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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.
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INTERNATIONAL STANDARD ISO/IEC 13818-1
RECOMMENDATION ITU-T H.222.0

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

Summary

This Recommendation | International Standard specifies the system layer of the coding. It was developed 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
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ifications (e.g., ISO/NEC 14496-2, TTU-T H.264 | ISO/IEC 14496-10, TTU-T H.265 | ISO/IEC 23008
-T T.800 | ISO/IEC 15444-1 Annex M JPEG 2000 video), audio coding specifications (e.g., ISO/IEC 18814
[EC 14496-3), system streams (e.g., ISO/IEC 14496-1 and ISO/IEC 15938-1), ISO/IEC 23009-1 dypnaniic a
hming over HTTP (DASH), ISO/IEC 13818-11 intellectual property management and protection (IPMP) as

bric metadata. The system layer supports six basic functions:

1) the synchronization of multiple compressed streams on decoding;

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

4) continuous buffer management;

5) time identification; and

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

pbmmendation ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream is either a transport stream or a pi
hm. Both streams are constructed from packetized elementary stigam (PES) packets and packets containing
ssary information. Both stream types support multiplexing of video and audio compressed streams from one pi

a common time base. The transport stream additionally supperts the multiplexing of video and audio comy
hms from multiple programs with independent time bases..For almost error-free environments the program sti
brally more appropriate, supporting software processing 0fprogram information. The transport stream is more §
ise in environments where errors are likely.

pmmendation ITU-T H.222.0 | ISO/IEC 13818-T"multiplexed bit stream, whether a transport stream or a pi
hm, is constructed in two layers: the outermostilayer is the system layer, and the innermost is the compressior
system layer provides the functions necessary for using one or more compressed data streams in a system. Thyg
audio parts of this Specification define-the compression coding layer for audio and video data. Coding of othe
pta is not defined by this Recommendation | International Standard, but is supported by the system layer provid
bther types of data adhere to the constraints defined in this Recommendation | International Standard.
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FOREWORD

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

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes
the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these topics.
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pbme areas of information technology which fall within ITU-T's purview, the necessary standards
ared on a collaborative basis with ISO and IEC.

NOTE

his Recommendation, the expression "Administration" is used for conciseness to indicate bo
ommunication administration and a recognized operating agency,

Ipliance with this Recommendation is voluntary. Howeverj/the Recommendation may contain ce
datory provisions (to ensure, e.g., interoperability, or: applicability) and compliance with
mmendation is achieved when all of these mandatory provisions are met. The words "shall" or some
patory language such as "must" and the negative equivalents are used to express requirements. The u

words does not suggest that compliance with the.Recommendation is required of any party.
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cability of claimed’ Intellectual Property Rights, whether asserted by ITU members or others outsig
ecommendation’development process.

f the dateglof approval of this Recommendation, ITU had received notice of intellectual property, prote
atents, which may be required to implement this Recommendation. However, implementers are cauti
this'niay not represent the latest information and are therefore strongly urged to consult the TSB p
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base at http://www.itu.int/ITU-T/ipr/.
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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 multiplexing approach for single video and audio elementary streams is illustrated in Figure Intro. 1. They{ideo
and fudio data is encoded as described in Rec. ITU-T H.262 | ISO/IEC 13818-2 and ISO/IEC 13818-3. The, resylting
compressed clementary streams are packetized to produce PES packets. Information needed to use.PES pagkets
independently of either transport streams or program streams may be added when PES packets are“formed. |This
inforjmation is not needed and need not be added when PES packets are further combined with systemidével informfation
to form transport streams or program streams. This systems standard covers those processes to théyright of the veftical
dashgd line.

Video data | Packetizer Video PES » Program
I

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 overyiew of the scope of this Recommendation | International Standard

The program stream is analogous and)similar to the ISO/IEC 11172 systems layer. It results from combining one or nore
streajns of PES packets, which haye a common time base, into a single stream.

For gpplications that require-the elementary streams that comprise a single program to be in separate streams that arg not
multjplexed, the elementary streams can also be encoded as separate program streams, one per elementary stream, with a
comimon time base. IA this case the values encoded in the SCR fields of the various streams shall be consistent.

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

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

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

Program and transport streams are designed for different applications and their definitions do not strictly follow a layered
model. It is possible and reasonable to convert from one to the other; however, one is not a subset or superset of the other.
In particular, extracting the contents of a program from a transport stream and creating a valid program stream is possible
and is accomplished through the common interchange format of PES packets, but not all of the fields needed in a program
stream are contained within the transport stream; some must be derived. The transport stream may be used 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 T : =T+t = = T T rwhich
signifficant errors may occur. Such errors may be manifested as bit value errors or loss of packets.

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

There are some difficulties with constructing and delivering a transport stream containing multiple programs (with
independent time bases such that the overall bit rate is variable. Refer to 2.4.2.3.

The fransport stream may be constructed by any method that results in a valid stream. Jt,is*possible to construct transport
streams containing one or more programs from elementary coded data streams, from’program streams, or from ¢ther
trangport streams which may themselves contain one or more programs.

The fransport stream is designed in such a way that several operations on adransport stream are possible with minimum
effort. Among these are:

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

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

3) Extract the transport stream packets of-ofi¢ or more programs from one or more transport streamg and
produce as output a different transport steéam (not illustrated).

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

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

Figure Intro. 2 and Figure Intro. 3 illustrate prototypical demultiplexing and decoding systems which take as input a
trangport stream. Figure Intro. 2 illuistrates the first case, where a transport stream is directly demultiplexed and decgded.
Trankport streams are constructed in two layers:

—  asystemdayer; and

—  acompression layer.

The {nput stream.to the transport stream decoder has a system layer wrapped about a compression layer. Input streagns to
the viideo and anidio decoders have only the compression layer.

Opetjatiofis performed by the prototypical decoder which accepts transport streams either apply to the entire tranfport
strea:l‘n ("multiplex-wide operations"), or to individual elementary streams ("stream-specific operations"). The trangport
stream system layer is divided info 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
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Fe Intro. 3 illustrates the second case, where a transport stream containing multiple programs is converted)i
port stream containing a single program. In this case the re-multiplexing operation may necessitate the correeti
Fam clock reference (PCR) values to account for changes in the PCR locations in the bit stream.
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Figure Intro. 3 — Prototypical transport multiplexing example

Fe Intro. 4 illustrates a case in which a multi-program transport stréam is first demultiplexed and then converted
gram stream.

Fes Intro. 3 and Intro. 4 indicate that it is possible and reasonable to convert between different types and configura
nsport streams. There are specific fields defined in the transport stream and program stream syntax which faci
onversions illustrated. There is no requirement that specific implementations of demultiplexors or decoders ing
these functions.

Transport stream
» demultiplex and program |—————»
stream multiplexor

Channel | Channel-specific
decoder

Transport stream

.. . P
containing pwaltiple programs rogram stream
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Figure Intre. 4 — Prototypical transport stream to program stream conversion

. 2 Program stream

brogram streamdis a stream definition which is tailored for communicating or storing one program of coded dat
data in enVironments where errors are very unlikely, and where processing of system coding, e.g., by softwarg
r consideration.

rami streams may be either fixed or variable rate. In either case, the constituent elementary streams may be @
orvariable rate. The syntax and semantics constraints on the stream are identical in each case. The program st

nto a
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rate is defined by the values and locations of the system clock reference (SCR) and mux_rate fields.

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

data

is also allowed, but not shown.
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Figure Intro. 5 — Prototypical decoder for program streams
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brototypical decoder for program streams shown in Figure Intro. 5 is composed of system, video and auydie’dec

rming to Parts 1, 2 and 3, respectively, of ISO/IEC 13818. In this decoder, the multiplexed coded representati
br more audio and/or video streams is assumed to be stored or communicated on some channelitf some chaj
fic format. The channel-specific format is not governed by this Recommendation | International Standard, nor
nel-specific decoding part of the prototypical decoder.

prototypical decoder accepts as input a program stream and relies on a program stredmjydecoder to extract til
mation from the stream. The program stream decoder demultiplexes the stream,.and the elementary strean
iced serve as inputs to video and audio decoders, whose outputs are decoded video and audio signals. Includ
lesign, but not shown in the figure, is the flow of timing information among the-program stream decoder, the Y
udio decoders, and the channel-specific decoder. The video and audio deéoders are synchronized with each
vith the channel using this timing information.

ram streams are constructed in two layers: a system layer and a compression layer. The input stream to the pro
m decoder has a system layer wrapped about a compression layerSInput streams to the video and audio dec
only the compression layer.

htions"), or to individual elementary streams ("streamcspecific operations"). The program stream system lay
ed into two sub-layers, one for multiplex-wide operations (the pack layer), and one for stream-specific opera
PES packet layer).

. 3 Conversion between transport stream and program stream

y be possible and reasonable to convert-between transport streams and program streams by means of PES pad
results from the specification of transport stream and program stream as embodied in 2.4.1 and 2.5.1 of the norm|
rements of this Recommendationy International Standard. PES packets may, with some constraints, be ma
tly from the payload of one multiplexed bit stream into the payload of another multiplexed bit stream. It is pos
entify the correct order of PES packets in a program to assist with this if the program_packet sequence coun
nt in all PES packets.

tin other informatipn necessary for conversion, e.g., the relationship between elementary streams, is availab
s and headers in both'streams. Such data, if available, shall be correct in any stream before and after conversio

. 4 Packetized elementary stream

kport streams and program streams are each logically constructed from PES packets, as indicated in the sy
itioms in2.4.3.6. PES packets shall be used to convert between transport streams and program streams; in some
ES-packets need not be modified when performing such conversions. PES packets may be much larger than the
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A continuous sequence of PES packets of one elementary stream with one stream ID may be used to construct a PES
Stream. When PES packets are used to form a PES stream, they shall include elementary stream clock reference (ESCR)
fields and elementary stream rate (ES_Rate) fields, with constraints as defined in 2.4.3.8. The PES stream data shall be
contiguous bytes from the elementary stream in their original order. PES streams do not contain some necessary system
information which is contained in program streams and transport streams. Examples include the information in the pack
header, system header, program stream map, program stream directory, program map table, and elements of the transport
stream packet syntax.
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The PES stream is a logical construct that may be useful within implementations of this Recommendation | International
Standard; however, it is not defined as a stream for interchange and interoperability. Applications requiring streams
containing only one elementary stream can use program streams or transport streams which each contain only one
elementary stream. These streams contain all of the necessary system information. Multiple program streams or transport
streams, each containing a single elementary stream, can be constructed with a common time base and therefore carry a
complete program, i.e., with audio and video.

Intro. 5 Timing model

Systems, video and audio all have a timing model in which the end-to-end delay from the signal input to an encoder to
the signal output from a decoder is a constant. This delay is the sum of encoding, encoder buffering, multiplexing,
communication or storage, demultiplexing, decoder buffering, decoding, and presentation delays. As part of this timing
model all video pictures and audio samples are presented exactly once, unless specifically coded to the contrary, and the
intertpicture interval and audio sample rate are the same at the decoder as at the encoder. The system stream-cqding
contains timing information which can be used to implement systems which embody constant end-to-end delay.| It is
possible to implement decoders which do not follow this model exactly; however, in such cases it is the-decqder's
responsibility to perform in an acceptable manner. The timing is embodied in the normative specifications off this
Recgmmendation | International Standard, which must be adhered to by all valid bit streams, regardleSs/of the meahs of
creafiing them.

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

In the transport stream the system clock frequency is constrained to have the exactlyspecified ratio to the audio and yideo
samp)le clocks at all times; the effect of this constraint is to simplify sample rate reeovery in decoders.

Intre. 6 Conditional access

Encrjyption and scrambling for conditional access to programs encoded 4n' the program and transport streams is suppfrted
by the system data stream definitions. Conditional access mechanisms.are not specified here. The stream definitions are
designed so that implementation of practical conditional access Systems is reasonable, and there are some syntagtical
elements specified which provide specific support for such systems.

Intr¢. 7 Multiplex-wide operations

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

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

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

An aflditional mwultiplex-wide operation is a decoder's ability to establish what resources are required to decode a trangport
stream or, program stream. The first pack of each program stream conveys parameters to assist decoders in this [task.
Inclyded, 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

transpert-stream—Stream—id-codes—inproaram-streampacket-headers—andpacketIPD-codes—nthe-transport-stream—nake
F-Streai—Hrea—te aSS—H-progra-strednp —+ S—ahaP 1 H-the-Hahsport-StredinH

this possible.

Intr¢. 8.2 Synchronization

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

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

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

Syndhronization of a decoding system with a channel is achievedthrough the use of the SCR in the program streanp and
by it$ analogue, the PCR, in the transport stream. The SCR and PCR are time stamps encoding the timing of the bit stfeam
itself, and are derived from the same time base used for thg*audio and video PTS values from the same program. $ince
each|program may have its own time base, there are separate PCR fields for each program in a transport stream contajning
multjple programs. In some cases it may be possible-for programs to share PCR fields. Refer to 2.4.4, program-spgcific
infomation (PSI), for the method of identifying which PCR is associated with a program. A program shall have on¢ and
onlylone PCR time base associated with it.

Intr¢. 8.3 Relation to compression layer

The PES packet layer is independent-0f the compression layer in some senses, but not in all. It is independent in the §ense
that PES packet payloads need nOt start at compression layer start codes, as defined in Parts 2 and 3 of ISO/IEC 13818.
For ¢xample, video start codesmay occur anywhere within the payload of a PES packet, and start codes may be split by
a PEB packet header. Howéyer; time stamps encoded in PES packet headers apply to presentation times of compregsion
layeq constructs (namely; presentation units). In addition, when the elementary stream data conforms to Rec. ITU-T H.262
| ISQ/IEC 13818-2 ©r)TSO/IEC 13818-3, the PES packet data bytes shall be byte aligned to the bytes of| this
Recqgmmendation |‘International Standard.

Intr¢. 9 System reference decoder

Part [l ofISO/IEC 13818 employs a "system target decoder" (STD), one for transport streams (refer to 2.4.2) referrgd to
as "transport system target decoder" (T-STD) and one for program streams (refer to 2.5.2) referred to as "program syjstem
target decoder” (P-STD), to provide a formalism for timing and bulfering 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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suppprt the combination of the video and audio coding methods defined in Parts 2 and3 of ISO/IEC 13818. Thé.sy

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

SECTION 1 - GENERAL

Scope

supports six basic functions:
1) the synchronization of multiple compressed streams on decoding;
2) the interleaving of multiple compressed streams into a single stream;
3) the initialization of buffering for decoding start up;
4) continuous buffer management;
5) time identification;

6) multiplexing and signalling of various components in a system streamy¢
c. ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream is either a transport stream or a program stream.
plexing of video and audio compressed streams from one program with’a common time base. The transport st|

ionally supports the multiplexing of video and audio compressed str¢ams from multiple programs with indeper
bases. For almost error-free environments the program stream.is generally more appropriate, supporting soft

Both
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c. ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream, whether a transport stream or a program stream, is

ructed in two layers: the outermost layer is the system layer, and the innermost is the compression layer. The sy
provides the functions necessary for using one or more compressed data streams in a system. The video and 3
of this Specification define the compression coding layer for audio and video data. Coding of other types of d
efined by this Specification, but is supported.by'the system layer provided that the other types of data adhere t
raints defined in 2.7.

Normative references

following Recommendations and-International Standards contain provisions which, through reference in this
itute provisions of this Recommiendation | International Standard. At the time of publication, the editions indi
valid. All Recommendatioris and Standards are subject to revision, and parties to agreements based on|
mmendation | International Standard are encouraged to investigate the possibility of applying the most recent ed
e Recommendations-and Standards listed below. Members of IEC and ISO maintain registers of currently
hational Standards.)The Telecommunication Standardization Bureau of the ITU maintains a list of currently
T Recommendations.

Identical Recommendations | International Standards

-7~ Recommendation ITU-T H.262 (2000) | ISO/IEC 13818-2:2000, Information technology — Generic c
of moving pictures and associated audio information: Video.
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this
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1.2.2

Paired Recommendations | International Standards equivalent in technical content

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

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

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

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

heterogeneous environments — Part 2: High efficiency video coding.

— Recommendation ITU-T T.171 (1996), Protocols for interactive audiovisual services: c
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 TTII-R BT 709-6 (2015) Parameter \)ﬂ]upc.f‘nr the HDTV standards f‘nrlnrn/]ur'ﬁnr 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 televisiop 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 &éharacter sets — Part 1: Latin
alphabet No. 1.

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

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

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

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

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

ISO/IEC 13818-6:1998, Information technology — Generic coding of moving pictures and associated qudio
information — Part 6: Extensions foxr'DSM-CC.

ISO/IEC 13818-7:2006, Informdtion technology — Generic coding of moving pictures and associated qudio
information — Part 7: Advaficed Audio Coding (AAC).

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

ISO/IEC 14496-152010, Information technology — Coding of audio-visual objects — Part 1. Systems.
ISO/IEC 14496-2:2004, Information technology — Coding of audio-visual objects — Part 2: Visual.
ISO/TEC14496-3:2009, Information technology — Coding of audio-visual objects — Part 3. Audio.

ISOAEE14496-17:2006, Information technology, Coding of audio-visual objects — Part 17: Streaing
textformat.

I[SO/IEC 23001-8:2016, Information technology — MPEG systems technologies — Part 8: Codling-
independent code-points.

ISO/IEC 23001-10:2015, Information technology — MPEG systems technologies — Part 10: Carriage of

Timed metaaata metrics of media n 15U base medida jile jormat.

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 pccess unit begins with the picture start code. If a picture is preceded by a group start code andfor a
sequpnce_header code, the access unit begins with the first byte of the first of these start codes. If it is the last pigture
precg¢ding a sequence _end code in the bitstream, all bytes between the last byte of the coded picture’ and the
sequence_end code (including the sequence end code) belong to the access unit.

For the definition of an access unit for Rec. ITU-T H.264 | ISO/IEC 14496-10 video, see the AVC aecess unit defirition
in2.[.3.

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

2.1.2 AVC 24-hour picture (system): An advanced video coding (AVC) access unit.with a presentation time that is
mord than 24 hours in the future. For the purpose of this definition, AVC access unit nthas'a presentation time that is nore
than 24 hours in the future if the difference between the initial arrival time t.i(n) and"the DPB output time t, gpn(n) is nore
than 24 hours.

2.1.3 AVC access unit (system): An access unit as defined for byte streariis 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 14496-10|with
nal_ynit _type values of 1 or 5, or a byte stream nal unit data structure with nal_unit_type value of 2 and any assocfiated
byte| stream nal unit data structures with nal unit_type equaldo 3 and/or 4.

2.1.5 AVC still picture (system): An AVC still picture*consists of an AVC access unit containing an IDR pidture,
precg¢ded by SPS and PPS NAL units that carry sufficienf-information to correctly decode the IDR picture. Preceding an
AV still picture, there shall be another AVC still pieture or an end of sequence NAL unit terminating a preceding coded
vide¢ sequence unless the AVC still picture is the very first access unit in the video stream.

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

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

2.1.8 AVC video sub-bitstream of MVC: The video sub-bitstream that contains the base view as defined in Annex H
of Rec. ITU-T H.264 | ISO/IEC 14496-10, containing all VCL NAL units associated with the minimum value of view
ordef index present in,each AVC video sequence of the AVC video stream. The AVC video sub-bitstream of MVC|may
addifionally contaimthe’ associated NAL units with nal unit type syntax element equal to 14 (prefix NAL unit§), as
defirled for MV Ciin;Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.1.9 AV.C.video sub-bitstream of MVCD: The video sub-bitstream that contains the base view as defingd in
Anngx [ of\Rec. ITU-T H.264 | ISO/IEC 14496-10, containing all VCL NAL units associated with the minimum valpe of
view|orderrindex present in each AVC video sequence of the AVC video stream. The AVC video sub-bitstream of MV CD
may lndditionaty-contain the-assoeinted NrAk-its-with-nel—unittype T e AT

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. constrained system parameter stream System): A program stream for whic fined
in 2.7.9 apply.
2.1.22  cyclic redundancy check (CRC): The CRC to verify the correctness of data.
2.1.23  data element: An item of data as represented before encoding and after decoding.
2.1.24  decoded stream: The decoded reconstruction of a compressed bit stream.
2.1.25 decoder: An embodiment of a decoding process.
2.1.26 decoding (process): The process defined in this Recommendation | International Standard that reads an ipput-
coded bit stream and outputs decoded pictures or audio samples.
7

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

2.1.28  digital storage media (DSM): A digital storage or transmission device or system.

2.1.29 DSM-CC: Digital storage media command and control.

entitlement control message (ECM): Entitlement control messages are private conditional access informhtion
specify control words and possibly other, typically streain-specific, scrambling and/or control parameters.

2.1.31 entitlement management message (EMM): Entitlement management messages are private conditional a¢cess
ation which specify the authorization levels or the'services of specific decoders. They may be addressed to single
decofders or groups of decoders.

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

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

2.1.34 elementary stream clock reference (ESCR) (system): A time stamp in the PES stream from which decgders
of PES streams may derive tinihg.

2.1.35 encoder: An émbodiment of an encoding process.

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

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

2.1.38 ~_‘event: An event is defined as a collection of elementary streams with a common time base, an associated|start
timeland 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
depepdent slice segment flag in the slice header set to a value equal to 1, as defined in Rec. ITU-TNH:265 |
ISO/IEC 23008-2.

2.1.48 HEVC enhancement sub-partition: One HEVC layer with a particular value of nuh_layer, id ‘greater than 0
in thg NAL unit header syntax element or an HEVC temporal video sub-bitstream or HEVC temporal #ideo subset thdreof,
of which the HEVC layer aggregation with an HEVC base sub-partition and zero or more other, HEVC sub-partifions,
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 video sub-bitstream or HEVC temporal video subset.

2.1.40 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 ory/infetred to be equal to 0, as defingd in
Rec.|ITU-T H.265 | ISO/IEC 23008-2.

2.1.31 HEVC layer: HEVC video sub-bitstream that containshall' VCL NAL units with a particular valye of
nuh [layer id in the NAL unit header syntax element and associated non-VCL NAL units, as defined in Annex|F of
Rec.|ITU-T H.265 | ISO/IEC 23008-2.

2.1.§2 HEVC layer aggregation: Successive HEVC layer component aggregation of all HEVC layer components in
an HEVC video sequence.

2.1.33 HEVC layer component: VCL NAL unjts and the associated non-VCL NAL units of an HEVC accesq unit
which belong to an HEVC sub-partition.

2.1.34 HEVC layer component aggregation: Concatenation of all HEVC layer components with the same opitput
time|from all HEVC sub-partitions indicated-in an HEVC layer list in the order indicated by the HEVC layer list, resylting
in a yalid HEVC access unit as definediin Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.

2.1.85 HEVC layer list: Orderedist of HEVC sub-partitions for a target HEVC operation point of which the HEVC
layer aggregation results in a yalid?HEVC layered video stream.

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

2.1.36 HEVC layered.video stream: HEVC video stream that contains all VCL NAL units and associated non-VCL
NAL units conforming+to one or more profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 230p8-2.

2.1.§7 HEV.Coperation point: Operation point based on a target highest Temporalld, and a target layer identifigr list
as splecified in-Réc. ITU-T H.265 | ISO/IEC 23008-2.
NOTE —Rec. ITU-T H.265 | ISO/IEC 23008-2 specifies the sub-bitstream extraction process for an operation point according to
whichythe operation point is a conforming bitstream. An operation point is associated with an HEVC layered video stream or HEVC

1 1
DastT Idaytl.

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 Trom I to a value equal to or smaller than sps_max_sub_layers_minusl included in the active sequence
paraineter set, as specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.

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

NOTE — According to the constraints for the transport of HEVC specified in 2.17.1, each temipOyal sub-layer of an HEVC |video
ream is present either in the HEVC temporal video sub-bitstream or in exactly one HEVCtemporal video subset which is cjrried
i a set of elementary streams that are associated by hierarchy descriptors or HEVC hieratchy’extension descriptors. This prgvents
nmultiple inclusions of the same temporal sub-layer and allows aggregation of the HEVC temporal video sub-bitstream| with
agsociated HEVC temporal video subsets according to the hierarchy descriptorssas specified in 2.17.3 and according fo the
hjerarchy descriptors or HEVC hierarchy extension descriptors, as specified in 2.17.4.

©

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

2.1.46 HEVC tile substream: Substream of a Rec. ITU-T H,265 | ISO/IEC 23008 2 video stream that contajns a
Motion Constrained Tile Set, parameter sets, slice headers ona'combination thereof.

2.1.7 HEVC video sequence (system): A coded videgsequence as defined in Rec. ITU-T H.265 | ISO/IEC 230D8-2.

2.1.48 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 HR65 |
BO/IEC 23008-2 or an HEVC layered video sub-bitstream.

—

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

2.1.70 JPEG 2000 (J2K) video ateess unit: The JPEG 2000 codestream or codestreams comprising a decodabl¢ and
randpmly accessible (portion of) image, preceded by all the parameters required to decode the access unit and displaly the
decofded data.

2171 J2K block: The JPEG 2000 codestream or codestreams corresponding to a rectangular portion of a video fifame,
as dqtailed in S.3.

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

2.1.72  J2Kblock mode: Optional mode defined in S.3, dividing each frame of a J2K video stream in a certain anmjount
of reftangular-blocks, each encoded as an independent J2K block (defined in 2.1.71).

2.1.73 72K still picture (system): J2K video access unit as defined in 2.1.70 with constraints as specified in S.2

2.1.74 2% pe—The FPEG 2060 ST i Tvi rtion
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 ymetadata
service. Depending on the format of the metadata, decoder configuration information may or may not be needed.

2.1.84 metadata format: Identifies the coding format of metadata.
2.1.8§5 metadata service: A coherent set of metadata of the same format delivered to a receiver fora-specific purpose.
2.1.86 metadata service id: Identifier of a specific metadata service; used for some transportunethods of the metadata.

2.1.47 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 elenientary streams combined in a mgnner
that gonforms 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 yideo
sub-bitstream of MVC conforming to one or more profiles defined in Annex’H of Rec. ITU-T H.264 | ISO/IEC 14496-10
and ¢ne additional MVC video sub-bitstream associated with an MVC,view id subset including the view order index that
immediately follows the view order index associated with the base view.

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

2.1.90 MYVC operation point: An MVC operation point is identified by a temporal id value representing a thrget
tempjoral level and a set of view_id values representing the‘target output views. One MVC operation point is assocjiated
with|an AVC video stream which conforms to onelor more profiles defined in Annex H of Rec. ITU-T H.264 |
EC 14496-10. The AVC video stream associat€d with an MVC operation point is re-assembled from a set consisting
of onle or more of the following items: AVC video sub-bitstream of MVC, MVC base view sub-bitstream, MVC Yideo

. MVC slice (system): A byte_stream_nal unit with nal unit_type syntax element equal to 20 of an AVC yideo
stream which conforms to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10.
OTE — As specified in Rec. ITU-T.H.264 | ISO/IEC 14496-10, the value of svc_extension_flag is set equal to 0 for coded video
s¢quences conforming to one or-more profiles specified in Annex H. MVC slices should not include NAL units for which
npl unit 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 units |with
nal_ynit_type equal t6,20 associated with the same multiview video coding (MVC) view_id subset of an advanced yideo
codipg (AVC) video(stream and associated non-VCL NAL units which conform to one or more profiles defined in Apnnex
H of|Rec. ITU-T\H.264 | ISO/IEC 14496-10.
OTE — Incontrast to a sub-bitstream as specified in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, an MVC pideo

sub-bitstream according to this Specification is not necessarily a decodable MV C video sub-bitstream. The one exception is [when
an MV C video sub-bitstream is also an MVC base view sub-bitstream. Re-assembling MVC video sub-bitstreams in an incrdasing

Okas—o & 2 RS XSO He—T1oYWes HHE—O S oFeS 21 tH—to—a4 arte—0 S oFaS RS S ~ina
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, JVC
view| id subset and associated non-VCL NAL units.
NOTE — Re-assembling MVC view-component subsets ordered according to the view order index, starting front the” minjmum
ew order index up to the highest view order index present in the access unit, while reordering the non-VCL NAL'tnits confofming

A
td the order of NAL units within an access unit, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10, resulfs<in an AVC gccess
uhit.

2.1.98 MVCD view-component subset: The VCL NAL units of an AVC access unit associated“with the same MVCD
view| id subset and associated non-VCL NAL units.
NOTE — Re-assembling MVCD view-component subsets ordered according to the view order idex, starting from the minfmum
vljew order index up to the highest view order index present in the access unit, while reorderirigithe non-VCL NAL units confofming
t¢ the order of NAL units within an access unit, as defined in Rec. ITU-T H.264 | ISOAEC 14496-10, results in an AVC gccess
uhit.

2.1.99 MYVCD view_id subset: A set of one or more view_id values, ag,defined in Annex I of Rec. ITU-T H.264 |
ISO/IEC 14496-10 in the NAL unit header syntax element, associated witltone 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 subset mdy not

iiclude view components for all view_id values included in that MVCD wiew_id subset. One or more view order index value$ may
bg skipped if the view associated with a missing view order index value is not required for decoding the transmitted views.

2.1.100 pack (system): A pack consists of a pack header followed by zero or more packets. It is a layer in the syjstem
coding syntax 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 progrgm in
a single or multi-program transport stream asdescribed in 2.4.3.

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

2.1.104 payload: Payload refers to’the bytes which follow the header bytes in a packet. For example, the payload of
somg transport stream packets, ificludes a PES packet header and its PES packet data bytes, or pointer field and
PSI gections, or private data;-but a PES packet payload consists of only PES packet data_bytes. The transport stream
packpt header and adaptation fields are not payload.

2.1.]105 PES (systém): An abbreviation for a Packetized Elementary Stream.
1

2.1.106 PESpacket (system): The data structure used to carry elementary stream data. A PES packet consists of f PES
packet headerfollowed by a number of contiguous bytes from an elementary data stream. It is a layer in the system cqding
syntdx deseribed in 2.4.3.6.

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 23004 410.
2.1.116 random access: The process of beginning to read and decode the coded bit stream at an arbitrary point.

2.1.917 reserved: The term "reserved", when used in the clauses defining the coded bit stream, indicatés,that the yalue
may|be used in the future for ISO defined extensions. Unless otherwise specified within this, Recommendation |
Interhational Standard, all reserved bits shall be set to '1".

2.1.118 sample variant: An assembled media sample replacing an original sample as defineéd in ISO/IEC 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 Fprmat
(ISO/IEC 14496-12) and for access units as defined in 2.1.1.

2.1.119 scrambling (system): The alteration of the characteristics of a videog.audio or coded data stream in order to
prevent unauthorized reception of the information in a clear form. This alterationis a specified process under the control
of a gonditional access system.

2.1.120 service-compatible: This is defined as 'simulcast' of two. stereoscopic views which do not indlude
scalable or temporal coding. The two views are independently,compressed using MPEG-2 video or AV|C or
both and can be decoded independently.

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

2.1.122 splicing (system): The concatenation, performéd on the system level, of two different elementary streams| The
resulting system stream conforms totally to this Recommendation | International Standard. The splice may resylt in
discqntinuities in timebase, continuity counter, PSI;-and decoding.

2.1.123 start codes (system): 32-bit codés embedded in the coded bit stream. They are used for several purposes
inclyding identifying some of the layers in-the coding syntax. Start codes consist of a 24-bit prefix (0x000001) and an
8-bif stream_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 storage of
compressed 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.362 |
ISO/NEC 13818-2, ISO/FEC 11172-2 or ISO/IEC 14496-2, that contains exactly one coded picture which is intra-cded.
This| picture has an,‘associated PTS and in case of coding according to ISO/IEC 11172-2, Rec. ITU-T H.262 |
ISO/NEC 13818-2:er-ISO/IEC 14496-2, the presentation time of succeeding pictures, if any, is later than that of thq still
pictyre by at least two picture periods.

2.1.126 ,SY€C dependency representation: The VCL NAL units of an AVC access unit associated with the same yalue
of d¢pendency id which is provided as part of the NAL unit header or the associated prefix NAL unit header, angl the
assodiated—non-VVCL NAL units- Re aecpmh]ing SN C prpnrlpnr\v rpprpepntaﬁnne in—a consecutive orddr 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 inelyding
the cpntinuity counter field.

2.1.134 variable bitrate: An attribute of transport streams or program streams wherein the rate of arrivahof bytes at the
inpuf to a decoder varies with time.

2.1.135 video sub-bitstream: A video sub-bitstream is defined to be all VCL N AL units associated’with the same Yalue
of dgpendency id of an AVC video stream which conforms to one or more profiles defined in ‘Annex G of Rec. ITU-T
H.264 | ISO/IEC 14496-10 and all associated non-VCL NAL units in decoding order as défiried in Rec. ITU-T HP64 |
ISOMJEC 14496-10. Re-assembling video sub-bitstreams in a consecutive order of depéndency id, starting from the
dependency id equal to 0 up to any value of dependency id, results in an AVC video §tream. A video sub-bitstream|shall
have{the AVC byte stream format as defined in Annex B of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.1.136 view order index: An index that indicates the decoding order of MV view components in an AVC acces§ unit
as dgfined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 or MVCD<iew components in an AVC access ufit as
defirfed in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10. The assocfation of view order index values to the NAI} unit
headpr syntax element view_id is indicated for an AVC video sequenge in the sequence parameter set MVC extensipn as
defirled in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 orin the sequence parameter set MVCD extensipn as
defirled in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.2 Symbols and abbreviations

The mathematical operators used to describe this Recommendation | International Standard are similar to those usgd in
the ¢C-programming language. However, integer division with truncation and rounding are specifically defined.| The
bitwise operators are defined assuming two!sscomplement representation of integers. Numbering and counting loops
genefally begin from 0.

2.2.10 Arithmetic operators

+ Addition

- Subtractipn\(as a binary operator) or negation (as a unary operator)
++ Increment

—— Decrement

*or x . Multiplication

A Power
/ Integer division with truncation of the result toward 0. For example, 7/4 and —7/—4 are truncated to 1
and —7/4 and 7/—4 are truncated to —1.
7 Tmeger divisTon Wit TOunding Yo te Tiearest IMeger. Hatf-IMmeger vatues are Tounded 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
| Logical OR
&& Logical AND
! Logical NOT
2.2.4 Mnemonics
The following mnemonics are defined to describe the different data types used in the coded bit-stream.
bslbf Bit string, left bit first, where !'left" is the order in which bit strings are written in
Recommendation | InternationahStandard. Bit strings are written as a string of 1s and Os w
single quote marks, e.g., 'L000 0001'. Blanks within a bit string are for ease of reading
have no significance.
NOTE - In some tables of this specification, two bit strings are used to define a range of values. In other tablg
strings are used to specify integer values. In these cases, each bit string is equivalent to a binary number of whi
least significant bit (unity position)équals the rightmost bit of the bit string and the significance of bits increases|
right to left.
ch Channel
er Granule)of 3 * 32 sub-band samples in audio Layer II, 18 * 32 sub-band samples in 3
LayerTII.
main_data The main_data portion of the bit stream contains the scale factors, Huffman encoded data
ancillary information.
main_datalbeg This gives the location in the bit stream of the beginning of the main_data for the frame
location is equal to the ending location of the previous frame's main_data plus 1 bit.
calculated from the main_data_end value of the previous frame.
part2_length  This value contains the number of main_data bits used for scale factors.
@chgf Remajnde; pg'emgmja cgefﬁcjents hjghest g;der 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
12 Rec. ITU-T H.222.0 (08/2018)
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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

QGreater than or Prllml to

A

Less than

IN

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

The jction caused by a decoded data element in a bit stream depends-on/the value of that data element and on|data
elemients previously decoded. The decoding of the data elements and definition of the state variables used in their decqding
are described in the clauses containing the semantic description of the'syntax. The following constructs are used to express
the cpnditions when data elements are present, and are in normaltype.

Notq| this syntax uses the "C"-code convention that a variable‘er expression evaluating to a non-zero value is equivialent
to a ¢ondition that is true:

whilg ( condition ) { If the condition is true, then the group of data elements occurs next in the data strean]. 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
d3ata_element is not true.

H

whilg ( condition )

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

H

else [{ If the condition is not true, then the second group of data elements occurs next in the data
dgta-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 elements may depend on the value of the loop control variable i, which is set to zero for the

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

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

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

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

© ISO/IEC 2019 - All rights reserved Rec. ITU-T H.222.0 (08/2018) 13
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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

24.1

The
into
sync

A trd

Elen{
PES
avail

The

data
head
one {

Tran|
PID
packl

The

Thed
tablej
asso
fore
is off
infon
Rec.

Tran|

T bi .
Transport stream coding structure and parameters

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

nsport stream consists of one or more programs. Audio and video elementary streams consist-0f access units.

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

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

sport stream packets begin with a 4-byte prefix, which contains a*13-bit packet ID (PID), defined in Table 2-2
dentifies, via the program-specific information (PSI) tables,the contents of the data contained in the transport st
et. Transport stream packets of one PID value carry data,df'one and only one elementary stream.

PSI tables are carried in the transport stream. There aie'six PSI tables:

*  Program association table (PAT);

*  Program map table (MPT);

+  Conditional access table (CAT),

*  Network information table (NIT);

»  Transport stream desctiption table (TSDT);

+  IPMP control infarmation table.

e tables contain the ngeessary and sufficient information to demultiplex and present programs. The program
in Table 2-33 specifies, among other information, which PIDs, and therefore which elementary streams
iated to form eagh\program. This table also indicates the PID of the transport stream packets which carry the
hch program. The.conditional access table shall be present if scrambling is employed. The network information
tional and.itg~contents are not specified by this Recommendation | International Standard. The IPMP cd

mation table’shall be present if IPMP as described in ISO/IEC 13818-11 is used by any of the components i
ITU-T-H:222.0 | ISO/IEC 13818-1 stream.

ined
lows

data.
first

cket
hcket
from

The
ream

map
| are
PCR
table
ntrol
h the

kport stream packets may be null packets. Null packets are intended for padding of transport streams. They mg

y be

inse

€d O1r dcCICicd Dy re-mullipleXing processes and, thercIore, the dClivery oI the payload OT null paCkKets 1o the dc

cannot be assumed.

oder

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 L‘llffcl CIIU dlblliLUb LuIrcsS Ol Lilllillg bbilCdule.

A Q) Video = 1(k)
RX Rbx td, () |
| B, |1 MB, L B, | D, o tp,(K)
[ ihbyteof || ] R f ,
! transport stream i i J-th access unit 1 k-th presentation unit |
e 1o 4 [ IR . I — !
o An(i) Audio
. o— 8, | 2% 5140 | p) P,()
© 7,0
[TB | RXys I B I R D System control
| sys | sys sys
H.222.0(12)_F2-1

Figure 2-1 — Transport stream system-target decoder notation

The [following notation is used to describe the transpott, stream system target decoder and is partially illustrat¢d in
Figure 2-1 above.

L,i,1 are indices to bytes in the transport stream. The first byte has index 0.
j is an index to access unit$\in'the elementary streams.

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

n is an index to the‘elementary streams.
p is an index t@ transport stream packets in the transport stream.
t(i) indicates (the time in seconds at which the i-th byte of the transport stream enters the system tprget

decoder_The value t(0) is an arbitrary constant.

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

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

tda(3) is the decoding time, measured in seconds, in the system target decoder of the j-th access umit in
elementary stream n.

p"ﬂ() isthe k-th prpcpnfqﬁnn unitin elementary streamn P (k) results from dpr‘nfﬁng A“(j\ D“(]() isindexed

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 elementary

streams.

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

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

TRBRS is the size of TB... measured in bvtes

2.4.2

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

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

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

Rays 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 method is
Defined only for video elementary streams.

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

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

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

.2 System clock frequency

Timi

and 2.4.3.6. In PCR fields this information is coded as\tlie sampled value of a program's system clock. The PCR f

are
TS

Prac
mini
whet

The

oz

A prf
to th

g information referenced in the T-STD is carried by-several data fields defined in this Specification. Refer to 2.

rried in the adaptation field of the transport stream packets with a PID value equal to the PCR_PID defined i
rogram_map_section of the program being decoded.

ical decoders may reconstruct this clock*from these values and their respective arrival times. The followin
mum constraints which apply to the program's system clock frequency as represented by the values of the PCR f{
| they are received by a decoder.

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

27 000000~ 810 < system_clock frequency <27 000 000 + 810
rafe\of change of system_clock frequency with time < 75 x 10~ Hz/s

OTE — Sourees 6f coded data should follow a tighter tolerance in order to facilitate compliant operation of consumer recq
hd playback equipment.

bgrain'y system_clock frequency may be more accurate than required. Such improved accuracy may be transny
b degoder via the system clock descriptor described in 2.6.20.

ised.

od is

1.3.4
lields
h the

b are
lields

rders

itted

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
encofded 1n the PCR field indicates the time t(1), where 1 i1s the index of the byfe confaining the last bit-of the
program clock reference base field.

Spediifically:
PCR(i) = PCR _base(i)x 300+ PCR _ ext(i) 2-1)
wheie:
PCR_base(i) = ((system_clock_frequency x t(i)) DIV 300) %.2% 2-2)
PCR _ext(i) = ((system_clack _frequancy x t(i)) DLV1Y % 300 2-3)

For all other bytes the input arrival time, t(i) shown in equation 2-4 below;\is computed from PCR(i"”) and the trangport
rate at which data arrive, where the transport rate is determined as thequmber of bytes in the transport stream beteen
the Hytes containing the last bit of two successive program_clock reférence base fields of the same program dividgd by
the difference between the time values encoded in these same two RER fields.

PCR /4 P -1
(i) = @) + ! 2-4)
system _clock - firequency transport _rate(i)

wherle:
i is the index of any byte/in the transport stream for 1" <1 <i'.

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

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

The fransport rate for anybyte 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)

wheile:

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

Com|
trang
or 3
prog
nott

N
th

All H
head
mult

Duplicate transport stream packets are not delivered to By, MBy, or Bys.

The

wheile:

Rmax
| 1SC

profile and level.

Rx,
bitra;

For ]

plete transport stream packets containing system information, for the program selected for decoding, enter the-sy
port buffer, TBsys, at the transport stream rate. These include transport stream packets whose PID value§ are 0
and all transport stream packets identified via the program association table (see Table 2-30) aslhaving
Fam_map_PID value for the selected program. Network information table (NIT) data as specified by the NIT P|
fansferred to TBys.

OTE 1 — Size of IPMP control information table could be large, and the repetition rate of this table shquld be adjusted to|
e buffer requirement.

ytes that enter the buffer TB, are removed at the rate Rx, specified below. Bytes which are part of the PES p
er or its contents are delivered to the main buffer B, for audio elementary streams and system data, and t
plexing buffer MB, for video elementary streams. Other bytes are not, and/may be used to control the sys

buffer TB, is emptied as follows:
—  When there is no data in TB,, Rx, is equal to zero.

—  Otherwise for video:

Rx, =1,2x R [profilelevel]

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

s equal to 1, 2 X Ryax for ISO/IEC 11192-2 constrained parameter video streams, where Ruax refers to the maxi
e for a constrained parameters bitstream in ISO/IEC 11172-2.

SO/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

stem

1,2
> the
ID is

meet

hcket
b the
tem.

[.262
cific

mum

Cha

incls: The number of full-bandwidth audio output channels plus the number of independently switched cou

pling

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:

18

Rx, =1x10° bits persecond
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Rx, is measured with respect to the system clock frequency.

Complete transport stream packets containing system information, for the program selected for decoding, enter the system
transport buffer, 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 removed from TBgys at the rate Rxqys and delivered to Bgys. Each byte is transferred instantaneously.

Duplicate transport stream packets are not delivered to Bys.

Tran

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

The

The
carri
Rec.

N
1}

The
For ]

1 £ . s 1 1091
TallSPOIT DULICT SIZT IS TIATU dU O T2 U ylGs.

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

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

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

Low and Main level:

MBS, =BS,,. +BS,, +VBV,_. [ profile, level|—vbv _ buffer _size

whete BSon, PES packet overhead buffering is defined as:

and |

and
levell
head|

For |

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

BSmux, additional multiplex buffering is defined as:

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

where VBV [profile, level] is defined in Table 8-14 of Rec. ITU-T H.262 | ISO/IEC 13818-2 and Rumax[pr
| is defined in Table 8-13 of Rec. ITU-T H:262 | ISO/IEC 13818-2, and vbv buffer size is carried in the seqq
er described in 6.2.2 of Rec. ITU-T H,262.tISO/IEC 13818-2.

ligh 1440 and High level:

MBS, = BS, +BS,,

wheite BSon is defined as:

and |

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

BSmux 1s defined as:

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

it is
14 of

ts are

hfile,
ence

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 BSy

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

Audjo
For ISO/IEC 13818-7 ADTS audio:

Cha
chan

independently switched coupling channel elements, mono is 1 channel; stereo is 2 channels and 5.1 channel surrou

Number of Channels BSh [bytes]
1..2 3584
3.8 8976
9.12 12 804
13..48 51216

inels: The number of full-bandwidth audio output channels plus th¢ humber of independently switched cou
hel elements within the same elementary audio stream. For_éxample, in the typical case that there ar

pling
e no
nd is

5 channels (the LFE channel is not counted).
For ¢ther audio:
BS, 6 =BS,, . +BS;. +BS, =3584 bytes
The §ize of the access unit decoding buffer BSge;-and the PES packet overhead buffer BS,, are constrained by:
BS,.+BS, <2848 bytes
A pqrtion (736 bytes) of the 3584 byte buffer is allocated for buffering to allow multiplexing. The rest, 2848 byteq, are
sharg¢d for access unit buffering BSqec, BSon and additional multiplexing.
Systems
The main buffer By for)system data is of size BSqys = 1536 bytes.
Viddo
For video elementary streams, data is transferred from MB, to EB, using one of two methods: the leak method dr the
vide¢ buffering verifier (VBV) delay method.
Leakmethod

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:

20

»  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).
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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__

wheitle Rmax 1S the maximum bit rate for a Constrained Parameters bitstream in ISO/IEC 11172-2.

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

Vbv| delay method

The pybv_delay method specifies precisely the time at which each byte of coded videe'data is transferred from MB, to
EBy,[using the vbv_delay values coded in the video elementary stream. The vbv delay method is used whenever the|STD
desctiptor (refer to 2.6.32) for this elementary stream is present in the transport stréam, the leak valid flag in the desciiptor
has the value '0', and vbv_delay fields coded in the video stream are not equal to OXFFFF. If any vbv_delay valueq in a
vide¢ sequence are not equal to OXFFFF, none of the vbv_delay fields inthat sequence shall be equal to OXFFFF (refer to
ISO/NEC 11172-2 and Rec. ITU-T H.262 | ISO/IEC 13818-2).

Wheh the vbv_delay method is used, the final byte of the video picture start code for picture j is transferred from MB,, to
the BB, at the time td,(j) — vbv_delay(j), where td.(j) is the decoding time of picture j, as defined above, and vbv_delay(j)
is th¢ delay time, in seconds, indicated by the vbv_delay field*of picture j. The transfer of bytes between the final bytes
of successive picture start codes (including the final byte of the second start code), into the buffer EB,, is at a piecqwise
consfant rate, Rox(j), which is specified for each picturey: Specifically, the rate, Rux(j), of transfer into this buffer is given
by:

R,.(j) = NB(j)/(vbv_~delay(j)—vbv_delay(j+1)+1d, (j+1)—td, (})) 2-6)

whete NB(j) is the number of bytes between the final bytes of the picture start codes (including the final byte of the second
startjcode) of pictures j and j + 1, excluding PES packet header bytes.
OTE 4 — vbv_delay(j + 1) and tdn(j + 1) may have values that differ from those normally expected for periodic video dispjlay 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 examirjation
of the bit stream.

The Rux(j) derived from)equation 2-6 shall be less than or equal to Rmax[profile, level] for elementary streams of stfeam
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 Igss than orequal to the maximum bit rate allowed for constrained parameter video elementary streams of stfeam
type |0x01, refex'to ISO/IEC 11172-2.

Wheh abyte of data is transferred from MB;, to EB,, all PES packet header bytes that are in MB,, and immediately prgcede
that lpyte-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 FBrbuffer may umderftow—tmrthistase; wiem the-T=STb—etementary strearmm buffer EBr1sexammmed =t they 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
buffgr shall be re-examined at intervals of two field-periods until the data for the complete access unit is present ip the
buffgr. At this time the entire access unit shall be removed from buffer EB, instantaneously. Overflow of buffer EB,[shall
not decur.

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

Trick mode

Wheh the DSM_trick _mode flag (2.4.3.6) is set to '1' in the PES Packet header 0f’a packet containing the start of a Bitype
videp access unit and the trick mode control field is set to '001' (slow immetion) or '010' (freeze frame), or '100" (slow
revefse) the B-picture access unit is not removed from the video data buffer EB, until the last time of possibly multiple
times that any field of the picture is decoded and presented. Repetitionef the presentation of fields and pictures is defined
in 2.4.3.8 under slow motion, slow reverse, and field id_cntrl. The access unit is removed instantaneously from EB,, at
the indicated time, which is dependent on the value of rep_cntrl,

Wheh the DSM_trick_mode flag is set to '1' in the PES pagket header of a packet containing the first byte of a pifture
start|code, trick_mode status becomes true when that picture start code in the PES packet is removed from buffer] EB,
Trick mode status remains true until a PES packet header is received by the T-STD in which the DSM_trick modg flag
is sef to '0" and the first byte of the picture start code after that PES packet header is removed from buffer EB,. Whenl|trick
mod¢ status is true, the buffer EB, may underflow. All other constraints from normal streams are retained when [trick
mode¢ status is true.

2.4.2.,5 Decoding

Elementary streams buffered in B, through B, and EB, through EB, are decoded instantaneously by decoders D; thrpugh
D, apd may be delayed in re-order buffers O; through O, before being presented at the output of the T-STD. Re-prder
buffgrs are used only in the.case of a video elementary stream when some access units are not carried in presentption
ordef. These access units-willneed to be re-ordered before presentation. In particular, if Pn(k) is an I-picture or a P-picture
carripd before one orymore B-pictures, then it must be delayed in the re-order buffer, O,, of the T-STD before Peing
pres¢nted. Any picture/previously stored in O, is presented before the current picture can be stored. Pn(k) should be
delayed until the next I-picture or P-picture is decoded. While it is stored in the re-order buffer, the subsequent B-pictures
are decoded and presented.

The fimecat¢which a presentation unit P,(k) is presented is tpa(k). For presentation units that do not require re-ordpring
delay, tpa(K) is equal to tda(j) since the access units are decoded instantaneously; this is the case, for example, for B-frgmes.
For presentatiomumitsthataredetayed; tpath)amdtdat()differ by thetimethat Prtk s detayed 1 the Te=orderbuffter,
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

TBq [and TBsys shall not overflow. TB, and TBsys shall empty at least once every second. B, shall not overfloW nor
underflow. By, shall not overflow.

EB,, phall not underflow except when the low delay flag in the video sequence extension is set to '1' (referto 6.2.3.3 in
Rec.|ITU-T H.262 | ISO/IEC 13818-2) or trick_mode status is true.

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

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

Thel|delay of any data through the system target decoder buffers shall be less than‘orequal to one second except for still
picture video data, ISO/IEC 14496 streams and ISO/IEC 23008-2 streams. Specifically: td.(j) — t(i) < 1 second for|all j,
and all bytes i in access unit Ax(j).

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

For [SO/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 access unit An(j).

=

Defipition of overflow and underflow
Let Hu(t) be the instantaneous fullness of T-STD buffer\B.
Fa(t)|= 0 instantaneously before t = t(0)

Ovetlflow does not occur if:
F,(t)<BS,

for a]l t and n.

Undé¢rflow does not occur if:
0<F,(t)

for a]l t and n.

2.4.2.8 «T<STD extensions for carriage of ISO/IEC 14496 data

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

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

2.4.2.11 T-STD extensions for carriage of J2K video elementary streams

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

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

To

extennded. The T-STD extensions and T-STD parameters for decoding of J2K video elementary streams conformit

me the decoding ot JZK video elementary streams carried i a transport stream, the I'-STD model needs

o be
hg to

one ¢r more profiles defined in Rec. ITU-T T.800 (2002) | ISO/IEC 15444-1:2004 are defined in S.6.
NOTE — No extensions are specified for P-STD model, as carriage of J2K video elementary streams in program stfeams s not
supported.
2.4.2.12 T-STD extensions for carriage of HEVC
T-STD extensions and T-STD parameters for the decoding of HEVC video streams are defined in 2.17.2 and 2.{17.3.
Progfam stream support including P-STD extensions and P-STD parameters are not specifiedfor HEVC video streqms.
2.4.2.13 T-STD extensions for carriage of MVCD video sub-bitstream
T-STD extensions and T-STD parameters for decoding of MVCD video sub-bitstreams are defined in 2.14.1 and 2.14.3.7.
NOTE — Program stream extensions are not specified for MVCD video sub-bitstreams.
2.4.2.14 T-STD extensions for carriage of MV HEVC and SHVC
T-STD extensions and T-STD parameters for decoding of HEVC%ayered video streams are defined in 2.17.4. Program
streajn support including P-STD extensions and P-STD parametéts are not specified for HEVC extension video strgams.
2.4.3 Specification of the transport stream syntax and semantics
The following syntax describes a stream of bytes. Tran§port stream packets shall be 188 bytes long.
2.43.1 Transport stream
See Table 2-1.
Table 2-1 — Transport stream
Syntax No. of bits Mnemonilc
MPEG_transport_stream() {
do {
trangport’ packet()
} while (nextbits() = = sync_byte)
}
2.4.3.2~ Transport stream packet layer
See Table 2-2.
24
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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;

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

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 011'1"(0x47). Sync_byte emulation in the choice of
valugs for other regularly occurring fields, such as PID, should be avoided.

tranpport_error_indicator — The transport error indicator isca 1-bit flag. When set to 'l' it indicates that at |least
1 ungorrectable bit error exists in the associated transport streami packet. This bit may be set to '1' by entities extergal to
the tfansport layer. When set to '1' this bit shall not be resetito '0' unless the bit value(s) in error have been corrected,

paylpad_unit_start _indicator — The payload unit start indicator is a 1-bit flag which has normative meaning for
transport stream packets that carry PES packets (refer to 2.4.3.6) or transport stream section data (refer to Table 2-B1 in
2.44Y5).

Wheh the payload of the transport streand packet contains PES packet data, the payload unit_start indicator hap the
folloing significance: a 'l' indicates that the payload of this transport stream packet will commence with the first{byte
of 4 PES packet and a '0' indicates no PES packet shall start in this transport stream packet. If] the
paylpad unit_start indicator is set\to’'l’, then one and only one PES packet starts in this transport stream packet.|This
also ppplies to private streams of'stream_type 6 (refer to Table 2-34).

