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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are members
ISO or participate in the development of Internationa andard hrough technica ommitte

established by the respective organization to deal with particular fields of technical activity. 1ISO and/ A&

technical committees collaborate in fields of mutual interest. Other international organizations, governmen
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of informati
technolpgy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

Internafjonal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft Internation
Standards adopted by the joint technical committee are circulated to national bodies_for'voting. Publication
an International Standard requires approval by at least 75 % of the national bodies.casting a vote.

Attention is drawn to the possibility that some of the elements of this documernt may be the subject of patg
rights. IBO and IEC shall not be held responsible for identifying any or all sach patent rights.

ISO/IEC 13818-1 was prepared by Joint Technical Committee ISO/IECITC 1, Information technology,
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information, in collaboration with
ITU-T. The identical text is published as ITU-T H.222.0 (06/2012).
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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. Theyjideo
and pudio data is encoded as described in Rec. ITU-T H.262 | ISO/IEC 13818-2 and ISO/IEC 13818-3. The, resylting
compressed elementary 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
infomation is not needed and need not be added when PES packets are further combined with systemilevel information
to form transport streams or program streams. This systems standard covers those processes to theyright 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 overviey 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
streams of PES packets, which havea‘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 are not
multjplexed, the elementary-streams can also be encoded as separate program streams, one per elementary stream, with a
comimon time base. In this\case the values encoded in the SCR fields of the various streams shall be consistent.

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

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

The fransport 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 1s 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.

Rec. ITU-T H.222.0 (10/2014) vii
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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 frwhich
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 trangport
stream rate is defined by the values and locations of program clock reference (PCR) fields, which in general are separate
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 2.4.2.2.

The fransport stream may be constructed by any method that results in a valid stream. t,is*possible to construct trangport
streajns 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 transport stream is designed in such a way that several operations on adransport stream are possible with minijnum
effort. Among these are:

1) Retrieve the coded data from one program within the {ransport 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-ofie or more programs from one or more transport streamg and
produce as output a different transport stréam (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, convért 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 illustrates the first case, where a transport stream is directly demultiplexed and dec¢ded.
Trankport streams are constructed in two layers:

—  asystemlayer; and

— acompression layer.

The |nput stream.to the transport stream decoder has a system layer wrapped about a compression layer. Input streains to
the viideo and‘atidio decoders have only the compression layer.

Opetfatiofis performed by the prototypical decoder which accepts transport streams either apply to the entire transport
streaji-(")multiplex-wide operations"), or to individual elementary streams ("stream-specific operations"). The tranfport
stream system layer 1s 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.

viii Rec. ITU-T H.222.0 (10/2014)
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Figure Intro. 2 — Prototypical transport demultiplexing and decoding example
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e Intro. 3 illustrates the second case, where a transport stream containing multiple programs is convertedj
port stream containing a single program. In this case the re-multiplexing operation may necessitate the correcti
Fam clock reference (PCR) values to account for changes in the PCR locations in the bit stream.

Transport stream
demultiplex and ——=-»
decoder

Channel | Channel-specific
decoder

A 4

Transport stream

.. . Transport stréam
containing multiple programs

with single program
gc progr H.222.0(12)_F03

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 converteg
gram stream.

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

Transport stream
demultiplex and program +——k—»
stream multiplexor

Channel . | Channel-specific
decoder

A

Transport stream

- : Program stream
containing piultiple programs

H.222.0(12)_F04

Figure Intre. 4 — Prototypical transport stream to program stream conversion

D. 2 Program stream

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

ram streams may be either fixed or variable rate. In either case, the constituent elementary streams may be @

hto a
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into
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lude
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ither
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orvariable rate The syntax and semantics constraints on the stream are identical in each case The nrooram sff
PLOZ

cam

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

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

data

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

The
conf
one
spec
chan|

The
infor
prod
the d
and
and Y

Prog
streaj
have

brototypical decoder for program streams shown in Figure Intro. 5 is composed of system, video and audio)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 channelin' 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 streaim,decoder 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 videg ‘and audio signals. Includ
esign, but not shown in the figure, is the flow of timing information among th€program stream decoder, the
hudio decoders, and the channel-specific decoder. The video and audio decodets are synchronized with each

with 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 layer{Input streams to the video and audio dec
only the compression layer.

Opetations performed by the prototypical decoder either_apply to the entire program stream ("multiplex-
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hitions"), or to individual elementary streams ("stream-sSpecific 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).

D. 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 transpert stream and program stream as embodied in 2.4.1 and 2.5.1 of the norm
rements of this Recommendation,| 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 PESpackets in a program to assist with this if the program_packet sequence coun

pres¢nt in all PES packets.

Cert
table

Intrd¢

Tran|
defin]
the B

tin other information 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

D. 4 Packetized elementary stream

Kport steeais and program streams are each logically constructed from PES packets, as indicated in the sy
itions'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 thg
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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
interfpicture interval and audio sample rate are the same at the decoder as at the encoder. The system streamvcqding
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
respénsibility to perform in an acceptable manner. The timing is embodied in the normative specifications of this
Recqmmendation | International Standard, which must be adhered to by all valid bit streams, regardless/of the meaps of
creating them.

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

In the transport stream the system clock frequency is constrained to have the exactly,specified ratio to the audio and yideo
samplle clocks at all times; the effect of this constraint is to simplify sample rate reeovery in decoders.

Intrg. 6 Conditional access

Encryption and scrambling for conditional access to programs encoded 4n' the program and transport streams is suppprted
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 systeims.

Intrg. 7 Multiplex-wide operations

Mulffiplex-wide operations include the coordination of\data retrieval of the channel, the adjustment of clocks, angl the
manggement of buffers. The tasks are intimately related. If the rate of data delivery of the channel is controllable,|then
data |delivery may be adjusted so that 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 serves|as a
referpnce for clock correction and-buffer management. The schedule need not be followed exactly by decoders, but{they
musf 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 theé‘same function as that which is specified in the program stream.

An aflditional multiplex-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
cam Streamid i osinthe tras eam-make

Intr¢. 8.2 Synchronization

Syndhronization among multiple elementary streams is accomplished with presentation time stamps (PTSs) if 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 cotnmon 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 extetnal clock.

Each program in a transport stream, which may contain multiple programs, may have'its own time base. The time lpases
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 occtirs)when encoders save time stamps at capture
time{ when the time stamps propagate with associated coded data to decdders, and when decoders use those time stamps
to schedule presentations.

Syndhronization of a decoding system with a channel is achievedthrough the use of the SCR in the program streanj 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 the*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
inforymation (PSI), for the method of identifying which PCR is associated with a program. A program shall have on¢ and
onlyfone PCR time base associated with it.

Intr¢. 8.3 Relation to compression layer

The PES packet layer is independent-of'the compression layer in some senses, but not in all. It is independent 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 codes~may occur anywhere within the payload of a PES packet, and start codes may be split by
a PEP packet header. Howéver; time stamps encoded in PES packet headers apply to presentation times of comprepsion
layeq constructs (namely; presentation units). In addition, when the elementary stream data conforms to Rec. ITU-T H.262
| ISO/IEC 13818-2 ©r)ISO/IEC 13818-3, the PES packet data bytes shall be byte aligned to the bytes off this
Recqmmendation | Iternational Standard.

Intrg. 9 System reference decoder

Part [| 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 system
targetdecoder™ (P-STD), to provide a formalism for timing and bulfering relationships. Because the S1D 1s 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.
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Intro. 10 Applications

The streams defined in this Recommendation | International Standard are intended to be as useful as possible to a wide
variety of applications. Application developers should select the most appropriate stream.

Modern data communications networks may be capable of supporting 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.

Man

stora

Part

b of ISO/IEC 13818 in order to facilitate the control of such media

y applications require storage and retrieval of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams on various’d
oe media (DSM). A digital storage media command and control (DSM-CC) protocol is specified in Afihex H

gital
and
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1.2.1

suppprt the combination of the video and audio coding methods defined in Parts 2 and3 of ISO/IEC 13818. Thesy

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 streams from multiple programs with indepet
bases. For almost error-free environments the program stream.is generally more appropriate, supporting soft

ructed in two layers: the outermost layer is the system layer, and the innermost is the compression layer. The sy

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.bythe system layer provided that the other types of data adhere t
raints defined in 2.7.

Normative references

following Recommendations andiInternational Standards contain provisions which, through reference in this
itute provisions of this Recommendation | International Standard. At the time of publication, the editions indi
valid. All Recommendatiofis 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

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

Both
bport
ream
ident
ware
kely.

c. ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream, whether a transport stream or a program streajm, is
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text,
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valid
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1.2.2 Paired Recommendations | International Standards equivalent in technical content

—  Recommendation ITU-T H.264 (2013), Advanced video coding for generic audiovisual services.

ISO/IEC 14496-10:2013, Information technology — Coding of audio-visual objects — Part 10: Advanced

video coding.
—  Recommendation ITU-T H.265 (2013), High efficiency video coding.

ISO/IEC 23008-2:2013, 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 stan
4:3 and wide-screen 16.9 aspect ratios.

Recommendation ITTI-R BR 64K I')igiml rppnrn’ing Qfmm’in cignnlv

dard

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

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

ISO 15706:2002, Information and documentation — International Standard Audiovisual Number (1S4

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

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

ISO/IEC 11172-3:1993, Information technology — Coding of moviagpictures and associated audi
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
information — Part 3: Audio.

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

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

ISO/IEC 13818-11:2004, Information te¢hnology — Generic coding of moving pictures and assoc
audio information — Part 11: IPMP on MPEG-2 systems.

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

ISO/IEC 14496-17:2006, Information technology, Coding of audio-visual objects — Part 17: Strea
text format.

ISO/IEC 23009+1:2014 — Information technology — Dynamic adaptive streaming over HTTP (DAS
Part 1: Mediapresentation description and segment formats.

ISO/PRE15706-2, Information and documentation — International Standard audiovisual number (1.
— Parg 27 Version identifier.

TEC Publication 60908:1999, Audio recording — Compact disc digital audio system.
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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 hccess unit begins with the picture start code. If a picture is preceded by a group start code andfr 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
precgding 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 access unit defirjition
in2.].3.

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

2.1.2 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 fnore
than 24 hours in the future if the difference between the initial arrival time t.i(n) and'the DPB output time t, 4pn(n) is nore
than [24 hours.

2.1.3 AVC access unit (system): An access unit as defined for byte strears 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 assocjiated
byte | stream_nal unit data structures with nal unit_type equalte™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,
prec¢ded by SPS and PPS NAL units that carry sufficientinformation to correctly decode the IDR picture. Precedinng an
AV({ still picture, there shall be another AVC still pieture or an end of sequence NAL unit terminating a preceding cpded
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/IEC 14496-10.

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

2.1.8 bitrate: The rate atlwhich the compressed bit stream is delivered from the channel to the input of a decodgr.

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

2.1.110 channel>A digital medium that stores or transports a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream.
2.1.01  coded B-frame: A B-frame picture or a pair of B-field pictures.

2.1.12 - “coded frame: A coded frame is a coded I-frame, coded B-frame or a coded P-frame.

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

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

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

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

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

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

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

Rec. ITU-T H.222.0 (10/2014) 3
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2.1.20  data element: An item of data as represented before encoding and after decoding.
2.1.21  decoded stream: The decoded reconstruction of a compressed bit stream.

2.1.22  decoder: An embodiment of a decoding process.

2.1.23  decoding (process): The process defined in this Recommendation | International Standard that reads an input-

coded bit stream and outputs decoded pictures or audio samples.

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

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

2.1.26  DSM-CC: Digital storage media command and control

s the

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

2.1.28 entitlement management message (EMM): Entitlement management messages are private conditional a
infomation which specify the authorization levels or the services of specific decoders. They may be.addressed to s
decofders or groups of decoders.

2.1.29 editing: The process by which one or more compressed bit streams are manipulated to produce a

2.1.30 elementary stream (ES) (system): A generic term for one of the coded video} coded audio or other codg

2.1.31 elementary stream clock reference (ESCR) (system): A time stamp~in the PES stream from which dec
of PES streams may derive timing.

2.1.32  encoder: An embodiment of an encoding process.

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

2.1.34  entropy coding: Variable length lossless coding of the digital representation of a signal to reduce redundg

2.1.35 event: An event is defined as a collection of elémentary streams with a common time base, an associated|
timef and an associated end time.

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

2.1.37 forbidden: The term "forbiddén", when used in the clauses of this Recommendation | International Star
defirfing the coded bit stream, indicafes\that the value specified shall never be used.

2.1.38 metadata: Information to describe audiovisual content and data essence in a format defined by ISO or any
authgrity.

2.1.39 metadata access\unit: A global structure within metadata that defines the fraction of metadata that is inte]
to bg decoded at a spécific instant in time. The internal structure of a metadata Access Unit is defined by the form
the metadata.
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2.1.42 metadata format: Identifies the coding format of metadata.

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

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

2.1.45 metadata stream: The concatenation or collection of metadata Access Units from one or more metadata

services.

2.1.46 (multiplexed) stream (system): A bit stream composed of 0 or more elementary streams combined in a manner

that conforms to this Recommendation | International Standard.
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2.1.47 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.

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

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

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

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

2.1.’2 payiuad. Pd)’lUdL‘l ICfCID [19) ﬁlC ‘Uleb Wlli\,ll fUllUW ‘lllC hcadm :J)’LCD ill d dekcl. FUI CAdlllplC, ‘LIIC pa_ylu ld Of
som¢ transport stream packets includes a PES packet header and its PES packet data bytes, or pointer fi€ld and
PSI gections, or private data; but a PES packet payload consists of only PES packet data bytes. The transport stream
packet header and adaptation fields are not payload.

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

2.1.34  PES packet (system): The data structure used to carry elementary stream data. A PES pa¢ket consists of | PES
packpt header followed by a number of contiguous bytes from an elementary data stream. It is a layer in the system cqding
syntgx described in 2.4.3.6.

2.1.35 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 casegof-a padding stream the PES packet
headpr is similarly defined as the leading fields in a PES packet up to and not in¢luding padding_byte fields.

2.1.36 packetized elementary stream (PES) (system): A PES system cansists of PES packets, all of whose payloads
consjst of data from a single elementary stream, and all of which have thé same stream_id. Specific semantic constrjaints
apply. Refer to Intro. 4.

2.1.§7 presentation time-stamp (PTS) (system): A field that‘may be present in a PES packet header that indifates
the tfme that a presentation unit is presented in the system target(decoder.

2.1.§8 presentation unit (PU) (system): A decoded audio access unit or a decoded picture.

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

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

2.1.41 program element (system)iA generic term for one of the elementary streams or other data streams that|may
be included in a program.

2.1.42 program-specific. information (PSI) (system): PSI consists of normative data which is necessary for the
demyltiplexing of transport streams and the successful regeneration of programs and is described in 2.4.4. An examyjle of
privately defined PSI data’is the non-mandatory network information table.

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

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

2.1.65 scrambling (System): 1he alteration ol the characteristics ol a video, audlo or coded data stream in order to
prevent unauthorized reception of the information in a clear form. This alteration is a specified process under the control
of a conditional access system.

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

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

2.1.68 start codes (system): 32-bit codes embedded in the coded bit stream. They are used for several purposes
including identifying some of the layers in the coding syntax. Start codes consist of a 24-bit prefix (0x000001) and an
8-bit stream_id as shown in Table 2-22.
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2.1.69 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.

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

2.1.71  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.

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

2.17713  system target decoder (STD) (system): A hypothetical reference model of a decoding process used’to-dgfine
the spmantics of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream.

2.1.4  time-stamp (system): A term that indicates the time of a specific action such as the arrival of'a byte dr the
pres¢ntation of a Presentation Unit.

2.1.775 transport stream packet header (system): The leading fields in a transport stream packet, up to and inclyding
the cpntinuity counter field.

2.1.76  variable bitrate: An attribute of transport streams or program streams whereinthe’rate of arrival of bytes §t the
inpuf to a decoder varies with time.

2.1.77  video sub-bitstream: A video sub-bitstream is defined to be all VCL NALUnits associated with the same Value
of dgpendency id of an AVC video stream which conforms to one or more préfiles defined in Annex G of Rec. ITU-T
H.264 | ISO/IEC 14496-10 and all associated non-VCL NAL units in decoding order as defined in Rec. ITU-T H.p64 |
ISOJEC 14496-10. Re-assembling video sub-bitstreams in a consecutive’ order of dependency id, starting from the
dependency _id equal to 0 up to any value of dependency _id, results ian*AVC video stream. A video sub-bitstream|shall
have{the AVC byte stream format as defined in Annex B of Rec. ITU*T H.264 | ISO/IEC 14496-10.

2.1.78 AVC video sub-bitstream of SVC: The video sub-bitstream that contains the base layer as defined in Annlex G
of Rec. ITU-T H.264 | ISO/IEC 14496-10 and that shall additionally contain NAL units with nal unit type equal {o 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 VCIy NAL units associated with dependency _id equal to 0.

