correct af the associated d¢g
layers of] the video sub-bitstreams of the same HEVC access unit are re-assembléd in increasing
hierarchy| layer index.

temporal| id — A 3-bit field that specifies the highest Temporalld of the NAL units in the elementary stream
with this HEVC hierarchy extension descriptor.

nuh_layef_id — A 6-bit field that specifies the highest nuh_layer id of the NAL units in the elementary stream
with this HEVC hierarchy extension descriptor.

tref_present_flag — A 1-bit flag, which when set to '0' indicates thatthe TREF field may be present in the P
headers ir] the associated elementary stream. The value of '1' forthis flag is reserved.

num_embedded_layers — A 6-bit field that specifies the number of direct dependent program elements that 1
accessed 4nd be present in decoding order before decoding of the elementary stream associated with this HEVC
extension|descriptor.

hierarchy
ordered s¢t of transmission channels. The mostyrobust transmission channel is defined by the lowest value of

with respgct to the overall transmission hierarchy definition.
NOTE[|- A given hierarchy channel may+atthe same time be assigned to several program elements.

hierarchy
that needq to be accessed and bespresent in decoding order before decoding of the elementary stream associate
HEVC higrarchy extension descpiptor.

2.6.104

The syntax of the gréen extension descriptor containing static metadata is shown in Table 2-118.

Green extension.descriptor

Table 2-118 — Green extension descriptor

ry stream
08-2, the

of coding
VC video
this is the
pendency
order of

hssociated

hssociated

ES packet

heed to be
hierarchy

r_channel — A 6-bit field that indicates_the¢intended channel number for the associated program element in an

this field

_ext_embedded_layer_index[i] — A 6-bit field that defines the hierarchy layer index of the prograim element

| with this

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 intervals; i++) {

constant_backlight_voltage time_intervalli] 16 uimsbf
}
num_max_variations 2 uimsbf
reserved 6 bslbf

for (j=0; j <num_max_variations; j++) {

max_variation([j] 16 uimsbf
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Syntax No. bits Mnemonic

}

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 associated
ISO/IEC 23008-3 stream. This descriptor shall be present in the associated PMT for MPEG-H 3D audio content with
stream_type equal to 0x2D.

I'able 2-119 — MPEG-H 3D audio descriptor

Syntax No of bits Mnemonic
MPEG-H_3dAudio_descriptor() {
mpegh3daProfileLevellndication 8 ujmsbf
ipteractivityEnabled 1 bslbf
reserved 9 bslbf
referenceChannelLayout 6 ujmsbf
fpr (i=0; i<N; i++) {
reserved 8 bslbf
b
i

2.6.107 [Semantics for MPEG-H 3D audio descriptor

mpegh3daProfileLevellndication — The audio profile and level of the associated ISO/IEC 23008-3 aud]o stream,
encoded gs specified for the mpegh3daProfileLevellndicationield in 5.3.2 in ISO/IEC 23008-3.

referencgChannelLayout — Reference channel configuration value as defined as "ChannelConfiguration" ir] ISO/IEC
23001-8 (]'Codec Independent Code Points").

interactiyityEnabled — If set to '1', this flag indicates that the 3D audio stream contains elements with associated metadata
which engbles user interactivity. If this flag is(Set to '0', no user interactivity of any kind is available. This fljg may be
used to dgtermine the need for initializing the User interactivity interface in the Systems decoder.

2.6.108 [MPEG-H 3D audio config/descriptor

The MPE|G-H 3D audio config déscriptor (see Table 2-120) provides information on the complete configuratipn data 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() {
nipegh3daConfig()

}

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 modifiable
audio objects in an ISO/IEC 23008-3 stream.

© ISO/IEC 2019 - All rights reserved Rec. ITU-T H.222.0 (08/2018) 129


https://iecnorm.com/api/?name=4a12842312f0aaac5f60e3aaca8b5c06

ISO/IEC 13818-1:2019 (E)

Table 2-121 - MPEG-H 3D audio scene descriptor

Syntax

No of bits

Mnemonic

MPEG-H_3dAudio_scene descriptor() {
groupDefinitionPresent

switchGroupDefinitionPresent

groupPresetDefinitionPresent

reserved

3dAudioScenelnfolD

(7 R

bslbf
bslbf
bslbf
bslbf

bslbf

—_-
=

(groupDefinitionPresent) {
reserved
numGroups

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

reserved

mae_grouplD

reserved

mae_allowOnOff

mae_defaultOnOff

mae_allowPositionInteractivity

mae_allowGainlnteractivity

mae_hasContentLanguage

reserved

mae_contentKind

if ( mae_allowPositionInteractivity ) {
reserved
mae_interactivityMinAzOffset
reserved
mae_interactivityMaxAzOffset
reserved
mae_interactivityMinEl1Offset
reserved
maeginteractivityMaxEIOffset
mae: interactivityMinDistOffset
mae_interactivityMaxDistOffset

¢

if ( mae_allowGainlInteractivity ) {
reserved
mae_interactivityMinGain
reserved

O N e T = S I S

A A U1 W O W] =] -

bslbf

uimsbf

mae_interactivityMaxGain

}
if ( mae_hasContentLanguage ) {

mae_contentLanguage

if (switchGroupDefinitionPresent) {

reserved

numSwitchGroups

N W NN

24

uimsbf

uimsbf

bslbf
uimsbf
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Table 2-121 - MPEG-H 3D audio scene descriptor

Syntax No of bits Mnemonic
for (i=0; 1 < numSwitchGroups; i++) {
reserved 1 bslbf
mae_switchGroupID 5 uimsbf
mae_switchGroupAllowOnOff 1 bslbf
mae_switchGroupDefaultOnOff 1 bslbf
reserved 3 bslbf
mae_bsSwitchGroupNumMembers 5 uimsbf
for (1= 0;1<mae bsSwitchGroupNumMembers + 1; i++) {
reserved 1 ‘J)slbf
mae_switchGroupMemberID 7 imsbf
}
reserved 1 bslbf
mae_switchGroupDefaultGroupID 7 uimsbf
}
H
iff (presetGroupDefinitionPresent) {
reserved 3 bslbf
mae_numGroupPresets 5 uimsbf
for (1= 0; i <mae numGroupPresets; i++) {
reserved 3
mae_groupPresetID 5
reserved 3
mae_groupPresetKind 5
reserved 4
mae_numGroupPresetConditions 4
for (j = 0; j <mae numGroupPresetConditions+1; j++) {
mae_groupPresetGrouplD 7
mae_groupPresetConditionOnOff 1
if (mae_groupPresetConditionOnOff) {
reserved 4
mae_groupPresetDisableGainInteractivity 1
mae_groupPresetGainFlag 1
mae_groupPresetDisablePositionInteractivity 1
mae_groupPresetPositionFlag 1
if ( mae_groupPresetGainFlag ) {
mae_groupPresetGain 8
!
if( mae_groupPresetPositionFlag ){
mae_groupPresetAzOffset 8 uimsbf
reserved 2 bslbf
mae_groupPresetE1Offset 6 uimsbf
reserved 4 bslbf
mae_groupPresetDistFactor 4 uimsbf
}
}
}
}
}
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Table 2-121 - MPEG-H 3D audio scene descriptor

Syntax No of bits Mnemonic

for (i=0; i<N; i++) {
reserved 8 bslbf

}

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
descriptor].

groupContentDataPresent — A one-bit flag signalling the presence of content information of one group ifithis descriptor.
switchGrpupDefinitionPresent — A one-bit flag signalling the presence of switch group information, in this d¢scriptor.
presetGrpupDefinitionPresent — A one-bit flag signalling the presence of preset group informiation in this depcriptor.
3dAudio$cenelnfolD — See 15.3 of ISO/IEC 23008-3.

numGroyps — This field signals the number of groups in the audio scene description. This field can take valuef between
1 and 127, and shall be less or equal to the value of mae_numGroups present in the'associated ISO/IEC 230083 stream.

mae_grouplD — See 15.3 of ISO/IEC 23008-3.
mae_allowOnOff — See 15.3 of ISO/IEC 23008-3.
mae_defqultOnOff — See 15.3 of ISO/IEC 23008-3.
mae_allopvPositionInteractivity — See 15.3 of ISO/IEC 23008:3.
mae_alloywGainlInteractivity — 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_intefractivityMinAzOffset — See 15.3 of ISO/IEC 23008-3.
mae_interactivityMaxAzOffset — See 15.3;0f ISO/IEC 23008-3.
mae_intefractivityMinElOffset — Se¢_15.3 of ISO/IEC 23008-3.
mae_intefactivityMaxElOffset—'See 15.3 of ISO/IEC 23008-3.
mae_intefactivityMinDistOffset — See 15.3 of ISO/IEC 23008-3.
mae_intefractivityMaxDistOffset — See 15.3 of ISO/IEC 23008-3.
mae_intefractivityMinGain — See 15.3 of ISO/IEC 23008-3.
mae_intefractivityMaxGain — See 15.3 of ISO/IEC 23008-3.

mae_contentlanguage — See 15 3 of ISO/IEC 23008-3

numSwitchGroups — This field signals the number of switch groups minus one in the overall scene. This field can take
values between 0 and 31, resulting in a maximum number of 32 switch groups. It shall be less or equal to the value of
mae_numSwitchGroups present in the associated ISO/IEC 23008-3 stream.

mae_switchGroupID — See ISO/IEC 23008-3.
mae_switchGroupAllowOnOff — See 15.3 of ISO/IEC 23008-3.

mae_switchGroupDefaultOnOff — See 15.3 of ISO/IEC 23008-3; if mae switchGroupAllowOnOff is '0', then
mae_switchGroupDefaultOnOff shall be set to '0'.

mae_bsSwitchGroupNumMembers — See 15.3 of ISO/IEC 23008-3.
mae_switchGroupMemberID — See 15.3 of ISO/IEC 23008-3.
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mae_switchGroupDefaultGroupID — See 15.3 of ISO/IEC 23008-3.
mae_numGroupPresets — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetID — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetKind — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetNumConditions — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetGrouplID — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetConditionOnOff — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetDisableGainInteractivity — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetGainFlag — See 15.3 of ISO/IEC 23008-3.

ISO/IEC 13818-1:2019 (E)

mae_groupPresetDisablePositionInteractivity — See 15.3 of ISO/IEC 23008-3.
mae_groyipPresetPositionFlag — See 15.3 of ISO/IEC 23008-3.
mae_grofipPresetGain — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetAzOffset — See 15.3 of ISO/IEC 23008-3.
mae_groupPresetE1Offset — See 15.3 of ISO/IEC 23008-3.
mae_grouipPresetDistFactor — See 15.3 of ISO/IEC 23008-3.

Data fields provided both in this descriptor and as in-band information in the ISO/EEC 23008-3 stream shall bq set to the

same valye.

2.6.112 MPEG-H 3D audio text label descriptor

The MPE|G-H 3D audio scene descriptor provides text labels for the audio objects and presets in an ISO/IEC 23008-3

stream. S¢e Table 2-122.

Table 2-122 — MPEG-H 3Daudio text label descriptor

Syntax No of bits Mnemonic
MPEG-H| 3dAudio_text label descriptor() {
3flAudioScenelnfolD 8 uimsbf
reserved 4 bslbf
npmDescLanguages 4 uimsbf
fqr (i=0; i< numDescLanguagé; i++) {
descriptionLanguage 24 uimsbf
reserved 1 bslbf
numGroupDescriptions 7 uimsbf
for (n'='0; n < numGroupDescriptions; n++ ) {
reserved 1 bslbf
mae_descriptionGrouplD; 7 imsbf
groupDescriptionDataLength 8 qimsbf
for ( ¢ = 0; ¢ < groupDescriptionDatalength; c++) {
groupDescriptionData 8 uimsbf
b
b
reserved bslbf
numSwitchGroupDescriptions uimsbf
for ( n = 0; n < numSwitchGroupDescriptions; nt++ ) {
reserved 3 bslbf
mae_descriptionSwitchGrouplID; 5 uimsbf
switchGroupDescriptionDataLength uimsbf
for ( ¢ = 0; ¢ < switchGroupDescriptionDataLength; c++) {
switchGroupDescriptionData 8 uimsbf
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Syntax No of bits Mnemonic
H
H
reserved 3 bslbf
numGroupPresetsDescriptions 5 uimsbf
for ( n = 0; n < numGroupPresetsDescriptions; n++ ) {
reserved 3 bslbf
mae_descriptionGroupPresetID 5 uimsbf
groupPresetDescriptionDatal.ength 8 uimsbf
for ( ¢ = 0; ¢ < groupPresetDescriptionLength; c++) {
groupPresetDescriptionData 8 uimsbf
>
}
}
fqr (i=0; i<N; i++) {
reserved 8 bslbf

}

2.6.113 [Semantic definition of fields in MPEG-H 3D audio text label descriptor
3dAudio$cenelnfolD — See 15.3 ISO/IEC 23008-3.

maeGroupDescriptionPresent — A one-bit flag signalling the presence of-description text for groups.
maeSwit¢hgroupDescriptionPresent — A one-bit flag signalling the\presence of description text for switch goups.
maeGroupPresetDescriptionPresent — A one-bit flag signalling'the presence of description text for group presets.
numDescdlL.anguages — The number of available languagesdor description text.

descriptipnLanguage — Identifies the language or languages used by the description text of a metadata element group. It
contains g 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 ihto 8 bits according to ISO/IEC 8859-1-and inserted in order into the 24-bit field.

numGroypDescriptions — The number of avatlable descriptions for groups.
mae_des¢riptionGrouplID — See 15.3-0fISO/IEC 23008-3.
groupDegcriptionDataL.ength —The length, specified in bytes, of the following group description.

groupDegcriptionData — This field contains a description of a metadata element group, i.e., a string descpibing the
content by a high-level description. The format shall follow UTF-8 according to ISO/IEC 10646.

numSwitfhGroupDescriptions — The number of available descriptions for switch groups.

mae_des¢riptionSwitchGrouplID — See 15.3 of ISO/IEC 23008-3.

switchGrpupDescriptionDataLength — The length, specified in bytes, of the following switch group descripjon.
switchGroupDescriptionData — 1 his 1icld contains a description oI a Switch group, 1.¢., a Siring describing the content

by a high-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.
groupPresetDescriptionDataLength — The length, specified in bytes, of the following group preset description.

groupPresetDescriptionData — 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.

Data fields provided both in this descriptor and as in-band information in the IS/IEC 23008-3 stream shall be set to the
same value.
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2.6.114 MPEG-H 3D audio multi-stream descriptor

The MPEG-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 combination with this descriptor, an MPEG-H 3D audio scene descriptor explaining the actual representation of the
overall audio scene is required to be present in the descriptor loop of the main stream.

Table 2-123 - MPEG-H 3D 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 slbf
numAuxiliaryStreams 7 uimsbf
reserved 1 bslbf
mae_numGroups 7 uimsbf

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

mae_grouplD 7 uimsbf
isInMainStream 1 bsibf
if ( thislsMainStream =="0") {
isInTS 1 bslbf
auxiliaryStreamID 7 uimsbf
H
H
¥
fgr (i=0; i<N; i++) {
reserved 8 bsibf

}

2.6.115 [Semantic definition of fields in MPEG-H 3D audio multi-stream descriptor
thisIsMainStream — If this flag.iS\1', the stream is a main stream, otherwise it is an auxiliary stream.

thisStreamID — This integer-prevides a unique ID of all available ISO/IEC 23008-3 Audio streams with MHAS transport
syntax, bqth main and auxiliaty streams (stream_type 0x2D and 0x2E).

numAuinaryStreams = 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 tream-plus all possible additional streams). This field can take values between 1 and 127. It shall be| set to the
same valye ‘asthe corresponding field in the associated ISO/IEC 23008-3 stream.

mae_grouplD — This integer provides information on the mae grouplD (as described in ISO/IEC 23008-3, section 15)
the loop instance refers to.

isinMainStream — If this flag is set to 'l', the audio data related to the group (as indicated through mae grouplD) is
present in the main stream, otherwise the encoded data is transmitted in an auxiliary stream.

isInTS — If this flag is set to '1', the audio data related to the group (as indicated through mae grouplID) is present in the
same 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 stream, this
integer identifies the used auxiliary stream.

The location of the 'external source' may be signalled using the TEMI location descriptor and/or the TEMI
BaseURL descriptor as defined in section U.3.
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When the TEMI descriptor(s) are conveyed ina TEMI AU as a separate elementary stream on a separated PID, an MPEG-
H 3dAudio_extStreamID_descriptor() shall be present in the associated descriptor loop of the TEMI elementary stream
which provides an ID in the field "auxiliaryStreamID" that is matching the "auxiliaryStreamID" provided in the MPEG-

H 3dAudio multi-stream_descriptor() of the main stream.

2.6.116 MPEG-H 3D audio DRC and Loudness descriptor

The MPEG-H 3D audio dynamic range control (DRC) and Loudness descriptor (see Table 2-124) provides information
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 () {
re¢served 7 slbf
njpegh3daDrcAndLoudnessInfoPresent 1 slbf
if|(mpegh3daDrcAndLoudnessInfoPresent) {
reserved 2 slbf
drcInstructionsUniDrcCount 6 imsbf
reserved 2 slbf
loudnessInfoCount 6 imsbf
reserved 3 slbf
downmixIdCount 5 imsbf
for (i=0; i<drclnstructionsUniDrcCount; i++) {
reserved 6 bslbf
drcInstructionsType 2 uimsbf
if (drclnstructionsType == 2) {
reserved 1 bslbf
mae_grouplD 7 uimsbf
} else if (drcInstructionsType == 3) {
reserved 3 bslbf
mae_groupPresetID 5 uimsbf
}
reserved 2
drcSetld 6
reserved 1
downmixId 7
reserved 3
additionalDownmixIdCount 3
limiterPeakTargetPresent 1
dreSetPargetLoudnessPresent 1
for (j=0; j<additionalDownmixIdCount; j++) {
reserved 1
additionalDownmixId 7
}
drcSetEffect 16
if ( limiterPeakTargetPresent ) {
bsLimiterPeakTarget 8 uimsbf
¥
if ( drcSetTargetLoudnessPresent ) {
reserved 1 bslbf
bsDrcSetTargetLoudnessValueUpper 6 uimsbf
drcSetTargetLoudnessValueLowerPresent 1 bslbf
if(drcSetTargetLoudnessValueLowerPresent) {
reserved 2 bslbf
bsDrcSetTargetLoudnessValueLower 6 uimsbf
}
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Table 2-124 — MPEG-H 3D audio DRC and Loudness descriptor()

Syntax No of bits Mnemonic
h
reserved 1 bslbf
dependsOnDrcSet 6 uimsbf
if (dependsOnDrcSet == 0) {
nolndependentUse 1 bslbf
} else {
reserved 1 bslbf
h
h
for (i=0; 1<loudnessInfoCount; i++) {
reserved 6 }slbf
loudnessInfoType 2 imsbf
if (loudnessInfoType == 1 || loudnessInfoType == 2) {
reserved 1 bslbf
mae_grouplD 7 uimsbf
1 else if (loudnessInfoType == 3) {
reserved 3 bslbf
mae_groupPresetID 5 uimsbf
}
loudnessInfo_size 8 uimsbf
loudnessInfo()
}
for (i=0; i<downmixIdCount; i++) {
reserved 1 bslbf
downmixId 7 imsbf
downmixType 2 E]imsbf
CICPspeakerLayoutldx 6 imsbf
}
b
fqr (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 andl loudness
informati¢n in this deseriptor.

drcInstryctionsUniDrcCount — This field signals the number of DRC sets in the stream. This field can tgke values
between () 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 tgke values
between 0 and 63, resulting in a maximum number of 63 loudness info blocks.

downmixIdCount — This field signals the number of downmixId definitions in the stream. This field can take values
between 0 and 31, resulting in a maximum number of 31 downmixId definitions.

drcInstructionsType — See ISO/IEC 23008-3.
mae_grouplD — See ISO/IEC 23008-3.
mae_groupPresetID — See ISO/IEC 23008-3.

drcSetld — See ISO/IEC 23003-4.

downmixId — See ISO/IEC 23003-4 and ISO/IEC 23008-3.
additionalDownmixIdCount — See ISO/IEC 23003-4.
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limiterPeakTargetPresent — See ISO/IEC 23003-4.
drcSetTargetLoudnessPresent — See ISO/IEC 23003-4.
additionalDownmixId — See ISO/IEC 23003-4.
drcSetEffect — See ISO/IEC 23003-4.
bsLimiterPeakTarget — See ISO/IEC 23003-4.

bsDrcSetTargetLoudnessValueUpper — See ISO/IEC 23003-4.

drcSetTargetLoudnessValueLowerPresent — See ISO/IEC 23003-4.

bsDreSetTargetLoudnessValueLower — See ISO/IEC 23003-4.
dependsOnDrcSet — See ISO/IEC 23003-4.

nolndepe
loudness]
loudness]
loudness]
downmix|
CICPspe

Data field
same valy

2.6.118
The MPE

that contajns an interaction command or type PACTYP AUDIOSCENEINFO that contains the audio scene inf

Both type]

By inserting the MHAS packet contained in this descripterdnto the MHAS elementary stream, a receiver carn

command|
header, n
the MHA

ndentUse — See ISO/IEC 23003-4.

nfoType — See ISO/IEC 23008-3.

nfo_size — The number of bytes of the immediately following loudnessInfo().
nfo() — One loudnessInfo() structure as defined in ISO/IEC 23003-4.

Type — See ISO/IEC 23008-3.

hkerLayoutldx — See ISO/IEC 23008-3.

s provided both in this descriptor and as in-band information in the IS/ITEC 23008-3 stream shall be
e.

MPEG-H 3D audio command descriptor
[5-H 3D audio command descriptor encapsulates an MHAS packet of the type PACTYP USERINTER

5 are supported by a MPEG-H 3D audio decoder.

to the MPEG-H 3D audio decoder. As the descriptor contains a complete MHAS packet includir
thing else needs to be added when multiplexing these bytes, consecutively, on an MHAS packet bg
S stream.

Table 2-125=MPEG-H 3D audio command descriptor

set to the

IACTION
ormation.

send this
1g MHAS
undary in

Syntax No of bits Mnemgnic
MPEG-H_3dAudio_command:-descriptor() {
for (i=0; 1 <N; i)
data 8 bslbf
b
}
data — Ddta bytes shall be contiguous bytes of data from a complete MHAS packet (including the MHAS headler) of the
type PAC[LYP” USERINTERACTION.
2.6.119 Quality extension descriptor

The quality extension descriptor shall be sent once per event or program and hence is signalled using a descriptor in the
program map table. This descriptor shall appear in the elementary stream loop of the PID for which quality information

is provide

d.

Dynamic quality metadata is stored in access units and is associated with one or more video frames. These access units
are encapsulated in MPEG sections identified by stream_type value of 0x2F.

The quality extension descriptor describes metrics that are present in each Quality Access Unit, and the constant field size
that is used for the values. The quality metrics are defined in 4.3 of ISO/IEC 23001-10.

The synta

138

x of quality extension descriptor containing static metadata is shown in Table 2-126.
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Table 2-126 — Quality extension descriptor

:2019 (E)

Syntax No. bits Mnemonic

Quality_extension_descriptor() {

field_size_bytes uimsbf

metric_count 8 uimsbf

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

metric_codeli] 32 uimsbf

}

}

field_size bytes — The constant size in byte of the value for a metric in each Quality Access Unit.

metric_count — The number of metrics for quality values in each Quality Access Unit

metric_c¢

Semantic
can also b

2.6.120

The virtug
is used to
segmenta
another cf
stream de
segment
PID indic
shall be p1
is present

pde — The code name of the metrics in the Quality Access Unit.

for all the syntax elements above are specified in 4.2 of ISO/IEC 23001-10. The quality metficsto be
e found in 4.3 of ISO/IEC 23001-10 and include:

*  PSNR = Peak Signal to Noise Ratio

*  SSIM = Structural Similarity Index

*  MS-SSIM = Multi-Scale Structural Similarity Index
*  VQM = Video Quality Metric

* PEVQ = Perceptual Evaluation of Video Quality
*  MOS = Mean Opinion Score

*  FSIG = Frame significance

Virtual segmentation descriptor

1 segmentation descriptor (see Table 2-127) appears.in‘the elementary stream descriptor loop in the
indicate that the current elementary stream is virtually segmented using boundary descriptors (see U.3
ion may come in a set of partitions — e.g., one partition demarcates the stream into 10-s virtual segmg
cates 2-s virtual segments. If the boundary descriptor carried in transport stream packets appears in the
tlared by the PMT stream description carrying the virtual segmentation descriptor, it is an explicit ing
oundary point, otherwise a reference PID shall be defined in the virtual segmentation descriptor; that
htes that segment boundary points ate-indicated in another elemental stream, for which the boundary
esent in the PMT. The virtual segimentation for elementary streams for which no virtual segmentation
in the PMT is undefined.

Table 2-127 — Virtual segmentation descriptor

Syntax No. bits [Mnemonic|

Virtuallsegmentation descriptor(){

signalled

PMT and
.11). This
nts, while
elemental
ication of
reference
descriptor
descriptor
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Syntax No. bits [Mnemonic

if (descriptor_length > 1) {

num_partitions 3 uimsbf
timescale_flag 1 bslbf
reserved 4 bslbf
if (timescale flag==1) {
ticks_per_second 21 uismbf
maximum_duration_length_minus_1 (MDL) 2 uismbf
reserved 1 bslbf
H
for (1=0; i <num_partitions; i++) {
explicit_boundary_flag 1 bslbf
partition_id 3 uimsbf
Teserved 4 DSIDT
SAP_type_max 3 uismbf
if (explicit_boundary flag==0) {
reserved 5 bslbf
boundary_PID 13 uimsbf
reserved 3 bslbf
}
else {
maximum_duration MDL*8 + 5| uimsbf
}

}

2.6.121 [Semantic definition of fields in virtual segmentation descriptor

timescale flag: If set to '1', timescale information is present. If set'to '0', ticks per second is inferred to be 1, fand MDL
is inferred to be 0 (i.e., maximum_duration_length minus 1==1): The value of '0' allows maximum segment duration of
up to 31 seconds, expressed in integer seconds.

ticks_per] second: Precision, in ticks per second, of the maximum_duration field, e.g., 0.1 second precision is L0 ticks/s,
0.01 second precision with 100 ticks/s, etc.

maximum_duration_length_minus_1: Length, in bytes (minus one), of the maximum_duration field varlable byte
length. This provides additional bytes in addition to the 5 bits pre-allocated to the maximum_duration field.

num_partitions: Number of partitions.described in the virtual segmentation descriptor.

explicit_Boundary_flag: If set to '0’, this elementary stream is a dependent stream, and boundary data for it i§ provided
on a refegence partition on a different PID, specified by boundary PID; otherwise, the current PID carries|boundary
descriptors.

partition| id: ID of the partition described in the boundary descriptor.
boundary PID: PID\carrying boundary descriptor() that is used by this partition of this elementary stream.

SAP_typ¢ max: Maximum possible value of SAP in this partition. If SAP_type max value is 0, any SAP Yyalue 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.

2.6.122 HEVC tile substream descriptor

For each ES containing an HEVC tile substream (i.e., a tile or fixed set of subsequent tiles), a newly defined HEVC tile
substream descriptor assigns a SubstreamID to that HEVC tile substream. It optionally contains additional SubstreamIDs
needed to form a subregion or an index to a pattern that indicates these additional SubstreamIDs by an array of offsets
found in the HEVC subregion descriptor. Type and length of the descriptor are provided by header bytes that are not
shown in the following syntax table.
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Table 2-128 — HEVC tile substream descriptor

Syntax No. of bits Mnemonic

HEVC tile substream descriptor() {
ReferenceFlag 1 bslbf
SubstreamID 7 uimsbf
if ( descriptor_length > 1) {

if ( ReferenceFlag =="1") {

PreambleFlag 1 bslbf
PatternReference 7 uimsbf
}
else {
for (i=0; i<N1; i++) {
Flng!i! 1 bslbf
AdditionalSubstreamlID[i] 7 uimsbf
}
}

Note: The value N1 is implied by the descriptor size. It equals the value of descriptor(length minus 1.

The HEV[ tile substream descriptor can be used in three different ways, each signalling-the SubstreamID:
a) Iffits size is only one byte (preceding header bytes excluded), ReferenceElag is reserved. It implicitly [signals a

value of 0 for the PatternReference (referring to SubstreamOffset[k][0}[i]in the HEVC subregion desfriptor as

gpecified below)

b) Iff ReferenceFlag is set to '1', it specifies the index of the pattern to-be used to calculate additional

JubstreamIDs (other than index 0)

c) [if ReferenceFlag is set to '0', it specifies the additional SubstreamIDs directly

2.6.123 Semantic definition of the fields in the HEVC tile substream descriptor

ReferencgFlag — When this bit is set to '1, this descriptor'indicates the index j > 0 of the pattern signalled by the HEVC
subregion|descriptor to be used to calculate additional:SubstreamIDs. If the value of the field descriptor length §pecifying
the size of this descriptor excluding preceding header bytes is 1, the value of ReferenceFlag is reserved.

SubstreamID — This 7-bit field assigns a number in the range of 1 to TotalSubstreamIDs (as found) to the HEVC tile
substrean], which is unique among all ESs with stream type equal to 0x31 or 0x24 (the latter in case that multiple
substrean]s are carried in a single ES)-that belong to the same program. This value is used to identify each HEVC tile
substrean]. The value 0 is used for substreams that contain information applicable to multiple HEVC tile substfeams.

Preamblg¢Flag — When this bitis'set to 'l' and each HEVC tile substream is carried in its own ES (signalled by the
SubstreamiMarkingFlag in the " HEVC subregion descriptor set to '1'), an access unit carried in the ES signalled by the
value of BreambleSubstréamID in the HEVC subregion descriptor is prepended before an access unit carried fin this ES
as specifi¢d in 2.17.52) In case SubstreamMarkingFlag in the HEVC subregion descriptor set to '0', the semantics of this
flag is resprved.

PatternReferénce — This 7-bit field assigns a number in the range of 1 to PatternCount (as found in the HEVC subregion
descriptor)-tothe HEVC tile substream. This number is used as an index j to the array SubstreamOffset[k][j][i] when the

reassemb Y PTocess tsexeetted:

Flag[i] — When Flag[0] is set to 'l' and each HEVC tile substream is carried in its own ES (signalled by the
SubstreamMarkingFlag in the HEVC subregion descriptor set to 'l'), an additional ES signalled by the value of
PreambleSubstreamID in the HEVC subregion descriptor is prepended before this ES. In other cases, the semantics of
Flag[0] is reserved. Flag[i] for values of i > 0 is reserved.

NOTE - If ReferenceFlag is set to '0', Flag[0] has the same semantics as PreambleFlag for the case that ReferenceFlag is set to '1".

AdditionalSubstreamlID — This array of 7 bit fields indicates additional SubstreamIDs that belong to the subregion when
the reassembly process according to 2.17.5.2 or 2.17.5.3 is executed.

2.6.124 HEVC tile substream af descriptor

When multiple HEVC tile substreams are carried in the same ES, HEVC tile substream selection shall be based on
signalization using HEVC tile substream af descriptors. The syntax of this descriptor is specified in Table U.15.
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2.6.125 HEVC subregion descriptor

One HEVC subregion descriptor is associated to the whole program. The HEVC subregion descriptor signals patterns of
SubstreamIDs that belong to a subregion. Its syntax is given in Table 2-129, the semantics are specified in 2.6.126. It can
signal different layouts, which e.g. consist of different numbers of HEVC tile substreams, and indicate the level value of
the profile as specified in ISO/IEC 23008-2 that applies for each pattern. It also indicates how HEVC tile substreams are
identified.

NOTE — As the subregion comprises less pixels than the whole panorama, the level value for the subregion is less than or equal to
the level value that applies for the whole panorama.

If multiple HEVC tile substreams, e.g. the whole panorama, are contained in a single ES, the motion-constrained tile sets
extraction information set SEI message shall be present at all random access points.

Table 2-129 — HEVC subregion descriptor

Syntax No. of bits Mnemonic
HEVC] subregion_descriptor() {
SubstreamMarkingFlag 1 bslbf
SubstreamIDsPerLine 7 uirpsbf
TotalSubstreamIDs 8 ui%sbf
LevelFullPanorama 8 uirpsbf

for (i=0; i<N1; i++) {
if ( SubstreamMarkingFlag==1) {

reserved 1 bylbf

PreambleSubstreamID/[i] 7 uirpsbf
¥
SubstreamCountMinus1[i] 8 uirpsbf
Levelli] 8 uimsbf
PictureSizeHor]i] 16 uimsbf
PictureSizeVert|i] 16 uimsbf
reserved 1 bylbf
PatternCount|i] 7 uimsbf
for (j=0; j<PatternCount[i]; j++ ) {

for ( k=0; k<SubstreamCountMinus1[i]; k++) {

SubstreamOffset|[k][j]li] 8 tcigsbf

}

}

NOTE{] The value N1 is implied by the descriptor size. It equals the number of different subregion layouts, indexed by |, that
can be pelected from the whole.panorama.

2.6.126 Sgmantic definition of the fields in the HEVC subregion descriptor

SubstreajnMarkingFlag — This 1 bit flag, when set to '1" indicates that each HEVC tile substream is carried infa separate
ES. When set to 0% multiple HEVC tile substreams are carried in a common ES and HEVC tile substreams arel|identified
by HEV(tile Substream af descriptors.