Wheh the payload of the transport stream packet contains transport stream section data, the payload unit start indipator
has |the following significance: if the transport stream packet carries the first byte of a section,| the
payload unit start indi¢ator value shall be 'l', indicating that the first byte of the payload of this transport stream pgcket
carrips the pointef field. If the transport stream packet does not carry the first byte of a section,| the
paylpad unit_sfast indicator value shall be '0', indicating that there is no pointer_field in the payload. Refer to 2.4.4.2
and 2.4.4.3. This also applies to private streams of stream_type 5 (refer to Table 2-34).

For gull’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 Specitication.

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
0x 1.1." FE
0x1FFF Null packet
NO[TE 1 — The transport packets with PID values 0x0000, 0x0001, and 0x0010-0x1FFE are allowed to carry a PCR.
NOIE 2 — Payload syntax is defined in 5.10.3.3.5 of ISO/IEC 23009-1.

tranpport_scrambling_control — This 2-bit field indicates the scrambling mode of the transport stream packet payjoad.
The fransport stream packet header, and the adaptation field when present, shall not be scrambled,-In the case of g null
packpt the value of the transport scrambling control field shall be set to '00' (see Table 2-4).

Table 2-4 — Scrambling control values

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

adaptation_field_control — This 2-bit field indicates whethérthis transport stream packet header is followed Hy 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
T Adaptation_field followed by payload

Rec.|ITU-T H.222.0 | ISOJEC 13818-1 decoders shall discard transport stream packets with the adaptation_field_control
field|set to a value of '00'Jn the case of a null packet the value of the adaptation field control shall be set to '01'.

contjnuity counter/=The continuity counter is a 4-bit field incrementing with each transport stream packet with the
samg PID. The~eantinuity counter wraps around to O after its maximum value. The continuity counter shall n¢t be
incrgmented.wheh the adaptation field control of the packet equals '00' or '10".

In trgnsport'streams, duplicate packets may be sent as two, and only two, consecutive transport stream packets of the pame
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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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
clementary _chﬁpam_:}rinrifv_intlinnfnr 1 bslbE
PCR_flag 1 bslbf
OPCR _flag 1 bsIbf
splicing_point_flag 1 bslbf
transport_private_data_flag 1 bslbf
adaptation_field_extension_flag 1 bslbf
if (PCR_flag=="1") {
program_clock reference base 33 uimsbf
reserved 6 bslbf
program_clock reference extension 9 uimsbf
!
if (OPCR flag=="1") {
original program_clock reference base 33 uimsbf
reserved 6 bslbf
original program_clock reference extension 9 uimsbf
!
if (splicing_point_flag=="1") {
splice countdown 8 tcimsbf
if (transport private data flag=="1") {
transport_private data length 8 uimsbf
for (1 =0; i <transport private data length; i+#) {
private_data_byte 8 bslbf
}
if (adaptation field extension flag=="1") {
adaptation_field extension length 8 uimsbf
Itw_flag 1 bslbf
piecewise_rate_flag 1 bslbf
seamless_splice flag 1 bslbf
af_descriptor_not_present_flag 1 bslbf
reserved 4 bslbf
if (Itw_flag = ="
Itw_valid: flag 1 bslbf
Itw offset 15 uimsbf
if (piecewise rate flag=="1") {
reserved 2 bslbf
piecewise_rate 22 uimsbf
if (seamless_splice flag=="1") {
Splice_type 4 bslbf
DTS _next AU[32..30] 3 bslbf
marker_bit 1 bslbf
DTS _next AU[29..15] 15 bslbf
marker_bit 1 bslbf
DTS next AU{14..0} 15 bslbf
marker_bit 1 bslbf
}
if (af descriptor not present flag=="0") {
for i=0;1<NI;i++) {
af descriptor()
¥
else {
for (1=0; 1 <N2;it+t) {
reserved 8 bslbf
}
}
}
for (1=0;1<N3;it++) {
© ISO/IEC 2019 - All rights reserved Rec. ITU-T H.222.0 (08/2018) 27


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

ISO/IEC 13818-1:2019 (E)

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 gdaptation field of a transport stream packet. When the adaptation field control value is '11', the valug)off the
adapfation_field length shall be in the range 0 to 182. When the adaptation_field control value is '10', the yalue qf the
adaptation_field length shall be 183. For transport stream packets carrying PES packets, stuffing is needed When th¢re is
insufficient PES packet data to completely fill the transport stream packet payload bytes. Stuffing is aceomplishdd by
defiling an adaptation field longer than the sum of the lengths of the data elements in it, so that‘the payload bytes
remdining after the adaptation field exactly accommodates the available PES packet data. The extra space in the adapthtion
field|is filled with stuffing bytes.

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

discontinuity indicator — This is a 1-bit field which when set to 'l' indicates that'the“discontinuity state is true fqr the
currgnt transport stream packet. When the discontinuity indicator is set to '0' o is\iot present, the discontinuity stjte is
false} The discontinuity indicator is used to indicate two types of discontinuitics, system time-base discontinuities and
continuity counter discontinuities.

A syptem time-base discontinuity is indicated by the use of the discontifiuity indicator in transport stream packety of a
PID {designated as a PCR_PID (refer to 2.4.4.10). When the discontimiity state is true for a transport stream packef of a
PID [designated as a PCR_PID, the next PCR in a transport stream“packet with that same PID represents a sampld of a
new gystem time clock for the associated program. The systenrtime-base discontinuity point is defined to be the instant
in tithe when the first byte of a packet containing a PCR of ainéw system time-base arrives at the input of the T-STD| The
discantinuity indicator shall be set to 'l' in the packetin which the system time-base discontinuity occurs.| The
discantinuity_indicator bit may also be set to 'l' in tranSport stream packets of the same PCR_PID prior to the pjcket
which contains the new system time-base PCR. Inthis case, once the discontinuity indicator has been set to '1', it|shall
contfnue to be set to '1' in all transport stream‘packets of the same PCR_PID up to and including the transport stfeam
packet which contains the first PCR of the~new system time-base. After the occurrence of a system timetbase
discqntinuity, no fewer than two PCRs for\the new system time-base shall be received before another system timeibase
discqntinuity can occur. Further, except when trick mode status is true, data from no more than two system time-pases
shall|be present in the set of T-STD-buffers for one program at any time.

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

A continuity countér discontinuity is indicated by the use of the discontinuity indicator in any transport stream packet.
Wheh the dis¢ontinuity state is true in any transport stream packet of a PID not designated as a PCR_PID} the
contfnuity ceunter in that packet may be discontinuous with respect to the previous transport stream packet of the pame
PID.| Whenythe discontinuity state is true in a transport stream packet of a PID that is designated as a PCR_PID, the
contfnGity "counter may only be discontinuous in the packet in which a system time-base discontinuity occufs. A
conthm: . R . . . . . 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.

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


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

ISO/IEC 13818-1:2019 (E)

*  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
AVT access umit, T any, contained in the corresponding elementary streaim that needs to be_prgsent
in decoding order before decoding the elementary stream associated with this elementary “stfeam
access point, then the corresponding elementary stream shall also include an elementary stream agcess
point.

NOTE 1 — If the hierarchy descriptor is present for this SVC video sub-bitstream(thén the vided sub-
bitstream of which the hierarchy layer index equals the hierarchy embedded layer index of this|SVC
sub-bitstream should have an elementary stream access point in the same access‘unit.

*+  MVC video sub-bitstreams of AVC video streams conforming to one or moreprofiles defined in Annex H
of Rec. ITU-T H.264 | ISO/IEC 14496-10 — The first byte of an MVC/yiew-component subset |s an
elementary stream access point if the following two conditions are met;

—  The subset sequence parameter sets and picture parameter sets@eferenced in this and all subsequent
MVC view-component subsets in the MVC video sub-bitstgeam shall be provided after this agcess
point in the byte stream and prior to their activation.

—  Ifthis MVC video sub-bitstream access point requiresihe elementary stream access point of the pame
AVC access unit, if any, contained in the corresponding elementary stream that needs to be pre¢sent
in decoding order before decoding the elementary stream associated with this elementary stfeam
access point, then the corresponding elementary'stream shall also include an elementary stream a¢cess
point.

NOTE 2 - If the hierarchy descriptor is present for this MVC video sub-bitstream, then the MVC vide¢ sub-
bitstream of which the hierarchy .layer index equals the hierarchy embedded layer index of this MVC
sub-bitstream should have an elementary stream access point in this same access unit.

e Audio — The first byte of an audio frame.

+  ISO/IEC 14496-17 text stream £ ;Fhe first byte of a text access unit. In case in-band sample descripgtions
are used, each in-band sample description shall be provided in the ISO/IEC 14496-17 stream aftef this
access point and prior to its use by an access unit.

*+  HEVC video streams~0t"HEVC temporal video sub-bitstreams — The first byte of an HEVC access|unit.
The VPS, SPS andPPS parameter sets, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, referenced in
this and all subsequient HEVC access units in the HEVC video sequence shall be provided after this a¢cess
point in the byte’stream and prior to their activation.

*  MVCD.video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Anpex I
of ReeNITU-T H.264 | ISO/IEC 14496-10 — The first byte of an MVCD view-component subset fis 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 subsequent
MVCD view-component subsets in the MVCD video sub-bitstream shall be provided after this a¢cess
point in the byte stream and prior to their activation.
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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
incrgmented by one and the current next indicator = = 1, containing a complete program definition. This indicaftes a
version change in PSI data.

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

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

In the case of audio, the presentation timestamp shall be present in the PES packet containing the first byte of the qudio
framp. In the PCR_PID the random_access_indicator may only be set to 'l' in-a‘ransport stream packet containin the
PCR(fields.

elementary_stream_priority_indicator — The elementary stream priQrity indicator is a 1-bit field. It indicates, afnong
packpts with the same PID, the priority of the elementary stream datalearried within the payload of this transport stfeam
packpt. A 'l' indicates that the payload has a higher priority than the'payloads of other transport stream packets.

In the case of ISO/IEC 11172-2 or Rec. ITU-T H.262 | ISO/IE€ 13818-2 or ISO/IEC 14496-2 video, this field may He set
to '1'lonly if the payload contains one or more bytes from an\intra-coded slice.

In the case of Rec. ITU-T H.264 | ISO/IEC 14496-10.xideo, this field may be set to 'l' only if the payload containg one
or mpre bytes from a slice with slice_type set to 2, 4,)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 set to 'l|.

For MVC video sub-bitstreams or MVC base view sub-bitstreams of AVC video streams conforming to one or more
profiles defined in Annex H of Rec. ITU-<T H.264 | ISO/IEC 14496-10, this field may be set to 'l' only if the payload
contains one or more bytes from an anchor picture, indicated by the slice _type equal to 2,4, 7, or 9 and the anchor_pic| flag
syntgx element equal to 1 for allprefix NAL units and slice extension NAL units.

For MVCD video sub-bitstreams or MVCD base view sub-bitstreams of AVC video streams conforming to one or more
profiles defined in Annex\J-of Rec. ITU-T H.264 | ISO/IEC 14496-10, this field may be set to '1' only if the payload
contains one or more byteés/from an anchor picture, indicated by the slice _type equal to 2, 4, 7, or 9 and the anchor_pic| flag
syntdx element equdl.to’] for all prefix NAL units and slice extension NAL units. In the case of HEVC video streains or
HEWVC temporal video sub-bitstreams or HEVC temporal video subsets, this field may be set to '1' only if the payload
contains one erunore bytes from a slice with slice_type set to 2. A value of '0' indicates that the payload has the fame
priofity as all'other packets which do not have this bit set to '1".

PCR_flag— The PCR_flag is a 1-bit flag. A value of '1' indicates that the adaptation_field contains a PCR field codgd in

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

splicing_point_flag — The splicing point flag is a 1-bit flag. When set to '1', 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.
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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 PPCR Tield shall be coded only in transport stream packets in which the PCR Tield 1s present. OPCRs are pernjitted
in bdth single program and multiple program transport streams.

OP(R assists in the reconstruction of a single program transport stream from another transport sfream. When
recomstructing the original single program transport stream, the OPCR may be copied to the PCR field. The'resulting [PCR
valu¢ is valid only if the original single program transport stream is reconstructed exactly in its entivety. This would
inclyde at least any PSI and private data packets which were present in the original transport streanmand would pospibly
require other private arrangements. It also means that the OPCR must be an identical copy oflits-associated PCR in the
origihal single program transport stream.

The PPCR is expressed as follows:

OPCR(i) = OPCR _base(i) x 300+ OPCR _exi(7) 2-8)
wherle:
OPCR _base(i) = ((system _clock s firequency < t(i)) DIV 300)262% [2-9)
OPCR _ext(i) = ((system _clock _ frequéncyxt(i)) DIV 1)% 300 (2-10)

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

splice_countdown — The splice_countdown is an 8-bit*field, representing a value which may be positive or negatiye. A
positive value specifies the remaining number of*transport stream packets, of the same PID, following the assocjated
trangport stream packet until a splicing point is4eached. Duplicate transport stream packets and transport stream pa¢kets
f the
here
ofa
nated
erent

The payload of the nextrtransport stream packet of the same PID (duplicate packets and packets without payload Being
exclided) shall commiénce with the first byte of a PES packet. In the case of audio, the PES packet payload [shall
cominence with an‘aceess point. In the case of video, the PES packet payload shall commence with an access poift, or
with|a sequence~end code, followed by an access point. Thus, the previous coded audio frame or coded picture aligns
with|the packet boundary, or is padded to make this so. Subsequent to the splicing point, the countdown field may] also
be piesent.\When the splice_countdown is a negative number whose value is minus n (—n), it indicates that the assodiated

transport stream packet is the n-th packet following the splicing point (duplicate packets and packets without payload
beinD extluded)

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.

escriptor—not—presentflag his eldwhen-s O sigpalsthe presenc oneorseveralaideserptor()
consfructs in the adaptation header. When this flag is set to '1" it indicates that the af descriptor() is not presenfip the
adapfation header.

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

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

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

where i is the index of the first byte of this transport stream packet, offset)is the value encoded in this field, t(i) is the
arrivpl time of byte i in the T-STD, and t,(i) is the upper bound in time‘of a time interval called the legal time widow
which is associated with this transport stream packet.

The |egal time window has the property that if this transport streaim is delivered to a T-STD starting at time t;(i), ife., at
the ¢nd 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 of the payload of this transport stream packet enters it, and no bjuffer
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 elementary
stream data at the time the-first byte of this transport stream packet enters it, and no buffer violations in the
T-STD shall occur.

Depg¢nding on factors including the size of the buffer MB,, and the rate of data transfer between MB,, and EB,, it is pogsible
to dgtermine another time to(i);such that if this packet is delivered anywhere in the interval [to(i), ti(i)], no T-STD buffer
violations will occur. This~time interval is called the legal time window. The value of to is not defined in| this
Recqgmmendation | Interhational Standard.

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

piec¢wise _rate— The meaning of this 22-bit field is only defined when both the Itw_flag and the ltw_valid flag afe set
to '11 When' defined, it is a positive integer specifying a hypothetical bitrate R which is used to define the end timps of
the Ilegal Time Windows of transport stream packets of the same PID that follow this packet but do not includg the
legal Time_window_of1set Tield.

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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offset = t,(4;)—t(4;)

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 LT H-262 EC ideo-stream—then-this-ficldindicatesthe-conditions-thatshall berespected
by thiis elementary stream for splicing purposes. These conditions are defined as a function of profile, level and splice |type
in Tgble 2-7 through Table 2-20.

In theese tables, a value for 'splice_decoding_delay' and 'max_splice rate' means that the following conditions shgll be
satisfied by the video elementary stream:

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

* n is the index of the coded picture ending in the transportistream packet in whicly the
splice_countdown reaches zero, i.e., the coded picture referred to@above.

e  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 th€ VBV buffer, and (ta+1 — tn) is the duration for which
picture n is presented.

2) The VBV buffer of the VBV model shall not overflow if its input is switched at the splicing poin{ to a
stream of a constant rate equal to 'max_splice_rate’for an amount of time equal to 'splice_decoding_de¢lay'.

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

splice_type Conditions

'0000' splice, decoding_delay = 120 ms; max_splice_rate = 15.0 x 10° bit/s
'0001" splice_decoding_delay = 150 ms; max_splice_rate = 12.0 x 10° bit/s
'0010' splice_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"M1110' 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
111" unspecified

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 x710%bit/s
'0001" splice_decoding_delay = 160 ms; max_splice_rate = 45:0_x"10%bit/s
'0010' splice_decoding_delay = 240 ms; max_splice_rate£,3070 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~decoding_delay = 120 ms; max_splice rate = 80.0 x 10° bit/s
'0001" splicey decoding_delay = 160 ms; max_splice_rate = 60.0 x 10° bit/s
'0010' splice_decoding_delay = 240 ms; max_splice rate = 40.0 x 10° bit/s
'0011" splice_decoding_delay = 250 ms; max_splice_rate = 38.0 x 10° bit/s
'0100' .. '104 1" Reserved
'1100' <1110 User-defined
A DI unspecified

Table 2-11 — Splice parameters Table 5
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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

11

wnspecified
T

Table 2-13 — Splice parameters Table 7

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

splice_type

Conditions

'0000' splice_decoding_delay = 120 ms; max_splice_rate = 40.0 x 10° bit/s
'0001" splice_decoding_delay = 160 ms; max_splice_rate = 30.0 x 10° bit/s
'0010' splice_decoding_delay = 240 ms; max_splice_rate = 20.0 x 10° bit/s
'0011" splice_decoding_delay = 250 ms; max_splice_rate = 19.0 x-10°bit/s
'0100'..'1011" Reserved
'1100" .. '1110" User-defined
111" unspecified

Table 2-14 — Splice parame¢ters 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<=>160 ms; max_splice rate = 15.0 x 10° bit/s
'0010' splice_decoding .delay = 240 ms; max_splice_rate = 10.0 x 10° bit/s
'0011" splice_decodifig jdelay = 250 ms; max_splice_rate = 9.5 x 10° bit/s
'0100'..'1011" Reserved
'1100'..'1110" User-défined
111" unspetified

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

splice_type

Conditions

'0000' splice_decoding_delay = 120 ms; max_splice_rate = 25.0 x 10° bit/s
'0001" splice_decoding delay = 165 ms; max_splice rate = 18.0 x 109 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

© ISO/IEC 2019 - All rights reserved
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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 106 bit/s
'0011" splice_decoding_delay = 225 ms; max_splice_rate = 40,0 10° bit/s
'0100' splice_decoding_delay = 250 ms; max_splice_rate = 36.0 % 10° bit/s
'0101'..'1011" Reserved
'1100" .. '1110" User-defined
111" unspecified

Table 2-18 — Splice parameters Table 12
Multi-view Profile LowLevel (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" splicedecoding_delay = 250 ms; max_splice rate = 3.7 x 10° bit/s
'0100" .. '1011" Reseryed
'1100'..'1110' User-defined
111" unspecified
Table 2-19 — Splice parameters Table 13
Multi-view Profile High Level (both layers) Video
Splice_type Conditions
'0000' splice_decoding delay = 120 ms; max_splice rate = 130.0 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

ISO/IEC 13818-1:2019 (E)

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

1111 unspecified

DTS| next_AU (decoding time stamp next access unit) — This is a 33-bit field, coded in three parts. In the.ca

ke of

continuous and periodic decoding through this splicing point it indicates the decoding time of the firstyaccess| unit
following the splicing point. This decoding time is expressed in the time base which is valid in the transport stream packet
in which the splice_countdown reaches zero. From the first occurrence of this field onwards, it shall have the same Yalue
in al] the subsequent transport stream packets of the same PID in which it is present, until the packet in which the
splicg_countdown reaches zero (including this packet).
The af descriptor() field may carry one or more descriptors as defined in Annex U. For des€riptors carrying informption
asso¢iated with specific access units of an elementary stream, the descriptor applies to the first access unit that stafts in
the BES packet immediately following this adaptation field. There may be several TS pac¢kets carrying no payload bgfore
the sfart of the PES, in which case these descriptors apply to the next TS packet with-payload on the same PID.
The pdaptation field shall contain only complete af descriptor() descriptors, i.¢7a single descriptor is always contgined
in a gingle transport stream packet.
NOTE 5 — The adaptation field should remain relatively small; it is thereforerecommended for large descriptors to use PES cafriage
ap defined in Annex U.
stuffing_byte — This is a fixed 8-bit value equal to '1111 1111' thatcan be inserted by the encoder. It is discarded by the
decofder.
2.4.3.6 PES packet
See Table 2-21.
Table 2-21 — PES packet
Syntax No. of bits Mnemonic
PE$ packet() {
packet_start code prefix 24 bslbf
stream_id 8 uimsbf
PES packet length 16 uimsbf
if (stream_id != progfam_stream_ map
&& stream_id !=padding_stream
&& stream_id\=)private_stream_2
&& stream “id+= ECM
&& streamy’ id = EMM
&& stream_id != program_stream_directory
&& stream_id = DSMCC_stream
& & stream id !=ITU-T Rec. H.222.1 type E stream) {
'10' 2 bslbf
- 7nnnh'nl 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
Rec. ITU-T H.222.0 (08/2018) 37
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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
PIS 132..50] 3 bslbt
marker_bit 1 bslbf
PTS [29..15] 15 bsibf
marker_bit 1 bslbf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf
'0001" 4 bslbf
DTS [32..30] 3 bslbf
marker_bit 1 bslbf
DTS [29..15] 15 bslbf
marker_bit 1 bslbf
DTS [14..0] 15 bslbf
marker_bit 1 bslbf
}
if (ESCR flag=="1") {
reserved 2 bslbf
ESCR_base[32..30] 3 bslbf
marker_bit 1 bslbf
ESCR_base|[29..15] 15 bslbf
marker_bit 1 bslbf
ESCR base[14..0] 15 bslbf
marker_bit 1 bslbf
ESCR_extension 9 uimsbf
marker_bit 1 bslbf
§
if (ES rate flag=="1") {
marker_bit 1 bslbf
ES rate 22 uimsbf
marker_bit 1 bslbf
}
if (DSM_trick mode flag ==({1") {
trick_mode_control 3 uimsbf
if ( trick_mode «control == fast forward ) {
field dd 2 bslbf
intfa ;slice_refresh 1 bslbf
frequency_truncation 2 bslbf
elsexf¢trick mode control == slow_motion ) {
rep_cntrl 5 uimsbf
else if (trick mode control == freeze frame ) {
field id 2 uimsbf
reserved 3 bslbf
else if (trick_ mode control == fast reverse ) {
field_id 2 bslbf
intra—shee—refresh . bsibf
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

ISO/IEC 13818-1:2019 (E)

Syntax No. of bits Mnemonic
if (PES extension flag=="1") {
PES private data flag 1 bslbf
pack header field flag 1 bslbf
program_packet sequence counter flag 1 bslbf
P-STD_buffer_flag 1 bslbf
reserved 3 bslbf
PES_extension_flag 2 1 bslbf
if (PES private data flag=="1") {
PES private data 128 bslbf
§
if (pack header field flag=="1") {
pack field length 8 uimsbf
pack header()
if (program packet sequence counter flag=="1") {
marker_bit 1 bslbf
program_packet_sequence_counter 7 uimsbf
marker_bit 1 bslbf
MPEG1_MPEG2 identifier 1 bslbf
original_stuff length 6 uimsbf
}
if (P-STD buffer flag=="1") {
'01' 2 bslbf
P-STD_buffer_scale 1 bslbf
P-STD buffer size 13 uimsbf
}
if (PES extension flag 2 =="1") {
marker_bit 1 bslbf
PES_extension_field_length 7 uimsbf
stream_id_extension flag 1 bslbf
if ( stream id extension flag=="0") {
stream_id_extension 7 uimsbf
else {
reserved 6 bslbf
tref_extension_flag 1 bslbf
if (tref extension’ flag=="0") {
reserived 4 bslbf
TREF[32..30] 3 bslbf
marker_bit 1 bslbf
TREF][29..15] 15 bslbf
marker_bit 1 bslbf
TREF[14..0] 15 bslbf
marker_bit 1 bslbf
}
3
for (1=0;1<N3;i++) {
reserved 8 bslbf
}
f
)
for (i< 0;1i<NI1;it++) {
stuffing_byte 8 bslbf
}
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; i <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

}

stre.

for (1 <0; 1 <PES packet length; i++) {
padding_byte 8 bslbf
}

}

am_id_extension_flag and the occurring data elements in the if-else-construct after the stream_id_extension_flag.

NOTE - The value N3 equals the byte count given by PES extension field length minus the bytes which contain the

2.4.377  Semantic definition of fields in PES packet

pacKet_start code_prefix — The packet start code prefix is a 24-bit code. Together with the stream_id that-follo
consitutes a packet start code that identifies the beginning of a packet. The packet start code prefix is.the bit §

'000

streg
strea
elem)

prog

in Apnex G of Rec. ITU-T H.264 | ISO/IEC 14496-10, all video sub-bitstreams of the same*AVC video stream shall

the s
TH.

valug
1SO/

PES

A vallue of 0 indicates that the PES packet length is neither specifi¢d\nor bounded and is allowed only in PES pa

whog

PES

payl
presq

0000 0000 0000 0000 0001' (0x000001).

m_id — In program streams, the stream _id specifies the type and number of the elementary stream as defined b
m_id Table 2-22. In transport streams, the stream id may be set to any valid value whicH correctly describe
entary stream type as defined in Table 2-22. In transport streams, the elementary stream ‘type is specified i
Fam-specific information as specified in 2.4.4. For AVC video streams conforming to,ene or more profiles de

hme stream_id value. For AVC video streams conforming to one or more profiles defined in Annex H of Rec.
P64 | ISO/IEC 14496-10, all MVC video sub-bitstreams of the same AVC videe stream shall have the same strea
. For AVC video streams conforming to one or more profiles definedsin Annex I of Rec. ITU-T H.]
[EC 14496-10, all MVCD video sub-bitstreams of the same AVC videa stream shall have the same stream_id v

| packet_length — A 16-bit field specifying the number of bytes in the PES packet following the last byte of the

e payload consists of bytes from a video elementary stream contained in transport stream packets.

| scrambling_control — The 2-bit PES scrambling_control field indicates the scrambling mode of the PES p
ad. When scrambling is performed at the PES levelsithe PES packet header, including the optional fields Y
nt, shall not be scrambled (see Table 2-23).

Table2-22 — Stream_id assignments

WS it
tring

y the
s the
n the
fined
have
[TU-
m_id
064 |
alue.

field.
ckets

hcket
vhen

ITU-T H.264 | ISO/IEC 14496-10 or Rec. ITU-T H.265 | ISO/IEC 23008-2 vid
stream number 'Xxxxx'

Stream_id Note stream coding

'1011 1100' 1 program_stream_map

'1011 1101" 2,910 private_stream_ 1

'1011 1110 padding_stream

1011 1111 3 private stream 2

'110x xxxx' ISO/IEC 13818-3 or ISO/IEC 11172-3 or ISO/IEC 13818-7 or ISO/IEC 14496-B or
ISO/IEC 23008-3 audio stream number X Xxxx'

"1110 xxx%/’ Rec. ITU-T H.262 | ISO/IEC 13818-2, ISO/IEC 11172-2, ISO/IEC 14496-2, Rdc.

o

L1 0000" 3 ECM_stream
1111 0001" 3 EMM_stream
LH-00+0! 5 Ree—FU-T-H-222 0 HSOARC 13818 +-AnnexAr

or ISO/IEC 13818-6 DSMCC _stream

11110011 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

11110110 6 Rec. ITU-T H.222.1 type C

' orrt 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.

NO|

NO|
ITU

NO
syn
NO
NO
NO

NO|
Str

NO
add|

NO|
NO|

privi

TE T—PESPackTIs of Type program_siream _map nave Unique Synmax speciticd m 2.5.4.1.

TE 2 — PES packets of type private stream 1 and ISO/IEC 13552 stream follow the same PES packet syntax as those'for’]
-T H.262 | ISO/IEC 13818-2 video and ISO/IEC 13818-3 audio streams.

TE 3 — PES packets of type private stream 2, ECM_stream and EMM _stream are similar to private_stream [Nexcept tha
ax is specified after PES packet length field.

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

am, in a transport stream (refer to 2.4.3.8).

TE 8 — The use of stream_id OxFD (extended_stream_id) identifies that this PES packet€mploys an extended syntax to pe
tional stream types to be identified.

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

TE 10 — Timeline and External Media Information streams (stream_type =0x27) are carried using the same PES packet synt3
pte_stream_1.

[E 7 — This stream_id is only used in PES packets, which carry data from a program streanior an ISO/IEC 11172-1 System

Rec.

t no

Fmit

X as

PES
priof
use t]

Table 2-23 — PES scrambling control values

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

| priority — This is a 1-bit field\indicating the priority of the payload in this PES packet. A 'l' indicates a h
ity of the payload of the PES packet payload than a PES packet payload with this field set to '0'. A multiplexo|
he PES priority bit to priofitize its data within an elementary stream. This field shall not be changed by the tran|

datal
imm
in 2.
align
any {

mecl[anism.

alignment_indicator - This is a 1-bit flag. When set to a value of '1, it indicates that the PES packet head

b.10 if thisg~d&scriptor is present. If set to a value of 'l' and the descriptor is not present, alignment as indicat
ment type.'01'in Table 2-53, Table 2-54 or Table 2-55 is required. When set to a value of '0', it is not defined wh
uchalignment occurs or not.

copyjright — This is a 1-bit field. When set to '1' it indicates that the material of the associated PES packet paylo

gher
I can
sport

ler is

pdiately followed by the video syntax element or audio sync word indicated in the data_stream_alignment_desctiptor

ed in
ether

ad 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

pack

et 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 packethepder.
Whep set to '0" it indicates that this field is not present.

PES| header_data_length — An 8-bit field specifying the total number of bytes occupied by the optional\fields and any
stuffjng bytes contained in this PES packet header. The presence of optional fields is indicated in the‘byte that prededes
the BES header data length field.

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

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

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

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

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

In thg case of ISO/IEC 11172-2 video or ISO/IEC 14496-2 video, if a PTS is present in a PES packet header, it shall refer
to th¢ access unit containing the first picture start'code that commences in this PES packet. A picture start code commgnces
in a [PES packet if the first byte of the pietute start code is present in the PES packet. For I- and P-pictures in {non-
low |delay sequences and in the case whenthere is no decoding discontinuity between access units (AUSs) k and k[, the
presgntation time t,n(k) shall be equal to-the decoding time tqn(k') of the next transmitted I- or P-picture (refer to 2.7.5). If
therd is a decoding discontinuity, dr the stream ends, the difference between tyn(k) and ten(k) shall be the same as {f the
origihal stream had continued without a discontinuity and without ending.

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

For Rec. ITU-T H.262 )ISO/IEC 13818-2 video, if a PTS is present in a PES packet header, it shall refer to the ag¢cess
unit pontaining the‘first picture start code that commences in this PES packet. A picture start code commences in a|PES
packet if the fipst\byte of the picture start code is present in the PES packet. For I- and P-coded frames in non-low_dlelay
sequpnces andin’'the case when there is no decoding discontinuity between access units (AUs) k and k', the presentation
time[tpn(k) Shall be equal to the decoding time t4n(k') of the next transmitted I- or P-coded frame (refer to 2.7.5). If there
is a deeoding discontinuity, or the stream ends, the difference between tp(k) and t4n(k) shall be the same as if the oriFinal

stre had continuedwathout o discontinuitcand sathout ending
J i<

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-conformingto-one-ormore-profiles-definedin-Annex H of Rec LT H264 | ISOAEC 1449610 _if 3 PTS is
pres¢nt in the PES packet header, it shall refer to the first MVC view-component subset that commences in_ this| PES
packet. An MVC view-component subset commences in a PES packet if the first byte of the MVC view-companerit sfibset
is prgsent 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 valu¢ 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 HIRD, defined herein as tondpp(n) = tea(n) + tc* dpb_output_delay(n), where t.»(n), t., and dpb-~output delay(n) are
defirled as in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10.

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

For MVCD video sub-bitstreams, MVCD base view sub-bitstream or AVC videé.sub-bitstream of MVCD of AVC Yideo
streams conforming to one or more profiles defined in Annex I of Rec. ITU-T-H.264 | ISO/IEC 14496-10, if a PTS is
presg¢nt in the PES packet header, it shall refer to the first MVCD view-gothponent subset that commences in this|PES
packet. An MVCD view-component subset commences in a PES packepifithe first byte of the MVCD view-comp@nent
subs¢t is present in the PES packet. To achieve consistency between the.STD model and the HRD model defined in Ajnex
C of|Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-assembléd and decoded AVC access unit, the PTS value ih the
STD| shall, within the accuracy of their respective clocks, indicate the same instant in time as the nominal DPB optput
timefin the HRD, defined herein as ton gpp(n) = trn(n) + tc * dpboutput delay(n), where t.(n), tc, and dpb_output delgy(n)
are defined as in Annex C of Rec. ITU-T H.264 | ISO/IEG-14496-10.

The presentation time tyn(k) shall be equal to the decoding time tgn(k) for:
. audio access units;

* access units in Rec. ITU-T H:262'| ISO/IEC 13818-2 or ISO/IEC 14496-2 low delay video sequences;
*  B-pictures in ISO/IEC 11172=2, Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 video strqams.
*  text access units in ISOAEC 14496-17.

If thgre is filtering in audio, it is dssumed by the system model that filtering introduces no delay, hence the sample refprred
to byl PTS at encoding is the same sample referred to by PTS at decoding. In the case of scalable coding refer to 2.7}6.

For HEVC video streams, . HEVC temporal video sub-bitstreams and HEVC temporal video subsets, if a PTS is prgsent
in th¢ PES packet headery; it shall refer to the first HEVC access unit that commences in this PES packet. For HEVC yideo
sub-partitions, if a‘PTS is present in the PES packet header, it shall refer to the first HEVC layer componen that
com:lnences in_thi§ PES packet. An HEVC layer component commences in a PES packet if the first byte of the HEVC
layerl component’is present in the PES packet. To achieve consistency between the STD model and the HRD njodel
defirled in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, for each HEVC access unit the PTS value in the STD ghall,

withinthevaccuracy of their respective clocks, indicate the same instant in time as the nominal DPB output time ih the
HRIDL as‘defined in Annex C of Rec ITIU-T H 265 ! ISQ/AEC 230082

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
depephdency representation that commences in this PES packef. An SVC dependency representation commences 1n_a] PES
packpt if the first byte of the SVC dependency representation is present in the PES packet. To achieve consistencybetveen
the §TD model and the HRD model defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each xe-assenpbled
AV({ access unit the DTS value in the STD shall, within the accuracy of their respective clocks, indicate the same infstant
in tine as the nominal CPB removal time t.( n ) in the HRD, as defined in Annex C of Rec. ITU-FEH.264 | ISO/IEC
14496-10.

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

NOTE 4 — Different clocks may be used for derivation of DTS and trn( 1 ).
In the case of scalable coding refer to 2.7.6.

For HEVC video streams, HEVC temporal video sub-bitstreamsénd HEVC temporal video subsets, if a DTS is prgsent
in th¢ PES packet header, it shall refer to the first HEVC access-unit that commences in this PES packet. For HEVC yideo
sub-partitions, if a DTS is present in the PES packet header, it shall refer to the first HEVC layer component| that
commences in this PES packet. An HEVC layer component commences in a PES packet if the first byte of the HEVC
layeql component is present in the PES packet. Tocachieve consistency between the STD model and the HRD npodel
defirled in Annex C of Rec. ITU-T H.265 | ISO/IEC23008-2, for each HEVC access unit the DTS value in the STD shall,
within the accuracy of their respective clocks; indicate the same instant in time as the nominal CPB removal time ip the
HRD, as defined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2.

For MVCD video sub-bitstreams of.AVC video streams conforming to one or more profiles defined in Annex| I of
Rec.|ITU-T H.264 | ISO/IEC 14496-10, if a DTS is present in the PES packet header, it shall refer to the first MVCD
viewrcomponent subset that commiences in this PES packet. An MVCD view-component subset commences in a|PES
packet if the first byte of the MVICD view-component subset is present in the PES packet. To achieve consistency between
the §TD model and the HRB model defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-assenjbled
AV( access unit the DTS value in the STD shall, within the accuracy of their respective clocks, indicate the same instant
in tifne as the nominalCPB removal time t.4( n ) in the HRD, as defined in Annex C of Rec. ITU-T H.264 | ISO/IEC

ESCR base;- ESCR_extension — The elementary stream clock reference is a 42-bit field coded in two parts. The first
part,|ESCR/base, is a 33-bit field whose value is given by ESCR_base(i), as given in equation 2-14. The second|part,

value is given by ESCR_ext(i) s the
intendedtine-ofa a e-containingthelastbitofthe ESCR base Y steeams
(refer to 2.5.2.4).

Specifically:
ESCR(i) = ESCR_base(i)x300+ 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.

Wheh trick_mode status is false, the number of times N, a picture is output by the decoding process for progrepsive
sequences, is specified for each picture by the repeat first field and top field first fields in the\ casg of
Rec.|ITU-T H.262 | ISO/IEC 13818-2 video, and is specified through the sequence header in the case of ISO/LEC 11]172-
2 Vigleo.

For Interlaced sequences, when trick mode status is false, the number of times N, a picture is output by the decqding
procgss for progressive sequences, is specified for each picture by the repeat_first field and progiessive frame fields in
the cpse of Rec. ITU-T H.262 | ISO/IEC 13818-2 video.

Wheh trick mode status is true, the number of times that a picture shall be displayed depends on the value of N.

Wheh the value of this field changes or trick mode operations cease, any combinatien-of the following may occur:
+  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' Freeze frame
‘011" Fast'reverse
'100' Slow reverse
101" .. "142" Reserved

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

*  bit_ratg;

*  vby‘delay;

o _depeat first field;
*>.\V_axis_positive;

¢ field sequence;

. 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

f } $l LD £o1d d 41 TL tloae £o1d 41 1 ra-than-ds 1 A fos N DL atel L2 £ a1d oo t
or rep—entr2field-duration—The-other field-of the pieture-isthendisplayed-for N—N-<rep—entrl/ 2 field-durgtion.

freeze frame — The value '010', in the trick mode control field. When this value is present it indicates a fre¢ze ffame
vide¢ stream and defines the meaning of the following five bits in the PES packet header. The field id field, definpd in
Tablp 2-25, identifies which field(s) should be displayed. The field id field refers to the first video access unif that
cominences in the PES packet which contains the field id field, unless the PES packet contains zero payload bytes. In the
lattet case the field id field refers to the most recent previous video access unit.

fast reverse — The value '011", in the trick_mode_control field. When this value is present it indieates a fast reverse yideo
stream and defines the meaning of the following five bits in the PES packet header. The intra slice refresh bit mdy be
set t¢ '1" indicating that there may be missing macroblocks which the decoder may replacewith co-sited macroblocks of
previously decoded pictures. The field id field, defined in Table 2-25, indicates which'figld or fields should be displgyed.
The frequency truncation field indicates that a restricted set of coefficients may bgincluded. The meaning of the values
of thjs field are shown in Table 2-26.

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

In the case of Rec. ITU-T H.262 | ISO/IEC 13818-2 interldeed sequences, the picture should be displayed for
N x rep_cntrl field duration. If the picture is a frame picture, the first field to be displayed is the bottom fidld if
top_field first is 1, and the top field if top_field first is /@ (refer to Rec. ITU-T H.262 | ISO/IEC 13818-2). This fi¢ld is
displayed for N x rep cntrl/ 2 field duration. The othérfield of the picture is then displayed for N — N X rep_cnfrl / 2
field|duration.

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

Table 2-25 — Field_id field control values

Value Description
‘00’ Display from top field only
'01' Display from bottom field only
'10' Display complete frame
1" Reserved

intrg_slice_refresh — A 1-bit flag, which when set to 'l', indicates that there may be missing macroblocks between coded
slicep of Wideo 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

prev onsly decoded pi(“ranQ

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 pf i - 0 tdden

additional_copy_info — This 7-bit field contains private data relating to copyright information.

previous PES packet CRC — The previous PES packet CRC is a 16-bit field that contains the CRC valuerthat yfields
a zerp 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[processing the data bytes of the previous PES packet, exclusive of the PES packet headen.
NOTE 5 — This CRC is intended for use in network maintenance such as isolating the source ofintermittent errors. It is not int¢gnded

for use by elementary stream decoders. It is calculated only over the data bytes because PESypacket header data can be modglified
dpring transport.

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

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

program_packet_sequence_counter_flag — A 1-bity\ flag which when set to 'l' indicates that| the
program packet sequence counter, MPEG1 MPEG2 identifier, and original stuff length fields are present in| this
PES jpacket. 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.éet to 'l"' indicates that the P-STD buffer scale and P-STD _buffer| size
are present in the PES packet header. When\sét to a value of '0' it indicates that these fields are not present ifi the
PES |header.

PES| extension_flag 2 — A 1-bit field\which when set to '1' indicates the presence of the PES extension field lgngth
field|and associated fields. When.set to a value of '0' this indicates that the PES extension_field length field and any
asso¢iated fields are not present.

PES| private_data — ThisGs-a16-byte field which contains private data. This data, combined with the fields befor¢ and
after] shall not emulate the)packet start code prefix (0x000001).

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

program_packet ‘sequence_counter — The program_packet sequence counter field is a 7-bit field. It is an optjonal
counter that fficrements with each successive PES packet from a program stream or from an ISO/IEC 11172-1 stregm or
the HESpackets associated with a single program definition in a transport stream, providing functionality similar to a
contfntuty 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 I 1172-1 strteam. Ihe counter will wrap around to U 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

(2-16)

else:
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encoded value of the P-STD buffer size takes effect immediately when the P-STD_buffer size field is receivg
lec. ITU-T H.222.0 | ISO/IEC 13818-1 System Target Decoder (refer to 2.7.7).

AVC video streams conforming to one or more profiles defined in Annex A "“ef Rec. ITU-T H
[EC 14496-10, the size BS, shall be larger than or equal to the size of,they) CPB signalled by
bize[ cpb_cnt _minusl ] specified by the NAL hrd parameters() in the AVC<video stream. If the
barameters() are not present in the AVC video stream, then BS,, shall be larger than‘or equal to the size of the
for the byte stream format defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 as 1200 x MaxCP
pplied level.

video sub-bitstreams of AVC video streams conforming to one or.ore profiles defined in Annex G of
T H.264 | ISO/IEC 14496-10, the size BS, shall be larger than oryequal to the size of the CPB signalled b
bize[ cpb_cnt_minusl ] specified by the NAL hrd_parameters()\for the video sub-bitstream carried in eleme
m ES,;, as defined in 2.14.3.6. If the NAL hrd_parameters() ate.not present in the video sub-bitstream, the sizg
be larger than or equal to the size of the NAL CPB for the byte stream format defined in Rec. ITU-T H.
[EC 14496-10 as 1200 x MaxCPB for the applied level for the elementary stream ES,.

MVC video sub-bitstreams of AVC video streamsconforming to one or more profiles defined in Annex
ITU-T H.264 | ISO/IEC 14496-10, the size BS, shall be larger than or equal to the size of the CPB signalled b,
bize[ cpb_cnt minusl ] specified by the NAL) hrd parameters() for the MVC video sub-bitstreams carrig
entary stream ES,, as defined in 2.14.3:¢._ If the NAL hrd parameters() are not present in the MVC Y
itstreams, the size BS, shall be larger than-or equal to the size of the NAL CPB for the byte stream format de
c. ITU-T H.264 | ISO/IEC 14496-10 as 1200 x MaxCPB for the applied level for the elementary stream ES,.

| extension_field_length — Thisds\a 7-bit field which specifies the length, in bytes, of the data following this fig
ES extension field up to and.iicluding any reserved bytes.

m_id_extension_flag —A, 1-bit flag, which when set to '0' indicates that a stream_id_extension field is prese
ES packet header. Thévalue of '1' for this flag is reserved.

m_id_extension= In program streams, the stream_id_extension specifies the type and number of the eleme
m as defined bythe stream_id_extension in Table 2-27. In transport streams, the stream_id_extension may be

alid value which correctly describes the elementary stream type as defined in Table 2-27. In transport stream
entary stream type is specified in the program-specific information as specified in 2.4.4. Note that this field is
extension of the stream_id defined above. This field shall not be used unless the value of stream idis '1111 1
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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
ISQYIEC 13818-11 (MPEG-2 IPMP).

NO[E 2 — PES packets of stream_id_extension 0b000 0001 (IPMP stream) have a unique syntax specified in ISO/IEC-1381§-11
(MRPEG-2 IPMP).

stuffing_byte — This is a fixed 8-bit value equal to '1111 1111' that can be inserted by the encoder, fér-¢xample to meet
the rpquirements of the channel. It is discarded by the decoder. No more than 32 stuffing bytes shall*be present in} one
PES jpacket header.

PES| packet_data_byte — PES packet data bytes shall be contiguous bytes of data,from the elementary stfeam
indidated by the packet's stream id or PID. When the -elementary \$tream data conforms| to
Rec.|ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 13818-3, the PES packet data_bytes)shall be byte aligned to the pytes
of th{s Recommendation | International Standard. The byte-order of the elementary.stréam shall be preserved. The number
of PES packet data bytes, N, is specified by the PES packet length field. N shall be equal to the value indicated ip the
PES| packet length minus the number of bytes between the last byte of-the“PES packet length field and the| first
PES| packet data byte.

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

padding_byte — This is a fixed 8-bit value equal to '1111 1143t is discarded by the decoder.

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

TRHEF (timestamp reference) — The TREF is a 33-bit number coded in three separate fields. It indicates the decqding
time|value, td.(j), in the system target decoder aslindicated by the DTS, or in absence of the DTS, by the PTS of the|PES
headpr 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 fransport stream contains optional fields to support the carriage of program streams and ISO/IEC 11172-1 Systems
streams, in a way that allows simple reconstruction of the respective stream at the decoder.

Wheh placing a program(stieam into a transport stream, program stream PES packets with stream id valugs of
privgte_stream_1, Rec.CEFU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 video, and ISO/IEC 138183 or
ISOMEC 11172-3 audio) are carried in transport stream packets.

For these PES packets, when reconstructing the program stream at the transport stream decoder, the PES packet data is
copi¢d to the pregram stream being reconstructed.

rogtam streams PES packets with stream_id values of program_stream_map, padding_stream, private strean 2,
,EEMIM, DSM_CC _stream, or program_stream_directory, all the bytes of the program stream PES packet, except

PES packet has the value of ancﬂlary_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
P : i ever,

program-specific informtion shall not be scrambled.

In transport streams, program-specific information is classified into six table structures as shown in Table2-28. While
thesq structures may be thought of as simple tables, they shall be segmented into sections and inserted in transport stfeam
packets, some with predetermined PIDs and others with user selectable PIDs.

Table 2-28 — Program-specific information

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

Rec.[ITU-T H.222.0 | ISO/IEC 13818-1 defined PSI tables shall be segmented into one or more sections that are cajrried
withfn transports packets. A section “1s a syntactic structure that shall be used for mapping |each
Rec.|ITU-T H.222.0 | ISO/IEC 13818-1'defined PSI table into transport stream packets.

Along with Rec. ITU-T H.222.071 ISO/IEC 13818-1 defined PSI tables, it is possible to carry private data tables| The
means by which private informmation is carried within transport stream packets is not defined by this Specification. Itfmay
be stLuctured in the same matiner 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 | ISQYIEC
1381]8-1 defined PSL fables. For this purpose, a private section is defined. If the private data is carried in transport stfeam
packets with the same PID value as transport stream packets carrying program map tables (as identified in the program
asso¢iation table), then the private section syntax and semantics shall be used. The data carried in the private data_bytes
may [be scrambléd. However, no other fields of the private section shall be scrambled. This private section allows|data
to bejtransmitted with a minimum of structure. When this structure is not used, the mapping of private data within trangport
streapnypackets 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
conditi
of '1]shall always apply to the current data in the transport stream. Any changes in scrambhng maklng the existifig fable
invalid or incomplete shall be described in an updated version of the conditional access table. These sections will all use
tablg id value 0x01. Only sections with this table id value are permitted within transport stream packets withja PID yalue
of 040001. For a new version of the CAT to become valid, all sections (as indicated in the last section humber) with a
new [version_number and with the current next indicator set to '1' must exit Bgys. The CAT becomes valid when th¢ last
byte jof the section needed to complete the table exits Bgys.

Eaclf transport stream shall contain one or more transport stream packets with PID values which are labelled unddr the
program association table as transport stream packets containing TS program map sections. Each program listed in the
program association table shall be described in a unique TS program_map_section. Every program shall be fully defined
withn the transport stream itself. Private data which has an associated elementary PID)field in the appropriate program
map [table section is part of the program. Other private data may exist in the transpott stream without being listed ip the
program map table section. The most recently transmitted version of the, TS program map_ section with the
currgnt next indicator set to a value of '1' shall always apply to the current data within the transport stream. Any chgqnges
in the definition of any of the programs carried within the transport streamishall be described in an updated version qf the
corrgsponding section of the program map table carried in transport stfeam packets with the PID value identified as the
program_map_PID for that specific program. All transport stream packets which carry a given TS program_map_seftion
shall| have the same PID value. During the continuous existence of\a’program, including all of its associated eventy, the
program_map_PID shall not change. A program definition shall-hot span more than one TS program map_sectign. A
new [version of a TS program map_section becomes valid when the last byte of that section with a new version_number
and yith the current next indicator set to 'l' exits Byys.

Sectlons with a table id value of 0x02 shall contain, program map table information. Such sections may be carrigd in
transport stream packets with different PID valuyes.

The network information table is optional-and~its contents are private. If present it is carried within transport stfeam
packpts that will have the same PID value, ealled the network PID. The network PID value is defined by the user|and,
wher present, shall be found in the prograrh association table under the reserved program_number 0x0000. If the network
information table exists, it shall take the form of one or more private sections.

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

The [transport stream deseription table is optional. When present, the transport stream description is carried within
transport stream paekets that have a PID value 0x0002 as specified in Table 2-28 and shall apply to the entire tranpport
stream. Sections @f.the transport stream description shall use a table id value of 0x03 as specified in Table 2-31 and its
cont¢nts are restricted to descriptors specified in Table 2-45. The TS_description_section becomes valid when th¢ last
byte jof the s&Ction required to complete the table exits Bgys.

Therg 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

progrant
The pverall table is contained in one or more sections with the following syntax. It may be segmented to occupy multiple
sectipns (see Table 2-30).
Table 2-30 — Program association section
Syntax No. of bits Mnemonie
program_association_section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
'0' 1 bslbf
reserved 2 bslbf
section_length 12 uimsbf
transport_stream_id 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (i=0; i <N;it++) {
program_number 16 uimsbf
reserved 3 bslbf
if (program_number =="0")"{
network PID 13 uimsbf
}
else {
program_map_PID 13 uimsbf
b
}
CRC_32 32 rpchof
}
2.4.4.5 - 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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2.4.4.6 Semantic definition of fields in program association section

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

sectil
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Table 2-31 — table_id assignment values

9 (E)

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 ITULT H 222 0| ISO/IEC 13818.1 reserved
0x38 .. 0x3F Defined in ISO/IEC 13818-6
0x40 .. OxFE User private
OxFF Forbidden

n_length — This is a 12-bit field, the first two bits of which shall be '00'. The remaining 10 bits specify the nu

shall not exceed 1021 (0x3FD).

sport_stream_id — This is a 16-bit field which serves as a label toidéntify this transport stream from any
plex within a network. Its value is defined by the user.

on_number — This 5-bit field is the version number of the whole program association table. The version nu

iation table.

ent_next_indicator — A 1-bit indicator, which-when set to '1' indicates that the program association table sg

pn_number — This 8-bit field gives thesnumber of this section. The section_number of the first section in the Pro

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

cable. When set;te,0x0000, then the following PID reference shall be the network PID. For all other cases the
s field is user,defined. This field shall not take any single value more than once within one version of the pro
iation table.
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O-0000. tha PN £ 41 Lall

ork, PID — The network PID is a 13-bit field, which is used only in conjunction with the value of

mber
1 this

bther

mber

be incremented by 1 modulo 32 whenever the definition of the program association table changes. When the
currgnt next indicator is set to 'l', then the version_number shall-be that of the currently applicable program associ
table. When the current next indicator is set to '0', then the wersion number shall be that of the next applicable pro
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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.

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

53


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

ISO/IEC 13818-1:2019 (E)

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
section_syntax_indicator 1 bslbf
'0' 1 bslbf
reserved 2 bslbf
section_length 12 uimsbf
reserved 18 bslbf;
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for i=0;1<N;it++) {
descriptor()
}
CRC_32 32 rpchof
}
2.44.8 Semantic definition of fields in conditional access 'section
tabl¢_id — This is an 8-bit field, which shall be set to 0x01 as specified in Table 2-31.

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

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

versjon_number — This 5-bit field isithe version number of the entire conditional access table. The version number [shall
be icremented by 1 modulo 32 'when a change in the information carried within the CA table occurs. When the
currgnt_next indicator is set to "Iythen the version number shall be that of the currently applicable conditional agcess
tablg. When the current next \indicator is set to '0', then the version_number shall be that of the next applicable conditjonal
acce$s table.

current_next_indicator — A 1-bit indicator, which when set to 'l' indicates that the conditional access table sept is
currgntly applicablesWhen the bit is set to '0', it indicates that the conditional access table sent is not yet applicablg and
shalllbe the next gonditional access table to become valid.

conditional access table shall be 0x00. It shall be incremented by 1 with each additional section in the conditional adcess
tabl

sectérn_number — This 8-bit field gives the number of this section. The section number of the first section i the

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
U T DSIDT
reserved 2 bslbf
section_length 12 uimsbf
program_number 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
reserved 3 bslbf
PCR_PID 13 uimsbf
reserved 4 bslbf
program_info_length 12 uimsbf
for i=0;1<N;it++) {
descriptor()
}
for 1=0;1<NI;i++) {
stream_type uimsbf
reserved bslbf
elementary PID 13 uimsbf
reserved 4 bslbf
ES_info_length 12 uimsbf
for (i=0; 1 <N2; i++) {
descriptor()
i
H
CRC_32 32 rpchof
}
2.4.4.10 Semantic.definition of fields in transport stream program map section
tabl¢_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 Tgble 2-3k
sectipn_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
valid
then
restr

| PID — This is a 13-bit field indicating the PID of the transport stream packets which shall contain the PCR, fiields
for the program specified by program_number. If no PCR is associated with a program definition for privateé'strdams,
this field shall take the value of Ox1FFF. Refer to the semantic definition of PCR in 2.4.3.5 and Table 2-B for
ctions on the choice of PCR_PID value.

program_info_length — This is a 12-bit field, the first two bits of which shall be '00'. The remaining, 10 bits specifly the

num

streg
valug

N
th

ber of bytes of the descriptors immediately following the program_info length field.

m_type — This is an 8-bit field specifying the type of program element carried within the-packets with the PID whose
is specified by the elementary PID. The values of stream_type are specified in Table 2-34.