2.1.79 SVC video sub-bitstream: The video, sub-bitstream that contains VCL NAL units with nal_unit_type ¢qual
to 2(] with the same NAL unit header syntax elément dependency id not equal to 0.

2.1.80 SVC dependency representation? The VCL NAL units of an AVC access unit associated with the same yalue
of dgpendency id which is provided as.part of the NAL unit header or the associated prefix NAL unit header, angl the
asso¢iated non-VCL NAL units7\Re-assembling SVC dependency representations in a consecutive orddr of
dependency id starting from thejlowest value of dependency id present in the access unit up to any valye of
depehdency id present in the@ccess unit, while reordering the non-VCL NAL units conforming to the order of NAL junits
within an access unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10, results in an AVC access unit.

2.1.81 SVC slice (System): A byte stream nal unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10 |with
nal finit type equalte”20 of an AVC video stream which conforms to one or more profiles defined in Annex |G of
Rec.[ITU-T H.2641SO/IEC 14496-10.

NOTE — Asispecified in Rec. ITU-T H.264 | ISO/IEC 14496-10, the value of svc_extension_flag is set equal to 1 for coded fideo
pquences~conforming to one or more profiles specified in Annex G. SVC slices should not include NAL units for which

1 Ainit_type is equal to 20 with svc_extension_flag equal to 0.
2.1.J; view order index: An index that indicates the decoding order ol M VT view components in an AV C access unit

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

©n

j=]

2.1.83 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.
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2.1.84 MVC video sub-bitstream: The MVC video sub-bitstream is defined to be all VCL NAL units with
nal_unit_type equal to 20 associated with the same multiview video coding (MVC) view_id subset of an advanced video
coding (AVC) video stream and associated non-VCL NAL units which conform to one or more profiles defined in Annex
H of Rec. ITU-T H.264 | ISO/IEC 14496-10.
NOTE - In contrast to a sub-bitstream as specified in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, an MVC video
sub-bitstream according to this Specification is not necessarily a decodable MV C video sub-bitstream. The one exception is when
an MVC video sub-bitstream is also an MVC base view sub-bitstream. Re-assembling MVC 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.

2.1.85 MVC base view sub-bitstream: The MVC base view sub-bitstream is defined to contain the AVC video
sub-bitstream of MVC conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10
and one 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

2.1.86 MYVC view-component subset: The VCL NAL units of an AVC access unit associated with the 'same YMVC
view| id subset and associated non-VCL NAL units.
NOTE - Re-assembling MVC view-component subsets ordered according to the view order index, starting from the minfmum
ew order index up to the highest view order index present in the access unit, while reordering the non-VEI-NAL units confotming

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

2.1.§7 MVCsslice (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.
NOTE — As specified in Rec. ITU-T H.264 | ISO/IEC 14496-10, the value of sve_extension_flag is set equal to 0 for coded video

s¢quences conforming to one or more profiles specified in Annex H. MVC slice$ should not include NAL units for which
npl_unit_type is equal to 20 with svc_extension_flag equal to 1.

2.1.88 AVC video sub-bitstream of MVC: The video sub-bitstreamthat contains the base view as defined in Anrjex H
of Regc. ITU-T H.264 | ISO/IEC 14496-10, containing all VCL NADL\units associated with the minimum value of [view
ordet index present in each AVC video sequence of the AVC video.stream. The AVC video sub-bitstream of MVC|may
addifionally contain the associated NAL units with nal unit type syntax element equal to 14 (prefix NAL unit§), as
defirled for MVC in Annex H of Rec. ITU-T H.264 | ISO/IEC\14496-10.

2.1.89 JPEG 2000 (J2K) video access unit: An aeeess unit defined in Rec. ITU-T T.800 (2002)/Amd.3 (2410) |
ISO/IEC 15444-1:2004/Amd.3:2010 which includes.all‘the parameters required to decode the access unit and displaly the
decofded data.

2.1.90 J2K video elementary stream: Videe elementary stream consisting of a succession of J2K video access ynits.

2.1.91 J2K video sequence: J2K video elementary stream where all the access units have the same profile/level{ J2K
vide¢ access unit coding parameters and*video parameters.

2.1.92  J2K still picture (system): J2K video access unit as defined in 2.1.89 with constraints as specified in S.2

2.1.93 MVC operation-peint: An MVC operation point is identified by a temporal id value representing a thrget
temporal level and a set.ofiview_id values representing the target output views. One MVC operation point is assocjiated
with|an AVC videostteam which conforms to one or more profiles defined in Annex H of Rec. ITU-T H.264 |
ISO/IEC 14496-10<{Fh& AVC video stream associated with an MVC operation point is re-assembled from a set consisting
of onje or more,ofithe following items: AVC video sub-bitstream of MVC, MVC base view sub-bitstream, MVC Yideo
sub-bitstreams.

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

2.1.95 HEVC video stream: A byte stream as specified in Rec. ITU-T H. 265 | ISO/IEC 23008-2 Annex B.

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

2.1.97 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.

2.1.98 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.
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2.1.99 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.

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

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

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

2.1.103 HEVC still picture (system): An HEVC still picture consists of an HEVC access unit containing an IDRepigture
prec¢ded by VPS, SPS and PPS NAL units, as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, that carry Sufficient
inforjmation to correctly decode this IDR picture. Preceding an HEVC still picture, there shall be another\HEV({ still
pictyre or an end of sequence NAL unit terminating a preceding coded video sequence, as defined in RechN[TU-T HR65 |
ISO/JEC 23008-2.

2.1.104 HEVC video sequence (system): A coded video sequence as defined in Rec. ITU-T H,265| ISO/IEC 230P8-2.
2.1.105 HEVC video sub-bitstream: A subset of the NAL units of an HEVC video streamr in their original order

2.1.106 HEVC temporal video sub-bitstream: An HEVC video sub-bitstream that ¢ontdins all VCL NAL unit$ and
asso¢iated non-VCL NAL units of the temporal sub-layer, as specified in Rec. [TU-T H.265 | ISO/IEC 2308-2,
asso¢iated with Temporalld equal to 0 and which may additionally contain all VCE-NAL units and associated non-VCL
NAL units of all temporal sub-layers associated with a contiguous range of Temporalld from 1 to a value equal ffo or
smaller than sps_max_sub_layers_minus] included in the active sequence parameter set, as specified in Rec. ITU-T H.265
| ISQ/IEC 23008-2.

2.1.107 HEVC temporal video subset: An HEVC video sub-bitstream that contains all VCL NAL units angl the
asso¢iated non-VCL NAL units of one or more temporal sub-layers;asspecified in Rec. ITU-T H.265 | ISO/IEC 230D8-2,
withleach temporal sub-layer not being present in the corresponding HEVC temporal video sub-bitstream and Tempdralld
asso¢iated with each temporal sub-layer forming a contiguous range of values.
NOTE — According to the constraints for the transport of HEVC specified in 2.17.1, each temporal sub-layer of an HEVC video
sfream is present either in the HEVC temporal video sub-bifstream or in exactly one HEVC temporal video subset which is carried
if) a set of elementary streams that are associated by hierarchy descriptors. This prevents the multiple inclusion of the same tenjporal
sub-layer and allows aggregation of the HEVC teniporal video sub-bitstream with associated HEVC temporal video sybsets
apcording to the hierarchy descriptors, as specified:in 2.17.3.

2.1.108 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 HEVG\temporal video subset.

2.1.109 HEVC complete temporal representation: A sub-layer representation as defined in Rec. ITU-T H.P65 |
ISO/IEC 23008-2 that contains’ all temporal sub-layers up to the temporal sub-layer with Temporalld equpl to
sps_nax _sub layers minusT#1 as included in the active sequence parameter set, as specified in Rec. ITU-T H.p65 |
ISO/IEC 23008-2.

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

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

2.1.111 MYVCD 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.

2.1.112 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.

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

unit.

2.1.114 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.

2.1.115 AVC video sub-bitstream of MVCD: The video sub-bitstream that contains the base view as defined in

Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10. containing all VCL NAL units associated with the minimum value of
viewlorder index present in each AVC video sequence of the AVC video stream. The AVC video sub-bitstream of MV CD
may jadditionally contain the associated NAL units with nal unit type syntax element equal to 14 (prefix NAL unitf), as
definled for MVC in Annex H 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 us¢d in
the -programming language. However, integer division with truncation and rounding are specifically defined.| The
bitwlse operators are defined assuming two's-complement representation of integers. Numbering and counting loops
genefally begin from 0.
2.2.10 Arithmetic operators
+ Addition
- Subtraction (as a binary operator) or negation (as a unary‘operator)
++ Increment
—— Decrement
*orx  Multiplication
A Power
/ Integer division with truncation of theresult toward 0. For example, 7/4 and —7/—4 are truncated to 1
and —7/4 and 7/—4 are truncatedtg —1.
I Integer division with rounding to the nearest integer. Half-integer values are rounded away frpm 0
unless otherwise specified:.For example 3//2 is rounded to 2, and —3//2 is rounded to —2.
DIV Integer division withtruncation of the result towards — c.
% Modulus operatori:Defined only for positive numbers.
Sign() Sign(x) =(1 x>0
0 X==
-1 x<0
NINT() Nearest integer operator. Returns the nearest integer value to the real-valued argument. Half-infeger
values are rounded away from 0.
sin Sine
COS Cosine
exp Exponential
\ Square root
logio Logarithm to base ten
log. Logarithm to base e
2.2.2 Logical operators
I Logical OR
&& Logical AND
! Logical NOT
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2.23 Relational operators

> Greater than

2 Greater than or equal to

< Less than

< Less than or equal to

== Equal to

1= Not equal to

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

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

& AND

| OR

>> Shift right with sign extension

<< Shift left with 0 fill

2.2.5 Assignment

2.2.6 Mnemonics

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

bslbf

ch
ar

main_data
main_data_beg
part2_length
rpchof

sb

scfsi

switch point 1

switch point s

uimsbf
viclbf

window

= Assignment operator

L teimshf — Two'scomplementinteser—msh (st bir frst
—msb-stand-bit-fest

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

Channel

Granule of 3 * 32 sub-band samples in audio Layer II, 18 * 32 sub-band samples in
Layer III.

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

This gives the lecation 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.

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

Sub-band

Scalefactor selector information

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

this
ithin
and
udio
| and

The
It is

\dow

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

switching is used

Unsigned integer, most significant bit first

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

codes are written

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

The byte order of multi-byte words is most significant byte first.
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2.2.7 Constants
Lo 3.14159265359
e 2.71828182845

23 Method of describing bit stream syntax

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

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

Note| this syntax uses the "C"-code convention that a variable or expression evaluating to a non-zero value i$ equivialent
to a ¢ondition that is true:

whilg ( condition ) { If the condition is true, then the group of data elements occurs next in thedata strean]. This
data_element repeats until the condition is not true.

H

do { The data element always occurs at least once. The data elemient s repeated until the cordition
d3jta_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 thg data
dgta_element stream.

H

for 1=0;1<n;it++) { The group of data(elements occurs n times. Conditional constructs within the group df 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 onfitted
when only one data element follows:

data element [] data_element [] is an array of data. The number of data elements is indicated by the confext.
data| element [n] data_element [n] is the n+1th element of an array of data.
data element fm}[n] data_element [m][n] is the m+1,n+1th element of a two-dimensional array of data.

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

data élement [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.

Rec. ITU-T H.222.0 (10/2014) 11
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24 Transport stream bitstream requirements

24.1 Transport stream coding structure and parameters

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

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

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

The PES packet header begins with a 32-bit start-code that also identifies the stream or stream type to which the packet
data pelongs. The PES packet header may contain decoding and presentation time stamps (DTS and PTS). The PES pjcket
headpr also contains other optional fields. The PES packet data field contains a variable number of contiguops‘bytes ffrom
one ¢lementary stream.

Trankport stream packets begin with a 4-byte prefix, which contains a 13-bit packet ID (PID), definedtin Table 2-2| The
PID |dentifies, via the program-specific information (PSI) tables, the contents of the data contained imthe transport stfeam
packet. Transport stream packets of one PID value carry data of one and only one elementary stream.

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

*  Program map table (MPT);

*  Conditional access table (CAT);

*  Network information table (NIT);

*  Transport stream description table (TSDT);

. IPMP control information table.

These tables contain the necessary and sufficient informationcto-demultiplex and present programs. The program|map
tablel in Table 2-33 specifies, among other information, which PIDs, and therefore which elementary streams|, are
assog¢iated to form each program. This table also indicates;the PID of the transport stream packets which carry the [PCR
for epch program. The conditional access table shall bepresent if scrambling is employed. The network information [table
is optional and its contents are not specified by, this Recommendation | International Standard. The IPMP cqntrol
inforimation table shall be present if IPMP as described in ISO/IEC 13818-11 is used by any of the components ip the
Rec.|ITU-T H.222.0 | ISO/IEC 13818-1 streant:

Trankport stream packets may be null packets. Null packets are intended for padding of transport streams. They mgy be
inserted or deleted by re-multiplexing-processes and, therefore, the delivery of the payload of null packets to the deqoder
cannpt be assumed.

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

2.4.2 Transport stream system target decoder

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

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

12 Rec. ITU-T H.222.0 (10/2014)
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Figure 2-1 — Transport Stream system target decoder notation
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following notation is used to describe the transport stream system target decoder’and is partially illustrat
e 2-1 above.

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

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

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

n is an index to the elementary streams.

p is an index to transport stream packets in the transport stream.

t(1) indicates the time in seconds at which the,i‘th byte of the transport stream enters the system t
decoder. The value t(0) is an arbitrary constant.

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

An() is the j-th access unit in elemefitary stream n. Ay(j) is indexed in decoding order.

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

Pa(k) is the k-th presentation‘unit in elementary stream n. Pn(k) results from decoding A(j). Pn(k) is ind
in presentation/order.

tpa(k)  is the presentation time, measured in seconds, in the system target decoder of the k-th present]
unit in eleémentary stream n.

t is time1ieasured in seconds.

Fa(t) is'the fullness, measured in bytes, of the system target decoder input buffer for elementary stre
at time t.

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

BSi is the size of buffer, B,, measured in bytes.

Bsys is the main buffer in the system target decoder for system information for the program that is i
process of being decoded.

BSgys is the size of Bgys, 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.

EBx 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.

TBSsys  is the size of TBsys, measured in bytes.

Rec. ITU-T H.222.0 (10/2014)
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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 used.

Defined only for video elementary streams.

2.4.2

Rz s the Tateat which PESpacket paytoaddataare Termovedfromm MBr whem thevbv—detay et
used. Defined only for video elementary streams.

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

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

.1  System clock frequency

Timi

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

are
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meefing these requirements._For notational convenience, equations in which PCR, PTS, or DTS appear, lead to valu
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2.4.2

Inpul

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 equaktothe 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 répresented 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 me¢t the following constraints:

27 000 000 — 810 < system_clock frequency <27 000 000 + 810
rate of change of system_clock frequency-with time < 75 x 10~ Hz/s

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

bgram's system_clock frequency may be migre accurate than required. Such improved accuracy may be transn
b decoder via the system clock descriptordescribed in 2.6.20.

ates defined in this Specification,are measured in terms of system clock frequency. For example, a bit ra
0 000 bits per second in the T-STD would indicate that one byte of data is transferred every eight (8) cycles g
m clock.

hotation "system_clock. frequency” is used in several places in this Specification to refer to the frequency of a ¢

which are accuratef0 some integral multiple of (300 x 233/system_clock_frequency) seconds. This is due t
ding of PCR timing information as 33 bits of 1/300 of the system clock frequency plus 9 bits for the remainder
ding as 33 bits-of the system clock frequency divided by 300 for PTS and DTS.

.2 Input to the transport stream system target decoder

te-the transport stream system target decoder (T-STD) is a transport stream. A transport stream may contain mu

dis
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Fams with indePndPnt time bases However the T-STD decodes only one pragram at a fime In the T-STD nl

odel

all timing indications refer to the time base of that program.

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

14
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Specifically:
PCR(i) = PCR _base(i) x300+ PCR _ext(i) (2-1)
where:
PCR_basdi) = ((system_clock_frequency x t(i)) DIV 300)% 2 (2-2)
PCR_ext(i) = ((system_clock_ frequaicy x t(i))DIV'1) %300 (2-3)

For all other bytes the input arrival time, t(i) shown in equation 2-4 below, is computed from PCR(i") and the transport
rate jﬂf‘whlch dafa arrive, where the transport rate 1s determined as the number of bytes in the transport stream betjveen

the Hytes containing the last bit of two successive program clock reference base fields of the same program dividgd by
the difference between the time values encoded in these same two PCR fields.