SubstreamIDsPerline — This 7-hit value indicates the number of HEVC tile substreams that are coded repreqentaﬁons
of tiles that are arranged horizontally and span the width of the whole panorama.

TotalSubstreamIDs — This 8-bit value indicates the total number of HEVC tile substreams that represent tiles for the
whole panorama. It does not include any additional HEVC tile substreams that provide slice headers and parameter sets.

LevelFullPanorama — This 8-bit value indicates the level value of the profile as specified in ISO/IEC 23008-2 that
applies for the whole panorama.

PreambleSubstreamID[i] — The value of this 7-bit field indicates the SubstreamID of the ES to be prepended to the ES
to which this descriptor applies when the reassembly process is executed. The value can be either 0 or in the range of
TotalSubstreamIDs +1 to 127. This field is only available when each HEVC tile substream is carried in its own ES.

SubstreamCountMinus1][i] — The value of this 8-bit field in the range of 0 to (TotalSubstreamIDs — 1) indicates

e in case that SubstreamMarkingFlag is set to '1': the number of HEVC tile substreams to be appended to the ES
to which this descriptor applies when the reassembly process according to 2.17.5.2 is executed;

142 Rec. ITU-T H.222.0 (08/2018) © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4a12842312f0aaac5f60e3aaca8b5c06

ISO/IEC 13818-1:2019 (E)

e in case that SubstreamMarkingFlag is set to '0": the number of HEVC tile substreams to be added to the list of
SubstreamIDs that belong to the subregion when the reassembly process according to 2.17.5.3 is executed;

Level[i] — This 8-bit field indicates the value of the profile as specified in ISO/IEC 23008-2 that applies that applies to
the subregion layout indexed by i.

PictureSizeHor[i] — This 16-bit field indicates the horizontal subregion dimension, measured in pixels.
PictureSizeVert[i] — This 16-bit field indicates the vertical subregion dimension, measured in pixels.
PatternCount[i] — This 7-bit field indicates the number of different subregion layouts.

SubstreamOffset[Kk][j][i] — This array of 7 bit fields indicates the offset that has to be added

e in case that SubstreamMarkingFlag is set to '1": to the SubstreamID of the ES to which this descriptor applies.
The resulting value indicates the SubstreamID of the ES to be appended when the reassembly process is

(:Ypr\nfpﬂ;

ih case that SubstreamMarkingFlag is set to '0": to the SubstreamIDx that relates to the upper leftHHEVC tile
jubstream of the region to be displayed. The resulting value indicates the SubstreamID to be added to|the list of
JubstreamIDs that belong to the subregion.

2.7 [Restrictions on the multiplexed stream semantics

2.7.1 Frequency of coding the system clock reference

The program stream shall be constructed such that the time interval between thé¢ bytes containing the last bit of
system_clock reference base fields in successive packs shall be less than or equalito 0.7 s. Thus:

[t(1)—1(i") <0.7s

for all i anid i’ where i and i are the indexes of the bytes containing theflast bit of consecutive system_clock refergnce base
fields.

2.7.2 Frequency of coding the program clock reference

The trangport stream shall be constructed such that the ‘time interval between the bytes containing the last bit of
program_flock reference base fields in successive oceurrences of the PCRs in transport stream packets of the PCR_PID
for each program shall be less than or equal to 0.1:s:<Thus:

[t(i) — (i) <0.1s

’

for all and i’ where i and 1 jare the indexes of the bytes containing the last bit of cqnsecutive
program flock reference base figlds in the transport stream packets of the PCR_PID for each program.

There shalll be at least two (2) PCRs, from the specified PCR_PID within a transport stream, between consecyitive PCR
discontinyities (refer to 2.4:3.4) to facilitate phase locking and extrapolation of byte delivery times.

2.7.3 Frequency<of-coding the elementary stream clock reference

The progijam streani-and transport stream shall be constructed such that if the elementary stream clock reference field is
coded in @ny,RES packets containing data of a given elementary stream the time interval in the PES STD bgtween the
bytes confaining the last bit of successive ESCR _base fields shall be less than or equal to 0.7 s. In PES Streams the ESCR
encoding TS Tequired with The same intervat. 1nus;

[t())—(i") <0.7s

for all i and i’ where i and i’ are the indexes of the bytes containing the last bits of consecutive ESCR_base fields.

NOTE — The coding of elementary stream clock reference fields is optional; they need not be coded. However, if they are coded,
this constraint applies.

2.7.4 Frequency of presentation timestamp coding

The program stream and transport stream shall be constructed so that the maximum difference between coded presentation
timestamps referring to each elementary video or audio stream is 0.7 s. Thus:

ltp, (k) —tp, (k") <0.7s
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for all n, k, and k" satisfying:

The 0.7-s

¢  Py(k) and P4(k") are presentation units for which presentation timestamps are coded;

*  kand k” are chosen so that there is no presentation unit, P,(k") with a coded presentation timestamp and
with k <k’ <k”; and

*  No decoding discontinuity exists in elementary stream n between Pn(k) and Py(k").

constraint does not apply in the case of:
+  still pictures as defined in 2.1;
*  AVC still pictures;

*  AVCaccess 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

NOTE
Rec. I'l

2.7.5

For each ¢
the first a

A decodir
that acces
For video
sequence.
stream, th|
mode stat

When low

A PTS m
header if 1

A decodir

For each 4
unit, deco
video stre]

video stream.

— The presentation time of an AVC access unit is equivalent to the DPB output time todpb(n) defined in Annex C of
U-T H.264 | ISO/IEC 14496-10.

(Conditional coding of timestamps

lementary stream of a program stream or transport stream, a presentation timestamp-(RTS) shall be efcoded for
cess unit.

g discontinuity exists at the start of an access unit A,(j) in an elementary stream n if the decoding tinje td.(j) of
5 unit is greater than the largest value permissible given the specified toletance on the system clock frequency.

except when trick mode status is true or when low_delay flag is 'l1',this/is allowed only at the start pf a video
If a decoding discontinuity exists in any elementary video or audid.stream in the transport stream of program
en a PTS shall be encoded referring to the first access unit after each decoding discontinuity except when trick
IS 1s true.

delay is '1' a PTS shall be encoded for the first access unit'after an EB, or B, underflow.

iy only be present in a Rec. ITU-T H.222.0 | ISO/IEC;13818-1 video or audio elementary stream PES packet
he first byte of a picture start code or the first byte>of an audio access unit is contained in the PES pafket.

g timestamp (DTS) shall appear in a PES packet header if and only if the following two conditions jre met:
* aPTS is present in the PES packet héader;

* the decoding time differs from the presentation time.
AVC 24-hour picture, no explicit-PFS and DTS value shall be encoded in the PES header. For such AV C access

ders shall infer the presentationtime from the parameters within the AVC video stream. Therefore, gach AVC
pm that contains one or more-AVC 24-hour picture(s):

* shall either carty)'picture timing SEI messages with coded values of cpb removal delay and
dpb_output_delay; or
*  shall carryaVUI parameters with the fixed frame rate flag set to '1' and shall carry Picture Orgder Count
(POC)dnformation (PicOrderCnt) whereby pictures are counted in units of Atg apn( 11 ), Where At} gpb( 0 ) is
specified in equation E-10 of Rec. ITU-T H.264 | ISO/IEC 14496-10.

NOTE'1 — The requirements in the second bullet are met if an AVC timing and HRD descriptor is associatpd with the
AV.C video stream with the fixed frame rate flag set to '1' and the temporal poc flag set to '1'.

The follo

. . N L Nt 3 o oo o
TZ appIes t0 A V€ acTess umits T arr A V- C video streanr carried ra Rec. 1T o-1 122207 1SOAEC 13818-1

stream. For each AVC access unit that does not represent an AVC 24-hour picture, a PES header with a coded PTS and,
if applicable, DTS value shall be provided, unless all conditions expressed under one of the following four bullets are

true:

144

* 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_removal delay offset parameters.

NOTE 2 — When picture timing SEI messages are present in the AVC video sequence, then these messages are
present for each AVC access unit, as required by Rec. ITU-T H.264 | ISO/IEC 14496-10. When buffering period
SEI messages are present in the AVC video sequence, then these messages shall be present for each IDR access
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unit and for each access unit that is associated with a recovery point SEI message, as required by Rec. ITU-T H.264
| ISO/IEC 14496-10.

An AVC timing and HRD descriptor is associated with the AVC video stream and in this descriptor the
fixed frame rate flagis setto'l' and the temporal poc flagissetto 'l".

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, the picture to display conversion flag is set to 'l', the
temporal poc flag is set to '0' and in the AVC video sequence picture timing SEI messages with the
pic_struct field are present.

NOTE 3 — In this specific case the pic_struct field is used to determine subsequent PTS values.
An AVC timing and HRD descriptor is associated with the AVC video stream and in this descriptor the
fixed frame rate flag is set to 'l' and the temporal poc flag is set to '0' and the
picture to display conversion flag is set to '0'.

NOTE 4 — In this case the POC information in the AVC video stream is used to determine the subsequent

2.7.6

If an audi
decoding

If a video
| ISO/IEC

Ifa video
set of pre{

Ifa video
H.262 | IS

If a vided
Rec. ITU-
relative td

For AV(

ISO/IEC

Timing constraints for scalable coding

PTS values.

b sequence is coded using an extension bitstream, such as specified in ISO/IEC 13818-3, then corrgsponding
presentation units in the two layers shall have identical PTS values.

sequence is coded as an SNR enhancement of another sequence, such as specified’in”7.8 of Rec. ITU-T H.262
13818-2, then the set of presentation times for both sequences shall be the same.

sequence is coded as two partitions, such as specified in 7.10 of Rec. ITU<FH.262 | ISO/IEC 13818-2, then the
entation times for both partitions shall be the same.

sequence is coded as a spatial scalable enhancement of another sequence, such as specified in 7.7 of Rec. ITU-T
O/IEC 13818-2, then the following shall apply:

If both sequences have the same frame rate, the set of pfesentation times for both sequences shall 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 tha{ as many
presentation times as possible shall be coimon to both sequences.

The picture from which the spatial prediction is made shall be one of the following:
—  the coincident or most recently decoded lower layer picture;
—  the coincident or most re¢ently decoded lower layer picture that is an I- or P-picture;

—  the second most recently decoded lower layer picture that is an I- or P-picture, and provid¢d that the
lower layer does dotyhave the low_delay flag set to '1'.

sequence is coded as ‘a.témporally scalable enhancement of another sequence, such as specified|in 7.9 of
T H.262 | ISO/IEC 13818-2, then the following lower layer pictures may be used as the reference. [[imes are
presentation timés of:

the coincident or most recently presented lower layer picture;

the next*lower layer picture to be presented.

videg streams conforming to one or more profiles defined in Annex G of Rec. ITU}T H.264 |

4496-10, there are no timing constraints on SVC dependency representations or re-assembled AYC access

b ltot £ ANLC il ve
O SO0~ OTtSTICartIsS OT air 7Y v «© v IGQUO- ST Cartr.

units of vid

2.7.7

Frequency of coding P-STD_buffer_size in PES packet headers

In a program stream, the P-STD_buffer scale and P-STD buffer size fields shall occur in the first PES packet of each
elementary stream and again whenever the value changes. They may also occur in any other PES packet.

2.7.8

Coding of system header in the program stream

In a program stream, the system header may be present in any pack, immediately following the pack header. The system
header shall be present in the first pack of a program stream. The values encoded in all the system headers in the program
stream shall be identical.
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2.7.9 Constrained system parameter program stream

A program stream is a "Constrained System Parameters Stream" (CSPS) if it conforms to the bounds specified in this
subclause. Program streams are not limited to the bounds specified by the CSPS. A CSPS may be identified by means of
the CSPS flag defined in the system header in 2.5.3.5. The CSPS is a subset of all possible program streams.

Packet rate

In the CSPS, the maximum rate at which packets shall arrive at the input to the P-STD is 300 packets per second if the
value encoded in the rate bound field (refer to 2.5.3.6) is less than or equal to 4 500000 bits/s if the
packet rate restriction flag is set to '1', and less than or equal to 2 000 000 bits/s if the packet rate restriction flag is set
to '0". For higher bit rates the CSPS packet rate is bounded by a linear relation to the value encoded in the rate bound
field.

Specifically, for all packs p in the program stream when the packet rate restriction flag (refer to 2.5.3.5) is set to a value
of ',

NP < (2(i") — t(i)) x 300 x max[l,%} (2-27)
4.5%x10

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

NP < (t(i') — t(i)) x 300 x ma){l,RL%} (2-28)
2.5x10
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 endl code as
defined in Table 2-37 and semantic§in 2.5.3.2.

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

t(i") is the time, measured in:séConds, 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.ef the MPEG_program end code.

Decoder buffer size

In the casp of a CSPS the maximunt size of each input buffer in the system target decoder is bounded. Different bounds
apply for yideo elementary streams‘and audio elementary streams.

In the cage of a Rec. ITULT H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 video elementary stream in a CSPS, the
following|applies:

BS, has p size which is equal to the sum of the size of the Video Buffer Verifier (VBV) as specified in the
Rec. ITU{T H.262ISO/IEC 13818-2 or ISO/IEC 11172-2 stream, respectively, and an additional amount of| buffering
BSadd. BS}ad js'specified as:

BSzaa = MAXTO > 1024, e < 0-00TT bytes

where Rymax is the maximum bit rate of the Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 video elementary
stream.

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 BSaqd. BSad4 is specified as:
BSuia < MAX[6 % 1024, Rymax x 0.001] bytes

where Rymax 1s the maximum video bit rate of the AVC video stream, and

where cpb_size is the CpbSize[ cpt_cnt_minusl | size of the CPB for the byte stream format signalled in the NAL
hrd parameters() in the AVC video stream. If the NAL hrd_parameters() are not present in the AVC video stream, then
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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
applied level.

In the case of an audio elementary stream in a CSPS, unless otherwise specified below, the following applies:

BS, <4096 bytes

In the case of ISO/IEC 13818-7 ADTS audio elementary stream in a CSPS the following applies to support 8 channels:

2.7.10

BS, <8976 bytes

Transport stream

Sample rate locking in transport streams

In the traf
system cl
frame ratq
specified
13818-3

ratio of sy
in the foll

isport stream there shall be a specified constant rational relationship between the audio sampling 1
bck frequency in the system target decoder, and likewise a specified rational relationship between

bwing table at the nominal sampling rate indicated in the audio stream.

and the system clock frequency. The system clock frequency is defined in 2.4.2.1. The video fra
nRec. ITU-T H.262 | ISO/IEC 13818-2 or in ISO/IEC 11172-2. The audio sampling rate is specified it
r in ISO/IEC 11172-3. For all presentation units in all audio elementary streams in the transport s
stem_clock frequency to the actual audio sampling rate, SCASR, is constant and equalto the value]

system _clock _ frequency

e and the
the video
me rate is
1 ISO/IEC
ream, the
indicated

SCASR = —— . (2-30)
audio _sample _rate_in_the T =~ STD
X o
The notatjon n denotes real division.
Nomingl audio
samplling 16 32 22.05 441 24 48
frequengy (kHz)
27 000 000 27 000 000 27 000,000 27 000 000 27 000 000 27 (00 000
SCASR | e | s | e | s | s |
16 000 32 000 22 050 44 100 24 000 48 000
For all pr¢sentation units in each ISO/IEC 11172-2ideo and Rec. ITU-T H.262 | ISO/IEC 13818-2 video str¢gam in the
transport tream, the ratio of system_clock frequency to the actual video frame rate, SCFR, is constant and equal to the
value indicated in the following table at the nominal frame rate indicated in the video stream.
SCER — system _clock _ frequency (2-31)
frame _rate _in_the T — STD
Nomingl
frame rate 23.976 24 25 29.97 30 50 59.94 60
(Hz)
SCFK 1 126425 1 125000 1 080 000 900 900 900 000 540 000 450450 (150 000
The valuels of the\SCFR are exact. The actual frame rate differs slightly from the nominal rate in cases where the nominal

rate is 23.976,29.97, or 59.94 frames per second.

For ISO/I

C 14496-2 video streams carried 1n a transport stream, the time base ol 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 time base of the Rec. ITU-T H.264 | ISO/IEC 14496-10
video stream shall be locked to the system clock frequency. The frequency of the AVC time base is defined by the AVC
parameter time scale, and this frequency 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 and K greater than or equal to N. For example,
if the time_scale is set to 90 000, then the frequency of the AVC time base is exactly equal to system_clock frequency

divided by 300.
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2.8 Compatibility with ISO/IEC 11172

The program stream of this Recommendation | International Standard is defined to be forward compatible with
ISO/IEC 11172-1. Decoders of the program stream as defined in this Recommendation | International Standard shall also
support decoding of ISO/IEC 11172-1.

2.9 Registration of copyright identifiers

29.1 General

Parts 1, 2 and 3 of ISO/IEC 13818 provide support for the management of audiovisual works copyrighting. In Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 this is by means of a copyright descriptor, while Rec. ITU-T H.262 | ISO/IEC 13818-2 and
ISO/IEC 13818-3 contain fields for identifying copyright holders through syntax fields in the elementary stream syntax.
This Recommendation | International Standard presents the method of obtaining and registering copyright identifiers in

Rec. ITUAFH222-0-HSOAECI3318-

Rec. ITU{T H.222.0 | ISO/IEC 13818-1 specifies a unique 32-bit copyright identifier which is a work type ©odq identifier
(such as IBBN, ISSN, ISRC, etc.) carried in the copyright descriptor. The copyright identifier enablescidentifigation of a
wide nuniber 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 particularegpyright organization
through appropriate use of the variable length additional copyright info field which containsthe.copyright number.

In the following subclause and Annexes L, M and N, the benefits and responsibilities of all parties to the regitration 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 organizatiop-shall serve as the Registration Authority. The
so-named| Registration Authority shall execute its duties in complianc€ with Annex H/JTC 1 Directives. The fregistered
copyright| identifier is hereafter referred to as the Registered Identifier (RID).

Upon sel¢ction of the Registration Authority, JTC 1 shall require the creation of a Registration Managem¢nt Group
(RMG) which will review appeals filed by organizations whese request for a RID to be used in conjungtion with
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 has been denied byithe Registration Authority.

Annexes L., M and N provide information on the procedure for registering a unique copyright identifier.

2.10 egistration of private data format

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

2.10.1 |General

In the following subclduse’ and Annexes O and P, the benefits and responsibilities of all parties to the regigtration of
private data format ar&outlined.

2.10.2 [Implementation of a Registration Authority (RA)

ISO/TEC JTCU/SC 29 shall call for nominations from member bodies of ISO or National Committees of IEC which will
serve as the Registration Authority for the format_identifier as defined in 2.6.8 and 2.6.9. The selected organization shall
serve as the Registration Authority. The so-named Registration Authority shall execute its duties in compliance with
Annex H/JTC 1 Directives. The registered private data format identifier is hereafter referred to as the Registered Identifier
(RID).

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

Annexes O and P provide information on the procedures for registering a unique format identifier.
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2.11 Carriage of ISO/IEC 14496 data

2.11.1 Introduction

A Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream may carry individual ISO/IEC 14496-2 and 14496-3 elementary streams
as well as ISO/IEC 14496-1 audiovisual scenes with its associated streams. Typically, the ISO/IEC 14496 streams will
be elements of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, as defined by the PMT in a transport stream and the
PSM in a program stream.

For the carriage of ISO/IEC 14496 data in transport streams and program streams, distinction is made between individual
elementary streams and an ISO/IEC 14496-1 audiovisual scene with its associated streams. For carriage of individual
ISO/IEC 14496-2 and 14496-3 elementary streams, only system tools from Rec. ITU-T H.222.0 | ISO/IEC 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 ¢f Rec. ITU-T H.264 | ISO/IEC 14496-10 video over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams’ig specified
in2.14.

Carriage ¢f ISO/IEC 14496-17 text streams over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams is'specified in 2.15.

2.11.2 |Carriage of individual ISO/IEC 14496-2 and 14496-3 Elementary Streams in PES\packets

2.11.2.1 |[Introduction

Individua] ISO/IEC 14496-2 and 14496-3 elementary streams may be carried in PES{packets as PES packet dpta bytes.
For PES packetization no specific data alignment constraints apply. For synchrenization PTSs and, when appropriate,
DTSs arelencoded in the header of the PES packet that carries the ISO/IEC 14496  elementary stream data; fof PTS and
DTS encqding the same constraints apply as for ISO/IEC 13818 elementary streams. See Table 2-130 for an oyerview of
how to cafry individual ISO/IEC 14496 streams within a Rec. ITU-T H,222,0 | ISO/IEC 13818-1 stream.

Tabjle 2-130 — Carriage of individual ISO/IEC 14496 streams in Rec. ITU-T H.222.0 | ISO/IEC 138|18-1

ISIO/IEC 14496-2 visual Carriage in PES packets Stream_type = 0x10 Stream_id ="'1110 xx3yx'
ISO/IEC 14496-3 audio Carriage in PES packets Stream_type = 0x11 Stream_id ='110x xx3yx'

Ifa PTS dr DTS is present in the PES packet header it shall refer to the visual object that follows either the first[VOP start
code or the first still texture object startcode that.eémmences in the PES packet. Each ISO/IEC 14496-2 video stream
carried byl Rec. ITU-T H.222.0 | ISO/IEC 13818-1"shall contain the information required to decode the ISO/IE(C 14496-2
video strepm; consequently the stream shall contain Visual Object Sequence Headers, Visual Object Headers and Video
Object Layer Headers.

In the cas¢ of an ISO/IEC 14496-3 elementary stream signalled by a stream_type value of 0x11, before PES padketization
the elemeptary stream data shall be. first encapsulated in the LATM transport syntax defined in ISO/IEC 1449643. In such
a case, if b PTS is present in the,PES packet header it shall refer to the first audio frame that follows the first|[syncword
that commences in the payloadof the PES packet.

In the case of an ISOAEE 14496-3 elementary stream signalled by a stream_type value of 0x1C, the first byte of each
audio frane shall be-the first byte of the payload of a PES packet; prior to PES packetization no encapsulatjon in any
additional transport syntax shall be applied. An audio frame from an ISO/IEC 14496-3 elementary stream sigrjalled by a
stream_type value of 0x1C may be fragmented for carriage in multiple PES packets. In the PES packet Header the
data_alignmefit indicator shall be set to 'l' in each PES packet that carries a complete such audio frame of the first
fragment ‘thereof—Thedata—atigmment Tmdicator—stratt-be—setto— 0 —for PESpacketstarrymg—subsequent{non-first)
fragments of an audio frame.

Carriage of individual ISO/IEC 14496-2 and ISO/IEC 14496-3 elementary streams in PES packets shall be identified by
appropriate stream_id and stream_type values, indicating the use of ISO/IEC 14496-2 Visual or 14496-3 Audio. In
addition, such carriage shall be signalled by the MPEG-4 video descriptor or MPEG-4 _audio descriptor, respectively.
These 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. ITU-T
H.222.0 | ISO/IEC 13818-1 does not specify presentation of ISO/IEC 14496-2 and ISO/IEC 14496-3 elementary streams
in the context of a program.

Carriage of an individual ISO/IEC 14496-17 text streams in PES packets shall be identified by appropriate stream_id and
stream_type values, indicating the use of ISO/IEC 14496-17 text.
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2.11.2.2 STD extensions for individual ISO/IEC 14496 elementary streams

The T-STD model includes a transport buffer TB, and a multiplex buffer B, prior to decoding of each individual ISO/IEC
14496 elementary stream n. Note that in the T-STD the single multiplex buffer B, is also applied for ISO/IEC 14496-2
video, as indicated in Figure 2-4, instead of the approach with two buffers MB, and EB,, used for ISO/IEC 13818-2 video
in the T-STD. For buffers TB, and B, and the rate Rx, between TB, and B, the following constraints apply.

Transport stream
demultiplexing

_____________________________________

In case of|carriage of an ISO/IEC 14496-2 stream:
Size BS, of Buffer By:

For carriajge ofian ISO/IEC 14496-3 audio stream the following applies.
Size BS, of Buffer B, wherebhy BS, = BS o+ BSyeo + BSo

l Video Ci(k)
X 5 te,(k)
| ST N
1
! 0,
M | -
\
T . \C‘D_ ; Audio C,(k)
T iwbyicer 5 ‘o)
| transport stream ‘
i H,222.0(12)_F2-4

Figure 2-4 — T-STD model extensions for individual ISO/IEC 14496 elementary streams

where:
BSon, packet overhead buffering, is defined as:

BSon = (1/750) seconds x max {Rmax[profile;level], 2 000 000 bit/s}
and:
BSmux, additional multiplex buffering, is defined as:

BSimux = 0.004 seconds x max {Rmax[profile,level], 2 000 000 bit/s}
Rate Rxy:

where:

BS; = BSmux + BSon + VBVnglprofile,level

Rxn = 1.2 x Rmax[profile,level]

VBVma[profile,level] and Rmay[profile,level] are defined in ISO/IEC 14496-2 for each profile jand level.
For profiles and levels for which no VBV .« value is specified, the size of B, and the rate Ry, are user

defined.

For ISO/IEC 14496-3 audio, except for ISO/IEC 14496-3 DST, ALS and SLS:
BS, = 3584 bytes if 1-2 channels

Here, the size of the access unit decoding buffer BSq.c, and the PES packet overhead buffer BS.n
are constrained by: BS4ec + BSon < 2848 bytes; a portion (736 bytes) of the 3584 byte buffer is
allocated for buffering to allow multiplexing. The rest, 2848 bytes, are shared for access unit
buffering BSqcc, BSon and additional multiplexing.

BS, = 8976 bytes if 3-8 channels
BS, = 12804 bytes if 9-12 channels
BS, =51216 bytes if 13-48 channels
For ISO/IEC 14496-3 DST-64, ALS and SLS audio:
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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.

For ISO/IEC 14496-3 DST-256 audio:
BS, =800 000 x (number of audio channels) bytes.

Rate Rxy:

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

:2019 (E)

The P-ST|
stream n.

2.11.3
2.11.3.1

This claug
carried in
of the ini
streams (
streams. |
multiplex
ISO/IEC

encoded

in2.11.3.
in ISO_IH
ISO_IEC]|

Additionally, an ISO/IEC (4496 audiovisual scene may refer to non SL-Packetized streams carri

Rec. ITUA
"0d://OD|

ISO/IEC

2.11.3.2

R =82924400 b5 if 9-T2 channels
Rx, =33 177 600 bit/s if 13-48 channels
For ISO/IEC 14496-3 DST-64, ALS and SLS audio:
if number of audio channels <= 8§ then Rx, = 30 000 000 bit/s,
else Rx, = 120 000 000 bit/s.
For ISO/IEC 14496-3 DST-128 and DST-256 audio:
Rx, =120 000 000 bit/s.

D model includes a multiplex buffer B, prior to decoding of each/individual ISO/IEC 14496 ¢
The size BS, of buffer B, in the P-STD is defined by the P-STD_buffersize field in the PES packet

Carriage of audiovisual ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams

Introduction

e describes the encapsulation and signalling when anandiovisual scene represented by ISO/IEC 144
a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program stream or transport stream. ISO/IEC 14496 contel
ial object descriptor and a variable number of-streams such as object descriptor streams, scene d|

Fach of the ISO/IEC 14496 streams shall;be contained in an SL-packetized stream and may opt
pd into a FlexMux stream, both defined in ISO/IEC 14496-1. For carriage in Rec. ITU-T
3818-1 program stream or transport stream, these SL-packetized streams and FlexMux streams shg
Dbject Clock Reference (OCR), and’ FlexMux Clock Reference (FCR) fields as specified in 2.1
b, respectively. The SL-packetiZed streams or FlexMux streams are then encapsulated either in PES
C_14496_sections prior to(transport stream packetization and multiplexing or program stream mu
| 14496 _sections are built 6n the long format of H.222.0 | ISO/IEC 13818-1 sections.

T H.222.0 | ISOAEC 13818-1 transport stream using a "pid://PID_ NUMBER" URL scheme ing
ID" URL scheme:

4496 str¢ams may derive their time base from the PCR of the program through the OCR_ES ID me]

Assignment of ES_ID values

lementary
header.

96 data is
1t consists
escription

carrying either BIFS-Command or BIFS-Anim® access units), IPMP streams, OCI streams and agidiovisual

onally be
H.222.0 |
11 contain
1.3.4 and
backets or
tiplexing.

bd in an
tead of a

chanism.

An ISO/I

umber of

ECh14496-1 scene carried over a Rec, TTU-T H222.0 | ISO/AEC 13818-1 stream may associate a 1

ISO/IEC 14496, ISO/IEC 13818 and other streams by the use of the ES _ID parameter. The scene and the associated
streams may be carried over the same Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, but a scene may also reference
streams carried elsewhere, for example over an IP network. How to identify such other means is not defined in this
Specification.

ISO/IEC 14496-1 defines name scoping rules for identifiers. These rules allow the same ES_ID value to be used for two
different streams within ISO/IEC 14496 content. When one or multiple ISO/IEC 14496-1 scenes are carried in a
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Program, duplicate ES_ID values shall not occur within the program such that
each ISO/IEC 14496 SL-packetized stream or ISO/IEC 14496-1 FlexMux channel has a unique ES_ID value in the

program.
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2.11.3.3 Timing of ISO/IEC 14496 scenes and associated streams

When carried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the object time base of each ISO/IEC 14496 stream
shall be locked to the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 STC, that is:

If X(t) = fstc(t)/fobjecl(t)

then the value of X(t) shall be constant at any time t.

where:

fi(t) denotes the intended frequency of the STC at time t, i.e., 27 000 000 Hz

fobject(t) denotes the frequency of the object time base at time t

The 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 folloy
carried oV

Within th
of cycles

The ISO/]
carried in
OCRs or
wrap aroy
FCR field
encoding

wing constraints shall apply for encoding of OCRs and FCRs in SL-packetized streams and FlexMy
er a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream:

e above constraints and the ISO/IEC 14496-1 constraint that the resolution f.. shall represent an integ
per second, f.r can be selected as appropriate for the scene.

EC 14496 time stamps codeditrthe SL packet header shall refer to instants of the object time base of
the SL packet. The resolution’of each such time stamp shall be of a factor 2* smaller than the resolu
FCRs associated with_the stream, with k a positive integer larger than or equal to zero. To achieve
nd, the length of thestitne stamp fields, TimeStampLength, shall be k bit smaller than the length of th
, OCRLength and ECRLength, respectively. Hence for each stream the following conditions shall
pf time stamps:

The object time base of an SL-packetized stream carried in PES packets without the use of the
shall be conveyed by coded OCRs in the SL packet header of that stream. See 2.11.3.4.

FlexMux

The object time base of SL-packetized streams carried in PES packets within a FlexMux.streain shall be

conveyed by FCRs in that FlexMux stream. See 2.11.3.5. Consequently, all ISO/TEC 1449
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 anothe
14496 stream within the transport stream or program stream as indicated byxthe OCR_ES 1D f]
ES descriptor for that stream.

The object time base of an SL-packetized stream whose OCR _ESND identifies a non SL-j
stream with a PID equal to the PCR PID is fstc(t) / 300

The OCRs and FCRs in each SL-packetized stream-and each FlexMux stream associated with
scene shall have the same resolution.

The resolution of OCRs and FCRs for a scene i) shall have a value smaller than or equal to 90

The ratio (fi(t)/300)/fer, shall be an integervalue larger than or equal to one. Consequently the
of the OCR and FCR syntax elements may only take values such as 90 000 Hz, 45 000 Hz, 3
22 500 Hz, 18 000 Hz, etc.

TimeStdmpResolution = (OCRResolution or FCRResolution respectively)/2¥, with k a positi
larger-than or equal to zero. ISO/IEC 14496-1 requires TimeStampResolution to represent
fiumber of cycles per second.

b streams

r ISO/IEC
eld in the

acketized

X streams
the same

000 Hz.

resolution
D 000 Hz,

br number

he stream
ion of the
the same
e OCR or
apply for

e integer
in integer

TimeStampLength = OCRLength or FCRLength respectively — k.

For SL-packetized streams inheriting their object time base from the PCR PID, the following considerations apply:

TimeStampResolution = 90000 / 2k, with k a positive integer larger than or equal to zero.
TimeStampLength = 33—k.

For SL-packetized streams carrying an OCR, the relationship between a value of the STC and the corresponding value of
the object time base of a stream is established by associating PTS fields in PES packet headers with the OCR or FCR in
SL packet headers and FlexMux Stream packets respectively, as specified in 2.11.3.6 and 2.11.3.7.

For SL-packetized streams inheriting their time base from the PCR, the object time base of such a stream is f.(t) / 300.
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2.11.3.4 Delivery timing of SL-packetized streams

To carry ISO/IEC 14496 content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, ISO/IEC 14496-1 SL-packetized
streams are used. In each SL-packetized stream carried in a PES packet without the use of FlexMux, the
objectClockReference field shall be encoded as follows:

1) An objectClockReference (OCR) field shall be present in the first SL packet header of a SL-packetized
stream.

2) The SL-packetized stream shall be constructed such that the time interval between the bytes containing the
last bit of successive OCR fields shall be less than or equal to 0.7 s. Thus:

[t(@")—t(")| <=0.7s

for all i’ and i” where i' and i” are the indexes of the bytes containing the last bit of consecutive OCR fields

. 1 UL 1 - 1
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If an objeftClockReference 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 S|.-packetized streams also the ISO/IEC 14496-1 FlexMux tool may be used to carry ISOAEC 14496 content in
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 streams. The payload of FlexMux packets shall consist of SL packets a{ specified
in ISO/IHC 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.