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

Table 2-34 — Stream type assignmeénts

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 video streqm
(see Note 2)

0x03 ISO/IEC 11172-3 Audio

0x04 ISO/IEC 13818-3 Audio

0x05 Rec. ITU-T H.222.0 | ISOAEC 13818-1 private_sections

0x06 Rec. ITU-T H.222:0 N'SO/IEC 13818-1 PES packets containing private data

0x07 ISO/IEC 13522 MHEG

0x08 Rec. ITU,FH:222.0 | ISO/IEC 13818-1 Annex A DSM-CC

0x09 Rec. ITUST H.222.1

0x0A ISQ/IEC 13818-6 type A

0x0B ISO/IEC 13818-6 type B

0x0C ISO/IEC 13818-6 type C

0x0D ISO/IEC 13818-6 type D

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

Ox0F ISO/IEC 13818-7 Audio with ADTS transport syntax

0x10 ISO/IEC 14496-2 Visual

Ot ISOAECH4496-3Atrcdto-with-the EATM-transportsyntaxas-definedHnISOAECH4496-3

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

0x1F SVC video sub-bitstream of an AVC video stream conforming to one or more profiles definedin
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,défined 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 1544411

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

0x23 Additional view Rec. ITU-T H.264 | ISO/IEC 14496-10 video stream'conhforming to one or more
profiles defined in Annex A for service-compatible stereoscopic 3D services (see Notes 3 and 4)

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

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

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

0x27 Timeline and External Media InformationStream (see Annex T)

0x28 HEVC enhancement sub-partition whichyincludes Temporalld 0 of an HEVC video stream where a}l

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

0x29 HEVC temporal enhancement sub-partition of an HEVC video stream where all NAL units containpd
in the stream conform to ofi¢;or more profiles defined in Annex G of Rec. ITU-T H.265 | ISO/IEC
23008-2

0x2A HEVC enhancement sutb-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 Rec. ITU-T
H.265 | ISO/IEC 23008-2

0x2B HEVC temppral enhancement sub-partition of an HEVC video stream where all NAL units containpd
in the sfream conform to one or more profiles defined in Annex H of Rec. ITU-T H.265 | ISO/IEC
23008-2
0x2C Green access units carried in MPEG-2 sections
0x2D ISO/IEC 23008-3 Audio with MHAS transport syntax — main stream
0x2E ISO/IEC 23008-3 Audio with MHAS transport syntax — auxiliary stream
0x2F Quality access units carried in sections
0x30 Media Orchestration Access Units carried in sections
0x31 Substream of a Rec. ITU-T H.265 | ISO/IEC 23008 2 video stream that contains a Motion Constrained
Tile Set, parameter sets, slice headers or a combination thereof. See 2.17.5.1.
0x32 .. Ox7E 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 Afinex B after processing the entire transport stream program map section.

2.4.4.11 Syntax of the private section

Wheh private data is sent in transport stream packets with a PID value designated as a program map PID in the pro

bram

asso¢iation table the private section shall be used. The private section allows data to be transmitted,with a minimym of
structure while enabling a decoder to parse the stream. The sections may be used i ytwo ways: iff the

sectipn_syntax indicator is set to 'l', then the whole structure common to all tables shall be used; if the indicator

s set

to '0') then only the fields 'table id' through 'private section length' shall follow the common structure syntay and

semdntics and the rest of the private section may take any form the user determines. Exarnples of extended use o

syntgx are found in informative Annex C.

A pr]vate table may be made of several private sections, all with the same table, id {sce Table 2-35).

Table 2-35 — Private section

 this

Syntax No. of Mnemonic
bits
private section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
reserved 2 bslbf
private_section_length 12 uimsbf
if (section_syntax ‘indicator =="0") {
for 1=0;1<N;it++) {
private_data_byte 8 bslbf
b
H
else”{
table id_extension 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last section number 8 nimsbf
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

Tabl

e 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 (0XFFD).

priv

future.

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

Vers
by

currgnt next indicator is set to '0', then the version_number shall be that of the next applicable'private section wit
samg table id and section number.

curr
appl

privgte _section. When the bit is set to '0', it indicates that the private section sent\s not yet applicable and shall b

next

secti

privgte table shall be 0x00. The section_number shall be incremented By 1 with each additional section in this pr
table]

last |section_number — This 8-bit field specifies the number_6f) the last section (that is, the section with the hi

secti

CR(_32 —This is a 32-bit field that contains the CRC valuge that gives a zero output of the registers in the decoder de
in Afnex A after processing the entire private section.

2.4.4.13 Syntax of the transport stream section

Rec.
Rec.

The

transport stream. The descriptor§ shall apply to the entire transport stream. This table uses a table id value of 0x

spec

ate_data_byte — The private data byte field is user definable and shall not be specified by ITU-T | ISO/IEE)

on_number — This 5-bit field is the version number of the private section. The version number shall be incremg
modulo 32 when a change in the information carried within the private section‘“’occurs. When

ent_next_indicator — A 1-bit field, which when set to 'l' indicates that the~private section sent is curt
cable. When the current next indicator is set to 'l', then the version _number shall-be that of the currently appli

private section with the same section number and table id to become valid)

pn_number — This 8-bit field gives the number of the private section.)The section number of the first sectior

bn_number) of the private table of which this section is a‘part.

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

transport stream description table is defined to support the carriage of descriptors as found in 2.6 for an ¢

fied in Table 2-31 and igCarried in transport stream packets whose PID value is 0x0002 as specified in Table 2

n the

nted
the
h the

ently
able
e the

ina
Ivate

bhest

fined

ntire
3 as
-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 uimsbf
last_section_number 8 uimsbf
for (i=0;1<N;it++) {
descriptor()
H
CRC_32 32 rpchof
}

2.4.4.14 Semantic definition of fields in the transport stream section

tabl¢ _id — This is an 8-bit field, which shall be set to '0x03' as specified in Table,2-31.

sectipn_length — This is a 12-bit field, the first two bits of which shall be/00" The remaining 10 bits specify the nu

of by
field

vers
num
Whe
streal

shall not exceed 1021 (0x3FD).

on_number — This 5-bit field is the version number of the>whole transport stream description table. The ve
ber shall be incremented by 1 modulo 32 whenever the définition of the transport stream description table chat
h the current next indicator is set to '1', then the version number shall be that of the currently applicable tran
m description table. When the current_next_indicatéris set to '0', then the version_number shall be that of the|

applicable transport stream description table.

curr
sent
next

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

sectipn_number — This 8-bit field gives the number of this section. The section_number of the first section in the tran

streaj
desc

m description table shall be 0x00. It shall be incremented by 1 with each additional section in the transport st
iption table.

last |section_number — This, 8-bit ficld specifies the number of the last section (that is, the section with the hi

secti

bn_number) of the Complete transport stream description table.

CR(_32 —This is a32+bit field that contains the CRC value that gives a zero output of the registers in the decoder de
in Apnex A after processing the entire transport stream description section.

2.5

Program stream bitstream requirements

mber

tes of the section, starting immediately following the section_lengtl’ field, and including the CRC. The value in this

rsion
nges.
sport
next

table
e the

sport
rcam

bhest

fined

2.5.—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 system target decoder

The $emantics of the program stream and the constraints on these semantics require exact definitions of decoding eyents
and the times at which these events occur. The definitions needed are set out in this Specification using a hypothgtical
decofder known as the program stream system target decoder (P-STD).

The P-STD is a conceptual model used to define these terms precisely and to model the deceding process during the
consfruction of program streams. The P-STD is defined only for this purpose. Neither the architecture of the P-STID nor
the timing described precludes uninterrupted, synchronized playback of program streams €roim a variety of decoders|with
diffefent architectures or timing schedules.

AIQ) Video S 1(k)

B «,0) D k
TRbyieer | R Pe ° v
! multiplex stream |
AN P T
1 j-th access unit E 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 used~to describe the program stream system target decoder and is partially illustrated
in Fipure 2-2.
1, 1" Care indices to bytes in the program stream. The first byte has index 0.
jV/is an index to access units in the elementary streams.
ks, k" are indices to presentation units in the elementary streams.
n is an index to the elementary streams.

t(i) indicates the time in seconds at which the i-th byte of the program stream enters the system tprget
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.

2.5.2.1 System clock frequency

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

The

The

to th|
DTS
seco
bits 1

2.5.2

Data
byte
(SCH
in tw
equal
Systd
The
syste

Sped

wheile:

The
whidj
pack

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

—  rate of change of system_clock_frequency with time <= 75 x 1073 Hz/s.

hotation "system_clock frequency" is used in several places in this Recommendation | International Standard to
e frequency of a clock meeting these requirements. For notational convenience, equations ifidwhich SCR, PT|
appear, lead to values of time which are accurate to some integral multiple of (300 x 233/system clock frequd
nds. This is due to the encoding of SCR timing information as 33 bits of 1/300 of the system clock frequency p
or the remainder, and encoding as 33 bits of the system clock frequency divided by 300 for PTS and DTS.

.2 Input to the program stream system target decoder

from the program stream enters the system target decoder. The i-th byte enters at time t(i). The time at whicl
enters the system target decoder can be recovered from the input stream by decoding the input system clock refet
) fields and the program_mux_rate field encoded in the pack header..The SCR, as defined in equation 2-18, is ¢
0 parts: one, in units the period of 1/300 x the system clock frequency, called system clock reference base
tion 2-19), and one, called system clock reference ext equation’(see equation 2-20), in units of the period 9
m clock frequency. In the following the values encoded in these-fields are denoted by SCR_base(i) and SCR_¢}
value encoded in the SCR field indicates time t(i), wheté i refers to the byte containing the last bit o
m_clock reference base field.

ifically:

SCR(i) = SCR- base(i)x 300+ SCR _ext(i) 2

SCR _base(i) = ((sppstem _clock _ frequency x t(i))DIV 300)%2>" (2
SOR) ‘ext(i) = ((system__clock _frequency x t(i))DIV 1)%300 (2

nput arrival timest(i), as given in equation 2-21, for all other bytes shall be constructed from SCR(i) and the r
s header.

)= SCR(i") N i—i' ;

system_clock _ frequency — program_mux _ratex50

refer
S, or

ncy)
lus 9

| this
ence
oded

(see
f the

Xt(1).
[ the

-18)

-19)

-20)

te at

h data arrives,svhere the arrival rate within each pack is the value represented in the program _mux rate field iy} that

21)

where:

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

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 tdn(j). The
decofding time td,(j) is specified in the DTS or PTS fields. Decoding times td,(j + 1), tda(j + 2), ... of access units without
encofded DTS or PTS fields which directly follow access unit j may be derived from information in the elementary.stqeam.
Refef to Annex C of Rec. ITU-T H.262 | ISO/IEC 13818-2, ISO/IEC 13818-3, ISO/IEC 11172-2 or ISO/IE€)111]2-3.
Also|refer to 2.7.5. As the access unit is removed from the buffer, it is instantaneously decoded to a presentation unit.

The program stream shall be constructed and t(i) shall be chosen so that the input buffers of size BSithrough BS, ngither
overflow nor underflow in the program system target decoder. That is:

0<F,()<BS,

for ajl t and n,

and:
F.()=0

instaptaneously before t = t(0).
Fa(t)|is the instantaneous fullness of P-STD buffer B;.

An ejxception to this condition is that the P-STD buffer B,amay underflow when the low_delay flag in the video seqyence
headpr is set to '1' (refer to 2.4.2.7) or when trick_mode'status is true (refer to 2.4.3.8).

For gll program streams, the delay caused by system target decoder input buffering shall be less than or equal tq one
second except for still picture video data and ISOAEC 14496 streams. The input buffering delay is the difference injtime
between a byte entering the input buffer and when it is decoded.

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

tdn(j)—t(i)<=1s

in the case of still picture vid¢e’data the delay is constrained by:

tdn(j)—t(i) <= 60's

in the case of ISOMEC 14496 streams the delay is constrained by:

tdn(j)—t(i)<=10s

f Lzt ataimad 1o PR TTIOT b
or al-bytescontathedHrtecess s

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.

B £, . nQ .l PDEQ QTN 1.1 1L 1 £l
UITET™STZTS DOn HI'UICU T'LHOo=0 1TV TTTUUCT AaI'CU UCUTITIUU ad TUITUWS.

For Rec. ITU-T H.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, level] aie the

maximum VBV size and bit rate per profile, level, and layer as defined in (Fables 8-14 and
respectively, of Rec. ITU-T H.262 | ISO/IEC 13818-2. BSy, is allocated for PES packet header overl

For ISO/IEC 11172-2 video:

Bsn = VBVmax + BSOh

BSon = (1/750) seconds X Rmax, where Rmax and vbv_max refet to the maximum bitrate and maxi
vbv_buffer size for a constrained parameter bitstream in ISQOAEC 11172-2 respectively.

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

BS, = 2848 byies

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
BSa=43200 bytes if 13-48 channels

Note that the above nurabers differ from the BS, numbers specified in 2.4.3.2 due to the fact that aj
stream carries a single\elementary stream only.

For ISO/IEC 1449673 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

Note that the above numbers differ from the BSn numbers specified in 2.11.2.2 due to the fact that aj
stream carries a single elementary stream only.

R-13,
head.

muim

PES

PES
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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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2.5.2.5 Decoding and presentation

Decading and presentation in the program stream system target decoder are the same as defined for the transport st
systgm target decoder in 2.4.2.5 and 2.4.2.6 respectively.

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

For decoding of ISO/IEC 14496 data carried in a program stream the P-STD model is extended. For decoding of indiv
ISO/JEC 14496 elementary streams in the P-STD see 2.11.2. Clause 2.11.3 defines P<STD extensions and paramete]
decoding of ISO/IEC 14496 scenes and associated streams.

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

For

ISO/IEC 14496-10 video streams carried in a program stream in the.P~STD model, see 2.14.3.2, for decoding of
vide¢ streams conforming to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10 c4

ina

profi
see 2.14.3.8.

2.5.2.8 P-STD extensions for carriage of ISO/IEC\14496-17 text streams

For

2.5.3 Specification of the program stream syntax and semantics

The

2.5.3.1 Program stream

See

ISO/IEC 13818-1:2019 (E)

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 1449
for each level.

lecoding of AVC video streams conforming to one or more profilés defined in Annex A of Rec. ITU-T H.

fﬁrogram stream in the P-STD model, see 2.14.3.6 and for decoding of AVC video streams conforming to one or
es defined in Annex H of Rec. ITU-T H.264 | ISO/IEC.14496-10 carried in a program stream in the P-STD m

decoding of ISO/IEC 14496-17 text streams carried in a program stream in the P-STD model, see 2.15.3.2.

following syntax describes a stream of bytes.

Table 2-37.

Table 2-37 — Program stream

Syntax No. of bits | Mnemonic

MPEG2 _ program_stream() {

6-10

ream

idual
s for

D64 |
AVC
rried
more
odel,

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

100

1' (0x000001B9). It terminates the program stream.

2.5.3.3 Pack layer of program stream

See

Tables 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 bsibf
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 (1= 0; i <pack_stuffing_length; i++) {
stuffing_byte 8 bslbf

}
if (nextbits() = = system_header_start code) {

system_header ()

}

2.5.34 Semantic definition of fields in program stream pack

pacl]_start_code — Theypack_start_code is the bit string '0000 0000 0000 0000 0000 0001 1011 1010’ (0x000001B}
idenfifies the beginfung of a pack.

systgm_clock <reference_base; system_clock_reference_extension — The system clock reference (SCR) is a 42-bit
codefd in two'parts. The first part, system_clock reference base, is a 33-bit field whose value is given by SCR_base
given infequation 2-19. The second part, system_clock reference extension, is a 9-bit field whose value is givd

). It

field
i) as
n by
st bit

SCR{ éxt(i), as given in equation 2-20. The SCR indicates the intended time of arrival of the byte containing the la

of the'sysfem_clock reference base at the mput 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/TEC 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_hecader_start_code 32 i) L))
header_length 16 uimsbf
marker_bit 1 bslbf
rate_bound 22 uimsbf
marker_bit 1 bslbf
audio_bound 6 uimsbf
fixed_flag 1 bslbf
CSPS flag 1 bslbf
system_audio_lock flag 1 bslbf
system_video_lock_flag 1 bslbf
marker_bit 1 bslbf
video_bound 5 uimsbf
packet_rate_restriction_flag 1 bslbf
reserved_bits 7 bslbf
while (nextbits () =="1") {
stream_id 8 uimsbf
if (stream_id =='1011 0111") {
"1’ 2 bslbf
'000 0000’ 7 bslbf
stream_id_extension 7 uimsbf
'1011 0110’ 8 bslbf
"1’ 2 bslbf
P-STD_buffer_bound_scale 1 bslbf
P-STD_buffer_size bound 13 uimsbf
¥
else {
"1’ 2 bslbf
P-STD_buffer_bound-scale 1 bslbf
P-STD_buffer_size_bound 13 uimsbf
H
}
}
2.5.3.6 Semantic definition of fields in system header
syst¢m_header_start_code — The system header start code is the bit string '0000 0000 0000 0000 0000 0001 1011
1011 (0x000001BB)At)identifies the beginning of a system header.
header_length —\This 16-bit field indicates the length in bytes of the system header following the header length field.
Future extensions of this Specification may extend the system header.
rate| bound — A 22-bit field. The rate_bound is an integer value greater than or equal to the maximum value off the
progranmymux_rate field coded in any pack of the program stream. It may be used by a decoder to assess whetheq it is
capablc 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

where:

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

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

is a real-valued constant valid for all i.

(2-23)

byte

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

ratio
systd
systd
streal
indid

The

hal relationship between the audio sampling rate and the system_clock frequency in the system target decoder
m_clock frequency is defined in 2.5.2.1 and the audio sampling rate is specified in ISO/IEC 13818-3.
m_audio_lock flag may only be set to '1" if, for all presentation units in all audio elementary streams imthe pro
I, the ratio of system_clock frequency to the actual audio sampling rate, SCASR, is constant and equal to the
ated in the following table at the nominal sampling rate indicated in the audio stream.

SCASR = system_clock _ frequency

audio _sample rate _in_the P —STD

. X ...
hotation — denotes real division.

The
The
bram
ralue

24)

N
fr

[¢]

minal audio
sampling
huency (kHz)

16 32 22.05 441 24 48

27 000 000 27 000 000 27 000 000 27 000 000 27 000 000

270000
SCASR

16 000 32000 22 050 44100

Syst¢
ratio
Systd
ITUA
time
For ]
"1, th
indig
For ]
vide
time
sequ

For ]

parafneter time scale. If the system video lock flag is set to '1' for an AVC video stream or for a video sub-bitst

then
systd
with

m_video_lock flag — The system_ video lock flag is*a>I-bit field indicating that there is a specified, con
hal relationship between the video time base and thé&system clock frequency in the system target decoder.
m_video lock flag may only be set to 'l" if, for all“presentation units in all video elementary streams in the
T H.222.0 | ISO/IEC 13818-1 program, the ratio of system clock frequency to the frequency of the actual Y
base is constant.

SO/IEC 11172-2 and Rec. ITU-T H.262TISO/IEC 13818-2 video streams, if the system_video lock flag is s
en the ratio of system_clock frequency-to the actual video frame rate, SCFR, shall be constant and equal to the Y
ated in the following table at the Aeminal frame rate indicated in the video stream.

SO/IEC 14496-2 video streams,.if the system_video lock flag is set to '1', then the time base of the ISO/IEC 144
stream, as defined by vop ‘titne_increment_resolution, shall be locked to the STC and shall be exactly equal
system_clock frequency-divided by K, with N and K integers that have a fixed value within each visual o

ence, with K greater-than or equal to N.

Rec. ITU-T H.264./ISO/IEC 14496-10 video streams, the frequency of the AVC time base is defined by the
the frequency of the AVC time base shall be locked to the STC and shall be exactly equal to N

m_clock frequency divided by K, with N and K integers that have a fixed value within each AVC video sequ
K gfeater than or equal to N.

stant

The
Rec.
rideo

et to
alue

96-2
to N
bject

AVC

ileam,

imes
bnce,

System__clock _ jrequency
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

stream_id refer to all audio streams in the program stream.

If st

stream_id refer to all video streams in the program stream.

If sti

stream_id refer to all elementary streams with an extended stream_id in the program stream, independent of the ¢

valug

codi

If thq

as referring to the stream coding and elementary stream number according-fo{Table 2-22.

Each
P-ST

stred
0111

extended stream id to which the P-STD buffer boundiscale and P-STD buffer size bound fields following

streal

P-S1
inter
P-STi
P-STi
P-STi
P-S1
or e
P-ST
1281

n un

else:

If stlfam_id equals '1011 0111", the following stream_id_extension field shall be inferpreted as referring to the st

eam_id equals '1011 1000' the P-STD_buffer bound scale and P-STD_ buffer size bound fields followin
eam_id equals '1011 1001' the P-STD_buffer bound scale and P-STD_ buffer size bound fields followin

eam id equals '1111 1101', the P-STD buffer bound scale and P-STD_buffer size bound fields followin,

of the stream_id extension in the PES header of those streams.

g and elementary stream number according to Table 2-27.

stream_id takes on any other value it shall be a byte value greater than or equal to '1011 1100’ and shall be interp

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

m_id_extension — The stream id extension is a 7-bit fieldn case the stream _id field is coded with the value |
', then the stream id extension indicates the coding®and elementary stream number of the stream wit

m_id_extension field refer.

'D_buffer_bound_scale — The P-STD_buffer \bound scale is a 1-bit field that indicates the scaling factor us
pret the subsequent P-STD buffer size bound field. If the preceding stream id indicates an audio sty
D buffer bound scale shall have thexvalue '0'. If the preceding stream id indicates a video st
D buffer bound scale shall have“-the value 'l'. For all other stream types, the value of
D buffer bound scale may be either'1' or '0'.

'D_buffer_size_bound — The\R-STD_buffer size bound is a 13-bit unsigned integer defining a value greater|

e

the

b

the

e

b

b the
pded

ream

reted

and

1011
h an
the

ed to
eam,

eam,
the

than

jual to the maximum P-STPD input buffer size, BS,, over all packets for stream n in the program stream. If

D_buffer bound_scal¢has the value '0', then P-STD_buffer size bound measures the buffer size bound in un
ytes. [f P-STD_bufferbound scale has the value '1', then P-STD buffer size bound measures the buffer size b
its of 1024 bytes{ Thus:
if (P—STD _buffer bound scale ==0)
BS, < P—S8TD _buffer _size_bound x128

ts of
pbund

2.5.3

BS, < P—STD buffer size_bound x 1024

.7 Packet layer of program stream

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

2,54

Program stream map

The Program Stream Map (PSM) provides a description of the elementary streams in the program stream and their
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 bslbf
program_stream_map_version 5 uimsbf
reserved 7 bslbf
marker_bit 1 bslbf
program_stream_info_length 16 uimsbf
for 1=0;1<N;itt) {
descriptor()
elementary stream map_length 16 uimsbf
for 1=0;1<NI;it++) {
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 (i=0; 1< N2; it++) {
descriptor()
}
}
}
CRC_32 32 rpchof
}
2.5.4.2 Semantic definition of fields in program stream map
pacKet_start code prefix=-The packet start code prefix is a 24-bit code. Together with the map_stream_id| that
follows it constitutes a packet start code that identifies the beginning of a packet. The packet start code prefix is the bit
string '0000 0000 00009000 0000 0001' (0x000001 in hexadecimal).
map| stream_id $5This is an 8-bit field whose value shall be 0xBC.
program_stream_map_length — The program_stream_map_length is a 16-bit field indicating the total number of bytes
in the progrdm stream map immediately following this field. The maximum value of this field is 1018 (0x3FA).
single “extension stream flag — This is a 1-bit field indicating, when set to 'l', that the program stream contains at jmost

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
O0xFIp, the following applies:

— If single extension_stream flag is equal to 1, this indicates that the program stream contains\only one
elementary stream with stream_id equal to OxFD. Note that the type of this elementary stream|is signplled
by the encoded value of the stream_id extension field in the PES headers of PES packets. carrying this
elementary stream.

—  Otherwise (single extension stream flag is equal to 0), the elementary stream.id extension field is
present to identify the elementay stream.

elementary_stream_info_length — The elementary_stream_info length is a 16-bit field indicating the length in bytes of
the |descriptors and, when present, the pseudo descriptor tag, the pseudo ‘descriptor length, and| the
elementary stream_id_extension (and associated marker bit) data immediately following this field.

pseuldo_descriptor_tag — This is an 8-bit unsigned integer that shall be coded with the value 0x01; note that the use of
valug 0x01 for descriptor tags is forbidden in Table 2-45.

pseuldo_descriptor_length — The pseudo_descriptor_length is an 8-bit unisigned integer that shall be coded with the yalue
1.

elementary_stream_id_extension — This 7-bit field, when " present, indicates the encoded value off the
elementary stream id_extension field in the PES packet headérs'of PES packets in which this elementary stream is stpred.

CR(_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 Apnex A after processing the entire program stream thap.

2.5.9 Program stream directory

The (directory for an entire stream is made™up~of all the directory data carried by program stream directory pagkets
identified with the directory stream_id. The-syntax for program_stream_directory packets is defined in Table 2-42.

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

Diregtory entries may be ~required to reference I-pictures in a video stream as defined| in
Rec.|ITU-T H.262 | ISO/IEC A3818-2 and ISO/IEC 11172-2. If an I-picture that is referenced in a directory enfry is
prec¢ded by a sequence header-with no intervening picture headers, the directory entry shall reference the first byte qf the
sequence header. If an Ispieture that is referenced in a directory entry is preceded by a group of pictures header with no
interpening picture headers and no immediately preceding sequence header, the directory entry shall reference thq first
byte |of the group of‘pictures header. Any other picture that a directory entry references shall be referenced by the] first
byte |of the picturecheader.
NOTE 2 <Jtis'recommended that I-pictures immediately following a sequence header should be referenced in directory stru¢tures
sp that theé-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 HR64 |
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

Svntax No, of bits Mnemonic
dirdctory PES packet(){
packet start code prefix 24 bsibf
directory stream_id 8 uimsbf
PES_packet_length 16 uimsbf
number of access units 15 uimsbf
marker_bit 1 bslbf
prev_directory_offset[44..30] 15 uimsbf
marker_bit 1 bslbf
prev_directory offset[29..15] 15 uimsbf
marker_bit 1 bslbf
prev_directory_offset[14..0] 15 uimsbf
marker_bit 1 bslbf
next_directory_offset[44..30] 15 uimsbf
marker_bit 1 bslbf
next_directory_offset[29..15] 15 uimsbf
marker_bit 1 bslbf
next directory_offset[14..0] 15 uimsbf
marker_bit 1 bslbf
for (i=0; i < number of access units; i++) {
packet stream_id 8 uimsbf
PES header position_offset sign 1 tcimsbf
PES header position_offset[43..30] 14 uimsbf
marker_bit 1 bslbf
PES header position_offset[29..15] 15 uimsbf
marker_bit 1 bslbf
PES header position_offset[14..0] 15 uimsbf
marker_bit 1 bslbf
reference_offset 16 uimsbf
marker_bit 1 bslbf
if (packet stream id == OxHED)\
packet_stream_id_extension_msbs 3 uimsbf
else {
reserved 3 bslbf
}
PTS[32..30] 3 uimsbf
marker_bit 1 bslbf
PTS[29..45] 15 uimsbf
marker bit 1 bslbf
PTS[14.20] 15 uimsbf
marker_bit 1 bslbf
bytes to_read[22..8] 15 uimsbf
marker_bit 1 bslbf
bytes _to_read|7..0] 8 uimsbf
marker_bit 1 bslbf
intra_coded indicator 1 bslbf
coding_parameters_indicator 2 bslbf
if (packet stream id == OxFD) {
packet stream_id_extension_Isbs 4 uimsbf
else {
reserved 4 bslbf
}
}
}
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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.

prevdirectory offset=—Thrs45=brtumstgmed-mtegergrves-the-byteaddressoffsetof thefirstbyteof thepackety start
code] of the previous program stream directory packet. This address offset is relative to the first byte of the stast'eogle of
the packet which contains this previous_directory offset field. The value '0' indicates that there is no previous, program
stream directory packet.

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

pacKet_stream_id — This 8-bit field is the stream_id of the elementary stream that containsthe access unit referenc¢d by
this dlirectory entry.

PES| header_position_offset_sign — This 1-bit field is the arithmetic sign for the PES header position_offset desctibed
immgdiately following. A value of '0' indicates that the PES header position(offset is a positive offset. A value pf 'l'
indidates that the PES header position_offset is a negative offset.

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

reference_offset — This 16-bit field is an unsigned integer indicating the position of the first byte of the referenced a¢cess
unit,|measured in bytes relative to the first byte of the PESpacket containing the first byte of the referenced access finit.

PTS|(presentation_time_stamp) — This 33-bit field is<the PTS of the access unit that is referenced. The semantics qf the
coditg of the PTS field are as described in 2.4.3.6:

bytes_to_read — This 23-bit unsigned integeris the number of bytes in the program stream after the byte indicatgd by
referpnce_offset that are needed to decodd the access unit completely. This value includes any bytes multiplexed gt the
systgms layer including those containing information from other streams.

intrg_coded_indicator — This is a(l-bit flag. When set to '1" it indicates that the referenced access unit is not predictjvely
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(vidéo Intra frames, whereas for 'P' and 'B' frames this bit shall be coded as '0". For alll PES
packpts containing data whiCh is not from a Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream, this field is undefined
(see [Table 2-43).

Table 2-43 — Intra_coded indicator

Value Meaning
‘0’ Not Intra
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_Isbs — This 4-bit Ticld is present if packet stream_id equals OxFD; its coding is spedified
below.
If ppcket stream id is equal to OxFD, the packet stream id extension indicates the encoded value off the
stream_id_extension in the PES header of the PES packet(s) containing the access unit referenced by this directory gntry.
The yalue of the packet stream id extension is specified by:
packet_stream_id_extension = packet _stream_id_extension_msbs * 16 + packet stream) id extension_Isps
2.6 Program and program element descriptors
Progfam and program element descriptors are structures which may be used to extend’the definitions of programg and
program elements. All descriptors have a format which begins with an 8-bit tag valtie. The tag value is followed by an
8-bif|descriptor length and data fields.
2.6.1 Semantic definition of fields in program and program elemént descriptors
The following semantics apply to the descriptors defined in 2.6.2 through the end of 2.6.
descriptor_tag — The descriptor_tag is an 8-bit field which identifies each descriptor.
Tablp 2-45 provides the Rec. ITU-T H.222.0 | ISO/IEC 13818-1Idefined, Rec. ITU-T H.222.0 | ISO/IEC 13818-1 resefved,
and yiser available descriptor tag values. An 'X' in the TS 0r PS columns indicates the applicability of the descriptor to
eithefr the transport stream or program stream respectively. Note that the meaning of fields in a descriptor may deperd on
which stream it is used in. Each case is specified in the descriptor semantics below.
descriptor_length — The descriptor_length is an,8-bit field specifying the number of bytes of the descriptor immediftely
following descriptor _length field.
Table2-45 — Program and program element descriptors
descriptor_tag TS PS Identification

0 n/a n/a | Reserved

1 n/a X | Forbidden

2 X X | video_stream_descriptor

3 X X | audio_stream_descriptor

4 X X | hierarchy descriptor

5 X X | registration_descriptor

6 X X data stream alignment descriptor

7 X X | target background grid descriptor

8 X X | video_window_descriptor

9 X X | CA_descriptor

10 X X | ISO_639 language descriptor

11 X X | system_clock_descriptor

12 X X | multiplex_buffer utilization descriptor

13 X X | copyright descriptor

14 X maximum_bitrate_descriptor

15 X X | private_data_indicator_descriptor

16 X X | smoothing_buffer descriptor
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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 | FMC_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 indSO/IEC 13818-11, MPEG-2

IPMP)

42 X X | AVC timing and HRD descriptor
43 X X | MPEG-2_AAC audio_descriptor
44 X X | FlexMuxTiming descriptor
45 X X | MPEG-4 \text_descriptor
46 X X | MPEG*4 audio_extension_descriptor
47 X X | Auxiliary video_stream_descriptor
48 X X_ | SVC extension descriptor
49 X Xl 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 uimsbf
chroma_format 2 uimsbf
frame_rate_extension_flag 1 bslbf
reserved 5 bslbf
H
}
2.6.3 Semantic definitions of fields in video stream descriptor

multiple_frame_rate flag — This 1-bit field when set to 'l' indicates that multiple frame rates may be present in the yideo
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 that whejn the
multjple frame rate flag is set to a value of 'l' the indication of a particular frame rate also permits certain other frame
rates|to be 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 23.996
30.0 23.976 24.0 29.97
50.0 25.0
59.94 23.976 29.97
60.0 23.976 24.0 29.97 30.0 59.94

MPEG _1 _only flag ~-This is a 1-bit field which when set to 'l' indicates that the video stream contains [only
ISOMQEC 11172-2 data:Af set to '0' the video stream may contain both Rec. ITU-T H.262 | ISO/IEC 13818-2 video| data
and ¢onstrained parameter ISO/IEC 11172-2 video data.

rained-parameter_flag — This is a 1-bit field which when set to '1' indicates that the video stream shall not coptain
straingd ISO/IEC 11172-2 video data. If this field is set to '0' the video stream may contain both constrained
parameters and unconstrained ISO/IEC 11172-2 video streams. If the MPEG_1 only flag is set to '0') the

cons +—Haeshat-be-setto-

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 both the
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

The audio stream descriptor provides basic information which identifies the coding version of an audio elementary stream
as described in ISO/IEC 13818-3 or ISO/IEC 11172-3 (see Table 2-48).

Table 2-48 — Audio stream descriptor

Syntax Neo—of-bits Mnemeonie
audio_stream_descriptor(){
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
free_format_flag 1 bslbf
ID 1 bslbf
layer 2 bslbf
variable_rate_audio_indicator 1 bslbf
reserved 3 bslbf
}
2.6.9 Semantic definition of fields in audio stream descriptor

free [format_flag — This 1-bit field when set to '1' indicates that the audi@ Stream may contain one or more audio frames
with|the bitrate _index set to '0000'". If set to '0', then the bitrate index iS.not '0000' (refer to 2.4.2.3 of ISO/IEC 138]8-3)
in anly audio frame of the audio stream.

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

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

variable rate_audio_indicator — This 1-bit flag; when set to '0' indicates that the encoded value of the bit rate field[shall
not dhange in consecutive audio frames which-are intended to be presented without discontinuity.

2.6.4 Hierarchy descriptor

The hierarchy descriptor provides information to identify the program elements containing components of hierarchidally-
coded video, audio, and private,sttfeams. (See Table 2-49.)

Table 2-49 — Hierarchy descriptor

Syntax No. of bits | Mnemonic
hierarchy_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
To_view_scalability_flag T HSIbt
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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2.6.7

Table 2-49 — Hierarchy descriptor

Syntax No. of bits | Mnemonic
reserved 2 bslbf
hierarchy_channel 6 uimsbf

}

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
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rchy embedded layer index. The value of '1' for this flag is reserved.

emporal_scalability flag — A 1-bit flag, which when set to '0' indicates that the associated program ele
hces the frame rate of the bit-stream resulting from the program element referenced by
rchy embedded layer index. The value of '1' for this flag is reserved.

spatial resolution of the bit-stream resulting from the program -element, ~referenced by
rchy embedded layer index. The value of '1' for this flag is reserved.

uality_scalability_flag — A 1-bit flag, which when set to '0' indicates that the associatéd program element enhs
SNR quality or fidelity of the bit-stream resulting from the program’ element referenced by
rchy embedded layer index. The value of '1' for this flag is reserved.

airchy_type — The hierarchical relation between the associated hierarchy layer and its hierarchy embedded lay
ed in Table 2-50. If scalability applies in more than one dimension, this field shall be set to the value
mbined Scalability™), and the flags no_view_s¢alability flag, no_temporal scalability |
patial scalability flag and no_quality scalability flag shall be set\accordingly. For MVC video sub-bitstreams
shall be set to the value of '9" ("MVC video sub-bitstream") and the flags no view scalability |
ebmporal_scalability flag, no_spatial scalability flag and m¢’ quality scalability flag shall be set to 'l". For )
view sub-bitstreams, this field shall be set to the“walue of 'l5' and the flags no view scalability |
bmporal_scalability flag, no_spatial scalability flag;and no quality scalability flag shall be set to 'l'. For M

sub-bitstreams, this field shall be set to the‘walue of '9'" ("MVCD video sub-bitstream") and the
iew_scalability flag, no temporal scalability flag, no spatial scalability flag and no_quality scalability
be set to 'l'. For MVCD base view subs:bitstreams, this field shall be set to the value of '15' and the
iew_scalability flag, no_temporal scalability flag, no spatial scalability flag and no_quality scalability
be setto '1".

wirchy_layer _index — The hierarchy, layer index is a 6-bit field that defines a unique index of the associated pro
ent in a table of coding layer hierarchies. Indices shall be unique within a single program definition. For video
eams of AVC video streams.conforming to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO
6-10, this is the prografn element index, which is assigned in a way that the bitstream order will be corrg
iated SVC dependencyrepresentations of the video sub-bitstreams of the same access unit are re-assembl
asing order of hierarchy layer index. For MVC video sub-bitstreams of AVC video streams conforming to o
profiles defined in’ Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, this is the program element index, wh
ned in a wayithat the bitstream order will be correct if associated MVC view-component subsets of the MVC ¥
itstreams‘of)the same access unit are re-assembled in increasing order of hierarchy layer index. For MVCD
itstreams of AVC video streams conforming to one or more profiles defined in Annex I of Rec. ITU-T H.
[EC<14496-10, this is the program element index, which is assigned in a way that the bitstream order will be cq
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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

lowe
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st 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

Private Stream

Multi-view Profile

Combined Scalability or MV-HEVC sub-partition.

O |0 ||

MVC video sub-bitstream or MVCD video sub-bitstream

Auxiliary picture layer as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.

. 14 Reserved

15

sub-bitstream of MVCD.

Base layer or MV C base view sub-bitstream or AVC video sub-bitstream of MVC or HBVC temporal video
sub-bitstream or HEVC base sub-partition or Base layer of MVCD base view sub-bifstream or AVC video

2.6.8

The |registration_descriptor provides a method to uniquely and unambiguously identify formats of private

Registration descriptor

(see [Fable 2-51).

2.6.9

format_identifier — The-format identifier is a 32-bit value obtained from a Registration Authority as designatd

Table 2-51 — Registration‘descriptor

}

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

Semantic definition of fields in registration descriptor

ISOQEC JTC 1/SC29.

additional_identification_info — The meaning of additional_identification_info bytes, if any, are defined by the assi

of that format-identifier, and once defined they shall not change.

2.6.1|0

Data stream alignment descriptor

data

d by

gnee

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

}

2.6.11 Semantics of fields in data stream alignment descriptor

align
1SO/
has 4
ofa
start

N
The

Tabl¢

data |
In th

value of '1". For these video streams, the first PES packet data byte following the PES header shall be the first
tart code of the type indicated in Table 2-53. At the beginning of a video sequence, the alignment shalljoccur :
code of the first sequence header.

OTE - Specifying alignment type 'l' from Table 2-53 does not preclude the alignment from beginning at a GOP or SEQ hd

Hefinition of an access unit is given in 2.1.1.

Table 2-53 — Video stream alignment values

Alignment type Description

0 Reserved

Slice, or video access unit

Video access unit
GOP, or SEQ
SEQ

5..255 Reserved

Al —

2-54 describes the alignment type for Ree:»ITU-T H.264 | ISO/IEC 14496-10 video when
lalignment_indicator in the PES packet header has\a*value of 'l".

S case:

*  For AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.

AVC access unit or the first byte of an AVC slice, as signalled by the alignment_type value.

of Rec. ITU-T H.264 [ ISO/IEC 14496-10, the first PES packet data_byte following the PES header

alignment ype value.

H of Rec. ITU-T H.264 | ISO/IEC 14496-10, the first PES packet data byte following the PES hg
shall*be the first byte of an MVC view-component subset or the first byte of an MVC slice, as signallg
the alignment_type value.

80

ument_type — Table 2-53 describes the alignment type for ISO/NEC 11172-2 video, Rec, ITU-T H.2
[EC 13818-2 video, or ISO/IEC 14496-2 visual streams when the data alignment indicator in the PES packethg

62 |
bader
byte
t the

ader.

the

D64 |

ISO/IEC 14496-10, the first PES packet data byte following the PES header shall be the first byte pf an

*  For video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex G

shall

be the first byt€ of'an SVC dependency representation or the first byte of an SVC slice, as signalled bly the

*  For M¥€wideo sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex

ader
d by

*\~"For MVCD video sub-bitstreams of AVC video streams conforming to one or more profiles defingd in

PES

Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10, the first PES packet data byte following the

..... o ha of an N\ D AI—CO1A |
0 B O e

first byte of MVCD slice, as signalled by the alignment_type value.

r the
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Table 2-54 — AVC video stream alignment values

Alignment type Description

0 Reserved
1 AVC slice or AVC access unit
2 AVC access unit
3 SVC slice or SVC dependency representation
4 SVC dependency representation
5 MVC slice or MVC view-component subset
6 MVC view-component subset
7 MVCD-shice-or MM CD-dew—component-subset
8 MVCD view-component subset

9..255 Reserved

Tablp 2-55 describes the alignment type for HEVC when the data_alignment indicator in the PES packet header

valug¢ of '1".

Table 2-55 — HEVC video stream alignment values

Alignment type Description
0 Reserved
1 HEVC access unit
2 HEVC slice
3 HEVC access unit or slice
4 HEVC tile of slices
5 HEVC access unit or tile of slices
6 HEVC slice or tile of slicés
7 HEVC access unit or slice or tile of slices
8 HEVC slice segment
9 HEVC slice segment or access unit
10 HEVC;sliee segment or slice
11 HEVC slice segment or access unit or slice
12 HEVC slice segment or tile of slices
13 HEVC slice segment or access unit or tile of slices
14 HEVC slice segment or slice or tile of slices
15 HEVC slice segment or access unit or slice or tile of slices
167. 255 Reserved

Tablp 2-56 describes the-audio alignment type when the data alignment indicator in the PES packet header has a Y
of '1] In this case thelfirst PES packet data byte following the PES header is the first byte of an audio sync word.

Table 2-56 — Audio stream alignment values

las a

ralue

Alignment type Description
0 Reserved
1 Sync word
2..255 Reserved

2.6.12  Target background grid descriptor

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

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

Figure 2-3 — Target background grid descriptor display area

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

targdt background grid descriptor in 2.6.12.

Table 2-58 — Video window descriptor

erid.

rideo
see

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 uimshf
}

2.6.15  Semantic definition of fields in video window descriptor

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

background grid (refer to Figure 2-3).

vertical _offset — The value indicates the vertical position of the top left pixel of the current video display window or
display rectangle if indicated in the picture display extension on the target background grid for display as defined in the

82 Rec. ITU-T H.222.0 (08/2018)

© ISO/IEC 2019 - All rights reserved


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

ISO/IEC 13818-1:2019 (E)

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
condptiomataccesstabte:

Wheh the CA descriptor is found in the TS program map_section (table id = 0x02), the CA_PID points-to“pa¢kets
contgining program related access control information, such as ECMs. Its presence as program information indifates
applicability to the entire program. In the same case, its presence as extended ES information indicates ‘applicability to
the aksociated program element. Provision is also made for private data.

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

The |contents of the transport stream packets containing conditional access inforfmation are privately defined
(see [Table 2-59).

Table 2-59 — Conditional access descriptor

Syntax No. of bits | Mnemonic
CA_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
CA_system_ID 16 uimsbf
reserved 3 bslbf
CA_PID 13 uimsbf
for 1=0;1<N;it++) {
private_data_byte 8 uimsbf
}
}

2.6.17 Semantic definition offields in conditional access descriptor

CA _jsystem_ID — This is a 16-bit field indicating the type of CA system applicable for either the associated ECM and/or
EMM streams. The coding 6fthis is privately defined and is not specified by ITU-T | ISO/IEC.

CA_|PID — This is a4 3;bit field indicating the PID of the transport stream packets which shall contain either ECM or
EMM information forthe CA systems as specified with the associated CA_system ID. The contents (ECM or EMM) of
the packets indicated by the CA PID is determined from the context in which the CA PID is found, ifp., a
TS program=map_ section or the CA table in the transport stream, or the stream_id field in the program stream.

In trgnsport'streams, the presence of PID 0x03 indicates that there is IPMP as described in ISO/IEC 13818-11 usgd by
compponents in the transport stream. In program streams, the presence of stream ID extension value 0x00 indicateq 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_639Y language code 24 bslbt
audio_type 8 bslbf
¥

}

2.6.19 Semantic definition of fields in ISO 639 language descriptor

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

audip_type — The audio_type is an 8-bit field which specifies the type of streanmidefined in Table 2-61.

Table 2-61 — Audio type values

Value Deseription
0x00 Undefined
0x01 Clean effects®
0x02 Hearing impaired®
0x03 Visual impaired commentary®
0x04 .. 0x7F User Private
0x80 .. 0xFF Reserved
2 Clean effects: This Value indicates that the referenced program element has no
language.
b Hearing impaired: This value indicates that the referenced program element is
prepared fof the hearing impaired.
¢ Visual impaired commentary: This value indicates that the referenced program
elemefityis prepared for the visually impaired viewer.

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

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

If the system clock is more accurate than the 30-ppm accuracy required, then the accuracy of the clock can be

communicated by encoding it in the clock accuracy fields The clock frequency acenracyisr |

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 S bslbf
i

external_clock_reference_indicator — This is a 1-bit indicator. When set to 'l', it indicates that the)system clock has

been|derived from an external frequency reference that may be available at the decoder.

clock accuracy_integer — This is a 6-bit integer. Together with the clock accuracy exponent,-it gives the fractjonal

freqyency accuracy of the system clock in parts per million.

clock accuracy_exponent — This is a 3-bit integer. Together with the clock accuracy\integer, it gives the fractjonal

freqyency accuracy of the system clock in parts per million.

2.6.22  Multiplex buffer utilization descriptor

The
info

re-mpltiplexing strategy (see Table 2-63).

2.6.23 Semantic definition of fields in multiplex buffer utilization descriptor

multiplex buffer utilization descriptor provides bounds on the oceupancy of the STD multiplex buffer. [This
fgmation is intended for devices such as remultiplexers, which may/ use this information to support a depired

Table 2-63 — Multiplex buffér utilization descriptor

Syntax No. of bits | Mnemonic

Multiplex_buffer utilization descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
bound_valid_flag 1 bslbf
LTW_offset lower_bound 15 uimsbf
reserved 1 bslbf
LTW_effset_upper_bound 15 uimsbf

}

d_valid_flag <A value of 'l' indicates that the LTW_offset lower bound and the LTW_offset upper bound fiields
lid.

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

this [field\has the units of (27 MHz/300) clock periods, as defined for the LTW offset (refer to 2.4.3.4).[ The

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

2.6.2

addi

5  Semantic definition of fields in copyright descriptor

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

Syntax No. of bits | Identifier
copyright_descriptor() {
descriptor_tag uimsbf
descriptor_length 8 uimsbf
COpy rlgul_luc‘ﬂuucr D& Ul oI
for (1=0;1<N;i++){
additional_copyright_info 8 bslbf
}
}

ional_copyright_info — The meaning of additional copyright info bytes, if anysare'defined by the assignee of that
copyright_identifier, and once defined, they shall not change.

2.6.26 Maximum bitrate descriptor
See Table 2-65.
Table 2-65 — Maximum bitrate descriptor
Syntax No. of bits Identifier
maximum_bitrate descriptor() {
descriptor_tag uimsbf
descriptor_length uimsbf
reserved 2 bslbf
maximum_bitraté 22 uimsbf
}
2.6.27 Semantic definition of fields in maximum bitrate descriptor
maxjmum_bitrate — The maximum bitrate is coded as a 22-bit positive integer in this field. The value indicates an ypper
bound of the bitrate, including fransport overhead, that will be encountered in this program element or program. The yalue
of maximum_bitrate is expressed in units of 50 bytes/second. The maximum_bitrate _descriptor is included in the Program
Map|Table (PMT). Its'presence as extended program information indicates applicability to the entire program. Its pregence
as E$ information.ifdicates applicability to the associated program element.
2.6.28 Private data indicator descriptor
See Table.2-66.
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
}
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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.

Wheh there is data present in this buffer, bytes are removed from this buffer at a rate defined by sb_leak rate. Thé& byffer,
SB, ghall never overflow. During the continuous existence of a program, the value of the elements of the Smoothing
Buffpr descriptor of the different program element(s) in the program, shall not change.

The meaning of the smoothing buffer descriptor is only defined when it is included in the PMT or the.program stfeam
Map

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

If, in| the case of a transport stream, it is present in the program information, the following\transport stream packets pnter
the smoothing buffer:

«  all transport stream packets of all PIDs listed as elementary PIDslin'the extended program informatipn as
well as;

» all transport stream packets of the PID which is equal to the BMT_PID of this section;
» all transport stream packets of the PCR_PID of the program.

All hytes that enter the associated buffer also exit it.

At any given time there shall be at most one descriptor referring to any individual program element and at mos{ one
desctiptor 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
réserved 2 bslbf
sb_size 22 uimsbf

i)

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 df the

Forad £ 1 LR T + 1 kTR n 400 1 ",
SBn UULICT 1O UIT a>50UIdlCU CICHITIILAL y SUCAIIT U OUICT Udtd I UIILS O FUU UILS/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
}

2.6.33  Semantic definition of fields in STD descriptor

leak|
buffq
field
the b

2.6.3

This
1SO/

2.6.3

closg

| valid_flag — The leak valid flag is a 1-bit flag. When set to 'l', the transfer of data from the buffer MBut
r EB;, in the T-STD uses the leak method as defined in 2.4.2.4. If this flag has a value equal to '0', and thevbv_
5 present in the associated video stream do not have the value OXFFFF, the transfer of data from the buffer M
uffer EB, uses the vbv_delay method as defined in 2.4.2.4.

4  IBP descriptor

optional descriptor provides information about some characteristics of the sequence\of frame types i
[EC 11172-2, Rec. ITU-T H.262 | ISO/IEC 13818-2, or ISO/IEC 14496-2 video stream. (see Table 2-69).

Table 2-69 — IBP descriptor

Syntax No,'of bits | Mnemonic
ibp_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
closed_gop_flag 1 uimsbf
identical_gop_flag 1 uimsbf
max_gop-length 14 uimsbf
}

5  Semantic definition of fields in IBP.descriptor

d_gop_flag — This 1-bit flag when setto\'I"indicates that a group of pictures header is encoded before every I-f

and that the closed gop flag is set to '1" in alt’ group of pictures headers in the video sequence.

iden

tical _gop_flag — This 1-bit flagawhen set to '1' indicates that the number of P-frames and B-frames between I-fr4

and the picture coding types and sequence of picture types between I-pictures is the same throughout the sequence, e3

poss

max
cons

bly for the pictures up to-the second I-picture.

| gop_length — This 14:bit unsigned integer indicates the maximum number of the coded pictures between any
bcutive [-picturesinrthie sequence. The value of '0' is forbidden.

2.6.36 MPEG:4 video descriptor

For
desc
streal

ndividuahISO/IEC 14496-2 streams directly carried in PES packets, as defined in 2.11.2, the MPEG-4
iptor (see Table 2-70) provides basic information for identifying the coding parameters of such visual eleme
ms. The MPEG-4 video descriptor does not apply to ISO/IEC 14496-2 streams encapsulated in SL-packets a
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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 uimsbf
MPEG-4_audio_profile_and_level 8 uimsbf
}

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 lewel of the ISO/IEC 14496-3 audio stream
corrgsponding to Table 2-72. If encoded with the value 0xOF, then it is signalled that no profile and level is definefd for
the associated MPEG-4 audio stream. The encoded value 0xFF indicatesthat the audio profile and level is not spedified
by the MPEG-4_audio_profile and level field; in that case, in addition’t6 the MPEG-4 audio descriptor, an MPEG-4
audi¢ extension descriptor shall be associated with the same MPEG-4.audio stream. In all other cases, next to an MPEG-
4 audlio descriptor, also an MPEG-4 audio extension descriptor may.be associated with the same MPEG-4 audio strgam.

Table 2-72 —- MPEG-4_audio_profile_and_level assignment values

Value Description
0x00 .. 0xOE Reserved
0xOF No audio profile and level defined for the associated MPEG-4 audio stream
0x10 Main profile, level 1
0x11 Main profile, level 2
0x12 Main profile, level 3
0x13 Main profile, level 4
0x14 .. 0x17 Reserved
0x18 Scalable Profile, level 1
0x 19 Scalable Profile, level 2
Ox1-X Scalable Profile, level 3
0x1B Scalable Profile, level 4
0x1C .. Ox1F Reserved
0x20 Speech profile, level 1
0x21 Speech profile, level 2
0x22 .. 0x27 Reserved
0x28 Synthesis profile, level 1
0x29 Synthesis profile, level 2
0x2A Synthesis profile, level 3
0x2B .. 0x2F Reserved
0x30 High quality audio profile, level 1
0x31 High quality audio profile, level 2
0x32 High quality audio profile, level 3
0x33 High quality audio profile, level 4
0x34 High quality audio profile, level 5
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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
0x3D Low delay audio profile, level 6
0x3E Low delay audio profile, level 7
0x3F Low delay audio profile, level 8
0x40 Natural audio profile, level 1
0x41 Natural audio profile, level 2
0x42 Natural audio profile, level 3
0x43 Natural audio profile, level 4
0x44 .. 0x47 Reserved
0x48 Mobile audio internetworking profile, level 1
0x49 Mobile audio internetworking profile, level 2
0x4A Mobile audio internetworking profile, level\3
0x4B Mobile audio internetworking profile, level'4
0x4C Mobile audio internetworking profile, level 5
0x4D Mobile audio internetworking profile, level 6
0x4E .. 0x4F Reserved
0x50 AAC profile, level 1
0x51 AAC profile, level 2
0x52 AAC profile, level 4
0x53 AAC profile,level 5
0x54 AAC prefile) level 6
0x55 AAC profile, level 7
0x56 .. 0x57 Reserved
0x58 High efficiency AAC profile, level 2
0x59 High efficiency AAC profile, level 3
0x5A High efficiency AAC profile, level 4
0x5B High efficiency AAC profile, level 5
0x5C High efficiency AAC profile, level 6
0x5D High efficiency 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-AAC2 profilelevel4
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
0x88 Low Delay AAC v2 Profile, level 1
0x89 Low Delay AAC v2 Profile, level 2
0x8A Low Delay AAC v2 Profile, level 3
0x8B Low Delay AAC v2 Profile, level 4
0x8C .. 0x8F Reserved
0x90 High Definition AAC Profile, level 1
0x91 .. 0x97 Reserved
0x98 ALS Simple Profile, level 1
0x99 .. 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 descriptor (see Table 2-73) encapsulates the InitialObjectDescriptor structure. An initial object descriptor allows
access to a set of ISO/IEC 14496 streams by identifying the ES D values of the ISO/IEC 14496-1 scene description and
obje¢t descriptor streams. Both the scene description stream and'the object descriptor stream contain further informtion
aboutt the ISO/IEC 14496 streams that are part of the scene, See Annex R for a description of the content access proceflure.
The [nitialObjectDescriptor is specified in 8.6.3 of ISOAEC 14496-1.