PCR(i") . i—i"

(i) =
system _clock _frequency transport_rate(i)

2-4)

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

i” is the index of the byte containing the last bit of the most gecent program clock reference [base
field applicable to the program being decoded.

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

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

(@"—i")x system _clock _ frequency)
PCR(i") — PCR(i")

2-5)

transport _rate(i) =

wheile:

i" is the index of the “byte containing the last bit of the immediately folloving
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 ahd equation 2-5 for the time of arrival of bytes at the input to the T-STD if not
applicable between the last PCR ofthe'old timebase and the first PCR of the new timebase. In this case the time of afrival
of these bytes is determined accarding to equation 2-4 with the modification that the transport rate used is that appli¢able
between the last and next to last PCR of the old timebase.

A tolerance is specified forthe PCR values. The PCR tolerance is defined as the maximum inaccuracy allowed in recgived
PCRE. This inaccuracymay be due to imprecision in the PCR values or to PCR modification during re-multiplexipg. It
does|not include erfo¥s'in packet arrival time due to network jitter or other causes. The PCR tolerance is = 500 ns.

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

Transport'streams with multiple programs and variable rate

Trangpert streams may contain multiple programs which have independent time bases. Separate sets of PCRs. as indi¢ated
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.

Rec. ITU-T H.222.0 (10/2014) 15
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2.4.2.3 Buffering

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

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

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

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

—  Otherwise for video:
Rx, =1,2xR__ [profile,level]

wheile:

Rmax|profile, level] is specified according to the profile and level which can be found.in‘Table 8-13 of Rec. ITU-T H.262
| ISQ/IEC 13818-2. This table specifies the upper bound of the rate of each elemefitary video stream within a spgcific
profile and level.

Rxy fs equal to 1, 2 X Ruax for ISO/IEC 11172-2 constrained parameter video streams, where Rmax refers to the maxijum
bitrafe for a constrained parameters bitstream in ISO/IEC 11172-2.

For ISO/IEC 13818-7 ADTS audio:

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

3-8 5529 600

9-12 8294 400

1348 33 177 600

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

For ¢ther audio,

Rx, =2x10° bitspersecond

For dystems.data:

Ry —1x1 n6 ]’\ifcpercpr‘nnr‘
n

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, TByys, 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 TByy at the rate Rx,ys and delivered to Byys. Each byte is transferred instantaneously.

Duplicate transport stream packets are not delivered to Bgys.
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Transport packets which do not enter any TB, or TBsys are discarded.
The transport buffer size is fixed at 512 bytes.

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

NOTE 2 - In the following equations, unit conversion should be implicitly performed as appropriate.
The multiplexing buffer size MBS, through MBS, are defined for video as follows:

For Low and Main level:

MBS =RBS _+ RS + VRV _ [nrafile levell—vhyv buffer size
7T TIX on X £ 1 T T — T7 —

whete BSon, PES packet overhead buffering is defined as:

BS,, =(1/750)secondsx R, [ profile, level]
and BSnux, additional multiplex buffering is defined as:

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

and where VBV [profile, level] is defined in Table 8-14 of Rec. ITU-T H.262 ZISO/IEC 13818-2 and Rmax[prpfile,
level]] is defined in Table 8-13 of Rec. ITU-T H.262 | ISO/IEC 13818-2, and vbv buffer size is carried in the seqyence
headpr described in 6.2.2 of Rec. ITU-T H.262 | ISO/IEC 13818-2.

For High 1440 and High level:

MBS, =BS,,,. +BS,,

wheite BSon is defined as:

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

and BSmux 1s defined as:

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

and where Ruax[profile, level] is defined 'in Table 8-13 of Rec. ITU-T H.262 | ISO/IEC 13818-2.
For Constrained Parameters ISO/IBC 11172-2 bitstreams:

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

mux
wheie BSqh is defin€d. as:

BS,, =(/750)seconds xR,

and BSmuxs defined as:

BS, . =0.004secondsx R

and where Rpax 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,, and may also be available for initial multiplexing.

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

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

Audio
For ISO/IEC 13818-7 ADTS audio:
Number of Channels BSh [bytes]
1-2 3584
3-8 8976
Q.12 12804
13-48 51216

Char
chan
indej
5 chi

For

The

A pd
sharg

Syst
The
Vide

For 1
vide

Leal

The
follo|

For |

nels: The number of full-bandwidth audio output channels plus the number of independently switched cou
hel elements within the same elementary audio stream. For example, in the typical case that\there ar

pendently switched coupling channel elements, mono is 1 channel, stereo is 2 channels and 5.1,channel surrou
innels (the LFE channel is not counted).
ther audio:

BS =BS,  +BS,. +BS, =3584 bytes

5ize of the access unit decoding buffer BSqe, and the PES packet overhead buffer BS,, are constrained by:

BS,,. +BS,, <2848 bytes

d for access unit buffering BSgec, BSon and additional multipleXing.
bms
main buffer By for system data is of size BSqys = 1536 bytes.

(]

ideo elementary streams, data is transferted from MB, to EB, using one of two methods: the leak method 9
buffering verifier (VBV) delay method:

 method

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

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

»  the-STD descriptor is present, the leak valid has a value of '0', and the vbv_delay fields coded in the
Stream have the value OxFFFF; or

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

L ownand Main level:

rtion (736 bytes) of the 3584 byte buffer is allocated for buffering to allow multiplexing. The rest, 2848 byteg,

bling
e no
nd is

arc

r the

f the

rideo

Rbx, =R, [ profile, level]

For High-1440 and High level:

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

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

18

Rbx, =1,2xR,_
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where Rmax 1S the maximum bit rate for a Constrained Parameters bitstream in ISO/IEC 11172-2.

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

Vbv_delay method

The vbv_delay method specifies precisely the time at which each byte of coded video data is transferred from MB, to
EB,, using the vbv_delay values coded in the video elementary stream. The vbv_delay method is used whenever the STD
descr1pt0r (refer t0 2.6.32) for this elementary stream 1s present in the transport stream, the leak valid ﬂag in the descrrptor
has t S S ina
vide sequence are not equal to OxF F FF, none of the vbv delay ﬁelds in that sequence shall be equal to OXFFFFE (re er to
ISOQEC 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 HB,, at the time tda(j) — vbv_delay(j), where td,(j) is the decoding time of picture j, as defined aboyé;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
constant rate, Rux(j), which is specified for each picture j. Specifically, the rate, Rux(j), of transfer into this buffer is given
by:

R, .(j)=NB(j)/(vbv_delay(j)—vbv_delay(j+1)+td, (73D —td, (j)) 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 sefcond
startjcode) of pictures j and j + 1, excluding PES packet header bytes.
NOTE 4 — vbv_delay(j + 1) and tda(j + 1) may have values that differ fromthose normally expected for periodic video display if
the low_delay flag in the video sequence extension is set to '1". It may not be'possible to determine the correct values by examirjation
of the bit stream.

The Rox(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 or equal to the maximum bit rate allowed for constrained parameter video elementary streams of stfeam
type [0x01, refer to ISO/IEC 11172-2.

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

Remloval of access units

For dgach 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 tdn(j) are rempved
instaptaneously at time tda(§)) The decoding time tda(j) is specified in the DTS or PTS fields (refer to 2.4.3.6). Decgding
time$ tda(j + 1), tdn(j +.2);)... of access units without encoded DTS or PTS fields which directly follow access unit jimay
be dgrived from infermation in the elementary stream. Refer to Annex C of Rec. ITU-T H.262 | ISO/IEC 138[8-2,
ISOMEC 13818-3;,0r ISO/IEC 11172. Also refer to 2.7.5. In the case of audio, all PES packet headers that are sfored
immediately béfore the access unit or that are embedded within the data of the access unit are removed simultanegusly
with|the renioval of the access unit. As the access unit is removed it is instantaneously decoded to a presentation unit.

System-data

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

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

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

Trick mode

Wheprtte BSh—trickmodeftag(24-3-6) s setto i thie PES Packet hreader of apacket contammmg the start of a By type
vide¢ access unit and the trick mode control field is set to '001' (slow motion) or '010' (freeze frame), or '1007(slow
revefse) the B-picture access unit is not removed from the video data buffer EB, until the last time of possibly, multiple
time$ that any field of the picture is decoded and presented. Repetition of the presentation of fields and pictures is defined
in 2.4.3.8 under slow motion, slow reverse, and field id_cntrl. The access unit is removed instantaneously from EB,, at
the indicated time, which is dependent on the value of rep_cntrl.

Wheh the DSM_trick_mode flag is set to '1' in the PES packet 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
mod¢ status is true.

2.4.24 Decoding

Elenjentary streams buffered in B, through B, and EB, through EB, are{decoded instantaneously by decoders D, thrpugh
D, and 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 presenthtion
ordef. These access units will need to be re-ordered before presentation. In particular, if Pn(k) is an I-picture or a P-picture
carripd before one or more 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 fime at 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 td.(j) since the access units are decoded instantaneously; this is the case, for example, for B-frgmes.
For presentation units that are delayed, tpaK) and td,(j) differ by the time that Pn(k) is delayed in the re-order byffer,
which is a multiple of the nominal pistuie period. Care should be taken to use adequate re-ordering delay from the
begipning of video elementary streaims'to meet the requirements of the entire stream. For example, a stream which initially
has a@nly I- and P-pictures but lateryincludes B-pictures should include re-ordering delay starting at the beginning df the
streajm.

Rec.|ITU-T H.262 | ISOAEC’13818-2 explains re-ordering of video pictures in greater detail.

2.4.2.5 Presentation

The function of a'decoding system is to reconstruct presentation units from compressed data and to present them| in a
synchronized:sequence at the correct presentation times. Although real audio and visual presentation devices gengrally
have| finite\and different delays and may have additional delays imposed by post-processing or output functionq, the
systgnitarget 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, tps(k), when the decoder
instantaneously presents the first sample. Subsequent samples in the presentation unit are presented in sequence at the
audio sampling rate.

2.4.2.6 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.
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TB, and TByys shall not overflow. TB, and TByys shall empty at least once every second. B, shall not overflow nor
underflow. Bgy, shall not overflow.

EB,, shall not underflow except when the low delay flag in the video sequence extension is set to '1' (refer to 6.2.2.3 in
Rec. ITU-T H.262 | ISO/IEC 13818-2) or trick_mode status is true.

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

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

The delay of any data through the system target decoder buffers shall be less than or equal to one 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 3ll bytes 1 in access unit Ax(j).

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

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

=

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

Oveiflow does not occur if:

F,(1)<BS,

for a]l t and n.

Undg¢rflow does not occur if:

0< A0)

for a]l t and n.

2.4.2.7 T-STD extensions for carriage of ISO/IEC 14496 data

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

2.4.2.8 T-STD extensions fory¢arriage 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 trangport
stream, the T-STD model needs to be extended. The T-STD extension and T-STD parameters for decoding of AVC yideo
streajns conforming to-ene or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 video strpams
are defined in 2.14321,T-STD extension and T-STD parameters for decoding of AVC video streams conforming tg 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
extefpsion and\T>STD parameters for decoding of AVC video streams conforming to one or more profiles defingd in
Anngx H of-Rec. ITU-T H.264 | ISO/IEC 14496-10 are defined in 2.14.3.7.

2.4.2.9-) 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.

2.4.2.10 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.
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To define the decoding of J2K video elementary streams carried in a transport stream, the T-STD model needs to be
extended. The T-STD extensions and T-STD parameters for decoding of J2K video elementary streams conforming to
one or more profiles defined in Rec. ITU-T T.800 (2002) | ISO/IEC 15444-1:2004 are defined in S.6.

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

2.4.2.11 T-STD extensions for carriage of HEVC

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

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

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

2.4.3 Specification of the transport stream syntax and semantics

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

2.43.1 Transport stream

See Table 2-1.

Table 2-1 — Transport stream

Syntax No. of bits Mnemonilc

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

2.4.3.2 Transport stream packet layer
See Table 2-2.

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

Syntax No. of bits Mnemonic
tranfsport_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()
h
if(adaptation_field control =="'01" || adaptation_field control =="11") {
for 1=0; 1 <N;it++){
data_byte 8 bslbf
b
H
¥
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2.4.3.3 Semantic definition of fields in transport stream packet layer

sync_byte — The sync_byte is a fixed 8-bit field whose value is '0100 0111' (0x47). Sync_byte emulation in the choice of
values for other regularly occurring fields, such as PID, should be avoided.

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

payload_unit_start_indicator — The payload unit start indicator is a 1-bit flag which has normative meaning for
transport stream packets that carry PES packets (refer to 2.4.3.6) or transport stream section data (refer to Table 2-31 in
section 2.4.4.4).

When the payload of the transport stream packet contains PES packet data, the payload unit start indicator has the
following 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 packets T the
paylpad unit start indicator is set to 'l', then one and only one PES packet starts in this transport streampacket.|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 runit_start indicator
has |the following significance: if the transport stream packet carries the first byteCof a section,| the
paylpad unit_start _indicator value shall be '1', indicating that the first byte of the payload of this transport stream packet
carrips the pointer field. If the transport stream packet does not carry the first ybyte of a section, the
paylpad unit_start indicator value shall be '0', indicating that there is no pointer field.inthe payload. Refer to 2.#.4.1
and 2.4.4.2. This also applies to private streams of stream_type 5 (refer to Table 2-34).

For null packets the payload unit_start _indicator shall be set to '0".
The meaning of this bit for transport stream packets carrying only private data 1s’not defined in this Specification.

transport_priority — The transport priority is a 1-bit indicator. Whenyset.to '1' it indicates that the associated packet is
of greater priority than other packets having the same PID which do-hot*have the bit set to '1". The transport mechapism
can yse 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. Thiy field may be changed by channel-specific encodgrs or
decofders.

PID |- The PID is a 13-bit field, indicating the type of the-data stored in the packet payload. PID value 0x0000 is resgrved
for the program association table (see Table 2-30). PID*value 0x0001 is reserved for the conditional access tabld (see
Tablp 2-32). PID value 0x0002 is reserved for thestfansport stream description table (see Table 2-36), PID value 0xP003
is rederved for IPMP control information table (sée. ISO/IEC 13818-11) and PID values 0x0004-0x000F are reserved| PID
valu¢ Ox1FFF is reserved for null packets (see\Fable 2-3).

Table 2-3 — PID table

Value Description
0x0000 Program association table
0x0001 Conditional access table
0x0002 Transport stream description table
0x0003 IPMP control information table
0x0004 Adaptive streaming information (see Note 2)
0x000520x000F Reserved
0x0010 May be assigned as network PID, Program _map_PID, elementary PID, or for other purposes
OxIFFE
0x1FFF Null packet
NOTE 1 — The transport packets with PID values 0x0000, 0x0001, and 0x0010-0x1FFE are allowed to carry a PCR.
NOTE 2 — Payload syntax is defined in clause 5.10.3.3.5 of ISO/IEC 23009-1

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

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

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

Rec.
field

cont
samg

incrgmented when the adaptation field control of the packet equals '00' or '10'.

In trg
PID.

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

dupl

The fontinuity counter in a particular transport stream packet is continuous when it differs by a positive value o
the continuity counter value in the previous tramsport stream packet of the same PID, or when either of the

from

Iable Z2-3 — Adaptation 1ield control values

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

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

nuity_counter — The continuity counter is a 4-bit field incrementing with-€ach transport stream packet wit
PID. The continuity counter wraps around to 0 after its maximum value, The continuity counter shall n

nsport streams, duplicate packets may be sent as two, and only twoggonsecutive transport stream packets of the
The duplicate packets shall have the same continuity €eunter value as the original packet and

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

ntrol

h the
t be

same
the
1l be

F one

non-{ncrementing conditions (adaptation_field controkset to '00' or '10', or duplicate packets as described above) arelmet.
The pontinuity counter may be discontinuous when'the discontinuity indicator is set to '1' (refer to 2.4.3.4). In the|case
of a hull packet the value of the continuity counfer is undefined.

data| byte — Data bytes shall be contiguous bytes of data from the PES packets (refer to 2.4.3.6), transport stream secfions
(refer to 2.4.4), packet stuffing bytes aftet transport stream sections, or private data not in these structures as indicat¢d by
the BID. In the case of null packetsswith PID value Ox1FFF, data bytes may be assigned any value. The numbgr of
data | bytes, N, is specified by 184-minus the number of bytes in the adaptation_field(), as described in 2.4.3.4 below.
2.4.34 Adaptation field

See Table 2-6.
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Table 2-6 — Transport stream adaptation field

Syntax No. of bits Mnemonic
adaptation_field() {
adaptation_field length 8 uimsbf
if (adaptation_field length > 0) {
discontinuity_indicator 1 bslbf
random_access_indicator 1 bslbf
elementary_stream_priority_indicator 1 bslbf
PCR_flag 1 bslbf
OPCR_flag 1 bslbf
splicing_point_flag 1 bslbf
transport_private_data_flag 1 bslbf
adaptation_licld_extension_ilag T bSIbT
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
reserved 5 bslbf
if (Itw_flag=="1") {
Itw_valid_flag 1 bslbf
Itw_offset 15 uimsbf
if (piecewise rate jflag=="1") {
reserved 2 bslbf
piecewise rate 22 uimsbf
if (seamless splice flag=="1") {
Splice_type 4 bslbf
DTS _next AU[32..30] 3 bslbf
marker_bit 1 bslbf
DTS next AU[29..15] 15 bslbf
marker_bit 1 bslbf
DTS next AU[14..0] 15 bslbf
marker_bit 1 bslbf
¥
for 1=0;1<N;it++) {
reserved 8 bslbf
¥
}
for 1=0;1<N;it++) {
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 adaptation field of a transport stream packet. When the adaptation field control value is '11', the value of the
adaptation_field length shall be in the range 0 to 182. When the adaptation field control value is '10', the value of the
adaptation_field length shall be 183. For transport stream packets carrying PES packets, stuffing is needed when there is
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insufficient PES packet data to completely fill the transport stream packet payload bytes. Stuffing is accomplished by
defining an adaptation field longer than the sum of the lengths of the data elements in it, so that the payload bytes
remaining after the adaptation field exactly accommodates the available PES packet data. The extra space in the adaptation
field is filled with stuffing bytes.