) The FlexMux stream shall be constructed such that the time interval between the bytes containing the last
bit of successive FCR fields shall be less than or equal to 0.7,s \Thus:

[t(i")—t(i")| <=0,7%

for all i’ and 1" where i’ and i” are the indexes of the.bytes containing the last bit of consecutive JCR fields
in the FlexMux stream.

3) All ISO/IEC 14496 time stamps within the SL-packetized streams carried within a FlexMux stfeam shall
refer to instants of the object time base conveyed by the FCR fields in the FlexMux strgam. The
SL-packetized streams carried in FlexMux packets need not carry OCR fields. If OCR fields ate present,
they may be ignored.

2.11.3.6 [Carriage of SL-packetized streams in PES packets

A single ISO/IEC 14496-1 SL-packetized stream may be mapped into a single PES stream. One and only one BL packet
from an §L-packetized stream shall-constitute the payload of one PES packet. PES packets that carry an SL-packetized
stream sh4ll be identified by stream» id = 0XxFA in the PES packet header.

When an DCR field is coded inthe SL packet header, a PTS shall be encoded in the header of the PES packet that carries
such SL ppcket header. This PTS shall be encoded with the 33-bit value of the 90-kHz portion of the STC that cqrresponds
to the valiie of the objeet'time base at the instant in time indicated by the OCR.

The ES_IP 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 FlexMux 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.e., the payload of a PES
packet carrying a FlexMux stream shall start with a FlexMux packet header and shall end with the last byte of a FlexMux
packet.

If an fmxClockReference (FCR) field is encoded in one of the FlexMux packets contained in a PES packet, then a PTS
shall be encoded in the header of the PES packet that contains such FlexMux packet. This PTS shall be encoded with the
33-bit value of the 90-kHz portion of the STC that corresponds to the value of the object time base of the FlexMux stream
at the instant in time indicated by the FCR. In case multiple FlexMux packets with an encoded FCR field are contained
in a PES packet, the PTS shall correspond to the time indicated by the FCR in the first such FlexMux packet encountered
in the payload of the PES packet.

The ES_IDs associated with each SL-packetized stream conveyed in the FlexMux stream shall be signalled by an FMC
descriptor as specified in 2.6.44.
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2.11.3.8 Carriage of SL packets and FlexMux packets in sections

For transport of ISO/IEC 14496 content in sections, ISO_IEC 14496 sections are defined. Any ISO/IEC 14496 stream
may be carried over ISO_TEC 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 2-131 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 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 2-131 — Section syntax for transport of ISO/IEC 14496 stream
Syntax No. of bits | Mnembonic
ISO_IEC 14496 section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
reserved 2 bslbf
ISO_IEC _14496_section_length 12 uimsbf
table_id_extension 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
if (PMT_has_SL_descriptor(eutrent PID)) {

SL_Packet()
}
else if (PMT hascFMC _descriptor(current PID)) {

for ((=4lyi <NI; i++)

FlexMuxPacket()

}
else

for (i=1; i <N2; i+t)

reserved 8 bslbf
}
CRC_32 32 rpchof

}

table_id — This 8-bit field shall be set to 0x04, 0x05, or 0x08, in case of an ISO_IEC 14496 section. A value of 0x04
indicates an ISO_IEC 14496 section that carries an ISO/IEC 14496-1 scene description stream. A value of 0x05 indicates
an ISO_IEC 14496 section that carries an ISO/IEC 14496-1 object descriptor stream. A value of 0x08 indicates an
ISO _IEC 14496 section that carries other ISO/IEC 14496 streams.

section_syntax_indicator — 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 section
immediately following the ISO_IEC 14496 section_length field up to the end of the ISO_IEC 14496 section. The value
of this field shall not exceed 4093 (0xFFD).

table_id_extension — This 16-bit field shall not be specified by this Specification; its use and value are defined by the
user.
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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.

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_JEC 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 coptained in
the descriptor loop in the Program Map Table for the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program elgment that
conveys this ISO_IEC 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 gegisters in the decodpr defined
in Annex [A after processing the entire ISO_IEC 14496 section.

2.11.3.9 [T-STD extensions

2.11.3.9.1 T-STD Model for 14496 content

Figure 2-% shows extensions of the Transport System Target Decodérfor delivery of ISO/IEC 14496 progran] elements
encapsulafed in Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport Streams.

|
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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.

MB, is the multiplex buffer for FlexMux stream n or for SL-packetized stream n.
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FByp 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.
Dy, 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) s the jth access unit in elementary stream in FlexMux channel p of FlexMux stream n. Anp(j) is
indexed in decoding order.

An(j) is the jth access unit in elementary stream n. An(j) is indexed in decoding order.

Tdnp(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.

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

Cnp(k) 1is the kth composition unit in elementary stream in FlexMux channel p,of FlexMux|stream n.
Crp(k) results from decoding Any(j). Crp(k) is indexed in composition order.

Cu(k) 1is the kth composition unit in elementary stream n. Cn(k) results, from decoding Ax(j). Cu(k) is
indexed in composition order.

tenp(k)  is the composition time, measured in seconds, in the system.tafget decoder of the kth composition
unit in elementary stream in FlexMux channel p of FlexMiix stream n.

ten(k)  1s the composition time, measured in seconds, in the system target decoder of the kth composition
unit in elementary stream n.

t(i) indicates the time in seconds at which the ith byte of the transport stream enters the system target
decoder.

2.11.3.9.2 Processing of FlexMux streams

Complete|transport stream packets containing data from FlexMux stream n are passed to the transport buffer fof FlexMux
stream n, [[B,. The size of TB, is fixed at 512 bytes. All bytes that enter TB, are removed from TB,, at a rate Rx,| specified
by the TH leak rate field in the MultiplexBuffer descriptor associated with FlexMux stream n. When there is po data in
buffer TBy, rate Rx, is equal to zero. Duplicate tragsport stream packets are not delivered to MB,,.

In case off carriage in PES packets, the PES packet header and payload data bytes are delivered to buffer MBJ; all other
bytes leaving TB, do not enter MBs,-'and may be used to control the system. In case of cqrriage in
ISO_IEC| 14496 sections, the section‘header, payload and CRC-32 data bytes are delivered to buffer MB,; all dther 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_buffgr size field in the MultiplexBuffer descriptor.

The FlexMux Stream packet bytes in buffer MB, are all delivered to their associated FlexMux buffer at the ratq specified
by the field fmxRate encoded in the FlexMux stream and in compliance with the FlexMux buffer model defined in 11.2.9
of ISO/IE[C 14496-1.0nly FlexMux packet payload data bytes in FlexMux channel p of FlexMux stream n enter buffer
FBnp. FlexMux packet header bytes in FlexMux channel p of FlexMux stream n are discarded and may be used|to control
the systenmh. The rate specified by the fmxRate field shall be applicable for all FlexMux packets in the stream immediately
following|the FlexMux Clock Reference channel packet up to the next encountered FlexMux Clock Referende channel
packet. Whenthere is no FlexMux stream data present in MB,, no data is removed from MB,. Bytes from the PES packet
header or from the ISO_IEC 14496 section header that immediately precede a FlexMux header are instantaneously
removed and discarded and may be used to control the system. Bytes from the ISO_IEC 14496 section CRC-32 fields
that immediately follow the last FlexMux Stream packet in the section payload are removed instantaneously and discarded
and may be used to verify the integrity of the data. Bytes from the FlexMux Clock Reference channel are instantaneously
removed and discarded and may be used to lock the ISO/TEC 14496 object time base to the STC. When there is no PES
packet or section payload data bytes, respectively present in MBy, no data is removed from MB;,. All data that enters MB,
leaves it. All PES packet payload bytes of stream n enter the FlexMux demultiplexer instantaneously upon leaving MB,,.

2.11.3.9.3 Definition of FlexMux Buffer, FBnp

For each channel p of a FlexMux stream n, the size of FlexMux buffer FB,, is defined using the FmxBufferSize descriptor.
FlexMux packet payload bytes are transferred from buffer FB,, to decoder buffer DBy, in compliance with the FlexMux
buffer model defined in 11.2.9 of ISO/IEC 14496-1. Only SL packet payload bytes in FlexMux channel p of FlexMux
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stream n enter buffer DBy,. The SL packet header bytes in FlexMux channel p of FlexMux stream n are discarded and
may be used to control the system.

2.11.3.9.4 Processing of SL-packetized streams

Complete transport stream packets containing data from SL-packetized stream n are passed to the transport buffer for SL-
packetized stream n, TB,. All bytes that enter TB,, are removed at a rate Rx,, specified by the TB leak rate field in the
MultiplexBuffer descriptor. When there is no data in buffer TB,, rate Rx, is equal to zero. Duplicate transport stream
packets are not delivered to MBi.

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 MBy,; all other 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’bly the field
instantBitRate encoded in the SL-packetized stream and in compliance with the System Decoder Model definedl 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 instgntBitRate
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_TEC 14496 section header that immediately precede a SL packet header are instarntaneously
removed @nd discarded and may be used to control the system. Bytes from the ISO_IEC N4496 section CR(}-32 fields
that immgdiately follow the last SL packet payload byte in the section are removed iriStantancously and dischrded and
may be uged to verify the integrity of the data. When there are no PES packet or secfion payload data bytes, regpectively
present inlMB,, no data is removed from MB,. All data that enters MB,, leaves it All PES packet payload bytes of stream
n enter byffer DB, instantaneously upon leaving MB,, with the exception of the-SL packet headers. Bytes frgm the SL
packet headers do not enter DB, and may be used to control the system. The size of decoder buffer DB, is giyen by the
bufferSiz¢ DB of the DecoderConfigDescriptor defined in ISO/IEC 144965D.

2.11.3.9.§ Buffer management
Transport|streams shall be constructed so that conditions defined\in this subclause are satisfied.

TB,, shall|not overflow and shall be empty at least once every second. MB,, shall not overflow. FB,, shall notfoverflow.
DB, and DB, shall neither underflow nor overflow. Underflow of DBy, occurs when one or more bytes of an gccess unit
are not prgsent in DBy, at the decoding time associated-with this access unit. Underflow of DB, occurs when onje or more
bytes of ah 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

2.11.3.101  Overview

A transpoft stream may contain one‘or more programs, each described by a Program Map Table. ISO/IEC 14496 content
can be conveyed in addition tosthe already defined stream types for such a program. Elements of the ISO/IEC 14496
content njay be conveyed in‘one or more Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program elements referepced by a
unique PID value within,a ‘transport stream. As a special case, it is possible that a program within a transprt stream
consists opnly of ISO/IEE-14496 program elements. ISO/IEC 14496 content associated with a program and carfied in the
transport ytream shallbe referenced in the Program Map Table of that program. An initial object descriptor shqll be used
to define an ISO/IEE-14496-1 scene; the use of this descriptor is specified in 2.11.3.10.2.

Carriage ¢f ISOAEC 14496 content in a PID is signalled by a stream_type value of 0x12 or 0x13 in the Program Map
Table in gsseciation with that PID value. A value of 0x12 indicates carriage in PES packets. The stream_id field in the
PES packet header signals whether the PES packet contains a single SL packet or a number of FlexMux packets. A
stream_type value of 0x13 in the Program Map Table indicates that the program element carries an object descriptor
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 2-132. The section
contains either a single SL packet or a number of FlexMux packets, as indicated by the presence of an SL descriptor or a
FMC descriptor respectively in the descriptor loop of the Program Map Table for the Rec.ITU-T H.222.0 |
ISO/IEC 13818-1 program element that carries the sections. When ISO/IEC 14496 content is carried, the SL descriptor
and the FMC descriptor shall specify the ES_ID for each encapsulated ISO/IEC 14496 stream. When the assignment of
ES_ID values changes, the Program Map Table shall be updated and the version_number of the PMT shall be incremented
by 1 modulo 32. An example of a content access procedure for ISO/IEC 14496 program components within a transport
stream is given in Annex R.
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Table 2-132 — 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
gt?e eacntlgescrlp tor Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream id='1111 1011
SL packets followed by Carriage in ISO_IEC _ 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’
SL packets Carriage in ISO_IEC_ | Stream type = 0x13 | Table id = 0x04
ISO/IEC 14496-1 14496 _sections
:freerzlem(ieslcrlp tion Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream id ='11]N|1011"
SL packets followed by Carriage in ISO_IEC _ Stream_type = 0x13 Table_id =(0x04
Multiplex into FlexMux 14496 sections
packets -
All other[[SO/IEC | Encapsulation in Carriage in PES packets | Stream_type = 0x12 Str€am_id ='1111{1010'
14496 strpams SL packets
Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream id ='1111/1011"
SL packets followed by
Multiplex into FlexMux
packets
2.11.3.102 Inmitial Object Descriptor
In case of|carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496-1 initial object descriptor serves as the inifial access
point to gll associated streams. The initial object descriptor shall be_conveyed in the IOD descriptor located in the
descriptoy loop immediately following the program info length field.in the Program Map Table of the program to which
the scenelis associated. It contains ES Descriptors identifying théscene description and object descriptor stjeams that
form partfof this program. It may also contain ES Descriptors.identifying one or more associated IPMP or O]l streams.
Identification of streams is done by means of ES IDs as specified in clause 8 of ISO/IEC 14496-1.
2.11.3.11 P-STD Model for 14496 content
Figure 2-¢ 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.
FByp is the FlexMux buffer for the elementary stream in FlexMux channel p of FlexMux stream n.
DB,y s the decoder buffer for the elementary stream in FlexMux channel p of FlexMux stream n.
DB, is the decoder buffer for elementary stream n.
Dy is the decoder for elementary stream in FlexMux channel p of FlexMux stream n.
D, is the decoder for elementary stream n.

Anp(j) s the jth access unit in elementary stream in FlexMux channel p of FlexMux stream n. Anp(j) is
indexed in decoding order.

An(j) is the jth access unit in elementary stream n. An(j) is indexed in decoding order.

Tdnp(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.

Tda(j) is the decoding time, measured in seconds, in the system target decoder of the jth accgss unit in
elementary stream n.

Cnp(k) 1is the kth composition unit in elementary stream in FlexMux channel p,of FlexMux|stream n.
Crp(k) results from decoding Anp(j). Crp(k) is indexed in composition order.

Cu(k) 1is the kth composition unit in elementary stream n. Cy(k) results from decoding An(j). Cu(k) is
indexed in composition order.

tenp(k)  is the composition time, measured in seconds, in the system target decoder of the kth composition
unit in elementary stream in FlexMux channel p of FlexMux stream n.

ten(k)  is the composition time, measured in seconds, in the system target decoder of the kth composition
unit in elementary stream n.

t(i) indicates the time in seconds at which the ith byte of the program stream enters the sysfem target
decoder.

2.11.3.11J1  Processing of FlexMux streams

At the input of the STD each byte in the payload of PES packets carrying a FlexMux stream n is tfansferred
instantandously to buffer B,. The i-th byte enters B, at titie t(i). PES packet header bytes do not enter buffer B}, and may
be used tq control the system. The size of B, is specified by the P-STD_buffer size field in the header of the PES packet
that carrigds stream n.

The FlexMux stream packet bytes in buffer By.are all delivered to their associated FlexMux buffer at the ratd specified
by the field fmxRate encoded in the FlexMux-stream and in compliance with the FlexMux buffer model defined in 11.2.9
of ISO/IE[C 14496-1. Only FlexMux packet payload data bytes in FlexMux channel p of FlexMux stream n enter buffer
FBnp. FleyMux packet header bytes in\ElexMux channel p of FlexMux stream n are discarded and may be used|to control
the systeh. The rate specified by'the' fmxRate field shall be applicable for all FlexMux packets in the streanm up to the
next encquntered FlexMux Clock Reference channel packet. Bytes from the FlexMux Clock Reference cHannel are
instantangously removed and discarded and may be used to lock the ISO/IEC 14496 object time base to the STC. When
there is n¢ PES packet payload data present in By, no data is removed from B,. All data that enters B, leaves if. All PES
packet payload bytesOf stream n enter the FlexMux demultiplexer instantaneously upon leaving B.

2.11.3.112  Definition of FlexMux Buffer, FBnp

For each ¢hannel p ofa FlexMux stream n, the size of FlexMux buffer FBnp is defined usrng the meBufferSrze descriptor
if a Progress e e : e from buffer
FByp to decoder buffer DBnp in comphance w1th the FlexMux buffer model defrned in 11 2 9 of ISO/IEC 14496 1. Only
SL packet payload bytes in FlexMux channel p of FlexMux stream n enter buffer DB,,. The SL packet header bytes in
FlexMux channel p of FlexMux stream n are discarded and may be used to control the system

2.11.3.11.3  Processing of SL-packetized streams

At the input of the STD each byte in the payload of PES packets carrying an SL-packetized stream n is transferred
instantaneously to buffer B,. The i-th byte enters B, at time t(i). PES packet header bytes do not enter buffer B, and may
be used to control the system. The size of B, is specified by the P-STD buffer size field in the header of the PES packet
that carries stream n. The SL-packetized stream bytes in buffer B, are delivered to the decoder buffer DB, at the rate
specified by the field instantBitRate encoded in the SL-packetized stream and in compliance with the System Decoder
Model defined in 7.4 of ISO/IEC 14496-1. The rate specified by the instantBitRate field shall be applicable for all data
bytes in the SL-packetized stream up to the next encountered instantBitRate field. When there is no PES packet payload
data present in By, no data is removed from B,. All data that enters B, leaves it. All bytes of stream n enter buffer DB,
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instantaneously upon leaving By, 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. FBy, 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 DBy, at
the decoding time associated with this access unit. Underflow of DB, occurs when one or more bytes of an access unit
are not present in DB, at the decoding time associated with this access unit.

2.11.3.12 Carriage within a program stream

2.11.3.12.1 Overview

A prograp-stream-contains-onby-one-program—SOAECI4496-datacan-be-conveyed—in-addition-to-the-already defined

stream types for such a program. As a special case, it is also possible that a program stream carries only ISONEC 14496
data. If a Program Stream Map is present, ISO/IEC 14496 content carried in the program stream shall be, refdrenced as
follows. Carriage of ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams in SL and FlexMux packets is
indicated |by the appropriate stream id and by an initial object descriptor; the use of this descriptor is|specified
in 2.11.3.12.2. For each carried ISO/IEC 14496 stream the SL descriptor and the FMC descriptor.shall specify the ES ID.
When thg assignment of ES ID values changes, the Program Stream Map, if present,‘shall be updated and the
program_ptream_map_version shall be incremented by 1 modulo 32. Note that in a Program-Stream the ISO/IEC 14496
content mjay also be referenced by private means.

For an expmple of a content access procedure for ISO/IEC 14496 program components within a program stream, see
Annex R.

2.11.3.12)2  Initial object descriptor

In case of|carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496.initial object descriptor serves as the inifial access
point to afl associated streams. If a Program Stream Map is present inl the program stream, the initial object fescriptor
shall be |conveyed in the IOD descriptor that is locatedNin® the descriptor loop immediately follgwing the
program_ptream_info_length field. It contains ES Descriptors_identifying the scene description and object fescriptor
streams of the scene that form part of this program. It may also contain ES_Descriptors identifying one or more fssociated
IPMP or (OCI streams. Identification of streams is done by xmeans of ES_IDs as specified in clause 8 of ISO/IE(] 14496-1.
In a program stream, the initial object descriptor may.also be conveyed by private means.

2.12 (Carriage of metadata

2.12.1 |Introduction

A Rec. ITU-T H.222.0 | ISO/IEC 13818~1 stream can carry metadata. The format of the metadata may be definpd by ISO
or by any|other authority. This subelause defines how to carry the metadata; transport mechanisms are defined fas well as
metadata |related-signalling, the)applied metadata timing model and extensions of the STD model for defoding of
metadata.

A metadata service is/defined to be a coherent set of metadata of the same format delivered to a receiver for|a specific
purpose. Metadata(Services are contained in metadata streams; each metadata stream carries one or more| metadata
services. This Specification assumes the notion of metadata Access Units within a metadata service. The defipition of a
Metadata JAceess/Unit is metadata format specific, but each metadata service is assumed to represent a concatenation (or
a collectign) of metadata Access Units.

When transporting a metadata service over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, a unique metadata service
id is assigned to each such service. A metadata service id references uniquely a metadata service among all the metadata
services available on the same transport or program stream, and not unique solely within a metadata stream. The metadata
service identifier is used to retrieve the metadata service and all the information needed to decode it.

Decoding of metadata may require the availability of decoder configuration data. If a metadata service carried in a
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream requires decoder configuration data for decoding, then this metadata
decoder configuration data shall be carried within the same program of the same Rec. ITU-T H.222.0 | ISO/IEC 13818-1
stream.

Clause 2.12.2 discusses metadata timing, while 2.12.3 provides an overview of tools that are defined for transport of
metadata over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream. The use of available transport tools is specified in 2.12.4
up to 2.12.8, and 2.12.9 specifies metadata related signalling. Finally, the STD model for metadata decoding is specified
in2.12.10.
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Since many forms of metadata may be carried, it is essential to signal both the precise format and encoding of the
metadata, and the semantic meaning the metadata conveys. The former is signalled by the metadata format, while the
latter is signalled by the metadata application format. In other words, the metadata format conveys how the metadata shall
be decoded, while the metadata application format conveys how to use the metadata, essentially which application uses
the metadata. This division is important since it separates the encoding or representation of the metadata from its meaning,
thereby allowing an application to be agnostic of the means by which its metadata is conveyed.

2.12.2 Metadata time-line model

Metadata may refer to time codes associated with the content, for example to indicate the beginning of a content segment.
Each time indication made in the metadata refers to a certain metadata content time line specific to the actual metadata
format and/or metadata application format. For example, one metadata (application) format may use UTC, while another
metadata application format may use SMPTE time codes. To allow for transport of the content at any time over any media,
the metadata content time line is expected but not required to be transport agnostic.

When trafisporting content and the associated metadata over Rec. TTU-T H.222.0 [ISO/TEC T38T18-T streamd, accurate
time references from the metadata to the content are to be maintained. The same is needed if the metadata is|delivered
over othef means. To achieve this, the time line model of Figure 2-7 is assumed in this Specification.

ContentAime'line as

Metadata timing, specifiedih the

transport agnostic NIIT » metadata (format is
metatlata specific:
A/V content UTC.SMPTE )
’ . QAR NY
/ Production s “\ N
R Y SO U P N A
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Figure 2-7 — Timing model for delivery of content and metadata

Metadatafis associated with the audiovisual content, usually in a transport agnostic way, at production or any dther stage
prior to transport. Where needed, time information is embedded in the metadata to indicate for example specific{segments
within thg content, using the metadata cehtent time line used in the metadata. For example UTC or SMPTE t{me codes
may be ugded. The time line format is indépendent of any time code that may or may not be embedded in the afidiovisual
stream itsglf. For example, the metadata time line may utilize UTC, while SMPTE time codes are embedded in|the video
stream.

The folloying requirements.shall be met for each metadata stream:
*  no time~discontinuities shall occur in the metadata content time line;
* the metadata content time line shall be locked to the sampling clock of the content;

g €ach time reference in the metadata stream refers to the same metadata content time line.

At transpgrtyatransport-specific timing is associated with the content; this is the delivery time line. In the case of transport
over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the delivery time line is provided by the System Time Clock, the
STC. The content may be delivered as a contiguous piece of information, but it is also possible to interrupt the delivery
of the content, for example in the case of news-flash interruptions of a program; in such and other cases time line
discontinuities may occur.

When time references are used in the metadata, in the System Target Decoder (STD) these time references are to be
associated unambiguously with time values in the received content. To achieve this, a receiver content time line is
required. The STC can be used as the receiver content time line, but due to STC discontinuities that may occur, the STC
does not necessarily offer an unambiguous time association. Therefore the NPT (Normal Play Time) concept from
ISO/IEC 13818-6 DSM-CC is also available for use as the receiver content time line. In any playback mode, such as
normal, reverse, slow motion, fast forward, fast backward and still picture, the NPT provides an unambiguous time
association, independent of STC discontinuities, and independent of insertions of other content. Note that a new
NPT reference descriptor needs to be transmitted when the STC rolls over.
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To maintain the accurate time references from metadata to the content, information is needed how to map a metadata
time, MT, defined on the metadata content time line to the corresponding receiver time, RT, of the receiver content time
line. This is achieved by providing the offset in time (in 90-kHz units) between the metadata content time line and the
receiver content time line. The offset is provided in the content labelling descriptor. The offset conveys the value of the
metadata time base at the instant in time at which the receiver content time base reaches a specified value. See also
Figure 2-7.

The timing in metadata systems may refer to a specific picture or audio frame, for example using SMPTE time codes.
The offset in time between the metadata content time line and the receiver content time line is expressed in units of
90 kHz, and consequently the metadata time reference will translate into a 90-kHz value in receivers. To accommodate
for inaccuracies, receivers shall assume that when reference is made to a picture or audio frame the closest match shall
be used. For example, the translated 90-kHz metadata time reference shall be matched with the picture or frame whose
PTS value is closest to the translated value.

When using NPT, during playback in any mode at any point in time the offset remains constant between the metadata
time basejand the NPT time base. As long as neither STC discontinuities nor insertions with other content oceur, the same
is true for|the offset in time between the metadata time base and the STC time base, but only in normal playback mode.
For privafely defined time lines the offset is also required to be constant, but possibly within constraints-not flefined in
this Specification.

When syrchronous transport of metadata is applied in PES packets or by using the synchronized DSM-CC |download
protocol, PTSs are assigned to the metadata. Such PTS may for example indicate the point in titne at which thq metadata
becomes alid. This implies a priori knowledge of how to associate the metadata to thedelivery timing. [However,
synchrongusly transported metadata may also contain time references, which are to be mapped from the metadata content
time line fo the receiver content time line using the specified offset between both timi€ lines. See also Figure 248.
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Figure 2-8 — Delivery of metadata in PES packets
2.12.3 |Options fox‘transport of metadata

To acknoledge the very diverse characteristics of metadata, a variety of tools is defined to transport the metgadata over
a Rec. ITU-T H:222.0 | ISO/IEC 13818-1 stream.

This Specification defines two tools for synchronous delivery of the metadata:
»  carriage in PES packets;
*  use of DSM-CC synchronized download protocol.
In addition, this Specification defines three tools for asynchronous delivery of metadata:
*  carriage in metadata sections;
e use of DSM-CC data carousels;
* use of DSM-CC object carousels.

Note that some of the asynchronous transport options support carousels and file structures. The choice of transport tool
depends on the requirements that apply to the delivery of the metadata, and the requirements of the tools, as described in
the following subclauses.
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Metadata may also be carried by private means such as PES packets with stream id value 0xBD or O0xBF
(private_stream id 1 or private stream id 2) or private sections. This Specification does not specify how to use private
means for carriage of metadata, but allows for signalling of such metadata using the descriptors defined in 2.6.56 up
t0 2.6.63.

The basic referencing of metadata services is the same for all tools, using the metadata service id. However, there are
differences per tool. When PES packets, metadata sections, or synchronized DSM-CC download sections are used, data
from each metadata service is explicitly signalled within a metadata stream, using the metadata service id field.
However, when using DSM-CC carousels, this signalling is left at the discretion of metadata applications. Note that this
Specification allows for carriage of a metadata service in a DSM-CC carousel, but does not constrain how many metadata
services can be carried in one DSM-CC carousel.

Metadata decoder configuration data is signalled explicitly when carried in a metadata descriptor, in PES packets with
stream_type 0x15 and stream_id OxFC, in metadata sections or in synchronized DSM-CC download sections. When
metadata decoder configuration data is carried in a DSM-CC carousel, the signalling of such data is required, but not
defined by this Specification; instead, such signalling is left at the discretion of applications.

2.12.4 |Use of PES packets to transport metadata

2.12.4.1 |General

PES packpts 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, without the need for time referenfes in the
metadata.| This implies a priori knowledge of how to associate the metadata to the delivery timing. Specific stream_id
and strearh_type values are assigned to signal PES packets carrying metadata; see 2.42.9-

When usipg PES packets with a stream_type of 0x15 and a stream_id of OxFC to transport the metadata, a|Metadata
Access Unit Wrapper shall be used as the tool to align PES packetsand the metadata Access Unjits, using
metadata |AU_cells. This allows random access indication, whose meaning:depends on the format of the metadata, and a
cell sequdnce counter to identify loss of metadata AU _cells. Each metadata Access Unit is carried and, if afpropriate,
fragmentdd in one or more metadata AU _cells. In each PES packet that carries metadata, the first PES packet [data byte
shall be the first byte of a Metadata AU cell. For each metadata Access Unit contained in the same PES packet, the PTS
in the PE$ header applies. The PTS signals the time at which the\netadata Access Units are decoded instantandously and
removed from buffer B, in the STD. Note that the relationship\between a decoded metadata Access Unit and afidiovisual
content is|beyond the scope of this Specification.

A PES pafket may contain a single metadata AU_cell:\This is useful if a metadata Access Unit does not fit info a single
PES packpt, in which case the fragmentation of the.metadata Access Unit is handled by the metadata AU cell

When metadata is carried by PES packets in a‘program stream, and if a Program Stream Map is applied in that program
stream, thien the Program Stream Map shallispecify which PES packets contain the associated metadata.

2.12.4.2 Metadata Access Unit Wrapper

The metadlata Access Unit Wrapper(see Table 2-133) shall be used when carrying metadata Access Units in PHS packets
with a strgam_type of 0x15 and astream_id value of OxFC or in synchronized DSM-CC download sections of stfeam_type
0x19. Thg wrapper defines a structure consisting of a concatenated number of Metadata AU _cells. By coding the size of
the contajned metadatasin’éach metadata AU cell, metadata agnostic parsing is possible in receivers: the parser can
retrieve tHe metadata‘and provide it to a metadata decoder without a priori knowledge on any detail of the metadata. The
Metadata| AU cell\shall be aligned with the transport; that is the first byte of the payload of the PES [packet 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 Uni} shall be
fragmented into multiple metadata AU _cells, where the fragmentation_indication in each such metadata AU _cell signals
that the metadata AU _cell contains a fragment.

To each Metadata AU _cell that is contained in the same PES packet or synchronized download section, the PTS as coded
in the header of the PES packet or synchronized download section, respectively, applies.
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Table 2-133 — Metadata Access Unit Wrapper

Syntax No. of bits Mnemonic

Metadata AU _wrapper () {
for (i =0; i <N; i++){
Metadata AU _cell ()
}

Table 2-134 — Metadata AU cell

Syntax No. of bits Mnemonic
Metadata AU cell () {
metadata_service_id 8 uimsbf
sequence_number 8 uimsbf
cell_fragment_indication 2 bslbf
decoder_config_flag 1 bslbf
random_access_indicator 1 bslbf
reserved 4 bslbf’
AU_cell_data_length 16 uimsbf
for (i=0; [ <AU cell data length; i++){
AU_cell_data_byte 8 bslbf
H
}

metadata service id: This 8-bit field identifies the metadata service associated with the metadata Access Unit carried
in this metadata AU cell.

sequence| number: This 8-bit field specifies the sequence number of the metadata AU _cell. This number incrgments by
one for egch successive metadata AU_cell constituting the metadatax AU wrapper, independent of the coded value of
the metadpta_service id.

cell_fragment_indication: This 2-bit field conveys information on the metadata Access Unit carried in this
metadata |AU_cell, corresponding to Table 2-135.

Table 2-135.=Cell fragment indication

Value Description
1 A single e¢ll carrying a complete metadata Access Unit.
'10' TheAfitst-cell from a series of cells with data from one metadata Access Unit.
'01' The last cell from a series of cells with data from one metadata Access Unit.
'00' A cell from a series of cells with data from one metadata Access Unit, but neither
the first nor the last one.

random_pccess_indicator:* This 1-bit field, when coded with the value 'l1', indicates that the metadata carrfed in this
metadata |AU_cell represents an entry point to the metadata service where decoding is possible without informgtion from
previous metadata ‘AU _cells. The meaning of a random access point is defined by the format of the metadata.

decoder_ponfig flag: This 1-bit field signals the presence of decoder configuration information in the carried metadata
Access Unit, WNote that this does not preclude the presence of metadata in the Access Unit next to decoder conffiguration
data.

AU _cell_data_length: This 16-bit field specifies the number of AU cell data bytes immediately following.

AU_cell_data_byte: This 8-bit field contains contiguous bytes from a metadata Access Unit.

2.12.5 Use of the DSM-CC synchronized download protocol to transport metadata

For synchronized transport, in addition to PES packets, the DSM-CC synchronized download protocol can be used. When
using synchronized DSM-CC download sections to transport the metadata, the Metadata Access Unit Wrapper defined in
2.12.4.2 shall be used as the tool to encapsulate metadata Access Units. This allows random access indication, whose
meaning depends on the format of the metadata, and a cell sequence counter to identify loss of metadata AU cells. In
each DSM-CC synchronized download section that carries metadata, the first byte of the payload shall be the first byte of
a Metadata AU _cell. For each metadata Access Unit contained in the same DSM-CC synchronized download section,
the PTS in the section header applies. The PTS signals the time at which the metadata Access Units are decoded
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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 2-136).

For transport in metadata sections, the metadata Access Units are structured in one or more Metadata Tables. Each
Metadata Table contains one or more complete metadata Access Units from one or more metadata services. Conceptually,
the transport mechanism of Metadata Tables is comparable to the transport mechanism of Program Map Tables and
Program Association Tables. Each Metadata Table may be made up of multiple metadata sections. Each Metadata Table
may contgin metadata from multiple metadata services.