WitHin a transport stream, the IOD descriptor shall be conveyed in the descriptor loop immediately following the
program_info_length field in the Program Map+Table. If a program stream map is present in a program stream, the|IOD
descfiptor shall be conveyed in the descripterleop immediately following the program_stream_info length field ip the
program stream map. More than one IOD 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 $elect
ope of the ISO/IEC 14496 presentations identified by multiple IOD descriptors.

Table 2-73 — IOD descriptor

Syntax No. of bits | Mnemonic
10D descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
Scope_of 10D _label 8 uimsbf
10D _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 |
BO/IEC 13818-1 elementary PID value.

—

Table 2-74 — SL descriptor

Syntax No. of bits | Mnemonigc
SL_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
ES_ID 16 uimsbf
}

2.6.43 Semantic definition of fields in SL descriptor
ES_ID — This 16-bit field shall specify the identifier of an ISO/IEC 14496-) SL-packetized stream.

2.6.44 FMC descriptor

The [FMC descriptor (see Table 2-75) indicates that the ISO/IEC 14496-1 FlexMux tool has been used to multjplex
ISO/IEC 14496-1 SL-packetized streams into a FlexMux stream before encapsulation in PES packets or
ISONIEC14496 _sections. The FMC descriptor associates-ElexMux channels to the ES_ID values of the SL-packetized
streapms in the FlexMux stream.

An FMC descriptor is required for each program element referenced by an elementary PID value in a transport stfeam
and for each elementary stream_id in a prograhi-stream that conveys a FlexMux stream. Within a transport streany, the
FM( descriptor shall be conveyed for the cortesponding elementary stream in the descriptor loop immediately following
the BS info length field in the Program Map Table. If a Program Stream Map is present in a program stream, the FMC
desctiptor shall be conveyed in the desétiptor loop immediately following the elementary stream_info_length field in the
progfam stream Map.

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

Table 2-75 — FMC descriptor

Syntax No. of bits | Mnemonic
FMC _descriptor () {
descriptor_tag 8 uimsbf
descriptor length 8 uimshf
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

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.

External_ES_ID descriptor

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 uimshf
}
2.6.47 Semantic definition of fields in External_ES_ID descriptor
Extefrnal_ES_ID — This 16-bit field assigns an ES 1D identifier, as defined in ISO/IEC 14496-1, to a componen{ of a
program.
2.6.48 Muxcode descriptor
The Muxcode descriptor (see Table 2-77) conveys MuxCodeTableEntry~structures as defined in 11.2.4.3 of ISOYIEC
14496-1. MuxCodeTableEntries configure the MuxCode mode of FlexMux.
One jor more Muxcode descriptors may be associated with each elenientary PID or elementary stream _id, respectiyely,
conveying an ISO/IEC 14496-1 FlexMux stream that utilizes thesMuxCode mode. Within a transport stream, the Muxcode
desctiptor 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 Progtam Stream Map is present in a program stream, the Muxcode
desctiptor shall be conveyed in the descriptor loop immegdiately following the elementary stream_info_length field in the
Progfam Stream Map.
Mux[CodeTableEntries may be updated with newversions. 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
desctiptor in their descriptor loop shall be incremented by 1 modulo 32.
Table 2-77 — Muxcode descriptor
Syntax No. of bits | Mnemonic
Muxcode descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for (i=0;1 < N; i++) {
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

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.

FmxBufferSize descriptor

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) {

FlexMuxBufferDescriptor()

}

2.6.§1 Semantic definition of fields in FmxBufferSize descriptor

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

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

2.6.82  MultiplexBuffer descriptor

The MultiplexBuffer descriptor (see Table 2-79) conveys the size of the multiplex buffer MB,, as well as the leal rate
Rx, @t which data is transferred from transport buffer TB, into bufferMB,, for a specific Rec. ITU-T H.222.0 | ISQYIEC
1381)8-1 program element referenced by an elementary PID valuecin'the Program Map Table.

One MultiplexBuffer descriptor shall be associated with each el¢fentary PID that contains an ISO/IEC 14496 FlexMux
stream or SL-packetized stream, including those containing JSO IEC 14496 sections. See 2.11.3.9 for the definitipn of
buffgrs and rates in the T-STD model for decoding of ISOFEC 14496 content.

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

Table’2-79 — MultiplexBuffer descriptor

Syntax No. of bits | Mnemonic

MultiplexBuffer descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MB_buffer_size 24 uimsbf
TB_leak_rate 24 uimsbf

}

2.6.83 _<Semantic definition of fields in MultiplexBuffer descriptor

MB |buffer_size — This 24-bit field shall specify the size in byte of buffer MB, of the elementary stream n that is
associated with this descriptor.

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

See

2.6.85 Semantic definition of fields in FlexMuxTiming descriptor
FCR_ES 1D —is the ES 1D associated with this clock reference stream
FCRResolution — is the resolution of the object time base in cycles per second

FCRLength — is the length of the fmxClockReference field in FlexMux packets with indéx= 238 A length of zero
indidate that no FlexMux packets with index = 238 are present in this FlexMux stfeam. FCRlength shall take v
between zero and 64.

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

2.6.6 Content labelling descriptor

The

cont¢nt. This label, the content reference id record, is metadata application format specific. The content labd
desctiptor is associated with a content segment. For the purpose of this clause, a content segment is defined as a po
in tie of a program, an elementary stream (such as audio or video) or any combination of programs or eleme
streams. The descriptor may be included in the PMT in the descriptor loop for either the program or an elementary stifeam,
but may also be contained in tables not defined in this)Specification, for example tables to describe segments of prog|
or elementary streams. The content labelling desgriptor also provides information on which content time base is use
on tHe offset between the content time base andthe metadata time base. When the Normal Play Time (NPT) concg

DSM-CC, as specified in ISO/IEC 1381846,15 used as the content time base, the ID of the NPT time base is provj

The

Table 2-80.

Table 2-80 — FlexMuxTiming descriptor

Syntax No. of bits [ Mnemonic

FlexMuxTiming_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
FCR_ES _ID 16 uimsbf
FCRResolution 32 uimsbf
FCRLength 8 uimsbf
FmxRateLength 8 uimsbf

}

content labelling descriptor assigns a label to content; the labél.can be used by metadata to reference the assoc

Hescriptor allows for carriage of private data. See Table 2-81.
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Table 2-81 — Content labelling descriptor

Syntax No. of bits Mnemonic
Content_labeling_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
metadata_application_format 16 uimsbf
if (metadata_application_format== 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 8 bslbf
}
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)Y
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;i++){
private_data_byte 8 bslbf
H
i

2.6.87 Semantic definition of fields in content labelling descriptor

metgdata_application_format: The metadata ‘dpplication format is a 16-bit field, coded as defined in Table 2-82| that
specifies the application responsible for defining usage, syntax and semantics of the content reference id record and of
any pther privately defined fields in this ‘descriptor. See also 2.12.1. The value OxFFFF indicates that the fornjat is

signglled by the value carried in the métadata application_format_identifier field.

Table 2-82 — Metadata_application_format

Value Description
0x0000%."0x000F Reserved
0x0010 ISO 15706 (ISAN) encoded in its binary form (see Notes 1 and 3)
0x0011 ISO 15706-2 (V-ISAN) encoded in its binary form (see Notes 2 and 3)
0x0012 .. 0x00FF Reserved
0x0100 .. OxFFFE User defined
OxFFFF Brefimred by themretadata—appticatiomr—formmat Tdemtifrer fretd

is set to 0x08.

content_reference id record length is set to 0x0C.

to '00'.

NOTE 1 — For ISAN, the content_reference id byte is set to binary encoding and the content_reference id record length
NOTE 2 — For V-ISAN, the content reference id byte is set to binary encoding and the

NOTE 3 — For interoperability amongst metadata applications that use the metadata_application_format values of 0x0010
and 0x0011, it is recommended that the content reference id flag be set to '1' and the content_time base indicator be set

metadata_application_format _identifier: The coding of this 32-bit field is fully equivalent to the coding of the

format_identifier field in the registration descriptor, as defined in 2.6.8.

NOTE — The assigned Registration Authority for the format_identifier field is SMPTE.
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content_reference_id_record_flag: The content reference id record flag is a 1-bit flag that signals the presence of a
content_reference id record in this descriptor.

content_time_base_indicator: The content time base indicator (see Table 2-83) is a 4-bit field which specifies the used
content time base. If the descriptor is associated with a program, then the content time base applies to all streams that are
part of that program. A value of 1 indicates usage of the STC, while a value of 2 indicates usage of NPT, the Normal Play
Time as defined in ISO/IEC 13818-6. The values between 8 and 15 indicate usage of a privately defined content time
base. If coded with a value of 0, no content time base is defined in this descriptor. If no content time base is specified for
a program or stream, then the mapping of time references in the metadata to the content is not defined in this Specification.

Table 2-83 — Content_time_base_indicator values

Value Description
0 No content time base defined in this descriptor
1 Use of STC
2 Use of NPT

3.7 Reserved

8..15 Use of privately defined content time base

contpnt_reference_id_record_length: The content reference id record length is an 8-bit field that specifie§ the
number of content_reference id_ bytes immediately following this field. This field shalkndt/be coded with the valug '0'.

contpnt_reference_id_byte: The content reference id byte is part of a string of~on¢ or more contiguous byteq that
assigns one or more reference identifications (labels) to the content to which this descriptor is associated. The format of
this Pyte string is defined by the body indicated by the coded value in the metadata application format field.

contpnt_time_base_value: The content time base value is a 33-bit field.that specifies a value in units of 90 kHz qf the
cont¢nt time base indicated by the content time base_indicator field.

metgdata_time_base value: The metadata_time base value is a*332bit field that is coded in units of 90 kHz. Thelfield
is cqded with the value of the metadata time base at the.instant in time in which the time base indicatefl by
contgnt time base indicator reaches the value encoded in the'content time base value field. Note that the metadata|time
base|may use any time-scale, but that its value is to be coded in units of 90 kHz. For example, if a SMPTE type of|time
codeis used, then the number of hours, minutes, second$.and frames is expressed in the corresponding number of 90rkHz
units

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

time| base_association_data_length: The time base association data length is an 8-bit field that specifies the number
of reperved bytes immediately following this field. The reserved bytes can be used to carry time base association dafa for
time[bases defined in future.

private_data_byte: The privaté ‘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 use of these
bytes is defined by the-mn€tadata application format.

2.6.88 Metadata‘pointer descriptor

The metadata‘pointer descriptor (see Table 2-84) points to a single metadata service and associates this metadata sefvice
withlaudioVisuial content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream. The metadata is associated with the coptent
within, the\context of the descriptor. The context is defined by the location of the descriptor. In a transport streant, the
desctiptor may be located in the PMT in the descriptor loop for either the program or an elementary stream, but may also
be located in tables not defined in this Specification, such as tables describing bouquets of broadcast services. The
metadata may be located in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, but the same metadata may also be provided
on alternative locations, such as the Internet.

The descriptor may contain location information of metadata that is not carried in a Rec. ITU-T H.222.0|
ISO/IEC 13818-1 stream; the coding of the location information is metadata application format specific. The descriptor
allows for carriage of private data.

For metadata carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the descriptor specifies the tools used for such
carriage. If the metadata is carried in PES packets, metadata sections, or ISO/IEC 13818-6 synchronized download
sections, the metadata service id field identifies the metadata service in the referenced metadata stream. If an
ISO/IEC 13818-6 carousel is used to carry the metadata, then the private data may provide information to signal the
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metadata service, such as the applied value of the module_id for carriage of the metadata in a data carousel, and the file
name of the metadata when the object carousel is used.

Receivers should be aware that multiple metadata services may be pointed to from the same program or audiovisual
stream (as defined by the context of the descriptor). A unique metadata pointer descriptor shall be used to point to each
metadata service used by the program or audiovisual stream. Similarly, the same metadata service can be pointed to from
several programs or audiovisual streams by using a separate metadata pointer descriptors for each association.

Table 2-84 — Metadata pointer descriptor

}
}

Syntax No. of bits | Mnemonic
Metadata_pointer descriptor () {

descriptor_tag 3 urmsbl
descriptor_length 8 uimshbf'
metadata_application_format 16 uimsbf
if (metadata_application_format== 0xFFFF){

metadata_application_format_identifier 32 uimsbf
metadata_format 8 uimsbf
if (metadata_format== 0xFF){

metadata_format_identifier 32 uimsbf
metadata_service_id 8 uimsbf
metadata_locator_record_flag 1 bslbf
MPEG_carriage_flags 2 uimsbf
reserved 5 bslbf
if (metadata_locator record flag =="1"){

metadata_locator_record_length 8 uimsbf

for (1= 0; i <metadata locator record length; i++){

metadata_locator_record_byte 8 bslbf

}
H
if (MPEG_carriage flags <2){

program_number 16 uimsbf
if (MPEG carriage flags == 1){

transport_stream_location 16 uimsbf

transport_stream_id 16 uimsbf
i
for (i=0; i<N;i++){

private_data_byte 8 bslbf
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9  Semantic definition of fields\in metadata pointer descriptor

s field is specified in Table 2-85.

Table 2-85 — Metadata format values

data_application- format_identifier: The coding of this field is defined in 2.6.57.

data_application_format:/ The metadata_application_format is a 16-bit field that specifies the applic
nsible for defining usage, syntax and semantics of the metadata locator record record and any other priv
ed fields in this descriptor? The coding of this field is defined in Table 2-82 in 2.6.57.

data_format; The metadata format is an 8-bit field that indicates the format and coding of the metadata. The ¢
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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
assofiated metadata is available on a Iocation outside of a Rec. TTU-T H.222.0 [ISO/IEC T38T8-T stream, specified in a
metajdata_locator record.

MPEG_carriage flags: The MPEG _carriage flags is a 2-bit field which specifies if the metadata stream containing the
asso¢iated metadata service is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, and if so, whether'the assodjiated
metadata is carried in a transport stream or program stream. The coding of this field is defined in Table2-86.

Table 2-86 — MPEG_carriage_flags

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

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

metgdata_locator_record_byte: The metadata locator record byte is part of a string of one or more contiguous bytes
that form the metadata locator record. This record spedifies one or more locations outside of a Rec. ITU-T H.232.0 |
ISO/IEC 13818-1 stream. The format of the metadatalocator record is defined by the metadata application signallgd by
the metadata application format field. The recotd-may for example contain Internet URLs that specify wher¢ the
metadata can be found, possibly in addition to-their location(s) in the transport stream. If the MPEG carriage flags is
coded with the value 0, 1 or 2 and the metadata locator record is present, then this signals alternative locations for the
samg metadata.

program_number: The program pumber is a 16-bit field that identifies the program number of the MPEG-2 program
in th¢ Rec. ITU-T H.222.0 | ISO/JEE-13818-1 stream in which associated metadata is carried. If the MPEG_carriage _[flags
have|the value 0, then the transport stream is the current one, and if the MPEG_carriage flags have the value 1, it {s the
transport stream signalled by.the field's transport_stream location and transport_stream _id.

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

trangport_streamy id: The transport stream id is a 16-bit field that identifies the transport stream in which assocjated
metajdata is earried.

private data_byte: The private data byte is an 8-bit field. The private data bytes represent data, the format of which
is 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) {

Tetadata_applicatiom—fornmat_idemntifier 32 winmsbf
metadata_format 8 uimsbf
if (metadata_format== 0xFF){

metadata_format_identifier 32 uimsbf
¥
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

b
if (decoder config flags =="'011") {

dec_config_identification_record_length 8 uimsbf

for(i=0;i<dec_config id record length;it+) {

dec_config_identification_record_byte 8 bslbf
¥
}
if (decoder config flags =="'100") {

decoder_config_metadata_service_id 8 uimsbf
}
if (decoder config flags =='!101"|| decoder config_flags =="'110") {

reserved_data_length 8 uimsbf

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

reserved 8 bslbf
}
b
for (i=0; i<N§+¥) {
private_data_byte 8 bslbf
}
}
2.6.41 Semantic definition of fields in metadata descriptor
metgdata application_format: The metadata application format is a 16-bit field that specifies the applicption
respynsible for defining usage, syntax and semantics of the service identification_record and any privately defined bytes
in thisdescriptor—The codinmg of thisfiectd s defmed im Tabte2=82:

metadata_application_format_identifier: The coding of this field is defined in 2.6.57.

metadata_format: The coding of this field is defined in 2.6.59.

metadata_format_identifier: The coding of this field is defined in 2.6.59.

metadata_service_id. This 8-bit field identifies the metadata service to which this metadata descriptor applies.

decoder_config flags: The decoder config flags is a 3-bit field which indicates whether and how decoder configuration
information is conveyed. See Table 2-88.
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Table 2-88 — decoder_config_flags

Value Description
'000' No decoder configuration is needed.
'001" The decoder configuration is carried in this descriptor in the decoder config_byte field.
'010" The decoder configuration is carried in the same metadata service as to which this

metadata descriptor applies.

011" The decoder configuration is carried in a DSM-CC carousel. This value shall only be
used if the metadata service to which this descriptor applies is using the same type of
DSM-CC carousel.

'100' The decoder configuration is carried in another metadata service within the same
program, as identified by the decoder_config_metadata_service_id field in this

metadata descriptor.

'101' .. '110' Reserved.

11 Privately defined.
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[-CC_flag: This is a one-bit flag that is set to '1" if the stream with which this descriptor is associated is carried
[EC 13818-6 data or object carousel.

OTE 1 — The use of the object or data carousel is indicated by the applied stream-type value for thispmetadata stream.

ce_identification length: This field specifies the number of service identification_record bytes immedi
wing.

ce_identification_record_byte: This byte is part of a string of one or mofeé-contiguous bytes that specif]
ce_identification record. This record contains data on retrieval of the metadata service from a DSM-CC carqg
format of the metadata locator record is defined by the application indicated by the metadata application fo
h a DSM-CC object carousel is used, the record may for example comprise the unique object identifier (the IOP:1
11.3.1 and 5.7.2.3 of ISO/IEC 13818-6 DSM-CC) for the metadata service. Similarly, in case of a DSM-CC
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decIer_conﬁg_length: This field specifies the number of decoder* config bytes immediately following.

er_config_byte: These bytes comprise the decoder configuration information. This sequence of bytes com]
onfiguration information needed by the receiver to decode this service. It is intended that carriage in the metj
iptor is only used when the configuration informatien is very small.

config_identification_record_length: This.-field specifies the immediately following number
config_identification record bytes.

config_identification_record_byte: This byte is part of a string of one or more contiguous bytes that specif]
config_identification_record. This.record specifies how to retrieve the required decoder configuration from a D
arousel. The format of the metadata locator record is defined by the metadata application format. When a DSM
t carousel is used, the record'may for example comprise the unique object identifier (the IOP:IOR() from 11.3.
.3 of ISO/IEC 13818-6 DSM=CC) for the decoder configuration. Similarly, in case of a DSM-CC data carouse
d may for example previde the transaction_id and the module id of the decoder configuration.

decoder_config_metadata_service id: This is the value of the metadata service id that is assigned to the met
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der config_ritetadata service id and the metadata service that uses that decoder configuration shall be in the
Fam. Hence in'a transport stream, the metadata descriptors for both these metadata services shall be in the same |
metadata, descriptor of the metadata service indicated by the decoder config metadata service id shall hg
der“config flag field with a value of either '001', '010' or '011".
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private_data_byte: The private data byte is an 8-bit field. The private data bytes represent data, the format of which
is defined privately. These bytes can be used to provide additional information as deemed appropriate.

2.6.62 Metadata STD descriptor

This descriptor defines parameters of the STD model (defined in 2.12.10) for the processing of the metadata stream to

whic

h 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
}

2.6.6

metg
metal

3  Semantic definition of fields in metadata STD descriptor

data_input_leak_rate: The metadata input leak rate is a 22-bit field that specifies the leak rate for the\assoc
data stream in the T-STD model out of the buffer TB, into buffer B,. The leak rate is specified in units of 400 b

For metadata carried in a program stream, the coding of the metadata input leak rate field is not specified, as thd
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B, equals the rate of the program stream.

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

data_output_leak_rate: The metadata output leak rate is a 22-bit field that specifi€s for the associated met;
ce the leak rate in the STD model out of buffer B, to the decoder. The leak rate is\specified in units of 400 bits/s
data streams transported synchronously (stream-type 0x15 or 0x19), the metadata access units are instantane
ved from B, under the control of PTS timestamps and in that case the coding'of the metadata output leak rate
t specified.

4  AVC video descriptor

\VC video streams, the AVC video descriptor provides basiéinformation for identifying coding parameters o
iated AVC video stream, such as on profile and level parameéters included in the SPS of an AVC video stream
ibset SPS of an SVC video sub-bitstream.

AVC video streams conforming to one or more profiles defined in Annex G, or Annex H or Annex I of Rec. I
4 | ISO/IEC 14496 10, there may be one AVC video descriptor associated to each of the video sub-bitstrean

video subsets or MVCD video subsets identifying coding parameters of the associated re-assembled AVC Y
ms.

AV C video descriptor also signals the(presence of AVC still pictures, AVC 24-hour pictures as well as 3D rend|
tance SEIs such as frame packing atrangement SEI message or stereo video information SEI message in the |
stream. If this descriptor is notSincluded in the PMT for an AVC video stream, a video sub-bitstream, or an |
sub-bitstream or an MVCD-video sub-bitstream in a transport stream or in the PSM, if present, for an AVC Y
I, a video sub bitstream or a’MVC video sub-bitstream in a program stream, then such AVC video stream sha
1in AVC still pictures; ‘shall not contain AVC 24-hour pictures and may or may not contain frame pag
gement SEI message‘erstereo 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 d¢fined in Rec. ITU-T H.204 | ISO/IEC 14496-10. The entire AVC video stream to which the AVC descripior is
asso¢iated 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 thesNAVC yideo
dpscriptor, while also a profile may occur that is a subset of the profile signalled in the AVC video descriptorpHowWever, {n the
htire AVC video stream, only tools shall be used that are included in the profile signalled in the AVC video deseriptor, if prgsent.
or example, if the main profile is signalled, then the baseline profile may be used in some sequences, butlenly using those|tools
hat are in the main profile. If the sequence parameter sets in an AVC video stream signal different profiles, and no addifional
bnstraints are signalled, then the stream may need examination to determine which profile, if any, the entire stream conforips to.
an AVC video descriptor is to be associated with an AVC video stream that does not conform to-a single profile, then the|[AVC
deo stream must be partitioned into two or more sub-streams, so that AVC video descriptors<€an'signal a single profile foi] each
ich sub-stream.

»w < = O Mo

AV(_still_present — This 1-bit field when set to 'l indicates that the AVC video stream may include AVC still pictures.
Wheh set to '0', then the associated AVC video stream shall not contain AVC still pictures.

AV({ 24 hour_picture_flag — This 1-bit flag when set to '1' indicates that.th€ associated AVC video stream may coptain
AV{ 24-hour pictures. For the definition of an AVC 24-hour picture,s¢e2.1.2. If this flag is set to '0', the assodjiated
AV({ video stream shall not contain any AVC 24-hour picture.

Frame_Packing SEI_not_present_flag — If this flag is set to '0"sthen the AVC video stream shall contain eithgr the

framp packing arrangement SEI message or stereo video information SEI message. If the AVC video descriptor is prgsent

and Jhis flag is set to '1', then the presence of either of these SEI messages is unspecified.
6

2.6. AVC timing and HRD descriptor

The AVC timing and HRD descriptor provides timing and HRD parameters of the associated AVC video stream{ For
each|AVC video stream and for each video sub=bitstream or MVC video sub-bitstream or MVCD video sub-bitstream
carripd in a Rec. ITU-T H.222.0 | ISO/IECA3818-1 stream, the AVC timing and HRD descriptor shall be included ip the
PMT| or in the PSM, if PSM is present in the program stream, unless the AVC video stream, the video sub-bitstream or
the MVC video sub-bitstream or MV.CD, video sub-bitstream carries VUI parameters with the timing_info_present| flag
settg 'l"

»  for each IDR picture or re-assembled IDR picture; and

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

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

+ im2(14.3.1 for an AVC video stream conforming to one or more profiles defined in Annex A of Rec. [TU-
IVH.264 | ISO/IEC 14496-10;

*{ 1in 2.14.3.5 for video sub-bitstreams of an AVC video stream conforming to one or more profiles defined
in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10;

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

But such usage can also be signalled by the hrd management valid flag set to '0' in the AVC timing and HRD descriptor.
If the transfer rate into buffer EB, can be determined from HRD parameters contained in an AVC video stream or an
AVC video stream re-assembled from video sub-bitstreams or MVC video sub-bitstreams or MVCD video sub-
bitstreams, and if this transfer rate is used in the T-STD for the transfer between MB, to EB,, then the AVC timing and
HRD descriptor with the hrd management valid flag set to '1' shall be included in the PMT for that AVC video stream
or for the re-assembled AVC video stream. (See Table 2-91.)

© ISO/IEC 2019 - All rights reserved Rec. ITU-T H.222.0 (08/2018) 103


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

ISO/IEC 13818-1:2019 (E)

2.6.4
hrd |

Whe
carri
Periq
presq
shall
hrd |
to t
1nitid
hrd |

Whe

carri

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

if (90kHz_flag =="'0") {

N 32 uimsbf
K 32 uimsbf

}

num_units_in_tick 32 uimsbf
}
fixed_frame rate flag 1 bslbf
temporal_poc_flag 1 bslbf
picture_to_display_conversion_flag 1 bslbf
reserved 5 bslbf

}

7  Semantic definition of fields in AVC timing and HRD descriptor
management_valid_flag — This 1-bit field is only defined fof\use in transport streams.

h the AVC timing and HRD descriptor is associated withan'AVC video stream or a re-assembled AVC video st
bd in a transport stream, then the following applies. Ifithe hrd management valid flag is set to 'l', then Buff]
d SEI and Picture Timing SEI messages, as definéddin Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, sh:
nt in the associated AVC video stream or re-assembled AVC video stream. These Buffering Period SEI mess
carry coded initial cpb_removal delay and“imitial cpb_removal delay offset values for the NAL HRD. I
management valid flag is set to 'l', then the'transfer of each byte from MB,, to EB,, in the T-STD shall be acco
he delivery schedule for that byte  jinto the CPB in the NAL HRD, as determined from the ¢
1 cpb_removal delay and initial cpb removal delay offset values for SchedSelldx = cpb_cnt_minusl. Whe
management valid flag is set to.Q'%the leak method for the transfer from MB,, to EB, in the T-STD shall be us

* asdefined in 2.143 N for AVC video streams conforming to one or more profiles defined in Annex
Rec. ITU-T H,26441SO/IEC 14496-10;

* asdefined in-2,14.3.5 for video sub-bitstreams of AVC video streams conforming to one or more pr
defined ifivAnnex G of Rec. ITU-T H.264 | ISO/IEC 14496-10.

+ as defined in 2.14.3.7 for MVC video sub-bitstreams or MVCD video sub-bitstreams of AVC 1
stréams conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 1449

h the AVCitiming and HRD descriptor is associated with an AVC video stream or a re-assembled AVC video st
bd iy a\program stream, then the meaning of the hrd management valid flag is not defined.
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picture—and_timing_info_present — This 1-bit field when set to 'l' indicates that the 90kHz_flag and parameters for
accurate mapping to 90-kHz system clock are included in this descriptor.

90kHz_flag, N, K — The 90kHz flag when set to 'l' indicates that the frequency of the AVC time base is 90 kHz. For an
AVC video stream the frequency of the AVC time base is defined by the AVC parameter time_scale in VUI parameters,
as defined in Annex E of Rec. ITU-T H.264 | ISO/IEC 14496-10. The relationship between the AVC time scale and the

STC

shall be defined by the parameters N and K in this descriptor as follows.

(N xsystem _clock _ frequency)
K

time _scale=

where time_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.

tem]loral_poc_ﬂag — When the temporal poc flag is set to 'l' and the fixed frame rate flag is set to 'l', then the
assogiated AVC video stream shall carry Picture Order Count (POC) information (PicOrderCnt) whereby picturef are
counfted in units of At apb( 11 ), Where Ats gpb( 0 ) is specified in equation E-10 of Rec. ITU-T H.264 | ISO/IEC 14496-10.
Whep the temporal poc flag is set to '0', no information is conveyed regarding any potential relationship betweep the
PO(Q information in the AVC video stream and time.
NOTE 2 — This reduces the overhead necessary to signal timing for each access unit. An effective PTS and-DTS can be calcylated
for access units for which no explicit PTS/DTS is carried. Repetition of most recently presented field'of the appropriate parify (or
fitame) is implied when the difference between the PTSs of the current and the next picture is greater than 2 x Atfidpb (or gfeater
han Atsi.apb When frame_mbs_only_flag is equal to 1).

—

picture_to_display_conversion_flag — This 1-bit field when set to 'l' indicates that.the associated AVC video stfeam
may |carry display information on coded pictures by providing the pic_struct field in picture timing SEI mesgages
(see Annex D of Rec. ITU-T H.264 | ISO/IEC 14496-10) and/or by providing the\Ricture Order Count (POC) informption
(PicQrderCnt), whereby pictures are counted in units of Atg gpu( 11 ) (see alsofthe semantics of temporal poc flag), sg that
timinjg information for a successive AVC access unit can be derived from-the' previous picture in decoding or presentption
ordef.

Wheh the picture to display _conversion_mode flag is set to '0',"then picture timing SEI messages in the AVC yideo
stream, if present, shall not contain the pic_struct field, and hene&’the pic_struct present flag shall be set to '0' in the| VUI
parameters in the AVC video stream.

2.6.8 MPEG-2 AAC audio descriptor

For individual ISO/IEC 13818-7 streams directly earried in PES packets, the MPEG-2 AAC audio descriptor defingd in
Tablp 2-92 provides basic information for identifying the coding parameters of such audio elementary streams.

Table 2-92 — MPEG-2 AAC_audio_descriptor

Syntax No. of bits | Mnemonic

MPEG-2_AAC. audio_descriptor () {

deseriptor_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

}

2.6.09—Semantie-definition-offieldsinr-MPEG2-AAC-audio-deseriptor

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 NTPEG-Z text descriptor shall be included in the PMT or in the PSM;, if PSM 1s present in the program stream.

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()
}

2.6.71  Semantic definition of fields in MPEG-4 text descriptor

textConfig() — This shall carry the TextConfig() of the associated ISQ/IEC 14496-17 text stream, as defingd in
ISO/NEC 14496-17.

2.6.72 MPEG-4 audio extension descriptor

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

Table 2-95 - MPEG-4 audio extension descriptor

Syntax No. of bits Mnemonic
MPEG-4 audio_extension_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
ASC_flag 1 bslbf
reserved 3 bslbf
num_of _loops 4 uimsbf
for (i=0; i<num_of loops; i++) {

audioProfitelevetmdication 8 uimsbf
}
if (ASC flag =="1") {

ASC_size 8 uimsbf

audioSpecificConfig()
H

}

2.6.73  Semantic definition of fields in MPEG-4 audio extension descriptor
ASC_flag — A one-bit flag signalling the presence of the ASC size field in this descriptor.

num_of loops — A 4-bit field specifying the number of immediately following audioprofileLevellndication fields in this
descriptor. This field may be encoded with the value zero.
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audioProfileLevellndication — The audio profile and level of the associated ISO/IEC 14496-3 audio stream, encoded as
specified for the audioprofileLevellndication field in 1.5.2.1 in ISO/IEC 14496-3. Note that a single ISO/IEC 14496-3
audio stream may comply to more than one audio profile and level, and that this descriptor is designed to convey up to
15 different audioprofileLevellndication values.

ASC _size — The number of bytes of the immediately following AudioSpecificConfig().

audioSpecificConfig() — The audioSpecificConfig() of the associated ISO/IEC 14496-3 audio stream, as specified in

1.6.

2.6.

2.1 in ISO/IEC 14496-3.

74  Auxiliary video stream descriptor

The auxiliary video stream descriptor (see Table 2-96) specifies parameters for the decoding and interpretation of the
auxiljiary video stream to which the descriptor is associated. For each auxiliary video stream carried in a Rec, |
H.222.0 | ISO/IEC 13818-1 stream, the auxiliary video stream descriptor shall be included in the PMT or in the S
PSM is present in the program stream.

2.6.

[U-T

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)

}

715  Semantic definition of fields in auxiliary video stream descriptor

aux |video_codedstreamtype — An 8-bit unsigned integer that indicates the compression coding type of the aux
vide¢ stream. The value of aux_video codedstreamtype shall match/one of the stream types defined in Table 2-3
vide¢ (for instance 0x02, 0x10 or 0x1B). In order to convey additional information such as profile/level, a descripto
corrgsponds to the aux_video_codedstreamtype may also be icluded in the PMT or in the PSM, if PSM is present i
program stream, for the auxiliary video data stream.

NOTE — For example, if the auxiliary video is encoded‘using Rec. ITU-T H.264 | ISO/IEC 14496-10 Video, then the va
apx_video codedstreamtype is 0x1B and an AVC videe 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 auxiliary
supplemental information (AVSI) message-(also defined in ISO/IEC 23002-3). The type of auxiliary video is inf]

fro

2.6.

For

Rec.

si_rbsp(). The total size of si_rbsp() shall not exceed 254 bytes.

6 SVC extension descriptor

video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex
ITU-T H.264 | ISO/IEC€\14496-10, the SVC extension descriptor (see Table 2-97) provides information aboy

AV({ video stream resulting’from re-assembling (up to) the associated video sub-bitstream and provides inform|
about scalability and re-assembly of the associated video sub-bitstream. There may be one SVC extension desci
asso¢iated with any 6f'the video sub-bitstreams of an AVC video stream conforming to one or more profiles defin|
Anngx G of Rec. ITU-T H.264 | ISO/IEC 14496-10.
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Table 2-97 — SVC extension descriptor

Syntax No. of bits Mnemonic
SVC extension_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
width 16 uimsbf
height 16 uimsbf
frame_rate 16 uimsbf
average_bitrate 16 uimsbf
maximum_bitrate 16 uimsbf
dependency_id 3 bslbf
reserved 5 bslbf
quality_id_start 4 bslbf
quality_id_end 4 bslbf
temporal_id_start 3 bslbf
temporal_id_end 3 bslbf
no_sei_nal_unit_present 1 bslbf
reserved 1 bslbf
}

2.6.77 Semantic definition of fields in SVC extension descriptor
width — This 16-bit field indicates the maximum image width resolution, in pixels o0fthe re-assembled AVC video stijeam.

height — This 16-bit field indicates the maximum image height resolutions in-pixels of the re-assembled AVC Yideo
stream.

frame_rate — This 16-bit field indicates the maximum frame rate, in frames/256 seconds of the re-assembled AVC yideo
stream.

averpge_bitrate — This 16-bit field indicates the average bitraté, in kbit per second, of the re-assembled AVC Yideo
stream.

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

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

qualfty_id_start — This 4-bit field indicates the minimum value of the quality id of the NAL unit header syntax element
of al] the NAL units contained in the agsociated video sub-bitstream.

qualfty_id_end — This 4-bit field indicates the maximum value of the quality id of the NAL unit header syntax elefnent
of al] the NAL units contained id the associated video sub-bitstream.

temporal_id_start — This3-bit field indicates the minimum value of the temporal id of the NAL unit header syntax
element of all the NAL units”contained in the associated video sub-bitstream.

temporal_id_end ~This 3-bit field indicates the maximum value of the temporal id of the NAL unit header syntax

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

QOTE — 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 videos ttstreamrof-SV-Cany NAFmmttsHfpresentare-trehrded AV-E-videos ttstreamof-SVE-1f 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
deseriptor—lenath [ wimsbf
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

}

2.6.719 Semantics of fields in MVC extension descriptor

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

maxjmum_bitrate — This 16-bit field indicates the maximusm bit rate, in kbits per second, of the re-assembled AVC yideo
stream. When set to 0, the maximum bit rate is not indicated.

view| association_not present — This 1-bit, flag when set to '0' indicates that the syntax element
base| view _is_left_eyeview signals the association between base view and left or right eye. When this flag is set to |1' no
such|association is signalled.

base| view_is_left _eyeview — This flag shall be set to '1' when the view_association_not present flag is set to '1' aid no
view| association is conveyed in the deSeriptor. When the view_association not present flag is set to '0' and this flag is
set t¢ '1', it indicates that the base Yiew is associated with the left eye view (or enhancement view is associated with the
right| eye view). When the view\association not present flag is set to '0' and this flag is set to '0', it indicates thdt the
base|view is associated with. the/right eye view (or enhancement view is associated with the left eye view).

view| order_index_minC~ This 10-bit field indicates the minimum value of the view order index of all the NAL Jnits
contgined in the assogiated MVC video sub-bitstream.

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

temporal_id_start — This 3-bit field indicates the minimum value of the temporal id of the NAL unit header syntax
element-of all the NAL units contained in the associated MVC video sub-bitstream.

temporal_id_end — This 3-bit field indicates the maximum value of the temporal id of the NAL unit header syntax
element of all the NAL units contained in the associated 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 Mnemohi¢
J2K] video descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
extended_capability flag 1 bslbf
profile_and_level 15 bslbf
horizontal_size 32 uimsbf
vertical_size 32 uimsbf
max_bit_rate 32 uimsbf
max_buffer_size 32 uimsbf
DEN_frame_rate 16 bslbf
NUM._frame_rate 16 bslbf
if (extended_capability flag=="1") {
stripe_flag 1 bslbf
block_flag 1 bslbf
mdm_flag 1 bslbf
reserved (all bits to be set to '0'") 5 bslbf
} else {
color_specification 8 bslbf
}
still_mode 1 bslbf
interlaced_video 1 bslbf
reserved 6 bslbf
if (extended_capability flag=="1") {
colour_primaries 8 uimsbf
transfer_characteristics 8 uimsbf
matrix_coefficients 8 uimsbf
video_full_range flag 1 bslbf
reserved 7 bslbf
if (stripe_flag=="1") {
strpymax_idx 8 uimsbf
strp_height 16 uimsbf
}
if (block flag=="1") {
full_horizontal_size 32 uimsbf
full_vertical_size 32 uimsbf
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

Syntax No. of bits Mnemonic
MaxCLL 16 uimsbf
MaxFALL 16 uimsbf
¥
b
for (i=0; i<N; i++) {
private_data_byte 8 bslbf
b
}

2.6.81 Semantics of fields in J2K video descriptor

extended_capability flag — This 1-bit field indicates that the J2K video stream uses extended color specification (thr
threq bytes defining the chromaticity parameters, as described below), and that it might have oneJef several o
following capabilities enabled: stripes (through the J2K stripe mode), blocks (through the J2K bloek mode), or incly

bugh
f the
1sion

of mastering display metadata. The exact list of enabled capabilities is set through subsequent flags-in'the video desciiptor

(see pelow).

proffle_and_level — This 15-bit field shall correspond to the 15 least significant bits of:the2-bytes Rsiz value included

in ajl J2K codestream main headers of this J2K video stream. Rsiz values thatyare defined in Table A.l
Rec.|ITU-T T.800 | ISO/IEC 15444-1 and do set to '0' their most significant bit are @lowed.

OTE — the combination of the extend_capability_flag and the profile_and_level field’ensures backward and forward compati
ith legacy devices conforming to previous versions of this Recommendation | International Standard. Havin
ktended capability flag set to 'l' leads indeed to a 16-bit value outside-the. range accepted by previous versions o
ecommendation | International Standard. This way, J2K video streams with exténded capabilities can be unequivocally iden
y both legacy and new devices.

oD = Z

horizontal_size — This 32-bit field indicates the horizontal size of the frame (for progressive) or field (for interl
comprised in each J2K access unit. If J2K block mode is enabled; this frame or field corresponds to a spatial rectan,
block of the entire video frame or field. It shall be coded the*same as the Xsiz parameter found in all J2K codest
main headers of this J2K video stream, as defined in Annex*A of Rec. ITU-T T.800 | ISO/IEC 15444-1.

vertical_size — This 32-bit field indicates the vertical-size of the frame (for progressive) or field (for interlaced) comp|
in each J2K access unit. If J2K block mode is enabled, this frame or field corresponds to a spatial rectangular blo
the entire video frame or field. If J2K stripe mode is disabled, it shall be coded the same as the Ysiz parameter fou
all J2K codestream main headers of this J2K ywideo stream. If J2K stripe mode is enabled, it shall be coded as the su
the Ysiz parameters found in all J2K codestreams composing the frame (for progressive) or a field (for interld
comprised in each J2K access unit. ¥siz'parameters are defined in Annex A of Rec. ITU-T T.800 | ISO/IEC 15444

max| bit_rate — This field may becoded the same as the brat_max_br field specified in Table S.1 and shall not ex
the nhaximum compressed bitfate value for the profile and level specified in Table S.2. This field shall be set appropri
and gignalled when profileCand level ='000 0011 0000 0111', where no maximum bit rate is specified.

max| buffer_size — This field shall not exceed the Maximum buffer size value for the profile and level specified in
S.2. When profile apnd-"level ='000 0011 0000 0111', the max_buffer size shall be set appropriately and shall not ex
(max_bit rate/1.60ES), where max_bit rate is expressed in bit/s.

DEN_framétrate — This field shall be coded the same as frat denominator field specified in Table S.1 (see Annex

NUMI Arame_rate — This field shall be coded the same as frat_numerator field specified in Table S.1 (see Annex SJ).
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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
0000 0000 0000 0001 0000 0000 0011 1100 60/1 60.00

stripe_flag — This 1-bit field is included only if the extended capability flag is set to '1'. It indicates whether the J2K
videp stream has J2K stripe mode enabled. When this flag is set to 'l' the J2K access unit elementary stream h¢ader
(see [Table S.1) shall not include the syntax element j2k tcod, shall include the syntax element\j2k strp, and the
corrgsponding J2K access unit shall be made of a succession of J2K stripes. When this flag is set;to '0', the J2K agcess
unit plementary stream header shall include the syntax element j2k tcod, shall not include the syntax element j2k [strp,
and the corresponding J2K access unit shall be made of one J2K codestream in case of progressive content and two J2K
codeftreams in case of interlaced content.

block flag — This 1-bit field is included only if the extended capability flag is set€oy'1". When set to '1', it indicate$ that
the JPK video stream has J2K block mode enabled, meaning that this J2K videotstream actually corresponds to a spatial
rectangular block of the full video stream. Subdivision of each frame into rectangular independent blocks is further
definjed in Section S.3. When set to '0', then the associated J2K video stream‘shall not have J2K block mode enabled.

mdnp_flag — This 1-bit field is included only if the extended capability “flag is set to '1'. When set to 'l', it indicate§ that
the P2K video descriptor contains the characteristics of the“\Mastering Display Metadata, as describefl in
SMHTE ST 2086:2014 (see below corresponding fields). When set to '0', then the J2K video descriptor shall not coptain
the characteristics of the Mastering Display Metadata.

color_specification — This 8-bit field is included only if the'extended capability flag is set to '0' and corresponds tp the
legagy color specification method. It shall be coded the same as the bcol colcr 8-bit field of the j2k _beol box as spegified
in Tgble S.1 (see Annex S).

still [mode — This 1-bit field, when set to 'l', indicates that the J2K video stream may include J2K still pictures. Whdn set
to '0'} then the associated J2K video streanyshall not contain J2K still pictures.

intenlaced_video — This 1-bit field indicates whether the J2K video stream contains interlaced video. When this flag is
set tp '1' the J2K access unit elementary stream header (see Table S.1) shall include the syntax elements brat guf2,
fiel pox code, fiel fic and fiel fig="When this flag is set to '0', these syntax elements shall not be present in the] J2K
access unit elementary stream-header.

color_primaries, transfer_characteristics, matrix_coefficients, video_full_range flag — These four fields (three|8-bit
fields and one 1-bit field) are included only if the extended capability flag is set to 'l' and correspond to a folor
specification method allowing a broader set of color code points than the legacy method (see color_specification [field
above). These fields-shall be coded according to the semantics with the same name defined in Rec. ITU-T H.273 | ISQYIEC
23001-8.

strp | max ‘idx — This 8-bit field is included only if J2K stripe mode is enabled. It shall be in the range 0x01 .. Oxff and
indidat€s,the maximum value of the stripe index. It corresponds to the number of stripes in the block/field/frame,
one. ) . - . ; 3 . )

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_jdx_v — This 8-bit field is included only if J2K block mode is enabled and indicates the vertical block index,df the
currgnt block.

The following fields X ¢c0,Y c0, X cl, Y cl,X ¢c2,Y ¢2, X wp, Y_wp, L max and L min correspond te the fields
defirled in SMPTE ST2086:2014 "Mastering Display Color Volume Metadata Supporting High Luminahce and Wide
Color Gamut Images". The fields MaxFALL and MaxCLL correspond to the fields defined in ANSI/ETA 861-G:R016
"A DTV Profile for Uncompressed High Speed Digital Interfaces". If these 12 fields have unknown values at the tithe of
genefating the stream, they shall not be included in the descriptor and the mdm_flag shall be set\to™0'.

X ¢0,Y c0,X el,Y_cl,X €2, Y_c2 - These 16-bit fields are included only if the mdm’flag is set to '1". They spgcify
the normalized x and y chromaticity coordinates of the colour primary components of the\mastering display in increrhents
of 0.p0002, according to the CIE 1931 definition of x and y as specified in ISO 11664-1 (see also ISO 11664-3 and CIE
15). For describing mastering displays that use red, green, and blue colour primaries; it is suggested that index valyie cO
should correspond to the green primary, cl should correspond to the blue primary, and c2 should correspond to the¢ red
colofir primary. The values of these 6 fields shall be in the range of 0 to 50 000, inclusive.

X wp and Y_wp — These 16-bit fields are included only if the mdm_flag is set to '1'. They specify the normalized x and
y chijomaticity coordinates of the white point of the mastering display\in normalized increments of 0.00002, accordihg to
the (IE 1931 definition of x and y as specified in ISO 11664-1 (seé.also ISO 11664-3 and CIE 15). The values of X_wp
and Y_wp shall be in the range of 0 to 50 000.

L_max and L. min — These 32-bit fields are included only if the mdm_flag is set to 'l'. They specify the nothinal
maximum and minimum display luminance, respectively{of the mastering display in units of 0.0001 candelas per square
metrg. L min shall be less than L _max. At minimuym lTuminance, the mastering display is considered to have the yjame
nominal chromaticity as the white point.

MaxiICLL — This 16-bit field is included only.ifthe mdm_flag is set to '1". It specifies the Maximum Content Light LLevel
and ¢orresponds to the brightest pixel in the/entire stream, in units of 1 cd/m2, where 0x0001 represents 1 cd/m2 and
OxFHFF represents 65535 cd/m2. It shall be calculated according to Annex P Calculation of MaxCLL and MaxFALL
sectipn P.1 in ANSI/CTA 861-G:2046.A DTV Profile for Uncompressed High Speed Digital Interfaces.

MaxIFALL — This 16-bit field is<included only if the mdm_flag is set to 'l". It specifies the Maximum Frame Av¢rage
Light Level and corresponds ‘to/the highest frame average brightness per frame in the entire stream, in units of 1 cd/m2,
whetle 0x0001 represents™\~ed/m2 and OxFFFF represents 65535 cd/m2. It shall be calculated according to Annjex P
Calcpilation of MaxCLk and MaxFALL section P.2 in ANSI/CTA 861-G:2016 "A DTV Profile for Uncompressed 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 _,MVC operation point descriptor

The MVY.C 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 8 uimsbf
profile_idc 8 uimsbf
constraint_set()_flag 1 bslbf
constraint_setl_flag 1 bslbf
constraint_set2_flag 1 bslbf
constraint_set3_flag 1 bslbf
constraint_set4 flag 1 bslbf

—constraint setS flag 1 bslbf
AVC_compatible_flags 2 bslbf.
level _count 8 uimsbf

for (1=0;i<level count; it++) {

level idc 8 uimsbf
operation_points_count 8 uimsbf
for (j =0; j< operation_points count; j++ ) {
reserved 5 bslbf
applicable_temporal_id 3 uimsbf
num_target_output_views 8 uimsbf
ES_count 8 uimsbf
for (k=0; k<ES_count; k++) {
reserved 2 bslbf
ES_reference 6 uimsbf
}

2.6.83 Semantic definition of fields in MVEC-operation point descriptor
profile_idc — This 8-bit field indicates the(profile, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10, of all oper

poin

cons
cons
ITU

AV(
defin
Rec.

level

level
for tl

s described within this descriptor for the MVC bitstream.

traint_setO_ﬂag, constraint_setl_flag, constraint_set2 flag, constraint_set3 flag, constraint_set4 |
raint_set5 flag — These (fields shall be coded according to the semantics for these fields defined in
T H.264 | ISO/IEC 14496-10.

" compatible_flags-—The semantics of AVC_compatible flags are exactly equal to the semantics of the fig
ed for the 2 bits between the constraint_set2 flag and the level idc field in the sequence parameter set, as defin
ITU-T H.264 {ISO/IEC 14496-10.

| count — This 8-bit field indicates the number of levels for which operation points are described.

| ide—\This 8-bit field indicates the level, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10, of the MV C bitst
le-operation points described by the following groups of data elements.

ation

flag,
Rec.

1d(s)

ed in

fcam

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-as

sembled 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 MPEG2_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/AEC 13818-2:2000/Amd.4. If the descriptor 1s not included for MPEG-2 video with stream_type value equal to (%02,
then [the associated MPEG-2 video elementary stream may or may not contain stereoscopic video format information.

Table 2-102 - MPEG2_stereoscopic_video_format_descriptor syntax

Syntax No. of bits Format
MPEG2_stereoscopic_video format descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
stereo_video_arrangement_type present 1 bslbf

if (stereo_video_arrangement type present) {

arrangement_type 7 bslbf
}
else {

reserved 7 bslbf
}

}

2.6.85 Semantic definition of fields in the MPEG2, stereoscopic_video_format_descriptor

ster¢o_video_arrangement type present: When'this bit is set to 'l', then the following 7-bits indicate the type of
sterep_video_ format type included in the userCdata of associated MPEG-2 video elementary stream. If this bit is det to
'0', tl[::n no such signalling is made available in this descriptor.

arrapgement_type: This field shall\be set to the same value as arrangement type defined in Table L{l of
Rec.{ITU-T H.262 | ISO/IEC 13818-2:2000/Amd.4 and included in the user data extension of associated MPEG-2 yideo
elemientary stream.

2.6.86  Stereoscopic_program_info_descriptor

Sterqoscopic_program~info_descriptor (see Table 2-103) specifies the identification of 2D-only (monoscopic), frame
compatible stereoseopic 3D as well as service-compatible stereoscopic 3D services. This descriptor conveys informpation
at a program leyeland assists decoders determine resources required to support the signalled services. When present, this
desctiptor shall\be included in the loop following program_info_length field in the PMT. In addition, when this desciiptor
is pr¢sent, stream_type values and descriptors associated with the video components in the loop following ES info_lgngth
in the PMT ‘shall not conflict 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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2.6.87 Semantic definition of fields in the stereoscopic_program_info_descriptor

descriptor_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

mon

2.6.88  Stereoscopic_video_info_descriptor

The
stere]

oscopic, 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
‘011" Service-compatible stereoscopic 3D service (see Note 2)
'100'..'111" Rec. ITU-T H.222.0 | ISO/IEC 13818-1 reserved

NOTE 1 — 2D-only (monoscopic) service is used in 2D/3D mixed programs based on service-compatible
stereoscopic 3D service, i.e., a service that has an arbitrary mixture of 2D and 3D video. 2D video canrtbé-coded
independently using either MPEG-2 or AVC video to maintain stability of 3DTV broadcasting systéim,

NOTE 2 — Service-compatible stereoscopic 3D service is based on 'simulcast' of stereoscopic view sequences.
Each view of the stereoscopic video sequences can be coded independently using either MPEG-2 or AVC video or
any combination thereof. Base view video stream for service-compatible stereoscopic 3D services is signalled
using stream_type value of 0x02 for MPEG-2 video and stream_type value of 0x1B for AV€ video. Additional
view video stream for service-compatible stereoscopic 3D services is signalled using(Sttgam_type value of 0x22
for MPEG-2 video and stream_type value of 0x23 for AVC video.

pscopic 3D services that carry left and right view in separate video, streams. The two streams are called the

stereoscopic_video info descriptor (see Table 2-105) provide$, information related to service-compgtible

base

view| video stream" and the "additional view video stream". The base\view video stream may be displayed on its own for

a2D|

The
stere]

stereoscopic_video_info descriptor is located insthe loop following ES info length field in PMT.
pscopic_video_info _descriptor shall be included forboth the base view video component (stream_type values

video service. If signalled as specified below, the additionalyiew video stream may also be displayed on its owjn for
a 2D[video service.

The
Dx02

or 0§1B) and additional view video component (stream_type values 0x22 or 0x23) in the PMT for programs that support
service-compatible stereoscopic 3D video. The “stereoscopic_video info descriptor should not be associated for

compponents with any other stream_type values.as its meaning is undefined for other stream_type values.

Table 2-105 — Stereoscopic_video_info_descriptor syntax

Syntax No. of bits Format
Stereoscopic_ videg.info_descriptor() {
descriptor. tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 7 bslbf
basé video flag 1 bslbf
if (base_video flag) {
reserved 7 bslbf
leftview_flag 1 bslbf
} Ttse it
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
streapp-to-determine-a i i i

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 gxtension descriptor (see Table 2-107) provides a mechanism, to extend the Rec. ITU-T H.222.0 | ISO/IEC 13§18-1
desctiptor range (see Table 2-45). The descriptors which are based on the extension descriptor are signalled using the
extension descriptor with extension_descriptor tag values defined in Table 2-108.

Table 2-107 — Extension descriptor

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

if ( extensiondescriptor_tag == 0x02) {
ObjectDescriptorUpdate()

H

el§eif ( extension_descriptor tag == 0x03) {
HEVC timing and HRD descriptor()

}

else if ( extension_descriptor_tag == 0x04) {

ar_cl\icllbiullb_dcbbl ;}Ji-Ul U

}

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()

1 Al - - k| gy - AV AW\ L
CISUIT \ CALCIID]UIIﬁUCD\/l11)'.\}17[,6‘,5 - UAU[‘\} 1
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_descriptof ()

}

else if ( extension_descriptor tag== 0x11) {
timed metadata extension_descriptor()

}

else if ( extension_descriptor tag == 0x12) {
HEVC stile.Substream_descriptor()

}

else if (_extension_descriptor_tag == 0x13) {
HEVC subregion_descriptor()

3
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.
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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_extension_descriptor() — This structure is defined in 2.6.119.
Virthal_segmentation_descriptor() — This structure is defined in 2.6.120 and 2.6.121.
time[d_metadata_extension_descriptor() — This structure is defined in clause 8:2.3 of ISO/IEC 23001-13.
HEVC _tile_substream_descriptor() — This structure is defined in 2.6.122¢4nd 2.6.123.
HEVYC_subregion_descriptor() — This structure is defined in 2.6.125 and*2.6.126.