This is the only method of stuffing allowed for transport stream packets carrying PES packets. For transport stream
packets carrying sections, an alternative stuffing method is described in 2.4.4.

discontinuity_indicator — This is a 1-bit field which when set to '1' indicates that the discontinuity state is true for the
current transport stream packet. When the discontinuity indicator is set to '0' or is not present, the discontinuity state is
false. The discontinuity indicator is used to indicate two types of discontinuities, system time-base discontinuities and
continuity counter discontinuities.

ase—d SEETRE s-indicated-by-theuse-of the-discontinuityindicatorin-transport-streampackets of a
PID [designated as a PCR_PID (refer to 2.4.4.9). When the discontinuity state is true for a transport stream packef of a
PID [designated as a PCR_PID, the next PCR in a transport stream packet with that same PID represents a sampld of a
new fystem time clock for the associated program. The system time-base discontinuity point is defined to.be the instant
in tithe when the first byte of a packet containing a PCR of a new system time-base arrives at the input of the T-STD| The
discqntinuity indicator shall be set to 'l' in the packet in 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. In this case, once the discontinuity indicator has-been set to 'l', 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 occufrence of a system timetbase
discqntinuity, no fewer than two PCRs for the new system time-base shall be receivedibefore another system timeibase
discqntinuity can occur. Further, except when trick mode status is true, data from o 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 contafins 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 _counter discontinuity is indicated by the use of thédiscontinuity indicator in any transport stream pagcket.
Wheh the discontinuity state is true in any transport stream packet of a PID not designated as a PCR _PID| the
continuity counter in that packet may be discontinuous with respect to the previous transport stream packet of the game
PID.| When the discontinuity state is true in a transport stream packet of a PID that is designated as a PCR_PID, the
contfnuity counter may only be discontinuous ingthe packet in which a system time-base discontinuity occugs. A
contjnuity counter discontinuity point occurs wheir the discontinuity state is true in a transport stream packet angl the
contjnuity counter in the same packet is discofitinuous with respect to the previous transport stream packet of the game
PID.[A continuity counter discontinuity pdinf*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, wheh the
discantinuity_indicator is set to 'l' inta‘packet of a specific PID, the discontinuity indicator may be set to 'l' in the[next
trangport stream packet of that same PID, but shall not be set to '1' in three consecutive transport stream packet of that
samg PID.

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

+ ISO/IEE11172-2 video and Rec. ITU-T H.262 | ISO/IEC 13818-2 video — The first byte of a yideo
sequence header.

*  ISOJIEC 14496-2 visual — The first byte of the visual object sequence header.

« SCAVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISQ/YIEC
14496-10 — The first byte of an AVC access unit. The SPS and PPS parameter sets referenced in thi§ and
all subsequent AVC access units in the coded video stream shall be provided after this access point in the
Dyfe 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:

e The subset sequence parameter sets and picture parameter sets referenced in this and all subsequent
SVC dependency representation in the video sub-bitstream shall be provided after this access point in
the byte stream and prior to their activation.

»  If'this SVC video sub-bitstream access point requires the elementary stream access point of the same
AVC access unit, if any, contained in the corresponding elementary stream that needs to be present
in decoding order before decoding the elementary stream associated with this elementary stream
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access point, then the corresponding elementary stream shall also include an elementary stream access

point.

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

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

SvC

*+  MVC video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex H
of Rec. ITU-T H.264 | ISO/IEC 14496-10 — The first byte of an MVC view-component subset is an

elementary stream access point if the following two conditions are met:

—  The subset sequence parameter sets and picture parameter sets referenced in this and all subsequent
MVC view-component subsets in the MVC video sub-bitstream shall be provided after this access

point in the byte stream and prior to their activation.

Afte
the fi
streaj
the f]
elem

Each

= If this MV Vidco sub-bitstream access point requires te clementary streaim access point ot tie

AVC access unit, if any, contained in the corresponding elementary stream that needs to be ‘pr

in decoding order before decoding the elementary stream associated with this elementary st

access point, then the corresponding elementary stream shall also include an elementagy str€am a
point.

NOTE 2 - If the hierarchy descriptor is present for this MVC video sub-bitstream, themthe MVC vide

bitstream of which the hierarchy layer index equals the hierarchy embedded(layer index of this
sub-bitstream should have an elementary stream access point in this same acces$\init.

*  Audio — The first byte of an audio frame.

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

*  HEVC video streams or HEVC temporal video sub-bitstreams ~The first byte of an HEVC access
The VPS, SPS and PPS parameter sets, as defined in Rec. {TU-T H.265 | ISO/IEC 23008-2, referenc|
this and all subsequent HEVC access units in the HEVC wideo sequence shall be provided after this a
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 An
of Rec. ITU-T H.264 | ISO/IEC 14496-10 —The first byte of an MVCD view-component subset
elementary stream access point if the followihg two conditions are met:

— The subset sequence parameter sets and picture parameter sets referenced in this and all subseq
MVCD view-component subsets in the MVCD video sub-bitstream shall be provided after this a
point in the byte stream and priorto their activation.

— Ifthis MVCD video sub-bitstréam access point requires the elementary stream access point of the
AVC access unit, if any,\contained in the corresponding elementary stream that needs to be presg
decoding order before decoding the elementary stream associated with this elementary stream a
point, then the corresponding elementary stream shall also include an elementary stream access p

NOTE 3 £ Ifithe hierarchy descriptor is present for this MVCD video sub-bitstream, then the MVCD
sub-bitstream of which the hierarchy layer index equals the hierarchy embedded layer index o
MVCDrsub-bitstream should have an elementary stream access point in this same access unit.

a continuity countér/discontinuity in a transport packet which is designated as containing elementary stream
rst byte of elenténtary stream data in a transport stream packet of the same PID shall be the first byte of an eleme
Im access poifit=In the case of ISO/IEC 11172-2, or Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 v
rst byte of an elementary stream access point may also be the first byte of a sequence_end code followed 4
entary.stream access point.

tfansport stream packet which contains elementary stream data with a PID not designated as a PCR_PID, ai

pame
esent
fcam

CESs

sub-
MVC

tions
this

unit.
ed in
cess

hex I
is an

[uent
cess

same
nt in
cess
int.

video
[ this

data,

ntary
ideo,
y an

hd in

whi

o s 4+ 1. e e k. . losal A e laafal A m\a afal 1 11 - 4 tl . 4
aCOINNTUITy COTTRCTUTSCOUTIIITUTT Yy " POTITITOCTUL S, aIid T willIa T T3 O1T" D T.5 OCUUTS-SIIarT alriTve at urC TPt yU

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

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

Specifically, when the bit is set to 'l', the next PES packet to start in the payload of transport stream packets with the
current PID shall contain an elementary stream access point as defined in the semantics for the discontinuity indicator
field. In addition, in the case of video, a presentation timestamp shall be present for the 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 audio
frame—tnthe-PCR PID the random—access—indicatormay—onbrbe-set-to— 1 in-a-transport-streampacket-containing the
* — J J i |

PCR]fields. - -

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

In thg case of ISO/IEC 11172-2 or Rec. ITU-T H.262 | ISO/IEC 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 video, this field may be set to '1' only-if the payload containg one
or mpre bytes from a slice with slice_type set to 2, 4, 7, or 9.

A vallue of '0" indicates that the payload has the same priority as all other packets whigh do not have this bit set to '1|.

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, thi§ 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 all prefix NAL units and slice extensiod"\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 I of Rec. ITU-T H.264 | ISO/IEC:\14496-10, this field may be set to 'l' only if the payload
contgins one or more bytes from an anchor picture, indicated bythe slice_type equal to 2, 4, 7, or 9 and the anchor pic| flag
syntgx element equal to 1 for all prefix NAL units and slice*extension NAL units. In the case of HEVC video streams or
HEVC temporal video sub-bitstreams or HEVC tempaoral video subsets, this field may be set to '1' only if the payload
contgins one or more bytes from a slice with slice (type set to 2. A value of '0' indicates that the payload has the $ame
priotjity as all other packets which do not have this bit set to '1".

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

OP({R _flag — The OPCR flag is a I+bit flag. A value of '1' indicates that the adaptation_field contains an OPCR [field
coded in two parts. A value of '0{ indicates that the adaptation field does not contain any OPCR field.

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

tranpport_private,.data_flag — The transport_private data flagis a 1-bit flag. A value of'l" indicates that the adapthation
field|contains gne)or more private data bytes. A value of '0' indicates the adaptation field does not contain any private | data
bytes.

_extension_flag is a 1-bit field which when set to '1' indifates
esence-of-an-adaptation-field-extension—A-value-of 0 indicates-that-an-adaptation-field-extensionis-not-presdnt in
the adaptation field.

adaptation_field extension_flag — 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.
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The OPCR field shall be coded only in transport stream packets in which the PCR field is present. OPCRs are permitted
in both single program and multiple program transport streams.

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

The OPCR is expressed as follows:

OPCR(i) = OPCR_base(i)x300+OPCR _ext(i) 2.8)

wheile:
OPCR _base(i) = ((system _clock _ frequency xt(i))DI V300)%233 2-9)
OPCR _ext(i) = ((system _clock _ frequency xt(i)) DIV 1)% 300 (2-10)

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

splice_countdown — The splice_countdown is an 8-bit field, representing a value whiich'may be positive or negatiye. A
positive value specifies the remaining number of transport stream packets, of thé-same PID, following the assocjiated
trangport stream packet until a splicing point is reached. Duplicate transport stream packets and transport stream pa¢kets
only contain adaptation fields are excluded. The splicing point is located immediately after the last byte of the
trangport stream packet in which the associated splice_countdown field reaches zero. In the transport stream packet where
the splice_countdown reaches zero, the last data byte of the transport stream packet payload shall be the last bytd of a
codefd audio frame or a coded picture. In the case of video, the corresponding access unit may or may not be terminated
by alsequence _end code. Transport stream packets with the same RID, which follow, may contain data from a diffprent

The payload of the next transport stream packet of the same PID (duplicate packets and packets without payload Being
exclyded) shall commence with the first byte of a PESUpacket. In the case of audio, the PES packet payload [shall
cominence with an access point. In the case of video, the PES packet payload shall commence with an access point, or
with|a sequence _end code, followed by an access‘point. Thus, the previous coded audio frame or coded picture aligns
with|the packet boundary, or is padded to make'this so. Subsequent to the splicing point, the countdown field may| also
be pesent. When the splice_countdown is amiegative number whose value is minus n (—n), it indicates that the assodiated
trangport stream packet is the n-th packet following the splicing point (duplicate packets and packets without payload

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

transport_private_data_length — The transport private data length is an 8-bit field specifying the numbgr of
privgte data bytes immediately following the transport private data length field. The number of private data bytes [shall
be sych 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
byteg of the-extended adaptation field data immediately following this field, including reserved bytes if present.

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

piecewise_rate_flag — This is a 1-bit field which when set to 'l' 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).
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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.

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

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

offset =t,(i)—t(7)

Itw _offset =offset //'1

wheile i is the index of the first byte of this transport stream packet, offset is the value encoded in this fields t(i) i 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 window
which is associated with this transport stream packet.

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

*  For video — The MB, buffer for this PID in the T-STD shall contain/tess'than 184 bytes of elementary
stream data at the time the first byte of the payload of this transport §tream 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 containi less than BSq.c + 1 bytes of elementary
stream data at the time the first byte of this transport streampacket 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 determine another time to(i), such that if this packet is deliveréd, anywhere in the interval [to(i), ti(i)], no T-STD buffer
violgtions will occur. This time interval is called the legalstime window. The value of ty is not defined inf this
Recqmmendation | International Standard.

The |nformation in this field is intended for devices such as remultiplexers which may need this information in order to
recomstruct 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 Itw_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 timgs of
the ILegal Time Windows of transport stream packets of the same PID that follow this packet but do not includf the
legal time window_offset field.

Assyme that the first byte of this transport stream packet and the N following transport stream packets of the same| PID
have| indices Ai, Ai+1, ..., Aifn) respectively, and that the N latter packets do not have a value encoded in the [field
legal time window_offset“Then the values ti(A;+) shall be determined by:

tl(A1+]) :tl(Al)+]X188X8 bltS/byte/R

whetle j goes from 1 to N.

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

offset = t,(4)~1(4)

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

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

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

In these tables, a value for 'splice_decoding delay' and 'max splice rate' means that the following conditions shall be
satisfied by the video elementary stream:

the

hich

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

* n is the index of the coded picture ending in the transport stream packet in which
splice_countdown reaches zero, i.e., the coded picture referred to above.
. tedisdefinedin C3 1 of Rec ITILT H 242 ! ISOAEC 138182
*  (tar1 — tn) is defined in C.9 through C.12 of Rec. ITU-T H.262 | ISO/IEC 13818-2.
NOTE - t, is the time when coded picture n is removed from the VBV buffer, and (tn+1 — tn) is the duration’ for Y
picture n is presented.
2) The VBV buffer of the VBV model shall not overflow if its input is switched at the splicing poin

Simple Profile Main Level, Main Profile Main Level, SNR Profile Main\Level (both layers),

stream of a constant rate equal to 'max_splice rate' for an amount of time equal to 'splice’ decoding_d¢lay'.