Specific sfream_type and table id values are assigned to metadata sections. Metadata decoder configuration dafa can also
be carried in sections, signalled by a metadata description value, as assigned by the metadata decoder conlfiguration
descriptoi].

Table 2-136 — Section syntax for transport of metadata

Syntax Nov of bits Mnemonic
Metadata_section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
random_access_indicator 1 bslbf
decoder_config_flag 1 bslbf
metadata_section_length 12 uimsbf
metadata_service_id 8 uimsbf
reserved 8 bslbf
section_fragment_indication 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for 1=1;1<N;i++){

metadata_byte 8 bslbf
}
CRC_32 32 rpchof

}

table_id:[The table id is an 8-bitfield that shall be set to '0x06' for each metadata section.
section_syntax_indicator: This/1-bit field shall be set to '1".
private_ipdicator: This_I-bit field is not specified by this Specification.

random_pccess_indicator: This 1-bit field, when coded with the value 'l', indicates that the metadata carrfed in this
metadata pectionepresents an access point to the metadata service where decoding is possible without informgtion from
previous metadata’sections. The meaning of a random access point is defined by the format of the metadata.

rmation is

decoder _ g _flag ) X
present in the metadata Access Unit carried in this metadata section.

metadata_section_length: This 12-bit field shall specify the number of remaining bytes in the section immediately
following the metadata section length field, and including the CRC. The value of this field shall not exceed
4093 (0xFFD).

metadata_service_id: This 8-bit field identifies the metadata service associated with the metadata Access Unit carried
in this metadata section. Each Metadata Table may contain metadata from multiple metadata services.
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section_fragment_indication: This 2-bit field conveys information on the fragmentation of the metadata Access unit

carried in

this metadata section, corresponding to Table 2-137.

Table 2-137 — Section fragment indication

Value Description
1" A single metadata section carrying a complete metadata Access Unit.
'10' The first metadata section from a series of metadata sections with data from one metadata

Access Unit.

'01' The last metadata section from a series of metadata sections with data from one metadata
Access Unit.

'00' A metadata section from a series of metadata sections with data from one metadata Access
Unit, but neither the first nor the last one.

Version_llumber: This 5-bit field is the version number of the whole Metadata Table. The version numbg

increment
current_n
When the

current_pext_indicator: A 1-bit field, which when set to '1' indicates that the Metadata TableGent is currently 4

When the]
Table to H

section_number: This 8-bit field gives the number of the metadata section. The seetion _number of the first sg

Metadata
Table.

last_sectipn_number: This 8-bit field specifies the number of the last{section (that is, the section with t}

section_n

metadata byte: This 8-bit contains contiguous bytes from a metadata Access Unit.

CRC_32:
Annex A
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Metadata-
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Metadata-related signalling

General

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 from 0x15 to 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 0xFC 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 0xFC, or in metadata sections, or in ISO/IEC 13818-6 synchronized download
sections, the assigned metadata service id value is signalled explicitly in the header of the metadata AU cell or the
metadata section. If a ISO/IEC 13818-6 carousel is used to carry the metadata, then the signalling of metadata services is
left to the application. The metadata descriptor specifies the format of the metadata and provides information on the
decoder configuration data, and is linked to the metadata service by carrying information on the metadata service it is
associated with.

2.12.9.3 [Signalling of content for use by a metadata system

In 2.6.56 Jand 2.6.57, a content labelling descriptor is defined that can be used to assign a metadata applicatipn format
specific rg¢ference, the content_reference id record, to audiovisual or any other content carried over an. MPEG-2 transport
stream or program stream. The content_reference id record can be used by the metadata system as a label to refer to such
content. The content may represent, for example, a program or a stream or segments thereef.CThe contenf labelling
descripto also provides information on the content time base used for time referencing from the metadata, including the
constant dffset in time between the metadata time base and the applied content time base. [LThe descriptor allows carriage
of privatq data. The metadata application format may define constraints on the content reference record, such as
constraints on the time period during which it is valid.

2.12.9.4 |Association of metadata to content

In 2.6.58 and 2.6.59 the metadata pointer descriptor is defined to associate a’single metadata service to audiovispal or any
other confent in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream. The metadata is associated with the content within the
context ag defined by the location of the descriptor. In a transport stream; the descriptor may be located in the PMT in the
descriptoy| loop for either the program or an elementary stream, ‘but may also be located in tables not defirjed in this
Specificafiion, such as tables describing bouquets of broadcast se€rvices.

The metaflata pointer descriptor points from the content's Context to the metadata service associated with thdt content.
The descrjiptor provides the value of the metadata serviee. id that is assigned to the associated metadata servige, as well
as one or more locations of the associated metadata. . The location may for example be within the same transpprt stream
as the coftent, or within another transport streain‘but also at a non-Rec. ITU-T H.222.0 | ISO/IEC 13818§-1 stream
location spich as the Internet.

2.12.9.5 [Signalling decoder configuration-data

Decoding| of metadata may require, the availability of metadata decoder configuration data. If needed] decoder
configuration data shall be contained in one of the metadata services in the same program in fhe same
Rec. ITU{T H.222.0 | ISO/IEC-13818-1 stream as the metadata service. If decoder configuration data is needed|to decode
a metadath service, then the-metadata descriptor either carries such data or provides the information on retrigval of the
decoder cnfiguration data from the same or another metadata service. In a transport stream such other service can be
found by| searching inithe PMT for a metadata descriptor with the metadata service id as specifigd in the
decoder_¢onfig metadata service id field (and with the same metadata format and the same metadata application
format).

2.12.9.6 |Ov€rview of metadata signalling

Figure 2-9 provides an example of metadata signalling, in which a single program, the "content program", carries the
content (or essence) while the metadata is carried in a separate program, the "metadata program". In this example, the
metadata program and the content program exist on the same transport stream.
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Figure 2-9 — Metadata signalling and referencing

pntent program there are two metadata-related descriptors, the content labeling descriptor
[pointer descriptor. The content_labeling descriptor associates a label,-illustrated in the diagram by
encoded in the descriptor in the content reference id fields, with the\content. The label can then
ata service to refer to the essence, either in whole, in part, or by, a‘time-described segment. For exa
beling descriptor could provide the label "News of 1/1/02", and the'metadata could then refer to a spe
b "News of 1/1/02", for example by providing the specific timhing of the story item.

lata pointer descriptor provides information of where thednetadata service can be found for the give
ymple, the metadata is carried in a separate program, butit would be equally valid to have the metad:
e program as the content, or provided by some meansbeyond the scope of this Specification, for inst
iis descriptor also provides the metadata service id¥alue that is assigned to the metadata service. This {
ptadata stream could carry multiple metadata,services for many different programs and each progran
uniquely identify its own metadata service;

ladata program, the metadata descriptor Signals to which metadata service within a metadata stream
e metadata descriptor provides details’of where to find the decoder configuration information.

htifying a metadata pointer descriptor in the PMT by a receiver decoding the content program, th

ecoder is configured aceordingly, after which the metadata service can start being decoded.

STD model for metadata

model specifies\normative constraints on Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams that carry
ing of metadata in the STD, the regular T-STD and P-STD models are applicable with buffer By, inpt
adata int0.B,, and output rate Rimetadata OUt 0f By and into Dmetadata, the metadata decoder. See Figure 2-
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Figure 2-10 — Metadata decoding in the STD

The metadata enters buffer B, at rate Rx,. In the P-STD, rate Rx, equals the rate of the program stream. In the T-STD,
rate Rx, is the rate out of TB, and equal to the rate defined by the metadata input leak rate field in the metadata STD
descriptor. The size BS,, of buffer B, is equal to the size defined in the metadata buffer size field in the metadata STD
descriptor. In case of synchronous delivery, metadata decoding is instantaneous and controlled by PTSs. At decode time,
that is when the STC equals the PTS, the associated metadata is removed instantaneously from B,. In case of asynchronous
delivery, the metadata is removed from B, at a rate Rumctadata €qual to the rate defined by the metadata_output leak rate
field in the metadata STD descriptor. Buffer B, shall not overflow.
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Note that the STD model defines constraints on the delivery of the metadata, without specifying any constraint on the
timing used in the metadata.

2.13 Carriage of ISO 15938 data

2.13.1 Introduction

Carriage of metadata over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream as defined in 2.12 allows for carriage of ISO
15938 data by appropriate coding of the metadata format field. In this subclause, for the purpose to transport ISO 15938
data, a specific instance is defined. Carriage of ISO 15938 data shall meet each requirement defined in 2.12, but in addition
the requirements defined in this subclause shall apply for transport of ISO 15938 data.

2.13.2 ISO 15938 decoder configuration data

Decoding of ISO 15938 data requires the availability of decoder configuration data. Consequently, when ISO 15938 data
is carried|in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, then the metadata descriptor shall signalycprriage of
associated decoder configuration data in the same Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream by coding p value of
the decodpr config flags of either '001' or '010' or '011" or '100'".

2.14 Carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video

2.14.1 |Introduction

This Spefification defines the carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 elementary stream within
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 systems, both for program and transport streams. Typically, a Rec. ITYU-T H.264
| ISO/IE( 14496-10 stream will be an element of a Rec. ITU-T H.222.0 | ISO/IEC"'13818-1 program, as defimed by the
PMT in aftransport stream and the PSM in a program stream. The carriage and buffer management of AVC vidgo streams
is defined|using existing parameters from this Recommendation | International Standard such as PTS and DTS, |as well as
informatign present within an AVC video stream.

Carriage ¢f AVC video streams in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream defines accurate mapping between
STD parameters and HRD parameters that may be present in ann AVC video stream. Requirements are definpd for the
presence ¢f HRD parameters in the AVC video stream, to ensure'that it can be verified whether each STD requjirement is
met for edch AVC video stream carried in a transport streaiyor a program stream.

NOTE|l — Though the timing information present in the AVC video stream may not use a 90-kHz clock, the PT$ and DTS
timestgmps need to be expressed in units of 90 kHz.

When a Rlec. ITU-T H.264 | ISO/IEC 14496-10 stream is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the
Rec. ITU{T H.264 | ISO/IEC 14496-10 coded. data shall be contained in PES packets. The Rec. ITU-T H.264 | ISO/IEC
14496-10|coded data shall comply with the-byte stream format defined in Annex B of Rec. ITU-T H.264 | ISO/IEC
14496-10} with the following constraints;

*  Each AVC access unit shall contain an access unit delimiter NAL Unit;
NOTE 2 — RecITU-T H.264 | ISO/IEC 14496-10 requires that an access unit delimiter NAL Unit, iff present, is
the first NAL. Unit within an AVC access unit. Access unit delimiter NAL Units simplify the ability t¢ detect the

boundary between pictures; they avoid the need to process the content of slice headers, and they are particularly
usefulforthe Baseline and Extended profiles where slice order can be arbitrary.

*  All S8equence and Picture Parameter Sets (SPS and PPS) necessary for decoding the AVC video stream
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 parameters() with the low delay hrd flag set to 'l', shall
carry VUI parameters in which the timing_info present flag shall be set to '1".
NOTE 4 — If the low_delay hrd_flag is set to '1', then buffer underflow is allowed to occur in the STD model; see
2.14.3 and 2.14.4. Setting the timing_info_present flagto '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 2.1.128 that is an element of the same Rec. ITU-T H.222.0
| ISO/IEC 13818-1 program, the stream_type for this elementary stream shall be equal to 0x1F.

All subset Sequence Parameter Sets and Picture Parameter Sets necessary for decoding an SVC video sub-
bitstream shall be present within the elementary stream carrying the SVC video sub-bitstream.

In each elementary stream with stream_type equal to 0x1F, exactly one VDRD drd nal unit as defined in
2.14.3.3 may precede all the NAL units of the same SVC dependency representation.

NOTE 5 — If any VDRD _drd_nal unit is included in any SVC dependency representation then the HRD model
should include this VDRD_drd nal unit in the buffer model as additional non-VCL NAL units. The NAL unit
type 24 may be used in a different way by other specifications out of scope of this Specification. When carrying
AVC base and SVC enhancement layers in different elementary streams, usage of VDRD is strongly recommended
if access units are not aligned with PES packets.

When an|

The TREF field as defined in 2.4.3.7 may be present in the PES headers of elementary sttgams with
stream_type equal to Ox1F. The TREF field shall be set and shall be present in the PES headers ag 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 with’stream |type equal
to Ox1F.

When a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program includes more than ong SVC video sub-pitstream,
or more than one AVC video sub-bitstream of SVC and at least one SVC video sub-bitstream, alhierarchy
descriptor as defined in 2.6.7 shall be used to indicate the dependencies,df the related video sub-Yitstreams.

All NAL units of a re-assembled AVC access unit shall be passed to\the‘decoder in the order of INAL units
within an access unit as defined in Rec. ITU-T H.264 | ISO/IEC.14496-10.
NOTE 7 — If SEI NAL units are present in any SVC dependency\representation of an SVC video suf-bitstream,

these NAL units may require re-ordering to the order of NAL pnits within an access unit as defined in Rec. ITU-T
H.264 | ISO/IEC 14496-10 before access unit re-assembligg.

The profile and level limitations indicated by prefile 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 presents for'an AVC video stream resulting from re-asserhbling (up
to) the video sub-bitstream associated with¢the descriptors shall include NAL units with nal |unit_type
syntax element equal to 14 in the AVC video sub-bitstream of SVC and, if present in the SVC yideo sub-
bitstream, NAL units with nal unit_type,syntax element equal to 24.

AVC video stream conforms to ong“or more profiles defined in Annex H of Rec. ITU-T H.264 |
ISO/IEC 14496-10, the following constraints,additionally apply:

The AVC video sub-bitstreamr of MVC or MV C base view sub-bitstream, as defined in 2.1.9 apd 2.1.89,
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 MV(C:i.video sub-bitstream, as defined in 2.1.92, that is an element of fhe same
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, the stream_type for this elementary stream shall be equal
to 0x20.

Each MV€ video sub-bitstream shall be associated with one or more consecutive view order index values.

NOTE + According to the definitions in 2.1.92 and 2.1.89, respectively, an MVC video sub-bitstream or [MVC base
VAW Sub-bitstream does not necessarily include view components for all view_id values included in one MYC view_id
subset if one or more views are not required for decoding the transmitted views. As an example, consider a MVC
bitstream having 4 views V1, V2, V3, and V4 in ascending order of view order index, where view V1 is the|base view,
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view VZ 1s depending directly on VI, V3 is depending direcily on VI and VZ, and V4 1S 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 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.
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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 MV C video sub-bitstream.

* In each elementary stream with stream type equal to 0x20 exactly one VDRD NAL unit, as defined
in 2.14.3.3, may precede all the NAL units of the same MVC view-component subset.
NOTE 9 — If any VDRD_nal_unit is included in any MVC view component subset, then the HRD model should

include this VDRD nal unit in the buffer model as additional non-VCL NAL units. The NAL unit type 24 may
be used in a different way by other specifications out of scope of this Specification.

* Al 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 10 -1t SEI NAL units are present n any MVC Vlew-component subset of an MVC video suf -bitstream,

these NAL units may require re-ordering to the order of NAL units within an access unit, ‘as)|defined in
Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.

*  The profile idc and level idc indication in the AVC video_ descriptor, if present, and the Tyge II HRD
parameters in the AVC timing and HRD descriptor, if present, for an AVC video.-stream resufting from
re-assembling (up to) the MVC video sub-bitstream associated with the deseriptors shall include NAL
units with nal unit type syntax element equal to 14, if present, in the AVC #ideo sub-bitstream of MVC
or MVC base view sub-bitstream and, if present, in the MVC video_sub-bitstream, NAL ynits with
nal unit type syntax element equal to 20 and 24.

When an| AVC video stream conforms to one or more profiles defined in\Annex I of Rec. ITU-T H.264 |
ISO/IEC ]4496-10, the following constraints additionally apply:

e The AVC video sub-bitstream of MVCD or MVCD base ~iew sub-bitstream, as defined in 3.1.10 and
2.1.94, shall be an element of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program and the stream_type for
this elementary stream shall be equal to 0x1B.

g For each MVCD video sub-bitstream, as defined in 2.1.96, that is an element of [the same
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program,'the stream_type for this elementary stream shall be equal
to 0x26.

g Each MVCD video sub-bitstream shall be associated with one or more consecutive view onder index
values.

*  Each view order index value shall-be’associated to exactly one MVCD view_id subset.
NOTE 11 — This restriction greatly:simplifies the re-assembly of any decodable sub-bitstream.

*  The subset sequence parameter sets and picture parameter sets necessary for decoding an MV|CD video
sub-bitstream shall be present within the elementary stream carrying the MVCD video sub-bitsfream.

* In each elementary stream with stream type equal to 0x26 exactly one VDRD nal unit, 3s defined
in 2.14.3.3, may-ptecede all the NAL units of the same MVCD view-component subset.
NOTE 12 £ Ifany VDRD_ nal unit is included in any MVCD view component subset, then the HRD m¢del should

include this VDRD nal unit in the buffer model as additional non-VCL NAL units. The NAL unit typq 24 may be
usedin‘a different way by other specifications out of scope of this Specification.

*  AILNAL 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#1f SEI NAL units are present in any MVCD view-component subset of an MVCD video sub-bitstream, these NAL
units nayrequire re-ardering ta the order of NAT units within an access nnit_as defined in Rec ITII-T H 264 | ISO/IET 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 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 |
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ISO/IEC 14496-10 video elementary stream data. For PTS and DTS encoding, the constraints and semantics apply as
defined in 2.4.3.7 and 2.7.

2.14.3 STD extensions

2.14.3.1 T-STD extensions

The T-STD model includes a transport buffer TB, and a multiplex buffer MB, prior to buffer EB,, for decoding of each
AVC video elementary stream n conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC
14496-10 video elementary stream n. See Figure 2-11.

e eieetelstant ! jthaccessunit | i k-th presentation unit
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! demultiplexing ' \ \
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Figure 2-11 — T-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 video

NOTE[- For carriage of AVC streams according to High, Progressive High, Constraingd High, High 10, High 4:2:2, [High 4:4:4
Predicfive, High 10 Intra, High 4:2:2 Intra, High 4:4:4 Intra, or CAVLC 4:4:4 Intra profiles, bitrate and CPB buffer size|limitations
of this pecification are more restrictive than the limits specified in Annex A of Rec~ITU-T H.264 | ISO/IEC 14496 10,

DPB, buffer management

Carriage ¢f an AVC video stream over Rec. ITU-T H.222.0 | ISO/IEC)I3818-1 does not impact the size of buffer DPB,.
For decoding of an AVC video stream in the STD the size of DPB;, 1s{as defined in Rec. ITU-T H.264 | ISO/IEC [[4496-10.
The DPB|buffer shall be managed as specified in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10 (C.2 and C.4). A
decoded AVC access unit enters DPB,, instantaneously upon.decoding of the AVC access unit, hence at the CPB removal
time of the AVC access unit. A decoded AVC access uniti§“presented at the DPB output time. If the AVC video stream
provides insufficient information to determine the CPB\removal time and the DPB output time of AVC access {nits, then
these timg instants shall be determined in the STD. madel from PTS and DTS timestamps as follows:

1) The CPB removal time of AVC access unit n is the instant in time indicated by DTS(n) where DTS(n) is
the DTS value of AVC access unit n.

) The DPB output time of AV.C access unit n is the instant in time indicated by PTS(n) where PTH(n) is the
PTS value of AVC access unit n.
NOTE(1 — AVC video sequencesyin which the low delay hrd flag in hrd parameters() is set to 1 carry sufficient inf¢rmation to
determjne the DPB output time. and the CPB removal time of each AVC access unit. Hence for AVC access units for which STD

underflow may occur, the EPB.removal time and the DPB output time are defined by HRD parameters, and not by DTS and PTS
timestqmps.

TBs, MB} and EB, buffer management

The input|to bufferIB, and its size TBS, are specified in 2.4.2.4. For buffers MB, and EB,, and for the rate Rx, between
TB, and NIBy and the rate Rbx, between MB, and EB, the following constraints apply for carriage of a Rec. ITY-T H.264
| ISO/IEC] 14496-10 stream:

Size EBS,, of buffer EB.:

EBS;, = cpb_size

Where cpb_size is the size CpbSize[ cpb_cnt_minus] ] 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, = BSmux + BSon + 1200 x MaxCPB[level] — cpb_size

where BSp, packet overhead buffering, is defined as:
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BSon= (1/750) seconds x max {1200 x MaxBR[level], 2 000 000 bit/s}

and BSuux, additional multiplex buffering, is defined as:

BSumux=0.004 seconds x max {1200 x MaxBR[level], 2 000 000 bit/s}

:2019 (E)

where MaxCPB[level] and MaxBR{[level] are defined for the byte stream format in Table A.1 (Level
Limits) in Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC video stream, and

where cpb_size is the size CpbSize[ cpb_cnt_minusl | of the CPB for the byte stream format signalled in

the NAL hrd parameters() carried in VUI parameters in the AVC video stream.

If NAL

hrd_parameters() are not present in the AVC video stream, then the cpb_size shall be the size 1200 x
MaxCPB defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC

video stream.

STD dela|y

Rate Rxx:
when there is no data in TB, then Rx, is equal to zero.
Otherwise: Rx, = Dbit_rate

where bit_rate is 1.2 x BitRate[ SchedSelldx | of data flow into the CPB for the byte stre
and BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.264)| ISO/IEC 1449

NOTE 2 — Annex E specifies the values for BitRate[ SchedSelldx] when NAL yhrd) parameters() is prj
VUI parameters of the AVC video stream and default values for BitRate[~SchedSelldx | based on
level when NAL hrd_parameters() is not present.

Transfer between MBn and EBn

If the AVC timing and HRD descriptor is present with the hrd) management valid flag set 4
the transfer of data from MB,, to EB,, shall follow the HRD defined scheme for data arrival i
as defined in Annex C of Rec. ITU-T H.264 | ISO/IEC14496-10.

Otherwise, the leak method shall be used to transfer.data from MB, to EB,, as follows:
Rate Rbx,:

Rbx, = 1200 *MaxBR[level]

where MaxBR{[level] is defined for the‘byte stream format in Table A.1 (Level Limits) in R
H.264 | ISO/IEC 14496-10 foreach level.

If there is PES packet payload data in MB,, and buffer EB, is not full, the PES packet payload is t|
from MB; to EB;, at a rate equal to Rbx,. If EB,, is full, data are not removed from MB,. W
of data is transferred from MB,, to EB,, all PES packet header bytes that are in MB,, and pr
byte, are instantaneously removed and discarded. When there is no PES packet payload d4
in MB,, no data is removed from MB,. All data that enters MB,, leaves it. All PES packq
data bytescenter EB, instantaneously upon leaving MB;,

Removal of AVC access units from EBn

Each AV access unit A,(j) that is present in EB, is removed instantaneously at time tda(j). The
time tda(j) is specified by the DTS or from the CPB removal time, as derived from informa
AVC video stream.

um format
H-10.

bsent in the
profile and

o 'l', then
h the CPB

ec. ITU-T

ransferred
hen a byte
ecede that
ta present
t payload

decoding
ion in the

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 Ay(j).

The delay of any AVC still picture data through the System Target Decoders buffers TB,, MB,, and EB, shall be
constrained by tda(j) — t(i) < 60 seconds for all j, and all bytes i in AVC access unit A, (j).

Buffer management conditions

Transport streams shall be constructed so that the following conditions for buffer management are satisfied:

TB; shall not overflow and shall be empty at least once every second.
MB,, EB,, and DPB,, shall not overflow.

© ISO/IEC 2019 - All rights reserved Rec. ITU-T H.222.0 (08/2018)

173


https://iecnorm.com/api/?name=4a12842312f0aaac5f60e3aaca8b5c06

ISO/IEC 13818-1:2019 (E)

*  EB, shall not underflow, except when VUI parameters are present for the AVC video sequence with the
low delay hrd flag setto 'l". Underflow of EB, occurs for AVC access unit An(j) when one or more bytes

of Ax(j) are not present in EB,, at the decoding time tda(j).

NOTE 3 — An AVC video stream may carry information to determine compliance of the AVC video stream to the HRD, as specified

2.14.3.2 P-STD extensions

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 'l". 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 CPBn in the HRD at exactly the same instant in time at which
the byte is delivered to and removed from EBn in the T-STD.

The P-STD model for the decoding of an AVC video elementary stream n conforming to one or more profiles defined in
Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 elementary stream includes a multiplex buffer B, and a decoder D,
followed by a buffer DPB, (see Figure 2-12). For each AVC video stream n, the size BS, of buffer B, in the P-STD is

defined by the P-STD_buffer size field in the PES packet header.

DPB, buffer management

Buffer DB, shall be managed in exactly the same way as in the/T-STD; see 2.14.3.1.

B buffer management

The AV(]access unit data enters buffer B, as specified in 2.5.2.2. At time td,(j), AVC access unit An(j) is de
instantandously removed from B,. The decoding timie td,(j) is specified by the DTS or by the CPB removal tim|
from infoymation in the AVC video stream. Upon decoding, the AVC access unit instantaneously enters DPB, 0
without Iﬁry into DPB,, according to the rules specified in Rec. ITU-T H.264 | ISO/IEC 14496-10.

STD del

The total felay of any Rec. ITU-T'H.264 | ISO/IEC 14496-10 data other than AVC still picture data through t
Target Ddcoders buffer B, shall)be constrained by tda(j) — t(i) < 10 seconds for all j, and all bytes i in AVC 4
An().

The delay|of any AVEtill picture data through the System Target Decoders buffer B, shall be constrained by t
<60 secohds for all j,Jand all bytes i in AVC access unit An(j).

Buffer mpnagement conditions

Program d

3 ogram stream
d

s | TN T N

! j-thaccess unit i i k-th presenfation unit
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Figure 2-12 — P-STD model extensions for Rec. ITU-TH.264 | ISO/IEC 14496-10 video
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. B, shall not overflow.

* By 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 Ax(j) when one or more bytes of An(j) are not present in B, at the decoding time tdn(j).

2.14.3.3 View and dependency representation delimiter NAL unit
See Table 2-138.
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Table 2-138 — View and dependency representation delimiter NAL unit

Syntax No. of bits Mnemonic
VDRD nal unit() {
forbidden_zero_bit 1 bslbf
nal_ref ide 2 bslbf
nal_unit_type 5 bslbf
}

Semantics of view and dependency representation delimiter NAL unit

forbidden_zero_bit  — shall be equal to 0x0

:2019 (E)

nal_ref_idc — shall be equal to 0x0
nal_unit |type — shall be equal to 0x18
2.14.3.5 [T-STD extensions for SVC

The T-ST
stream _ty]

When the]
dependen
sub-bitstr
as describy

Packets
PID

D model described in 2.14.3.1 is applied if the received elementary stream is a video sub-bit
pe 0x1B, i.e., only the AVC video sub-bitstream of SVC is received and decoded.

re is a set of received video sub-bitstreams in a Rec. ITU-T H.222.0 | ISO/IEC\13818-1 program,
bies may be signalled in the hierarchy descriptor as defined in 2.6.6, and when there is at least one of
pams in the set of received elementary streams having the value of stream _ type equal to 0x1F, the T-S
ed in 2.14.3.1 is extended as illustrated in Figure 2-13 and as specified’below.

Elementary streams associated by hierarchy_descriptor

f Rx Rbx,,
i ->| B, MBI pRB
p, Esnﬁn

) DRnfl (jnﬂ) )
with 88} (jp1) == td, ()

OR tdnH(jnfl) = tdn (—]n)
o/—+| TB,,, |—> MB,, [—{DRB,, T~
(UX

Ay ()

stream of

for which
the video
I'D model

Py (k)

DR, (j,) with
. . X
1§ 1, | M8 l—fl'@ IF i 4,0) DPB ]ﬂ&
(i) Den _.l Access unit
re-assembling
O----- ¥ Other PIDs H.222.0(}2)_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 folloying additionaknotations are used to describe the T-STD extensions and are illustrated in Figure 2-13 above.
ES, is)the received elementary stream associated with dependency _id value equal to n
ESH is the received elementary stream associated with the highest value H of dependency _id present in
the set of received elementary streams
] 1s an 1ndex 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

DRn(jn) 1is the jo-th SVC dependency representation of video sub-bitstream associated with dependency id

value equal to n

Anu() is the j-th access unit resulting from re-assembling (up to) the ju-th SVC dependency repre
with dependency id value equal to H

sentations

tdn(jn) s 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 to n

tdu(j) is the decoding time, measured in seconds, in the system target decoder of the j-th access
resulting from re-assembling (up to) the ju-th SVC dependency representations DRu(jn)

© ISO/IEC 2019 - All rights reserved Rec. ITU-T H.222.0 (08/2018)
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trefn(jn) 1s equal to the decoding time value td..i(jn-1) associated with the jn..i-th SVC dependency
representation DRy.1(jn-1), indicated by the TREF field of the PES header of the j,-th SVC dependency

TBa

representation DRy(jn) of the same access unit

is the transport buffer for elementary stream associated with dependency _id value equal to

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

MB,

n

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

EBu

is the elementary stream buffer for all video sub-bitstreams

EBSu s the size of elementary stream buffer EBy, measured in bytes

Carriage

For corre
dependen
dependen

Rx, is the transfer rate from TB, to MB, as specified below
Rbx, is the transfer rate from MB, to DRB,, as specified below
in PES packets

Ct re-assembling of the SVC dependency representations to an AVC access unit; if there is botl
by representation with any dependency id equal ton and an SVC depehdency representa
by _id equal to (n+1) in the same AVC access unit, the following applies:

a PES packet per SVC dependency representation start shall be presents 1.€., at most one SVC dg
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 dd
representation;

if the DTS value of the SVC dependency representationwith dependency id equal to n is diffq
the DTS value of the SVC dependency representation)with dependency id equal to (nt+1) of
access unit, the TREF field as defined in 2.4.3.7 shall be present in the PES header extension o
dependency representation with dependency id.équal to (n+1) and the TREF field value shall b
the DTS value of the SVC dependency representation with dependency _id equal to n.

DPB buffer management

The DPB

buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC 4

timing vallues, as DTS or CPB removal time,~and PTS or DPB removal time, associated with the SVC dd

represents

TB., MB
The folloy

,EB

176

Rec. ITU-T H.222.0 (08/2018)

tions of the video sub-bitstream in elementary stream ES.

n buffer management

ving applies:

There is exactly one transport buffer TB as defined in 2.14.3.1 for each received elementary strg
set of received yvideo sub-bitstreams contained in elementary streams as shown in Figure 2-13.

There js‘exactly one multiplexing buffer MBy for the AVC video sub-bitstream of SVC in ¢
stream ESy, where the size of the multiplexing buffer MBS is constrained as follows:

MBSy = BSmux+ BSono+ 1200 x MaxCPBJlevel]o — cpb_sizeo

1 an SVC
tion with

pendency
pendency

rent from
the same
[ the SVC
e equal to

ccess unit
pendency

am in the

lementary

where MaxCPBJlevel]o and cpb_size, for the elementary stream ESy are defined as in 2.14.3.1.

ary stream

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 associ

ated 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, BSoh,n 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:

EBSu = cpb_sizen
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:

it ré-assembling and EB removal

ii)

Transfer from TB, to MB, is applied as follows:

When there is no data in TB, then Rx, is equal to zero. Otherwise:
Rx, = bit_rate

where bit_rate is 1.2 x BitRate[ SchedSelldx | of data flow into the CPB for the byte stream fprmat and
BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.264 | ISO/IEC 14496-10 when NAL
hrd parameters() is present in the VUI parameters of the SVC video sub-bitstream.

NOTE 2 — Annex E also specifies default values for BitRate[ SchedSelldx],based on profile and level when NAL

HRD parameters are not present in the VUL The SVC video sub-bitstfeam level is determined by the leyel of AVC
video stream resulting from re-assembling (up to) the associated video sub-bitstream n in elementary gtream ESn.

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 '1' for
elementary stream ESy, then the transfer of data fromMB, to DRB, shall follow the HRD defin¢d scheme
for data arrival in the CPB of elementary stream ESy as defined in Annex C of Rec. ITU-T H.264| ISO/IEC
14496-10.

Otherwise, the leak method shall be used to.ftansfer data from MB, to DRB, as follows:
Rate Rbx,:

Rbxq5'1200 x MaxBR[level],

where MaxBR[level], is “defined for the byte stream format in Table A.1 (Level Limits) in
Rec. ITU-T H.264 | ISOAEE 14496-10 for the level of the AVC video stream resulting from re-agsembling
(up to) the associated video sub-bitstream n in elementary stream ES,. If there is PES packet payload data
in MB,, and buffertEB1; is not full, the PES packet payload is transferred from MB,, to DRB,, at afrate equal
to Rbx,. If EByrisvfull, 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 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 thatenters MB,, leaves it. All PES packet payload data bytes enter DRB,, instantaneously up¢n leaving
MB{.

Collect all SVC dependency representations DRy(jn) 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) following the
rule below:

*  For each two corresponding DRy+(jy+1) and DRy(jy) of the SVC dependency representations collected
for access unit Ay(j), if TREF field is present for DRy+1(jy+1), the TREF value of DRy+1(jy+1) trefy+1(y+1)
shall be equal to the DTS value tdy(jy) of DR,(jy), otherwise the DTS value of tdy+1(jy+1) of DRy+1(jy+1)
shall be equal to DTS value td,(jy) of DRy(jy).