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 | _n/a-| HEVC timing and HRD descriptor()
4 X . |“a/a | af extensions descriptor()
5 X\ | n/a | HEVC operation_point_descriptor( )
6 X | n/a | HEVC hierarchy extension_descriptor( )
7 X | n/a | Green_extension_descriptor()
8 X | n/a | MPEG-H_3dAudio_descriptor()
9 X | n/a | MPEG-H_3dAudio_config_descriptor()
0x0A X | n/a | MPEG-H 3dAudio_scene descriptor()
0x0B X | n/a | MPEG-H_3dAudio_text label descriptor()
0x0C X | n/a | MPEG-H 3dAudio multi-stream_descriptor()
0x0D X | n/a | MPEG-H_3dAudio_drc_loudness_descriptor()
0x0E X | n/a | MPEG-H 3dAudio command descriptor()
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

descrptorshall-betanored—More-than-ene-OPUndate—deseriptormayv-beincludedin-aproaram—map-table-erprogram
HPtot-Stdrr HEROFea—vrore—tHahH—OoH =P — HProrthay Hier H-a-prograi-ap—+abr —prof

stream map.

2.6.93 Transport_profile descriptor

The [[ransport profile descriptor (see Table 2-109) may be associated in the PMT to signal a profile-value of tranpport
streajn in the associated program. When present, the descriptor shall only be located in the 'loop following the
program_info length field in the PMT. If the descriptor is not included in the PMT, then the associated transport stfeam
confprms 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

transport_profile — This 8-bit profile value.signals the use of constraints in the associated transport stream fof the
program. See Table 2-110.

Table 2-110 — Transport_profile values

Values Description
0x00 unspecified
0x01 Complete profile
0x02 Adaptive profile ®
0x03 .. 0xOE reserved
0xOF .. OxFF user_private ©

2 Transport streams using this profile conform to all the normative definitions for transport streams. These
Trctude conformarntdiscomntimuities; PCRJitter/accuracy; strict T=STDmmamagement; PERmtervat
conformance (less than 100 ms), as well as PTS/DTS interval (0.7 seconds) and compliance.

b  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 desciiptor
applies to the combination of all HEVC tile substreams with a HEVC tile substream descriptor indicating SubstregmID
valug¢s in the range of 0 up to TotalSubstreamIDs, as indicated in the HEVC subregion descriptor. When the’ program
element for which the HEVC video descriptor is used is part of an HEVC layered video stream, i.e., the pregram conftains
at ldast one other program element with a stream type value in the range of 0x28..0x2B,(th¢ semanti¢gs of
HEVC still present flag, HEVC 24hr picture present flag and sub pic _hrd params not present ‘flag shall apply to
the whole HEVC layered video stream, i.e., also to all program elements with a stream_typ€*yalue in the range of
0x2§ .. 0x2B.

NOTE 2 — For elementary streams with a stream_type value in the range of 0x28 .. 0x2B, the applicable value of level idc dan be

ambiguous and depend on the output layer set, i.e., the combination with other elementary streams. This information is sigialled
bly the HEVC operation point descriptor.

Table 2-111 - HEVC video descriptor

Syntax No. of bits Mnemonic
HEVC video_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
profile_space 2 uimsbf
tier_flag 1 bslbf
profile_idc 5 uimsbf
profile_compatibility_indication 32 bslbf
progressive_source flag 1 bslbf
interlaced_source_flag 1 bslbf
non_packed _constraint_flag 1 bslbf
frame_only_constraint_flag 1 bslbf
copied_44bits 44 bslbf
level idc 8 uimsbf
temporal_layer_subset-flag 1 bslbf
HEVC _still_present- flag 1 bslbf
HEVC_24hr_pieture” present_flag 1 bslbf
sub_pic_hrd gparams_not_present_flag 1 bslbf
reserved 2 bslbf
HDR_WCG idc 2 bslbf
if ( temporal layer subset flag=="1") {
temporal_id_min 3 uimsbf
reserved 5 bslbf
temporal id max 3 uimsbf
reserved 5 bslbf
}
}
2.6.96 Semantic definition of fields in HEVC video descriptor
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 BZ Tlags general profile_compatibilify Ilag[i] or sub_layer profile compatibility Ilag[i], with index 1 ranging [rom
0 to B1, are arranged in the bit string profile compatibility indication with index i equal to 0 at the leftmost position and
index i increasing from left to right in the bit string.

OTE 1 — In one or more sequences in the HEVC video stream the level may be lower than the level signalled intthe HEVC yideo
escriptor, while also a profile may occur that is a subset of the profile signalled in the HEVC video descriptor. However, |n the
htire HEVC video stream, only subsets of the entire bitstream syntax shall be used that are included in the profile signalled jn the
EVC video descriptor, if present. If the sequence parameter sets in an HEVC video stream signal-different profiles, apd no
ditional constraints are signalled, then the stream may need examination to determine which profile,-if any, the entire sfream
bnforms to. If an HEVC video descriptor is to be associated with an HEVC video stream that doe§ not conform to a single piofile,
hen the HEVC video stream should be partitioned into two or more sub-streams, so that HEVC video descriptors can signal a
ngle profile for each such sub-stream.

o » o o F

[7 =

copied_44bits — When the HEVC video descriptor applies to an HEVC video streatior to an HEVC complete temporal
reprgsentation, this bit field shall be coded according to the semantics of the syntak elements defined in Rec. ITU-T H.265
| IBO/IEC 23008-2 for the 44 bits found in the profile/tier level() syntax element between
geneyal_frame _only constraint_flag and general level idc for the cotresponding 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.

Wheh the HEVC video descriptor applies to an HEVC temporaliideo sub-bitstream or HEVC temporal video subget of
which the corresponding HEVC highest temporal sub-layer representation is not an HEVC complete temporal
reprgsentation, this bit field shall be coded according to the.§emantics of the syntax elements defined in Rec. ITU-T H.265
| IBOJ/IEC 23008-2 for the 44 bits found\én the profile tier level() syntax element between
sub_Jayer frame_only constraint flag and sub_layer: level idc for the corresponding HEVC highest temporal sub-layer
reprgsentation, and the entire HEVC highest temporal sub-layer representation to which the HEVC video descripfor is
asso¢iated shall conform to the information signalled by these fields.

temporal_layer_subset_flag — This 1-bit flag, when set to 'l', indicates that the syntax elements describing a subget of
temploral layers are included in this deseriptor. This field shall be set to 1 for HEVC temporal video subsets and for HEVC
temploral video sub-bitstreams. When. set to '0', the syntax elements temporal id min and temporal id max ar¢ not
inclyded in this descriptor.

HEVC _still present_flag ~ This 1-bit field, when set to '1', indicates that the HEVC video stream or the HEVC highest
temporal sub-layer representation may include HEVC still pictures. When the HEVC still present flag is set to '(f, the
asso¢iated HEVC video\stream shall not contain HEVC still pictures.

Wheh the programfelement to which this descriptor applies is part of an HEVC layered video stream and the
HEVC still present flag is set to '0', the whole HEVC layered video stream shall not contain HEVC still pictures.

NOTE 2= According to Rec. ITU-T H.265 | ISO/IEC 23008-2, IDR pictures are always associated with a Temporalld value pqual
t¢ 0./Consequently, if the HEVC video descriptor applies to an HEVC temporal video subset, HEVC still pictures can orjly be
presént 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
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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
sub_pic_hrd params_present flag in those HRD parameter structures shall be set to '1'.

HDR—WTCG fdc— The vatue of ThiS Symax ciement indicates e presence or absence of highn dynamic range (HDR)

and/
be vi
This
the 4|

colofir gamut not contained within Rec. ITU-R BT.709. This field also shall not be set’to”1 or 2 u

bit d
equa

deo that has high dynamic range if the video stream EOTF is higher than the Rec. ITU-R BT.1886 referénce E
field also shall not be set to 2 unless bit depth luma minus8 as defined in Rec. ITU-T H.265 | ISO/IEG23008
ssociated video is greater than or equal to 2. WCG is defined to be video that is coded using colour primaries W

epth_chroma minus8 as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 in the associated-yideo is greater th|
| to 2.

Table 2-112 — Semantics of HDR_WGC idc

r wide color gamut (WCGQG) video components in the associated PID according to Table 2-112. HDR is defingd to
DTF.
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HDR_WCG_idc Description

0 SDR, i.e., video is based on the Ree. ITU-R BT.1886 reference EOTF wif
a color gamut that is containéd/within Rec. ITU-R BT.709 with a Rec.
ITU-R BT.709 container (See/Note 1)

1 WCG only, i.e., videa'color gamut in a Rec ITU-R BT.2020 container thg
exceeds Rec. ITU-R.BT.709 (see Note 2)

2 Both HDR and WEG are to be indicated in the stream (see Note 3)

No indication'made regarding HDR/WCG or SDR characteristics of the
stream

N
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DTE 1 — An example where it would be desirable to set HDR_WCG _idc to 0 would be when the
our_description_present flag, as defined in Rec. ITWU-T H.265 | ISO/IEC 23008-2, is set to '0', with colour primaries and
Insfer characteristics not present in the video stream.

DTE 2 — An example where it would be desirableto set HDR_WCG idc to 1 would be when colour_primaries as defined i1
c. ITU-T H.265 | ISO/IEC 23008-2 is equal t9'9 to indicate Rec. ITU-R BT.2020.

DTE 3 — An example where it would be desirable to set HDR_WCG_idc to 2 would be when transfer_characteristics as
fined in Rec. ITU-T H.265 | ISO/IEC23008-2 is equal to 16 to indicate BT.2100 PQ EOTF or equal to 18 to indicate
.2100 HLG EOTF, and when coleursprimaries as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 is equal to 9 to indicatg
c. ITU-R BT.2020.

tem

ISO/IEC 23008-2, of all HEVC access units in the associated elementary stream.

temporal_id_max —This 3-bit field indicates the maximum value of the Temporalld, as defined in Rec. ITU-T H.
ISO/IEC 23008-2, of all HEVC access units in the associated elementary stream.

2.6.97 HEV.€'timing and HRD descriptor

For gn HEVIC video stream, an HEVC temporal video sub-bitstream or an HEVC temporal video subset, the HEVC ti
and HRD descriptor (see Table 2-113) provides timing and HRD parameters, as defined in Annex C of Rec. ITU-T H

oral_id_min — This 3-bit field indicates the minimum value of the Temporalld, as defined in Rec. ITU-T H.

D65 |

D65 |

ming

[.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 uimsbf
}

}

2.6.98 Semantic definition of fields in HEVC timing and HRD descriptor

hrd_ |{management_valid_flag — This 1-bit flag is only defined for use in transport streams? When the HEVC timing
HRI) descriptor is associated with an HEVC video stream or with an HEVC highest-temiporal sub-layer represent
carripd in a transport stream, then the following rules apply.

Wheh the value of hrd management valid flag is equal to 'l', Buffering Period,SEI and Picture Timing SEI mess
as ddfined in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, shall be present in the associated HEVC video stred
HEVC highest temporal sub-layer representation. For HEVC layered vided,streams, each HEVC operation point sign|
in thg HEVC operation point descriptor shall have applicable Buffering Period SEI and Picture Timing SEI message;
Buffpring Period SEI messages shall carry coded nal initial cpb, rémoval delay and nal initial cpb removal
valugs and may additionally carry nal initial alt removal delay, and nal initial alt cpb removal offset values fq
NAL HRD. If the hrd_management valid flag is set to '1', thefithe transfer of each byte from MB,, to EB,, in the T
as ddfined in 2.17.2 or the transfer from MB,,x to EB,, in the\T-STD as defined in 2.17.3 or the transfer of each byte
MBi ) to EB; in the T-STD as defined in 2.17.4 shall be aecording to the delivery schedule for that byte into the CH
the NAL HRD, as determined from the coded nal_initial\ cpb_removal delay and nal_initial cpb_removal_offset or
the doded nal initial alt cpb removal delay andchal initial alt cpb_removal offset values for SchedSelldx equ
targgt schedule idx, as specified in Annekx- C of Rec. ITU-T H.265 | ISO/IEC 23008-2. When
hrd_management valid flag is set to '0', the l¢éak method shall be used for the transfer from MB, to EB,, in the T-S']
defined in 2.17.2 or the transfer from MB, xt0 EB, in the T-STD as defined in 2.17.3 or the transfer from MB to H
the T-STD as defined in 2.17.4.

target schedule idx_not_present. flag — This 1-bit flag when set to '0" indicates that the following 5 bits represer]
valug target schedule idx as_specified below. When set to 'l', the following 5 bits are unspecified.
hrd management valid flag'is.equal to 0, then target schedule idx not present flag shall be set to '1'.

target schedule_idx — When target schedule_idx _not present flag is equal to '0', this 5-bit field indicates the ind
the delivery schedule\which is assigned for SchedSelldx. When the value of target schedule idx not present fl
equa] to 'l1' and theValue of hrd management valid flag is equal to 'l1', the value of target schedule idx is inferred
equal to '0".

pictyre_and-timing_info_present_flag — This 1-bit flag when set to 'l" indicates that the 90kHz flag and paramete
accufate mapping to a 90-kHz system clock are included in this descriptor.
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90kHz_flag — This 1-bit flag when set to '1' indicates that the frequency of the HEVC time base 1s 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 ¢xtensions_descriptor() {

}

2.6.100 HEVC operation point descriptor

The HEVC operation point descriptor (see Table 2-115) provides a method to indicate profile and’level for one or fnore
HEWVC operation points. When present, the HEVC operation point descriptor shall be included in the group of|data
elemeents which immediately follow the program_info length field in the program_map section.
NOTE — For some applications, the TS may not contain all operation points described in tie HEVC operation point descriptor, or

the HEVC operation point descriptor may not describe all operation points available Gmythe TS. However, as far as matfhing
elementary streams are found in the TS, the information provided in the descriptor shuld describe the operation points corrgctly.

Table 2-115 — HEVC operation point.descriptor

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 <operatiomr points count; i++) {
target_ols]i] 8 uimsbf
ES_counti] 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_layer flag]i][k] 1 bslbf
ptl_ref_idx[i][K] 6 uimsbf
¥
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

numf_ptl — I'his 6-bit 11€ld speCiies the number oI profile, tier and Ievel structures signalled 1 this desCriptor.

profile_tier_level info[i] — This 96-bit field shall be coded according to the syntax structure of profile_tier level'defined
in 7}3.3 of Rec. ITU-T H.265 | ISO/IEC 23008-2 with the value of profilePresentFlag set equal|to 'l'| and
maxNumSubLayersMinus1 set equal to 6.

If myiltiple HEVC operation point descriptors are found for the same program, all profile tier level info[x] elemerts of
all HEVC operation point descriptors for this program are aggregated in their order of occurrenceinto a common array,
which is referenced in this specification as profile tier level array[]. If there is only a single\HEVC operation point
desctiptor, profile_tier level array[] contains the elements profile tier level info[x] in the'order as found in that sjngle
descriptor.

operation_points_count — This 8-bit field indicates the number of HEVC operationpoints described by the list included
in the following group of data elements.

target ols[i] — An 8-bit field that specifies the index into the list of output layer sets in the VPS, associated with th¢ i-th
HEVC operation point defined in this descriptor.

ES_¢ount[i] — This 8-bit field indicates the number of ES referenge. values included in the following group of|data
elements. The aggregation of elementary streams, according to thé.ordered list indicated in the following group of| data
elements, forms an HEVC operation point. The value 0xff is reserved.

Let QperationPointESList[i] be the list of elementary streanis 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_referenceli][j],
when not present yet in OperationPointESList[i], shall be added into OperationPointESList[i] and the elementary stfeam
indidated by the syntax element hierarchy embedded layer index in the hierarchy descriptor, or all of the elemeptary
streams indicated by the syntax element ‘hierarchy ext embedded layer index in the HEVC hierarchy extemsion
desctiptor, with the hierarchy layer index value specified by the following syntax element ES reference[i][j], whep not
presgnt yet in OperationPointESList[i]sshall be added into OperationPointLayerList[i] immediately before the elemeptary
signalled by the ES~eference[i][j] in ascending order of the value of their assocfiated
chy_embedded layer index or hierarchy ext embedded layer index. When the value of
prepend dependencies[i][j] is-equal to '0', only the elementary stream indicated by ES reference[i][j], when not pre¢sent
yet in OperationPointESL4st[i], shall be added into OperationPointESList[i]. The elementary stream indicatefl by
ES_feference[i][m] shall-beplaced earlier (i.e., with a lower index) into OperationPointESList[i] than the elementary
indicated with)“ES reference[i][n] when m is less than n. The order of elementary stream in| the

ES_referenceli][j] — This 6-bit field indicates the hierarchy layer index value present in the hierarchy descriptor or HEVC
hiergrchy extension descriptor which identifies an elementary stream. The value of ES reference[i][m]| and

S SO0 C1Cl CGTrCatcs C 0 O¢C C1C C ary-strca S atro O S arccr-a 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-
assenbled HEVC video stream for operation point i.

frame_rate_indicator[i] — If constant frame rate info idc[i] is equal to 1, this 12-bit field indicates a constant number
of tigks, as specified in the HEVC timing and HRD descriptor, for the distance in time between two pictures’ at th¢ i-th
HEVC operation point. If constant frame rate info_idc[i] equals 2, this 12-bit field indicates the frame,rate for th¢ i-th
operation point measured in frames per second. If constant frame rate info idc[i] equals 3, this 12-bit'field indicatqs the
framp rate for the i-th HEVC operation point measured in frames per 1.001 seconds.

avg_|bit_rate[i] — This 24-bit field indicates the average bit rate, in 1000 bits per second,,ef the HEVC layered yideo
stream corresponding to the i-th HEVC operation point.

max| bit_rate[i] — This 24-bit field indicates the maximum bit rate, in 1000 bits per second, of the HEVC layered yideo
streajn corresponding to the i-th HEVC operation point.

2.6.102 HEVC hierarchy extension descriptor

The HEVC hierarchy extension descriptor provides information to identify.the program elements containing compomnents
of layered HEVC streams (see Table 2-116). When present, this descriptor shall only be used for elementary streams|with
the sfream_type value 0x28, 0x29, 0x2A or 0x2B.

Table 2-116 — HEVC hierarehy extension descriptor

Syntax No. of bits | Mnemonic
HEVC_hierarchy_extension_descriptor( ) {
extension_dimension_bits 16 bslbf
hierarchy_layer_index 6 uimsbf
temporal_id 3 uimsbf
nuh_layer_id 6 uimsbf
tref_present_flag 1 bslbf
reserved 2 bslbf
num_embedded_layers 6 uimsbf
reserved 2 bslbf
hierarchy_channel 6 uimsbf
for (1=0;1i<num_embedded layers ;it+) {
reserved 2 bslbf
hierarchy_ext_embedded _layer_index|i] 6 uimsbf
}
}

2.6.103 Semantic definition of fields in HEVC hierarchy extension descriptor

When the HEVC hierarchy extension descriptor is present, it is used to specify the dependency of the 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

contIms auxiliary pictures as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, the value of the 4th |
extesion_dimension_bits shall be set equal to 'l', otherwise, it shall be set equal to '0'. When the elementaty st

cont
valug

hier:
layer
strea]
prog

lins auxiliary pictures that are depth pictures, as defined in Annex F of Rec. ITU-T H.265 | ISO/IEC23008-2
of both the 2nd and the 4th bits of extension_dimension_bits shall be set equal to '1'.

irchy_layer_index — A 6-bit field that defines a unique index of the associated program elements,ina table of cd
hierarchies. Indices shall be unique within a single program definition. For video sub-bitstteams of HEVC Y
ms conforming to one or more profiles defined in Annex F of Rec. ITU-T H.265 | ISOAEC 23008-2, this i
Fam element index, which is assigned in a way that the bitstream order will be correct if the associated depend

layes of the video sub-bitstreams of the same HEVC access unit are re-assetibled in increasing ordd

hierd

rchy layer index.

temporal_id — A 3-bit field that specifies the highest Temporalld of the NAL units-in the elementary stream assog

with

nuh |
with
tref |
head

numy
acce

this HEVC hierarchy extension descriptor.

[layer_id — A 6-bit field that specifies the highest nuh_layer id of theNAL units in the elementary stream assog
this HEVC hierarchy extension descriptor.

present_flag — A 1-bit flag, which when set to '0' indicates that'the TREF fiecld may be present in the PES p.
ers in the associated elementary stream. The value of '1' forthis flag is reserved.

| embedded_layers — A 6-bit field that specifies the number of direct dependent program elements that need
sed and be present in decoding order before decoding of the elementary stream associated with this HEVC hierg

extension descriptor.

hier;
orde
with
N

hier;4
that §
HEW

2.6.1
The

irchy_channel — A 6-bit field that indicates the intended channel number for the associated program element
ed set of transmission channels. The most robust transmission channel is defined by the lowest value of this
respect to the overall transmission hiefarehy definition.

OTE — A given hierarchy channel may ‘at the same time be assigned to several program elements.

irchy_ext_embedded_layer dndex[i] — A 6-bit field that defines the hierarchy layer index of the program ele
heeds to be accessed and be(present in decoding order before decoding of the elementary stream associated witl
C hierarchy extension déscriptor.

04 Green extension‘descriptor

syntax of the gréefrextension descriptor containing static metadata is shown in Table 2-118.

Table 2-118 — Green extension descriptor
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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

1 AT Sl A Y
Strea ll_t)‘tlb ouar tu UAXZTT7

Table 2-119 —- MPEG-H 3D audio descriptor

Syntax No of bits Mnemonic
MHEG-H_3dAudio_descriptor() {
mpegh3daProfileLevellndication 8 uimsbf
interactivityEnabled 1 bslbf
reserved 9 bslbf
referenceChannelLayout 6 uimsbf
for (i=0; i<N; i++) {
reserved 8 bslbf
H
i

2.6.107 Semantics for MPEG-H 3D audio descriptor

mpegh3daProfileLevellndication — The audio profile and leyel of the associated ISO/IEC 23008-3 audio stfeam,
encofed as specified for the mpegh3daProfileLevellndicationficld in 5.3.2 in ISO/IEC 23008-3.

referenceChannelLayout — Reference channel configuration value as defined as "ChannelConfiguration" in ISOYIEC
230Q1-8 ("Codec Independent Code Points").

integactivityEnabled — If set to '1', this flag indicates that the 3D audio stream contains elements with associated metgadata
which enables user interactivity. If this flag is@et to '0', no user interactivity of any kind is available. This flag m3y be
used|to determine the need for initializing the user interactivity interface in the Systems decoder.

2.6.108 MPEG-H 3D audio config descriptor

The MPEG-H 3D audio config descriptor (see Table 2-120) provides information on the complete configuration ddta of
one ISO/IEC 23008-3 streamy

Table 2-120 — MPEG-H 3D audio config descriptor

Syntax No of bits Mnemonic

MPEG-H_3dAudio_config_descriptor() {
mpegh3daConfig()

}

2.6.109 Semantics for MPEG-H 3D audio config descriptor

mpegh3daConfig() — The mpegh3daConfig() of the associated ISO/IEC 23008-3 audio stream, as specified in 5.2.2.1 in
ISO/IEC 23008-3.

2.6.110 MPEG-H 3D audio scene descriptor

The MPEG-H 3D audio scene descriptor (see Table 2-121) provides information on user selectable and/or modifiable
audio objects in an ISO/IEC 23008-3 stream.
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Table 2-121 - MPEG-H 3D audio scene descriptor

Syntax No of bits Mnemonic
MPEG-H_3dAudio_scene descriptor() {
groupDefinitionPresent 1 bslbf
switchGroupDefinitionPresent 1 bslbf
groupPresetDefinitionPresent 1 bslbf
reserved 5 bslbf
—S3dAudioSeeneinfolD 8 bstbf;
if (groupDefinitionPresent) {
reserved 1 bslbf
numGroups 7 uimsbf
for (i=0; 1 < numGroups; i++) {
reserved 1 bslbf
mae_grouplD 7 uimsb
reserved 3 bslbf
mae_allowOnOff 1 bslbf
mae_defaultOnOff 1 bslbf
mae_allowPositionInteractivity 1 bslbf
mae_allowGainlnteractivity 1 bslbf
mae_hasContentLanguage 1 bslbf
reserved 4 bslbf
mae_contentKind 4 uimsb
if ( mae_allowPositionInteractivity ) {
reserved 1 bslbf
mae_interactivityMinAzOffset 7 uimsb
reserved 1 bslbf
mae_interactivityMaxAzOffset 7 uimsbf
reserved 3 bslbf
mae_interactivityMinE1Offset 5 uimsbf
reserved 3 bslbf
mae- interactivityMaxEIOffset 5 uimsbf
mae_interactivityMinDistOffset 4 uimsbf
mae_interactivityMaxDistOffset 4 uimsbf
H
if ( mae_allowGainlInteractivity ) {
reserved 2 bslbf
mae_interactivityMinGain 6 uimsbf
reserved 3 bslbf
mae_interactivityMaxGain 5 uimsbf
y
if ( mae_hasContentLanguage ) {
mae_contentLanguage 24 uimsbf
}
}
}
if (switchGroupDefinitionPresent) {
reserved 3 bslbf
numSwitchGroups 5 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—hsSwitehGrouphrumMlembers 5 tHMSH:
for (1= 0;1<mae bsSwitchGroupNumMembers + 1; i++) {
reserved 1 bslbf
mae_switchGroupMemberID 7 uimsb
H
reserved 1 bslbf
mae_switchGroupDefaultGroupID 7 uimsbf
b
h
if (presetGroupDefinitionPresent) {
reserved 3 bslbf
mae_numGroupPresets 5 uimsb
for (1= 0; i <mae numGroupPresets; i++) {
reserved 3 bslbf
mae_groupPresetID 5 uimsb
reserved 3 bslbf
mae_groupPresetKind 5 uimsbf
reserved 4 bslbf
mae_numGroupPresetConditions 4 uimsb
for (j = 0; j <mae numGroupPresetConditions+1; j++ ) {
mae_groupPresetGrouplD 7 uimsbf
mae_groupPrésetConditionOnOff 1 bslbf
if (mae sgroupPresetConditionOnOff) {
reserved 4 bslbf
mae_groupPresetDisableGainInteractivity 1 bslbf
mae_groupPresetGainFlag 1 bslbf
mae_groupPresetDisablePositionInteractivity 1 bslbf
mae_groupPresetPositionFlag 1 bslbf
if ( mae_groupPresetGainFlag ) {
mae_groupPresetGain 8 uimsbf
}
if( mae_groupPresetPositionFlag ){
mac_groupPresetAZOTISet 8 uimsbt
reserved 2 bslbf
mae_groupPresetE1Offset 6 uimsbf
reserved 4 bslbf
mae_groupPresetDistFactor 4 uimsbf
}
H
H
}
}
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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

gronDefinitionPresent — A one-bit flag signalling the presence of interactivity information of one group-in this
descfiptor.

groupContentDataPresent — A one-bit flag signalling the presence of content information of one group in'this descriptor.
switthGroupDefinitionPresent — A one-bit flag signalling the presence of switch group informatiomin this descrigtor.
presetGroupDefinitionPresent — A one-bit flag signalling the presence of preset group information in this descripfor.
3dApdioScenelnfolD — See 15.3 of ISO/IEC 23008-3.

numGroups — This field signals the number of groups in the audio scene descriptionThis field can take values betfveen
1 andl 127, and shall be less or equal to the value of mae_numGroups present in thelassociated ISO/IEC 23008-3 strpam.

mae| groupID — See 15.3 of ISO/IEC 23008-3.

mae| allowOnOff — See 15.3 of ISO/IEC 23008-3.

mae) defaultOnOff — See 15.3 of ISO/IEC 23008-3.

mae| allowPositionInteractivity — See 15.3 of ISO/IEC 23008-3,
mae| allowGainlInteractivity — See 15.3 of ISO/IEC 23008-3.
mae| hasContentLanguage — See 15.3 of ISO/IEC 23008-3.

mae| contentKind — See 15.3 of ISO/IEC 23008-3

mae| interactivityMinAzOffset — See 15.3 of ISO/IEC 23008-3.
mae| interactivityMaxAzOffset — See 15:3.0f ISO/IEC 23008-3.
mae| interactivityMinElOffset — See-15.3 of ISO/IEC 23008-3.
mae| interactivityMaxElOffset(— See 15.3 of ISO/IEC 23008-3.
mae| interactivityMinDistOffset — See 15.3 of ISO/IEC 23008-3.
mae| interactivityMaxDistOffset — See 15.3 of ISO/IEC 23008-3.
mae| interactivityMinGain — See 15.3 of ISO/IEC 23008-3.

mae| interactivityMaxGain — See 15.3 of ISO/IEC 23008-3.
mae| contentLanguage — See 15.3 of ISO/IEC 23008-3.

numSwitchGroups — This field signals the number of switch groups minus one in the overall scene. This field canftake
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.

mae| groupPresetDisablePositionInteractivity — See 15.3 of ISO/IEC 23008-3.

mae| groupPresetPositionFlag — See 15.3 of ISO/IEC 23008-3.
mae| groupPresetGain — 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| groupPresetDistFactor — See 15.3 of ISO/IEC 23008-3.

Dataffields provided both in this descriptor and as in-band information in the ISQ/IEC 23008-3 stream shall be set to the
samq value.

2.6.112 MPEG-H 3D audio text label descriptor

The MPEG-H 3D audio scene descriptor provides text labels for the\audio objects and presets in an ISO/IEC 23(08-3
streajn. See Table 2-122.

Table 2-122 — MPEG-H 3D‘audio text label descriptor

Syntax No of bits Mnemonic

MPEG-H_3dAudio_text label descriptor() {

3dAudioScenelnfolD 8 uimsbf
reserved 4 bslbf
numDescLanguages 4 uimsbf
for (i=0; i< numDescLanguage; i++) {
descriptionLanguage 24 uimsbf
reserved 1 bslbf
numGroupDescriptions 7 uimsbf
for (n's 0; n < numGroupDescriptions; n++ ) {
reserved 1 bslbf
mae_descriptionGrouplD; 7 uimsbf
groupDescriptionDataLength 8 uimsbf
for ( ¢ = 0; ¢ < groupDescriptionDatalength; c++) {
srotpDeseriptionData 8 S
b
H
reserved 3 bslbf
numSwitchGroupDescriptions 5 uimsbf
for ( n = 0; n < numSwitchGroupDescriptions; nt++ ) {
reserved 3 bslbf
mae_descriptionSwitchGrouplID; 5 uimsbf
switchGroupDescriptionDataLength 8 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 uimsb
}
}
}
for (i=0; i<N; i++) {
reserved 8 bslbf

2.6.1{13 Semantic definition of fields in MPEG-H 3D audio text label descriptor

3dApdioScenelnfolD — See 15.3 ISO/IEC 23008-3.

maeGroupDescriptionPresent — A one-bit flag signalling the presence ofdescription text for groups.
maePwitchgroupDescriptionPresent — A one-bit flag signalling the.presence of description text for switch groups
maeGroupPresetDescriptionPresent — A one-bit flag signallingithe presence of description text for group presets
numDescLanguages — The number of available languages.for description text.

descriptionLanguage — Identifies the language or languages used by the description text of a metadata element gro
contgins a 3-character code as specified by ISO 639-2. Both ISO 639-2/B and ISO 639-2/T may be used. Each char
is cofed into 8 bits according to ISO/IEC 8859-ltand inserted in order into the 24-bit field.

numGroupDescriptions — The number of/available descriptions for groups.

mae| descriptionGrouplID — See 15.3twof ISO/IEC 23008-3.

groupDescriptionDataLength —The length, specified in bytes, of the following group description.

groupDescriptionData — This\field contains a description of a metadata element group, i.c., a string describin
contgnt by a high-level description. The format shall follow UTF-8 according to ISO/IEC 10646.

witchGroupDescriptions — The number of available descriptions for switch groups.

mae| descriptionSwitchGroupID — See 15.3 of ISO/IEC 23008-3.
switthGroupDescriptionDataLength — The length, specified in bytes, of the following switch group description.

switthGroupDescriptionData — This field contains a description of a switch group, i.e., a string describing the co

hp. It
acter

b the

htent

by a fhigh-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 A uimsbf
reserved 1 bslbf
mae_numGroups 7 uimsbf

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

mae_grouplD 7 uimsbf
isiInMainStream 1 bslbf
if ( thislsMainStream =="0") {
isInTS 1 bslbf
auxiliaryStreamID 7 uimsbf
H
H
¥
for (i=0; i<N; i++) {
reserved 8 bslbf

}

2.6.115 Semantic definition of fields'in MPEG-H 3D audio multi-stream descriptor
thislsMainStream — If this flagds !I”, the stream is a main stream, otherwise it is an auxiliary stream.

this§treamID — This integer provides a unique ID of all available ISO/IEC 23008-3 Audio streams with MHAS tranpport
syntdx, both main and auxiliary streams (stream_type 0x2D and 0x2E).

numAuxiliaryStreains - 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 rhain streaniyplus all possible additional streams). This field can take values between 1 and 127. It shall be set tp the
samgq valué as‘the corresponding field in the associated ISO/IEC 23008-3 stream.

mae| groupID — This integer provides information on the mae grouplD (as described in ISO/IEC 23008-3, sectiop 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 Ne-of-bits——Mnemeoric
MPEG-H_3dAudio_drc loudness_descriptor () {
reserved 7 bslbf
mpegh3daDrcAndLoudnessInfoPresent 1 bslbf
if (mpegh3daDrcAndLoudnessInfoPresent) {
reserved 2 bslbf
drcInstructionsUniDrcCount 6 uimsbf
reserved 2 bslbf
loudnessInfoCount 6 uimsbf
reserved 3 bslbf
downmixIdCount 5 uimsbf
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 bslbf
drcSetld 6 uimsbf
reserved 1 bslbf
downmixId 7 uimsbf
reserved 3 bslbf
additionalDownmixIdCount 3 uimsbf
limiterPeakTargetPresent 1 bslbf
drcSetTargetLoudnessPresent 1 bslbf
for.(j=0; j<additionalDownmixIdCount; j++) {
reserved 1 bslbf|
additionalDownmixId 7 uimsbf
}
drcSetEffect 16 uimsbf
if ( limiterPeakTargetPresent ) {
bsLimiterPeakTarget 8 uimsb
¥
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()

dowi

Syntax No of bits Mnemonic
}
reserved 1 bslbf
dependsOnDrcSet 6 uimsbf
if (dependsOnDrcSet == 0) {
nolndependentUse 1 bslbf
} else {
reserved 1 bslbf
}
}
for (i=0; i<loudnessInfoCount; i++) {
reserved 6 bslbf
loudnessInfoType 2 uimsb
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 uimsbf
downmixType 2 uimsbf
CICPspeakerLayoutldx 6 uimsbf
}
b
for (i=0; i<N; i++) {
reserved 8 bslbf
b
2.6.1{17 Semantic definition-of fields in MPEG-H 3D audio DRC and Loudness descriptor
mpegh3daDrcAndLoudnessInfoPresent — A one-bit flag signalling the presence of dynamic range control and loudness
information in this desetiptor.
drcIpstructionsUniDrcCount — This field signals the number of DRC sets in the stream. This field can take values
between 0 and«63,‘resulting in a maximum number of 63 DRC sets.
loudnessInfoCount — This field signals the number of loudness info blocks in the stream. This field can take vilues
betweed O\and 63, resulting in a maximum number of 63 loudness info blocks.

© ISO/IEC 2019 - All rights reserved

nmixIdCount — This ficld signals the number of downmixId definitions in the siream. This tield 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.

addi

tionalDownmixId — See ISO/IEC 23003-4.

drcSetEffect — See ISO/IEC 23003-4.

bsLi

miterPeakTarget — 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.
nolndependentUse — See ISO/IEC 23003-4.
loudpessInfoType — See ISO/IEC 23008-3.

loudpessInfo_size — The number of bytes of the immediately following loudnessInfo().

loud|
dow]
CIC

Datal
samg

2.6.1

The
that
Both|

By i

command to the MPEG-H 3D audio decoder. As the déscriptor contains a complete MHAS packet including M

head|
the N

essInfo() — One loudnessInfo() structure as defined in ISO/IEC 23003-4.
hmixType — See ISO/IEC 23008-3.
PspeakerLayoutldx — See ISO/IEC 23008-3.

fields provided both in this descriptor and as in-band information in the IS/IEC 23008-3 stream shall be set t
value.

18 MPEG-H 3D audio command descriptor

MPEG-H 3D audio command descriptor encapsulates an MHAS packet of the type PACTYP_USERINTERACT
ontains an interaction command or type PACTYP AUDIOSCENEINFO that contains the audio scene informg
types are supported by a MPEG-H 3D audio decoder.

nserting the MHAS packet contained in this descripteitinto the MHAS elementary stream, a receiver can send

er, nothing else needs to be added when multiplexing these bytes, consecutively, on an MHAS packet bounda
MHAS stream.

Table 2-125—+ MPEG-H 3D audio command descriptor

b the

ION
tion.

this
HAS
ry in

Syntax No of bits Mnemonic

IMPEG-H 3dAudio _command\déscriptor() {
for i=0;1i<N;i+%) 4
data 8 bslbf

i

data
type

— Data bytes shall be contiguous bytes of data from a complete MHAS packet (including the MHAS header) g
PACTYP USERINTERACTION.

f the

2.6.1

19/ 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 provided.

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 syntax of quality extension descriptor containing static metadata is shown in Table 2-126.

138
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Table 2-126 — Quality extension descriptor

Syntax No. bits Mnemonic

Quality_extension_descriptor() {

field_size_bytes 8 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-metricin cach Quality Access Unit

metific_count — The number of metrics for quality values in each Quality Access Unit

metific_code — The code name of the metrics in the Quality Access Unit.

Semantics for all the syntax elements above are specified in 4.2 of ISO/IEC 23001-10. The quality metfics to be signialled
can 4lso be found in 4.3 of ISO/IEC 23001-10 and include:

*  PSNR = Peak Signal to Noise Ratio

+  SSIM = Structural Similarity Index

*  MS-SSIM = Multi-Scale Structural Similarity Index
*  VQM = Video Quality Metric

« PEVQ = Perceptual Evaluation of Video Quality
*  MOS = Mean Opinion Score

*  FSIG = Frame significance

2.6.120 Virtual segmentation descriptor

The yirtual segmentation descriptor (see Table 2-127) appears(itthe elementary stream descriptor loop in the PMT and
is us¢d to indicate that the current elementary stream is virtually segmented using boundary descriptors (see U.3.11){This
segnjentation may come in a set of partitions — e.g., one partition demarcates the stream into 10-s virtual segments, ywhile
anotler creates 2-s virtual segments. If the boundary desctiptor carried in transport stream packets appears in the elemjental
stream declared by the PMT stream description casrying the virtual segmentation descriptor, it is an explicit indicatipn of
segnjent boundary point, otherwise a reference RID shall be defined in the virtual segmentation descriptor; that refefence
PID jndicates that segment boundary points.ate-indicated in another elemental stream, for which the boundary desctiptor
shall|be present in the PMT. The virtual segmentation for elementary streams for which no virtual segmentation desctfiptor
is pre¢sent in the PMT is undefined.

Table 2-127 — Virtual segmentation descriptor

Syntax No. bits [Mnemonic|

Virtual ‘segmentation_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++) {
nvpliﬁt:bmda%ﬂag 1 bslbf.
partition_id 3 uimsbf
reserved 4 bslbf
SAP_type_max 3 uismbf
if (explicit_boundary flag==0) {
reserved 5 bslbf
boundary_PID 13 uimshf
reserved 3 bslbf
}
else {
maximum_duration MDL*8+ 5| uimsbf
}
}
H
}

2.6.121 Semantic definition of fields in virtual segmentation deseriptor

timepcale_flag: If set to '1', timescale information is present. If set'to '0', ticks _per second is inferred to be 1, and MDL
is inferred to be O (i.e., maximum_duration_length minus 1=<1)7 The value of '0' allows maximum segment duratipn of
up tq 31 seconds, expressed in integer seconds.

tickq per_second: Precision, in ticks per second, of the'thaximum_duration field, e.g., 0.1 second precision is 10 ti¢ks/s,
0.01|second precision with 100 ticks/s, etc.

maxjmum_duration_length_minus_1: Lengthy-in bytes (minus one), of the maximum_duration field variable|byte
length. This provides additional bytes in addition to the 5 bits pre-allocated to the maximum_duration field.

num|_partitions: Number of partitions,déscribed in the virtual segmentation descriptor.

explicit_boundary_flag: If set to 10")this elementary stream is a dependent stream, and boundary data for it is proyided
on a|reference partition on a different PID, specified by boundary PID; otherwise, the current PID carries boundary
descfiptors.

partjtion_id: ID of the partition described in the boundary descriptor.
boundary_ PID: PID c¢arrying boundary descriptor() that is used by this partition of this elementary stream.

SAP| type_max:\Maximum possible value of SAP in this partition. If SAP_type max value is 0, any SAP value|may
appepr in thesstr€am.

maxjmum _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 eafliest
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
}
clse {
for (i=0; i<N1; i++) {
Flag]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 HEVC tile substream descriptor can be used in three different ways, each signalling the SubstreamID:
h) If its size is only one byte (preceding header bytes excluded), ReferenceFlag’is reserved. It implicitly signdls a
value of 0 for the PatternReference (referring to SubstreamOffset[k][0f[i] in the HEVC subregion descriptr as
specified below)

b) If ReferenceFlag is set to '1', it specifies the index of the patteritorbe used to calculate additional
SubstreamIDs (other than index 0)

L) If ReferenceFlag is set to '0', it specifies the additional SubstreamIDs directly

2.6.123 Semantic definition of the fields in the HEVC tile saubstream descriptor

ReferenceFlag — When this bit is set to '1, this descriptetindicates the index j > 0 of the pattern signalled by the HEVC
subr¢gion descriptor to be used to calculate additional,SubstreamIDs. If the value of the field descriptor length specifying
the sjze of this descriptor excluding preceding header bytes is 1, the value of ReferenceFlag is reserved.

SubgtreamID — This 7-bit field assigns a ntumber in the range of 1 to TotalSubstreamIDs (as found) to the HEV( tile
subsfream, which is unique among all ESs/with stream type equal to 0x31 or 0x24 (the latter in case that multiple
subsfreams are carried in a single ES)‘that belong to the same program. This value is used to identify each HEV( tile
subsfream. The value 0 is used for substreams that contain information applicable to multiple HEVC tile substreamg.

PreambleFlag — When this bit 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 '1'), an access unit carried in the ES signalled by the
valu¢ of PreambleSubstreamID in the HEVC subregion descriptor is prepended before an access unit carried in this ES
as specified in 2.17.52~In’case SubstreamMarkingFlag in the HEVC subregion descriptor set to '0', the semantics of this
flag is reserved.

PatternReference — This 7-bit field assigns a number in the range of 1 to PatternCount (as found in the HEVC subrggion
descfiptor).tothe HEVC tile substream. This number is used as an index j to the array SubstreamOffset[k][j][i] wheh the
reas§embly'‘process is executed.

1" A

Flaghi Mhe ag[0] is set 1o and—cach HEVC substrea s—carried s—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 Mnemoni
HEVC subregion descriptor() {
SubstreamMarkingFlag 1 bslbf
SubstreamIDsPerLine 7 uimsbf
TotalSubstreamIDs 8 uimsbf
LevelFullPanorama 8 uimsbf

for (i=0; i<N1; i++) {
if ( SubstreamMarkingFlag==1) {

reserved 1 bslbf
PreambleSubstreamID]i] 7 uimsbf
}
SubstreamCountMinus1[i] 8 uimsbf
Levelli] 8 uimsbf
PictureSizeHor]i] 16 uimsbf
PictureSizeVert|i] 16 uimsbf
reserved 1 bslbf
PatternCount|i] 7 uimsbf
for (j=0; j<PatternCount[i]; j++ ) {
for ( k=0; k<SubstreamCountMinus1[i]; k++) {
SubstreamOffset|[k][j][i] 8 tcimsbf
}
}
}
}
NOTE: The value N1 is implied bysthe descriptor size. It equals the number of different subregion layouts, indexed by i, that

Q

n be selected from the whole panorama.

2.6.126 Semantic definition of the fields in the HEVC subregion descriptor

SubgtreamMarkingFlag — This 1 bit flag, when set to 'l indicates that each HEVC tile substream is carried in a separate
ES. When set to '0'ymultiple HEVC tile substreams are carried in a common ES and HEVC tile substreams are idenfified
by HEVC tile:Substream af descriptors.

SubgtreamIDsPerLine — This 7-bit value indicates the number of HEVC tile substreams that are coded representafions
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;
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SubstreamIDs that belong to the subregion when the reassembly process according to 2.17.5.3 is executed;

in case that SubstreamMarkingFlag is set to '0': the number of HEVC tile substreams to be added to the list of

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 'l": to the SubstreamID of the ES to which this descriptor ap

lies.
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The resulting value indicates the SubstreamID of the ES to be appended when the reassembly proed
executed;

p in case that SubstreamMarkingFlag is set to '0": to the SubstreamIDx that relates to the upper left HEV
substream of the region to be displayed. The resulting value indicates the SubstreamID to be added to the 1
SubstreamIDs that belong to the subregion.

Restrictions on the multiplexed stream semantics

Frequency of coding the system clock reference

program stream shall be constructed such that the time interval between ¢the-bytes containing the last b
m_clock reference base fields in successive packs shall be less than or equal'td'0.7 s. Thus:

[t(1)—1(i") <0.7s

liand i’ whereiand i’ are the indexes of the bytes containing the last bit of consecutive system_clock reference |

N

Frequency of coding the program clock reference

transport stream shall be constructed such that -the) time interval between the bytes containing the last b
Fam_clock reference base fields in successive oceurrences of the PCRs in transport stream packets of the PCR|
hch program shall be less than or equal to 0.1%s:Thus:

[t(i) — (i) <0.1s

’

all i and 1" where i1 and «‘\‘are the indexes of the bytes containing the last bit of consec
Fam_clock reference base fields'in the transport stream packets of the PCR_PID for each program.

e shall be at least two (2) RCRs, from the specified PCR_PID within a transport stream, between consecutive
ntinuities (refer to 2.4.3:4) to facilitate phase locking and extrapolation of byte delivery times.

Frequency<of)coding the elementary stream clock reference

brogram stream-and transport stream shall be constructed such that if the elementary stream clock reference fig
d in any PES packets containing data of a given elementary stream the time interval in the PES _STD betwee

containing the last bit of successive ESCR_base fields shall be less than or equal to 0.7 s. In PES Streams the E
ding\is‘required with the same interval. Thus:

Ss is

U tile
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| PID

utive

PCR
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SCR

T — () <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:

¢  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").

The 0.7-s 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
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by more than 0./ s. In this particular case, the VUI parameters num_units_1n_tick and time_scale sha
present either in the AVC video stream or in an AVC-timing and HRD descriptor associated withithe
video stream.

OTE — The presentation time of an AVC access unit is equivalent to the DPB output time to,dpb(n) defined, in“Annex
ec. ITU-T H.264 | ISO/IEC 14496-10.

Conditional coding of timestamps

ach elementary stream of a program stream or transport stream, a presentation timestamp (PTS) shall be encode
rst access unit.

coding discontinuity exists at the start of an access unit A,(j) in an elementary stieam n if the decoding time td,|
lccess unit is greater than the largest value permissible given the specified tolerance on the system_clock frequ
rideo, except when trick mode status is true or when low_delay flag is '1, this 1s allowed only at the start of a
bnce. If a decoding discontinuity exists in any elementary video or audio stream in the transport stream or pro
m, then a PTS shall be encoded referring to the first access unit aftereach decoding discontinuity except when
b status is true.

h low delay is '1' a PTS shall be encoded for the first access dnitafter an EB, or B, underflow.

'S may only be present in a Rec. ITU-T H.222.0 | ISO/IEC13818-1 video or audio elementary stream PES p
er if the first byte of a picture start code or the first byte of an audio access unit is contained in the PES packet.
coding_timestamp (DTS) shall appear in a PES packet header if and only if the following two conditions are m
+ aPTS is present in the PES packet héader;
»  the decoding time differs from th¢presentation time.
ach AVC 24-hour picture, no explicit TS and DTS value shall be encoded in the PES header. For such AVC a

decoders shall infer the presentation time from the parameters within the AVC video stream. Therefore, each |
stream that contains one or mote”AVC 24-hour picture(s):

* shall either carty Jpicture timing SEI messages with coded values of cpb removal delay
dpb_output_délay; or
»  shall carty VUI parameters with the fixed frame rate flag set to '1' and shall carry Picture Order

(POC)dnformation (PicOrderCnt) whereby pictures are counted in units of Atg app( 11 ), Where Atg dpb(
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 associated wi
AVC video stream with the fixed frame rate flag set to '1' and the temporal poc flag set to '1".

following applies to AVC access units in an AVC video stream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13§
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m:-"Bor 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
initial cpb_removal delay offset parameters.

the

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
picturc_to_display _conversion ilag is set to ‘U~
NOTE 4 — In this case the POC information in the AVC video stream is used to determine the subsefjuent
PTS values.
2.7.4 Timing constraints for scalable coding

If an| audio sequence is coded using an extension bitstream, such as specified in ISO/IEC 1381843, then corresponding

deco

ding/presentation units in the two layers shall have identical PTS values.

If a yideo sequence is coded as an SNR enhancement of another sequence, such as specified in 7.8 of Rec. ITU-T H.262

| 1SQ

Ifa
set 0|

Ifay
H.26

Ifa
Rec.
relat

For
1SO/
units

/IEC 13818-2, then the set of presentation times for both sequences shall be the samgs
ideo sequence is coded as two partitions, such as specified in 7.10 of Rec. ITU£LH.262 | ISO/IEC 13818-2, the

of ¥id€o sub-bitstreams of an AVC video stream.

2.7.7

n the

[ presentation times for both partitions shall be the same.
ideo sequence is coded as a spatial scalable enhancement of another sequience, such as specified in 7.7 of Rec. ITU-T
2 | ISO/IEC 13818-2, then the following shall apply:
«  If both sequences have the same frame rate, the set of\presentation times for both sequences shall bg the
same.
NOTE — This does not imply that the picture coding’type is the same in both layers.
+ If the sequences have different frame rates, the set of presentation times shall be such that as many
presentation times as possible shall be cominon to both sequences.
*  The picture from which the spatial predietion is made shall be one of the following:
—  the coincident or most recently ‘decoded lower layer picture;
—  the coincident or most recently decoded lower layer picture that is an I- or P-picture;
— the second most recently’decoded lower layer picture that is an I- or P-picture, and provided that the
lower layer does aotshave the low_delay flag set to '1'.
video sequence is coded as a temporally scalable enhancement of another sequence, such as specified in 7|9 of
ITU-T H.262 | ISO/IECA3818-2, then the following lower layer pictures may be used as the reference. Times are
ve to presentation times-of:
»  the coincident or most recently presented lower layer picture;
»  the nextlower layer picture to be presented.
AVC video ' streams conforming to one or more profiles defined in Annex G of Rec. ITU-T HR64 |
[EC 14496-10, there are no timing constraints on SVC dependency representations or re-assembled AVC ag¢cess

F fcoding P-SED—buffer—sizem-PES-packethread

In a program stream, the P-STD_buffer scale and P-STD buffer size fields shall occur in the first PES packet of each

elem

entary 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.

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

Sped
of'l

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

R
NP <(t(i") — t(i)) x 300 x ma){l,%} (2
2.5x10
wherle:
R .. =8x50xrate_bound’ * bit/s e

NP is the number of packet start code prefixes and system header start codes between adj
pack start codes or between the last pack start code and the MPEG program end co
defined in Table 2-37 and semantics in 2.5.3.2.

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

t(i") is the time, measured in séconds, encoded in the SCR for pack p + 1, immediately follo
pack p, or in the case‘of-the final pack in the program stream, the time of arrival of the
containing the last bitof the MPEG program end code.

Decqder buffer size

In th
appl}
In th
follo|

BS.
Rec.

BSad}i- BSaqa is.8pecified as:

ifically, for all packs p in the program stream when the packet rate restriction flag (refer to 2.5.3.5) is set to/a,
4 ; Rmax s
NP < (¢(i") — t(i)) x 300 x max 1,— (2

4.5%x10

e case of a CSPS the maximufn $ize of each input buffer in the system target decoder is bounded. Different bog
for video elementary streams/ and audio elementary streams.

e case of a Rec. ITU¢I-H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 video elementary stream in a CSPS

wing applies:

ITU-T H.262ZHSO/IEC 13818-2 or ISO/IEC 11172-2 stream, respectively, and an additional amount of buff

BSuaa < MAX[6 x 1024, Rypmar % 0.001] bytes

ralue

27)

-28)

-29)

hcent
le as

wing

byte

unds

, the

has a size which”is equal to the sum of the size of the Video Buffer Verifier (VBV) as specified i the

Pring

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

strea

m.

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:

BSuaa < MAX[6 x 1024, Rypmar % 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:

2.71

BS, <8976 bytes

0 Transport stream

Sample rate locking in transport streams

In th|
systd
fram|
spec
1381
ratio
in th

The

e transport stream there shall be a specified constant rational relationship between the audio sampling fate an
m clock frequency in the system target decoder, and likewise a specified rational relationship between the ¥
e rate and the system clock frequency. The system clock frequency is defined in 2.4.2.1. The yideo frame r
fied in Rec. ITU-T H.262 | ISO/IEC 13818-2 or in ISO/IEC 11172-2. The audio sampling rate is spéeified in ISO
8-3 or in ISO/IEC 11172-3. For all presentation units in all audio elementary streams in the(fransport strean
of system_clock frequency to the actual audio sampling rate, SCASR, is constant and equal*to the value indi
e following table at the nominal sampling rate indicated in the audio stream.

SCASR — system _clock _ frequency A

audio _sample _rate_in_the T <STD

hotation { denotes real division.
Y

i the
ideo
ite is
1EC
, the
ated

-30)

N

fr

[¢]

minal audio
sampling 16 32 22.05 441 24 48
huency (kHz)

27 000 000 27 000 000 27 000.000 27 000 000 27 000 000 270000

16 000 32000 22 050 44100 24 000 48 000

SCASR | e | e | S [ e | e | e L

For 4
trang
valug

11 presentation units in each ISO/IEC 11172-2ideo and Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream i
port stream, the ratio of system_clock frequency to the actual video frame rate, SCFR, is constant and equal t
indicated in the following table at the-nominal frame rate indicated in the video stream.

system _clock _ frequency (2
frame _rate _in_the T — STD

SCFR =

n the
b the

31)

2z

ominal
me rate 23.976 24 25 29.97 30 50 59.94 60
(Hz)

SCFR 1 126\125 1 125 000 1 080 000 900 900 900 000 540 000 450 450 4500

DO

The
rate

For |

yalues of the\SCFR are exact. The actual frame rate differs slightly from the nominal rate in cases where the nor
s 23.976,29.97, or 59.94 frames per second.