Table 2-7 — Splice parameters Table 1

Spatial Profile High-1440 Level (base layer),
High Profile Main Level (middle + base layers),
Multi-view Profile Main Level (base layer)-Video

splice_type Conditiens
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;ymax_splice rate = 7.2 x 10° bit/s
0100-1011 Reserved
1100-1110 User-defined
1111 unspecified

Fable 2-8 — Splice parameters Table 2
Main Prefile 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

11001110 Lser-defined
1111 unspecified
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Table 2-9 — Splice parameters Table 3
Main Profile High-1440 Level, Spatial Profile High-1440 Level (all layers),
High Profile High-1440 Level (middle + base layers),
Multi-view Profile High-1440 Level (base layer) Video

splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 60.0 x 10° bit/s
0001 splice_decoding_delay = 160 ms; max_splice rate = 45.0 x 10°bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 30.0 x 10 bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 28.5 x 10 bit/s
0100-1011 Reserved
1100-1110 User-defined
1111 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 x10%bit/s
0001 splice_decoding_delay = 160 ms; max_splice rate = 600 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
0100-1011 Reserved
1100-1110 User-defined
1111 unspecified

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

splice_type Conditions
0000 splice_decodingJdelay = 115 ms; max_splice rate = 3.0 x 10° bit/s
0001 splice_dedoding_delay = 175 ms; max_splice rate = 2.0 x 10° bit/s
0010 splicé, decoding_delay =250 ms; max_splice rate = 1.4 x 10° bit/s
0011-1011 Reserved
1100-1110 Yser-defined
1111 unspecified

Table 2-12 — Splice parameters Table 6
SNR Profile Main Level (base layer) Video

splice_type Conditions
0000 Spiice _decoding_detay = T 151115 ax_Spiice_Tate — 10.0 X 10%birs
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
1111 unspecified
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Table 2-13 — Splice parameters Table 7
Spatial Profile High-1440 Level (middle + base layers) Video

splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 40.0 x 10° bit/s
0001 splice_decoding_delay = 160 ms; max_splice_rate = 30.0 x 10° bit/s
0010 splice_decoding_delay = 240 ms; max_splice_rate = 20.0 x 10 bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 19.0 x 10° bit/s
0100-1011 Reserved
1100-1110 User-defined
1111 unspecified

Table 2-14 — Splice parameters Table 8
High Profile Main Level (all layers), High Profile High-1440 Level (base layer) Video

splice_type Conditions
0000 splice_decoding_delay = 120 ms; max_splice_rate = 20.0 x 10° bit/s
0001 splice_decoding_delay = 160 ms; max_splice rate = 15.0 x 10° bit/s
0010 splice_decoding_delay = 240 ms; max_splice rate = 10.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice rate = 9.5 x J0%bit/s
0100-1011 Reserved
1100-1110 User-defined
1111 unspecified

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

splice_type Conditions
0000 splice_decoding_delay,# 120 ms; max_splice rate =25.0 x 10° bit/s
0001 splice_decoding_delay-= 165 ms; max_splice_rate = 18.0 x 10° bit/s
0010 splice_decoding delay = 250 ms; max_splice rate = 12.0 x 10 bit/s
0011-1011 Reserved
1100-1110 User-defined
1111 ungpegified

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
1111 unspecified
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Table 2-17 — Splice parameters Table 11
4:2:2 Profile Main Level Video

splice_type Conditions
0000 splice_decoding_delay = 45 ms; max_splice_rate = 50.0 x 10° bit/s
0001 splice_decoding_delay = 90 ms; max_splice_rate = 50.0 x 10° bit/s
0010 splice_decoding_delay = 180 ms; max_splice_rate = 50.0 x 10 bit/s
0011 splice_decoding_delay = 225 ms; max_splice_rate = 40.0 x 10° bit/s
0100 splice_decoding_delay = 250 ms; max_splice_rate = 36.0 x 10 bit/s

0101-1011 Reserved

1100.1110 User-defined
1111 unspecified

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

splice_type Conditions
0000 splice_decoding_delay = 115 ms; max_splice_rate = 8.0 x 10° bit/s
0001 splice_decoding_delay = 155 ms; max_splice rate = 6.0 x 10° bit/s
0010 splice_decoding_delay = 230 ms; max_splice rate = 4.0 x }0%bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 3.7%.x 10° bit/s
0100-1011 Reserved
1100-1110 User-defined
1111 unspecified

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

splice_type Conditions
0000 splice_decoding_delay %120 ms; max_splice_rate = 130.0 x 106 bit/s
0001 splice_decoding_delay~= 150 ms; max_splice_rate = 104.0 x 10° bit/s
0010 splice_decoding_delay = 240 ms; max_splice rate = 65.0 x 10° bit/s
0011 splice_decoeding_delay =250 ms; max_splice rate = 62.4 x 10° bit/s
0100-1011 Reserved
1100-1110 Uset=défined
1111 unspecified

Table 2-20 — Splice parameters Table 14
4:2:2 Profile High Level Video

splice_type Conditions
0000 splice_decoding_delay = 45 ms; max_splice_rate = 300.0 x 100 bit/s
0001 splice decoding_delay = 90 ms; max_splice rate =300 0 x 109 hit/s
0010-0011 Reserved
0100 splice_decoding_delay = 250 ms; max_splice_rate = 180.0 x 100 bit/s
0101-1011 Reserved
1100-1110 User-defined
1111 unspecified

DTS _next_AU (decoding time stamp next access unit) — This is a 33-bit field, coded in three parts. In the case of
continuous and periodic decoding through this splicing point it indicates the decoding time of the first access unit
following the splicing point. This decoding time is expressed in the time base which is valid in the transport stream packet
in which the splice_countdown reaches zero. From the first occurrence of this field onwards, it shall have the same value
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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).

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

2.43.6 PES packet
See Table 2-21.

Table 2-21 — PES packet

Syntax No. of bits Mnemonic
PES§ packet() {
packet start code prefix 24 bsibf
stream_id 8 uimsbf
PES_packet_length 16 uimsbf
if (stream_id != program_stream_ map
&& stream_id != padding_stream
&& stream_id != private_stream 2
&& stream_id '= ECM
&& stream_id = EMM
&& stream_id != program_stream_directory
&& stream_id = DSMCC _stream
&& stream id !=ITU-T Rec. H.222.1 type E stream) {
'10' 2 bslbf
PES_scrambling control 2 bslbf
PES_priority 1 bslbf
data_alignment indicator 1 bslbf
copyright 1 bslbf
original or copy 1 bslbf
PTS_DTS flags 2 bslbf
ESCR flag 1 bslbf
ES rate flag 1 bslbf
DSM _trick mode_flag 1 bslbf
additional copy _info flag 1 bslbf
PES_CRC flag 1 bslbf
PES_extension_flag 1 bslbf
PES_header_data_length 8 uimsbf
if (PTS DTS flags =="10") {
'0010' 4 bslbf
PTS [32..30] 3 bslbf
marker_bit 1 bslbf
PTS [29..15] 15 bslbf
marker_bit 1 bslbf
PTS [14::0] 15 bslbf
marker-bit 1 bslbf
§
if (PTS DTS flags =="11") {
'0011" 4 bslbf
PTS [32..30] 3 bslbf
marker_bit 1 bslbf
PTS [29..15] 15 bslbf
marker_bit 1 bslbf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf
'0001" 4 bslbf
DTS [32..30] 3 bslbf
marker bit 1
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 uimshbf
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Table 2-21 — PES packet

Syntax No. of bits Mnemonic
marker_bit 1 bslbf
!
if (ES rate flag=="1") {
marker_bit 1 bslbf
ES_rate 22 uimsbf
marker_bit 1 bslbf
1
s
if (DSM _trick mode flag=="1") {
trielk—mode—econtrol 3 wirmshi—
if (trick_ mode control == fast forward ) {
field_id 2 bslbf
intra_slice refresh 1 bslbf
frequency_truncation 2 bslbf
else if ( trick mode control == slow motion ) {
rep_cntrl 5 uimsbf
else if ( trick mode control == freeze frame ) {
field id 2 uimsbf
reserved 3 bslbf
else if ( trick mode control == fast reverse ) {
field_id 2 bslbf
intra_slice refresh 1 bslbf
frequency_truncation 2 bslbf
else if ( trick mode control == slow 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
}
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
reseryed 3 bslbf
PES ‘extension_flag 2 1 bslbf
i CPES 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_Dbit 1 bslbt
MPEG1_MPEG?2 _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
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Table 2-21 — PES packet

Syntax No. of bits Mnemonic
else {
reserved 6 bslbf
tref_extension_flag 1 bslbf
if (tref extension flag=="0") {
reserved 4 bslbf
TREF[32..30] 3 bslbf
marker_bit 1 bslbf
TREF[29..15] 15 bslbf
marker_Dbit T bsIbT
TREF[14..0] 15 bslbf
marker_bit 1 bsibf
}
}
for 1=0;1<N3;i++) {
reserved
}
for (1=0;1<PES extension field length;i++) {
reserved 8 Bslbf
}
§
}
;
for (1< 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) {
for (1 < 0; ¥<PES packet length; i++) {
padding_byte 8 bslbf
}
}
H
2.4.37 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 follofws it
con;litutes a packet start code that identifies the beginning of a packet. The packet start code prefix is the bit §tring
'0000_0000 0000 0000 0000 0001' (0x000001)

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

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

Table 2-22 — Stream_id assignments

Stream_id Note stream coding

1011 1100 1 program stream map

1011 1101 2,9 private_stream_1

1011 1110 padding_stream

1011 1111 3 private_stream 2

110x xxxx ISO/IEC 13818-3 or ISO/IEC 11172-3 or ISO/IEC 13818-7 or ISOAEC 144968
audio stream number X XXXX

1110 xxxx Rec. ITU-T H.262 | ISO/IEC 13818-2, ISO/IEC 11172-2, ISOAEC 14496-2, Rdc.

ITU-T H.264 | ISO/IEC 14496-10 or Rec. ITU-T H.265 [1SO/IEC 23008-2 vid
stream number XXxX

o

1111 0000 3 ECM_stream
1111 0001 3 EMM_stream
1111 0010 5 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Annex A

or ISO/IEC 13818-6_ DSMCC _stream

11110011 2 ISO/IEC 13522 stream

1111 0100 6 Rec. ITU-T H.222.1 type A
11110101 6 Rec. ITU-T H.222.1 type B
11110110 6 Rec. ITU-T H.222.1 typéC
11110111 6 Rec. ITU-T H.222.1 type D

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

1111 1001 7 ancillary _stream

1111 1010 ISO/IEC 14496-1 SL-packetized stream
1111 1011 ISO/IEC 14496-1 FlexMux_stream
1111 1100 metadata stream

1111 1101 8 extended stream id

11111110 reserved data stream

11111111 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 palues taken by the x's.

NO[TE 1 — PES packets of-type program_stream map have unique syntax specified in 2.5.4.1.

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

NOJ'E 3 — PES(packets of type private_stream 2, ECM_stream and EMM _stream are similar to private stream_1 except no syptax
is specified after'PES_packet_length field.

NOJTE 4 PES packets of type program_stream_directory have a unique syntax specified in 2.5.5.
NO[E-S’— PES packets of type DSM-CC stream have a unique syntax specified in ISO/IEC 13818-6.
NOTE 6 — This stream_id is associated with stream_type 0x09 in Table 2-34.

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

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

NOTE 9 — JPEG 200 video streams (stream_type = 0x21) are carried using the same PES packet syntax as private stream 1.
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Table 2-23 — PES scrambling control values

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

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

data| alignment_indicator — This is a 1-bit flag. When set to a value of 'l', it indicates that the PES packet header is
immgdiately followed by the video syntax element or audio sync word indicated in the data_stream_alignment desciiptor
in 2.p.10 if this descriptor is present. If set to a value of '1' and the descriptor is not present, alignmentras-indicated in
alignment type '01' in Table 2-53, Table 2-54 or Table 55 is required. When set to a value of '0', it is not;defined whether
any guch alignment occurs or not.

copyfright — This is a 1-bit field. When set to '1' it indicates that the material of the associatéd PES packet paylopd is
protgcted by copyright. When set to '0' it is not defined whether the material is protected by copyright. A copyright
descfiptor 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.
Wheh 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 isGet'to '10', the PTS fields shall be present in the
PES |packet header. When the PTS DTS flags field is set to '11', both thie PTS fields and DTS fields shall be presdnt in
the HES packet header. When the PTS_ DTS flags field is set to '00%no PTS or DTS fields shall be present in the|PES
packet header. The value '01' is forbidden.

ESCR _flag — A 1-bit flag, which when set to '1' indicates that ESCR base and extension fields are present in the|PES
packpt 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 hepder.
Wheh set to '0' it indicates that no ES _rate field is‘ptesent.

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

addigional_copy_info flag — A 1-bit flag, which when set to '1' indicates the presence of the additional copy_info field.
Wheh 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 get to
'0' it [indicates that this field-is-not present.

PES| extension_flag - A’D-bit flag, which when set to '1' indicates that an extension field exists in this PES packet hepder.
Wheh 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
stuffing bytes-contained in this PES packet header. The presence of optional fields is indicated in the byte that prededes
the HES 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, tpn(k), in the system target decoder of a
presentation unit k of elementary stream n. The value of PTS is specified in units of the period of the system clock
frequency divided by 300 (yielding 90 kHz). The presentation time is derived from the PTS according to equation 2-11
below. Refer to 2.7.4 for constraints on the frequency of coding presentation timestamps.

PTS(k)=((system _clock _ frequency x tp, (k))DIV 300)% 23 (2-11)

where tpn(k) is the presentation time of presentation unit Pn(k).
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In the case of audio, if a PTS is present in PES packet header it shall refer to the first access unit commencing in the
PES packet. An audio access unit commences in a PES packet if the first byte of the audio access unit is present in the
PES packet.

In the case of ISO/IEC 11172-2 video or ISO/IEC 14496-2 video, if a PTS is present in a PES packet header, it shall refer
to the access unit containing the first picture start code that commences in this PES packet. A picture start code commences
in a PES packet if the first byte of the picture start code is present in the PES packet. For I- and P-pictures in non-
low_delay sequences and in the case when there is no decoding discontinuity between access units (AUs) k and k', the
presentation time tp,(k) shall be equal to the decoding time tan(k') of the next transmitted I- or P-picture (refer to 2.7.5). If
there is a decoding discontinuity, or the stream ends, the difference between tpn(k) and tgn(k) shall be the same as if the
original stream had continued without a discontinuity and without ending.

NOTE 1 — A low_delay sequence is an ISO/IEC 14496-2 video sequence in which the low_delay flag is set to '1' (refer to 6.2.3 of
ISQAEC 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-a¢cess
unit fontaining the first picture start code that commences in this PES packet. A picture start code commenees)in a| PES
packgt if the first byte of the picture start code is present in the PES packet. For I- and P-coded frames inpnon“low_dlelay
sequgnces and in the case when there is no decoding discontinuity between access units (AUs) k and ki, the presentption
time|tpn(k) shall be equal to the decoding time t4n(k') of the next transmitted I- or P-coded frame (referto 2.7.5). If there
is a decoding discontinuity, or the stream ends, the difference between tyn(k) and tan(k) shall be the-same as if the original
streajn had continued without a discontinuity and without ending.
NOTE 2 — A low_delay sequence is an Rec. ITU-T H.262 | ISO/IEC 13818-2 video sequence in“which the low_delay flag is [set to

"' (refer to 6.2.2.3 of Rec. ITU-T H.262 | ISO/IEC 13818-2). Also note that for field pictures\the presentation time refers fo the
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
vide¢, if a PTS is present in the PES packet header, it shall refer to the first AVCaccess unit that commences in this|PES
packpt. An AVC access unit commences in a PES packet if the first byte-of.the AVC access unit is present in the|PES
packpt. To achieve consistency between the STD model and the HRD mipdel defined in Annex C of Rec. ITU-T HR64 |
ISO/IEC 14496-10, for each decoded AVC access unit, the PTS value*in the STD shall, within the accuracy of [their
respdctive clocks, indicate the same instant in time as the nominal DPB-output time in the HRD, defined herein as to,n dpb(1n)
= tro{n) + tc * dpb_output delay(n), where t;.(n), tc, and dpb_output delay(n) are defined as 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 PTS is-present in the PES packet header, it shall refer to the first SVC
dependency representation that commences in thissPES packet. An SVC dependency representation commences in af PES
packet if the first byte of the SVC dependency representation is present in the PES packet. To achieve consistency beteen
the §TD model and the HRD model defined.imAnnex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-assenpbled
and decoded AVC access unit, the PTS value/in the STD shall, within the accuracy of their respective clocks, indicate the
samg instant in time as the nominal, DPB output time in the HRD, defined herein as tondpn(n) = trn(n) H tc *
dpb Joutput_delay(n), where tn(n),te;and dpb_output delay(n) are defined as in Annex C of Rec. ITU-T H.264 | ISQYIEC
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 Yideo
streams conforming t¢ one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, if a PT'S is
presg¢nt in the PES<packet header, it shall refer to the first MVC view-component subset that commences in this|PES
packpt. An MVE wiew-component subset commences in a PES packet if the first byte of the MVC view-component spibset
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 w1thm the accuracy of their respectlve clocks, indicate the same instant in time as the nominal DPB output tipe in
the HRB o * dpb o S ere

defined as in Annex C ofRec ITU T H. 264 | ISO/IEC 14496 10.

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

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

The presentation time tyn(k) shall be equal to the decoding time tgn(k) for:
e audio access units;
*  access units in Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 low delay video sequences;
*  B-pictures in ISO/IEC 11172-2, Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 video streams.
*  text access units in ISO/IEC 14496-17.

If there is filtering in audio, it is assumed by the system model that filtering introduces no delay, hence the sample referred
to by PTS at 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, it a PTS 1sprfsent
in the PES packet header, it shall refer to the first HEVC access unit that commences in this PES packet. To.achieve
cons|stency between the STD model and the HRD model defined in Annex C of Rec. ITU-T H.265 | ISO/IE€)2308-2,
for each HEVC access unit the PTS value in the STD shall, within the accuracy of their respective clocks,.indicatp the
samg instant in time as the nominal DPB output time in the HRD, as defined in Annex C of Ree./ITU-T H.P65 |
ISO/IEC 23008-2.

DTS (decoding time stamp) — The DTS is a 33-bit number coded in three separate fields. It indicates the decoding fime,
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 geriod 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)PIV 300)% 233 (3-12)

whetle tda(j) is the decoding time of access unit An(j).

In thg case of ISO/IEC 11172-2 video, Rec. ITU-T H.262 | ISO/IEC 13818-2 video, or ISO/IEC 14496-2 video, if a[DTS
is present in a PES packet header, it shall refer to the access unit containing the first picture start code that commendes in
this PES packet. A picture start code commences in a PES pagketf the first byte of the picture start code is present in the
PES Jpacket.