Assemble the SVC dependency representations in consecutive order of dependency id n starting from 'm'
to 'H' for the j-th access unit Au(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.
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NOTE 2 — The number of SVC dependency representations for each access unit Au(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 DRu(jm), DRm+1(jm+1), ..., DRu(jn).

The following specifies the removal of access unit Ay(j) from buffer EBy:

At time tdu(j) the AVC access unit Ay(j) shall be re-assembled and available for removal from buffer EBy. 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 STD delay for re-assembled AVC access units shall follow the constraints specified in 2.14.3.1.

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.
g Each MB,, EBy, and DPB shall not overflow.

*  EBy shall not underflow, except when VUI parameters are present for the AVC nidéo sequence] of the re-
assembled AVC video stream with the low_delay hrd flag set to '1'. Underflos of EBu occurg for AVC
access unit Au(j) when one or more bytes of Anu(j) are not present in EBy atithe decoding time tfu(j).

2.14.3.6 |P-STD extensions for SVC

The P-STD model described in 2.14.3.2 is applied if the decoded elementdry)stream is a video sub-bitstream of
stream_type 0x1B, i.e., only the AVC video sub-bitstream of SVC is decoded.

When thefe is a set of decoded video sub-bitstreams in a Rec. ITU-T ,H222.0 | ISO/IEC 13818-1 program, [for which
dependenties may be signalled in the hierarchy descriptor as defined-in(2.6.6, and when there is at least one offthe video
sub-bitstr¢ams in the set of decoded elementary streams having the-value of stream_type equal to 0x1F, the P-S[TD model
as describled in 2.14.3.2 is extended as illustrated in Figure 2-14.and as specified below.

Elementary streams associated by‘hierarchy_descriptor
By
Program
stream, »DRB, ., DR, 1, Gory)
+1 Un+
With'trefy1 (o) == td, (j,)
OR tdn+1(jn+) == td, (y)
Ld D =
/ RBhH’ N \
L DR,(j,) with Ay(i) Pif)

_1des (‘@ tdn(jn) o tdy(j), D, DPB m(t )
t(i)] Demux Access unif]

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

The following additional notations are used to describe the P-STD extensions and are illustrated in Figure 2-14 above.

ES, is the decoded elementary stream associated with dependency _id value equal to n

ESn 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

DRx(jn) is the jo-th SVC dependency representation of video sub-bitstream associated with dependency id
value equal to n

178 Rec. ITU-T H.222.0 (08/2018) © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4a12842312f0aaac5f60e3aaca8b5c06

ISO/IEC 13818-1:2019 (E)

Au() is the j-th access unit resulting from re-assembling (up to) the ju-th SVC dependency representations
with dependency _id value equal to H

tda(jn)  is the decoding time, measured in seconds, in the system target decoder of the ju-th SVC dependency
representation of the video sub-bitstream associated with dependency _id value equal to n

tdu(j) is the decoding time, measured in seconds, in the system target decoder of the j-th access unit Au(j)
resulting from re-assembling (up to) the ju-th SVC dependency representations DRu(ju)

trefn(jn) is equal to the decoding time value td..i(jn-1) associated with the jn.i-th SVC dependency
representation DR,,.1(jn-1), indicated by the TREF field of the PES header of the j,-th SVC dependency
representation DR,(jn) of the same access unit

Bu is the input buffer for all decoded video sub-bitstreams

BSu is the size of the input buffer By, measured in bytes

DRB, is the dependency representation buffer for elementary stream ES,

Carriage
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DPB buffer management

The DPB

timing vallues, as DTS or CPB removal time, andPTS or DPB removal time, associated with the SVC dd

representd

Ba buffer
The folloy

DRBS, is the size of dependency representation buffer DRB,,, measured in bytes

in PES packets

bt re-assembling of the SVC dependency representations to an AVC access unit, if-there is botl
Ly representation with any dependency id equal ton and an SVC dependeney representa
by _id equal to (n+1) in the same AVC access unit, the following applies:

* aPES packet per SVC dependency representation start shall be present, i-e., at most one SVC dg
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 dd
representation;

* if the DTS value of the SVC dependency representation with.dependency _id equal to n is diffs
the DTS value of the SVC dependency representation{with dependency id equal to (n+1) of
access unit, the TREF field as defined in 2.4.3.7 shallb¢ present in the PES header extension o
dependency representation with dependency_id equal to (n+1) and the TREF value shall be eq
DTS value of the SVC dependency representationwith dependency _id equal to n.

buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC 4

tions of the video sub-bitstream in elementary stream ESp.

management
ving applies:
*  There is exactly ohe ¢lementary stream buffer By for all the elementary streams in the set o

elementary stregamis as shown in Figure 2-14, where the size of BSy is defined by the P-STD b
field in the PES packet header of elementary stream ES.

*  There istexactly one dependency representation buffer DRB, for each elementary stream in
decoded €lementary streams as shown in Figure 2-14, where each dependency representation bu
in the-set of decoded elementary streams is allocated within BSy. Even though the size DRBS,, of
DRB, is not constrained, the sum of the sizes DRBS, is constrained as follows:
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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 AV C video stream.

Access unit re-assembling and B removal

The following specifies the access unit re-assembling that results in AVC access unit Ay(j):

i)  Collect all SVC dependency representations DRy(jn) 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 Ax(j) foll
rule below:

owing the

For each two corresponding DRy+1(jy+1) and DR,(jy) of the SVC dependency representations collected
for access unit Ay(j), if TREF field is present for DRy+1(jy+1), the TREF value of DRy+1(jy+1) trefy+1(y+1)
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shall be equal to the DTS value tdy(jy) of DRy(jy), otherwise the DTS value of tdy+1(jy+1) of DRy+1(y+1)
shall be equal to DTS value tdy(jy) of DRy(jy).

ii) Assemble the SVC dependency representations in consecutive order of dependency id n starting from 'm'
to 'H' for the j-th access unit An(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 An(j) may vary depending on value
of j. If m represents the lowest value of dependency id for access unit An(j), then the collected and assembled
SVC dependency representations include DRm(jm), DRm+1(jm+1), ..., DRu(jn).

The following specifies the removal of access unit Ay(j) from buffer By:

At time tdu(ju) the AVC access unit Au(ju) shall be re-assembled and available for removal from buffer By. 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 ESw, as derived from information in the re-assembled AVC
video stream.

STD delaly
The STD [delay for the re-assembled AVC access units shall follow the constraints specified in 2,14,3*2.

Buffer mpnagement conditions

Program gtreams shall be constructed so that the following conditions for buffer management are satisfied:

g By shall not overflow.

* By shall not underflow, except when VUI parameters are pres¢ntyfor the AVC video sequerice of the

re-assembled AVC video stream with the low_delay hrd flag Setyto '1' or when trick mode staTus is true.
Underflow of By occurs for AVC access unit Au(j) when one,or more bytes of An(j) are not present in By
at the decoding time tdu(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-bifstream of
stream_type 0x1B, i.e., only the AVC video sub-bitstream-0of MVC or MVC base view sub-bitstream is regeived and
decoded.

When thgre is a set of received video sub-bitstreamis and MVC video sub-bitstreams in a Rec. ITU-T [H.222.0 |
ISO/IEC ]3818-1 program, of which dependencies\may be signalled in the hierarchy descriptor, as defined in P.6.7, and
when therpe is at least one of the MVC video subsbitstreams in the set of received elementary streams having the value of
stream_type equal to 0x20, the T-STD model*as described in 2.14.3.1 is extended as illustrated in Figure 215 and as
specified pelow.

MVC elementary streams associated to the same program

EB,

Packets of RX)im, ROX,
PID, ] V— B MB, ., R VSB,im
" Vi1 (1) With
O

VSy(jn) with Au()) Py(k)
 —— | | tdn(jn) tdy () | o 1 Pu®
- TS —I 007 | 1 VID | | VoD ~H Dr
D Demux Access unit
re-assembling
_____ 3 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

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
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base view and ordered according to the minimum view order index contained in each MVC video
sub-bitstream

is the received elementary stream associated with the H-th MVC video sub-bitstream which includes
the view components with the highest view order index present in all MVC video sub-bitstreams of
received elementary streams

is an index to the re-assembled access units

is an index to the MV C view-component subsets of the elementary stream ES,, associated with the n-
th MV C video sub-bitstream

is the jo-th MVC view-component subset of the MVC video sub-bitstream associated with ES,

is the j-th access unit resulting from re-assembling (up to) the H-th MVC view-component subset
associated with ESy

is the decoding time, measured in seconds, in the system target decoder of the MVC view-component

tdu(j)

TBn
TBS,
MB,
MBS,
VSB,
VSBS,
EBH

EBSH
Rx,
Rbx,

Carriagelin PES packets

For corre¢t re-assembling of the MVC view-component subsets to an AVC access unit, the following applies:

DPB buffer management

subset VS,(jn)

is the decoding time, measured in seconds, in the system target decoder of the j-th dccess unit Au(j)
resulting from re-assembling (up to) the MVC view-component subset VSu(ju)

is the transport buffer for elementary stream ES,

is the size of the transport buffer TB,, measured in bytes

is the multiplexing buffer for elementary stream ES,

is the size of the multiplexing buffer MB,, measured in bytes

is the view component subset buffer for elementary stream ESy

is the size of view component subset buffer VSB,, measured)in bytes

is the elementary stream buffer for the AVC video subsbitstream of MVC and all MVC Yyideo sub-
bitstreams

is the size of elementary stream buffer EBy, méasured in bytes
transfer rate from TB, to MB,, as specified below

transfer rate from MB, to VSB,, as speeified below

* a PES packet per MVC view*component subset start shall be present, i.e., at most qne MVC
view-component subset may/commence in the same PES packet;

* the PTS and, if applicable, the DTS value shall be provided in the PES header of edch MVC
view-component subset:

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-o.€PB removal time, and PTS or DPB removal time, associated with the MVC view-cpmponent

subsets of the MVCvideo sub-bitstream in elementary stream ESy.

TBn, 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 MVC 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 ESg, where the size of the multiplexing buffer MBS, is constrained as follows:

MBSy = BSmuxo+ BSono+ 1200 x MaxCPBJlevel]o — cpb_sizeo

where BSmux,0, BSoh,o are defined in 2.14.3.1 for the AVC video sub-bitstream of MVC in elementary
stream ESo.

where MaxCPB([level]o and cpb_size, for the elementary stream ES, are defined, as in 2.14.3.1.
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NOTE 1 — If HRD parameters are present in at least one of the MVC video sub-bitstreams, those parameters have
to be carefully handled in order to not unnecessarily increase the multiplexing buffers allocation.

There is exactly one multiplexing buffer MB,, for each received elementary stream associated with view
order index value not equal to 0, where the size of each multiplexing buffer MBS, in the set of received
elementary streams is constrained as follows:

MBSn = BSmux,n + BSoh,n

where BSmuxn, BSoh,n are defined in 2.14.3.1 for the AVC video stream resulting from re-assembling (up
to) the MVC video sub-bitstream in elementary stream ES,.

There is exactly one elementary stream buffer EBy for all the elementary streams in the set of received
elementary streams as shown in Figure 2-15, of which the size EBSy has the following value:

EBS, = nph 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 elementary streamvin the set 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. Even though the size MSBS,, of individugl VSB, is
not constrained, the sum of the sizes VSBS;, is constrained as follows:

EBSu =} (VSBS,)

Transfer from TB, to MB, is applied as follows:

Rate Rxy:

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 }.ef data flow into the CPB for the byte stream fprmat and
BitRate[ SchedSelldx ] is as defined in Angex 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 specifies defatilt values for BitRate[ SchedSelldx] based on profile and level when NAL
HRD parameters are not present insthé VUIL. The MVC video sub-bitstream level is determined by the level of

AVC video stream resulting from re-assembling (up to) the associated MV C video sub-bitstream n in elementary
stream ESp.

Transfer from MB,, to VSR, is applied as follows:

If the AVC_timing andJHRD descriptor is present with the hrd management valid flag set| to '1' for
elementary streamESy, then the transfer of data from MB,, to VSB,, shall follow the HRD defing¢d scheme
for data arrival inthe CPB of elementary stream ESy as defined in Annex C of Rec. ITU-T H.264| ISO/IEC
14496-10.

Otherwise,\the leak method shall be used to transfer data from MB,, to VSB, as follows:
Rate Rbxy:

Rbx, = 1200 x MaxBR[level],

where—MaxBRffevets Tsdefimed—for—the—byte—stream—formmat—m—Table—At—(tevetimits) 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 MV C 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;,.

Access unit re-assembling and EB removal

The following specifies the access unit re-assembling that results in AVC access unit Ay(j):

182

)

Assemble the MV C view-component subsets for the j-th access unit Au(j) following the rule below:
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For each two corresponding MVC view-component subsets VSy+i(jy+1) and VS,(jy) collected for
access unit Ay(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 VSy as the hierarchy embedded layer index in the hierarchy descriptor
associated with program element associated with VSy+i, the DTS value of tdy+1(jy+1) of VSyr1(y+1)
shall be equal to DTS value td,(jy) of VS,(jy).

NOTE 3 — If no hierarchy descriptor is present, VSy is associated with the AVC sub-bitstream and VSy+1 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 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.

The following specifies the removal of access unit Ay(j) from buffer EB,:

At the dm‘nding time. fd..(j\ the AVC access nnit A..@\ shall be re-assembled and available for removal from
buffer EBy. The decoding time td(j) is specified by the DTS or by the CPB removal time that is assocfiated with
the MV C view-component subsets in elementary stream ESy, as derived from information in the re-gssembled

AVC video stream.

STD delaly

The STD |[delay for re-assembled AVC access units shall follow the constraints specified in 2.14.3.1.
Buffer mpnagement conditions

Transport|streams shall be constructed so that the following conditions for buffer mandgement are satisfied:

*  Each TB, shall not overflow and shall be empty at least once everysecond.

g Each MB,, EBy, and DPB shall not overflow.

*  EBug 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 hed_flag set to '1'. Underflow of EBy occurg for AVC
access unit Ag(j) when one or more bytes of Ag(j).afe not present in EBy at the decoding time tfu(j).

Buffer mgnagement for MVCD video sub-bitstream follows'\the same extensions as specified for MVC video in this
clause. Cdrriage in PES packets for MVCD video sub-bitstréam is specified below:

Carriage(of MVCD sub-bitstream in PES packets

For corregt re-assembling of the MVCD view-component subsets to an AVC access unit, the following appliey:

* a PES packet per MVCD, yview-component subset start shall be present, i.e., at most one MVCD
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 MVCD
view-component subset.

2.14.3.8 [P-STD extensions-for MVC

The P-STD model described in 2.14.3.2 is applied if the decoded elementary stream is a video sub-bitstream of
stream_type 0x1B, i.6.senly the AVC video sub-bitstream of MVC or MVC base view sub-bitstream is decod¢d.

When thefe is a setof decoded MVC video sub-bitstreams in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program|, of which
view orddr index) values may be signalled in the MVC extension_descriptor, as defined in 2.6.78, and when there is at
least one pf.thé¢ MVC video sub-bitstreams in the set of decoded elementary streams having the value of stieam_type

equal to 0x20, tThe P-STD model, as described in 2.14.3.2, is extended as illustrafed in Figure 2-16 and as specified below.
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MVC elementary streams associated with the same program
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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 folloying additional notations are used to describe the P-STD extensions and are illustrated insFigure 2-14 above.
ES, is the received elementary stream associated with the n-th MVC video sitbsbitstream, whepe n is the
index to the MVC view id subsets starting with value 0 for the MVCiview id subset contpining the
base view and ordered according to the minimum view order index contained in each MV view _id
subset
ESH is the received elementary stream associated with the H-th MV video sub-bitstream which includes
the view components with the highest view order indexpresent in all MVC view id gubsets of
received elementary streams
is an index to the re-assembled access units
n is an index to the MVC view-component subsets*Of the elementary stream associated with the n-th
MVC view_id subset
VSiu(n)  is the jo-th MVC view-component subset of the MVC video sub-bitstream associated with ES,
AHG) is the j-th access unit resulting from'‘t¢-assembling (up to) the H-th MVC view-compongnt subset
associated with ESy
tda(jn)  is the decoding time, measured 11 seconds, in the system target decoder of the MV C view-component
subset VS,(jn)
tdu(j) is the decoding time, theasured in seconds, in the system target decoder of the j-th access junit Au(j)
resulting from re-assembling (up to) the MVC view-component subset VSu(ju)
By is the input buffer for all decoded MVC video sub-bitstreams
BSH is the size ofthe input buffer By, measured in bytes
VSB, is the view component subset buffer for elementary stream ES,
VSBS, is thie-size of view component subset buffer VSB,, measured in bytes
Carriage|in PES packets
For corregt re-assembling of the MVC view-component subsets to an AVC access unit, the following applies:
o a PES pm‘ke‘r per MY C ViP\)v-(‘nmPnnPnf subset start shall he present ie at most dne 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 MV C view-component
subsets of the MVC video sub-bitstream in elementary stream ESy.
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B buffer management

The following applies:

*  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.

*  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:

BSi =Y, (VSBS))

where BSu is the size of the input buffer for the MV C video sub-bitstream in elementary stream ESu, as defined
ih 2.14.3.2, for the re-assembled AVC video stream.

Access unit re-assembling and B removal

The folloying specifies the access unit re-assembling that results in AVC access unit Ax(j):
i) Assemble the MVC view-component subsets for the j-th access unit An(j) following the rule beJow:

*  For each two corresponding MVC view-component subsets VSy+1(jy+1) and VSy(jy) collected for
access unit Ay(j), where VS, is associated with a program element identifieq by the
hierarchy layer index indicated in the associated hierarchy desetiptor, and VSy+ references VSy by
the hierarchy embedded layer index indicated in the hierarehy descriptor associated with program
element associated with VSy.1, the DTS value of tdy+1(jy+1)0fVSy+1(jy+1) shall be equal to DTS value
tdy(jy) of VSy(jy).

NOTE - If no hierarchy descriptor is present, VSy is,associated with the AVC sub-bitstream apd VSy+1 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 g¢qual to 0,
these NAL units shall be re-ordered to the order of INAL units within an access unit, as defined in Rec. ITU-
T H.264 | ISO/IEC 14496-10, before access unit re-assembling.

The folloying specifies the removal of access unit Ay(j)<drom buffer By:

At the decoding time tdu(ju), the AVC access unit Ay(ju) shall be re-assembled and available for removal from
buffer By,. The decoding time tdx(j) is specitied by the DTS or by the CPB removal time that is assocfated with
the MVC view-component subsets imelementary stream ESy, as derived from information in the re-gssembled
IAVC video stream.

STD delaly
The STD [delay for the re-assembled AVC access units shall follow the constraints specified in 2.14.3.2.

Buffer mhnagement conditions

Program dtreams shall be-constructed so that the following conditions for buffer management are satisfied:
* By shallnot overflow.

*  Bpnshall not underflow, except when VUI parameters are present for the AVC video sequemce of the
re-assembled AVC video stream with the low_delay hrd flag set to '1', or when trick_mode stafus is true.
Underflow of Bu occurs for AVC access unit An(j) when one or more bytes of Au(j) are not prekent in By
at the decoding time tdu(j).

2.15 Carriage of ISO/IEC 14496-17 text streams

2.15.1 Introduction

This subclause defines the carriage of ISO/TEC 14496-17 elementary text streams within Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 systems, both for program and transport streams. Typically, an ISO/IEC 14496-17 text stream will be
an element of an ISO/IEC 13818-1 program, as defined by the PMT in a transport stream and the PSM in a program
stream. The carriage and buffer management of ISO/IEC 14496-17 text streams is defined using existing parameters from
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 such as PTS and DTS, as well as information from the ISO/IEC 14496-17 text
stream. For this purpose, 2.15.3 specifies the decoding of ISO/IEC 14496-17 streams within the T-STD and P-STD
models, using the Hypothetical Text Decoder (HTD) defined in ISO/IEC 14496-17.
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When an ISO/IEC 14496-17 text stream is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the
ISO/IEC 14496-17 coded data shall be contained in PES packets, as defined in 2.15.2. Information needed to decode the
ISO/IEC 14496-17 text stream is provided by the MPEG-4 text descriptor, specified in 2.6.70.

Applications that wish to transmit font streams as specified in ISO/IEC 14496-18, can reference the streamed fonts as
specified in Annex A.1 of ISO/IEC 14496-17. To transmit ISO/IEC 14496-18 font streams, applications can use the data
or object carousel as defined in ISO/IEC 13818-6.

2.15.2  Carriage in PES packets

ISO/IEC 14496-17 text streams are carried in PES packets, using one of the assigned 14 stream_id extension values. If
the textFormat field in TextConfig() is coded with the value 0x01, indicating Timed Text as specified in 3GPP TS 26.245,
then the text stream consists of a concatenation of 3GPP Text Access Units in display order, whereby each Text Access
Units consists of one or more so-called TTUs. For carriage in PES packets, alignment between PES packets and TTUs is
required; i.e., the first byte in the payload of a PES packet carrying an ISO/IEC 14496-17 text stream shall be the first
byte of a TTU, which is the first byte of the TTU header specified in 7.4.2 in ISO/TEC 14496-17. There is no{ufther need
for alignnpent; hence, the first TTU in a PES packet may contain for example a non-first fragment of a Text Alccess unit
or a Samgle 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 refef to the first Text Access Unit that commences in the PES packet. A Text Access Unit.commenceq in a PES
packet if § TTU[1] with a complete text sample or the TTU[2] with the first fragment of a téxt sample is predent in the
PES packgt. For identifying whether a TTU[2] carries the first or a subsequent text sample fragment, see 7.3.2.4 and 7.4.5
in ISO/IELC 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 Decoder
defined i} ISO/IEC 14496-17. transport stream packets with ISO/IEE\14496-17 data, as indicated by its PID| enter the
buffer TH,. Bytes are removed from TB, to enter Buffer B, at €he‘fate Rx,. Delivery of bytes from B, to| enter the
TTU Decpder in the HTD is at rate Rbx,. See also Figure 2-17.

,I, O \\“
' i O Decfded
\“ ; - RX_ 5 REQ) | —pl textSampleBuffer I—rl textDecoder text

A
decoder ,l in-band-SD Buffer I—r

out-of-band-SD
Buffer

Hypothetical text decoder as defined in ISO/IEC 14496-17

g S

" H222.0012| F217

Figure 2-17 — T-STD model extensions for ISO/IEC 14496-17 text streams

Buffer m][magement

The size TBSiyof TB, is equal to 512 bytes. For ISO/IEC 14496-17 text streams, the size BS, of B, is equal to 496 bytes.
The rate Rx, is equal to 2 000 000 bits/s. The rate Rbx, meets the delivery schedule defined for ISO/IEC 14496-17 data
at the input of the HTD in clause 7.7 of ISO/IEC 14496-17, i.e., Rbx, = R[profile, level] if the textSampleBuffer is not
full and Rbx, = 0 if the textSampleBuffer is full, where R[profile, level] is defined as the profile and level specific rate R
in clause 7.8 of ISO/IEC 14496-17.

Each of the following requirements shall apply:
—  Buffer TB, shall not overflow.
—  Buffer B, shall not overflow.
—  Each HTD requirement specified in clause 7.7 of ISO/IEC 14496-17 shall be met.
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2.15.3.2 P-STD extensions

The P-STD model for the decoding of an ISO/IEC 14496-17 text stream includes a multiplex buffer B, prior to the
Hypothetical Text Decoder defined in ISO/IEC 14496-17. For each ISO/IEC 14496-17 text stream n, the size BS, of
buffer B, in the P-STD is defined by the P-STD buffer size field in the PES packet header.

Each of the following requirements shall apply:

2.16

Buffer B, shall not overflow.
Each HTD requirement specified in clause 7.7 of ISO/IEC 14496-17 shall be met.

Carriage of auxiliary video streams

ISO/IEC 23002-3 specifies auxiliary video streams. ISO/IEC 23002-3 auxiliary video streams can be carried over
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams as follows:

Auxiliary
ISO/IEC ]
of timesta|

In case a

2.17

2.17.1

For HEV]
constraint|

Carriage of HEVC

Constraints for the transport of HEVC

in Table 2-27, 16 stream-id_extension values are assigned to signal auxiliary video streams;
in Table 2-34, one stream-type value is assigned to signal an auxiliary video stream;

in Table 2-45, one descriptor tag is assigned to indicate an auxiliary video stream deseriptor;
in 2.6.74 the auxiliary video stream descriptor is specified;

the auxiliary video stream descriptor is associated with each auxiliary video stream.

video streams provide additional information about a conventional primary-video sequence, as specified in
P3002-3. The auxiliary video stream shall be synchronized with its primaryvideo counterpart through the use
mps in the associated PES header based on the same PCR clock.

brogram contains multiple video streams, it will be up to the applicatioh to specify the association bgtween the
video compponent and auxiliary video streams.

C video streams, HEVC temporal video subbitstreams or HEVC temporal video subsets, the [following
5 additionally apply:

Each HEVC access unit shall contairan access unit delimiter NAL unit.

NOTE 1 - HEVC requires that an access unit delimiter NAL unit, if present, is the first NAL unit withifi an HEVC
access unit. Access unit delimiter NAL units simplify the ability to detect the boundary between HHVC access
units.

An HEVC video streami or HEVC temporal video sub-bitstream of an HEVC video stream conflorming to
one or more profiles defined in Annex A of Rec. ITU-T H.265 | ISO/IEC 23008-2 shall be an g¢lement of
aRec. ITU-T H.222:0 | ISO/IEC 13818-1 program and the stream_type for this elementary streain shall be
equal to 0x24.

NOTE 2 —Such a stream can be the HEVC base sub-partition of an HEVC video stream conforminf to one or
more. profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2.

The(video parameter sets, sequence parameter sets and picture parameter sets, as specifiel in Rec.
IFU=T H.265 | ISO/IEC 23008-2, that are necessary for decoding an HEVC video stream pr HEVC
temporal video sub-bitstream shall be present within the elementary stream carrying that HEVC video
stream or HEVC temporal video sub-bitstream.

For each HEVC temporal video subset of an HEVC video stream conforming to one or more profiles
defined in Annex A of Rec. ITU-T H.265 | ISO/IEC 23008-2 that is an element of the same Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 program, the stream_type for this elementary stream shall be equal to 0x25.

NOTE 3 — Such a stream can be an HEVC sub-partition of an HEVC video stream conforming to one or more
profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2.

An HEVC enhancement sub-partition of an HEVC video stream conforming to one or more profiles
defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2 shall be an element of an
Rec. ITU-T H.222.0 | ISO/IEC 13818 1 program. The stream_type for this elementary stream shall be set
according to Table 2-34.

The video parameter sets, sequence parameter sets, and picture parameter sets, as specified in Rec. ITU-T
H.265 | ISO/IEC 23008-2, necessary for decoding an HEVC video stream, HEVC temporal video
sub-bitstream, or HEVC base sub-partition shall be present within the elementary stream carrying that
HEVC video stream, HEVC temporal video sub-bitstream, or HEVC base sub-partition.
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*  When a Rec. ITU-T H.222.0 | ISO/IEC 13818 1 program includes one or more elementary streams with
stream_type equal to 0x28, 0x29, 0x2A or 0x2B, at least one HEVC operation point descriptor shall be
present in the program map table associated with the program.

*  Whena 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.

*  Inecach elementary stream with stream_type equal to 0x24 with a hierarchy descriptor, the hierarchy type
in the hierarchy descriptor shall be equal to 15.

*  Ineach elementary stream with stream_type equal to 0x25 with a hierarchy descriptor, the hiexkarchy type
in the hierarchy descriptor shall be equal to 3.

* The video parameter sets, sequence parameter sets and picture parameter sets, as.'specifiefl in Rec.
ITU-T H.265 | ISO/IEC 23008-2, that are necessary for decoding the HEVC highest temporal|sub-layer
representation of an HEVC temporal video subset shall be present within the elementary stream carrying
the HEVC temporal video sub-bitstream associated by a hierarchy descriptor.

*  The aggregation of the HEVC temporal video sub-bitstream with associated HEVC temporal vidfo subsets
according to the hierarchy descriptors, as specified in 2.17.3, shall result.in a valid HEVC vided stream.

NOTE 5 — The resulting HEVC video stream contains a set of tempotal,stub-layers, as specified in Rec. ITU-T
H.265 | ISO/IEC 23008-2, with Temporalld values forming a contigious range of integer numbers.

* The aggregation, as specified in 2.17.4, of an HEVC enhancement sub-partition with dll HEVC
sub-partitions according to the HEVC operation signalled dn‘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 enhanc¢ment sub-
partition.

*  Each HEVC picture with nuh_layer id larger than 0 shall be contained within an elementary stfeam with
a stream_type equal to either 0x28, 0x29, .0x2A or 0x2B.

*  An elementary stream ES,. with stream, type equal to either 0x29 or 0x2B shall satisfy the follopving:

— The elementary stream ES.€ontains an HEVC temporal video subset which is a| temporal
enhancement for exactly one reference elementary stream ESr, i.e., the layer L; presgnt in the
reference elementary streamt ES..r shall also be present in the elementary stream ES.
NOTE 7 — The reference slementary stream ESier is either an HEVC temporal video sub-bitstrdam with a

stream_type equal to either 0x28 or 0x2A or another HEVC temporal video subset with stream_type equal to
either 0x29 or 0x2B, Tespectively, for which the same applies.

Carriage|in PES packets

Rec. ITUIT H.265 | ISOAEE23008-2 video is carried in PES packets as PES packet data bytes, using one|of the 16
stream_id| values assigned*to video, while signalling the Rec. ITU-T H.265 | ISO/IEC 23008-2 video stream, byf means of
the assignled streametype value in the PMT (see Table 2-34). The highest level that may occur in an HEVC vidg¢o stream,
as well as|a profilerand tier that the entire stream conforms to should be signalled using the HEVC video descriptor. If an
HEVC vifleo, descriptor is associated with an HEVC video stream, an HEVC temporal video sub-bitstream, an HEVC
temporal yidéo’subset or an HEVC enhancement sub-partition, then this descriptor shall be conveyed in the descriptor
loop for the Tespective elementary streain eniry in the program map table. 1his 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
and its associated HEVC temporal video subsets in the STD, the size of DPB is as defined in Rec. ITU-T H.265 |
ISO/TIEC 23008-2. The DPB shall be managed as specified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2 (clauses
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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
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
the PTS value of HEVC access unit n.

DTS(n) is

PTS(n) is

NOTE 8 — HEVC video sequences in which the low delay hrd flag in the syntax structure hrd_parameters() is set to 1 carry
sufficient information to determine the DPB output time and the CPB removal time of each HEVC access unit. Hence for HEVC
access units for which STD underflow may occur, the CPB removal time and the DPB output time are defined by HRD parameters,

and not by DTS and PTS timestamps.

NOTE[9—=Am HEVT Video stream may caity information 10 determine compliance ot e HEVC video stream to_tije HRD, as
specifigd in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2. The presence of this information can be signalled-in fa transport
streamfusing the HEVC timing and HRD descriptor with the hrd_management valid flag set to '1'. Irrespective(of the presence of
this information, compliance of an HEVC video stream to the T-STD ensures that HRD buffer management,reguirements for the
CPB afe met when each byte in the HEVC video stream is delivered to and removed from the CPB in the HRD at exact]y the same
instant|in time at which the byte is delivered to and removed from EBn in the T-STD.
2.17.2  [T-STD Extensions for single layer HEVC
When thefe is an HEVC video stream or HEVC temporal video sub-bitstream in an ITU-T H.222.0 | ISO/IEC 13818-1
program gnd there is no HEVC temporal video subset associated with this elementafy stream of stream_type Ox24 in the
same ITU-T H.222.0 | ISO/IEC 13818-1 program, the T-STD model as describedyn2.4.2.1 is extended as illyistrated in
Figure 2-]8 and as specified below.
R Rb i), d,(
l// - = TBn Xn = MBH Xn S &Bn AU(J) n(.]) » D DPE _»
()¢ /VD e
: TS o——>
\ Demux ¢ Other ESs
\\\ O—//—P
e .7 H.222.0(12)-Amd.3({14)_F2-18
Figure 2-18 — T-STD miedel extensions for single layer HEVC
TBn, MB}, EBn buffer management
The folloying additional notations are used’to describe the T-STD extensions and are illustrated in Figure 2-1§.
t(1) indicates the time in seconds at which the i-th byte of the transport stream enters the system target ddcoder
TBn is the transport buffer-for elementary stream n
TBS is the size of the transport buffer TB,, measured in bytes
MB, is the multiplexing buffer for elementary stream n
MBS, [is the size.of the multiplexing buffer MB,, measured in bytes
EBn is the €lementary stream buffer for the HEVC video stream
J is an index to the HEVC access unit of the HEVC video stream
An(j) is the j-th access unit of the HEVC video bitstream
tda (j)  is the decoding time of A(j), measured in seconds, in the system target decoder
Rxn 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.

*  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:
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MBS, = BSiux + BSon + CpbNalFactor x MaxCPBJtier, level] — cpb_size

where BSp, packet overhead buffering, is defined as:

BSon= (1/750) seconds x max { BrNalFactor x MaxBR{[tier, level], 2 000 000 bit/s}

and BSmux, additional multiplex buffering, is defined as:

BSmux= 0.004 seconds x max{ BrNalFactor x MaxBR{[tier, level], 2 000 000 bit/s}

MaxCPBltier, 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 video sub

-bitstream

where rates are expressed in bit/s. cpb_size is taken from the HRD parameters, as specified in Annex E of
Rec. ITU-T H.265 | ISO/IEC 23008-2, included in the HEVC video stream or HEVC temporal video sub-

bitstream, where the size is expressed in bits. Implicit conversion is carried out according to
24.24.