SO/TEC 14496-2 video streams carried in a transport stream, the time base of the ISO/IEC 14496-2 video strea

hinal

m, as

defir]

ed_by vop time increment resolution, shall be locked to the STC and shall be exactly equal to N fimes

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.

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

147


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

ISO/IEC 13818-1:2019 (E)

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 identifigrs in
Rec.|ITU-T H.222.0 | ISO/IEC 13818-1.

Rec.|ITU-T H.222.0 | ISO/IEC 13818-1 specifies a unique 32-bit copyright identifier which is a work type code idenifier
(sucly as ISBN, ISSN, ISRC, etc.) carried in the copyright descriptor. The copyright identifier enables-identificatior} of a
widel number of Copyright Registration Authorities. Each Copyright Registration Authority may_specify a syntay and
semdntic for identifying the audiovisual works or other copyrighted works within that particularicopyright organizption
throygh appropriate use of the variable length additional copyright info field which contains the.copyright number

In the following subclause and Annexes L, M and N, the benefits and responsibilities of @l parties to the registratipn of
copyright_identifier are outlined.

2.9.2 Implementation of a Registration Authority (RA)

ISO/NEC 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 organizatiefi'shall serve as the Registration Authority| The
so-ngmed Registration Authority shall execute its duties in compliancéwith Annex H/JTC 1 Directives. The regisfered
copyfright _identifier is hereafter referred to as the Registered Identifiet:(RID).

Upon selection of the Registration Authority, JTC 1 shall require the creation of a Registration Management Group
(RM[G) which will review appeals filed by organizations whose request for a RID to be used in conjunction [with
Rec.|ITU-T H.222.0 | ISO/IEC 13818-1 has been denied by-the Registration Authority.

Anngxes L, M and N provide information on the procedure for registering a unique copyright identifier.

2.10) Registration of private data format

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

2.10]1 General

In the following subclauseé and Annexes O and P, the benefits and responsibilities of all parties to the registratign of
privgte data format aré.eutlined.

2.10{2 Implémentation of a Registration Authority (RA)

ISO/IEC JTEX/SC 29 shall call for nominations from member bodies of ISO or National Committees of IEC which will
serv¢ as'the Registration Authority for the format_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
elemETary streams, contained 1 ISO/TEC 14496-1ST packetized streams of FIexiVIUX Streams, 1oo1s from botn|Rec.
ITU{T H.222.0 | ISO/IEC 13818-1 and from ISO/IEC 14496-1 are used, as defined in 2.11.3.

Carrfage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams 15 spedified
in2.14.

Carrfage of ISO/IEC 14496-17 text streams over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams is Specified in 2.1§5.
2.112  Carriage of individual ISO/IEC 14496-2 and 14496-3 Elementary Streams in PES packets

2.11)2.1 Introduction

Indiyidual ISO/IEC 14496-2 and 14496-3 elementary streams may be carried in PES pac¢kets as PES packet data Hytes.
For PES packetization no specific data alignment constraints apply. For synchronization PTSs and, when approptiate,
DTSk are encoded in the header of the PES packet that carries the ISO/IEC 14496 elementary stream data; for PT$ and
DTS|encoding the same constraints apply as for ISO/IEC 13818 elementaryétreams. See Table 2-130 for an overvigw of
how [to carry individual ISO/IEC 14496 streams within a Rec. ITU-T H,222)0 | ISO/IEC 13818-1 stream.

Table 2-130 — Carriage of individual ISO/IEC 14496 streams in Rec. ITU-T H.222.0 | ISO/IEC 13818-1

ISO/IEC 14496-2 visual Carriage in PES packets Stream_type = 0x10 Stream_id ="'1110 xxxx'
ISO/IEC 14496-3 audio Carriage in PES packets Stream_type = 0x11 Stream_id ='110x xxxx'

Ifa BTS or DTS is present in the PES packet header it shall refer to the visual object that follows either the first VOP|start
codef or the first still texture object startcode that*commences in the PES packet. Each ISO/IEC 14496-2 video stream
carripd by Rec. ITU-T H.222.0 | ISO/IEC 13818+1-shall contain the information required to decode the ISO/IEC 14496-2
vide¢ stream; consequently the stream shall-contain Visual Object Sequence Headers, Visual Object Headers and Video
Objeict Layer Headers.

In the case of an ISO/IEC 14496-3 el¢imentary stream signalled by a stream_type value of 0x11, before PES packetizption
the elementary stream data shall be first encapsulated in the LATM transport syntax defined in ISO/IEC 14496-3. In|such
a cade, if a PTS is present in the PES packet header it shall refer to the first audio frame that follows the first syncword
that gommences in the payload-of the PES packet.

In the case of an ISOAEQC 14496-3 elementary stream signalled by a stream_type value of 0x1C, the first byte of|each
audi¢ frame shall be)the first byte of the payload of a PES packet; prior to PES packetization no encapsulation ir} any
addifional transport-syntax shall be applied. An audio frame from an ISO/IEC 14496-3 elementary stream signalled| by a
stream_type value' of 0x1C may be fragmented for carriage in multiple PES packets. In the PES packet headef the
data |alignment indicator shall be set to 'l' in each PES packet that carries a complete such audio frame or the| first
fragmentithereof. The data_alignment indicator shall be set to '0' for PES packets carrying subsequent (non-first)
fragiments 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

_____________________________________

In ca

For ¢

demultiplexing ! j-th access unit i k-th composition unit i
l Ci(k)
RN te,(k)
L O . Ouy.
] \
L o
t@)
\
I\
I \\\(‘D_/ Ca(k)
T ihbyteof | L2t

Figure 2-4 — T-STD model extensions for individual ISO/IEC 14496 eleméntary streams

se of carriage of an ISO/IEC 14496-2 stream:
Size BS, of Buffer By:
BS; = BSmux + BSon + VBVmaJprofile,level ]
where:

BSon, packet overhead buffering, is defined as:
BSon = (1/750) seconds x max {Rmax[profilejlevel], 2 000 000 bit/s}

and:

BSmux, additional multiplex buffeting, is defined as:
BSimux = 0.004 seconds x max {Rmax[profile,level], 2 000 000 bit/s}

Rate Rxy:

where:

transport stream
________________ H.222.0(12)_F2-4

Rxn = 1.2 x Rmax[profile,level]

arriage of.an ISO/IEC 14496-3 audio stream the following applies.
Size BS,;, of Buffer B,, whereby BS, = BSuux + BSdec + BSon:

VBV prefile,level] and Rmax[profile,level] are defined in ISO/IEC 14496-2 for each profile and 1
For profiles and levels for which no VBV .« value is specified, the size of B, and the rate Rx, are]
defined:

evel.
user

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

150

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

The
strea

2.11

2.11

This
carri
of th
streaj
streaj
mult
1SO/
€nco
in 2.
in IS
ISO |

Addji
Rec.
"od:

ISO/

2.11

An |
1SO/

Rx, =5 529 600 bit/s if 3-8 channels
Rx, = 8 294 400 bit/s if 9-12 channels
Rx, =33 177 600 bit/s if 13-48 channels
For ISO/IEC 14496-3 DST-64, ALS and SLS audio:
if number of audio channels <= 8§ then Rx, = 30 000 000 bit/s,
else Rx, = 120 000 000 bit/s.
For ISO/IEC 14496-3 DST-128 and DST-256 audio:
Rx, =120 000 000 bit/s.

P-STD model includes a multiplex buffer B, prior to decoding of each¢individual ISO/IEC 14496 eleme

3  Carriage of audiovisual ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams

3.1 Introduction

clause describes the encapsulation and signalling when an aadiovisual scene represented by ISO/IEC 14496 d
bd in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 programstream or transport stream. ISO/IEC 14496 content cot
e initial object descriptor and a variable number of.§treams such as object descriptor streams, scene descri
ms (carrying either BIFS-Command or BIFS-Anuf access units), IPMP streams, OCI streams and audioV
ms. Each of the ISO/IEC 14496 streams shall.be contained in an SL-packetized stream and may optional
plexed into a FlexMux stream, both defined in ISO/IEC 14496-1. For carriage in Rec. ITU-T H.22
[EC 13818-1 program stream or transport(stream, these SL-packetized streams and FlexMux streams shall co|
ded Object Clock Reference (OCR)(and FlexMux Clock Reference (FCR) fields as specified in 2.11.3.4
[ 1.3.5, respectively. The SL-packetized streams or FlexMux streams are then encapsulated either in PES packs
O _IEC 14496 _sections prior tostransport stream packetization and multiplexing or program stream multiple]
IEC 14496 _sections are built.on the long format of H.222.0 | ISO/IEC 13818-1 sections.

tionally, an ISO/IEC 14496 audiovisual scene may refer to non SL-Packetized streams carried ii
ITU-T H.222.0 | ISOZEC 13818-1 transport stream using a "pid://PID_ NUMBER" URL scheme instead
OD_ID" URL schémg.

[EC 14496 streams may derive their time base from the PCR of the program through the OCR_ES ID mechan]

3.2 Assignment of ES_ID values

SO/IEC~14496-1 scene carried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream may associate a numb
[EC., 14496, ISO/IEC 13818 and other streams by the use of the ES ID parameter. The scene and the assoc

I n. The size BS,, of buffer B, in the P-STD is defined by the P-STD_buffer “size field in the PES packet head¢
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streams carried elsewhere, for example over an IP network. How to identify such other means is not defined in this

Spec

ification.

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

then

be locked to the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 STC, that is:
If X(t) = fie(t)/fobject(t)

the value of X(t) shall be constant at any time t.

where:

as fo

The
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wrap
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For §

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

shall be conveyed by coded OCRs in the SL packet header of that stream. See 2.11.3.4.

—  The object time base of SL-packetized streams carried in PES packets within a FlexMux stream shg
conveyed by FCRs in that FlexMux stream. See 2.11.3.5. Consequently, all ISOJEC 14496 str
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 conyeyed by another ISO
14496 stream within the transport stream or program stream as indicatedby the OCR_ES 1D field i
ES descriptor for that stream.

—  The object time base of an SL-packetized stream whose OCR_ESZID identifies a non SL-packe
stream with a PID equal to the PCR PID is fstc(t) / 300

following constraints shall apply for encoding of OCRs and FCRs in-SL-packetized streams and FlexMux str
bd over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream:

—  The OCRs and FCRs in each SL-packetized stream_and each FlexMux stream associated with the
scene shall have the same resolution.

—  The resolution of OCRs and FCRs for a sceneyfer; shall have a value smaller than or equal to 90 000

—  The ratio (f(t)/300)/f., shall be an integer-value larger than or equal to one. Consequently the resol
of the OCR and FCR syntax elements miay only take values such as 90 000 Hz, 45 000 Hz, 30 00
22 500 Hz, 18 000 Hz, etc.

in the above constraints and the ISO/IEC 14496-1 constraint that the resolution f,; shall represent an integer nu
cles per second, f.; can be selected as appropriate for the scene.

SO/IEC 14496 time stamps coded.in the SL packet header shall refer to instants of the object time base of the st
ed in the SL packet. The resolution of each such time stamp shall be of a factor 2% smaller than the resolution g
s or FCRs associated with the-stream, with k a positive integer larger than or equal to zero. To achieve the
around, the length of the-time stamp fields, TimeStampLength, shall be k bit smaller than the length of the O
field, OCRLength and F€RLength, respectively. Hence for each stream the following conditions shall appl
ding of time stampsg:

—  TimeStampResolution = (OCRResolution or FCRResolution respectively)/2¥, with k a positive in|
larget. than or equal to zero. ISO/IEC 14496-1 requires TimeStampResolution to represent an in
fiumber of cycles per second.

<< TimeStampLength = OCRLength or FCRLength respectively — k.

bl-packetized streams inheriting their object time base from the PCR PID, the following considerations apply:

pveyed

—  The object time base of an SL-packetized stream carried in PES packets without the use of the FlexMux
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—  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

SLp

acket 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 OCRfields
in the SL-packetized stream.

If anjobjectClockReference is encoded in an SL packet header, also the instantBitrate field shall be coded.

2.113.5 Delivery timing of FlexMux streams

Nextl to SL-packetized streams also the ISO/IEC 14496-1 FlexMux tool may be used to carry ISO/IEC 14496 contgnt in
Rec.|ITU-T H.222.0 | ISO/IEC 13818-1 streams. The payload of FlexMux packets shall consist of SL packets as spedified
in I$O/IEC 14496-1. In each FlexMux stream carried in a Rec. ITU-T H.222.0 |ISOJ/IEC 13818-1 streanj the
fmx(lockReference field shall be encoded as follows:

1) An fmxClockReference (FCR) field shall be present in the first FlexMux packet of a FlexMux stream.

2) The FlexMux stream shall be constructed such that the time interval between the bytes containing th¢ last
bit of successive FCR fields shall be less than or equal to 0.7¢s: Thus:

[t(i")—t(")| <=0.7s

for all i’ and 1" where i’ and i” are the indexes of thig,bytes containing the last bit of consecutive FCR fields
in the FlexMux stream.

3) All ISO/IEC 14496 time stamps within the'SL-packetized streams carried within a FlexMux stream [shall
refer to instants of the object time base conveyed by the FCR fields in the FlexMux stream.| The
SL-packetized streams carried in FleXMux packets need not carry OCR fields. If OCR fields are present,
they may be ignored.

2.11{3.6 Carriage of SL-packetized streams in PES packets

A single ISO/IEC 14496-1 SL-packetized stream may be mapped into a single PES stream. One and only one SL pgcket
from| an SL-packetized stream shall constitute the payload of one PES packet. PES packets that carry an SL-packetized
stream shall be identified by stréam 1d = 0xFA in the PES packet header.

Wheh an OCR field is coded.inthe SL packet header, a PTS shall be encoded in the header of the PES packet that cdrries
such|SL packet header. Fhis PTS shall be encoded with the 33-bit value of the 90-kHz portion of the STC that corresgonds
to the value of the objecttime base at the instant in time indicated by the OCR.

The ES ID associated with the SL-packetized stream shall be signalled by an SL descriptor as specified in 2.6.46.

2.113.7 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 alPES
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

procgss 1ts payload. However, the payload of sections shall be processed in the correct order, as indicated by the valjie of
the spction_number field in the ISO_IEC 14496 section header bytes. Other ISO/IEC 14496 stream data consists'pf 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 | Mnemonic
ISO_IEC 14496 section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
reserved 2 bslbf
ISO_IEC _14496_section_length 12 uimsbf
table_id_extension 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
if (PMT has SL_descriptorfeurrent PID)) {
SL_Packet()
}
else if (PMT _has EMC_descriptor(current PID)) {
for @=\; i <NI; i++)
FlexMuxPacket()
}
else™{
for (i=1; i <N2; i+t)
reserved 8 bslbf
}
CRC_32 32 rpchof
}
tabl¢ id)— This 8-bit field shall be set to 0x04, 0x05, or 0x08, in case of an ISO_IEC 14496 section. A value of Dx04

indicates an ISO_IEC_144906_section that carries an ISU/IEC 14496-1 scene description siteam. A value of UxU5 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.

curr

ent_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

equa

1 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

Scen

e 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

desctiptor loop in the Program Map Table for the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program element that eorfveys
this 1SO_IEC 14496 section.
SL_Packet() — A sync layer packet as specified in 10.2.2 of ISO/IEC 14496-1.
PMT _has_ FMC_descriptor(current_PID) — A pseudo function that shall be true if an FMC descriptor is containgd in
the descriptor loop in the Program Map Table for the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 (program elemen that
conveys this ISO_IEC 14496 section.
FlexMuxPacket() — A FlexMux packet as specified in 11.2.4 of ISO/IEC 14496-1.
CR{_32 — This 32-bit field shall contain the CRC value that gives a zero output of the\registers in the decoder defined
in Apnex A after processing the entire ISO_IEC 14496 section.
2.113.9 T-STD extensions
2.113.9.1 T-STD Model for 14496 content
Figure 2-5 shows extensions of the Transport System Target Decodeifor delivery of ISO/IEC 14496 program elerhents
encapsulated in Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport streams.
| jthaccessumit |
_______________ 1 k-th composition unit |
Ay,0)
op 140 o Cu(k)
i ! te; (k)
| Transport stream | .
i demultiplexing | A1z(]')
B ek BT ' Fl td;»(j) D Cp,(k)
2] > tei(k)
Alm(j)
tdlm(j) Clm(k)
DBlm Dlm tClm(k)
___________________ | FlexMux buffer model !
' SL-packetized stream | | (see ISO/IEC 14496-1) !
- ithbyteof | el
| Arancnart stream | AN
T | \ A
8, "% VB, pg, 40| Culk)
| te,(k)
H.222.0(12)_F2-5
Figure 2-5 — T-STD model for ISO/IEC 14496 content
The following notation is used in Figure 2-5 and its description:
TB; is the transport buffer.
MB, is the multiplex buffer for FlexMux stream n or for SL-packetized stream n.
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FBy, 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.

U
Tdnp(j) is the decoding time, measured in seconds, in the system target decoder of the jth accessu
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 u
elementary stream n.

Cnp(k) is the kth composition unit in elementary stream in FlexMux channel p, ‘ef)FlexMux stred
Crp(k) results from decoding Any(j). Crp(k) is indexed in composition order.

Ch(k) 1is the kth composition unit in elementary stream n. Cn(k) results from decoding Ax(j). Ca
indexed in composition order.

tenp(k)  is the composition time, measured in seconds, in the systemytarget decoder of the kth compos
unit in elementary stream in FlexMux channel p of FlexMuX stream n.

ten(k)  1s the composition time, measured in seconds, in the system target decoder of the kth compos
unit in elementary stream n.

t(i) indicates the time in seconds at which the ith byte of the transport stream enters the system t
decoder.

3.9.2 Processing of FlexMux streams

In n, TB,. The size of TB, is fixed at 512 bytes. Allb¥tes that enter TB,, are removed from TB,, at a rate Rx,,, speq

e TB leak rate field in the MultiplexBuffer descriptor associated with FlexMux stream n. When there is no ds
r TB,, rate Rx, is equal to zero. Duplicate transport stream packets are not delivered to MB,,.

se of carriage in PES packets, the PES-packet header and payload data bytes are delivered to buffer MB,; all

leaving TB, do not enter MBp~and may be used to control the system. In case of carriag
IEC 14496 _sections, the section header, payload and CRC-32 data bytes are delivered to buffer MBy; all other
pt enter MB,, and may be usgd\to control the system. In either case, the size of MB, shall be specified b
buffer size field in the MulfiplexBuffer descriptor.

FlexMux Stream packet bytes in buffer MB,, are all delivered to their associated FlexMux buffer at the rate sped
e field fmxRate enceded in the FlexMux stream and in compliance with the FlexMux buffer model defined in 1
O/IEC 14496-1..0nly FlexMux packet payload data bytes in FlexMux channel p of FlexMux stream n enter b

FlexMux packet-Header bytes in FlexMux channel p of FlexMux stream n are discarded and may be used to co
ystem. Theratespecified by the fmxRate field shall be applicable for all FlexMux packets in the stream immedi
wing the‘FlexMux Clock Reference channel packet up to the next encountered FlexMux Clock Reference chg
et. When'there is no FlexMux stream data present in MB,,, no data is removed from MB,. Bytes from the PES p
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ved’and discarded and may be used to control the system. Bytes from the ISO_IEC 14496 _section CRC-32 fiields

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 n@reIteT IVIBn d.lld 1IIdy 1UU ude w bUllLlUl l.llU S YSLCIIL. Ill CiLilCl CascC LilC biLC UfIVIBn ib prbiﬁCL‘l by LilC IVIB_‘UUiTCI _Size

field|in the MultiplexBuffer descriptor.

The BL-packetized stream bytes in buffer MB,, are all delivered to the decoder buffer DB, at the rate specifiéd 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-packeftized
stream immediately following the instantBitRate field in the SL packet header up to the next encountéred instantBi{Rate
field| If there are no SL-packetized stream bytes in MBy, no bytes are removed from MB,. Bytes from the PES packet
headpr or from the ISO_TEC 14496 section header that immediately precede a SL packet-header are instantanegusly
remqdved and discarded and may be used to control the system. Bytes from the ISO_IEC{14496 section CRC-32 fiields
that {mmediately follow the last SL packet payload byte in the section are removed instantancously and discarded and
may [be used to verify the integrity of the data. When there are no PES packet or seetion/payload data bytes, respect]vely
pres¢nt in MB,, no data is removed from MB,. All data that enters MB,, leaves it, AIIMPES packet payload bytes of stfeam
n enfer buffer DB, instantaneously upon leaving MB,, with the exception of thie'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 bly the
buffgrSizeDB of the DecoderConfigDescriptor defined in ISO/IEC 14496-1.

2.11{3.9.5 Buffer management
Trankport streams shall be constructed so that conditions defineddn this subclause are satisfied.

TB,, phall not overflow and shall be empty at least once every second. MB,, shall not overflow. FB,, shall not overflow.
DB,f and DB, shall neither underflow nor overflow. Undesflow of DB, occurs when one or more bytes of an accesg unit
are njot present in DB, at the decoding time associatedwith 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{3.10 Carriage within a transportstréeam

2.113.10.1  Overview

A trgnsport stream may contain on¢ or more programs, each described by a Program Map Table. ISO/IEC 14496 coptent
can be conveyed in addition to thé already defined stream types for such a program. Elements of the ISO/IEC 14496
cont¢nt may be conveyed in(oné or more Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program elements referenced|by a
unigpie PID value within @-fransport stream. As a special case, it is possible that a program within a transport stfeam
cons|sts only of ISO/IEE 14496 program elements. ISO/IEC 14496 content associated with a program and carried ip the
trangport stream shall be referenced in the Program Map Table of that program. An initial object descriptor shall befused
to ddfine an ISO/EEC 14496-1 scene; the use of this descriptor is specified in 2.11.3.10.2.

Carrfage of ISO/IEC 14496 content in a PID is signalled by a stream_type value of 0x12 or 0x13 in the Program [Map
Tablp in association with that PID value. A value of 0x12 indicates carriage in PES packets. The stream _id field ip the
PES [packet header signals whether the PES packet contains a single SL packet or a number of FlexMux packefs. A

strea tme—value—of Ox13 in-the Proaram Map—Table-indicates-that the proaram-element-carries—an—obiect-desciptor
@ Y hid S i oo J p

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

ISO/IEC 14496-1

Encapsulation in
SL packets

Carriage in PES packets

Stream_type = 0x12

Stream_id ='1111 1010

Carriage in [SO_IEC
14496 _sections

Stream_type = 0x13

Table_id = 0x05

object descriptor
streams

Encapsulation in

SL packets followed by
Multiplex into FlexMux
packets

Carriage in PES packets

Stream_type = 0x12

Stream id='1111 1011

Carriage in ISO_IEC
14496 _sections

Stream_type = 0x13

Table_id = 0x05

Encapsulation in

Carriage in PES packets

Stream_type = 0x12

Stream id ='1111 1010’

ISQYIEC 14496-1

Stpackets

Carriage in ISO_IEC
14496 sections

Stream_type = 0x13

Table id = 0x04

scethe description
strepms

Encapsulation in

SL packets followed by
Multiplex into FlexMux
packets

Carriage in PES packets

Stream_type = 0x12

Stream_id ="1411-1011

Carriage in ISO_IEC
14496 _sections

Stream_type = 0x13

Table id = 0x04

All pther ISO/IEC
144P6 streams

Encapsulation in Carriage in PES packets | Stream_type = 0x12 Styeam’ id ='1111 1010,
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2.113.10.2

In calse of carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496-1 inifial*object descriptor serves as the initial a
to all associated streams. The initial object descriptor shall be‘conveyed in the IOD descriptor located in the
vhich

poin

desctiptor loop immediately following the program_info length field\ih the Program Map Table of the program to
the scene is associated. It contains ES_Descriptors identifying thé\s¢ene description and object descriptor streamg
form| part of this program. It may also contain ES Descriptors idéntifying one or more associated IPMP or OCI strd
Identification of streams is done by means of ES IDs as specified in clause 8 of ISO/IEC 14496-1.

2.113.11

Figure 2-6 shows the STD model when ISO/IEC 14496 systems data are carried in a program stream.

Initial Object Descriptor

P-STD Model for 14496 content

_______________

A @ AG)
1 ElexMux buffer model DB td,, () D C, &)
j(See ISOTEC 14496-D) | . 2 te; (k)
i Program streani I .
i demultipleXing | Ap()
ity T ' DB tdlz(]) D C]2(k)
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M - O ! il I €, (K)
N / ! 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.

A () ¢ tho 1th aocacc it 11 alasmontory otragin . A () 1o indovad 19 dacoding ordar
m—iS—tHe3t tHHH-SreeRtary-SHea-H— g5 H HE-ofaet-

Tdnp(j) is the decoding time, measured in seconds, in the system target decoder of the jth accessufit 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 upit in
elementary stream n.

Cnp(k) 1is the kth composition unit in elementary stream in FlexMux channel p,‘ef)FlexMux stregm 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). Cufk) is
indexed in composition order.

tenp(k)  is the composition time, measured in seconds, in the system/target decoder of the kth compodition
unit in elementary stream in FlexMux channel p of FlexMux’stream n.

tea(k)  is the composition time, measured in seconds, in the system target decoder of the kth compodition
unit in elementary stream n.

t(i) indicates the time in seconds at which the ith byte of the program stream enters the system tprget
decoder.

2.11{3.11.1  Processing of FlexMux streams

At the input of the STD each byte in the payload of «\RES packets carrying a FlexMux stream n is transfgrred
instaptaneously to buffer B,. The i-th byte enters B, at tifie t(i). PES packet header bytes do not enter buffer B, and| may
be uged 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 ¢arries stream n.

The FlexMux stream packet bytes in buffer Bg.dre all delivered to their associated FlexMux buffer at the rate spedified
by the field fmxRate encoded in the FlexMux)stream and in compliance with the FlexMux buffer model defined in 1{1.2.9
of ISO/IEC 14496-1. Only FlexMux packet payload data bytes in FlexMux channel p of FlexMux stream n enter buffer
FBpyf FlexMux packet header bytesinFlexMux channel p of FlexMux stream n are discarded and may be used to control
the system. The rate specified by-the’fmxRate field shall be applicable for all FlexMux packets in the stream up tp the
next|encountered FlexMux Clock”Reference channel packet. Bytes from the FlexMux Clock Reference channej are
instaptaneously removed and discarded and may be used to lock the ISO/IEC 14496 object time base to the STC. When
therq is no PES packet payload data present in By, no data is removed from B,. All data that enters B, leaves it. AIfPES
packpt payload bytes Of'stteam n enter the FlexMux demultiplexer instantaneously upon leaving B.

2.11{3.11.2  Definition of FlexMux Buffer, FBnp

For qgach channel p of a FlexMux stream n, the size of FlexMux buffer FBy, is defined using the FmxBufferSize descijiptor
if a Progtam Stream Map is present in the program stream. FlexMux packet payload bytes are transferred from buffer
FBnp|té-decoder buffer DBy, in compliance with the FlexMux buffer model defined in 11.2.9 of ISO/IEC 14496-1. Only
SL dCKCl pdylOoadd DYICS i FICXIVIUX Channcel p Ol FICXIVIUX SUedln 11 Ster DULICT DBqp. 1N SL PpAaCKel NCader D €S 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

211312 +—Overview

A prpgram stream contains only one program. ISO/IEC 14496 data can be conveyed in addition to the alreadydefined
streajn types for such a program. As a special case, it is also possible that a program stream carries only ISO/TEC 111496
datafIf a Program Stream Map is present, ISO/IEC 14496 content carried in the program stream shall be.referenc¢d as
follows. Carriage of ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams in SL and FlgxMux packg¢ts is
indidated by the appropriate stream id and by an initial object descriptor; the use of this desctiptor is spedified
in 2.11.3.12.2. For each carried ISO/IEC 14496 stream the SL descriptor and the FMC descriptor shall specify the EY ID.
Wheh the assignment of ES ID values changes, the Program Stream Map, if presents~shall be updated and the
program_stream_map_version shall be incremented by 1 modulo 32. Note that in a Program-Stream the ISO/IEC 1#496
cont¢nt may also be referenced by private means.

For an example of a content access procedure for ISO/IEC 14496 program compefients within a program stream, see
Anngx R.

2.11{3.12.2  Initial object descriptor

In case of carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496.initial object descriptor serves as the initial a¢cess
point to all associated streams. If a Program Stream Map is present‘in the program stream, the initial object desciiptor
shalll be conveyed in the IOD descriptor that is located-in® the descriptor loop immediately following the
program_stream_info_length field. It contains ES Descriptorsidentifying the scene description and object descijiptor
streams of the scene that form part of this program. It may also contain ES_Descriptors identifying one or more assodiated
IPMP or OCI streams. Identification of streams is done-by’means of ES_IDs as specified in clause 8 of ISO/IEC 14496-1.
In a program stream, the initial object descriptor may also be conveyed by private means.

2.12 Carriage of metadata

2.12]1 Introduction

A Rgc. ITU-T H.222.0 | ISO/IEC 13818-1 stream can carry metadata. The format of the metadata may be defined by ISO
or by any other authority. This subclduse defines how to carry the metadata; transport mechanisms are defined as w¢ll as
metadata related-signalling, the .applied metadata timing model and extensions of the STD model for decodirg of
metadata.

A metadata service issdefined to be a coherent set of metadata of the same format delivered to a receiver for a spgcific
purppse. Metadata¢services are contained in metadata streams; each metadata stream carries one or more metgdata
services. This Spegification assumes the notion of metadata Access Units within a metadata service. The definitior] of a
Metddata Access/Unit is metadata format specific, but each metadata service is assumed to represent a concatenation (or
a collection),of metadata Access Units.

Wheh transportlng a metadata serv1ce over a Rec. ITU T H.222.0 | ISO/IEC 13818-1 stream, a unlque metadata sefvice
idis 4 A S

services ava11able 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.

Wheh transporting content and the associated metadata over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams; accurate
time|references from the metadata to the content are to be maintained. The same is needed if the metadata iis deliyered
over|other means. To achieve this, the time line model of Figure 2-7 is assumed in this Specification.

ContenttHie line as

Metadata timing, specifpedan the

transport agnostic NIIT » metadata (format is
mgtradata specific:
A/V content $FC, SMPTE, ...)
’ . QAR \
/ Production s “\ \
Y SO U NP €2 St
4 4 ~ .
K Transport J ' .
A/V content (1) A/¥ content (2)

Delivery time
» line (STC)
Receiver content
RT time line (single
format)

H.222.0(12)_F2-7

Figure 2-7 — Timing model fo¥ delivery of content and metadata

Metgdata is associated with the audiovisual content, usually in a transport agnostic way, at production or any other $tage
prion to transport. Where needed, time information is embedded in the metadata to indicate for example specific segments
withfn the content, using the metadata content time line used in the metadata. For example UTC or SMPTE time dodes
may [be used. The time line format is«dndependent of any time code that may or may not be embedded in the audiovfisual
streajm itself. For example, the metadata time line may utilize UTC, while SMPTE time codes are embedded in the yideo
streajm.

The following requirements-shall be met for each metadata stream:
e no time-diSéontinuities shall occur in the metadata content time line;
» the metadata content time line shall be locked to the sampling clock of the content;

. €ach time reference in the metadata stream refers to the same metadata content time line.

At transporitya transport-specific timing is associated with the content; this is the delivery time line. In the case of tranpport
over|a Reoe. ITTU-T H.222.0 | ISO/IEC 13818-1 stream, the delivery time line is provided by the System Time Clock, the
STCLThe content mav be delivered as a r‘nnﬁgnmm pier‘e of information bnt it is also pnceih]e to in‘re-rrnpf the del very
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

Wheh using NPT, during playback in any mode at any point in time the offset remains constant between the mietgdata
timebase and the NPT time base. As long as neither STC discontinuities nor insertions with other content ocetit,the fame
is trye for the offset in time between the metadata time base and the STC time base, but only in normal playback mode.
For privately defined time lines the offset is also required to be constant, but possibly within constraints not defingd in
this $pecification.

Wheh synchronous transport of metadata is applied in PES packets or by using the synchronized DSM-CC dowmload
protgcol, PTSs are assigned to the metadata. Such PTS may for example indicate the point if'time at which the metadata
becomes valid. This implies a priori knowledge of how to associate the metadata to ¢he delivery timing. Howgver,
synchronously transported metadata may also contain time references, which are to be:mapped from the metadata coptent
time|line to the receiver content time line using the specified offset between both timietines. See also Figure 2-8.
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Figure 2-8 — Delivery of metadata in PES packets
2.12{3  Options for'transport of metadata

To apknowledge the very diverse characteristics of metadata, a variety of tools is defined to transport the metadatalover
a Reg¢. ITU-E-H:222.0 | ISO/IEC 13818-1 stream.

This|Spécification defines two tools for synchronous delivery of the metadata:

a carriacatin-PES naclatc-

Carrra SO T o paticotss

*  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
streafn_type Ox15 and stream_1d OXFC, in metadafa sections or in synchronized DSM-CC download secfions.. When
metadata decoder configuration data is carried in a DSM-CC carousel, the signalling of such data is required, but not
defirjed by this Specification; instead, such signalling is left at the discretion of applications.

2.12[4  Use of PES packets to transport metadata

2.12/4.1 General

PES jpackets provide a mechanism for synchronous transport of metadata. By means of the PTS in the PES packet h¢ader
the metadata access units are associated with a certain instant of the STC, without the need/for time references ip the
metaldata. This implies a priori knowledge of how to associate the metadata to the delivery timing. Specific stream_id
and gtream_type values are assigned to signal PES packets carrying metadata; see 2.12.9.

Wheh using PES packets with a stream_type of 0x15 and a stream_id of OxF€ to transport the metadata, a Metgdata
Accgss Unit Wrapper shall be used as the tool to align PES packets and the metadata Access Units, yising
metadata AU _cells. This allows random access indication, whose meaning-depends on the format of the metadata, 4nd a
cell gequence counter to identify loss of metadata AU _cells. Each metadata Access Unit is carried and, if appropfiate,
fragmented 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 Aceess Unit contained in the same PES packet, the| PTS
in the PES header applies. The PTS signals the time at which thelmetadata Access Units are decoded instantaneously and
remgved from buffer B, in the STD. Note that the relationship.between a decoded metadata Access Unit and audiovjiisual
cont¢nt is beyond the scope of this Specification.

A PHS packet may contain a single metadata AU_cellThis is useful if a metadata Access Unit does not fit into a sjngle
PES jpacket, in which case the fragmentation of the.metadata Access Unit is handled by the metadata AU_cell.

Wheh metadata is carried by PES packets in.aprogram stream, and if a Program Stream Map is applied in that program
stream, then the Program Stream Map shall specify which PES packets contain the associated metadata.

2.12/4.2 Metadata Access Unit Wrapper

The metadata Access Unit Wrapper (see Table 2-133) shall be used when carrying metadata Access Units in PES pagkets
withja stream_type of 0x15 and'a stream_id value of OxFC or in synchronized DSM-CC download sections of stream |type
0x19. The wrapper defines(@-structure consisting of a concatenated number of Metadata AU _cells. By coding the sige of
the dontained metadataGimeach metadata AU _cell, metadata agnostic parsing is possible in receivers: the parsef can
retrigve the metadataand provide it to a metadata decoder without a priori knowledge on any detail of the metadatal The
Metgddata AU cell ‘Shall be aligned with the transport; that is the first byte of the payload of the PES packgt or
synchronized DSM-CC download section shall be the first byte of a Metadata AU _cell.

If a jmetadata~ Access Unit does not fit entirely into a metadata AU cell, then the metadata Access Unit shajl be
fraginesnted into multiple metadata AU _cells, where the fragmentation_indication in each such metadata AU cell signals
that theametadata 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 Neo—of-bits Muaemenie
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
}

metgdata_service_id: This 8-bit field identifies the metadata service associated with the metadata Access Unit carried
in th{s metadata AU cell.

sequience_number: This 8-bit field specifies the sequence number of theymetadata AU _cell. This number increments by
one for each successive metadata AU_cell constituting the metadata, AU wrapper, independent of the coded valyie of
the metadata_service id.

cell [fragment_indication: This 2-bit field conveys informdtion 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 cel} carrying a complete metadata Access Unit.
'10' The firstcell from a series of cells with data from one metadata Access Unit.
'01' Theg Tast cell from a series of cells with data from one metadata Access Unit.
'00' A cell from a series of cells with data from one metadata Access Unit, but neither
the first nor the last one.

random_access_indicator: This 1-bit field, when coded with the value 'l', indicates that the metadata carried iy this
metadata AU _cell représents an entry point to the metadata service where decoding is possible without information ffrom
previjous metadata_AU cells. The meaning of a random access point is defined by the format of the metadata.

decoder_config flag: This 1-bit field signals the presence of decoder configuration information in the carried metgdata
Accgss Unit,Note that this does not preclude the presence of metadata in the Access Unit next to decoder configurption
data,

AU_celidata_tength T his 16-bit fictd specifics the number of AU_cell_data_bytes immediatety fotfowing.

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 i. dlIISpPoIt llleildlliblu Uf IVICI.dL‘laLa Ta‘UlUb ib bUlllleld.‘UlC o l.llC Hall>Sport lllehdlliblll Uf PlUgldlll Iviap Td.‘UICL and
Program Association Tables. Each Metadata Table may be made up of multiple metadata sections. Each Metadata j['able
may [contain metadata from multiple metadata services.

Spedific stream_type and table id values are assigned to metadata sections. Metadata decoder configuration data can also
be carried in sections, signalled by a metadata description value, as assigned by the metadata deceder configurption
desctiptor.

Table 2-136 — Section syntax for transport of metadata

Syntax Noof\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

}

tabl¢ id: The table id is an 8-bit-field that shall be set to '0x06' for each metadata section.
sectipn_syntax_indicator: This 1-bit field shall be set to '1".
private_indicator: This~l-bit field is not specified by this Specification.

random_access_indicator: This 1-bit field, when coded with the value '1', indicates that the metadata carried i1} this
metaldata section fepresents an access point to the metadata service where decoding is possible without information ffrom
previous metadata sections. The meaning of a random access point is defined by the format of the metadata.

decoderccomifig_flag: This 1-bit field, when coded with the value '1', indicates that decoder configuration information is
pres¢ntin 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.

vers
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sectipn_number: This 8-bit field gives the number of the metadata section. The sgetion_number of the first sectior
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'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.

on_number: This 5-bit field is the version number of the whole Metadata Table. The version number sha
mented by 1 modulo 32 whenever the information contained within the Metadata Table changes. Whet
nt next indicator is set to 'l', then the version number shall be that of the currently applicablé_Metadata T|
h the current next indicator is set to '0', then the version number shall be that of the next applicable Metadata T|

ent_next_indicator: A 1-bit field, which when set to '1' indicates that the Metadata Table.sent is currently applic
h the bit is set to '0', it indicates that the Metadata Table sent is not yet applicable and-shall be the next Met:
e to become valid.

data Table shall be 0x00. The section_number shall be incremented by 1 with.each additional section in this Met

h
C.

section_number: This 8-bit field specifies the number of the last\section (that is, the section with the hi
bn_number) of the complete Metadata Table of which this section 15-a part.

data_byte: This 8-bit contains contiguous bytes from a metadata Access Unit.

" 32: This 32-bit field shall contain the CRC value that gives a zero output of the registers in the decoder defin
bx A after processing the entire metadata_section.

7  Use of the DSM-CC data carousel to transport metadata

PDSM-CC tools as defined in ISO/IEC 13818-6"for Data Carousels can be used if a carousel delivery mechani;
red without the need to express the hieratchical organization of the metadata structure in the transport mechat

ignalling of metadata serviceswithin a DSM-CC data carousel is required, but not defined by this Specificatio

8  Use of the DSM-CC object carousel to transport metadata

arousel delivery mechanism is required with the capability to express the hierarchical organization of the met
ture in the transpoft;then the DSM-CC tools and file structures as defined in ISO/IEC 13818-6 for User to
ct Carousels can'bg/used. These file structures provide the tools to structure the metadata as deemed appropriaf
ent parsing of the metadata and for expressing the hierarchical organization of the metadata. Information need

1. This may be the IOP:IOR() as defined in 11.3.1 and 5.7.2.3 of ISO/IEC 13818-6 DSM-CC. A specific stream |
is assigned to signal carriage of metadata in the DSM-CC object carousel. Note that signalling of metadata ser]
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n(aDSM-CC object carousel is required, but not defined by this Specification.

2.12.9 Metadata-related signalling

2.12.9.1 General

Metadata-related signalling covers four distinct areas:
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+  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

asso

2.12

In 2.
spec
streal
contq
desc
cons
of p
cons

2.12

In 2.
othe]
conty
desc
Speg

The
The
as of]
as th

1ated with.

9.3 Signalling of content for use by a metadata system

.56 and 2.6.57, a content labelling descriptor is defined that can be used to assign a metadata application fa
fic reference, the content_reference id record, to audiovisual or any other content carried over an‘'MPEG-2 tran
m or program stream. The content_reference id record can be used by the metadata system as@-label to refer to
bnt. The content may represent, for example, a program or a stream or segments therepf._The content labg
iptor also provides information on the content time base used for time referencing from-the metadata, includin
ant offset in time between the metadata time base and the applied content time base{The’descriptor allows car
ivate data. The metadata application format may define constraints on the content reference record, sug
raints on the time period during which it is valid.

9.4 Association of metadata to content

b.58 and 2.6.59 the metadata pointer descriptor is defined to associate-asingle metadata service to audiovisual o
content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream. The metadata is associated with the content withi
bxt as defined by the location of the descriptor. In a transport stream, the descriptor may be located in the PMT i
iptor loop for either the program or an elementary stream, but'may also be located in tables not defined if
ification, such as tables describing bouquets of broadcast setvices.

Hescriptor provides the value of the metadata_servige) 1d that is assigned to the associated metadata service, as|
e or more locations of the associated metadata. The location may for example be within the same transport st
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metadata pointer descriptor points from the content's ontext to the metadata service associated with that corjtent.

well
ream

e content, or within another transport stream,-but also at a non-Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream
locaffion such as the Internet.

2.12)9.5 Signalling decoder configuration/data
Decqding of metadata may require~the availability of metadata decoder configuration data. If needed, dedoder
conflguration data shall be contained in one of the metadata services in the same program in the fame
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ITU-T H.222.0 | ISO/IEC 18818-1 stream as the metadata service. If decoder configuration data is needed to dd
tadata service, then the. metadata descriptor either carries such data or provides the information on retrieval o
der configuration data_from the same or another metadata service. In a transport stream such other service c3
1 by searchingn-the PMT for a metadata descriptor with the metadata service id as specified in
der config mefadata service id field (and with the same metadata format and the same metadata applic
at).

9.6 Overview of metadata signalling

© ISO/IEC 2019 - All rights reserved

e 2-9 provides an example of metadata signalling, in which a single pr

ogram, the "content program", carrie

code
f the
n be

the
ation

5 the

" "

Rec. ITU-T H.222.0 (08/2018)

, the

167


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

ISO/IEC 13818-1:2019 (E)

In t
metal
labell
the 0
contq
item

The

In th|
in th
a UR
sincg
be al

In th
If us

Upon identifying a metadata pointer descriptor in the PMT by a receiver decoding the content program, the rec

retrig
then

2.12

The
For ¢
of th

i PMT i Video
MPEG-2 ' 1
program  il|s, 5= w5| i [Audo
vith IS SE|[SS8 | =
associated | |58 2 é% 211|858
metadata | = =3 =~ 3 _." 58
1 1 O
7| *
Pg%t;t;): numbe Content referencing
- Program number .
- Metadata service id by metadata service
{PMT ! s= \
MPEG2 i ; kI
rogram ‘| 8 8 | 8-z
Earlg;mg s % /i/ E E
] 3=
metadata | £ 2 |1
stream | [R=NE
i i Metadata stream | Metadata service
e

H.222.0(12)_F2-9.

Figure 2-9 — Metadata signalling and referencing

he content program there are two metadata-related descriptors, the content labeling descriptor and
data pointer descriptor. The content_labeling descriptor associates a label, illustrated in the diagram by "co
" and encoded in the descriptor in the content reference id fields, with the content. The label can then be usg
hetadata service to refer to the essence, either in whole, in part, or by@ time-described segment. For examplg
ent labeling descriptor could provide the label "News of 1/1/02", and¢hé metadata could then refer to a specific
in the "News of 1/1/02", for example by providing the specific timiag of the story item.

metadata pointer descriptor provides information of where théimetadata service can be found for the given cor
s example, the metadata is carried in a separate program, bat/it would be equally valid to have the metadata ca
b same program as the content, or provided by some means-beyond the scope of this Specification, for instance
L. This descriptor also provides the metadata service idivalue that is assigned to the metadata service. This is req
a metadata stream could carry multiple metadatas€rvices for many different programs and each program nee
le to uniquely identify its own metadata service:

e metadata program, the metadata descriptor-signals to which metadata service within a metadata stream it apj
bd, the metadata descriptor provides details of where to find the decoder configuration information.

ves the metadata descriptor frofit:the metadata program. If needed first the decoder configuration data is retrig
the decoder is configured aceordingly, after which the metadata service can start being decoded.

10 STD model for metadata
STD model specifi€ésnormative constraints on Rec. [TU-T H.222.0 | ISO/IEC 13818-1 streams that carry meta

e metadata intoB, and output rate Rpetadata OUt 0f B and into Dimetadata, the metadata decoder. See Figure 2-10.
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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
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in the metadata STD descriptor. Buffer B, shall not overflow.

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


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

ISO/IEC 13818-1:2019 (E)

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.

2.132 ISO 15938 decoder (‘nnﬁgnrnﬁnn data

Decqding of ISO 15938 data requires the availability of decoder configuration data. Consequently, when ISO 1593 data
is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, then the metadata descriptor shall signal,'carriage of
asso¢iated decoder configuration data in the same Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream by coding a valpe of
the decoder config flags of either '001' or '010' or '011" or '100".

2.14 Carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video

2.14]1 Introduction

This| Specification defines the carriage of Rec. ITU-T H.264 | ISO/IEC 14496~10 elementary stream within
Rec.|ITU-T H.222.0 | ISO/IEC 13818-1 systems, both for program and transport stteams. Typically, a Rec. ITU-T H.264
| ISQ/IEC 14496-10 stream will be an element of a Rec. ITU-T H.222.0 | ISO/TEC 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 AVC video strgams
is defined using existing parameters from this Recommendation | International Standard such as PTS and DTS, as w¢ll as
infomation present within an AVC video stream.

Carrfjage of AVC video streams in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream defines accurate mapping betfveen
STD| parameters and HRD parameters that may be present in anr AVC video stream. Requirements are defined for the
pres¢nce of HRD parameters in the AVC video stream, to ensure that it can be verified whether each STD requiremg¢nt is
met for each AVC video stream carried in a transport streamior a program stream.

NOTE 1 — Though the timing information present in thes AVC video stream may not use a 90-kHz clock, the PTS and| DTS
timestamps need to be expressed in units of 90 kHz.

Wheh a Rec. ITU-T H.264 | ISO/IEC 14496-10'stream is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 strean, 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/YIEC
14496-10, with the following constraints:

e Each AVC access ufifjshall contain an access unit delimiter NAL Unit;

NOTE 2 — Rec.\[PU-T H.264 | ISO/IEC 14496-10 requires that an access unit delimiter NAL Unit, if presgnt, is
the first NAL WUnit within an AVC access unit. Access unit delimiter NAL Units simplify the ability to deteft the
boundarybetween pictures; they avoid the need to process the content of slice headers, and they are particylarly
usefulfor the Baseline and Extended profiles where slice order can be arbitrary.

*  All S8gquence and Picture Parameter Sets (SPS and PPS) necessary for decoding the AVC video stfeam
shall*be present within that AVC video stream.

NOTE 3 — Rec. ITU-T H.264 | ISO/IEC 14496-10 also allows delivery of SPS and PPS by external means] This
Specification does not provide support for such delivery, and therefore requires SPS and PPS to be carried Within
the AVC video stream.

[ Each AV C vadeo-seauence-tha ava a1

shall

¢ 2 2 S a al2 2! S A O3 — cla —
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 S VC ehiTanCeITent Iayers 1T aif feTenT CIeMeTary SUears, USage of v DRI 1 ongiyTecommended

if access units are not aligned with PES packets.

The TREF field as defined in 2.4.3.7 may be present in the PES headers of elementary streams [with
stream_type equal to Ox1F. The TREF field shall be set and shall be present in the PES headets'as spedified
in 2.14.3.5 and 2.14.3.6 respectively.

NOTE 6 — Currently the presence of TREF is only specified for elementary streamscwith stream_type pqual
to Ox1F.

When a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program includes more than one SVC video sub-bitstijeam,
or more than one AVC video sub-bitstream of SVC and at least one SVC video sub-bitstream, a hiergrchy
descriptor as defined in 2.6.7 shall be used to indicate the dependencies,ef the related video sub-bitstrdams.

All NAL units of a re-assembled AVC access unit shall be passed to the decoder in the order of NAL pnits
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 sub-bitstyeam,

these NAL units may require re-ordering to the order of NALZ{units within an access unit as defined in Rec. I[TU-T
H.264 | ISO/IEC 14496-10 before access unit re-assemblinigy

The profile and level limitations indicated by .profile idc and level idc syntax elements in the
AVC video descriptor, if present, and . the Type II HRD parameters in | the
AVC timing and HRD_ descriptor, if present;for-an AVC video stream resulting from re-assembling (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 video|sub-
bitstream, NAL units with nal unit_type\syntax element equal to 24.

Wheh an AVC video stream conforms to ome“or more profiles defined in Annex H of Rec. ITU-T H.264 |

ISO/JEC 14496-10, the following constraints-additionally apply:

The AVC video sub-bitstream’ of MVC or MV C base view sub-bitstream, as defined in 2.1.9 and 2.|1.89,
shall be an element of @ Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program and the stream_type fof this
elementary stream shallbe equal to 0x1B.

For each MVC\ video sub-bitstream, as defined in 2.1.92, that is an element of the pame
Rec. ITU-T H(222.0 | ISO/IEC 13818-1 program, the stream_type for this elementary stream shall be ¢qual
to 0x20.

Each MV.€"video sub-bitstream shall be associated with one or more consecutive view order index vdlues.

NOTE(="According to the definitions in 2.1.92 and 2.1.89, respectively, an MVC video sub-bitstream or MV(J base
yiew sub-bitstream does not necessarily include view components for all view_id values included in one MVC vigw_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 iew,
view V2 is depending directly on V1, V3 is depending directly on V1 and V2, and V4 is depending directly on V2.
Using such encoded views, two MVC sub-bitstreams M1 and M2 may be created as follows: M1 is associated with the

170

output views VI and V2, and M2 with the output view V4. In this example, 1t 1s 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 AV.C access unit shall be pacqpr‘ 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 — If SEI NAL units are present in any MVC view-component subset of an MVC video s@bsbitstyeam,

these NAL units may require re-ordering to the order of NAL units within an access unit, das defingd in
Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.

*  The profile idc and level idc indication in the AVC video_ descriptor, if present, and ‘the Type II HRD
parameters in the AVC timing and HRD descriptor, if present, for an AVC videe sfream resulting [from
re-assembling (up to) the MVC video sub-bitstream associated with the descriptors shall include NAL
units with nal unit_type syntax element equal to 14, if present, in the AVC yideo sub-bitstream of MVC
or MVC base view sub-bitstream and, if present, in the MVC video,sub<bitstream, NAL units |with
nal unit type syntax element equal to 20 and 24.

Wheh an AVC video stream conforms to one or more profiles defined (in\Annex I of Rec. ITU-T H.264 |
ISO/IEC 14496-10, the following constraints additionally apply:

e The AVC video sub-bitstream of MVCD or MVCD base~view sub-bitstream, as defined in 2.1.1( and
2.1.94, shall be an element of a Rec. ITU-T H.222.0 | ISO/TEC 13818-1 program and the stream_type for
this elementary stream shall be equal to 0x1B.

. For each MVCD video sub-bitstream, as defined in 2.1.96, that is an element of the pame
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 prograng;the stream_type for this elementary stream shall be ¢qual
to 0x26.

. Each MVCD video sub-bitstream shallbe’ associated with one or more consecutive view order index
values.

*  Each view order index value shallibe“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 MVCD yideo
sub-bitstream shall be.ptesent within the elementary stream carrying the MVCD video sub-bitstream

* In each elementary\stteam with stream type equal to 0x26 exactly one VDRD nal unit, as defined
in 2.14.3.3, may. precede all the NAL units of the same MVCD view-component subset.
NOTE 12=1fdny VDRD_nal unit is included in any MVCD view component subset, then the HRD model should

include-this"VDRD nal unit in the buffer model as additional non-VCL NAL units. The NAL unit type 24 may be
usedin a“different way by other specifications out of scope of this Specification.

e 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.
OTE 13%If SEI NAL units are present in any MVCD view-component subset of an MVCD video sub-bitstream, these|[NAL

hits 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
pfore dccess unit re-assembling.

Z.

o o

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.

2.14.

3  STD extensions

3.1 T-STD extensions

The T-STD model includes a transport buffer TB, and a multiplex buffer MB, prior to buffer EB,, for decoding of each
AVC video elementary stream n conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC
14496-10 video elementary stream n. See Figure 2-11.
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Figure 2-11 — T-STD model extensions for Rec. ITU-T H.264 | ISO/IEC.14496-10 video

OTE - For carriage of AVC streams according to High, Progressive High, Constrainéd-High, High 10, High 4:2:2, High
redictive, 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 limit
f this specification are more restrictive than the limits specified in Annex A of Rec(ITU-T H.264 | ISO/IEC 14496 10.

» buffer management

age of an AVC video stream over Rec. ITU-T H.222.0 | ISO/IEEN3818-1 does not impact the size of buffer D
ecoding of an AVC video stream in the STD the size of DPB,, 18.as defined in Rec. ITU-T H.264 | ISO/IEC 1449
PDPB buffer shall be managed as specified in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10 (C.2 and C.
ded AVC access unit enters DPB,, instantaneously upon decoding of the AVC access unit, hence at the CPB ren
of the AVC access unit. A decoded AVC access unjtis presented at the DPB output time. If the AVC video st
des insufficient information to determine the CPB\temoval time and the DPB output time of AVC access units,
time instants shall be determined in the STD_model from PTS and DTS timestamps as follows:

1) The CPB removal time of AVC ageess unit n is the instant in time indicated by DTS(n) where DTS
the DTS value of AVC access\uinit n.

2) The DPB output time of AVC access unit n is the instant in time indicated by PTS(n) where PTS(n) 1
PTS value of AVC aceess unit n.

OTE 1 — AVC video sequences-in_which the low_delay hrd flag in hrd parameters() is set to 1 carry sufficient informat
ptermine the DPB output time and the CPB removal time of each AVC access unit. Hence for AVC access units for which
hderflow may occur, the CRB)removal time and the DPB output time are defined by HRD parameters, and not by DTS ang
mestamps.