For AVC video streams conforming to one or more profilés defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10
vide¢, 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 H264 |
ISO/IEC 14496-10, for each AVC access @nit'the DTS value in the STD shall, within the accuracy of their respdctive
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/IEC14496-10, if a DTS is present in the PES packet header, it shall refer to the first SVC
dependency representationthat’commences in this PES packet. An SVC dependency representation commences in a|PES
packgt if the first byte ofithe'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-assenibled
AV({ access unit the(DTS value in the STD shall, within the accuracy of their respective clocks, indicate the same infstant
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/YIEC
14496-10.

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

NOTE 4 — Different clocks may be used for derivation of DTS and trn( 1 ).

In the case of scalable coding refer to 2.7.6.

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

For MVCD video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex I of Rec.
ITU-T H.264 | ISO/IEC 14496-10, if a DTS is present in the PES packet header, it shall refer to the first MVCD
view-component subset that commences in this PES packet. An MVCD view-component subset commences in a PES
packet if the first byte of the MVCD view-component subset is present in the PES packet. To achieve consistency between
the STD model and the HRD model defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-assembled
AVC access unit the DTS value in the STD shall, within the accuracy of their respective clocks, indicate the same instant
in time as the nominal CPB removal time t.4( n ) in the HRD, as defined in Annex C of Rec. ITU-T H.264 | ISO/IEC
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tricll:mode_control — A 3-bit field-that indicates which trick mode is applied to the associated video stream. In cas

R base; ESCR_extension — The elementary stream clock reference is a 42-bit field coded in two parts.KThe
ESCR base, is a 33-bit field whose value is given by ESCR_base(i), as given in equation 2-14. The-second
R _ext, is a 9-bit field whose value is given by ESCR_ext(i), as given in equation 2-15. The ESCR field irdicatd
ded time of arrival of the byte containing the last bit of the ESCR_base at the input of the PES-STD for PES str
[ t0 2.5.2.4).

ifically:
ESCR(i)= ESCR _base(i)x 300+ ESCR _ext(i) @

ESCR_base(i) = ((system _clock _frequencyxa(i)YDIV 300)% 2 (2
ESCR _ext(i) = ((system _clock _ frequeneyxt(i))DIV 1)% 300 (2

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

rate (elementary stream rate) — The ES rate fiel@is a 22-bit unsigned integer specifying the rate at whic
m target decoder receives bytes of the PES packetin the case of a PES stream. The ES _rate is valid in the PES p
hich it is included and in subsequent PES packets of the same PES stream until a new ES_rate field is encount|
alue of the ES_rate is measured in units 0f50 bytes/second. The value '0' is forbidden. The value of the ES r:
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 enc
e ES rate field may vary from PES_paeket to PES packet.

e definition of trick_mode status, refer to the trick mode section of 2.4.2.3.

h trick mode status is-false, the number of times N, a picture is output by the decoding process for progre
bnces, is specified)for each picture by the repeat first field and top field first fields in the cas
ITU-T H.262 JASO/IEC 13818-2 video, and is specified through the sequence header in the case of ISO/IEC 11
leo.

nterlaced sequences, when trick_mode status is false, the number of times N, a picture is output by the deca
pss for\progressive sequences, is specified for each picture by the repeat first field and progressive frame fiel
nse of Rec. ITU-T H.262 | ISO/TIEC 13818-2 video.
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types of elementary streams; the meanings of this field and those defined by the following five bits are undefjined.
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When trick mode status is true, the number of times that a picture shall be displayed depends on the value of N.

When the value of this field changes or trick mode operations cease, any combination of the following may occur:
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+  discontinuity in the time base;
*  decoding discontinuity;

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

Value Description
'000' Fast forward
'001" Slow motion
'010' Freeze frame
‘011" Fast reverse
'100' Slow reverse
'101'-"111" Reserved

In the context of trick mode, the non-normal speed of decoding and presentation may cause the values of certain fields
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deﬁr]ed in video elementary stream data to be incorrect. Likewise, the semantic constraint on the slice structure mg

id. The video syntax elements to which this exception applies are:
*  bit rate;
*  vbv_delay;
*  repeat first field;
e v_axis_positive;
+  field sequence;
e subcarrier;
*  burst_amplitude;

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

ders are not normatively required to decode the trick mode .control field. However, the following norm|
rements shall apply to decoders that do decode the trick mode, control field.

forward — The value '000', in the trick_ mode control fieldWhen this value is present it indicates a fast for|

stream and defines the meaning of the following five bits:in the PES packet header. The intra_slice refresh bif
t to '1' indicating that there may be missing macrobloeks which the decoder may replace with co-sited macrob
eviously decoded pictures. The field id field, defined in Table 2-25, indicates which field or fields shou
ayed. The frequency_truncation field indicatesthat a restricted set of coefficients may be included. The meanit
alues of this field are shown in Table 2-26.

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

e case of ISO/IEC 11172-2 yidee and Rec. ITU-T H.262 | ISO/IEC 13818-2 video progressive sequences, the pi
Id be displayed for N x rep, ¢ntrl picture duration.

e case of Rec. ITU-T H:262 | ISO/IEC 13818-2 interlaced sequences, the picture should be displayed for N X rep |
duration. If the piettre is a frame picture, the first field to be displayed is the top field if top field firstis 1, an|
m field if topofield first is '0' (refer to Rec. ITU-T H.262 | ISO/IEC 13818-2). This field is displaye
rep_cntrl / 2 field duration. The other field of the picture is then displayed for N — N x rep cntrl / 2 field durati

e frame— The value '010', in the trick mode control field. When this value is present it indicates a freeze f]
stream and defines the meaning of the following five bits in the PES packet header. The field_id field, defin
e 2-25, identifies which field(s) should be displayed. The field id field refers to the first video access unif
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latter case the field id field refers to the most recent previous video access unit.

1 the

fast reverse — The value '011', in the trick mode control field. When this value is present it indicates a fast reverse video
stream and defines the meaning of the following five bits in the PES packet header. The intra_slice_refresh bit may be
set to '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 displayed.
The frequency truncation field indicates that a restricted set of coefficients may be included. The meaning of the values
of this field are shown in Table 2-26.

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

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

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

Table 2-25 — Field_id field control values

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

intrg_slice_refresh — A 1-bit flag, which when set to 'l", indicates that there may be missing macroblocks between cpoded
slicep of video data in this PES packet. When set to '0' this may not occur. Fer more information,| see
Rec.|ITU-T H.262 | ISO/IEC 13818-2. The decoder may replace missing macroblocks/with co-sited macroblocks of
previously decoded pictures.

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

Table 2-26 — Coefficient selection values

Value Deseription
'00' Only DC coefficients are‘non-zero
'01' Only the first three coefficients are non-zero
'10' Only the first six(€oefficients are non-zero
1 All coefficients 'may be non-zero

rep_entrl — A 5-bit field that indicates the number of times each field in an interlaced picture should be displayed, qr the
number of times that a progressive picture.should be displayed. It is a function of the trick_ mode control field anfl the
top_ftield_first bit in the video sequence header whether the top field or the bottom field should be displayed first ip the
case jof interlaced pictures. The value 'Q\is'forbidden.

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

previious PES packet CRC —The previous PES packet CRC is a 16-bit field that contains the CRC value that yjields
a zerp output of the 16 registers in the decoder similar to the one defined in Annex A, but with the polynomial:

X16+X12+X5+1

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

NOTE 5< This CRC is intended for use in network maintenance such as isolating the source of intermittent errors. It is not int¢nded
for use by elementary stream decoders. It is calculated only over the data bytes because PES packet header data can be modglified
dpfing transport.

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

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

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

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

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

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

program_ packet sequence counter — The program packet sequence counter field is a 7-bit field. It is an optional
counfter that increments with each successive PES packet from a program stream or from an ISO/IEC 11172-1 stregm or
the HES packets associated with a single program definition in a transport stream, providing functionality sirhila] to a
contfnuity counter (refer to 2.4.3.2). This allows an application to retrieve the original PES packet sequenceof-a@ program
or the original packet sequence of the original ISO/IEC 11172-1 stream. The counter will wrap around to O|after
aximum 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 ISO/IEC 11172-1 stream. When set to '0' it indicates that this PES packet carries information from a program str¢am.

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 shich is only defined if this PES pjacket
is coptained in a program stream. It indicates the scaling factor used to interpret'the subsequent P-STD_buffer size field.
If thg preceding stream_id indicates an audio stream, P-STD_buffer scale shall have the value '0'. If the precqding
stream_id indicates a video stream, P-STD_buffer scale shall have the value '1'. For all other stream types, the valuelmay
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 byt¢s. If
P-STD_buffer scale has the value '1', then the P-STD_buffer size measures the buffer size in units of 1024 bytes. Thus:

if (P—STP:- buffer scale ==0)

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

else:
BS,, = P—STD _buffer _size x 1024 (4-17)

The pncoded value of the . P-STD buffer size takes effect immediately when the P-STD_buffer size field is receivdgd by
the Rec. ITU-T H.222.0)[ TSO/IEC 13818-1 System Target Decoder (refer to 2.7.7).

For AVC video stieams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10,
the sjze BS, shallbe larger than or equal to the size of the CPB signalled by the CpbSize[ cpb_cnt minus] ] specifi¢gd by
the WAL hrd\parameters() in the AVC video stream. If the NAL hrd parameters() are not present in the AVC yideo
stream, then BS,, shall be larger than or equal to the size of the NAL CPB for the byte stream format defined in Annex A
of Rgc:ITU-T H.264 | ISO/IEC 14496-10 as 1200 x MaxCPB for the applied level.

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

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

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

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

stream_id_extension — In program streams, the stream_id_extension specifies the type and number of the elementary
stream as defined by the stream id extension in Table 2-27. In transport streams, the stream _id_extension may be set to
any valid value which correctly describes the elementary stream type as defined in Table 2-27. In transport streams, the
elementary stream type is specified in the program-specific information as specified in 2.4.4. Note that this field is used

as an-extension-o s-strea d-defined-above- s-field-shallnot-beusedunless-the-value-ofstream—idis 01.

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
0100000 ... 011 1111 reserved data stream
100 0000 ... 111 1111 private stream

NO[E 1 — PES packets of stream_id_extension 0b000 0000 (IPMP control information‘stream) have a unique syntax specifigd in
ISQYIEC 13818-11 (MPEG-2 IPMP).

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

11

stuffiing_byte — This is a fixed 8-bit value equal to '1111 1111' that.Can be inserted by the encoder, for example to neet
the rpquirements of the channel. It is discarded by the decodersNo more than 32 stuffing bytes shall be present i1} one
PES |packet header.

PES| packet_data_byte — PES packet data bytes shall be contiguous bytes of data from the elementary stfeam
indiqated by the packet's stream id or PID. When the elementary stream 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 bytes
of th|s Recommendation | International Standard,‘The byte-order of the elementary stream shall be preserved. The number
of PES packet data bytes, N, is specified(by'the PES packet length field. N shall be equal to the value indicated 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 stieaii 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 isa fixed 8-bit value equal to '1111 1111". It is discarded by the decoder.

tref [extension_flag~A 1-bit flag, which when set to '0' indicates that a TREF field is present in the PES packet hepder.
The yalue of '1' forthis 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 as indicated by the DTS, or in absence of the DTS, by the PTS of the|PES
headgrrof the same j-th access unit in a corresponding elementary stream n.

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

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

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

For these PES packets, when reconstructing the program stream at the transport stream decoder, the PES packet data is
copied to the program stream being reconstructed.
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For program streams PES packets with stream_id values of program stream map, padding_ stream, private stream 2,
ECM, EMM, DSM_CC stream, or program_stream_directory, all the bytes of the program stream PES packet, except
for the packet start code prefix, are placed into the data bytes fields of a new PES packet. The stream_id of this new
PES packet has the value of ancillary_stream (refer to Table 2-22). This new PES packet is then carried in transport stream
packets.

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

ISO/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.

The jprogram_packet sequence counter field is included within the header of each PES packet carrying data‘fspm 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 tpafisport stregm in
the header of the immediately following PES packet.

2.4. Program-specific information

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

In trgnsport streams, program-specific information is classified into six table structures as shown in Table 2-28. While
thesq structures may be thought of as simple tables, they shall be segmentéd into sections and inserted in transport stfeam
packets, some with predetermined PIDs and others with user selectable PIDs.

Table 2-28 — Program-spécific 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 138181 one or more programs
Network information table Private Assigned in the PAT Physical network parameters such as
FDM frequencies, transponder numbers,
etc.
Cor|ditional access table ReeTTFYU-T H.222.0 | 0x01 Associates one or more (private) EMM
ISOAEC 13818-1 streams each with a unique PID value
Tranpsport 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 carried
within Aransports packets. A section is a syntactic structure that shall be wused for mapping |each
Rec.[I'FOU-T H.222.0 | ISO/IEC 13818-1 defined PSI table into transport stream packets.

Along with Rec. ITU-T H.222.0 | ISO/IEC 13818-1 defined PSI tables, it is possible to carry private data tables. The
means by which private information is carried within transport stream packets is not defined by this Specification. It may
be structured in the same manner used for carrying of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 defined PSI tables, such
that the syntax for mapping this private data is identical to that used for the mapping of Rec. ITU-T H.222.0 | ISO/IEC
13818-1 defined PSI tables. For this purpose, a private section is defined. If the private data is carried in transport stream
packets with the same PID value as transport stream packets carrying program map tables (as identified in the program
association table), then the private section syntax and semantics shall be used. The data carried in the private data_bytes
may be scrambled. However, no other fields of the private section shall be scrambled. This private section allows data
to be transmitted with a minimum of structure. When this structure is not used, the mapping of private data within transport
stream packets is not defined by this Recommendation | International Standard.
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Sections may be variable in length. The beginning of a section is indicated by a pointer field in the transport stream
packet payload. The syntax of this field is specified in Table 2-29.

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

Within a transport stream, packet stuffing bytes of value 0xFF 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 assoc1at10n table prov1d1ng a complete llst of all programs w1thm the
trans cain he1m he =) 0 >

shall always apply to the current data in the transport stream Any changes in the programs carrred W1thm the tfan >port
stream shall be described in an updated version of the program association table carried in transport stream paekets|with
PID yalue 0x0000. These sections shall all use table id value 0x00. Only sections with this value of table id‘are pernfitted
within transport stream packets with PID value of 0x0000. For a new version of the PAT to become valid, all section]s (as
indidated in the last_section number) with a new version number and with the current next indicaterset to '1' musf exit
Byys flefined in the T-STD (refer to 2.4.2). The PAT becomes valid when the last byte of the sectiémneeded to complete
the table exits Byys.

Whehever one or more elementary streams within a transport stream are scrambled, transport-stream packets with g PID
valug¢ 0x0001 shall be transmitted containing a complete conditional access table including CA_descriptors assocjiated
with|the scrambled streams. The transmitted transport stream packets will together\form one complete version off the
condfitional access table. The most recently transmitted version of the table with the current next indicator set to a yalue
of '1]shall always apply to the current data in the transport stream. Any changes-in scrambling making the existing fable
invalid or incomplete shall be described in an updated version of the conditional access table. These sections will a}l use
tablg id value 0x01. Only sections with this table_id value are permitted within transport stream packets with a PID yalue
of 040001. For a new version of the CAT 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 '}, must exit Bgy,. The CAT becomes valid when th¢ last
byte jof the section needed to complete the table exits Bgys.

Eachf 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
within 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 transport stream without being listed ih the
progfam map table section. The most recéntly 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 chgnges
in the definition of any of the programs carried within the transport stream shall be described in an updated version qf the
corrgsponding section of the program:map table carried in transport stream packets with the PID value identified afs 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 npt'change. A program definition shall not span more than one TS program map_sectiqn. A
new [version of a TS program_map_section becomes valid when the last byte of that section with a new version_number
and yvith the current_pext/indicator set to '1' exits By

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 values.

The petwotk~information table is optional and its contents are private. If present it is carried within transport stfeam
pack.,ts that w1ll have the same PID value, called the network PID. The network PID value is defined by the user|and,
as al al a shaalllkaihianla¥= 2 > Nork

mformatlon table exrsts 1t shall take the form of one or more prrvate sectrons

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

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

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

Syntax No. of bits

Mnemonic

pointer_field 8

uimsbf

2.4.4.2 Semantics definition of fields in pointer syntax

pointer_field — This is an 8-bit field whose value shall be the number of bytes, immediately following the pointer field

untilfthefirstbyteof the firstsection tat fSpresent i te paytoad of the ransport SteanT packet (5o @ vatue of 990 in
the pointer_field indicates that the section starts immediately after the pointer field). When at least one section bégins in
a givien 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 stfeam
packet, then the payload unit start indicator shall be set to '0' and no pointer shall be sent in the payload of that pag¢ket.
2.44.3 Program association table
The program association table (PAT) provides the correspondence between a program_number and the PID value qf the
transport stream packets which carry the program definition. The program number is the mumeric label associated with a
progfam.
The pverall table is contained in one or more sections with the following syntax. It fmay be segmented to occupy multiple
sectipns (see Table 2-30).
Table 2-30 — Program associatienséction
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 <NZiA+) {
pregram_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
}
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2.4.44 Table_id assignments

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

Table 2-31 — table_id assignment values

Value Description
0x00 program_association_section
0x01 conditional access_section (CA_section)
0x02 TS program map_ section
0x03 TS _description_section
0x04 ISO_IEC 14496 scene description_section
0x05 ISO_IEC 14496 object descriptor_section
0x06 Metadata_section
0x07 IPMP Control Information Section (defined in ISO/IEC 13818-11)
0x08 ISO_IEC 14496 section
0x09-0x37 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 reserved
0x38-0x3F Defined in ISO/IEC 13818-6
0x40-0xFE User private
OxFF Forbidden

2.4.45 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.
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 sectiom, length field, and including the CRC. The value i this
field|shall not exceed 1021 (0x3FD).