Note 2 in

There 1S exaclty onc clementary Stream putfer EBy 10T all 11e clementary Streams 1 e Set 0
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-
ISO/IEC 23008-2, included in the HEVC video stream or the HEVC temporal videe’sub-bitstre
the size is expressed in bits. Implicit conversion is carried out according to Nete2 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. Otherwise:
Rx, = bit_rate

where bit_rate is BrNalFactor/BrVIcFactor x BitRate[ SchedSelldx ] of data flow into the CPB ft
stream format and BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T]
ISO/IEC 23008-2 when NAL hrd parameters() is presént in the VUI parameters of the HE
stream.

NOTE — Annex E also specifies default values for BitRate[ SchedSelldx] based on profile, tier and level
HRD parameters are not present in the VUI.

Transfer from MB, to EB, is applied as follows:

If the HEVC timing and HRD descriptor is present with the hrd management valid flag se)
the elementary stream, then the transfer of data from MB, to EB, shall follow the HRD defing
for data arrival in the CPB of the' elementary stream as defined in Annex C of Rec. ITU-
ISO/IEC 23008-2.

Otherwise, the leak metheod 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 tl
level of the HEVC video stream or HEVC temporal video sub-bitstream.

If there is RES packet payload data in MB,, and buffer EB, is not full, the PES packet payload is t|
from MBjto EB, at a rate equal to Rbx,. If EB,, is full, data are not removed from MB,. Wher
data(is\transferred from MB, to EB,, all PES packet header bytes that are in MB,, and precede th:
instantaneously removed and discarded. When there is no PES packet payload data present if
data is removed from MB,. All data that enters MB,, leaves it. All PES packet payload data bytes

received

[ H.265 |
hm, where

r the byte
H.265 |
VC video

Wwhen NAL

t to '1' for
d scheme
[ H.265 |

he tier and

ransferred
a byte of
ht byte are
MB,, no
enter EB,

instantaneously upon leaving MB,.

STD delay

The STD delay of any ITU-T H.265 | ISO/IEC 23008-2 data other than HEVC still picture data through the system target
decoders buffers TB,, MB,, and EB, shall be constrained by tda(j) — t(i) < 10 seconds for all j, and all bytes i in access

unit Aq(j).

The delay of any HEVC still picture data through the system target decoders TB,, MB,, and EB, shall be constrained by
tda(j) — t(i) < 60 seconds for all j, and all bytes i in access unit Ax(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.
Each MB,, EB, and DPB shall not overflow.
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*  EB, shall not underflow, except when VUI parameters are present for the HEVC video sequence with the

low _delay hrd flag set to 'l'. Underflow of EB, occurs for HEVC access unit An(j) when on
bytes of Ax(j) are not present in EB, at the decoding time tda(j).

T-STD extensions for layered transport of HEVC temporal video subsets

€ Or more

When there is an HEVC video sub-bitstream and at least one associated elementary stream of type 0x25 in an
ITU-T H.222.0 | ISO/IEC 13818-1 program, the T-STD model as described in 2.4.2.1 is extended as illustrated in
Figure 2-19 and as specified below.

Packets of

HEVC temporal video subsets

PID,,

n, H

The folloy
t(i)
H

ESn,k

ESun

PIDy

Aa(j)

R Rb i
TB, 1 }—>|X"f” MB, , }—ﬁEs&H > EB,

___________________________________

A, (j) with td (j)

> Other PIDs
H.222.0(12)-Amd.3

Figure 2-19 — T-STD model extensions for layered transport of HEVC temporal video subsets

indicates the time in seconds at which the i-th byte of thé transport stream enters the system target de

is the number of received HEVC temporal video subsets, associated by hierarchy descriptors with)
HEVC temporal video sub-bitstream.

is an index identifying the H+1 received elementary streams which contain exactly one HEVC temp
sub-bitstream and H HEVC temporal videorsubsets associated by hierarchy descriptors. The index val
to 0 identifies the elementary stream which contains the HEVC temporal video sub-bitstream and ing
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 HEV(
video sub-bitstream if k equals"0.

is the received elementary ‘stream containing the highest HEVC temporal video subset present in
received elementary streams.

is the packet identifier value which identifies ES; .
is an index fothie output access units.

is the j=thhaccess unit of the HEVC complete temporal representation.

tda(j)

ving additional notations are used to describe the T-STD exténsions and are illustrated in Figure 2-19.

]_,

14) F2-19

coder.

the same

bral video
te k equal
ex values

temporal

the set of

is the decoding time of An(j) in the system target decoder.

TBux
TBSnx
MB,.
MBSk
EB,

EBS,
1{Xn,k
RbXn,k

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

is the transfer rate from the k-th transport buffer TB, to the k-th multiplex buffer MB,x as specified

below.

is the transfer rate from the k-th multiplex buffer MB,x to the elementary stream buffer EB,, as specified below.
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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.

TBnx, MBnx, EBn buffer management

The following apply:

*  There is one transport buffer TB,x 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 k is constrained as follows:

MBS,k = BSimux + BSon + CpbNalFactor x MaxCPB]tier, level] — cpb_size

where

BSon, packet overhead buffering, and BSmux, additional multiplex buffering, are as specified in3.17.2;

MaxCPBtier, level] and MaxBR{tier, level] are taken from the tier and level specification of HEVC for
the tier and level of the HEVC highest temporal sub-layer representation associated with|ES; x;

cpb_size is taken from the HRD parameters, as specified in Annex E of4Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation-associated yith ES, .
In the HRD parameters, cpb_size is expressed in bits, and its value is implicitly converted info a value
expressed in bytes according to Note 2 in 2.4.2.4.

*  There is exactly one elementary stream buffer EB, for the H + 1 elemgntaty streams in the set of received
elementary streams ES; o to ES,n, with a total size EBS,
EBS, = cpb_size

where cpb_size is taken from the HRD parameters, as specified in Annex E of Rec. ITU-[[ H.265 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation associated with ES, u.
In the HRD parameters, cpb_size is expressed in bit§, and its value is implicitly converted info a value
expressed in bytes according to Note 2 in 2.4.2.4.

*  Transfer from TB,x to MB,x is applied as follows:
When there is no data in TB,x then Rx, x is-équal to zero. Otherwise:
Rx,x = bit_rate
where bit_rate is as specified in 2.17.2
*  Transfer from MB;x to EB, is,applied as follows:

If the HEVC timing_and HRD_ descriptor is present with the hrd management valid flag sef to 'l' for
the HEVC video sub-bitstreéam, then the transfer of data from MB,,x to EB,, shall follow the HRID defined
scheme for data arrival'in'the CPB of elementary stream ES, i as defined in Annex C of Rec. ITU-T H.265
| ISO/TEC 23008:2"

Otherwise, theleak method shall be used to transfer data from MB,,x to EB, as follows:
Rbxnx = BrNalFactor x MaxBR{[tier, level]

whereMaxBR{[tier, level] is defined for the byte stream format in Annex A of Rec. ITU-[T H.265 |
ISOAEC 23008-2 for the tier and level of the HEVC video stream or the HEVC highest temporal sub-layer
representation associated with ESy k.

If there is PES packet payload data in MB,x, and EB,, is not full, the PES packet payload is transferred
from MBrto EBrataTatc Tquat to Rbxa . 1 EBr s futtdatearc ot temovedfrom MBr—When a byte
of data is transferred from MB,x to EB,, all PES packet header bytes that are in MB,x 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 MBj . 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 Duy, irrespective of which elementary stream
ES.x each HEVC access unit belongs to.

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 TByx, MByx, and EB, shall be constrained by td,(j) — t(i) < 10 seconds for all k, all j, and all bytes i in
access unit Aq(j).
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The delay of any HEVC still picture data through the system target decoders TBnx, MByx, and EB, shall be constrained
by tdn(j) — t(i) < 60 seconds for all k, all j, and all bytes i in access unit An(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 MBix, EBy, and DPB shall not overflow.
. EB, shall not underflow, except when VUI parameters are present for the HEVC video sequence with the

low delay hrd_flag set to '1'. Underflow of EB, occurs for HEVC access unit An(j) when one or more bytes of A,(j) are
not present in EB, at the decoding time tda(j).

2.174  T-STD extensions for layered transport of HEVC sub-partitions with bitstream-partition-specific CPB
operation
When thefe is at least one elementary stream with stream_type value in the range of 0x28 to 0x2B in a Rec. ITU-[ H.222.0

| ISO/IEQ 13818-1 program, the T-STD model as described in 2.4.2.1 is extended for elementary streamps with a
stream_type value in the range of 0x28 to 0x2B as illustrated in Figure 2-20 and as specified below.

________________________________________________

Stream i MV HEVC or SHVC non-base layer
type

i HEVC temporal video subset(s) EB
1

0x29 ort n+m

OXZB: TB, ... Rxmm_llm MB,. . bemnl_llm
. i Esn‘rnm Hm

Packgts of
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n+H

HEVC temporal video sub-bitstream

TBJ\AnLD ’—>| MBnAm‘G }—’
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tr11+m(.j) == tdn+m—l(j)

N
HEVC temporal video subset(s) \\

TBrLIIﬂ mt MBn.HO S LEL
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xO

Access unit
re-assembling

-

DPB

(i) Defnux

O----- (Pther PIDs
H.222.0(14)-Anpd.2(15)_F2-20

Figure,2-20 — T-STD model extensions for bitstream-partition-specific CPB operation

NOTE}- The-tower dashed box containing blocks that handle the HEVC base layer represents the T-STD buffer model gs 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 el¢gment with
stream| typ& equal to 0x25.

The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-20 above.
t(i) 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.

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.
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ESix Is the received elementary stream which contains the k-th HEVC corresponding temporal enhancement sub-
partition of the 1-th received HEVC sub-partition of stream_type 0x28 or 0x2A, or the 1-th HEVC sub-
partition of stream_type 0x28 or 0x2A if k equals 0.

ESuimum s the received elementary stream which contains the HEVC sub-partition of the highest HEVC operation
point in the set of received elementary streams.

PID +mum Is the packet identifier value which identifies ESy+m tm.

] Is an index to the output HEVC access units.

Ci(j) Is the j-th HEVC layer component of the 1-th received HEVC sub-partition of stream_type 0x28 or 0x2A or
HEVC corresponding temporal enhancement sub-partition.

An() Is the j-th HEVC access unit of the HEVC complete temporal representation.

tda(j) 1s-the-decoding-time-ofAnf-n-the-systermn-target-decoder

tri(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 ESj .

TBSix Is the size of the transport buffer TBix, measured in bytes.

MBi x Is the multiplexing buffer for elementary stream ES.

MBSix| Is the size of the multiplexing buffer MB)x, measured in bytes.

EB; Is the elementary stream buffer for the received HEVC temporal video sub-bitstream ES;and th¢ received
HEVC temporal video subsets ESi; to ESin.

NOTE|l — Each buffer EB; contains one partition as specified in Annex F of Ree*ITU-T H.265 | ISO/IEC 23008-2.
EBS, Is the size of elementary stream buffer EB;, measured in bytes.
Rxx Is the transfer rate from the k-th transport buffer TBy to the k-th multiplex buffer MBx as speciffed below.

Rbxix Is the transfer rate from the k-th multiplex buffer MBi to the elementary stream buffer EB) ag specified
below.

NOTE|2 — The index n, where used, indicates that the recéived elementary streams and associated buffers belong to a certain HEVC
base syb-partition, distinguishing these elementary streams and associated buffers from other elementary streams and buffers,
maintajning consistency with the notation in Figure2:1 and other T-STD extensions.

TBix, MBix, EBI buffer management
The folloywing applies:

*  There is one transport buffer TBiy for each received elementary stream ES;x, where the size TBS; is fixed
to 512 bytes.

*  There is one(miultiplex buffer MB for each received elementary stream ESx, where the size MBS,k of
the multiplex-buffer MBj is constrained as follows:

MBS.,e&=BSmux + BSon + CpbNalFactor x MaxCPBltier, level] — cpb_size

Vhere

==

Sqf, packet overhead buffering, and BSnux, additional multiplex buffering, are as specified in 2.17.2;

CPRR Lt 1 11 d N4 PRI+ 1 11 4ol £ tlha ti Jd1 1 £ 4 fila LI 7C f th
MeaxcPBHrerdeveHandMaxBR{terteve-are-takentromthe-trerandtevel-speetfreatton-of-the HE or the

tier and level of ES;x the HEVC operation point associated with ESy;

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 ESx. 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.

*  There is one elementary stream buffer EB; for the HI + 1 elementary streams in the set of received
elementary streams ES; to ESly mi, 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.
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Transfer from TBix to MBi is applied as follows:

When there is no data in TBix then Rx;x is equal to zero.
Otherwise, Rx = bit_rate

bit rate is taken from the NAL HRD parameters within the applicable hrd parameters( ), as specified in Annex F
of Rec. ITU-T H.265 | ISO/IEC 23008-2, for the HEVC operation point associated with ESjy, if sub-layer HRD
parameters are present in the VPS and nal_hrd parameters present flag is set to '1".

Otherwise:

bit rate = BrNalFactor / BrVclFactor x BitRateycr, if 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; are present in the VPS and vcl hrd parameters present flag is set to '1'; BitRate 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 ESix the HEVC operation point associated with ESy .

In both cases, the index of the applicable hrd parameters( ) syntax structure in the active VRS, of t

he HEVC

ideo stream is given by: bsp hrd idx[ target ols ][ 0 ][ max_temporal id ][ target schedule idx

ignalled in the HEVC operation point descriptor for the HEVC operation point agsociated with

y
S
S
target schedule idx is signalled in the HEVC timing and HRD descriptor.

Transfer from MB)x to EB; is applied as follows:

If the HEVC timing and HRD descriptor is present with the htd management valid fla

Rec. ITU-T H.265 | ISO/IEC 23008-2.
Otherwise, the leak method shall be used to transfer data from MBx to EB; as follows:
Rbx, x = BrNalFactor x MaxBR{[tier, level]

where MaxBR{tier, level] is as defined for the.byte stream format in the tier and level speci
Rec. ITU T H.265 | ISO/IEC 23008-2 (Table A.2) for the tier and level for ES; signalled in
operation point descriptor for ES .

t

1]
\
1

emoved and discarded. When there isyno PES packet payload data present in MB), no data is rem

caving MBi .

pecified in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, where target ols and max tempo

for the HEVC video sub-bitstream, then the transfer of data from MB,x to EB; shall follow
defined scheme for data arrival in the CPB of elementary stream ES;y as defined in Afnex C of

Iff there is PES packet payload data in MB,x, and"EB; is not full, the PES packet payload is transferred f]
b EB; at a rate equal to Rbxx. If EB; is full;;data are not removed from MBix. When a byte of data is t
from MB,x to EBy, all PES packet header bytes that are in MB;x and precede that byte are instar

VIB . All data that enters MB)xleaves it. All PES packet payload data bytes enter EB; instantaneo

[I+1] as
ral id are
ESik, and

b set to 'l
the HRD

[ication of
he HEVC

rom MB
ransferred
taneously
ved from
usly upon

Aggregation of elementary streams

The HEV[C layer list for an HEVC operation point is the OperationPointESList[] associated with the HEVC|operation
point.

When thgre is no hieratehy descriptor or HEVC hierarchy extension descriptor present in the program ap table
associated with an Re¢. ITU-T H.222.0 | ISO/IEC 13818-1 program, a value for the hierarchy layer index is [implicitly
assigned [for eachhelementary stream with stream_type 0x24, 0x25, 0x28, 0x29, 0x2A and 0x2B as degcribed in
Table 2-1B9.

Table 2-139 — 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

SlIo|o|ICo|loc|o|O

0x24, 0x2A, 0x2B
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0x24, 0x25, 0x2A
0x24, 0x25, 0x2A, 0x2B

1
1

3

The HEVC operation point is aggregated from the HEVC layer components at the output of the elementary stream buffers
EBi by determining the value of TREF, if available in the PES header, or else TREF is set to DTS, for the next HEVC
layer component at the output of EBy+m, 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 correct re-assembling of the HEVC layer components to an HEVC access unit, if there is an HEVC dependency
representation in the same HEVC access unit in more than one elementary stream, the following applies:

Each PES packet shall contain exactly one HEVC layer component;

The PTS and, if applicable, the DTS value shall be provided in the PES header of each HEVC layer
component;

If the DTS value of the HEVC layer component in an elementary stream is different fromrthe IDTS value

STD delaly

The STD
Target Dg
bytes i in
The delay]
tdi(j) — t(i

Buffer mhnagement conditions

Transport]

2.17.5

2.17.5.1

of the HEVC layer component of the same HEVC access unit in an ES listed in the hierarchy de
the HEVC hierarchy extension descriptors of the first elementary stream, the TREF field as
2.4.3.7 shall be present in the PES header extension of the HEVC layer compenient of first ¢
stream and the TREF field value shall be equal to the DTS value of the HEV.G layer compon|
second elementary stream.

delay of any Rec. ITU-T H.265 | ISO/IEC 23008-2 data other than HEV @ still picture data through tl
coders buffers TBix, MBi, and EB; shall be constrained by tdi(j) —t(i))< 10 seconds for all 1, all k, al|
HEVC access unit Aq(j).

of any HEVC still picture data through the system target deeoders TBix, MBj, and EB; shall be cons|
<60 seconds for all 1. all k, all j, and all bytes i in HEV.C)aecess unit An(j).

streams shall be constructed so that the followingé€onditions for buffer management are satisfied:

Each TBi shall not overflow and shall;be empty at least once every second;
Each MB,x, EB;, and DPB shall not'¢verflow;

EB; shall not underflow, exceptwhen VUI parameters are present for the HEVC video sequenc
low delay hrd flag set to ‘l..Underflow of EB; occurs for HEVC access unit An(j) when on|
bytes of Ay(j) are not present in EB; at the decoding time tda(j).

T-STD Extensions for the.carriage of HEVC tiles

Carriage of HEVC motion-constrained tile sets

criptor or
lefined in
ementary
ent of the

e System

| j, and all

trained by

e with the
e or more

There are|alternative options to carry the HEVC tile substreams:
[

I1.

Each-HEVC tile substream is carried in a separate ES.

Mete than one HEVC tile substreams is carried in a common ES. Within this ES, HEVC tile
af) descriptors are used to indicate different HEVC tile substreams.

substream

...... sender-generates-one-shicepertile-and-all-slice-headers-are-stripped-off-beforepacketizing the
slice data of each slice into a PES packet, building a separate ES per HEVC tile substream. In addition, it generates a
separate ES per subregion layout that provides suitable slice headers and parameters sets that, when combined with the
slice data, result in a compliant HEVC bitstream. All ESs with stream type equal to 0x31 that belong to the same program
shall be referenced in the HEVC subregion descriptor that is associated to that program. If using stream type equal to
0x31, all ESs referring to the picture shall be of type equal to 0x31.

The second approach eases the allocation of receiver buffers while it allows to remove HEVC tile substreams that are not
part of the desired subregion from the output of the demultiplexer before they reach the CPB of the decoder. The usage
of HEVC tile substream af descriptors is indicated in the HEVC subregion descriptor. HEVC tile substream
af descriptors assign a unique substream ID to each TS packet. Adaptation field padding shall be used in order to align
the end of an HEVC tile substream for an access unit with the end of a TS packet.
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2.17.5.2 Carriage of HEVC motion-constrained tile sets as separate elementary streams

When HEVC motion-constrained tile sets are carried as separate elementary streams using the stream_type value 0x31,
the data in each SBi, where i ranges from n to (n+m) in Figure 2-21, belongs to a certain HEVC tile substream and data
of multiple substream buffers can be gathered to form the encoded representation of a subregion. Which set of ESs needs
to be aggregated in which order is signalled by the information conveyed in descriptors specified below, which are found
in the PMT for that program. The buffer model shown in 2-21 is applicable when SubstreamMarkingFlag is set to '1".

Elementary streams associated by
subregion_descriptor

CosBori 0 | HEVC decoder
Packets of ES : L ] .
x/f/-—-f - ’I TB, ., } >|MB..+m :’{ SB,im |“. %»( A) tdG) D, , Interactive
i ! / ' 0 [ region
S L 3
/ _— "‘}f n+i ’_"l i i nti I’ P! ://«_J :
4/ ; i AN S
Transport o i i Ph
Demux - i i U/
4 - [ T8,., [ +{ MB,., |- sB,., |/ {/ Top-left
t(i) | i ,'/ b egion
Q. | i Ll
o 7_"‘F TBn > MBn : > SBn _i"lr"- -
i »I i I‘ 0L o Backward compalible path
““__ Other ESs
.- H.242.0(18)_F2-21
Figure 2-21 — T-STD model extensions for transport of HEV'C tiles through individual ESs
For each gubregion indexed by the value of i in the HEVC subregien descriptor, the parameter sets corresponding to the

subregion|
signalled
Preamble

NOTE
equal t

Process t
The HEV

First, the
the subreg

Next, it s

SubstreanplD.

Next, it cf
With that

shall be present in the HEVC tile substream with«the SubstreamID equal to to PreambleSubst]
n the HEVC subregion descriptor. In an HEVC tile'substream with an HEVC tile substream descrip
Flag resp. Flag[0] value equal to '0', the parametetsets corresponding to the subregion shall also be p

— If any HEVC tile substream descriptor of an ES\that belongs to a certain program contains a PreambleFlag rg
b '0', only one subregion size can be signalled ifvthe HEVC subregion descriptor for that program.

h access a subregion:
C subregion descriptor and all HEVC tile substream descriptors shall be read.

eceiver chooses a suitable subregion size from the HEVC subregion descriptor based on the level ing
ion dimension. This selection implicitly results in a value i.

plects the ES that.contains the upper left HEVC tile substream of the region to be displayed bas

lecks if the applicable HEVC tile substream descriptor provides a PatternReference value.
PatternReference, it selects the applicable SubstreamOffset values:

SubstreamOffset[k] [PatternReference/ [i] with 0 < k < SubstreamCountMinus1[i]

reamIDJ[i]
tor with a
resent.

sp. Flag[0]

ication or

ed on the

If there is no explicit PatternReference value, which means that either descriptor_length equals 1 or ReferenceFlag equals
0, the index j defaults to a value of 0.

For each PES packet of the ESx with an HEVC tile substream descriptor indicating a SubstreamID equal to SubstreamIDx,
the following operations are executed, if the stated condition is met:

If PreambleFlag resp. Flag[0] signalled in the HEVC tile substream descriptor equals 'l": prepend the PES

packets with the same DTS of the ES with an HEVC tile substream descriptor indicating a SubstreamID equal
to PreambleSubstreamID[i] signalled in the HEVC subregion descriptor

If SubstreamCountMinus1[i] > 0: append the PES packets with the same DTS of ESs with an HEVC tile

substream descriptor indicating a SubstreamID equal to AdditionalSubstreamID[i] given in the HEVC tile
substream descriptor of ESx resp. (SubstreamIDx + SubstreamOffset[k][j]), where the SubstreamOffset array is
found in the subregion descriptor, with j given by the value of PatternReference in the HEVC tile substream
descriptor of ESx and k ranging from 0 to SubstreamCountMinus1[i] prior to decoding. The order of the PES
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packets in the assembled bitstream is given by values of SubstreamID ordered with increasing values of the
index k.

TBn, MBn, EBn buffer management

The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-21.

H is the number of received HEVC tile substreams of the subregion.

ES, is the received elementary stream of the n-th HEVC tile substream of the subregion.

TB, is the transport buffer for the n-th elementary stream of the subregion.

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

MB, is the multiplex buffer for the n-th elementary stream.

MBS, [isthe size of the multiplex buffer MB, measured in byfes.

SB, [is the substream buffer for the n-th elementary stream.

SBS, [is the size of the n-th substream buffer SB, measured in bytes.
SB is the substream buffer for all the received H elementary streams.
SBS |is the size of elementary stream buffer EBH, measured in bytes.

The folloywing applies:
° T

wheite BSqn, packet overhead buffering, is defined as:

and ]

Max!
the t
Prea
as s
subs

here is exactly one transport buffer TB, for each received elementary. str€éam of the subregion as
igure 2-21, where the size TBS, is fixed to 512 bytes.

'here is exactly one multiplex buffer MB, for each received elementary stream of the subregion as
igure 2-21, where the size of the multiplex buffer MBS, is constrdined as follows:

MBS;, = BSmux + BSon + CpbNalFactor x MaxCPBtier, level] — cpb_size (measured in bytes)

BSon = (1/750) seconds x max{ BrNalFactor x MaxBR{tier, level], 2 000 000 bit/s}

BSmux, additional multiplex buffering, is defined as:

BSmux = 0.004 seconds x max{ BrNalFactor x MaxBR{tier, level], 2 000 000 bit/s}

CPBtier, level] and MaxBR[tier,,1ével] are taken from Annex A of Rec. ITU-T H.265 | ISO/IEC 23
er and level as indicated by the parameter sets set carried in the substream with the SubstreamID 4
mbleSubstreamID[i] signalled in the HEVC subregion descriptor. cpb_size is taken from the HRD p
ecified in Annex E of'\Rec. ITU-T H.265 | ISO/IEC 23008-2, present in the parameter sets carr
ream with the SubstreamID equal to to PreambleSubstreamIDJi] signalled in the HEVC subregion d

[here is exactlyione subregion buffer SB for all the elementary streams in the set of received elementa
f the subregion as shown in Figure 2-21, of which the size SBS has the following value:

SBS,~=¢pb_sizen

whelle

shown in

shown in

008-2 for
qual to to
hrameters,
ed in the
pscriptor.

y streams

T H.265 |

ISO/ IEC 23008 2, present in the parameter sets carrled in the substream with the SubstreamID equal to to
PreambleSubstreamID[i] signalled in the HEVC subregion descriptor.

e There is exactly one substream buffer SBy for each elementary stream in the set of received elementary streams
of the subregion as shown in Figure 2-21, where each substream buffer SBy in the set of received elementary
streams of the subregion is allocated within SB. Even though the size of the substream buffer SBy is not
constrained, the sum of the sizes of all substream buffers SBy. n+m 1S constrained as follows:

SBS = X (SBSy) with n <k < n+m

NOTE - If PreambleFlag resp. Flag[0] signalled in the HEVC tile substream descriptor equals 'l', the parameter sets present in the
HEVC tile substream with the SubstreamID equal to to PreambleSubstreamID[i] signalled in the HEVC subregion descriptor are
the same as the parameter sets encapsulated in the MCTS-EIS SEI message for the subregion. If PreambleFlag resp. Flag[0]
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signalled in the HEVC tile substream descriptor equals '0', the parameter sets present in that HEVC tile substream are the same as
the parameter sets encapsulated in the MCTS-EIS SEI message for the subregion.

2.17.5.3 Carriage of HEVC motion-constrained tile sets in a common ES using AF descriptors

The following approach allows very simple buffer allocation for the buffer that gathers the ES data for the case that
SubstreamMarkingFlag is set to 0, because it allows that only a single ESn is used for the whole panorama. In this case,
a third buffer is introduced after MB, called "RB" (subregion buffer) if it gathers the data that belongs to a subregion (cf.
Figure 2-22), or “EB” if it gathers an elementary stream that contains the whole panorama (cf. Figure 2-23).

If SubstreamMarkingFlag is set to 0, no TS packet shall contain data of different HEVC tile substreams. The signalling
using HEVC tile substream af descriptors as specified in U.3.15 allows removing unnecessary HEVC tile substreams
before they enter the MB and RB buffers.

g, Evaluate
PID TS packets AF descriptor pgg packets of
" ofES, ™ the subregion Décoded
TS ‘ ~ . i .| MB } ’| RB l 4 "D sub egion
L e Drop other
* L T . - A
- * Other ESs ¥ substreams

H.222.0{18)_F2-22

Figure 2-22 — T-STD model extensions for transport of HEVC tiles in a common ES using AF descriptors

The procdss to access a subregion is similar to the process described in 2.17.52:

First, the [receiver chooses a suitable subregion size from the subregion degeriptor based on the level indicatjon or the
subregion| dimension. This selection implicitly results in a value 1.

Next, it sglects the SubstreamIDx that relates to the upper left HEV.C tile substream of the region to be displayfd.

All adaptjtion fields of TS packets that belong to ESn are readrand HEVC tile substream af descriptors are |evaluated
whenever|they occur. A SubstreamlID that is indicated in ap HEVC tile substream af descriptor applies to thel sequence
of TS packets of the same ESn starting with the TS packet'that contains the HEVC tile substream af descriptor findicating
that SubsfreamID up to the TS packet preceding the TS packet that contains an HEVC tile substream af descriptor
indicating a different SubstreamlID.

NOTE 1 Adaptation field padding is used in the last TS packet that belongs to a certain HEVC tile substream, if otherwise the
data block pelonging to that substream does not extend to the last payload byte of a TS packet.

The receiyer sets up an empty list of SubstreamIDs that belong to the subregion and adds
e the value 0 and

o the SubstreamIDx of thesupper left HEVC tile substream.
NOTE 2 SubstreamID value 0 indicates a substream that belongs to any subregion, regardless of its position.

Next, it checks if the applicable HEVC tile substream af descriptor provides a PatternReference value. If there is no
explicit PatternRefererice value, which means that either descriptor length equals 1 or ReferenceFlag equals 0] the index
j defaults ffo a value'of 0.

With that [PatternReference, it selects the applicable SubstreamOffset values:

Substreamoffset K PatermReference (i with 0 < kK< Substreamcoumvimus i

For each TS packet of the ES, with an HEVC tile substream af descriptor indicating a SubstreamID equal to
SubstreamIDx, the following operations are executed, if the stated condition is met:

e If SubstreamCountMinusl[i] > 0: add SubstreamID equal to AdditionalSubstreamID[i] to the list of
SubstreamIDs that belong to the subregion, with i ranging from 0 to SubstreamCountMinus1[i])

e Else if the SubstreamOffset array is found in the subregion descriptor (for the selected subregion layout indexed
by 1), add (SubstreamIDx + SubstreamOffset[k][j][i]) to the list of SubstreamIDs that belong to the subregion,
with j given by the value of PatternReference in the HEVC tile substream af descriptor with SubstreamIDx and
k ranging from 0 to SubstreamCountMinus1[i].

For each sequence of TS packets of the ESn starting with an HEVC tile substream af descriptor indicating a SubstreamID
that is contained in the list of SubstreamIDs that belong to the subregion, the TS packets are stored in the MB.
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TB, MB, RB buffer management

The following notations are used to describe the T-STD extensions and are illustrated in Figure 2-22.

H is the number of received HEVC tile substreams of the subregion.
ES, is the received elementary stream that contains all HEVC tile substreams.
TB is the transport buffer for the elementary stream that contains all HEVC tile substreams.
TBS s the size of the transport buffer TB, measured in bytes.
MB s the multiplex buffer for the elementary stream. It gathers HEVC tile substreams of the subregion.
MBS is the size of the multiplex buffer MB, measured in bytes.
RB  is the subregion buffer for all the received H elementary streams of the subregion.
RBS [is the size of the subregion buffer, measured in bytes.
The folloying applies:

wheie

BSoif packet overhead buffering, is defined as:

and BSmux, additional multiplex buffering, is defined as:

Max[CPBltier, level] and MaxBR{tier, level]ate taken from Annex A of Rec. ITU-T H.265 | ISO/IEC 23
the tler and level as indicated by the tempetal motion-constrained tile sets SEI message or within the paral

There is exactly one transport buffer TB for each received elementary stream of the subregion as
igure 2-22, where the size TBS is fixed to 512 bytes.

H
There is exactly one multiplex buffer for each received elementary stream of-the subregion as
Higure 2-22, where the size of the multiplex buffer MBS is constrained as follows:

MBS = BSmux + BSon + CpbNalFactor x MaxCPBltier, level] — cpb_size (fheasured in bytes)

BSon = (1/750) seconds x max{ BrNalFactor x MaxBR[tierjdevel], 2 000 000 bit/s}

BSmux = 0.004 seconds x max{ BrNalFactor xMaxBR{[tier, level], 2 000 000 bit/s}

shown in

shown in

008-2 for
meter sets

in the motion-constrained tile sets extraction information set SEI message, as specified in D.2.30 al;d D.2.43

respgctively of Rec. ITU-T H.265 [ ISO/IEC 23008-2, for the temporal motion-constrained tile set confor
tiles within the H substreams of theysubregion. cpb_size is taken from the HRD parameters, as specified i
of R¢c. ITU-T H.265 | ISO/IEC 23008-2, present in the parameter sets, encapsulated in the MCTS-EIS SEI
for the temporal motion-constrained tile set conformed by all tiles within the H HEVC tile substrea
subr¢gion, as defined in.Rec. ITU-T H.265 | ISO/IEC 23008-2.

where.opb sizeH is the cpb_size taken from the HRD parameters, as specified in Annex E of Rec. ITU.
ISOk%ﬁﬁwﬂmmﬂmmﬁc—Mﬁ%ﬂ%mm

There is exactlyene subregion buffer RB for all HEVC tile substreams identified by the list of Sub
that belong tothe subregion, as shown in Figure 2-22, of which the size RBS has the following value;

RBS = ¢pb”sizen

ed by all
| Annex E
message,
ms of the

treamIDs

T H.265 |
temporal

motion-constrained tile set conformed by all tiles within the H HEVC tile substreams of the subregion, as defined in
Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.17.5.4 Carriage of HEVC motion-constrained tile sets in a common ES ignoring AF descriptors

Alternatively, a receiver might decide to ignore the AF descriptors and select the HEVC tile substreams at bitstream level
following the motion-constrained tile sets extraction information sets SEI message. In such a case, the profile and level
required for decoding are the ones signalled for the subregion. The size of the buffers TB, MB, EB are specified below.
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Figure 2-23 — T-STD model extension for transport of HEVC tiles in a common ES ignoring AF descriptors

TB, MB, EB buffer management

The following notations are used to describe the T-STD extensions and are illustrated in Figure 2-23 — T-STD model
extension for transport of HEVC tiles in a common ES ignoring AF descriptors above.