MBi: and EBn buffer management

nput to buffer’'TB, and its size TBS, are specified in 2.4.2.4. For buffers MB,, and EB,, and for the rate Rx, bet
hnd MB, ‘ahd the rate Rbx, between MB, and EB,, the following constraints apply for carriage of a Rec. ITU-T H
/IEC 14496-10 stream:

Size EBS,, of buffer EB:

4:4:4
tions

PB..
h-10.
). A
joval
ream
then

n) is

s the

on to
STD
PTS

veen
[.264

172

EBS;, = cpb_size
Where cpb_size is the size CpbSize[ cpb_cnt_minus]1 ] of the CPB for the byte stream format signall

ed 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}

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

MaxCPR defined in Annex A of Rec ITII-T H 264 } ISO/MEC 14496-10 for the level of the

AVC

STD| delay:

The total delay of any Rec. ITU-T H.264 | ISO/IEC 14496-10 data other than AVC still picture data through the Sy

video stream.

Rate Rxy:
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 forithe byte stream fq
and BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.264 | ISO/IEC 14496-10,

NOTE 2 — Annex E specifies the values for BitRate[ SchedSelldx] when NAL/hrd/parameters() is present
VUI parameters of the AVC video stream and default values for BitRate[\SchedSelldx ] based on profil
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 to 'l',
the transfer of data from MB, to EB,, shall follow the HRD defined scheme for data arrival in the
as defined in Annex C of Rec. ITU-T H.264 | ISO/IEC114496-10.

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 Rec. Il
H.264 | ISO/IEC 14496-10 for‘each level.

If there is PES packet payload.data'in MB,, and buffer EB,, is not full, the PES packet payload is transf}
from MB,, to EB, at a rate equal to Rbx,. If EB,, is full, data are not removed from MB,. When

of data is transferred from MB,, to EB,, all PES packet header bytes that are in MB,, and preceds
byte, are instantaneously removed and discarded. When there is no PES packet payload data pr
in MB,, no data-is removed from MB,. All data that enters MB,, leaves it. All PES packet pay
data bytes-entet EB, instantaneously upon leaving MB;,

Removal of AVIC access units from EBn

Each AViG-access unit An(j) that is present in EB, is removed instantaneously at time tda(j). The dec

rmat

n the
e and

then
CPB

'U-T

brred
byte

that
bsent
load

ding

time td,(j) is specified by the DTS or from the CPB removal time, as derived from information ih the

AVC video stream.

stem

B 1 1l = nh = S W & Y 10 et} . 11 1l . 1A et RE Il
Targvt DCCOUCTS DULICTS 1'Dn, IVIDg, dllU LDy SHdll DU COIUAIICU UY W J) — (1) = TU SCCOUIUS 101 41l |, dlltd dIl DylC

AVC access unit Ay(j).

5 11n

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.
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*  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
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,

C
€

ompliance of an AVC video stream to the T-STD ensures that HRD buffer management requirements for CPB. are met when
ach byte in the AVC video stream is delivered to and removed from CPB. in the HRD at exactly the same instant in time at which

the byte is delivered to and removed from EBn in the T-STD.

2.14.3.2 P-STD extensions

The P-STD model for the decoding of an AVC video elementary stream n conforming to one or more profiles defined in

Ann

XA O0f Rec. 1TU-1 H.264 TISO/TECT4496-T0Tlementary Strean Meiudes a mutipiex butfer By and a aecodgr Dy

folloved 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

defirfed by the P-STD_buffer size field in the PES packet header.

DPB buffer management

Buffpr DPB,, shall be managed in exactly the same way as in'the'T-STD; see 2.14.3.1.
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Figure 2-12 — P-STD model extensions for Rec. ITU-T'H.264 | ISO/IEC 14496-10 video

nffer management

AVC access unit data enters buffer B, as specified in 2.5.2.2. At time tda(j), AVC access unit Ay(j) is decoded and
ntaneously removed from B,. The decoding tinte tda(j) is specified by the DTS or by the CPB removal time, detived

from|information in the AVC video stream. Upén decoding, the AVC access unit instantaneously enters DPB,, or is opitput

with

STD| delay

The
Targ

A

The
<60

Buffer management conditions

Prog

ut entry into DPB,, according to the fules specified in Rec. ITU-T H.264 | ISO/IEC 14496-10.

otal delay of any Rec. ITU{T H:264 | ISO/IEC 14496-10 data other than AVC still picture data through the Sylstem
et Decoders buffer B, shall be constrained by tda(j) — t(i) < 10 seconds for all j, and all bytes i in AVC accesq unit

Helay of any AVEstill picture data through the System Target Decoders buffer B, shall be constrained by td,(j) |- t(i)
seconds for allj;-and all bytes i in AVC access unit A(j).

ram<treams shall be constructed so that the following conditions for buffer management are satisfied:

. 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
}
3.4 Semantics of view and dependency representation delimiter NAL unit
dden_zero_bit  — shall be equal to 0x0
ref_idc — shall be equal to 0x0
init_type — shall be equal to 0x18
3.5 T-STD extensions for SVC

T-STD model described in 2.14.3.1 is applied if the received elementary stream is acyideéo sub-bitstrea
In_type 0x1B, i.e., only the AVC video sub-bitstream of SVC is received and decoded.

h there is a set of received video sub-bitstreams in a Rec. ITU-T H.222.0 | ISO/IEC-13818-1 program, for
hdencies may be signalled in the hierarchy descriptor as defined in 2.6.6, and when\there is at least one of the Y
bitstreams in the set of received elementary streams having the value of stream type’equal to 0x1F, the T-STD n
scribed in 2.14.3.1 is extended as illustrated in Figure 2-13 and as specified below.

Elementary streams associated by hierarchy_descriptor:

H
DR Gp)

EB,
ckets of Rx Rbx,,
PID; i, _»I By [ MBym ES +m
i with trefnﬂ (jn+l> = tCll] (}1 )
ORd n+l (J nfl) = tdn (—]n)
o/—+| 8, | mB,.. }—] DRBHH\Zf—\
K\ DR,(j,) with

tdn(jn)
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- -~ Other PIDs H.222.0(12)_F2-1

Access unit
re-assembling

Figure 2-13 — T-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10
Video with scalable video sub-bitstreams

following additionalnotations are used to describe the T-STD extensions and are illustrated in Figure 2-13 abo
ES, is'the received elementary stream associated with dependency _id value equal to n
ESu is the received elementary stream associated with the highest value H of dependency _id presd

the set of received elementary streams

J is an index to the re-assembled access units

m of

hich
rideo
hodel

k)
()

nt in

L NI d
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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 representations

with dependency id value equal to H

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 unit Au(j)

resulting from re-assembling (up to) the ju-th SVC dependency representations DRu(jn)
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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
representation DRy(jn) of the same access unit

TBn is the transport buffer for elementary stream associated with dependency id value equal to n

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

MB,

is the multiplexing buffer for elementary stream associated with dependency id value equal to n

MBS, is the size of the multiplexing buffer MB,, measured in bytes

DRB, s the dependency representation buffer for elementary stream ES,

DRBS, is the size of dependency representation buffer DRB,, measured in bytes

EBy

is the elementary stream buffer for all video sub-bitstreams

Carj

For
depe]
depe]

DPB
The
timif]
reprq

TB.,
The

Rxy

g values,

following

EBSu s the size of elementary stream buffer EBy, measured in bytes

Rbx, is the transfer rate from MB, to DRB,, as specified below

iage in PES packets

borrect re-assembling of the SVC dependency representations to an AVC access unit, 'if there is both an
ndency representation with any dependency id equal ton and an SVC depehdéncy representation
hdency_id equal to (n+1) in the same AVC access unit, the following applies:

buffer management

PDPB buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC access

sentations of the video sub-bitstream inelementary stream ESy.

MB,, EB. buffer management

is the transfer rate from TB, to MB, as specified below

a PES packet per SVC dependency representation start shall be presents.ile., at most one SVC depend
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 depend
representation;

if the DTS value of the SVC dependency representationwith dependency id equal to n is different
the DTS value of the SVC dependency representatien with dependency id equal to (n+1) of the
access unit, the TREF field as defined in 2.4.3.7 shall'be present in the PES header extension of the
dependency representation with dependency _idcegual to (n+1) and the TREF field value shall be equ
the DTS value of the SVC dependency representation with dependency_id equal to n.

as DTS or CPB removal time,~and PTS or DPB removal time, associated with the SVC depend

applies:

There is exactly~one transport buffer TB as defined in 2.14.3.1 for each received elementary stream i
set of received,video sub-bitstreams contained in elementary streams as shown in Figure 2-13.

There is.exactly one multiplexing buffer MB, for the AVC video sub-bitstream of SVC in eleme
stream ESo, where the size of the multiplexing buffer MBS is constrained as follows:

MBSy = BSmux+ BSono+ 1200 x MaxCPBJlevel]o — cpb_sizeo

where BSmux,0, BSoh, are defined in 2.14.3.1 for the AVC video sub-bitstream of SVC in elementary st
ESo;

SVC
with
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where MaxCPBJlevel]o and cpb_size, for the elementary stream ESy are defined as in 2.14.3.1.

NOTE 1 — If HRD parameters are present in at least one of the video sub-bitstreams, those parameters have
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

to be

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:

)

following specifies the access unit re-assembling that results in AVC access unit Ay(j):

EBSH = Ln (DRBSn)

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 forthe byte stream format and
BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.264 | {SO/IEC 14496-10 when NAL
hrd parameters() is present in the VUI parameters of the SVC video sub<bitstream.

NOTE 2 — Annex E also specifies default values for BitRate[ SchedSelldx{based on profile and level when|NAL

HRD parameters are not present in the VUL The SVC video sub-bitstteam level is determined by the level of]AVC
video stream resulting from re-assembling (up to) the associated videp sub-bitstream n in elementary streanj ESq.

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 'l' for
elementary stream ESy, then the transfer of data from WB, to DRB, shall follow the HRD defined 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 totransfer data from MB,, to DRB, as follows:
Rate Rbx,:

Rbx4 =-1200 x MaxBR[level],

where MaxBR[level], is {defined for the byte stream format in Table A.1 (Level Limit{) in
Rec. ITU-T H.264 | ISOAEC 14496-10 for the level of the AVC video stream resulting from re-assempling
(up to) the associated-video sub-bitstream n in elementary stream ES,. If there is PES packet payload data
in MB,, and buffer-EB1; is not full, the PES packet payload is transferred from MB,, to DRB,, at a rate ¢qual
to Rbx,. If EBgis full, data are not removed from MB,. When a byte of data is transferred from MB, to
DRB,, all PES'packet header bytes that are in MB,, and precede that 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 upon legving
MB#,

Collect all SVC dependency representations DRy(jn) starting with the highest value of dependency |id n,

ii)

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.

BquLr management conditions

Trankport streams shall be constructed so that the following conditions for buffer management are satisfied:
*  Each TB, shall not overflow and shall be empty at least once every second.
. Each MB,, EBy, and DPB shall not overflow.

*  EBy shall not underflow, except when VUI parameters are present for the AVC yideo sequence of tHe re-
assembled AVC video stream with the low_delay hrd flag set to 'l'. Underflow of EBx occurs for AVC
access unit Au(j) when one or more bytes of Axu(j) are not present in EBy af the’decoding time tdu(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
streajn_type 0x1B, i.e., only the AVC video sub-bitstream of SVC is decoded.

Wheh there is a set of decoded video sub-bitstreams in a Rec. ITU-T H:222.0 | ISO/IEC 13818-1 program, for which
depephdencies may be signalled in the hierarchy descriptor as defined«in2.6.6, and when there is at least one of the yideo
sub-bitstreams in the set of decoded elementary streams having the;value of stream_type equal to 0x1F, the P-STD npodel
as dgscribed 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 DRB
stream, 1 n+m| DR, 1, Gory)
with'trefy1 (o) == td, (j,)
OR tdn+1(jn+) == td, (y)
» D
— RB,. |- ~
O DR,(j,) with Au() Py(k)
—d tdo(i ; tpy(k
_Jrs o/ DRE, o(jn) ° tdy (), D, DPB _pH(’)
t(i) Demux a’ 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 11 - ddata 1 ot d ¢ pa | Jaadtla D _CTIN £ M a | +11 s s I 214 L.
UllUVV1115 AUUILIVIIAT TTULALIVUIIS dI'V USLVU U ULSUTIULV IV T QD 1T VALVIISIVUILIS allltl alIv 1I1Iiusurailvua 1inr 1 ISUIU I aAuUuJU e.
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
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An(j)

tdn(jn)

tdu(j)

tref n(jn)

ISO/IEC 13818-1:2019 (E)
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

is the decoding time, measured in seconds, in the system target decoder of the j,-th SVC dependency
representation of the video sub-bitstream associated with dependency _id value equal to n

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)

is equal to the decoding time value tdni(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

Bu

representation DR,(jn) of the same access unit

is the input buffer for all decoded video sub-bitstreams

Carj
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DRB, is the dependency representation buffer for elementary stream ES,

DRBS, is the size of dependency representation buffer DRB,, measured in bytes

iage in PES packets

borrect re-assembling of the SVC dependency representations to an AVC access unit, ifythére is both an
ndency representation with any dependency id equal ton and an SVC dependenicy representation
ndency id equal to (n+1) in the same AVC access unit, the following applies:

a PES packet per SVC dependency representation start shall be present, i:¢:,"at most one SVC depend
representation may commence in the same PES packet;

the PTS and, if applicable, the DTS value shall be provided in the RES header of each SVC depend
representation;

if the DTS value of the SVC dependency representation with‘dependency id equal to n is different
the DTS value of the SVC dependency representation “ith dependency id equal to (n+1) of the

access unit, the TREF field as defined in 2.4.3.7 shallibe present in the PES header extension of the
dependency representation with dependency_id equal'to (n+1) and the TREF value shall be equal t
DTS value of the SVC dependency representationéwith dependency_id equal to n.

buffer management

DPB buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC access
g values,
sentations of the video sub-bitstream in elementary stream ESy.

as DTS or CPB removal time, and\PTS or DPB removal time, associated with the SVC depend

nffer management

applies:

There is exactly gne-€lementary stream buffer By for all the elementary streams in the set of ded
elementary streamsas shown in Figure 2-14, where the size of BSy is defined by the P-STD_buffer
field in the PES-packet header of elementary stream ESy.

There is ‘exactly one dependency representation buffer DRB, for each elementary stream in the §
decoded elementary streams as shown in Figure 2-14, where each dependency representation buffer [}
in the'set of decoded elementary streams is allocated within BSy. Even though the size DRBS,, of indiv
DRB, is not constrained, the sum of the sizes DRBS, is constrained as follows:

BSu = >» (DRBS,)

SVC
with

ency

ency

from
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SVC
b the

unit
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| size

et of
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where By 1S the S1z€ OT the Imput DUIIer 101 the SV VIAeo Sub-Ditstréam I eliementary stream EdSy 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 Au(j) followin
rule below:

g 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 Ay(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 ESy, as derived from information in the re-assembled’ AVC
video stream.

STD| delay

The BTD delay for the re-assembled AVC access units shall follow the constraints specified in 2.14-3.2.

Buffer management conditions

Progfam streams shall be constructed so that the following conditions for buffer managemént are satisfied:
*  Bup shall not overflow.

*  Bgy shall not underflow, except when VUI parameters are present™for the AVC video sequence of the
re-assembled AVC video stream with the low_delay hrd flag sétito '1' or when trick mode status is|true.
Underflow of By occurs for AVC access unit Ax(j) when one©r more bytes of Au(j) are not present jn 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 weg€ived elementary stream is a video sub-bitstream of
stream_type 0x1B, i.e., only the AVC video sub-bitstream,of MVC or MVC base view sub-bitstream is received and
decofded.

Wheh there is a set of received video sub-bitstreamis and MVC video sub-bitstreams in a Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 program, of which dependenciesunay be signalled in the hierarchy descriptor, as defined in 2.6.7 and
when there is at least one of the MVC video sub-bitstreams in the set of received elementary streams having the valpe of
streajn_type equal to 0x20, the T-STD medel as described in 2.14.3.1 is extended as illustrated in Figure 2-15 apd as
specified below.

MVC elementary streams associated to the same program

EB,

n+m VS,4; (p41) With
tdn+1 (nt1) == td Gy)
0/_ "F’Bnﬂ I—’l MB,,, | --VSBnH ’L”\o

VS, (j,) with Ay Py (k)
tdn(jn) th (J) tpH (k)
—8 TS, o— TB, I—bl MB, I— VSB, Dy DPB E )
D |Demux _bl Access unit
w—asscn'rbﬁng
_____ 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

Cari

For (

DPB
The
timif]
subs

TB.,
The

ESu 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

Jn 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

VSu(jn) s the jo-th MV C view-component subset of the MVC video sub-bitstream associated with ES,

Au() is the j-th access unit resulting from re-assembling (up to) the H-th MVC view-component subset

radadd bPA N B«
ASOULVIAIVU  WILT 1/OH

tda(jn)  is the decoding time, measured in seconds, in the system target decoder of the MVC view-comp¢nent
subset VS,(jn)

tdu(j) is the decoding time, measured in seconds, in the system target decoder of the j-th aceess unit Au(j)
resulting from re-assembling (up to) the MVC view-component subset VSu(ju)

TB. is the transport buffer for elementary stream ES,

TBS, is the size of the transport buffer TB,, measured in bytes

MB, is the multiplexing buffer for elementary stream ES,

MBS, is the size of the multiplexing buffer MB,, measured in bytes

VSB, is the view component subset buffer for elementary stream ESy

VSBS, is the size of view component subset buffer VSB,, measured’in bytes

EBu is the elementary stream buffer for the AVC video sdb3bitstream of MVC and all MVC video|sub-
bitstreams

EBSy s the size of elementary stream buffer EBy, measured in bytes

Rx, transfer rate from TB, to MB,, as specified-below

Rbx, transfer rate from MB, to VSB,, as specifiéd below

iage in PES packets

orrect re-assembling of the MVC view-component subsets to an AVC access unit, the following applies:

* a PES packet per MVC viewscomponent subset start shall be present, i.e., at most one MVC

view-component subset may commence in the same PES packet;

+ the PTS and, if applicable, the DTS value shall be provided in the PES header of each MVC

view-component subset:

buffer management

DPB buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC accesq unit
g values, as DTS-of.CPB removal time, and PTS or DPB removal time, associated with the MV C view-compgnent

pts of the MV video sub-bitstream in elementary stream ESy.

MB,, EB;, buffer management

following applies:

»  There is exactly one transport buffer TB, as defined in 2.14.3.1, for each received elementary stream i the
—ﬁ_Tm_WT_RVTﬁ_FWF_lse Of Teceive Video sub-bitstreans, including Video sub-bitstream o ;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:

EBSH = cpb_sizen

where cpb_sizey is the cpb_size for the MVC video sub-bitstream in elementary stream ESy as definged in
2.14.3.1 for the re-assembled AVC video stream.

There is exactly one view component subset buffer VSB,, for each elementary stream’in the set of rec¢ived
elementary streams as shown in Figure 2-15, where each view component subsetbuffer VSB, in the §et of
received elementary streams is allocated within EBy. Even though the size YSBS, of individual 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 ]\of data flow into the CPB for the byte stream format and

BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-T H.264 | ISO/IEC 14496-10 when NAL
hrd_parameters() is present in the VUI patameters of the MVC 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 VUI. The MVC video sub-bitstream level is determined by the leyel of
AVC video stream resulting from!/re-assembling (up to) the associated MV C video sub-bitstream n in elemgntary
stream ESh.

Transfer from MB,, to VSB,'is applied as follows:

If the AVC _timing_afids HRD descriptor is present with the hrd management valid flag set to 'l' for
elementary stream-ESy, then the transfer of data from MB,, to VSB,, shall follow the HRD defined scheme
for data arrival in the CPB of elementary stream ESy as defined in Annex C of Rec. ITU-T H.264 | ISOYIEC
14496-10.

Otherwis€sthe leak method shall be used to transfer data from MB,, to VSB, as follows:
RateRbxy:

Rbx, = 1200 x MaxBR[level],

where MaxBR[level], is defined for the byte stream format in Table A.1 (Level limitd) in
Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC video stream resulting from re-assempling

(up to) the associated MV C video sub-bitstream n in elementary stream ES,. If there 1s 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+1(jy+1) and VSy(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 MVC sub-bitstream.

ii) If SEI NAL units are present in any MVC view-component subset with view order index not equal to 0,
these NAL units shall be re-ordered to the order of NAL units within an access unit, as defined in
Rec. ITU-T H.264 | ISO/IEC 14496-10, before access unit re-assembling.

The fottowingspecifies the Temovalof access umit A front buffer EB

At the decoding time td(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 assoeiated|{with
the MV C view-component subsets in elementary stream ESy, as derived from information in the re-assenbled
AVC video stream.

STD| delay

The BTD delay for re-assembled AVC access units shall follow the constraints specified in 2714.3.1.

Buffer management conditions

Trankport streams shall be constructed so that the following conditions for buffer management are satisfied:
*  Each TB, shall not overflow and shall be empty at least once every second.
. Each MB,, EBy, and DPB shall not overflow.

*  EBuq shall not underflow, except when VUI parameters ar¢ present for the AVC video sequence of the re-
assembled AVC video stream with the low_delay hrd\flag set to '1'. Underflow of EBy occurs for AVC
access unit Ag(j) when one or more bytes of Apn(j).are not present in EBy at the decoding time tdu(j)

Buffer management for MVCD video sub-bitstream follows.the same extensions as specified for MVC video i1 this
clauge. Carriage in PES packets for MVCD video sub-bitstteam is specified below:

Carriage of MVCD sub-bitstream in PES packets

For gorrect re-assembling of the MVCD view-component subsets to an AVC access unit, the following applies:

* a PES packet per MVCD/view-component subset start shall be present, i.e., at most one MNCD
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 MVyCD
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
strean_type 0x1B, 1.8, only the AVC video sub-bitstream of MVC or MVC base view sub-bitstream is decoded.

Wheh there is a setof decoded MVC video sub-bitstreams in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, of which
view| order index/values may be signalled in the MVC_extension_descriptor, as defined in 2.6.78, and when there|is at
least|one ofi.the MVC video sub-bitstreams in the set of decoded elementary streams having the value of stream [type
equal to/0x20, the P-STD model, as described in 2.14.3.2, is extended as illustrated in Figure 2-16 and as specified b¢low.
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MVC elementary streams associated with the same program
BH
Program
stream, »V5Bim
VSnH (jn+l) with
» VSB tdn+1 (jnﬂ) == tdn(jn)
> n+l \ .
VS, (j,) with AL () Pu(k)
i i tp,(k
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t(i) Demux Access unit
re-assembling
o mT T UIner progrant Stredints e coom p e
Figure 2-16 — P-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 Video
with MVC video sub-bitstreams
The following additional notations are used to describe the P-STD extensions and are illustrateddn Figure 2-16 aboye.
ES, is the received elementary stream associated with the n-th MVC video sub-bitstream, where n {s the
index to the MVC view_id subsets starting with value 0 for the MV view_id subset containing the
base view and ordered according to the minimum view order index contained in each MVC view_id
subset
ESu 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 ‘ptesent in all MVC view id subsets of
received elementary streams
] is an index to the re-assembled access units
Jn is an index to the MVC view-component subsets-of the elementary stream associated with the| n-th
MVC view_id subset
VSiu(jn) 1is the jo-th MVC view-component subset of the MVC video sub-bitstream associated with ES,
Au() is the j-th access unit resulting fronre-assembling (up to) the H-th MVC view-component spibset
associated with ESy
tda(jn) s the decoding time, measured 41 seconds, in the system target decoder of the MVC view-compgnent
subset VS,(jn)
tdu(j) is the decoding time, medsured in seconds, in the system target decoder of the j-th access unit Au(j)
resulting from re-agsembling (up to) the MVC view-component subset VSx(ju)
Bu is the input bufifer for all decoded MVC video sub-bitstreams
BSu is the size of'the input buffer By, measured in bytes
VSB, is the viewComponent subset buffer for elementary stream ES,
VSBS, is thesize of view component subset buffer VSB,,, measured in bytes
Carriage in PES packets
For gorrect re*assembling of the MVC view-component subsets to an AVC access unit, the following applies:
*\"~'a PES packet per MVC view-component subset start shall be present, i.e., at most one MVC
view-component subset may commence in the same PES packet;

+ the PTS and, if applicable, the DTS value shall be provided in the PES header of each MVC
view-component subset.

DPB buffer management

The DPB buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC access unit
timing values, as DTS or CPB removal time, and PTS or DPB removal time, associated with the MV C view-component

subsets of the MVC
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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 BSH is the size of the input buffer for the MVC video sub-bitstream in elementary stream ESy, ds.defined
in 2.14.3.2, for the re-assembled AVC video stream.

Accgss unit re-assembling and B removal

The following specifies the access unit re-assembling that results in AVC access unit Ax(j):
i)  Assemble the MVC view-component subsets for the j-th access unit Au(j) following the rule below:

*  For each two corresponding MVC view-component subsets VSy:+1(fy+1) and VSy(jy) collectel for
access unit Ay(j), where VS, is associated with a program\“element identified by| the
hierarchy layer index indicated in the associated hierarchy deseripfor, and VSy. references V§, by
the hierarchy embedded layer index indicated in the hierarchy-descriptor associated with program
element associated with VSy.1, the DTS value of tdy+1(jy+1) @£V Sy+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 and V$y+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 equal|to 0,
these NAL units shall be re-ordered to the order of NAL units within an access unit, as defined in Rec. [TU-
T H.264 | ISO/IEC 14496-10, before access uttitre-assembling.

The following specifies the removal of access unit Ay(j) from buffer By:

At the decoding 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 speeified by the DTS or by the CPB removal time that is associated|with
the MVC view-component subsets inelementary stream ESy, as derived from information in the re-assenpbled
AVC video stream.

STD| delay
The BTD delay for the re-assembled-AVC access units shall follow the constraints specified in 2.14.3.2.

Buffer management conditions

Program streams shall be-gonstructed so that the following conditions for buffer management are satisfied:
* By shallhot overflow.

e By 'shall not underflow, except when VUI parameters are present for the AVC video sequence of the
re~assembled AVC video stream with the low_delay hrd flag set to '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).

2.15 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
Unlt bUllbiblb Uf UIIC Ul ITIUIT bU—bdﬂCd TTUD FUI bauiagc ill PES pabkClb, aliguulclu bULWCCu PES pdbl\ULb dlld TT S 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
bytejof a TTU, which is the first byte of the TTU header specified in 7.4.2 in ISO/IEC 14496-17. There is no_furtherneed
for aJignment; hence, the first TTU in a PES packet may contain for example a non-first fragment of a Text|Accesq unit
or a Bample Description.

A PTS shall be coded in the PES packet header of each PES packet carrying an ISO/IEC 14496-17text stream. The[PTS
shall| refer to the first Text Access Unit that commences in the PES packet. A Text Access Unit)commences in a[PES
packet if a TTU[1] with a complete text sample or the TTU[2] with the first fragment of a text sample is present in the
PES jpacket. For identifying whether a TTU[2] carries the first or a subsequent text sampledragment, see 7.3.2.2 and [/.4.5
in ISO/IEC 14496-17.

2.15)3 STD extensions

2.15)3.1 T-STD extensions

The [T-STD model includes a transport buffer TB, and a multiplex buffer B, prior to the Hypothetical Text Degoder
defirled in ISO/IEC 14496-17. transport stream packets with ISO/IEC, 14496-17 data, as indicated by its PID, entdr the
buffgr TB,. Bytes are removed from TB, to enter Buffer B, at thertate Rx,. Delivery of bytes from B, to enter the
TTU| Decoder in the HTD is at rate Rbx,. See also Figure 2-17.

,I, O \\“
| i O Decoded
\“ ; - RX_ 5 RBG)T —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

’
\
PR et et e |

TN 22010 a7
Figure 2-17 — T-STD model extensions for ISO/IEC 14496-17 text streams

Buffer managément

The pize TBSy of TB, is equal to 512 bytes. For ISO/IEC 14496-17 text streams, the size BS, of B, is equal to 4096 Hytes.
The tate Rx, is equal to 2 000 000 bits/s. The rate Rbx, meets the delivery schedule defined for ISO/IEC 14496-17 data
at theinput of the HTD in clanse 77 of ISOQ/TEC 14496-17 ie  Rbx, = R[profile level] if the textSampleBuffer is not
full and Rbx, = 0 if the textSampleBuffer is full, where R[profile, level] is defined as the profile and level specific rate R
in clause 7.8 of ISO/IEC 14496-17.

Each of the following requirements shall apply:
—  Buffer TB, shall not overflow.
—  Buffer B, shall not overflow.
—  Each HTD requirement specified in clause 7.7 of ISO/IEC 14496-17 shall be met.
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2.15.3.2 P-STD extensions

The P-STD model for the decoding of an ISO/IEC 14496-17 text stream includes a multiplex buffer B, prior to the
Hypothetical Text Decoder defined in ISO/IEC 14496-17. For each ISO/IEC 14496-17 text stream n, the size BS, of
buffer B, in the P-STD is defined by the P-STD buffer size field in the PES packet header.

Each of the following requirements shall apply:
—  Buffer B, shall not overflow.
—  Each HTD requirement specified in clause 7.7 of ISO/IEC 14496-17 shall be met.

2.16 Carriage of auxiliary video streams

o aaonn A ) 1 -1 o o aanan o 1 -3 1 CE
ISO LT 25UUZ=5 SPCUIICS  dUXAIlldly  VIUCU SUCAIILS.  1OUMILETC Z0UUZL=0 dUXIIIdly VIUCO SUTAIILS Cdll DT CdlTICU over

Rec.[ITU-T H.222.0 | ISO/IEC 13818-1 streams as follows:

* inTable 2-27, 16 stream-id_extension values are assigned to signal auxiliary video streams;
* in Table 2-34, one stream-type value is assigned to signal an auxiliary video stream;

+ in Table 2-45, one descriptor tag is assigned to indicate an auxiliary video stream descriptor;
* in 2.6.74 the auxiliary video stream descriptor is specified;

»  the auxiliary video stream descriptor is associated with each auxiliary video stream.

Auxfliary video streams provide additional information about a conventional primary\video sequence, as specifi¢d in
ISO/IEC 23002-3. The auxiliary video stream shall be synchronized with its primary.video counterpart through th¢ use
of timestamps in the associated PES header based on the same PCR clock.

In case a program contains multiple video streams, it will be up to the applieation to specify the association betweeh the
videp component and auxiliary video streams.

2.17 Carriage of HEVC

2.17{1  Constraints for the transport of HEVC

For HEVC video streams, HEVC temporal video sub-bitstreams or HEVC temporal video subsets, the following
consfraints additionally apply:

. Each HEVC access unit shall contain{ an access unit delimiter NAL unit.

NOTE 1 - HEVC requires that ahiaccess unit delimiter NAL unit, if present, is the first NAL unit within an HEVC
access unit. Access unit delimiiter NAL units simplify the ability to detect the boundary between HEVC dccess
units.

*  An HEVC video stream‘\er HEVC temporal video sub-bitstream of an HEVC video stream conformipg to
one or more profiles defined in Annex A of Rec. ITU-T H.265 | ISO/IEC 23008-2 shall be an elemgnt of
a Rec. ITU-T H.222,0 | ISO/IEC 13818-1 program and the stream_type for this elementary stream shgll be
equal to 0x24.

NOTE 2.=Such a stream can be the HEVC base sub-partition of an HEVC video stream conforming to gne or
more.profiles defined in Annex G or Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2.

*  Thedyidéo parameter sets, sequence parameter sets and picture parameter sets, as specified in |Rec.
ITU=T H.265 | ISO/IEC 23008-2, that are necessary for decoding an HEVC video stream or HEVC
temporal video sub-bitstream shall be present within the elementary stream carrying that HEVC yideo
stream or HEVC temporal video sub-bitstream.

¢ For each HEVC temporal video subset of an HEVC video stream conforming to one or more prgfiles

dafs e A A £ ITILIL T I1 2048 LICONDC 22000 2 41 o4 o 1 ool 4l R Y“UT
UCTIIICUTIT Z7XTICAT 7Y UT WU TT O T T ZU00 o077 T T 20000 IIatT 1S alT CTUITICTTIC UT U SAatiTCe INCUT 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.

in the hierarchy descriptor shall be equzll to 15.
*  Ineach elementary stream with stream_type equal to 0x25 with a hierarchy descriptor, the hiepaichy|type
in the hierarchy descriptor shall be equal to 3.

+ The video parameter sets, sequence parameter sets and picture parameter sets, as‘specified in |Rec.
ITU-T H.265 | ISO/IEC 23008-2, that are necessary for decoding the HEVC highest temporal sub-Jayer
representation of an HEVC temporal video subset shall be present within the eleméntary stream carfying
the HEVC temporal video sub-bitstream associated by a hierarchy descriptor;

*  The aggregation of the HEVC temporal video sub-bitstream with associateddJEVC temporal video supsets
according to the hierarchy descriptors, as specified in 2.17.3, shall resyltina valid HEVC video stregm.

NOTE 5 — The resulting HEVC video stream contains a set of temporal 8ub-layers, as specified in Rec. I[[fU-T
H.265 | ISO/IEC 23008-2, with Temporalld values forming a contiglious range of integer numbers.

*  The aggregation, as specified in 2.17.4, of an HEVC enhancement sub-partition with all HEVC
sub-partitions according to the HEVC operation signalled\in the HEVC operation point descriptor [shall
result in a valid layered HEVC video stream.

NOTE 6 — The resulting HEVC video stream is the, HEVC operation point of that HEVC enhancement sub-
partition.

*  Each HEVC picture with nuh_layer id larger ‘than 0 shall be contained within an elementary stream|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 following

— The elementary stream ES.*gcentains an HEVC temporal video subset which is a temporal
enhancement for exactly one-reference elementary stream ES.r, i.e., the layer L; present in the
reference elementary stréani ES..r shall also be present in the elementary stream ESi.
NOTE 7 — The reference €lementary stream ESier is either an HEVC temporal video sub-bitstream with a

stream_type equal to\either 0x28 or 0x2A or another HEVC temporal video subset with stream_type eqfial to
either 0x29 or 0x2B,'respectively, for which the same applies.

iage in PES packets

ITU-T H.265 | ISOAEC 23008-2 video is carried in PES packets as PES packet data bytes, using one of the 16
m_id values assignédto video, while signalling the Rec. ITU-T H.265 | ISO/IEC 23008-2 video stream, by means of
ssigned streamétype value in the PMT (see Table 2-34). The highest level that may occur in an HEVC video stieam,
1] as a profilerand tier that the entire stream conforms to should be signalled using the HEVC video descriptor.|If an
C video descriptor is associated with an HEVC video stream, an HEVC temporal video sub-bitstream, an HEVC
oral video subset or an HEVC enhancement sub-partition, then this descriptor shall be conveyed in the descyiptor
forthe'respective elementary stream entry in the program map table. This Recommendation | International Starjdard

notspecify the presentation of Rec. ITU-T H.265 | ISO/IEC 23008-2 streams in the context of a program strean.

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 DTS(n) is
the DTS value of HEVC access unit n.

2) The DPB output time of HEVC access unit n is the instant in time indicated by PTS(n) where PTS(n) is
the PTS value of HEVC access unit n.

NOTE 8 — HEVC video sequences in which the low delay hrd flag in the syntax structure hrd_parameters() is set to 1 carry

sufficient information to determine the DPB output time and the CPB removal time of each HEVC access unit. Hence for HEVC
IS it i D underflovwmaz occur—the emoval time and the DPB cutout-tim e e ameters,

access units for which STD underflo

and not by DTS and PTS timestamps.

NOTE 9 — An HEVC video stream may carry information to determine compliance of the HEVC video stream to the HRD, as
specified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2. The presence of this information can be signalled ina trarsport
sfream using the HEVC timing and HRD descriptor with the ird_management valid flag set to '1'. Irrespective of.the presefce of
this information, compliance of an HEVC video stream to the T-STD ensures that HRD buffer management(requirements fpr the

(PB are met when each byte in the HEVC video stream is delivered to and removed from the CPB in the HRD at exactly the[same
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

Wheh there is an HEVC video stream or HEVC temporal video sub-bitstream in an JTU-T H.222.0 | ISO/IEC 13§18-1
program and there is no HEVC temporal video subset associated with this elementary-stream of stream_type 0x24 ih the
samq ITU-T H.222.0 | ISO/IEC 13818-1 program, the T-STD model as described'inn2.4.2.1 is extended as illustratpd in
Figufe 2-18 and as specified below.

o~ \\‘ Rxn » MB ben N EB An(.])’ td‘n(.]) >

v Y » TB, b >\ EB, D DPB
| ) - S

\ Demux ¢ Other ESs

S . H.222.0(12)-Amd.3(14)_F2}18

Figure 2-18 — T-STD ‘meodel extensions for single layer HEVC
TBn{ MBn, EBn buffer management
The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-18.

t(1) indicates the time in seconds at which the i-th byte of the transport stream enters the system target decode

-

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

MBY., is the size-of the multiplexing buffer MB,, measured in bytes
EBn is thexélementary stream buffer for the HEVC video stream

J is'an index to the HEVC access unit of the HEVC video stream

An(j) 1s the J-th access unit of the HEVC video bitstream

tdy (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
Rec. ITU-T H.265 | ISO/IEC 23008-2, included in the HEVC video stream or HEVC temporal video
bitstream, where the size is expressed in bits. Implicit conversion is carried out according to Note

E of
sub-
2 in

STD| delay

24.24.

There is exactly one elementary stream buffer EB, for all the elementary streams in the set Of, recq
elementary streams associated by hierarchy descriptors, with a total size EBS,

EBS, =cpb_size

where cpb_size is taken from the HRD parameters, as specified in Annex E of/Rec. ITU-T H.
ISO/IEC 23008-2, included in the HEVC video stream or the HEVC temporal videe' sub-bitstream,
the size is expressed in bits. Implicit conversion is carried out according to Note 2 in 2.4.2.4.

Transfer from TB, to MB, is applied as follows:

When there is no data in TB, then Rx, is equal to zero. Otherwise:
Rx, = bit_rate

where bit_rate is BrNalFactor/BrVIcFactor x BitRate[ SchedSelldx ] of data flow into the CPB for the
stream format and BitRate[ SchedSelldx ] is as defingd in Annex E of Rec. ITU-T H.J
ISO/IEC 23008-2 when NAL hrd parameters() is presént in the VUI parameters of the HEVC Y
stream.

NOTE — Annex E also specifies default values for BitRate[ SchedSelldx] based on profile, tier and level when
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 hird management valid flag set to'
the elementary stream, then the transfer of data from MB, to EB, shall follow the HRD defined scl
for data arrival in the CPB of thie elementary stream as defined in Annex C of Rec. ITU-T H.
ISO/IEC 23008-2.

Otherwise, the leak method 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 the tie
level of the HEVC video stream or HEVC temporal video sub-bitstream.

If there is PES‘packet payload data in MB,, and buffer EB, is not full, the PES packet payload is transfi
from MB-to EB,, at a rate equal to Rbx,. If EB,, is full, data are not removed from MB,. When a by
datads-transferred from MB, to EB,, all PES packet header bytes that are in MB, and precede that byt
instantaneously removed and discarded. When there is no PES packet payload data present in MB
data is removed from MB,. All data that enters MB,, leaves it. All PES packet payload data bytes entei
instantaneously upon leaving MB,,.
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The STD delay of any ITU-T H.265 | ISO/IEC 23008-2 data other than HEVC still picture data through the system target
decoders buffers TB,, 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 one or more
bytes of Ax(j) are not present in EB, at the decoding time tda(j).

2.17.3  T-STD extensions for layered transport of HEVC temporal video subsets

When there is an HEVC video sub-bitstream and at least one associated elementary stream of type 0x25 in an
ITU-T H.222.0 | ISO/IEC 13818-1 program, the T-STD model as described in 2.4.2.1 is extended as illustrated in
Figure 2-19 and as specified below.

HEVC temporal video subsets
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Figure 2-19 — T-STD model extensions for layered transport of HEVC temporal video subsets

The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-19.

t(i) indicates the time in seconds at which the i-th byte of thé&transport stream enters the system target decode

ad

H is the number of received HEVC temporal video subsets, associated by hierarchy descriptors with the fame
HEVC temporal video sub-bitstream.

k is an index identifying the H+1 received elementary streams which contain exactly one HEVC temporal yideo
sub-bitstream and H HEVC temporal video'subsets associated by hierarchy descriptors. The index value k ¢qual
to 0 identifies the elementary stream which contains the HEVC temporal video sub-bitstream and index vflues
k ranging from 1 up to H identify thelassociated HEVC temporal video subsets.

ES. is the received elementary streamwhich contains the k-th HEVC temporal video subset or the HEVC temporal
video sub-bitstream if k equals, 0.

ES. is the received elementaty’stream containing the highest HEVC temporal video subset present in the set of
received elementary-streams.

PID is the packet identifier value which identifies ES; .

] is an index fo the output access units.

An(j is the j-thraccess unit of the HEVC complete temporal representation.
tda(j is therdecoding time of An(j) in the system target decoder.

TB., is the transport buffer for elementary stream k.

TBS,x  1s the size of the transport buffer TB,k, measured in bytes.
MB,x is the multiplexing buffer for elementary stream k.
MBS,k 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 the received
HEVC temporal video subsets ES,; to ESyn.

EBS, is the size of elementary stream buffer EB,, measured in bytes.
Rxnk is the transfer rate from the k-th transport buffer TB,x to the k-th multiplex buffer MB,« as specified below.

Rbx,x 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 = BSmux + BSon + CpbNalFactor x MaxCPBltier, level] — cpb_size

where
BSon, packet overhead buffering, and BSmux, additional multiplex buffering, are as specified in\2)17.3;

MaxCPBtier, level] and MaxBR{tier, level] are taken from the tier and level specification.of HEV( for
the tier and level of the HEVC highest temporal sub-layer representation associated withES, ;

cpb_size is taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.365 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation‘associated with ES, k.
In the HRD parameters, cpb_size is expressed in bits, and its value is implicitly converted into a Yyalue
expressed in bytes according to Note 2 in 2.4.2.4.

»  There is exactly one elementary stream buffer EB, for the H + 1 eleméntary streams in the set of rec¢ived
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 gpecified in Annex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation associated with S, u.
In the HRD parameters, cpb_size is expressed in bit§ycand its value is implicitly converted into a Yalue
expressed in bytes according to Note 2 in 2.4.2.4.

e Transfer from TB,x to MBx is applied as follows:
When there is no data in TB,x then Rx,x is.¢qual to zero. Otherwise:
Rxnx = 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 set to '|' for
the HEVC video sub-bitstream, then the transfer of data from MBy,x to EB,, shall follow the HRD defined
scheme for data arriyaliin the CPB of elementary stream ES, i as defined in Annex C of Rec. ITU-T H.265
| ISO/IEC 23008-2:

Otherwise, the Ieak method shall be used to transfer data from MB,,x to EB, as follows:
Rbxnx = BrNalFactor x MaxBR{[tier, level]

where‘MaxBR{[tier, level] is defined for the byte stream format in Annex A of Rec. ITU-T H.265 |
ISO/MEC 23008-2 for the tier and level of the HEVC video stream or the HEVC highest temporal sub-Jayer
representation associated with ES, .

If there is PES packet payload data in MB,x, and EB,, is not full, the PES packet payload is transfgrred
from MB, « to EB, at a rate equal to Rbx, . If EB, is full, data are not removed from MB,x. When a|byte
of data is transferred from MB,x to EB,, all PES packet header bytes that are in MB,x and precedg that
byte are instantaneously removed and discarded. When there 1s 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).

2.1744  T-STD extensions for layered transport of HEVC sub-partitions with bitstream-partition-specific |(CPB
operation

Wheh there is at least one elementary stream with stream_type value in the range of 0x28 to 0x2B in a Rec, JTU-T H.222.0
| ISQ/IEC 13818-1 program, the T-STD model as described in 2.4.2.1 is extended for elementarystreams wijth a
streajn_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

Packets of

P1D HEVC temporal video sub-bitstream

TBJ\AnLD ’—>| MBnAm‘G }—’

n+m, Hm
0%28 or

Cim(i) with
tr11+m(.j) == tdn+m—l(j)

Access unit
re-assembling

S

@viﬂeu sub-bitstream
| MB, , }—b

]_,

H.222.0(14)-Amd.2(15] F2-20

O---1-- Other PIDs

Figure.2-20 — T-STD model extensions for bitstream-partition-specific CPB operation

NOTE — TheTower dashed box containing blocks that handle the HEVC base layer represents the T-STD buffer model as spefified
in 2.17.2«if\there are no HEVC temporal video subsets, or 2.17.3, if the program contains at least one program element with
sfream. type equal to 0x25.

The folfowing additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-20 aboye.

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.

© ISO/IEC 2019 - All rights reserved Rec. ITU-T H.222.0 (08/2018) 193


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

ISO/IEC 13818-1:2019 (E)

ESix Is the received elementary stream which contains the k-th HEVC corresponding temporal enhancement
partition of the 1-th received HEVC sub-partition of stream_type 0x28 or 0x2A, or the 1-th HEVC
partition of stream_type 0x28 or 0x2A if k equals 0.

sub-
sub-

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 ‘} Ib LilUj"lll HE‘V’C dCUCSD> ulliL Uf LIIC HE‘V’C \.«UlllPlClC LClllpUlal 1cp155611iaiiU1l.
tdd(j) Is the decoding time of A.(j) in the system target decoder.
tri(j) Is the value of TREF, if available in the PES header attached to C(j), else the decoding time 0f‘A,(j) in the
system target decoder.
TBix Is the transport buffer for elementary stream ESj .
THBSix Is the size of the transport buffer TBy\, measured in bytes.
MBix Is the multiplexing buffer for elementary stream ES.
MBSk  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 the recgived
HEVC temporal video subsets ESi; to ESin.
NOTE 1 — Each buffer EB; contains one partition as specified in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2.
EBS, Is the size of elementary stream buffer EB;, measured in‘bytes.
R Is the transfer rate from the k-th transport buffer TBy to the k-th multiplex buffer MBx as specified b¢glow.
Rbxix Is the transfer rate from the k-th multiplex buffer MBi to the elementary stream buffer EB) as spedified
below.
NOTE 2 — The index n, where used, indicates that the received elementary streams and associated buffers belong to a certain HEVC
bpse sub-partition, distinguishing these elementary,_streams and associated buffers from other elementary streams and buffers,
njaintaining consistency with the notation in Figure 2%1 and other T-STD extensions.

TB1{, MBix, EB| buffer management

The following applies:

»  There is one transport buffer TB for each received elementary stream ES;x, where the size TBS; is
to 512 bytes.

*  There is ong-multiplex buffer MB,x for each received elementary stream ES;x, where the size MBS
the multiplex-buffer MB, x is constrained as follows:

MBSi=BSmux + BSen + CpbNalFactor x MaxCPBJtier, level] — cpb_size
where
BSan,-packet overhead buffering, and BSmux, additional multiplex buffering, are as specified in 2.17.2;
MaxCPBltier, level] and MaxBR{tier, level] are taken from the tier and level specification of the HEVC fg

fixed

1k of

r the

tier and level of ES;x the HEVC operation point associated with ESy;

194

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 MBix is applied as follows:
—  When there is no data in TByx then Rx;x is equal to zero.
—  Otherwise, Rx;x = 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 BitRatevcr, 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

NI

N | £ +la. R vy
TS TARCIT TTOTIT UHICT vV O TTIND AT atiTotor sy

BrNalFactor and BrVclFactor are as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 for the profilejtiet]
level of ES;x the HEVC operation point associated with ESy .

In both cases, the index of the applicable hrd parameters( ) syntax structure in the active VPS\of the H
video stream is given by: bsp hrd idx[ target ols ][ 0 ][ max temporal id ][ target schedule idx J[1+

specified in Annex F of Rec. ITU-T H.265 | ISO/IEC 23008-2, where target ols and(max temporal i
signalled in the HEVC operation point descriptor for the HEVC operation point associated with ESjx
target schedule idx is signalled in the HEVC timing and HRD descriptor.

*  Transfer from MB;x to EB; is applied as follows:

—  Ifthe HEVC timing _and HRD_descriptor is present with the hrd_management valid flag set
for the HEVC video sub-bitstream, then the transfer of data frem/MB, x to EB) shall follow the
defined scheme for data arrival in the CPB of elementary-stream ES;y as defined in Annex
Rec. ITU-T H.265 | ISO/IEC 23008-2.

—  Otherwise, the leak method shall be used to transferdata 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 specificati
Rec. ITU T H.265 | ISO/IEC 23008-2 (Table A"2) for the tier and level for ES; signalled in the H
operation point descriptor for ES .

If there is PES packet payload data in MBix, andEB; is not full, the PES packet payload is transferred from 1}
to EB; at a rate equal to Rbx;. If EBy is full-data are not removed from MB)x. When a byte of data is transfi
from MBix to EBy, all PES packet header bytes that are in MBix and precede that byte are instantane
removed and discarded. When there iS no PES packet payload data present in MBiy, no data is removed
MBi. All data that enters MBy deaves it. All PES packet payload data bytes enter EB; instantaneously
leaving MB .

fegation of elementary streams

HEVC layer list for an HEVC operation point is the OperationPointESList[] associated with the HEVC oper

h there is no higratchy descriptor or HEVC hierarchy extension descriptor present in the program map
iated with an Re¢ITU-T H.222.0 | ISO/IEC 13818-1 program, a value for the hierarchy layer index is impl

e 2-139.

Table 2-139 — Implied hierarchy_layer_index if no hierarchy descriptors are used

and
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Implied hierarchy_layer_index for program element with stream_type value

Existing stream types
0x24 0x25 0x28 0x29 0x2A 0x2B

0x2

4

0x2

4, 0x25

0x2

4, 0x28
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4, 0x25, 0x28
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0x24, 0x25, 0x2A 0 1
0x24, 0x25, 0x2A, 0x2B 0 1 2 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:

*  The PTS and, if applicable, the DTS value shall be provided in the PES header of each HENCJayer
component;

»  Ifthe DTS value of the HEVC layer component in an elementary stream is different from'the DTS yalue
of the HEVC layer component of the same HEVC access unit in an ES listed in the hierarchy descripfor or
the HEVC hierarchy extension descriptors of the first elementary stream, the TREE field as defingd in
2.4.3.7 shall be present in the PES header extension of the HEVC layer component of first elemeptary
stream and the TREF field value shall be equal to the DTS value of the HEVC layer component df the
second elementary stream.

STD| delay

The BTD delay of any Rec. ITU-T H.265 | ISO/IEC 23008-2 data other than HEY C'still picture data through the Syjstem
Targpet Decoders buffers TB1x, MBi, and EB; shall be constrained by tdi(j) - t(1)-< 10 seconds for all 1, all k, all j, agd all
byteg i in HEVC access unit An(j).

The flelay of any HEVC still picture data through the system target decoders TBix, MBix, and EB; shall be constraingd by
tdi(j)[— t(i) < 60 seconds for all 1. all k, all j, and all bytes i in HEVC.access unit Ay(j).

Buffer management conditions

Trankport streams shall be constructed so that the following econditions for buffer management are satisfied:
*  Each TBx shall not overflow and shall-be*empty at least once every second;
*  Each MByy, EB,, and DPB shall not‘overflow;

»  EB; shall not underflow, exceptwhen 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 Ay(j) are not present in EB; at the decoding time tda(j).

2.17{S T-STD Extensions for_the)carriage of HEVC tiles

2.17)5.1 Carriage of HEV(C motion-constrained tile sets

Therg are alternative optionsto carry the HEVC tile substreams:
I.  EachHEVC tile substream is carried in a separate ES.

II. More than one HEVC tile substreams is carried in a common ES. Within this ES, HEVC tile substream
af/descriptors are used to indicate different HEVC tile substreams.

In the fipst @pproach, the sender generates one slice per tile and all slice headers are stripped off before packetizin the
slice|data of each slice into a PES packet, building a separate ES per HEVC tile substream. In addition, it generdtes a
separate £S Per SUbITZION (ayout Ut provides Sultabie Stice Neaders and paraimeters Sets Uiat, WHEI compined 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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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
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Figure 2-21 — T-STD model extensions for transport of HEV. tiles through individual ESs
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ess to access a subregion:
HEVC subregion descriptor and all HEVC tile substream descriptors shall be read.

the receiver chooses a suitable Subregion size from the HEVC subregion descriptor based on the level indicati
pbregion dimension. This selestion implicitly results in a value i.

pn or

it selects the ES that Contains the upper left HEVC tile substream of the region to be displayed based op the

treamID.
| it checks if the applicable HEVC tile substream descriptor provides a PatternReference value.
that PatternReference, it selects the applicable SubstreamOffset values:

SubstreamOffset[k] [PatternReference/[i] with 0 < k < SubstreamCountMinus1[i]

re’is no explicit PatternReference value, which means that either descriptor length equals 1 or ReferenceFlag e

0, th

uals
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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, is the size of the multiplex buffer MB, measured in bytes.

SB, is the substream buffer for the n-th elementary stream.

SHBS, is the size of the n-th substream buffer SB, measured in bytes.

SH is the substream buffer for all the received H elementary streams.

SHS is the size of elementary stream buffer EBH, measured in bytes.
The following applies:

where BS.n, packet overhead buffering, is defined as:

and BSmux, additional multiplex buffering, is defined as:

There is exactly one transport buffer TB, for each received elementarysstream of the subregion as shown in
Figure 2-21, where the size TBS; is fixed to 512 bytes.

There is exactly one multiplex buffer MB, for each received eleméntary stream of the subregion as shown in
Figure 2-21, where the size of the multiplex buffer MBS, is constrained as follows:

MBS; = BSimux + 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}

BSimux = 0.004 seconds x max{ BrNalFactor x MaxBR{tier, level], 2 000 000 bit/s}

the tier and level as indicated by ‘the ‘parameter sets set carried in the substream with the SubstreamID equal
PreambleSubstreamID[i] signalled in the HEVC subregion descriptor. cpb_size is taken from the HRD param
as specified in Annex E of Rec. ITU-T H.265 | ISO/IEC 23008-2, present in the parameter sets carried i
substream with the SubstréamID equal to to PreambleSubstreamIDJ[i] signalled in the HEVC subregion descrif

p There is exactlyone subregion buffer SB for all the elementary streams in the set of received elementary str
of the subregion as shown in Figure 2-21, of which the size SBS has the following value:
SBS ~=cpb_sizey

where\cpb_sizey is the cpb_size taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.
ISO/IEC 23008-2, present in the parameter sets carried in the substream with the SubstreamID equal

MaxCPBltier, level] and MaxBR{[tier,-Jevel] are taken from Annex A of Rec. ITU-T H.265 | ISO/IEC 230084 for
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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.