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

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

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

sectipn_number — This\8=bit field gives the number of this section. The section number of the first section in the Program
Assdciation Table shall be 0x00. It shall be incremented by 1 with each additional section in the program associption
tabld|

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

ogram—pnber—is—a—t6-bitfield: heprogramto—which—theprogam—map—PID i
applicable. When set to 0x0000, then the following PID reference shall be the network PID. For all other cases the value
of this field is user defined. This field shall not take any single value more than once within one version of the program
association table.

NOTE — The program_number may be used as a designation for a broadcast channel, for example.

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

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
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program_number shall have more than one program map PID assignment. The value of the program map PID is
defined by the user, but shall only take values as specified in Table 2-3.

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

2.4.4.6 Conditional access table

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

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

Table 2-32 — Conditional access section

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

}

2.4.4.7 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.
secti[n_syntax_indicator — The seetion_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 if this
field|shall not exceed 1021 (0x3FD).

versjon_number — Thig 5-bit field is the version number of the entire conditional access table. The version number [shall
be ifcremented byd modulo 32 when a change in the information carried within the CA table occurs. When the
currgnt next ipdicator is set to '1', then the version_number shall be that of the currently applicable Conditional A¢cess
Tablp. When-th€ current next indicator is set to '0', then the version number shall be that of the next applig¢able
cond[cional access table.

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

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

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

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.
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2.4.4.8 Program map table

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

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

Table 2-33 — Transport stream program map section

Syntax No. of bits | Mnemonic
TS program map_section() {

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

descriptor()
}
for (1=0;1<NI1; i++t),{

stream_type 8 uimsbf

reserved 3 bslbf

¢lementary_PID 13 uimsbf

reserved 4 bslbf

ES_info_length 12 uimsbf

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

descriptor()

}
}
CRC_32 32 rpchof

}

2.4.49 Semantic definition of fields in transport stream program map section

table_id — This is an 8-bit field, which in the case of a TS program map_section shall be always set to 0x02 as shown
in Table 2-31.

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

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

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
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program definition is never longer than 1016 (0x3F8). See Informative Annex C for ways to deal with the cases when
that length is not sufficient. The program number may be used as a designation for a broadcast channel, for example. By
describing the different program elements belonging to a program, data from different sources (e.g., sequential events)
can be concatenated together to form a continuous set of streams using a program_number. For examples of applications
refer to Annex C.

version_number — This 5-bit field is the version number of the TS program map_section. The version number shall be
incremented by 1 modulo 32 when a change in the information carried within the section occurs. Version number refers
to the definition of a single program, and therefore to a single section. When the current next indicator is set to 'l', then
the version_number shall be that of the currently applicable TS program map section. When the current_next_indicator
is set to '0', then the version number shall be that of the next applicable TS program map_section.

current_next_indicator — A 1-bit field, which when set to 'l' indicates that the TS program map section sent is
currdntly applicable. When the bit 1s set to 0, 1t indicates that the 1S_program_map_section sent 1s not yet appligable
and ghall be the next TS program map_section to become valid.

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

PCR_PID — This is a 13-bit field indicating the PID of the transport stream packets which shall-contain the PCR fiields
valid for the program specified by program number. If no PCR is associated with a program defihition for private strgams,
then [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
restrictions on the choice of PCR_PID value.

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

program_info_length — This is a 12-bit field, the first two bits of which shall be '00"“The remaining 10 bits specifly the
number of bytes of the descriptors immediately following the program_info length.field.

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

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

Table 2-34 - Streamtype assignments

Value Description

0x00 ITU-T | ISO/IEC Reserved

0x01 ISO/IEC 11172-2 Video

0x02 Rec. ITU-T H.2624ISOEC 13818-2 Video or ISO/IEC 11172-2 constrained parameter video stream
(see Note 2)

0x03 ISO/IEC 11172<3 Audio

0x04 ISO/IEC.13818-3 Audio

0x05 RecITU<T H.222.0 | ISO/IEC 13818-1 private_sections

0x06 Ree, 1TU-T H.222.0 | ISO/IEC 13818-1 PES packets containing private data

0x07 ISO/IEC 13522 MHEG

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

0x09 Rec. ITU-T H.222.1

0x0A ISO/IEC 13818-6 type A

0x0B ISO/IEC 13818-6 type B

0x0C ISO/IEC 13818-6 type C

0x0D ISO/IEC 13818-6 type D

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

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

0x10 ISO/IEC 14496-2 Visual

0x11 ISO/IEC 14496-3 Audio with the LATM transport syntax as defined in ISO/IEC 14496-3

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

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

0x14 ISO/IEC 13818-6 Synchronized Download Protocol

0x15 Metadata carried in PES packets
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Table 2-34 - Stream type assignments

Value Description
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
0x1A IPMP stream (defined in ISO/IEC 13818-11, MPEG-2 IPMP)
0x1B AVC video stream conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 |
ISOAECH4496-10orAV-Evideosub-bitstreanrof-SVE-asdefmed-m2-+78-or MvE-baseview—
sub-bitstream, as defined in 2.1.85, or AVC video sub-bitstream of MVC, as defined in 2.1.88 oy
MVCD base view sub-bitstream, as defined in 2.1.97, or AVC video sub-bitstream of MVCB, as
defined in 2.1.100
0x1C ISO/IEC 14496-3 Audio, without using any additional transport syntax, such as DST, ALS and SLS
0x1D ISO/IEC 14496-17 Text
0x1E Auxiliary video stream as defined in ISO/IEC 23002-3
Ox1F SVC video sub-bitstream of an AVC video stream conforming to one or more ‘profiles defined in
Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10
0x20 MVC video sub-bitstream of an AVC video stream conforming to ohe\0f more profiles defined in
Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10
0x21 Video stream conforming to one or more profiles as defined,itnRec. ITU-T T.800 | ISO/IEC 1544411
0x22 Additional view Rec. ITU-T H.262 | ISO/IEC 13818-2 yid€o stream for service-compatible
stereoscopic 3D services (see Notes 3 and 4)
0x23 Additional view Rec. ITU-T H.264 | ISO/IEC 14496-10 video stream conforming to one or 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 HEVC temporal video sub-bitstream
0x25 HEVC temporal video subset of an HEY.C&ideo stream conforming to one or more profiles defined in
Annex A of Rec. ITU-T H.265 | ISO/IEC-23008-2
0x26 MVCD video sub-bitstream of an AVC video stream conforming to one or more profiles defined in
Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10
0x27-0x7E Rec. ITU-T H.222.0 | ISO/IEG 13818-1 Reserved
0x7F IPMP stream
0x80-0xFF User Private
NOTE 1 — In the above table various stréam types are assigned for carriage of audio signals, with or without a transport syntax.
Tlypically, the transport syntax is used:for providing sync words. The use of a specific transport syntax, if at all, is specified |n 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
vplue 0x02.
NOTE 3 — The base view ef service-compatible stereoscopic 3D services is signalled using stream_type value 0x02 for Rec. I[TU-T
H.262 | ISO/IEC 13818-2 video or stream_type 0x1B for Rec. ITU-T H.264 | ISO/IEC 14496-10 video.
NOTE 4 — The additional view for service-compatible stereoscopic 3D services is signalled using stream_type value 0x22 fof 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 conform|ng to
ohe or more profiles defined in Annex A. For service-compatible stereoscopic 3D services, the additional view is not signalled

:[ing stream_type values 0x02 or 0x1B.

elementary_PID — This is a 13-bit field specifying the PID of the transport stream packets which carry the assocfated

1 4
programrerement:

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

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

2.4.4.10 Syntax of the private section

When private data is sent in transport stream packets with a PID value designated as a program map PID in the program
association table the private section shall be used. The private section allows data to be transmitted with a minimum of
structure while enabling a decoder to parse the stream. The sections may be used in two ways: if the
section_syntax_indicator is set to 'l', then the whole structure common to all tables shall be used; if the indicator is set
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to '0', then only the fields 'table id' through 'private section length' shall follow the common structure syntax and
semantics and the rest of the private section may take any form the user determines. Examples of extended use of this

syntax are found in informative Annex C.

A private table may be made of several private_sections, all with the same table id (see Table 2-35).

Table 2-35 — Private section

Syntax No. of Mnemonic
bits
private_section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
reserved 2 bslbf
private_section_length 12 uimsbf
if (section_syntax_indicator =="0") {
for 1=0;1<Nj;it++) {
private_data_byte 8 bslbf
}
b
else {
table_id_extension 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (i=0; i <private_section_léngth-9; i++) {
private_data_byte 8 bslbf
b
CRC 32 32 rpchof
b
}
2.4.4.11 Semantic definition of fields in private section
tabl¢_id — This 8-bit field, the value of which identifies the Private Table this section belongs to. Only values defingd in
Tablp 2-31 as "user private!~may be used.
sectipn_syntax_indicator)> This is a 1-bit indicator. When set to 'l', it indicates that the private section followg the
genefic 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_indic¢ator — 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 immediptely
followang the private section length field up to the end of the private section. The value in this field shall not exceed

4093 TOXFFD).

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

future.

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

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

same table id and section number.

current_next_indicator — A 1-bit field, which when set to 'l' indicates that the private section sent is currently
applicable. When the current next indicator is set to '1', then the version number shall be that of the currently applicable
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private_section. When the bit is set to '0', it indicates that the private section sent is not yet applicable and shall be the
next private _section with the same section_number and table id to become valid.

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

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

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

2.4.412 Syntax of the transport stream section

Rec.[ITU-T H.222.0 | ISO/IEC 13818-1 compliant bitstreams may carry the information defined in Table/D-36.
Rec.[ITU-T H.222.0 | ISO/IEC 13818-1 compliant decoders may decode the information defined in this table:

The fransport stream description table is defined to support the carriage of descriptors as found in 2.6 for an entire trangport
stream. The descriptors shall apply to the entire transport stream. This table uses a table id value of 0X03 as specifipd in
Tablp 2-31 and is carried in transport stream packets whose PID value is 0x0002 as specified in Table 2-3.

Table 2-36 — The transport stream description table

Syntax No. of bits Mnemonic

TS_description_section() {

table_id 8 uimsbf

section_syntax_indicator 1 bslbf

'0' 1 bslbf

reserved 2 bslbf

section_length 12 uimsbf

reserved 18 bslbf

version_number 5 uimsbf

current_next_indicator 1 bslbf

section_number 8 uimsbf

last_section_number 8 uimsbf

for (i=0; i <N, i) ]

descriptor()

}

CRC-32 32 rpchof
}

2.4.4.13 Semantic definition of fields in the transport stream section
tabl¢_id — This is am8-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 number
of byftes of the'section, starting immediately following the section_length field, and including the CRC. The value i this
field|shall not exceed 1021 (0x3FD).

versjonnumber — This 5-bit field is the version number of the whole transport stream description table. The vefsion
number shall be incremented by 1 modulo 32 whenever the definition of the transport stream description table changes.
When the current next indicator is set to 'l', then the version number shall be that of the currently applicable transport
stream description table. When the current next indicator is set to '0', then the version number shall be that of the next
applicable transport stream description table.

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

section_number — This 8-bit field gives the number of this section. The section_number of the first section in the transport
stream description table shall be 0x00. It shall be incremented by 1 with each additional section in the transport stream
description table.
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last_section_number — This 8-bit field specifies the number of the last section (that is, the section with the highest
section_number) of the complete transport stream description 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 transport stream description section.

2.5 Program stream bitstream requirements

2.5.1 Program stream coding structure and parameters

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

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

Elenjentary stream data is carried in PES packets. A PES packet consists of a PES packet header followed by packet |data.
PES Jpackets 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 presentption
timetamp and a decoding time stamp (DTS). The PES packet header also contains other optional fields. The packe{ data
contjins a variable number of contiguous bytes from one elementary stream.

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

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

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

2.5.2 Program stream system target decoder

The femantics of the program stream and the coustraints 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
decoder known as the program stream system target decoder (P-STD).

The P-STD is a conceptual model used*to define these terms precisely and to model the decoding process 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 from a variety of decoders|with
diffefent architectures or timing'schedules.

AQ) Video 0, P, (k)
td, ()

B, /41 D, o tp,(k)
| jthaccessunit | | k-th presentation unit |
_______________ a |

[¢)
P,(k)
o B, D n
. " tp, ()

System control

H.222.0(12)_F2-2

Figure 2-2 — Program stream system target decoder notation

The following notation is used to describe the program stream system target decoder and is partially illustrated
in Figure 2-2.
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i,1" are indices to bytes in the program stream. The first byte has index 0.
j isan index to access units in the elementary streams.

k, k', k" are indices to presentation units in the elementary streams.
n is an index to the elementary streams.

t(i) indicates the time in seconds at which the i-th byte of the program stream enters the system t
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 wher
the byte index of the final byte of the system_clock reference base field.

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

tdu(3) is the decoding time, measured in seconds, in the svstem target decoder of the j-th access u

arget

eiis

nit in

2.5.2

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 decodei .of the
presentation unit in elementary stream n.

t is time measured in seconds.

Fn(t) is the fullness, measured in bytes, of the system target decoder input bufferfor elementary st|
n at time t.

B, the input buffer in the system target decoder for elementary streamn.
BS, is the size of the system target decoder input buffer, measured-ih bytes, for elementary stres
D, is the decoder for elementary stream n.

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

.1  System clock frequency

Timing information referenced in P-STD is carried by several data fields defined in this Specification. The field]

defin]
The

The

to th|
DTS
seco
bits 1

2.5.2

Data
byte
(SCH
in tw
equaj
Systg
The

ed in 2.5.3.3 and 2.4.3.6. This information is coded as the sampled value of a system clock.

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 10~ Hz/s.

hotation "system_clock frequency" is used-ifiseveral places in this Recommendation | International Standard to
e frequency of a clock meeting these reghirements. For notational convenience, equations in which SCR, PT|

nds. This is due to the encoding ofSSCR 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 systemvtarget decoder can be recovered from the input stream by decoding the input system clock refer
) fields and thé program mux rate field encoded in the pack header. The SCR, as defined in equation 2-18, is g
o parts: one,\itt units the period of 1/300 x the system clock frequency, called system clock reference basg
tion 2-19),5and one, called system clock reference ext equation (see equation 2-20), in units of the period g
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), where i refers to the byte containing the last bit o

k-th

recam

m n.

5 arc

refer
S, or

appear, lead to values of time which aré€ accurate to some integral multiple of (300 x 233/system_clock frequdncy)

lus 9

this
ence
oded
(see
f the
Xt(1).
[ the

systq

m -elock reference base field.

Spec

ifically:

SCR(i)=SCR _base(i)x 300+ SCR _ext(i) (2-18)

where:

58

SCR _base(i) = ((system _clock _frequency x t(i))DIV 300)%:2*> (2-19)

SCR _ext(i) =((system _clock _frequency x t(i))DIV 1)%300 (2-20)
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The input arrival time, t(i), as given in equation 2-21, for all other bytes shall be constructed from SCR(i) and the rate at
which data arrives, where the arrival rate within each pack is the value represented in the program mux_rate field in that
pack's header.

1(i) = SCR() + 1! (2-21)
system _clock _frequency program _mux_ratex 50

where:

i" is the index of the byte containing the last bit of the system clock reference base field in the
pack header

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

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

program_mux rate is a field defined in 2.5.3.3.

Aftef delivery of the last byte of a pack there may be a time interval during which no bytes are deliyered to the input of
the B-STD.

2.5.2.3 Buffering

The PES packet data from elementary stream n is passed to the input buffer for stream 13, B4. Transfer of byte i froth the
systgm target decoder input to B, is instantaneous, so that byte i enters the buffer for §tregam n, of size BS,, at time t{i).