ES, [is the received elementary stream that contains all HEVC tile substreams.
TB is the transport buffer for the elementary stream that contains all HEVC tile substreams.
TBS [is the size of the transport buffer TB, measured in bytes.
MB  |is the multiplex buffer for the elementary stream.
MBS |is the size of the multiplex buffer MB  measured in bytes.
EB is the substream buffer for all the received H elementary streams of the subregion.
EBS [is the size of the substream buffer, measured in bytes.
The following applies:

e  There is exactly one transport buffer TB for the received elemientary stream as shown in Figure 2-23, [where the
dize TBS is fixed to 512 bytes.

e  There is exactly one multiplex buffer MB for the received elementary stream as shown in Figure 2-23,|where the
dize of the multiplex buffer MBS is constrained as follews:

MBS = BSmux + BSon + CpbNalFactor x MaxCPBTtier, level] — cpb_size (measured in bytes)
wheitle BSqn, packet overhead buffering, is defified as:

BSon = (1/750) seconds x max{ BrNalFactor x MaxBR{[tier, level], 2 000 000 bit/s}

and BSmux, additional multiplex buffering, is defined as:

BSmux = 0.004 seconds X\max { BrNalFactor x MaxBR[tier, level], 2 000 000 bit/s}

>

Max{CPBltier, level] and’MaxBR{[tier, level] are taken from Annex A of Rec. ITU-T H.265 | ISO/IEC 23008-2 for
the tfer and level ofithe HEVC video stream or HEVC temporal video sub-bitstream. cpb_size is taken fronp the HRD
parameters, as,specified in Annex E of Rec. ITU-T H.265 | ISO/IEC 23008-2, included in the HEVC video stream
or HEVC tempeoral video sub-bitstream.

heress exactly one elementary stream b stream, as

SAOW P ol = of W c

EBS =cpb_size

where cpb_size is the cpb_size taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC video stream or the HEVC temporal video sub-bitstream.

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 2-140.
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Table 2-140 — 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
Tmarker —bit 1 bstbf
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
i

2.18.2 [Semantics of green access unit section
table_id 4 This shall be set to 0x09.
section_syntax_indicator — This shall be set to '0'".

Display_in_PTS — This is the 33-bit PTS specified similar to that ‘defined in the PES header and is used with the
associated video access unit.

Green_AlU() — Defined in 2.18.3.

2.18.3 |Green access unit

The formjt of the green access unit is defined in Fable 2-141. Green access units contain dynamic metadafa and are
carried in]MPEG private section format.

Table 2-141 — Green access unit

Syntax No. bits Mnenponic
Green| AU(){
num_quality_levels 4 uimEbf
reserved 4 bslpf

for (k=0; k <ymim_constant_backlight voltage time intervals; k++) {
for(j=0; j < num_max_variations; j++) {

lower_bound 8 uimpbf
if (lower_bound > 0)

upper_bound 8 uimbe
rgb_component_for infinite_psnr 3 uimsbf
for (i=1; i <= num_quality levels; i++){

max_rgb_component 8 uimsbf

scaled_psnr_rgb 8 uimsbf
}

}

As explained in 6.4 of ISO/IEC 23001-11, each combination of constant backlight voltage time interval and
max_variation is associated with contrast-enhancement metadata and a set of quality levels defined in Table 2-139.

The metadata in the Green_AU is applicable to the presentation subsystem until the next Green AU containing metadata
arrives.
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Semantics for all the elements in Table 2-139 is defined in 6.4 of ISO/IEC 23001-11.

2.184 Timing relationship between green access unit and media access unit

The green access unit should be decoded and information should be available before the associated media access unit is
decoded. Such a timing relationship guarantees that the metadata within the green access unit is made available to the
display with sufficient lead time relative to the PTS of the associated media access unit. Note that the PTS of the media
access unit and the PTS of the green access unit are identical. The green access unit is transmitted in the transport stream
with a sufficient lead time so that the display control settings can be adjusted in advance of presentation time for correct
operation. If num_constant backlight voltage time intervals > 1, then the lead time should be equal to or larger than the
largest constant backlight voltage time interval. The PMT shall not contain more than one green metadata component
(stream_type equal to 0x2C).

NOTE — Applications that use carouseling of green access unit data carouseling in a given program can do so as long as the
display_in PTS value is adjusted to conform to the PCR clock and T-STD buffer.

2.18.5 [Buffer model for processing green access units

The buffgr model reflects the processing required to handle green access units. The model can be-used tq establish
constraints which can be used to verify the validity of dynamic green metadata prepared in accordance  with thig standard.

Figure 2-24 illustrates the buffer model for processing green access units.

Green access B
unit Eb buffer | Green access

——»  Tb 512 bytes » X
2048 bytes unit decoder

A 4

H.222.0(18)_F2-24

Figure 2-24 — T-STD model extension for green access units

MPEG-2 [ransport stream packets come into the model at the left,‘and are filtered by PID. Packets whose PIIp matches
the green jaccess unit PID flow into the 512 byte transport buffer: These buffered packets are removed at a rafe of Rx =
300 kbps [(kilobits/second) and stored in the green access unit'Eb buffer (2048 Bytes). Green access unit tablg sections
are removied from the Eb buffer immediately after the fulllaccess unit is available (based on section length) and these are
passed onto the green access unit decoder at a rate Rbx= 300 kbps for decoding and each decoded access unit is g§ssociated
with the yideo at time = display in PTS. The Eb buffer shall not overflow and the green access unit sectiop shall be
available |n the Eb buffer at least 100 ms before display in PTS.

NOTE[- In the worst-case, a green AU would econtain 4488 bits. Under such conditions, the Eb buffer is large enoughl to hold up
to thre¢ green AUs and the rate Rx is high enotigh to allow the removal of green AUs that are associated with video framgs at 60 fps.

2.19 Carriage of ISO/IEC 23008-3 MPEG-H 3D audio data

2.19.1 |Introduction

An ITU-T Rec. H.222.0 [FSO/IEC 13818-1 stream may carry ISO/IEC 23008-3 audio elementary streams. Typically, an
ISO/IEC 23008-3 stréam will be an element of an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program, as defijed by the
PMT in a|Transport Stream and the PSM in a Program Stream.

2.19.2 [Carriage in PES packets

Individua HSOAE 0083—elementary—streams—shal-be-earriedinPESpackets—asPES—paeket—data—bytes' For PES
packetization no specific data alignment constraints apply. For synchronization PTS is encoded in the header of the PES

packet that carries the ISO/IEC 23008-3 elementary stream data; for PTS encoding the same constraints apply as for
ISO/IEC 13818 elementary streams.

Before PES packetization the elementary stream data shall be first encapsulated in the MHAS transport syntax defined in
clause 14 of ISO/IEC 23008-3. If a PTS is present in the PES packet header, it shall refer to the first
mpeghAudioStreamPacket (MHAS packet) of MHASPacketType PACTYP MPEGH3DAFRAME that commences in
the payload of the PES packet. This MHAS packet shall occur after the first MHAS packet of MHASPacketTypes
PACTYP_SYNC and PACTYPE_MPEGH3DACFG that commences in the payload of the PES packet, if any are present.
Note that additional MHAS packets of other packet types may be present between those MHAS packets
(PACTYP_SYNC, PACTYPE MPEGH3DACFG and PACTYP_MPEGH3DAFRAME), e.g., PACTYP_SYNCGAP,
PACTYP_AUDIOSCENEINFO or PACTYP_AUDIOTRUNCATION.
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It is recommended but not mandatory that in this case the first byte of the PES packet data bytes is the first byte of an
mpeghAudioStreamPacket with MHASPacketType set to PACTYP_SYNC. In this case, the data_alignment indicator in
the PES packet header is set to '1'. According to 14.4.4 of ISO/IEC 23008-3, the mpeghAudioStreamPacket yields an
overall syncword of 0xCO01AS.

To provide appropriate specific information, it is strongly recommended that each MPEG-H 3D audio stream carries
audio scene information data with sufficient information to ensure that the decoded and rendered MPEG-H 3D audio
stream can be presented correctly by receivers.

Carriage of ISO/IEC 23008-3 elementary streams in PES packets shall be identified by appropriate stream id and
stream_type values, indicating the use of ISO/IEC 23008-3 3D audio. In addition, an MPEG-H 3dAudio_descriptor()
shall be present in the descriptor loop for the respective elementary stream entry in the Program Map Table in case of a
transport stream.

2.19.3  STD extensions for ISO/IEC 23008-3 elementary streams

The T-ST|D model as defined in 2.4.2.1 includes a transport buffer TB, and a multiplex buffer B, prior to.dgcoding of
each ISOJIEC 23008-3 3D audio elementary stream n. For buffers TB, and B, and the rate Rx, between[B, and B, the
following|constraints apply for the carriage of an ISO/IEC 23008-3 3D audio stream:

The size BS, of the buffer By, is defined as BS,, = BSmux + BSdec + BSon with:
BS, = 3584 bytes for 1-2 encoded audio channel signals

Here, the size of the access unit decoding buffer BSqec, and the PES packet overhead buffer BS,, are constrained
by: BSdec + BSon < 2848 bytes; a portion (736 bytes) of the 3584 byte buffer is allocated for byffering to
allow multiplexing. The rest, 2848 bytes, are shared for access unit\buffering BSgec, BSon and jadditional
multiplexing.

BS, = 8976 bytes for 3-8 encoded audio channel signals

BS, = 12804 bytes for 9-12 encoded audio channel signals
BS, = 51216 bytes for 13-48 encoded audio channel signals
BS, = 136576 bytes for 49-128 encoded audio channel signals
Rate Rx:
Rx, =2 000 000 bit/s for 1-2 encoded audie:channel signals

Rx, =5 529 600 bit/s for 3-8 encoded audio channel signals

Rx, = 8 294 400 bit/s for 9-12 encoded audio channel signals
Rx, =33 177 600 bit/s for 13,48 encoded audio channel signals
Rx, = 88 473 600 bit/s for 49-128 encoded audio channel signals

2.19.4 |STD extensions for,;multiple ISO/IEC 23008-3 elementary streams

ISO/IEC 23008-3 MPEG-H 3D audio allows encoding an audio program as several elementary streams. One sifigle audio
decoder decodes all-elémentary streams to one audio presentation. Each of those elementary streams carries orje or more
encoded qudio channel signals.

For every|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 single
stream before forwarding the data to the decoder. Note that based on user interactivity only a subset of the elementary
streams may be merged into this single stream instead of the complete set of elementary streams.

Figure 2-25 illustrates an example of multiple elementary streams. Those streams are merged into one single intermediate
stream and decoded by a single ISO/IEC 23008-3 3D audio decoder.
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Figure 2-25 — Transport stream system target decoder for multiple audio elementary streams
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2.20.1
Quality Al

n to the notation used and described in 2.4.2.1 to describe Figure 2-1 the following notation
2:

| D is the audio decoder for all x audio elementary streams n to n+x.

MPEG-2 Transport stream random access constraints and signalling

ket containing the PES packet header of a 3D audio random access point (RAP)'shall have an adapta
ad_unit_start_indicator bit shall be set to '1' in the TS packet header and the adaptation field contro
1' (as per section 2.4.3.3). In addition, the random_access_indicator bit in.theradaptation field of the

packet contains a RAP, then the MHAS packet of type PACTYP "MPEGH3DAFRAME containing
e first MHAS packet of that type that commences in the PES packet: The audio data encapsulated in t}
111 follow the rules for a random access point as defined in 5.%0f ISO/IEC 23008-3.
Carriage of Quality Access Units in MPEG-2 séctions

General description

ccess Units carrying dynamic quality metadata associated with one or more video frames, i.e., a giv

metric sa

declared. [These access units are encapsulated in MPEG sections identified by stream_type value of 0x2F.

Each Quality Access Unit contains configuration and timing information, as well as an array of quali
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Quality 4|
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NOTE
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ple can be applicable for multiple videe_frames for a given DTS interval, until a new quality metric

ing one for one to the declared metrics. Each value is padded by preceding zero bytes, as needed, to tl

ccess_unit shall be catried in MPEG sections.

hlity Access Unit shall’be a random access point.

— in order to make.processing easier, each Quality Access Unit should be contained in a single TS packet.

x for the Quality Access Units is provided in Table 2-142. The attribute definitions are aligned wit|
P3001-10.

s used in

tion field.
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T'S packet
in 2.4.3.5.
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Table 2-142 — 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
marker_bit 1 bslbf
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}

Syntax No. bits Mnemonic
media_DTS [29..15] 15 uimsbf
marker_bit 1 bslbf
media_DTS [14..0] 15 uimsbf
marker_bit 1 bslbf
quality_metric_sample N uimsbf

field_size bytes — Size of the quality metric_sample field. As such, N=8*field size bytes

metric_count — The number of metrics for quality values in the Quality Access Unit, as defined in 4.2 of ISO/IEC 23001-

10.

metric_c¢de — The code name of the metrics in the Quality Access unit, as defined in 4.2 of ISO/IEC 23001 -1/0.

sample_cpunt — Number of quality metric samples per metric.

media_DII'S — DTS of the media access unit described by the quality metric sample.

As such, quality metric_sample is an array signalled using the 'i' and 'j' values of the loop.

2.20.2 [Buffer model for processing Quality Access Units

The buffgr model reflects processing required to handle Quality Access Units. \Fhe¢ model can be used tq establish
constraints which can be used to verify the validity of dynamic Quality metadata prepared in accordance| with this

Standard.

Figure 2-26 illustrates the buffer model for processing Quality Access Wnits.

Quality*Aceess

Unit Eb buffer Rbx

——»  Tb 512 bytes

A 4

2048 bytes

.| Quality Access
"|  Unit decoder

Figure 2-26 — Quality~Access Unit decoder processing model
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MPEG-2 [[ransport Stream packets come(nto the model at the left, and are filtered by PID. Packets whose PIIP matches
the Qualify Access Unit PID flow info jthe 512 byte transport buffer. These buffered packets are removed af a rate of
Rx =300 [kbps (kilobits/second) and stored in the Quality Access Unit Eb buffer (2048 Bytes). Quality Access [Unit table
sections afe removed from the Bb-buffer immediately after the full access unit is available (based on section Igngth) and
these are passed onto the Quality Access Unit decoder at a rate Rbx = 300 kbps for decoding and associatiop with the
corresponding video frames™~Eb buffer shall not overflow and the Quality Access Unit section shall be availablg in the Eb
buffer to eet the requifement of DTS earlier than the DTS of the latest media access unit described in the corr¢sponding

Quality Alccess Unit:

2.21 arriage of sample variants

2.21.1  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

sample variants as defined in clause 11 of ISO/IEC 23001-12:2018.

A sample variants metadata stream is associated with an audiovisual content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-
1 stream. There shall be only one audiovisual content stream associated with a sample variants metadata stream. There
may be more than one sample variants metadata stream in a program that are associated with the same audiovisual content
stream. Access to a sample variant is controlled by the protection scheme and media key and variant processing may be
performed as specified in the variant processing model in clause 11.2.2 of ISO/IEC 23001-12:2018.

The decoder configuration data in the metadata descriptor of a sample variants metadata stream, as defined in clause
11.2.3 of ISO/IEC 23001-12:2018, associates the sample variants metadata stream with an audiovisual content stream.

206 Rec. ITU-T H.222.0 (08/2018) © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4a12842312f0aaac5f60e3aaca8b5c06

2.21.2

ISO/IEC 13818-1:2019 (E)

Constraints

Sample variants shall be carried in an MPEG-2 TS metadata stream that complies with the following constraints:

1.

2.21.3

The sample variant metadata shall be carried in a private metadata stream with stream id set to 0xBD
(private_stream id 1).

The sample variant metadata stream shall be carried in a PES stream with stream_type set to 0x15.

A metadata_descriptor (specified in 2.6.60) shall be used to signal the sample variants metadata stream in the
PMT, in the es_loop for the elementary stream.

A four-character string, as defined in clause 11.2.3 of ISO/IEC 23001-12:2018, shall be used as the format
identifier for both metadata format identifier and metadata application format identifier in the
metadata_descriptor to signal the sample variants metadata stream.

Sample Variants decoder configuration data

Decoding|of sample variants requires the availability of decoder configuration data as defined in clause 11.2.4ef ISO/IEC
23001-12}2018. Consequently, when sample variants are carried in a Rec. ITU-T H.222.0 | ISO/IEC 138 18- I'stfeam, then
the metadata descriptor shall provide associated decoder configuration data in the same Rec. ITU-T H.222.0 | ISO/IEC

13818-1 gtream and the coding of the decoder config flags shall be set to '001".

2.22

Carriage of Media Orchestration Access Units

Media Oichestration Access Units shall adhere to the syntaxt and semantics of timied metadata_access_ynit (), as

specified

n clause 8.2.2 of ISO/IEC 23001-13.
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Annex A

CRC decoder model

(This annex forms an integral part of this Recommendation | International Standard.)

CRC decoder model

The 32-bit CRC decoder model is specified in Figure A.1.

The 32-bi
CRC dec
remaining
is connect

This is thd

Bytes are
left most bit (msb) first. For example,(if the input is byte 0x01 the seven '0's enter the CRC decoder first, folloy
one 'l'. B
'1". After
CRC 32
the outpuf

208

Received data and CRC_32 bits

(most significant bit first) "

|—> z(0) APGK'J
z(1)

E: 22) ¥ z(3)

E:z(4)—>---

o231 |
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Figure A.1 — 32-bit CRC decoderymodel

t CRC decoder operates at bit level and consists of 14, adders '+' and 32 delay elements z(i). The in
der is added to the output of z(31), and the result is provided to the input z(0) and to one of the inpu
adder. The other input of each remaining adder is,the output of z(i), while the output of each remair
ed to the input of z(i + 1), withi=0, 1, 3, 4, 6,739, 10, 11, 15, 21, 22, and 25. Refer to Figure A.1.

CRC calculated with the polynomial:
X32+X26+X23+X22+X16+X12+X11 +X10+X8+X7+X5+X4+X2+X+1
received at the input of the CRC_decoder. Each byte is shifted into the CRC decoder one bit at a timg

pfore the CRC processing of the data of a section the output of each delay element z(i) is set to its in
this initialization, each:byte of the section is provided to the input of the CRC decoder, includin
bytes. After shifting'the last bit of the last CRC 32 byte into the decoder, i.e., into z(0) after the add

put of the
ts of each
ling adder

(A-1)

, with the
ved by the
tial value
b the four
ition with

of z(31), the output of all delay elements z(i) is read. In the case where there are no errors, each of the outputs
of z(i) shqll be zero. At;the CRC encoder the CRC 32 field is encoded with a value such that this is ensured.
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Annex B

Digital storage medium command and control (DSM-CC)

(This annex does not form an integral part of this Recommendation | International Standard.)

Introduction

:2019 (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

The DSM

protocol above network/OS layers and below application layers.

-CC shall be transparent in the following sense:
+ _Itis independent of the DSM used;

B.1.1

Many ap
Rec. ITU
Different
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extension

B.1.2

Beyond t
extension
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applicatiol

* itis independent of whether the DSM is located at a local or remote site;
* it is independent of the network protocol with which the DSM-CC is interfaced;

* it is independent of the various operating systems on which the DSM is operated.

Purpose

plications of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 DSM Control Commands require ac
T H.222.0 | ISO/IEC 13818-1 bitstream stored on a variety of digital storage media at a local or r¢
[DSM have their own specific control commands and thus, a user would néedto know different sets
Irol commands in order to access Rec. ITU-T H.222.0 | ISO/IEC 13818=1, bitstreams from different [
ny difficulties to the interface design of a Rec. ITU-T H.222.0 (ASO/IEC 13818-1 or ISO/IE(
n system. To overcome this difficulty, a set of common DSM cofitrol commands, which is independ
SM used, is suggested in this annex. This annex is informative only. ISO/IEC 13818-6 defines
with a broader scope.

Future applications

he immediate applications supported by the current DSM control commands, future applications
5 of DSM command control could include the following:

demand

grams are provided as requested by a.customer through various communication channels. The custo
deo program from a list of programs.available from a video server. Such applications could be used
educational institutions, hospitals;etc.

e video services

bplications, the user provides frequent feedback controlling the manipulation of stored video and aud
hn include video-based games, user-controlled video tours, electronic shopping, etc.

works

pplications may wish to exchange stored audio and video data through some type of computer netw
te AVSinformation through the video network to their terminals. Electronic publishing and m
ns.dre-examples of this kind of application.

ess to a
mote site.
f specific
SM. This

11172-1
ent of the
DSM-CC

based on

mer could
by hotels,

lio. These

rk. Users
ultimedia

B.1.3

enefits

Specifying the DSM control commands independent of the DSM, end-users can perform Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 decoding without having to fully understand the detailed operation of the specific DSM used.

The DSM control commands are codes to give end users the assurance that the 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

B.1.4.1

13818-1:2019 (E)
Basic functions

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

B.1.4.2
The DSM

meaningful to an application is outside the scope of the current DSM-CC);
*  mode (retrieval/storage).
Retrieval

-CC provides the means to:
*  play an identified Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream;

B.1.4.3
The DSM

DSM-CC
ISO/IEC

extensionp

B.2

B.2.1

The scopg
of commg

*  play from a given presentation time;
* set the playback speed (normal or fast);

*  set the playback duration (until a specified presentation time, the end of the bitstream ‘in’forwal
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.
Storage

-CC provides the means to:
*  cause storage of a valid bitstream for a specified duration;

¥ cause storage to stop.

provides a useful but limited subset of functionality that may be required in DSM based Rec. ITU-T|
3818-1 applications. It is fully expected thatsignificant additional capabilities will be added through s

p.

General elements

Scope

of this work consists.ofithe development of a Recommendation | International Standard to specify a
nds for control of digital storage media on which a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstrean]

The commands can performi.rémote control of a digital storage media in a general way independently of the spe

and apply|

B.2.2

The curre]

to any Rec. ITU~T H.222.0 | ISO/IEC 13818-1 bitstream stored on a DSM.

Overview of the DSM-CC application

nt DSM-CC syntax and semantics cover the single user to DSM application. The user's system is

retrieving

aRee. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream and is also (optionally) capable of generating a Rl

rd play or

H.222.0|
pbsequent

useful set
is stored.
ific DSM

apable of
cc. ITU-T

H.222.0 |

TSOAEC T3818=Tbitstreant. T 1ic COMmrot Chanmer over Wiic the DS M commmands and acknowied g

ents are

sent is shown in Figure B.1 as an out-of-band channel. This can also be accomplished by inserting the DSM-CC
commands and acknowledgements into the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams if an out-of-band channel
is not available.
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DSM-CC

DSM ACK User

A 4

DSM
ISO/-IEC 13818 Video bitstream
bitstream | System [— %
"| decoder |—Audio bitstream

ISO/IEC 13818
bitstream System
encoder le_Audio bitstream

. Video bitstream

r

H.222.0(12) FB.1

Figure B.1 — Configuration of DSM-CC application

B.2.3 The transmission of DSM-CC commands and acknowledgements

The DSM}CC is encoded into a DSM-CC bitstream according to the syntax and semantics definedin B.3.2 thropigh B.3.9.
The DSM-CC bitstream can be transmitted both as a stand-alone bitstream and in a Reg, TTU-T H.222.0 | ISO/IEC
13818-1 Jystems bitstream.

When thg DSM-CC bitstream is transmitted in stand-alone mode, its relationship’to-the Systems bitstreamn and the
decoding |process is illustrated in Figure B.2. In this case, the DSM-CC bitstream”is not embedded in th¢ Systems
bitstream, This transmission mode can be used in the applications when the.DSM is connected directly] with the
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 decoder. It can also be used in the ‘applications where the DSM-CC]| bitstream
could be ¢ontrolled and transmitted by other types of network multiplexors:

ISO/IEC 13818 bitstream

(no DSM-CC embedded) [ system Video bitstream .,
decodet Audio bitstream >
DSM-CC bitstream _[\DSM-CC Decoded DSM-CC
S| decoder

H.222.0(12)_FB.2

Figure B.2 —- BSM~EC bitstream decoded as a stand-alone bitstream

For some|applications, it is desirable to transmit the DSM-CC in a Rec. ITU-T H.222.0 | ISO/IEC 13818l systems
bitstream [so that some features of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 systems bitstream could be applied to the
DSM-CC]bitstream as well, In this case, the DSM-CC bitstream is embedded in the systems bitstream by the systems
multiplexpr.

The DSM-CC bitstfeam is encoded by the systems encoder in the following process. First, the DSM-CC bitstream is
packetizegl into a-packetized elementary stream (PES) according to the syntax described in 2.4.3.6. The PES| packet is
then mulfiplexed into either a program stream (PS) or a transport stream (TS) according to the requirement of the
transmissTon media. The decoding procedures are the inverse of the encoding procedures and are illustrated in|the block
diagram of the Systems decoder depicted in Figure B.3.

In Figure B.3, the output of the Systems decoder is a video bitstream, audio bitstream and/or DSM-CC bitstream. The
DSM-CC bitstream is identified by the stream id, value '1111 0010' as defined by the stream_id Table 2-22. Once the
DSM-CC bitstream is identified, it follows the rules as specified by T-STD or P-STD.
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Figure B.3 — DSM-CC bitstream decoded as part of the system bitstream

Technical elements

Definitions

rposes of this Recommendation | International Standard, the following definitions apply:

IDSM-CC: Digital Storage Media Command and Control Commands that are specified by Rec, ITU-
13818-1 for the control of digital storage media at a local or remote site containing a Ree.” ITU-T
3818-1 bitstream.

DSM ACK: The acknowledgement from the DSM-CC command receiver to the Command initiator.

MPEG bitstream: An ISO/IEC 11172-1 Systems stream, Rec. ITU-T H.222,0 | ISO/IEC 13818-
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport stream.

DSM-CC server: A system, either local or remote, used to store and/pr retrieve a Rec. ITU-T H.222.0
itstream.

point of random access: A point in a Rec. ITU-T H.222.0 | ISOAEC 13818-1 bitstream with the prd
t one elementary stream within the bitstream, the next ace€ss unit, 'N', completely contained in the
coded without reference to previous access units, and for'every elementary stream in the bitstream

T H.222.0
H.222.0 |

program

| ISO/IEC

perty that
bitstream
all access

units with the same or later presentation times are completely contained subsequently in the bitstream and can be

completel]
bitstream
points of
matrices {
PTS, nam|

B.3.1.6

preceding
bitstream)|
incapable
of randon

B.3.1.7

B.3.2

y decoded by a system target decoder without access-to information prior to the point of random aq
as stored on the DSM may have certain points ofrandom access; the output of the DSM may include
random access manufactured by the DSM's own'manipulation of the stored material (e.g., storing qu
o that a sequence header can be generated:whenever necessary). A point of random access has an
cly the actual or implied PTS of access.unit 'N'.

current operational PTS value: The actual or implied PTS associated with the last point of rand
the last access unit provided fromithe DSM from the currently selected Rec. ITU-T H.222.0 | ISO/IE
If no access unit has been provided from this Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream, th
of providing random access‘into the current bitstream, then the current operational PTS value is the
access in the Rec. ITU~T H.222.0 | ISO/IEC 13818-1 bitstream.

IDSM-CC bitstream:~A sequence of bits satisfying the syntax of B.3.2.
Specification ‘of DSM-CC syntax

*  Evefy 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 1
DSM-CC packet.

cess. The
additional
antization
issociated

m access
" 13818-1
e DSM is
first point

byte in a

212

*— When the DSM-CC bitstream 1s transmitted as a PES packet as detined in 2.4.3.0, the tields
packet length field are identical to those specified in 2.4.3.6. In other words, if the DSM-CC

up to the
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
operation is started or is completed, depending on the command received.

requested

+ 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

ISO/IEC 13818-1:2019 (E)

Syntax No. of bits | Mnemonic
DSM_CC() {
packet_start_code_prefix 24 bslbf
stream_id 8 uimsbf
packet_length 16 uimsbf
command_id 8 uimsbf
If (command id =="01") {
control()
} else if (command _id =="02") {
ack()
i
}

B.3.3 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 tonstitutes a

DSM-CC

packet stqrt code that identifies the beginning of a DSM-CC packet bitstream. The packet. start code prefixl is the bit

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

stream_i
Refer to Tlable 2-22.

— This 8-bit field specifies the bitstream type and shall have a value '1114,0010' for the DSM-CC

bitstream.

packet_lgngth — This 16-bit field specifies the number of bytes in the DSM4E€ packet immediately following the last

byte of this field.

command_id — This 8-bit unsigned integer identifies the bitstream is a‘eontrol command or an acknowledgement stream.

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 Reserved

B.34 Control layer

Constraints on setting flags in DSM-CC control

If none’of'these bits are set, then this command shall be ignored.

* At most orie of the flags for select, playback and storage shall be set to '1' for each DSM control

ommand.

*  Atunost one of pause_mode, resume mode, stop_mode, play flag, and jump_flag shall be set for each
retrieval command. If none of these bits are set, then this command shall be ignored.

o (At most one of record_flag and stop_mode shall be selected for each storage command. If nonke of these

DILS are S€t, then thiS command shall be 1gnored.

© ISO/IEC 2019 - All rights reserved Rec. ITU-T H.222.0 (08/2018)
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See Table B.3.

Table B.3 — DSM-CC control

Syntax No. of bits | Mnemonic
control() {
select_flag bslbf
retrieval_flag 1 bslbf
storage flag 1 bslbf
reserved 12 bslbf
marker_bit 1 bslbf
If (select_flag=="1") {
bitstream_id [31..17] 15 bslbf
marker_bit 1 bslbf
bitstream_id [16..2] 15 bslbf
marker_bit 1 bslbf
bitstream_id [1..0] 2 bslbf
select_mode 5 bslbf
marker_bit 1 bslbf
}
if (retrieve flag=="1") {
jump_flag 1 bslbf
play_flag 1 bslbf
pause_mode 1 bslbf
resume_mode 1 bslbf
stop_mode 1 bslbf
reserved 10 bslbf
marker_bit 1 bslbf
if Gump_flag=="1") {
reserved 7 bslbf
direction~indicator 1 bslbf
time _‘code()
}
if (playj flag =='1"){
speed_mode 1 bslbf
direction_indicator 1 bslbf
reserved 6 bslbf
time_code()
b
H
if (storage flag=="'1") {
reserved 6 bslbf
record_flag 1 bslbf
stop_mode 1 bslbf
if (record_flag =="1") {
time code()
H
b
}

214
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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 '1' 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 'l' specifies that a storage operation is to be executed.

bitstream_ID — This 32- brt field is coded in three parts The parts are combmed to form an uns1gned 1nteger specifying
which Ree- M e h 0 map the
names of the Rec ITU T H 222 0] ISO/IEC 13818 1 brtstreams stored on 1ts DSM unlquely to a series of numfers which
could be fepresented by the bitstream ID.

select_mqde — This 5-bit unsigned integer specifies which mode of bitstream operation is requested:Table B.4 specifies
the defineld modes.

Table B.4 — Select mode assigned values

Code Mode
0x00 Forbidden
0x01 Storage
0x02 Retrieval
0x03 .. Ox1F Reserved

jump_flag — This 1-bit flag when set to '1' specifies a jump in thé\playback pointer to a new access unit. The npw PTS is
specified py a relative time _code with respect to the current operational PTS value. This function is only valid when the
current R¢e. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream,isan the "stop" mode.

play_flag|— This 1-bit flag when set to '1' specifies to_play a bitstream for a certain time period. The speed, dirgction, and
play durafion are additional parameters in the bit stream. The play starts from the current operational PTS valug.

pause_mg@de — This is a one-bit code specifying'to pause the playback action and keep the playback pointer at the current
operational PTS value.

resume_tphode — This is a one-bit codegspecifying to continue the playback action from the current operational HTS value.
Resume only has meaning if the current bitstream is in the "pause" state, and the bitstream will be set to the foqward play
state at nqrmal speed.

stop_mode — This is a one-bit,code specifying to stop a bitstream transmission.

direction| indicator —-This'is a one-bit code to indicate the playback direction. If this bit is set to 1", it stands forfa forward
play. Othgrwise it stanids for a backward play.

speed_m¢de —This is a 1-bit code to specify the speed scale. If this bit is set to 'l', it specifies that the speed|is normal
play. If this bit is’set to '0', it specifies that the speed is fast play (i.e., fast forward or fast reverse).

record_flag — This 1s one-bit Ilag to specily 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

B.3.7

select_ac
retrieval |
storage 4

error_acl
play or st3
1", cmd_§

cmd_stat
is rejected

Syntax No. of bits | Mnemonic
ack() {
select_ack 1 bslbf
retrieval_ack 1 bslbf
storage ack 1 bslbf
error_ack 1 bslbt
reserved 10 bslbf
marker_bit 1 bslbf
cmd_status 1 bslbf
If (cmd_status =="1' &&
(retrieval ack =='1" || storage_ack =="1")) {
time code()
b
}

Semantics of fields in acknowledgement layer
k — This 1-bit field when it is set to '1' indicates that the ack(),command is to acknowledge a select ca

[ack — This 1-bit field when set to '1' indicates that the ack{),¢ommand is to acknowledge a retrieval

k — This 1-bit field when set to 'l' indicates a DSM error. The defined errors are EOF (end of file o
rt of file on reverse play) on a stream being retrieved and Disk Full on a stream being stored. If this b
tatus is undefined. The current bitstream is.still selected.

us — This 1-bit flag set to '1" indicates that the command is accepted. When set to '0' it indicates the
. The semantics vary according to the command received as follows:

If select ack is set and cmd- status is set to '1, it specifies that the Rec. ITU-T H.222.0 | ISO/IE
bitstream is selected andvthe server is ready to provide the selected mode of operation. TI
operational PTS value i57set to the first point of random access of the newly selected Rec. ITU-
| ISO/IEC 13818-1 bitstream. If cmd_status is set to '0', the operation has failed and no bitstream i

If retrieval_aekuis'set and cmd_status is set to '1', it specifies that the retrieval operation is initia
retrieval commands. The position of the current operational PTS pointer is reported by the s
time code;

For the play flag command with infinite time flag !="1", a second acknowledgement will be
will"acknowledge that the play operation has ended by reaching the duration defined by the
eommand.