Evaluate Evaluate
PID TS packets AF descriptor pgg packets of
| " ofES, ™ the subregion Décoded
& ‘ ~ . i .| MB } ’| RB l 4 bsubrcgion
L e Drop other
Fd ‘{'" _____ . o "_} _____
- * 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 descriptor

The process to access a subregion is similar to the process described in 2.17.5.27

Firstf the receiver chooses a suitable subregion size from the subregion descriptor based on the level indication or the
subr¢gion dimension. This selection implicitly results in a value 1.

Next, it selects the SubstreamIDx that relates to the upper left HEV.€tile substream of the region to be displayed.

All gdaptation fields of TS packets that belong to ESn are read-and HEVC tile substream af descriptors are evalgated
whemever they occur. A SubstreamlID that is indicated in an, HEVC tile substream af descriptor applies to the seqyence
of T$ packets of the same ESn starting with the TS packetthat contains the HEVC tile substream af descriptor indicpting
that SubstreamID up to the TS packet preceding the-T'S packet that contains an HEVC tile substream af desciiiptor
indidating a different SubstreamlID.

NOTE 1 Adaptation field padding is used in thetast TS packet that belongs to a certain HEVC tile substream, if otherwige the
data block belonging to that substream does notexteiid to the last payload byte of a TS packet.

The teceiver sets up an empty list of SubstreamIDs that belong to the subregion and adds
p the value 0 and

p the SubstreamIDx of the-upper left HEVC tile substream.

NOTE 2 SubstreamID yalue’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 |s no
explicit PatternReference value, which means that either descriptor length equals 1 or ReferenceFlag equals 0, the index
j defhults to a valge.of 0.

WitH that PattetnReference, it selects the applicable SubstreamOffset values:
SubstreamOffset[k][PatternReference][i] with 0 < k < SubstreamCountMinus1[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.

RH

The

is the subregion buffer for all the received H elementary streams of the subregion.
S is the size of the subregion buffer, measured in bytes.

following applies:

p There is exactly one transport buffer TB for each received elementary stream of the sabregion as shov
Figure 2-22, where the size TBS is fixed to 512 bytes.

p There is exactly one multiplex buffer for each received elementary stream of(the subregion as show
Figure 2-22, where the size of the multiplex buffer MBS is constrained as followis:

MBS = BSmux + BSon + CpbNalFactor x MaxCPBltier, level] — cpb_size (measured in bytes)
where
BSon, packet overhead buffering, is defined as:

BSon = (1/750) seconds x max{ BrNalFactor x MaxBR{[tietylevel], 2 000 000 bit/s}
and BSnux, 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] ate’ taken from Annex A of Rec. ITU-T H.265 | ISO/IEC 23008
the tier and level as indicated by the tempptal motion-constrained tile sets SEI message or within the paramete
in the motion-constrained tile sets extraction information set SEI message, as specified in D.2.30 and D
respectively of Rec. ITU-T H.265 | ISO/IEC 23008-2, for the temporal motion-constrained tile set conformed {
tiles within the H substreams ofithé.subregion. cpb_size is taken from the HRD parameters, as specified in Anr
of Rec. ITU-T H.265 | ISO/IEC 23008-2, present in the parameter sets, encapsulated in the MCTS-EIS SEI mes
for the temporal motion-canstrained tile set conformed by all tiles within the H HEVC tile substreams o
subregion, as defined in(Reéc. ITU-T H.265 | ISO/IEC 23008-2.

that belong t¢ the subregion, as shown in Figure 2-22, of which the size RBS has the following value:
RBS =¢pb sizen
where Cpb” sizeH is the cpb_size taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.

ISOMEC 23008-2, present in the parameter sets, encapsulated in the MCTS-EIS SEI message, for the tem
metion-constrained tile set conformed by all tiles within the H HEVC tile substreams of the subregion, as defin|

n in

m in
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y all
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p There is exactly.ou€ subregion buffer RB for all HEVC tile substreams identified by the list of SubstreaIDs

D65 |
boral
ed in

Rec. ITU-T H.Z65 [ ISO/IEC 25008-2.

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

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.
TH 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 s the multiplex buffer for the elementary stream.
MBS is the size of the multiplex buffer MB measured in bytes.
EH 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:

p There is exactly one transport buffer TB for the received elementary stream as shown in Figure 2-23, where the
size TBS is fixed to 512 bytes.

b There is exactly one multiplex buffer MB for the received elementary stream as shown in Figure 2-23, whete the
size of the multiplex buffer MBS is constrained as follows:

MBS = BSmux + BSon + CpbNalFactor x MaxCPBltier, level] — cpb_size (measured in bytes)
where BSqh, 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 xymax { 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 for
the tier and level ofthe HEVC video stream or HEVC temporal video sub-bitstream. cpb_size is taken from the HRD
parameters, as/speeified in Annex E of Rec. ITU-T H.265 | ISO/IEC 23008-2, included in the HEVC video stfeam

or HEVC temporal video sub-bitstream.

p There Is exactly one elementary stream buffer EB for all HEVC tile substreams within the elementary strean, as
shown in Figure 2-23, of which the size EBS has the following value:

ERS — ol co-o

T CTPO—STZT

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
marker_bit 1 bslbf
Display_in_PTS [29..15] 15 bslbf
marker_bit 1 bslbf
Display_in_PTS [14..0] 15 bslbf
marker_bit 1 bslbf
Green_AU()
CRC_32 32 rpchof
i

2.182 Semantics of green access unit section
tabl¢_id — This shall be set to 0x09.
sect:[m_syntax_indicator — This shall be set to '0'.

Displlay_in_PTS — This is the 33-bit PTS specified similar to that'defined in the PES header and is used with the
asso¢iated video access unit.

Gre¢n_AU() — Defined in 2.18.3.

2.18)3  Green access unit

The [format of the green access unit is defined in Fable 2-141. Green access units contain dynamic metadata anfl are
carripd in MPEG private section format.

Table 2-141 — Green access unit

Syntax No. bits Mnemonic
reen. AU(){
num_quality_levels 4 uimsbf
reserved 4 bslbf

for (k=0; k <num_constant_backlight voltage time intervals; k++) {
for(j=0; j < num_max_variations; j++) {

lower_bound 8 uimsbf
if (lower_bound > 0)

upper_bound 8 uimsbf
rgb_component_for_infinite_psnr 8 uimsbf
for (i=1; i <= num quality levels; i++){

max_rgb_component 8 uimsbf

scaled_psnr_rgb 8 uimsbf
}

}

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).
NO — Application at use ca eling €en_acce 1ni a_carouseling
djsplay_in PTS value is adjusted to conform to the PCR clock and T-STD buffer.

ong as the

2.18)5 Buffer model for processing green access units

The [puffer model reflects the processing required to handle green access units. The model can be used to estaplish
consfraints which can be used to verify the validity of dynamic green metadata prepared in accordance With this stanflard.

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 gréen access units

MPHG-2 transport stream packets come into the model at the left, and are filtered by PID. Packets whose PID mafches
the green access unit PID flow into the 512 byte transport buffer: These buffered packets are removed at a rate of Rx =
300 kbps (kilobits/second) and stored in the green access unit’Eb buffer (2048 Bytes). Green access unit table sections
are rpemoved from the Eb buffer immediately after the fulbaccess unit is available (based on section length) and these are
pass¢d onto the green access unit decoder at a rate Rbx-=,300 kbps for decoding and each decoded access unit is assocjiated
with|the video at time = display in PTS. The Eb.buffer shall not overflow and the green access unit section shgll be
available in the Eb buffer at least 100 ms before\display in PTS.

NOTE — In the worst-case, a green AU wouldicontain 4488 bits. Under such conditions, the Eb buffer is large enough to hqld up
three green AUs and the rate Rx is high eneugh to allow the removal of green AUs that are associated with video frames at 6 fps.

=

2.19 Carriage of ISO/IEC(23008-3 MPEG-H 3D audio data

2.19]1 Introduction

An I[U-T Rec. H.222.04ISO/IEC 13818-1 stream may carry ISO/IEC 23008-3 audio elementary streams. Typicallly, an
ISO/IEC 23008-3 stréani“will be an element of an ITU-T Rec. H.222.0 | ISO/IEC 13818-1 program, as defined bl the
PMT| in a TransportStream and the PSM in a Program Stream.

2.19{2 Carriage in PES packets

Indiyidual ISO/IEC 23008-3 elementary streams shall be carried in PES packets as PES packet 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 clementary stream data; for P 1S encoding the same constaints 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.

2.193  STD extensions for ISO/IEC 23008-3 elementary streams

The [[-STD model as defined in 2.4.2.1 includes a transport buffer TB, and a multiplex buffer B, prior té decodipg of
each|ISO/IEC 23008-3 3D audio elementary stream n. For buffers TB, and B, and the rate Rx, between'TB, and B, the
folloing constraints apply for the carriage of an ISO/IEC 23008-3 3D audio stream:

The $ize 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 constrgined
by: BSdec + BSon < 2848 bytes; a portion (736 bytes) of the 3584 byte'buffer is allocated for bufferipg to
allow multiplexing. The rest, 2848 bytes, are shared for access unit buffering BSgec, BSon and additjional
multiplexing.

BS, = 8976 bytes for 3-8 encoded audio channel signals

BS, = 12804 bytes for 9-12 encoded audio channel signals

BS, = 51216 bytes for 13-48 encoded audio channel sighals

BS, = 136576 bytes for 49-128 encoded audio channel signals
Rate|Rx,:

Rx, =2 000 000 bit/s for 1-2 encoded audio channel signals

Rx, =5 529 600 bit/s for 3-8 encoded audio channel signals

Rx, = 8 294 400 bit/s for 9-12 eicoded audio channel signals
Rx, =33 177 600 bit/s for.13-48 encoded audio channel signals
Rx, = 88 473 600 bit/sfor49-128 encoded audio channel signals

2.1944  STD extensions for-multiple ISO/IEC 23008-3 elementary streams

ISO/EC 23008-3 MPEG<H 3D audio allows encoding an audio program as several elementary streams. One single qudio
decofder decodes all.elementary streams to one audio presentation. Each of those elementary streams carries one or jmore
encoded audio channel signals.

For ¢very singlé-€lementary stream the constraints for the buffer size BS, and the rate Rx, apply as described in 2}19.3
abovg.

As described in 14.6 of ISO/IEC 23008-3, the MHAS packets of each elementary stream are merged into one sfngle
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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In adldition to the notation used and described in 2.4.2.1 to describe Figure 2-1 the following notation iS usq
Figufe 2-22:

2.195 MPEG-2 Transport stream random access constraints and signalling

A T$ packet containing the PES packet header of a 3D audio random access point (RAPR).shall have an adaptation
The payload unit_start indicator bit shall be set to '1' in the TS packet header and the-adaptation field control bits
be sqt to '11' (as per section 2.4.3.3). In addition, the random_access_indicator bit inthe’adaptation field of the TS p

that

If th¢ PES packet contains a RAP, then the MHAS packet of type PACTYR_MPEGH3DAFRAME containing the
shall|be the first MHAS packet of that type that commences in the PES pagket. The audio data encapsulated in this M
packet shall follow the rules for a random access point as defined in 5.70f ISO/IEC 23008-3.

2.20) Carriage of Quality Access Units in MPEG-2 séctions

2.20{1 General description

Qualiity Access Units carrying dynamic quality metadata associated with one or more video frames, i.e., a given q
metrjc sample can be applicable for multiple video, frames for a given DTS interval, until a new quality metric samj
declgred. These access units are encapsulated in MPEG sections identified by stream_type value of 0x2F.

Each

Quallity access_unit shall be carriedin MPEG sections.

Eve

The

ISO/JEC 23001-16;

NOTE — in order to make'processing easier, each Quality Access Unit should be contained in a single TS packet.

ISO/IEC 13818-1:2019 (E)

I Rx .
*— TBnH e Bn+1 MHAS

Q) B merger

TB nt+x B

n+x

A 4
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| D is the audio decoder for all x audio elementary streams n to n+x.

ontains the PES packet header of the 3D audio RAP shall be set to '1' and fallow the constraints specified in 2.4

1y Quality Access Unit shall be a random access point.

syntax for the Quality Access Units is provided in Table 2-142. The attribute definitions are aligned with tho

Table 2-142 — Quality Access Unit

d in

field.
shall
hcket
3.5.

RAP
HAS

ality
le is

Quality Access Unit contains confighration and timing information, as well as an array of quality vdlues,
corrgsponding one for one to the declared-métrics. Each value is padded by preceding zero bytes, as needed, to the nu
of bytes indicated by field size bytes.

mber

Se in

Qyntm( 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

metific_count — The number of metrics for quality values in the Quality Access Unit, as defined in 4.2 of ISO/IEG23001-
10.
metric_code — The code name of the metrics in the Quality Access unit, as defined in 4.2 of ISO/IEC 23001+10.
sample_count — Number of quality metric samples per metric.
medja_DTS — DTS of the media access unit described by the quality metric sample.
As sfich, quality metric_sample is an array signalled using the 'i' and 'j' values of the loop.
2.202 Buffer model for processing Quality Access Units
The [buffer model reflects processing required to handle Quality Access Unitss The model can be used to estaplish
consfraints which can be used to verify the validity of dynamic Quality metadata prepared in accordance with this
Stanglard.
Figure 2-26 illustrates the buffer model for processing Quality Access Uhits.
Quality Access .
—»| Tb512bytes RX ) UnipEfBuffer Rbx | Quality Access
2048 bytes Unit decoder
H.222.0(18)_F2-26
Figure 2-26 — Quality.Access Unit decoder processing model
MPHG-2 Transport Stream packets come into the model at the left, and are filtered by PID. Packets whose PID mafches
the Quality Access Unit PID flow into'the 512 byte transport buffer. These buffered packets are removed at a rate of
Rx 5300 kbps (kilobits/second) and stored in the Quality Access Unit Eb buffer (2048 Bytes). Quality Access Unit fable
sectipns are removed from the Eb_buffer immediately after the full access unit is available (based on section length) and
thesq are passed onto the Quality Access Unit decoder at a rate Rbx = 300 kbps for decoding and association with the
corrgsponding video frames”Eb buffer shall not overflow and the Quality Access Unit section shall be available in the Eb
buffgr to meet the requitement of DTS earlier than the DTS of the latest media access unit described in the corresporjding
Quallity Access Unit:
2.21 Carriage of sample variants
2.21]1 ./ Introduction
Carriage of metadata over @ Rec. 1TU-1 H.222°0 T ISO/EC 138 T8-T3stream as detined in 2. 12 affows 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.
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Constraints

Sample variants shall be carried in an MPEG-2 TS metadata stream that complies with the following constraints:

2.21

Decq
2300
the 0
1381

2.22

Med
spec

1.

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.

3

Sample Variants decoder configuration data

ding of sample variants requires the availability of decoder configuration data as defined in clause 11.2@ 0f ISQ/IEC
1-12:2018. Consequently, when sample variants are carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818<]1-stream, then
netadata descriptor shall provide associated decoder configuration data in the same Rec. ITU-T 8:222.0 | ISO/IEC
8-1 stream and the coding of the decoder_config_flags shall be set to '001".

Carriage of Media Orchestration Access Units

a Orchestration Access Units shall adhere to the syntaxt and semantics of timeéd” metadata access_unit (), as
fied in 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.

Received data and CRC_32 bits
(most significant bit first)

The
CR(

remdining adder. The other input of each remaining adder is the output of z(i), while the output of each remaining 4

1S €O

This

Byte
left 1
one
T A
CR(
the o
of z(

I—P 7(0)

z(1)

22) ¥ z(3)

Z24) —p- -

w1 2(31) |

H.222.0(12)_FA.1

Figure A.1 — 32-bit CRC decoder model

B2-bit CRC decoder operates at bit level and consists of 14 adders '+' and 32 delay elements z(i). The input o
decoder is added to the output of z(31), and the result is\provided to the input z(0) and to one of the inputs of

hnected to the input of z(i + 1), withi=0, 1, 3, 4, 6,/7,9, 10, 11, 15, 21, 22, and 25. Refer to Figure A.1.

is the CRC calculated with the polynomial:
X32+X26+X23+X22+X16+X12+X11 +X10+X8+X7+X5+X4+X2+X+1 (

5 are received at the input of the CRC decoder. Each byte is shifted into the CRC decoder one bit at a time, wit]
host bit (msb) first. For examplesif'the input is byte 0x01 the seven '0's enter the CRC decoder first, followed b
1'. Before the CRC processing, of the data of a section the output of each delay element z(i) is set to its initial
\fter this initialization, each.byte of the section is provided to the input of the CRC decoder, including the
| 32 bytes. After shifting the last bit of the last CRC 32 byte into the decoder, i.e., into z(0) after the addition
utput of z(31), the output of all delay elements z(i) is read. In the case where there are no errors, each of the ou
) shall be zero. Atthe CRC encoder the CRC 32 field is encoded with a value such that this is ensured.

f the
each
idder

A-1)

h the
y the
ralue
four
with
tputs
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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

The DSM-CC protocol is a specific application protocol intended to provide the basic control functions and operations
specific to managing a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream on digital storage media. This DSM-CC is a
low-level protocol above network/OS layers and below application layers.

The
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lllll be-transpatert-trthefoHewinsserse:
« Itis independent of the DSM used;
+ 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;

+ itis independent of the various operating systems on which the DSM is operated.

Purpose

applications of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 DSM Control Cofmmiands require access
ITU-T H.222.0 | ISO/IEC 13818-1 bitstream stored on a variety of digital storage\media at a local or remote
rent DSM have their own specific control commands and thus, a user would need-to know different sets of spdg
[ control commands in order to access Rec. ITU-T H.222.0 | ISO/IEC 13818-I\bitstreams from different DSM.
s many difficulties to the interface design of a Rec. ITU-T H.222.0 |OSO/IEC 13818-1 or ISO/IEC 111
cation system. To overcome this difficulty, a set of common DSM contfol commands, which is independent d
fic DSM used, is suggested in this annex. This annex is informative only. ISO/IEC 13818-6 defines DSM

Future applications

nd the immediate applications supported by the current'DSM control commands, future applications base)

0 on demand

0 programs are provided as requested by a‘eustomer through various communication channels. The customer d
t a video program from a list of programs.available from a video server. Such applications could be used by h
TV, educational institutions, hospitals,etc.

ractive video services

bse applications, the user prevides frequent feedback controlling the manipulation of stored video and audio. T
ces can include video-based games, user-controlled video tours, electronic shopping, etc.

0 networks

us applications’'may wish to exchange stored audio and video data through some type of computer network. {
I route AV information through the video network to their terminals. Electronic publishing and multin
cations.are‘examples of this kind of application.

Benefits

to a
site.
cific
This
72-1
f the
[-CC
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ould
tels,

hese

Users
redia

Spec

ITymmg the DSM control commands mdependent oI the DSIVI, end-uscrs can periorm KReEC. 1TU-1 H.ZZ

ISO/IEC 13818-1 decoding without having to fully understand the detailed operation of the specific DSM used.

0 |

The DSM control commands are codes to give end users the assurance that the Rec. ITU-T H.222.0 | ISO/IEC 13818-1
bitstreams can be played and stored with the same semantics, independent of the DSM and user interface. They are
fundamental commands for the control of DSM operation.
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B.1.4 Basic functions

B.1.4.1 Stream selection

The DSM-CC provides the means to select a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream upon which to perform
the succeeding operations. Such operations include creation of a new bitstream. Parameters of this function include:

* index of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream (the mapping between this index and a name

meaningful to an application is outside the scope of the current DSM-CC);

*  mode (retrieval/storage).

B.1.4.2 Retrieval

The

B.14
The

DSM
ISO/

extensions.

B.2

B.2.

The
of cq
The
and 4

B.2.]

The
retrig
H.22
sent

DSM-CC provides the means to:

*  play an identified Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream;
+  play from a given presentation time;
»  set the playback speed (normal or fast);

+  set the playback duration (until a specified presentation time, the end of the bitstrearh.in’ forward pl
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.
}.3 Storage
PDSM-CC provides the means to:

»  cause storage of a valid bitstream for a specified duration;

. cause storage to stop.

[-CC provides a useful but limited subset of functiofality that may be required in DSM based Rec. ITU-T H.2]
[EC 13818-1 applications. It is fully expected that significant additional capabilities will be added through subseq

General elements

Scope

mmands for control of digital storage media on which a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream is st
fommands can performremote control of a digital storage media in a general way independently of the specific ]
pply to any Rec. ITU;T H.222.0 | ISO/IEC 13818-1 bitstream stored on a DSM.

Overview/of the DSM-CC application

current DSM-CC syntax and semantics cover the single user to DSM application. The user's system is capal
ving a.Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream and is also (optionally) capable of generating a Rec. I}
2.0/N[SO/IEC 13818-1 bitstream. The control channel over which the DSM commands and acknowledgement

hy or

2.0 |
juent

scope of this work consists ¢f the development of a Recommendation | International Standard to specify a usefyl set

bred.
DSM

le of
'U-T
S are
[-CC

isShown in Figure B.1 as an out-of-band channel. This can also be accomplished by inserting the DSM

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 A User
DSM
ISO/,IEC 13818 Video bitstream
bitstream .| System —— —  *”
"l decoder Audio bitstream
ISO/_IEC 13818 . Video bitstream
) bitstream System [* —
- cncader Lo Audio bitstream
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 defingd in B.3.2 through H
The [DSM-CC bitstream can be transmitted both as a stand-alone bitstream and in a Re¢~ ITU-T H.222.0 | ISO
1381)8-1 Systems bitstream.

Wheh the DSM-CC bitstream is transmitted in stand-alone mode, its relationship(to) the Systems bitstream an
decoding process is illustrated in Figure B.2. In this case, the DSM-CC bitstreain is not embedded in the Sy{

bitsti
Rec.

couldl be controlled and transmitted by other types of network multiplexofs.

For

bitstream so that some featurgs of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 systems bitstream could be applied {
DSM-CC bitstream as well.-An"this case, the DSM-CC bitstream is embedded in the systems bitstream by the sys

mult,

The [DSM-CC bitstféam is encoded by the systems encoder in the following process. First, the DSM-CC bitstres
packptized into_a'‘packetized elementary stream (PES) according to the syntax described in 2.4.3.6. The PES pacl
multiplexed’ into either a program stream (PS) or a transport stream (TS) according to the requirement of the

then

trangmission.media. The decoding procedures are the inverse of the encoding procedures and are illustrated in the 4

diag]

eam. This transmission mode can be used in the applications when thé.DSM is connected directly witl
ITU-T H.222.0 | ISO/IEC 13818-1 decoder. It can also be used in the’applications where the DSM-CC bitst

ISO/IEC 13818 bitstream
(no DSM-CC embedded) .| System

decoder

Video bitstream

v

Audio bitstream

DSM-CC Decoded DSM-CC
decoder

DSM-CC bitstream

H.222.0(12)_FB.2

Figure B.2 — BSM-CC bitstream decoded as a stand-alone bitstream

ome applications, it is desjrable to transmit the DSM-CC in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 sys

plexor.

an’ of the Systems decoder depicted in Figure B.3.

3.9.
IEC

i the
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o the
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tet 1s

lock

InF

TUTT B3, the output of the SyStens decoder 157 Video bitstreanTy, audio bitstreanT and7or DSM=CE bitstreant. 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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B.3

ISO/IEC 13818 bitstream Video bitstream
(DSM-CC is embedded) |

I System Audio bitstream

\4

v

decoder
DSM-CC Decoded
bitstream > DSM-CC DSM-CC N

decoder

H.222.0(12)_FB.3

Figure B.3 — DSM-CC bitstream decoded as part of the system bitstream

Technical elements

B.3.]

For the purposes of this Recommendation | International Standard, the following definitions apply:

B.3.]
| 1SC
1SO/

B.3.1

B.3.1
streal
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B.3.]
for 4
can |
units
comj
bitsti
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matr
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B.3.1

B.3.]

Definitions

.1 DSM-CC: Digital Storage Media Command and Control Commands that are specified by Re€e; ITU-T H.2
/IEC 13818-1 for the control of digital storage media at a local or remote site containing a®ec. ITU-T H.23
[EC 13818-1 bitstream.

.2 DSM ACK: The acknowledgement from the DSM-CC command receiver to the ¢ommand initiator.

.3 MPEG bitstream: An ISO/IEC 11172-1 Systems stream, Rec. ITU-T H.222:0"| ISO/IEC 13818-1 pro
m or Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport stream.

4 DSM-CC server: A system, either local or remote, used to store and/orfetrieve a Rec. ITU-T H.222.0 | ISO
8-1 bitstream.

.5 point of random access: A point in a Rec. ITU-T H.222.0 | ISOZEC 13818-1 bitstream with the property
t least one elementary stream within the bitstream, the next acegss unit, 'N', completely contained in the bitst]
e decoded without reference to previous access units, and férevery elementary stream in the bitstream all a
with the same or later presentation times are completely’,contained subsequently in the bitstream and ca
pletely decoded by a system target decoder without access to information prior to the point of random access
eam as stored on the DSM may have certain points of tandom access; the output of the DSM may include addit
s of random access manufactured by the DSM's owf“manipulation of the stored material (e.g., storing quantiz
ces so that a sequence header can be generated. whenever necessary). A point of random access has an assoc
namely the actual or implied PTS of access, unit 'N'.

6 current operational PTS value;-The actual or implied PTS associated with the last point of random a
bding the last access unit provided from-the DSM from the currently selected Rec. ITU-T H.222.0 | ISO/IEC 138§
eam. If no access unit has been provided from this Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream, the DS
able of providing random accessinto the current bitstream, then the current operational PTS value is the first
hdom access in the Rec. ITU-T'H.222.0 | ISO/IEC 13818-1 bitstream.

.7 DSM-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 byte
DSM-CC packet.

¢ ' When the DSM-CC bitstream is transmitted as a PES packet as defined in 2.4.3.6, the fields up t
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packet length field are identical to those specified in 2.4.3.6. In other words, if the DSM-CC pach

212

encapsulated in a PES packet, the PES packet start code is the only start code at the beginning of the packet.

*  The actual control command or acknowledgement shall follow the last byte of the packet length field.

*  An acknowledgement stream shall be provided by the DSM control bitstream receiver after the requested

operation is started or is completed, depending on the command received.

+ At all times the DSM is responsible for providing a normative Rec. ITU-T H.222.0 | ISO/IEC 13818-1

stream. This may include manipulating the trick mode bits defined in 2.4.3.6.
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If (command id =="01") {
control()
} else if (command_id =="'02" {

Syntax No. of bits | Mnemonic
DSM_CC() {
packet_start_code_prefix 24 bslbf
stream_id 8 uimsbf
packet_length 16 uimsbf
command_id 8 uimsbf

}

ack()

B.3.] Semantics of fields in specification of DSM-CC syntax

pacKet_start_code_prefix — This is a 24-bit code. Together with the stream id that follows jit Constitutes a DSM-CC
packet start code that identifies the beginning of a DSM-CC packet bitstream. The packet-start code prefix is the bit
string '0000 0000 0000 0000 0000 0001' (0x000001).

stregm_id — This 8-bit field specifies the bitstream type and shall have a value '1111 0010' for the DSM-CC bitstfeam.

Refer to Table 2-22.

pacKet_length — This 16-bit field specifies the number of bytes in the DSM-CC packet immediately following th¢ last

byte |of this field.

comand_id — This 8-bit unsigned integer identifies the bitstream is a ¢éntrol command or an acknowledgement stream.

The yalues are defined in Table B.2.

Table B.2 — Command.id assigned values

Value Command_id
0x00 Forbidden
0x01 Control
0x02 Ack
0x03 .. OxFF Reseryed

B.3.4 Control layer

Constraints on setting flags(in) DSM-CC control

« At most oneof the flags for select, playback and storage shall be set to '1' for each DSM control comnpand.
If none of'these bits are set, then this command shall be ignored.

*  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.

*.\ At most one of record_flag and stop_mode shall be selected for each storage command. If none of these
bits are set, then this command shall be ignored.

© ISO/IEC 2019 - All rights reserved
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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
mqvluu-_hif 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 (playhflag =="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_mmode T bstbf
if (record_flag =="1") {
time code()
H
b
}
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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-bit field is coded in three parts. The parts are combined to form an unsigned integer specifying
which Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream is to be selected. It is the DSM server's responsibility-to'majp the
namg¢s of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams stored on its DSM uniquely to a series of nutbers which
couldl be represented by the bitstream ID.

seledt_mode — This 5-bit unsigned integer specifies which mode of bitstream operation is requestedTable B.4 spe¢ifies
the defined modes.

Table B.4 — Select mode assigned values

Code Mode
0x00 Forbidden
0x01 Storage
0x02 Retrieval
0x03 .. Ox1F Reserved

jump_flag — This 1-bit flag when set to '1' specifies a jump in the’playback pointer to a new access unit. The new P[['S is
specified by a relative time code with respect to the current operational PTS value. This function is only valid wheh the
currgnt Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream i§in 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, direction, and
play |duration are additional parameters in the bit stream. The play starts from the current operational PTS value.

pause_mode — This is a one-bit code specifying to pause the playback action and keep the playback pointer at the cyrrent
operational PTS value.

resume_mode — This is a one-bit code specifying to continue the playback action from the current operational PTS value.
Resume only has meaning if the cufrent bitstream is in the "pause" state, and the bitstream will be set to the forward|play
state|at normal speed.

stop| mode — This is a one¢bit-eode specifying to stop a bitstream transmission.

dire¢tion_indicator —THis is a one-bit code to indicate the playback direction. If this bit is set to 1", it stands for a forward
play/| Otherwise it stanids for a backward play.

speefl_mode — This is a 1-bit code to specify the speed scale. If this bit is set to 'l', it specifies that the speed is nqrmal
play] If this bitus'set to '0', it specifies that the speed is fast play (i.e., fast forward or fast reverse).

recopd_flag — This is one-bit flag to specify the request of recording the bitstream from an end user to a DSM ffor 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).

B.3.7

seled

retrieval_ack — This 1-bit field when set to 'l' indicates that the ack()*¢ommand is to acknowledge a retrieval comnj

stors

erro
play
T ¢
cmd
is rej

Table B.5 — DSM-CC Acknowledgement

[ Semantics of fields in acknowledgement layer

t_ack — This 1-bit field when it is set to '1" indicates that the ack() command is to acknowledge a select commd

pge_ack — This 1-bit field when set to 'l1' indicates that the ack() command is to acknowledge a storage commat

I _ack — This 1-bit field when set to '1' indicates a DSM error. The defined errors are EOF (end of file on for
or start of file on reverse play) on a stream being retfieved and Disk Full on a stream being stored. If this bit is
Ind_status is undefined. The current bitstream is still selected.

Syntax No. of bits | Mnemonic
ack() {
select_ack 1 bslbf
retrieval ack 1 bslbf
storage ack 1 bslbf
error_ack 1 bslbf
reserved 10 bslbf
marker_bit 1 bslbf
cmd_status 1 bslbf
If (cmd_status =="1' &&
(retrieval ack =='1" || storage_ack =="1")) {
time code()
b
}

If select_ack is set and cmd “status is set to '1', it specifies that the Rec. ITU-T H.222.0 | ISO/IEC 13§
bitstream 1is selected afid the server is ready to provide the selected mode of operation. The cu
operational PTS valueyis set to the first point of random access of the newly selected Rec. ITU-T H.J
| ISO/IEC 13818-1 bitstream. If cmd_status is set to '0', the operation has failed and no bitstream is sele

If retrieval ack is set and cmd_status is set to 'l', it specifies that the retrieval operation is initiated f{
retrieval commmands. The position of the current operational PTS pointer is reported by the succeg
time codg.

For the-play flag command with infinite_time flag !="1", a second acknowledgement will be sent.
will acknowledge that the play operation has ended by reaching the duration defined by the play
cemmand.

If the cmd_status is set to '0' in a retrieval acknowledgement, the operation has failed. Possible reasor

nd.
and.
nd.

ward
et to

| status — This 1-bit flag set to 'l1' indicates, that the command is accepted. When set to '0' it indicates the comiand
ected. The semantics vary according to the.command received as follows:

18-1
rrent
122.0
cted.

br all
ding

This
| flag

s for
brted

this failure include an invalid bitstream_ID, jumping beyond the end of a file, or a function not supp
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Such as reverse play 1n standard Specd.

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 PTSv4
See Table B.6.
Table B.6 — Time code
Syntax No. of bits | Mnermonic
time_code() {
reserved 7 bslbf
infinite_time_flag 1 bslbf
if (infinite_time flag=="0") {
reserved 4 bslbf
PTS [32..30] 3 bsIbf
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
inﬁl]ite_time_ﬂag — This 1-bit flag when set to 'l" indicates an infinite time period. This flag is set to 'l' in applica
wheitle a time period for a specific operation could not be defined in advance.
PTS|[32..0] — The presentation timestamp of the access unit of the bitstream. Depending upon the function, this c3
an alpsolute value or a relative time’delay in cycles of the 90-kHz system clock.

lue.

tions

n be
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Cl1

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

Introduction

Recommendation | International Standard provides a method for describing the contents of transport stream pa

for the purpose of the demultiplexing and presentation of programs. The coding specification accommodates this fun
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gh the program-specific information (PSI). This annex discusses the use of PSI.

PSI may be thought of as belonging to six tables:
1) Program association table (PAT);
2) TS program map table (PMT);
3) Network information table (NIT);
4)  Conditional access table (CAT).
5) Transport stream description table (TSDT); and
6) IPMP control information table.

ontents of the PAT, PMT, CAT and TSDT are specified in this\Recommendation | International Standard. 1Q
ed in ISO/IEC 13818-11 (MPEG-2 IPMP).

NIT is a private table, and the PID value of the transport stréam packets which carry it is specified in the PAT.
[IT and ICIT must follow the structure defined in this Recommendation | International Standard.

Functional mechanism

ables listed above are conceptual in that they-need never be regenerated in a specified form within a decoder. W

structures may be thought of as simple-tables, they may be partitioned before they are sent in transport st
pts. The syntax supports this operation/by allowing the tables to be partitioned into sections and by provid
ative mapping method into transport:stream packet payloads. A method is also provided to carry private dat3
ar format. This is advantageous-as the same basic processing in the decoder can then be used for both the PSI
he private data helping to(keep cost down. For advice on the optimum placing of PSI in the transport sty
Annex D.

section is uniquely.identified by the combination of the following elements:
i) table_id
The,8-bit table id identifies to which table the section belongs.
*/ Sections with table id 0x00 belong to the Program Association Table.
*  Sections with table id 0x01 belong to the Conditional Access Table.

tkets
ction

[T is

Both
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ng a
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data
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*  Sections with table id 0x02 belong to the TS Program Map Table.

218

*  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
Dy the decoder. There is no obligation within this Recommendation | International Standard that secions
must be transmitted in numerical order, but this is recommended, unless it is desired to transmit’$ome
sections of the table more frequently than others, e.g., due to random access considerations.

iv) version_number

When the characteristics of the transport stream described in the PSI change (e.g., extra-programs added,
different composition of elementary streams for a given program), then new PSI data has to be sent|with
the updated information as the most recently transmitted version of the sections marked as "current" must
always be valid. Decoders need to be able to identify whether the most recently received section is identical
with the section they have already processed/stored (in which case the section’can be discarded), or whgther
it is different, and may therefore signify a configuration change. This israchieved by sending a section|with
the same table id, table id_extension, and section_number as the préviots section containing the rel¢vant
data, but with the next value version number.

v) current_next_indicator

It is important to know at what point in the bitstream the PSI is valid. Each section can therefofe be
numbered as valid "now" (current), or as valid in the immediate future (next). This allows the transmigsion
of a future configuration in advance of the changesgiying the decoder the opportunity to prepare fqr the
change. There is however no obligation to transmit the next version of a section in advance, but iff it is
transmitted, then it shall be the next correct version of that section.

C4 The mapping of sections into transport stream packets

Sectlons are mapped directly into transport strearmpackets, that is to say, without a prior mapping into PES padkets.
Sectlons do not have to start at the beginning efitransport stream packets, (although they may), because the start gf the
first pection in the payload of a transport streanmpacket is pointed to by the pointer_field. The presence of the pointer [field
is signalled by the payload unit start indicator being set to a value of '1' in PSI packets. (In non-PSI packets, the indigator
signgls that a PES packet starts in the.transport stream packet.) The pointer_field points to the start of the first sectipn in
the transport stream packet. There(is'never more than one pointer field in a transport stream packet, as the start of any
othet section can be identified by counting the length of the first and any subsequent sections, since no gaps betfveen
sectipns within a transport stieam packet are allowed by the syntax.

It is jmportant to note that ' within transport stream packets of any single PID value, one section must be finished bgfore
the nlext one is allowéd o be started, or else it is not possible to identify to which section header the data belongs| If a
sectipn finishes befere the end of a transport stream packet, but it is not convenient to open another section, a stulffing
mechanism is previded to fill up the space. Stuffing is performed by filling each remaining byte of the packet with the
valu¢ OxFF. Consequently the table id value OxFF is forbidden, or else this would be confused with stuffing. Once a )xFF
byte |has oceutred at the end of a section, then the rest of the transport stream packet must be stuffed with OXFF Qytes,

allowing. a decoder to discard the rest of the transport stream packet. Stuffing can also be performed using the ngrmal

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 unsigned integer and thus permits 65535 unique programs to exist within a transport stream (program mumber
0 is geserved for identification of the NIT). Where several transport streams are available to the decoder (e.g...in.a ¢able
network), in order to successfully demultiplex a program, the decoder must be notified of both the transpott “stream_id
(to find the right multiplex) and the program number of the service (to find the right program within the multiplex)

The fransport stream mapping may be accomplished via the optional network information table. Note-that the netpvork
infomation table may be stored in decoder non-volatile memory to reduce channel acquisition tim&.In this case, it fjeeds
to bg transmitted only often enough to support timely decoder initialization set-up operations."The contents of the] NIT
are private, but shall take at least the minimum section structure.

C.7 Allocation of program_number

It mgy not be convenient in all cases to group together all the program elementswhich share a common clock refefence
as orje program. It is conceivable to have a multi-service transport stream with'enly one set of PCRs, common to alll. In
genefal, though, a broadcaster may prefer to logically split up the transport stream into several programs, wherg¢ the
PCR| PID (location of the clock reference) is always the same. This method of splitting the program elements into psqudo-
independent programs can have several uses. Two examples follow:

1)  multilingual transmissions into separate markets

One video stream may be accompanied by several audio streams in different languages. It is advisaljle to
include an example of the ISO_639 language descriptor associated with each audio stream to enable the
selection of the correct program and audio. It is reasonable to have several program definitions [with
different program numbers, 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 and all the
audio streams as one program, where this does not exceed the section size limit of 1024 bytes.

il) Very large program definitions

There is a 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 cases, [even
with each program element having several descriptors, this size is adequate. However, one may envjsage
cases in very High-bitrate systems, which could exceed this limit. It is then in general possible to identify
methods of splitting the references of the streams, so that they do not all have to be listed together. Jome
program elements could be referenced under more than one program, and some under only one or the gther,
but netboth.

C.8 Usage/of PSI in a typical system

A commtinications system, especially in broadcast applications, may consist of many individual transport streams. Each
one pfithe four PSI data structures may appear in each and every transport stream in a system. There must always|be a
complete version ol 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

Figufe C.T shows an example of the relationship between the four PST structures and the transport stream. Other exarhples
are plossible, but the figure shows the primary connections.

In thp 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 RID
Program 45
Video
Program 20 Elementary stream PID
ProgramY

Program map table

EMM S9s.2 Program 1 Program 20 EMM Svs 1 tl\r/[PEG_j[
Y Audio Video Y S;::rr;o

CASyseml — capp |
RV capD | 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 program map table (MPT) provides the mapping between a program number and the program elements that comprise
it. This table is present in transport stream packets having one or more privately-selected PID valtues” These trangport
streajn packets may contain other private structures as defined by the table id field. It is possible toxiave TS PMT sections
referfing to different programs carried in transport stream packets having a common PID value:

This|Recommendation | International Standard requires a minimum of program identification: program number, [PCR
PID,|stream types and program elements PIDs. Additional information for either programs*or elementary streams may be
conveyed by use of the descriptor() construct. Refer to C.9.6.

Private data may also be sent in transport stream packets denoted as carrying-T'S program map table sections. This is
accomplished by the use of the private section(). In a private_section() the dpplication decides whether version_number
and ¢urrent_next_indicator represent the values of these fields for a single{section or whether they are applicable to fany
sectipns as parts of a larger private table.

NOTE 1 — Transport stream packets containing the Program Map Table are transmitted unencrypted.
NOTE 2 — It is possible to transmit information on events in private-descriptors carried within the TS program _map_section()s.

C.9.3 Conditional access table

The fonditional access table (CAT) gives the association’between one or more conditional access (CA) systems, [their
EMM streams and any special parameters associatedywith them.

NOTE — The (private) contents of the transport stieam packets containing EMM and CA parameters if present will, in generpl, be
encrypted (scrambled).

C.9.4 Network information table

The gontents of the network information table (NIT) are private and not specified by this Recommendation | Internatjonal
Standlard. In general, it will contain mappings of user-selected services with transport_stream _ids, channel frequercies,
satel]ite transponder numbers; modulation characteristics, etc.

C.9.5 Private_section()

Private _sections() ¢an occur in two basic forms, the short version (where only the fields up to and including section _I¢ngth
are included) or the-long version (where all the fields up to and including last_section_number are present, and aftgr the
privgte data bytes'the CRC 32 field is present).

Privgte_section()s can occur in PIDs which are labelled as PMT PIDs or in transport stream packets with other PID values
whighentain exclusively private sections(), including the PID allocated to the NIT. If the transport stream packdgts of
the }—ID \/Clll_yillé t‘llC plivatciacutiUU\)b arcv idcutiﬁcd ad d PID \/au_yiug plivatcibcvti\um (Dtl Caulit_ypc abaisulucut alue
0x05), then only private sections may occur in transport stream packets of that PID value. The sections may be either of
the short or long type.

C.9.6 Descriptors

There are several normative descriptors defined in this Recommendation | International Standard. Many more private
descriptors may also be defined. All descriptors have a common format: {tag, length, data}. Any privately defined
descriptors must adhere to this format. The data portion of these private descriptors are privately defined.

One descriptor (the CA_descriptor()), is used to indicate the location (PID value of transport packets) of ECM data
associated with program elements when it is found in a TS PMT section. When found in a CA section it refers to EMMs.
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In order to extend the number of private descriptors available, the following mechanism could be used: A private
descriptor_tag could be privately defined to be constructed as a composite descriptor. This entails privately defining a
further sub_descriptor as the first field of the private data bytes of the private descriptor. The described structure is as
indicated in Tables C.1 and C.2.

Table C.1 — Composite_descriptor

Syntax No. of bits | Mnemonic
Composite_descriptor() {
descriptor_tag(privately defined) 8 uimsbf
descriptor_length 8 uimsbf

for (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 [implementation of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream must make reasonable bandwidth demjands
for PSI information and, in applications where randem access is a consideration, should promote fast signal acquisition.
This|subclause analyses this issue and gives some-broadcast application examples.

The packet-based nature of the transport stream allows for the interspersing of PSI information with fine granularity in
the multiplexed data. This provides significant flexibility in the construction and transmission of PSI.

Signpl acquisition time in a real de€oder is dependent on many factors, including: FDM tuning slew time, demultiplgxing
time{ sequence headers, I-frame ec¢urrence rate and scrambling key retrieval and processing.

This[subclause examines b¢th the bitrate and signal acquisition time impacts of the PSI syntax in 2.4.4.4 and 2.4.4.9} It is
assu]Eed that the conditional access table does not need to be received dynamically at every program change.|This
assumption is also mad¢ of the private EMM streams. This is because these streams do not contain the quickly-vafying
ECM components tsed for program element scrambling (encryption).

Also} in the diseussion below, the time to acquire and process ECMs has been neglected.

Tablps C3'\arid C.4 provide bandwidth usage values for a range of transport stream conditions. One axis of the table is
the nuimber of programs contained in a single transport stream. The other axis is the frequency with which thq PSI
informatrom Tstramsmitted T the tramsport streanT:
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Table C.3 — Program association table bandwidth usage (bit/s)
Number of programs per transport stream

Info

rmation

s

Frequency of PA table

1

5

10

32

128

1

1504

1504

1504

1504
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10
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150400

150400
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column.

NOTE - Since 46 program_association_sections fit into one transport packet, the numbers in the table do not change until the

Table C.4 — Program map table bandwidth usage (bit/s)
Number of programs per transport stream
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frequency will be a key determinant of the component of signal acquisition‘time due to PSI structures.

bandwidth usage tables assume that only the minimum program mappifig information is provided. This meang
ID values and stream types are provided with no additional descripfors. All programs in the example are comp
o elementary streams. Program associations are 2 bytes long, while the minimal program map is 26 bytes long. 1
Hitional overhead associated with version numbers, section lenigths, etc. This will be on the order of 1-3% of the
itrate usage in sections of moderate to maximum length (a few hundred bytes to 1024 bytes) and will thus be igq

hbove assumptions allow forty-six (46) program associations to map into one Program Association Table tran
m packet (if no adaptation field is present). Similarly, seven (7) TS program_map_sections fit into a single tran
Im packet. It may be noted that to facilitate easy "drop/add" it is possible to transmit only ong

b a frequency of 25 Hz for the two RSl Tables, yields a worst-case contribution to the signal acquisition tin
bximately 80 ms. This would only,o¢cur when the required PAT data was "just missed" and then, once the PAT

Hisadvantage of the extra levelof indirection introduced by the PAT structure. This effect could be reducg
Hinated transmission of related PAT and PMT packets. Presumably, the advantage that this approach offer
h/add" re-multiplexing.eperations is compensatory.

the 25-Hz PSI fréquency, the following examples may be constructed (all examples leave ample allowanc|
us datalink, FE€)\CA and routing overheads):
Hz CATV/channel

o\ five 5.2-Mbit/s programs: 26.5 Mbit/s (includes transport overhead)

that
osed
here
total
ored

sport
sport
(1)

he of
was

ired and decoded, the required PMT data was also "just missed". This doubling of the worst case acquisition tine is

d by
5 for

e for

total PSI bandwidth: 5.2 kbit/s

CA bamdwidths 560kbit'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)
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32 3.9-Mbit/s programs:
total PSI bandwidth: 225.6 kbit/s

CA bandwidth: 500 kbit/s

total Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 128.2 Mbit/s
PSI Overhead: 0.18%

127.5 Mbit/s (includes transport overhead)
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C-band satellite transponder
* 128 256-kbit/s audio programs:  33.5 Mbit/s (includes transport overhead)
+  total PSI bandwidth: 826.4 kbit/s
*  CA bandwidth: 500 kbit/s
total Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 34.7 Mbit/s
»  PSI overhead: 2.4% (actually would be lower if only one PID used per program)
As expected, the percent overhead increases for lower-rate services since many more services are possible per transport

stream. However, the overhead is not excessive in all cases. Higher transmission rates (than 25 Hz) for the PSI data may
be used to decrease the impact on channel acquisition time with only modest bitrate demand increases.
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D.1

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.)

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
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samy]
deco|
deco|

Vi

pliant Rec. ITU-T H.222.0 | ISO/IEC 13818-1 data streams. Given that a decoding system receives a compliai
m that is delivered correctly in accordance with the timing model it is straightforward to implement the decoder|
it produces as output high quality audio and video which are properly synchronized. There is 1o “norm|
rement, however, that decoders be implemented in such a way as to provide such high quality preséntation ou
plications where the data are not delivered to the decoder with correct timing, it may be possibl¢ to produc
ed presentation output; however, such capabilities are not in general guaranteed. This informative annex desc|
ec. ITU-T H.222.0 | ISO/IEC 13818-1 Systems timing model in detail, and gives some sugggestions for impleme
der systems to suit some typical applications.

| Timing model

ITU-T H.222.0 | ISO/IEC 13818-1 Systems embodies a timing model in which' all digitized pictures and ¢
les that enter the encoder are presented exactly once each, after a constant end to end delay, at the output o
der. As such, the sample rates, i.e., the video frame rate and the audio sample rate, are precisely the same 4
der as they are at the encoder. This timing model is diagrammed in Figute D.1:
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Figure D.1 — Constant delay model

ant in this modelY, while the delay through each of the encoder and decoder buffers is variable. Not only is the
gh each of thesg buffers variable within the path of one elementary stream, the individual buffer delays in the Y
tudio paths differ as well. Therefore the relative location of coded bits representing audio or video in the comt
m does not.indicate synchronization information. The relative location of coded audio and video is constrained
e System Target Decoder (STD) model such that the decoder buffers must behave properly; therefore coded 3
ideo.that represent sound and pictures that are to be presented simultaneously may be separated in time withi

code

_FD.1

er is
lelay
rideo
ined
only
udio
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d bit' stream by as much as one second, which is the maximum decoder buffer delay that is allowed in the STD m

pdel.

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
implpmented.

Sinc¢ the end-to-end delay through the entire system is constant, the audio and video presentations are predisely
synchronized. The construction of System bit streams is constrained such that when they are decoded by a decodef that
follos this model with the appropriately sized decoder buffers, those buffers are guaranteed never to overflow nor
underflow, with specific exceptions allowing intentional underflow.

In order for the decoder system to incur the precise amount of delay that causes the entire end-to~end delay to be congtant,
it is pecessary for the decoder to have a system clock whose frequency of operation and absolute instantaneous yalue
matchh those of the encoder. The information necessary to convey the encoder's system.¢lock is encoded in the SQR or
PCR} this function is explained below.

Decaders which are implemented in accordance with this timing model such that\they present audio samples and yideo
pictures exactly once (with specific intentionally coded exceptions), at a constant rate, and such that decoder buffers
behape as in the model, are referred to in this annex as precisely timed dee0oders, or those that produce precisely tjmed
outpfit. Decoder implementations are not required by this International Standard to present audio and video in accordance
with|this model; it is possible to construct decoders that do not have constant delay, or equivalently do not present|each
picture or audio sample exactly once. In such implementations, however, the synchronization between presented gudio
and yideo may not be precise, and the behaviour of the decoder butfers may not follow the reference decoder model} It is
impdrtant to avoid overflow at the decoder buffers, as overflow'causes a loss of data that may have significant effects on
the rgsulting decoding process. This annex covers primarily\the operation of such precisely timed decoders and sorhe of
the dptions that are available in implementing these decoders.

D.1.2 Audio and video presentation synchronization

Within the coding of this Recommendation ({ Ihternational Standard Systems data are timestamps concerning the
presg¢ntation and decoding of video picturesand blocks of audio samples. The pictures and blocks are called "Presentption
Units", abbreviated 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'are called "Access Units", abbreviated AU. An audio access unit is abbrevjated
AAU, and a video access unit is_abbreviated VAU. In ISO/IEC 13818-3 audio the term "audio frame" has the $ame
meaning as AAU or APU (audio présentation unit) depending on the context. A video presentation unit (VPU) is a pigture,
and 3 VAU is a coded picturé,

Somg, but not necessarily-all, AAUs and VAUs have associated with them PTSs. A PTS indicates the time that thg PU
which results from décoding the AU which is associated with the PTS should be presented to the user. The audio PTSs
and yideo PTSs aredoth samples from a common time clock, which is referred to as the System Time Clock or $TC.
WitH the correetwalues of audio and video PTSs included in the data stream, and with the presentation of the audi¢ and
vide¢ PUs oecurring at the time indicated by the appropriate PTSs in terms of the common STC, precise synchronizption
of thp presented audio and video is achieved at the decoding system. While the STC is not part of the normative coptent
of thjscqRecommendation | International Standard, and the equivalent information is conveyed in this Recommendation |

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 prcture presentanon interval 1/P where Pis the frame rate, and compressed video data are arrrvrng at the
decoge e etaye eI

The yideo presentation is 11kew1se delayed with respect to the STD, and the PTS should be handled accordingly. $ince
the video is delayed, the audio decoding and presentation should be delayed by a similar amount in ordet/to prgvide
corrgct synchronization. Delaying decoding and presentation of audio and video in a decoder may be implementefl for

Another difference between the STD and precise practical decoder implementation is that in the STD model the explicit
assumption is made that the final audio and video output is presented to the user instantaneously and without further
delay. This may not be the case in practice, particularly with cathode-ray tube displays, afid this additional delay should
also |be taken into account in the design. Encoders are required to encode audio-and’video such that the cdrrect
synchronization is achieved when the data is decoded with the STD. Delays in the input-and sampling of audio and vjideo,

In the STD model proper synchronization is assumed and the timestamps and-buffer behaviour are tested against this
assumption as a condition of bit stream validity. Of course in a physical decoder precise synchronization ig not
automatically the case, particularly upon start-up and in the presence oftiming jitter. Precise decoder timing is a gdal to
be targeted by decoder designs. Inaccuracy in decoder timing affects‘the behaviour of the decoder buffers. These tppics
are cpvered in more detail in later subclauses of this annex.

The STD includes Decoding Time Stamps (DTS) as well as*PTS fields. The DTS refers to the time that an AU is fo be
extracted from the decoder buffer and decoded in the STD.model. Since the audio and video elementary stream dec¢ders
are ihstantaneous in the STD, the decoding time and présentation time are identical in most cases; the only exception
occufs with video pictures which have undergone re-ordering within the coded bit stream, i.e., I- and P-pictures ip the
case jof non-low-delay video sequences. In cases where re-ordering exists, a temporary delay buffer in the video deqoder
is usgd to store the appropriate decoded I- or. R=picture until it should be presented. In all cases where the decoding and
presg¢ntation times are identical in the STDy7i.¢.; all AAUs, B-picture VAUs, and I- and P-picture VAUSs within low-dlelay
vide sequences, the DTS is not coded, as it would have the same value as the PTS. Where the values differ, both are
codefd if either is coded. For all AUs where only the PTS is coded, this field may be interpreted as being both the PT$ and
the IPTS.

Sinc¢ PTS and DTS values arenot required for every AAU and VAU, the decoder may choose to interpolate values which
are njot coded. PTS values are required with intervals not exceeding 700 ms in each elementary audio and video stieam.
These time intervals are@gasured in presentation time, that is, in the same context as the values of the fields, not in erms
of the times that the fields are transmitted and received. In cases of data streams where the system, video and audio clocks
are lpcked, as definedin the normative part of this Recommendation | International Standard, each AU following orje for
which a DTS orRTS is explicitly coded has an effective decoding time of the sum of that for the previous AU plus a fixed
and $pecified-difference in value of the STC. For example, in video coded at 29.97 Hz each picture has a differengce in
time|of 3003 cycles of the 90-kHz portion of the STC from the previous picture when the video and system clocks are

locke¢d-The same time relationship exists for decoding successive AUSs, although re- -ordering delay in the decoder affects

th P laian oot o d AL d tad DILL AV tha dot 4 dad b tlot 1 2 d
¢ refattonship-betweendecoderAbsand-presentedPUs—When-the-datastreamts—eoded—stueh—that-the—~video—or-dudio

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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