Jftha caad ctatiac 1o oot 0 MO 10 o eoteiaval oolaasuladgamaant tha onmaratioa oo fo 1.4 Doccil]g o
T

mmand.

ommand.

ck — This 1-bit field when set to '1' indicates that the aek() command is to acknowledge a storage cojnmand.

n forward
it is set to

command

" 13818-1
le current
I H.222.0
5 selected.

ted for all
icceeding

sent. This
play flag
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this failure include an invalid bitstream_ID, jumping beyond the end of a file, or a function not
such as reverse play in standard speed.

easons for
supported

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.

If the cmd_status is set to '0' in a storage acknowledgement, the operation has failed. Possible reasons for

this failure include an invalid bitstream_ID, or the inability of the DSM to store data.
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B.3.8 Time code

Constraints on time code

ISO/IEC 13818-1:2019 (E)

+ A forward operation of specified duration given by a time code terminates after the actual or implied PTS
of an access unit is observed such that PTS minus the current operational PTS value at the start of the

operation modulo 233 exceeds the duration.

* A backward operation of specified duration given by a time code terminates after the actual or implied
PTS of an access unit is observed such that current operational PTS value at the start of the operation minus

that PTS modulo 233 exceeds the duration.

*  For all the commands in the control() layer, the time code is specified as a relative duration with respect

to the current operational PTS value.

*  For all the commands in the ack() layer, the time code is specified by the current operational PTS value.

See TablgB-o.

Table B.6 — Time code

}

Syntax No. of bits | Mnemgnic
time_code() {
reserved 7 bslbf
infinite_time_flag 1 bslbf
if (infinite_time flag=="0") {
reserved 4 bslbf
PTS [32..30] 3 bslbf
marker 1 bslbf
PTS [29..15] 15 bslbf
marker_bit 1 bslbf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf

B.3.9 Semantics of fields in time code

infinite_tfme_flag — This 1-bit flag when-set to 'l1' indicates an infinite time period. This flag is set to 'l in ap

where 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, t!

an absolufe value or a relativetinie delay in cycles of the 90-kHz system clock.

plications

his can be

© ISO/IEC 2019 - All rights reserved
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Annex C

Program-specific information

(This annex does not form an integral part of this Recommendation | International Standard.)

Explanation of program-specific information in transport streams

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

This Recqgmmendation | International Standard provides a method for describing the contents of transport strea

for the pu

through the program-specific information (PSI). This annex discusses the use of PSI.

The PSI may be thought of as belonging to six tables:

The contdnts of the PAT, PMT, CAT and TSDT are specified in this"'Recommendation | International Standaq
defined in ISO/IEC 13818-11 (MPEG-2 IPMP).

The NIT s a private table, and the PID value of the transportstream packets which carry it is specified in the

the NIT a

C3

The table
these struj
packets. 1
normativg
similar fo
and the p

see Annex

Each sect
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Introduction

'pose of the demultiplexing and presentation of programs. The coding specification accommodatesithi

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.

hd ICIT must follow the structure defined in this Recommendation | International Standard.

[Functional mechanism

listed above are conceptual in that theyneed never be regenerated in a specified form within a decoq
ctures may be thought of as simplé.tables, they may be partitioned before they are sent in transp

mapping method into transpott stream packet payloads. A method is also provided to carry private
Fmat. This is advantageous as’the same basic processing in the decoder can then be used for both th
rivate data helping to_keep cost down. For advice on the optimum placing of PSI in the transpo
D.

on is uniquely identified by the combination of the following elements:

i) table_id

The8-bit table id identifies to which table the section belongs.

«)  Sections with table id 0x00 belong to the Program Association Table.

m packets
s function

d. ICIT is

AT. Both

ler. While
rt stream

'he syntax supports this operationby allowing the tables to be partitioned into sections and by pioviding a

datain a
e PSI data
rt stream,

. Sections with mhle_id 0x01 hplnng 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.
e Sections with table_id 0x05 belong to the ISO_TEC 14496 object descriptor_section.
e Sections with table id 0x06 belong to the metadata_section.

*  Sections with table id 0x07 belong to the IPMP_Control Information_section.

Other values of the table_id can be allocated by the user for private purposes.

It is possible to set up filters looking at the table id field to identify whether a new section belongs to a

table of interest or not.
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ii) table_id_extension

This 16-bit field exists in the long version of a section. In the Program Association Table it is used to
identify the transport_stream_id of the stream — effectively a user-defined label which allows one transport
stream to be distinguished from another within a network or across networks. In the conditional access
table this field currently has no meaning and is therefore marked as "reserved" meaning that it shall be
coded as OxFFFF, but that a meaning may be defined by ITU-T | ISO/IEC in a subsequent revision of this
Recommendation | International Standard. In a TS Program Map section the field contains the
program_number, and thereby identifies the program to which the data in the section refers. The
table id extension can also be used as a filter point in certain cases.

iii) section_number

The section_number field allows the sections of a particular table to be reassembled in their original order
by the decoder. There is no obligation within this Recommendation | International Standard that sections
must be transmitted in numerical order, but this is recommended, unless it is desired to transmit some
sections of the table more frequently than others, e.g., due to random access considerations.

iv) version_number

When the characteristics of the transport stream described in the PSI change (e.g., extra programs added,
different composition of elementary streams for a given program), then new PSI data has to belsent with
the updated information as the most recently transmitted version of the sections marked as "curfent" must
always be valid. Decoders need to be able to identify whether the most recentlyire¢eived section ip identical
with the section they have already processed/stored (in which case the section'can be discarded), ¢r whether
it is different, and may therefore signify a configuration change. This is achieved by sending a seftion with
the same table id, table id_extension, and section_number as the previots section containing the relevant
data, but with the next value version number.

v) current_next_indicator

It is important to know at what point in the bitstream,the PSI is valid. Each section can th¢refore be
numbered as valid "now" (current), or as valid in the imniediate future (next). This allows the trapsmission
of a future configuration in advance of the change/giving the decoder the opportunity to prepare for the
change. There is however no obligation to transinit the next version of a section in advance, but if it is
transmitted, then it shall be the next correct vetrsion of that section.

C4 [The mapping of sections into transport stream packets

Sections gre mapped directly into transport stream‘packets, that is to say, without a prior mapping into PE$ packets.
Sections do not have to start at the beginning ef transport stream packets, (although they may), because the sfart of the
first sectign in the payload of a transport stteam-packet is pointed to by the pointer_field. The presence of the pointer field
is signalleid by the payload unit start indiCator being set to a value of '1' in PSI packets. (In non-PSI packets, th¢ indicator
signals thit 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 transport stream packet, as the start of any
other sectjion can be identified by\counting the length of the first and any subsequent sections, since no gapf between
sections Within a transport stream packet are allowed by the syntax.

It is impoftant to note that\within transport stream packets of any single PID value, one section must be finished before
the next dne is allowéd-to be started, or else it is not possible to identify to which section header the data belongs. If a
section fipishes before the end of a transport stream packet, but it is not convenient to open another section, [a stuffing
mechanisi is proyided to fill up the space. Stuffing is performed by filling each remaining byte of the packet with the
value OxF[F. Consequently the table id value OXFF is forbidden, or else this would be confused with stuffing. Orce a OxFF
byte has ¢ccurred 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 using the normal
adaptation_field mechanism.

CS5 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 2.1.111
program (system)]. For a transport stream the time base is defined by the PCR. This effectively creates a virtual channel
within the transport stream.

Note that this is not the same definition as is commonly used in broadcasting, where a "program" is a collection of
elementary streams not only with a common timebase, but also with a common start and end time. A series of "broadcaster
programs" (referred to in this annex as events) can be transmitted sequentially in a transport stream using the same
program_number to create a "broadcasting conventional" TV-channel (sometimes called a service).

Event descriptions could be transmitted in private sections().

A program is denoted by a program_number which has significance only within a transport stream. The program_number
is a 16-bit un51gned 1nteger and thus permits 65535 unlque programs to exist within a transport stream (program number
0 is resery in a cable
network),|in order to successfully demultiplex a program, the decoder must be notlﬁed of both the transport stream_id
(to find the right multiplex) and the program number of the service (to find the right program within the-multiplex).

The transport stream mapping may be accomplished via the optional network information table. Nete that the network
informatign table may be stored in decoder non-volatile memory to reduce channel acquisition time? In this casg, it needs
to be trangmitted only often enough to support timely decoder initialization set-up operations. The contents af the NIT
are privatg, but shall take at least the minimum section structure.

C.7 Allocation of program_number

It may no} be convenient in all cases to group together all the program elements\which share a common clock]reference
as one prggram. It is conceivable to have a multi-service transport stream with-enly one set of PCRs, common to all. In
general, though, a broadcaster may prefer to logically split up the transport stream into several programs, where the
PCR_PID (location of the clock reference) is always the same. This methed of splitting the program elements in{o pseudo-
independgnt programs can have several uses. Two examples follow:

i) 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 languagée’ descriptor associated with each audio stream to ¢nable the
selection of the correct program and audio. It is reasonable to have several program definifions with
different program numbers, where all‘the programs reference the same video stream and PCR| PID, but
have different audio PIDs. It is, however, also reasonable and possible to list the video stream gnd all the
audio streams as one program, where this does not exceed the section size limit of 1024 bytes.

ii) Very large program definitions

There is a maximum limit'on the length of a section of 1024 bytes (including section header and CRC_32).
This means that no single program definition may exceed this length. For the great majority of cpses, even
with each program ¢lement 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 general possible o identify
methods of splitting the references of the streams, so that they do not all have to be listed together. Some
program‘elements could be referenced under more than one program, and some under only one o1f the other,
but netboth.

C.8 sage/of PSI in a typical system

one of the four PSI data structures may appear in each and every transport stream in a system There must always be a
complete version of the program association table listing all programs within the transport stream and a complete TS
program map table, containing complete program definitions for all programs within the transport stream. If any streams
are scrambled, then there must also be a conditional access table present listing the relevant Entitlement Management
Messages (EMM) streams. The presence of a NIT is fully optional.

The PSI tables are mapped into transport stream packets via the section structure described above. Each section has a
table id field in its header, allowing sections from PSI tables and private data in private sections to be mixed in transport
stream packets of the same PID value or even in the same transport stream packet. Note, however, that within packets of
the same PID, a complete section must be transmitted before the next section can be started. This is only possible for
packets labelled as containing TS Program Map Table section or NIT packets however, since private sections may not be
mapped into PAT or CAT packets.
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It is required that all PAT sections be mapped into transport stream packets with PID = 0x0000 and all CA sections be
mapped into packets with PID = 0x0001. PMT sections may be mapped into packets of user-selected PID value, listed as
the PMT _PID for each program in the Program Association Table. Likewise, the PID for the NIT-bearing transport stream
packets is user-selected, but must be pointed to by the entry "program number == 0x00" in the PAT, if the NIT exists.

The contents of any CA parameter streams are entirely private, but EMMs and ECMs must also be sent in transport stream
packets to be compliant with this Recommendation | International Standard.

Private data tables may be sent using the private_section() syntax. Such tables could be used for example in a broadcasting
environment to describe a service, an upcoming event, broadcast schedules and related information.

C9 The relationships of PSI structures

Figure C.1 shows an example of the relationship between the four PSI structures and the transport stream. Other examples
are possible, but the figure shows the primary connections.

In the following subclauses, each PSI table is described.

Program association Network
table (PID 0) information table
Program 0 4| Network PID li
Program map PID Program 1 Private
Program 2 network
Program 45 data
Program 20

l

Program X
]
Program Y Decoder.
SN
- H.222.0(12)_FC.1
Program 1 Audio
Elementary stream.PID
Program 45
Video
Program 20 Elementary stream PID
ProgramY

Program map table

EMM Sy%2 Program 1 Program 20 EMM Svs 1 tl\r/[PEG_j[
X Audio Video Y S;::rr;o

CASyseml — capp |
[(Jcapp | CASystem?

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 progrpm map table (MPT) provides the mapping between a program number and the program elements' thaf comprise
it. This table is present in transport stream packets having one or more privately-selected PID values.” Thesq transport
stream pagkets may contain other private structures as defined by the table id field. It is possible ta’have TS PM[I sections
referring {o different programs carried in transport stream packets having a common PID valye.

This Rec¢mmendation | International Standard requires a minimum of program identification: program nunmber, PCR
PID, stream types and program elements PIDs. Additional information for either programs or elementary streamhs may be
conveyed|by use of the descriptor() construct. Refer to C.9.6.

Private dgta may also be sent in transport stream packets denoted as carrying TS program map table sections. This is
accomplighed by the use of the private section(). In a private_section() the application decides whether version number
and curremt next indicator represent the values of these fields for a single section or whether they are applicable to many
sections af parts of a larger private table.

NOTE|1 — Transport stream packets containing the Program Map Tabl® ar¢ transmitted unencrypted.
NOTE|2 — It is possible to transmit information on events in private.descriptors carried within the TS program _map_sg¢ction()s.

C.9.3 (Conditional access table

The cond]tional access table (CAT) gives the associatioir between one or more conditional access (CA) systems, their
EMM str¢ams and any special parameters associated>with them.

NOTE[- The (private) contents of the transport stream packets containing EMM and CA parameters if present will, in jgeneral, be
encrypted (scrambled).

C94 Network information table

The contepts of the network information table (NIT) are private and not specified by this Recommendation | Intprnational
Standard. [In general, it will contain mappings of user-selected services with transport_stream _ids, channel fr¢quencies,
satellite tqansponder numbers{modulation characteristics, etc.

C.9.5 Private_section()

Private_s¢ctions() canoccur in two basic forms, the short version (where only the fields up to and including sectipn_length
are included) or the.Tong version (where all the fields up to and including last_section_number are present, angl after the
private data bytes the CRC_32 field is present).

Private s¢ction()s can occurin PIDs which are labelled as PMT PIDs or in transport stream packets with other BID values
which contain exclusively private sections(), including the PID allocated to the NIT. If the transport stream packets of
the PID carrying the private section()s are identified as a PID carrying private_sections (stream_type assignment value
0x05), then only private sections may occur in transport stream packets of that PID value. The sections may be either of
the short or long type.

C.9.6 Descriptors

There are several normative descriptors defined in this Recommendation | International Standard. Many more private
descriptors may also be defined. All descriptors have a common format: {tag, length, data}. Any privately defined
descriptors must adhere to this format. The data portion of these private descriptors are privately defined.

One descriptor (the CA_descriptor()), is used to indicate the location (PID value of transport packets) of ECM data
associated with program elements when it is found in a TS PMT section. When found in a CA section it refers to EMMs.

222 Rec. ITU-T H.222.0 (08/2018) © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4a12842312f0aaac5f60e3aaca8b5c06

ISO/IEC 13818-1:2019 (E)

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

Sub_descriptor()

Table C.2 — Sub-descriptor

Syntax No. of bits | ‘Mnemonic

sub_descriptor() {

sub_descriptor_tag 8 uimsbf

sub_descriptor_length 8 uimsbf

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

private_data_byte 8 uimsbf

}

}

C.10 |Bandwidth utilization and signal acquisition time

Any implgmentation of a Rec. ITU-T H.222.0 | ISOAEC 13818-1 bitstream must make reasonable bandwidt demands
for PSI information and, in applications where randém access is a consideration, should promote fast signal a¢quisition.
This subclause analyses this issue and gives some broadcast application examples.

The packé¢t-based nature of the transport stieam allows for the interspersing of PSI information with fine grafularity in
the multiglexed data. This provides significant flexibility in the construction and transmission of PSI.

Signal acquisition time in a real decoder is dependent on many factors, including: FDM tuning slew time, demyltiplexing
time, seqyence headers, I-frameteecurrence rate and scrambling key retrieval and processing.

This subclause examines bathjthe bitrate and signal acquisition time impacts of the PSI syntax in 2.4.4.4 and 2.4.4.9. It is
assumed that the conditional access table does not need to be received dynamically at every program chdqnge. This
assumptidn is also made-of the private EMM streams. This is because these streams do not contain the quickly-varying
ECM conpponents.ised for program element scrambling (encryption).

Also, in the discussion below, the time to acquire and process ECMs has been neglected.
Tables C.B-and-C4 provide bandwidth-usagevaluesfor arange of transport-stream-conditions—One-axis—of the table is
the number of programs contained in a single transport stream. The other axis is the frequency with which the PSI
information is transmitted in the transport stream.
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Table C.3 — Program association table bandwidth usage (bit/s)
Number of programs per transport stream

s

Frequency of PA table 10 15040 15040 15040 15040
Information 25 37600 37600 37600 37600

1 5 10 32

128

1 1504 1504 1504 1504

4512

45120

112800

50 75200 75200 75200 75200

225600

100 150400 150400 150400 150400

451200

NOTE - Since 46 program_association_sections fit into one transport packet, the numbers in the table do not change until the
last column.
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ency will be a key determinant of the component of signal acquisition'time due to PSI structures.

width usage tables assume that only the minimum program mapping information is provided. This 1
hlues and stream types are provided with no additional descriptors. All programs in the example are

mentary streams. Program associations are 2 bytes long, while the minimal program map is 26 bytes Iq
lal overhead associated with version numbers, section lengths, etc. This will be on the order of 1-3%
b usage in sections of moderate to maximum length (a few hundred bytes to 1024 bytes) and will thus |

e assumptions allow forty-six (46) program associations to map into one Program Association Tabld
bket (if no adaptation field is present). Similarly, seven (7) TS program_map_sections fit into a singlg
hcket. It may be noted that to facilitate easy "drop/add" it is possible to transmit only
hm_map_section per PMT_PID. This.may cause an undesirable increase in PSI bitrate usage, howev

requency of 25 Hz for the two RSI Tables, yields a worst-case contribution to the signal acquisitid
itely 80 ms. This would only escdr when the required PAT data was "just missed" and then, once the
nd decoded, the required PMT data was also "just missed". This doubling of the worst case acquisiti
vantage of the extra level of indirection introduced by the PAT structure. This effect could be r
bd transmission of related PAT and PMT packets. Presumably, the advantage that this approach
" re-multiplexing ©Operations is compensatory.

P5-Hz PSI fréquency, the following examples may be constructed (all examples leave ample allo
talink, FEC}CA and routing overheads):
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transport

one (1)
ET.

n time of
PAT was
on time is
duced by
offers for

wance for

o five 5.2-Mbit/s programs: 26.5 Mbit/s (includes transport overhead)

»  total PSI bandwidth: 5.2 kbit/s
*  CA bandwidth: 500 kbit/s

total Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 27.1 Mbit/s
*  PSI Overhead: 0.28%

OC-3 fibre channel (155 Mbit/s)

224

e 32 3.9-Mbit/s programs: 127.5 Mbit/s (includes transport overhead)
+ total PSI bandwidth: 225.6 kbit/s
*  CA bandwidth: 500 kbit/s

total Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 128.2 Mbit/s
*  PSI Overhead: 0.18%
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C-band satellite transponder
* 128 256-kbit/s audio programs:  33.5 Mbit/s (includes transport overhead)
+  total PSI bandwidth: 826.4 kbit/s
*  CA bandwidth: 500 kbit/s
total Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 34.7 Mbit/s
»  PSI overhead: 2.4% (actually would be lower if only one PID used per program)
As expected, the percent overhead increases for lower-rate services since many more services are possible per transport

stream. However, the overhead is not excessive in all cases. Higher transmission rates (than 25 Hz) for the PSI data may
be used to decrease the impact on channel acquisition time with only modest bitrate demand increases.

© ISO/IEC 2019 - All rights reserved Rec. ITU-T H.222.0 (08/2018) 225


https://iecnorm.com/api/?name=4a12842312f0aaac5f60e3aaca8b5c06

ISO/IEC 13818-1:2019 (E)

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 thatis-delivered correctly in accordance with the ‘riming modelitis Q‘rraigh‘rf‘nr\xmrd to implpmpnf the decoder such
that it prpduces as output high quality audio and video which are properly synchronized. There is ro\pormative
requiremdnt, however, that decoders be implemented in such a way as to provide such high quality presentatipn output.
In applicdtions where the data are not delivered to the decoder with correct timing, it may be possibleto prpduce the
desired pilesentation output; however, such capabilities are not in general guaranteed. This informativé annex|describes
the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Systems timing model in detail, and gives some suggestions for impJementing
decoder systems to suit some typical applications.

D.1.1 Timing model

Rec. ITUIT H.222.0 | ISO/IEC 13818-1 Systems embodies a timing model in which all digitized pictures pnd audio
samples that enter the encoder are presented exactly once each, after a constant end to end delay, at the output of the
decoder. As such, the sample rates, i.e., the video frame rate and the audio, sample rate, are precisely the sqgme at the
decoder af they are at the encoder. This timing model is diagrammed in Figare'D.1:

. . Vid t
M%Encoder}—{ Buffer }— —{ Buffer HDecoderFMV
System System
coder Stordge decoder
and or trangmission and
.. multiplex multiplex .

fudio out
Audio in Encoder Buffer Buffer Decoder >
Variable delay Constant delay Variable delay
Constaﬂt delay H.2$2.0(12) FD.1

Figure D.1 — Constant delay model

As indicafed in Figure D.l,-the delay from the input to the encoder to the output or presentation from the dlecoder is
constant if this modelY, Wwhile the delay through each of the encoder and decoder buffers is variable. Not only if the delay
through each of these\buffers variable within the path of one elementary stream, the individual buffer delays in| the video
and audio| paths differ as well. Therefore the relative location of coded bits representing audio or video in the fombined
stream dops not indicate synchronization information. The relative location of coded audio and video is constrdined only
by the System Target Decoder (STD) model such that the decoder buffers must behave properly; therefore coded audio
and video That Tepresent sound and pictures That are To be presented simultancously may be separated in Gme within the
coded bit stream by as much as one second, which is the maximum decoder buffer delay that is allowed in the STD model.

The audio and video sample rates at the encoder are significantly different from one another, and may or may not have
an exact and fixed relationship to one another, depending on whether the combined stream is a program stream or a
transport stream, and on whether the System audio locked and System_video locked flags are set in the program stream.
The duration of a block of audio samples (an audio presentation unit) is generally not the same as the duration of a video
picture.

D' Constant delay as indicated for the entire system is required for correct synchronization, however some deviations are possible.
Network delay is discussed as being constant. Slight deviations may be tolerated, and network adaptation may allow greater
variations of network delay. Both of these are discussed later.
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There is a single, common system clock in the encoder, and this clock is used to create timestamps that indicate the correct
presentation and decoding timing of audio and video, as well as to create timestamps that indicate the instantaneous values
of the system clock itself at sampled intervals. The timestamps that indicate the presentation time of audio and video are
called Presentation Time Stamps (PTS). Those that indicate the decoding time are called Decoding Timestamps (DTS),
and those that indicate the value of the system clock are called the System Clock Reference (SCR) in program streams
and the Program Clock Reference (PCR) in transport streams. It is the presence of this common system clock in the
encoder, the timestamps that are created from it, and the recreation of the clock in the decoder and the correct use of the
timestamps that provide the facility to synchronize properly the operation of the decoder.

Encoder implementations may not follow this model exactly; however, the data stream which results from the actual
encoder, storage system, network, and one or more multiplexor must follow the model precisely. (Delivery of the data
may deviate somewhat, depending on the application). Therefore in this annex, the term "encoder system clock" is used
to mean either the actual common system clock as described in this model or the equivalent function, however it may be
implemented.

Since the| end-to-end delay through the entire system is constant, the audio and video presentations ase| precisely
synchronized. The construction of System bit streams is constrained such that when they are decoded by ‘a.defoder that
follows tljis model with the appropriately sized decoder buffers, those buffers are guaranteed nevef)te’ ovdrflow nor
underflow, with specific exceptions allowing intentional underflow.

In order fgr the decoder system to incur the precise amount of delay that causes the entire end-to*end delay to b¢ constant,
it is necegsary for the decoder to have a system clock whose frequency of operation and absolute instantangous value
match thdse of the encoder. The information necessary to convey the encoder's system clock is encoded in the SCR or
PCR; this|function is explained below.

Decoders|which are implemented in accordance with this timing model such that.they present audio samples pnd video
pictures exactly once (with specific intentionally coded exceptions), at a constant rate, and such that decoder buffers
behave ag in the model, are referred to in this annex as precisely timed decoders, or those that produce precigely timed
output. D¢coder implementations are not required by this International Staridard to present audio and video in agcordance
with this model; it is possible to construct decoders that do not have constant delay, or equivalently do not pr¢sent each
picture or|audio sample exactly once. In such implementations, hewever, the synchronization between presented audio
and video|may not be precise, and the behaviour of the decoder buffers may not follow the reference decoder njodel. It is
important|to avoid overflow at the decoder buffers, as overflow gauses 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 anld some of
the options that are available in implementing these deceders.

D.1.2 Audio and video presentation synchronization

Within tHe coding of this Recommendation International Standard Systems data are timestamps concgrning the
presentatipn and decoding of video pictures and blocks of audio samples. The pictures and blocks are called "Prgsentation
Units", aljbreviated PU. The sets of coded bits which represent the PUs and which are included within the Rec. ITU-T
H.222.0 ||ISO/IEC 13818-1 bit stream ate called "Access Units", abbreviated AU. An audio access unit is abreviated
AAU, and a video access unit is,abbreviated VAU. In ISO/IEC 13818-3 audio the term "audio frame" has|the same
meaning 3s AAU or APU (audig'ptesentation unit) depending on the context. A video presentation unit (VPU) if a picture,
and a VA is a coded picture!

Some, but not necessarilytall, AAUs and VAUs have associated with them PTSs. A PTS indicates the time that the PU
which resplts from décoding the AU which is associated with the PTS should be presented to the user. The agdio PTSs
and videq PTSs are both samples from a common time clock, which is referred to as the System Time Clock or STC.
With the ¢orreet values of audio and video PTSs included in the data stream, and with the presentation of the pudio and
video PU§ occurring at the time indicated by the appropriate PTSs in terms of the common STC, precise synchfonization
of the prebentéd audio and video is achieved at the decoding system. While the STC is not part of the normatiVe content
of this Recommendation | International Standard, and the equivalent information is conveyed in this Recommendation |
International Standard via such terms as the system_clock frequency, the STC is an important and convenient element
for explaining the timing model, and it is generally practical to implement encoders and decoders which include an STC
in some form.

PTSs are required for the conveyance of accurate relative timing between audio and video, since the audio and video PUs
generally have significantly different and essentially unrelated duration. For example, audio PUs of 1152 samples each
at a sample rate of 44 100 samples per second have a duration of approximately 26.12 ms, and video PUs at a frame rate
0f29.97 Hz have a duration of approximately 33.76 ms. In general the temporal boundaries of APUs and VPUs rarely, if
ever, coincide. Separate PTSs for audio and video provide the information that indicates the precise temporal relation of
audio and video PUs without requiring any specific relationship between the duration and interval of audio and video
PUs.
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The values of the PTS fields are defined in terms of the System Target Decoder or STD, which is a fundamental normative
constraint on all System bit streams. The STD is a mathematical model of an idealized decoder which specifies precisely
the movement of all bits into and out of the decoder's buffers, and the basic semantic constraint imposed on the bit stream
is that the buffers within the STD must never overflow nor underflow, with specific exceptions provided for underflow
in special cases. In the STD model the virtual decoder is always exactly synchronized with the data source, and audio and
video decoding and presentation are exactly synchronized. While exact and consistent, the STD is somewhat simplified
with respect to physical implementations of decoders in order to clarify its specification and to facilitate its broad
application to a variety of decoder implementations. In particular, in the STD model each of the operations performed on
the bit stream in the decoder is performed instantaneously, with the obvious exception of the time that bits spend in the
decoder buffers. In a real decoder system the individual audio and video decoders do not perform instantaneously, and
their delays must be taken into account in the design of the implementation. For example, if video pictures are decoded
in exactly one picture presentation interval 1/P, where P is the frame rate, and compressed video data are arriving at the
decoder at bit rate R, the completion of removing bits associated with each picture is delayed from the time indicated in
the PTS and DTS fields by 1/P, and the video decoder buffer must be larger than that specified in the STD model by R/P.
The vided presentation 1s likewise delayed with respect to the STD, and the PTS should be handled accordingly. Since
the video|is delayed, the audio decoding and presentation should be delayed by a similar amount in orderfo provide
correct synchronization. Delaying decoding and presentation of audio and video in a decoder may be~implenpented for
example By adding a constant to the PTS values when they are used within the decoder.

Another difference between the STD and precise practical decoder implementation is that in the STD model the explicit
assumptidn is made that the final audio and video output is presented to the user instantaneously and withdut further
delay. This may not be the case in practice, particularly with cathode-ray tube displays, and this additional delay should
also be taken into account in the design. Encoders are required to encode audio (and video such that tlie correct
synchronization is achieved when the data is decoded with the STD. Delays in the inputand sampling of audio §nd video,
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 against this
assumptidn as a condition of bit stream validity. Of course in a phygical decoder precise synchronization is not
automaticplly the case, particularly upon start-up and in the presence oftiming jitter. Precise decoder timing i§ a goal to
be targeted by decoder designs. Inaccuracy in decoder timing affects, the behaviour of the decoder buffers. Theese topics
are cover¢d in more detail in later subclauses of this annex.

The STD |includes Decoding Time Stamps (DTS) as well as RES fields. The DTS refers to the time that an AU is to be
extracted ffrom the decoder buffer and decoded in the STD.fodel. Since the audio and video elementary strean] decoders
are instanfaneous in the STD, the decoding time and presentation time are identical in most cases; the only [exception
occurs with video pictures which have undergone re-ordering within the coded bit stream, i.e., I- and P-pictyres in the
case of ndn-low-delay video sequences. In cases where re-ordering exists, a temporary delay buffer in the vidgo decoder
is used to|store the appropriate decoded I- or R=picture until it should be presented. In all cases where the decpding and
presentatipn times are identical in the STD, i.e.; all AAUs, B-picture VAUs, and I- and P-picture VAUSs within Jow-delay
video seqpences, the DTS is not coded,dssit would have the same value as the PTS. Where the values diffef, both are
coded if efther is coded. For all AUs where only the PTS is coded, this field may be interpreted as being both the PTS and
the DTS.

Since PT$ and DTS values are¢ not required for every AAU and VAU, the decoder may choose to interpolate values which
are not cqded. PTS values arejrequired with intervals not exceeding 700 ms in each elementary audio and vid¢o stream.
These timg intervals areameasured in presentation time, that is, in the same context as the values of the fields, ngt in terms
of the timgs that the fields are transmitted and received. In cases of data streams where the system, video and auflio clocks
are locked, as defined/in the normative part of this Recommendation | International Standard, each AU followipg one for
which a OTS or-PTS is explicitly coded has an effective decoding time of the sum of that for the previous AU plus a fixed
and specified difference in value of the STC. For example, in video coded at 29.97 Hz each picture has a difference in
time of 3(Q03-Cycles of the 90-kHz portion of the STC from the previous picture when the video and system ¢locks are
locked. The same time relationship exists for decoding successive AUs, although re-ordering delay in the decoder affects
the relationship between decoder AUs and presented PUs. When the data stream is coded such that the video or audio
clock is not locked to the system clock the time difference between decoding successive AUs may be estimated using the
same values as indicated above; however, these time differences are not exact due to the fact that relationships between
the frame rate, audio sample rate, and system clock frequency were not exact at the encoder.

Note that the PTS and DTS fields do not, by themselves, indicate the correct fullness of the decoder buffers at start up
nor at any other time, and equivalently, they do not indicate the amount of time delay that should elapse upon receiving
the initial bits of a data stream before decoding should start. This information is retrieved by combining the functions of
the PTS and DTS fields and correct clock recovery, which is covered below. In the STD model, and therefore in decoders
which are modelled after it, the decoder buffer behaviour is determined completely by the SCR (or PCR) values, the times
that they are received, and the PTS and DTS values, assuming that data is delivered in accordance with 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
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