Bytep present in the pack header, system headers, program stream maps, progrant stream directories, or PES packet
headprs 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 2-1¢ and
2-17

At tHe decoding time, td,(j), all data for the access unit that has®een in the buffer longest, A,(j), and any stuffing bytes
that immediately precede it that are present in the buffer at thé\time td.(j), are removed instantaneously at time tda(j)} The
decofding time td,(j) is specified in the DTS or PTS fields.-Recoding 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 stjeam.
Refef to Annex C of Rec. ITU-T H.262 | ISO/IEC 13818-2, ISO/IEC 13818-3, ISO/IEC 11172-2 or ISO/IEC 111}2-3.
Also|refer to 2.7.5. As the access unit is removed frem the buffer, it is instantaneously decoded to a presentation unit.

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

0<F,(f)<BS,

for a]l t and n,

and:
F.()=0

instaptaneouslybefore t = t(0).

Fn(t)|isthe.instantaneous fullness of P-STD buffer B;.

An exception to this condition 1s that the P-STD buftfer B, may undertflow when the low_delay flag in the video sequence
header is set to '1' (refer to 2.4.2.6) or when trick_mode status is true (refer to 2.4.3.8).

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

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

tdn(j)—t(@)<=1s

in the case of still picture video data the delay is constrained by:
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tdn(j) —t(i) <= 60's

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

tdn(j)—t(i))<=10's

for all bytes contained in access unit j.

For program streams, all bytes of each pack shall enter the P-STD before any byte of a subsequent pack.

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

at the time specified by td.(j), the complete data for the access unit may not be present in the buffer B.. When this

case

arise|
in th

VBV
from
bitsti
until

2.5.2

It is
elem
streal
is us
elem|
N

Asa
with
head

Buff]

5, the buffer shall be re-examined at intervals of two field-periods until the data for the complete access unit is(pr
e buffer. At this time the entire access unit shall be removed from buffer B, instantaneously.

buffer underflow is allowed to occur continuously without limit. The P-STD decoder shall remove acceSs unif

eam. The decoder may be unable to re-establish correct decoding and display times as indicated by DTS and|
the VBV buffer underflow situation ceases and a PTS or DTS is found in the bitstream.

4 PES streams

possible to construct a stream of data as a contiguous stream of PES packets each’containing data of the
entary stream and with the same stream_id. Such a stream is called a PES stream</ The PES-STD model for a
I is identical to that for the program stream, with the exception that the Elementary Stream Clock Reference (ES
ed in place of the SCR, and ES rate in place of program mux rate. The,demultiplexor sends data to only
entary stream buffer.

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

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

br sizes BS,, in the PES-STD model are defined as follows:
—  For Rec. ITU-T H.262 | ISO/IEC 1381822"video:

BS, = VBV [profile, level] + BSgn

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

—  For ISO/IEC 11172*2 video:

BSn = VBVmaX + BSOh

BSows1/750) seconds % Rmax, where Rmax and vbv_max refer to the maximum bitrate and maxi
vby»buffer size for a constrained parameter bitstream in ISO/IEC 11172-2 respectively.

— NFor ISO/IEC 11172-3 or ISO/IEC 13818-3 audio:

BS, = 2848 bytes

sent

data

buffer B, at the earliest time consistent with the paragraph above and any DTS or PTS valuyessencoded ip the

PTS

ame
PES
(CR)
one

xing
PES

BSon = (1/750) seconds x Ruax[profile, level], where VBV max[profile, level] and Rmax[profile, level] are the

R-13,
nead.

mum
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—  For ISO/IEC 13818-7 ADTS audio:

BS, = 2848 bytes if 1-2 channels
BS, = 7200 bytes if 3-8 channels
BS, = 10800 bytes if 9-12 channels
BS, = 43200 bytes if 13-48 channels

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

—  ForISO/IEC 14496-3 audio, except for ISO/IEC 14496-3 DST, ALS and SLS:
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BS, = 2848 bytes if 1-2 channels
BS, = 7200 bytes if 3-8 channels
BS, = 10800 bytes if 9-12 channels
BS, = 43200 bytes if 13-48 channels

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

—  For ISO/IEC 14496-3 DST-64 audio:

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

—  For ISO/IEC 14496-3 DST-128 audio:

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

—  For ISO/IEC 14496-3 DST-256 audio:

BS, =20 000 x (number of channels) bytes; hence for stereo BS,=40 000 bytes
and for 5.1 surround sound audio BS, = 120 000 byt<s

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

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

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

BS,= 1200 x MaxCPBJlevel] + BSqn

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

2.5.2.5 Decoding and presentation

Decqding and presentation in the program sfré¢am system target decoder are the same as defined for the transport stfeam
systgm target decoder in 2.4.2.4 and 2.4.2.5-espectively.

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 indivjdual
ISO/JEC 14496 elementary,streams in the P-STD see 2.11.2. Clause 2.11.3 defines P-STD extensions and parametefs for
decoding of ISO/IEC 14496-scenes and associated streams.

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

For dlecoding of\AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.p64 |
ISONEC 1449610 video streams carried in a program stream in the P-STD model, see 2.14.3.2, for decoding of AVC
vide¢ streams conforming to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10 carried
in a pregram stream in the P-STD model, see 2.14.3.6 and for decoding of AVC video streams conforming to one or fnore
profillesde i R iedd ; P D model,
see 2.14.3.8.

nedain-Annex-H of Rec L. 264 a 4496.10 carriedin-a-program-stream-in-the

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

2.5.3 Specification of the program stream syntax and semantics
The following syntax describes a stream of bytes.
2.5.3.1 Program stream

See Table 2-37.
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Table 2-37 — Program stream

Syntax No. of bits | Mnemonic

MPEG2_program_stream() {

do {
pack()
} while (nextbits() = = pack_start code)
MPEG_program_end_code 32 bslbf

}

2.5.3.2 Semantic definition of fields in program stream

MPEG_program_end_code — The MPEG program end code is the bit string '0000 0000 0000 0000 0000 00014y[1011
1001f (0x000001B9). It terminates the program stream.

2.5.33 Packlayer of program stream
See Tables 2-38 and 2-39.
Table 2-38 — Program stream pack

Syntax No. of bits { Mmnemonic
pack() {
pack_header()
while (nextbits() = -= packet start code prefix) {
PES packet()
}
}

Table 2-39 — Program stréam pack header

Syntax No. of bits | Mnemonic
pack header() {
pack start code 32 bslbf
'01' 2 bslbf
system_clock_neéferénce_base [32..30] 3 bslbf
marker_bit 1 bslbf
system_elock reference_base [29..15] 15 bslbf
markKer, bit 1 bslbf
system_clock_reference_base [14..0] 15 bslbf
marker_bit 1 bslbf
system_clock reference extension 9 uimsbf
marker_bit 1 bslbf
program_mux_rate 22 uimsbf
marker_bit 1 bslbf
marker_bit 1 bslbf
reserved 5 bslbf
pack_stuffing_length 3 uimsbf
for (i=0; i <pack_stuffing_length; i++) {
stuffing_byte 8 bslbf

}

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

62 Rec. ITU-T H.222.0 (10/2014)


https://standardsiso.com/api/?name=515ae574dbe8ca830b6cca24b65bcf5c

ISO/IEC 13818-1:2015 (E)

2.5.3.4 Semantic definition of fields in program stream pack

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

system_clock_reference_base; system_clock reference extension — The system clock reference (SCR) is a 42-bit field
coded in two parts. The first part, system_clock reference base, is a 33-bit field whose value is given by SCR_base(i) as
given in equation 2-19. The second part, system clock reference extension, is a 9-bit field whose value is given by
SCR_ext(i), as given in equation 2-20. The SCR indicates the intended time of arrival of the byte containing the last bit
of the system clock reference base at the input of the program target decoder.

The frequency of coding requirements for the SCR field are given in 2.7.1.

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

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

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

stuffing_byte — This is a fixed 8-bit value equal to '1111 1111' that can be inserted by the eéncoder, for example to meet

the rpquirements of the channel. It is discarded by the decoder. In each pack header nomiore than 7 stuffing bytes ghall
be piesent.
2.5.35 System header
See Table 2-40.
Table 2-40 — Program stream System header
Syntax No. of bits Mnemonilc
system_header () {
system_header_start_code 32 bslbf
header_length 16 uimsbf
marker_bit 1 bslbf
rate_bound 22 uimsbf
marker_bit 1 bslbf
audio_bound 6 uimsbf
fixed_flag 1 bslbf
CSPS_flag 1 bslbf
system_audio_lock_flag 1 bslbf
system_video_lock_flag 1 bslbf
marker_bit 1 bslbf
video_bound 5 uimsbf
packet rate restrietion flag 1 bslbf
reserved_bits 7 bslbf
while (nextbits’() =="'1") {
stream_id 8 uimsbf
if (stream_id =="10110111") {
"1 2 bslbf
'000 0000’ 7 bslbf
stream_id_extension 7 uimsbf
10110110 [*] bhslbf
"1’ 2 bslbf
P-STD_buffer_bound_scale 1 bslbf
P-STD_buffer_size_bound 13 uimsbf
H
else {
1’ 2 bslbf
P-STD_buffer_bound_scale 1 bslbf
P-STD_buffer_size bound 13 uimsbf
}
H
}
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2.5.3.6 Semantic definition of fields in system header

system_header_start code — The system header start code is the bit string '0000 0000 0000 0000 0000 0001 1011
1011' (0x000001BB). It identifies the beginning of a system header.

header_length — This 16-bit field indicates the length in bytes of the system header following the header length field.
Future extensions of this Specification may extend the system header.

rate_bound — A 22-bit field. The rate bound is an integer value greater than or equal to the maximum value of the
program_mux_rate field coded in any pack of the program stream. It may be used by a decoder to assess whether it is
capable of decoding the entire stream.

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

fixed_flag — The fixed flag is a 1-bit flag. When set to '1' fixed bitrate operation is indicated. When.set to '0' varjable
bitrate operation is indicated. During fixed bitrate operation, the value encoded in all system_clock. reference fielfs in
the multiplexed Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream shall adhere to the following lineari€quation:

SCR base(i) = ((c1 x i + ¢2) DIV 300) % 2% (3-22)
SCR_ext(i) = ((c] x i+ c2) DIV 300) % 300 (4-23)

wheile:
cl is areal-valued constant valid for all i.
¢2 is areal-valued constant valid for all i.

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

CSPBS_flag — The CSPS flag is a 1-bit field. If its value is st to 'l' the program stream meets the constraints defined
in2.7.9.

syst¢gm_audio_lock flag — The system audio_lock flag is a 1-bit field indicating that there is a specified, constant
ratiopal relationship between the audio sampling rate)and the system clock frequency in the system target decoder| The
systgm_clock frequency is defined in 2.5.2.1\Jand the audio sampling rate is specified in ISO/IEC 13818-3.| The
systgm_audio_lock flag may only be set to 'I\if] for all presentation units in all audio elementary streams in the program
stream, the ratio of system_clock frequency.to the actual audio sampling rate, SCASR, is constant and equal to the yalue
indidated in the following table at the nominal sampling rate indicated in the audio stream.

SOASR= system _clock _ frequency 1-24)

audio _sample rate in the P—STD

X
The npotation 7 denotes real division.

N¢minal audio
sampling 16 32 22.05 44.1 24 48
freuencyi(kHz)
27 000 000 27 000 000 27 000 000 27 000 000 27 000 000 27 000 000
SEASR
16 000 32 000 22 050 44100 24 000 48 000

system_video lock flag — The system video lock flag is a 1-bit field indicating that there is a specified, constant
rational relationship between the video time base and the system clock frequency in the system target decoder. The
system_video lock flag may only be set to '1" if, for all presentation units in all video elementary streams in the Rec.
ITU-T H.222.0 | ISO/IEC 13818-1 program, the ratio of system clock frequency to the frequency of the actual video
time base is constant.

For ISO/IEC 11172-2 and Rec. ITU-T H.262 | ISO/IEC 13818-2 video streams, if the system video lock flag is set to
'1", then the ratio of system_clock frequency to the actual video frame rate, SCFR, shall be constant and equal to the value
indicated in the following table at the nominal frame rate indicated in the video stream.
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For ISO/IEC 14496-2 video streams, if the system_video lock flagis setto'l", then the time base of the ISO/IEC 14496-2
video stream, as defined by vop_time increment resolution, shall be locked to the STC and shall be exactly equal to N
times system_clock frequency divided by K, with N and K integers that have a fixed value within each visual object
sequence, with K greater than or equal to N.

For Rec. ITU-T H.264 | ISO/IEC 14496-10 video streams, the frequency of the AVC time base is defined by the AVC
parameter time scale. If the system video lock flag is set to 'l' for an AVC video stream or for a video sub-bitstream,
then the frequency of the AVC time base shall be locked to the STC and shall be exactly equal to N times
system_clock frequency divided by K, with N and K integers that have a fixed value within each AVC video sequence,
with K greater than or equal to N.

system _clock _ frequency
i the P STD

SCFR = (2-25)

$Va ks Wol rata

J

ominal
hme rate
(Hz)

SCFR

5~

23.976 24 25 29.97 30 50 59.94 60

1126125 1 125 000 1 080 000 900 900 900 000 540 000 4500450 450 0p0O

The
nom

values of the ratio SCFR are exact. The actual frame rate differs slightly from the nominal rate in cases wherg the

nal rate is 23.976, 29.97, or 59.94 frames per second.

vide
equal
activ
P-ST|

hn or
usly
h the

b_bound — The video_bound is a 5-bit integer in the inclusive range from 0 to 16 and\is'set to a value greater th|
| to the maximum number of video streams in the program stream of which the decoding processes are simultane
. For the purpose of this subclause, the decoding process of a video stream.is’active if one of the buffers i
D model is not empty, or if a Presentation Unit is being presented in the P-STD model.

| the
'SPS

pacKet_rate restriction_flag — The packet rate restriction flag is a J=bit flag. If the CSPS flag is set to 'l
packpt rate restriction_flag indicates which constraint is applicable to€he packet rate, as specified in 2.7.9. If the (
flag |s set to value of '0', then the meaning of the packet rate restriction flag is undefined.

'ved_bits — This 7-bit field is reserved for future use by ISQ/IEC. Until otherwise specified by ITU-T | ISO/L
have the value '111 1111".

resel EC it

shall

stred
whid]

m_id — The stream_id is an 8-bit field that indicates*the coding and elementary stream number of the stream to
h the following P-STD_buffer bound scale and P5STD_buffer size bound fields refer.

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

If st the

streal

e

D

If st
streal

If sti
streaj
valug

If thd

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

eam_id equals '1111 1101'~the’ P-STD buffer bound scale and P-STD_buffer size bound fields followin
m_id refer to all elementary~streams with an extended stream_id in the program stream, independent of the ¢
of the stream_id_extensioh in the PES header of those streams.

am_id equals '1014-0111', the following stream_id_extension field shall be interpreted as referring to the st

If st
codil]?g and elementary. stream number according to Table 2-27.

e

the

D

b the
pded

recam

reted

stream_id-takes on any other value it shall be a byte value greater than or equal to '1011 1100 and shall be interp
ferring to'the stream coding and elementary stream number according to Table 2-22.

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

as 1¢

Each
P-ST|

and

stream_id_extension — The stream_id extension is a 7-bit field. In case the stream _id field is coded with the value '1011
0111", then the stream id extension indicates the coding and elementary stream number of the stream with an
extended stream id to which the P-STD buffer bound scale and P-STD buffer size bound fields following the
stream_id extension field refer.

P-STD_buffer_bound_scale — The P-STD_buffer bound scale is a 1-bit field that indicates the scaling factor used to
interpret the subsequent P-STD buffer size bound field. If the preceding stream id indicates an audio stream,
P-STD buffer bound scale shall have the value '0'. If the preceding stream id indicates a video stream,
P-STD buffer bound scale shall have the wvalue 'l'. For all other stream types, the value of the
P-STD buffer bound scale may be either '1' or '0".
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P-STD_buffer_size_bound — The P-STD buffer size bound is a 13-bit unsigned integer defining a value greater than
or equal to the maximum P-STD input buffer size, BS;, over all packets for stream n in the program stream. If

P-STD buffer bound scale has the value '0', then P-STD buffer size bound measures the buffer size bound in units of
128 bytes. If P-STD_buffer bound scale has the value 'l', then P-STD buffer size bound measures the buffer size bound
in units of 1024 bytes. Thus:

if (P—STD _buffer bound scale==0)
BS, < P—-STD _buffer size _boundx128

else:

BS, <P — STD buffer_size_bound % 1024

2.5.3.7 Packet layer of program stream

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

2.54 Program stream map

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

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

2.54.1 Syntax of program stream map

See Table 2-41.

Table 2-41 — Program stream map

Syntax No. of bits Mnemonic
program stream map() {
packet_start code_ prefix 24 bslbf
map_stream_id 8 uimsbf
program_stream_map length 16 uimsbf
current_next_indicator 1 bslbf
single extension_stream_flag 1 bslbf
reserved 1 bslbf
program_stream_map_version 5 uimsbf
reserved 7 bslbf
marker_bit 1 bslbf
program_stream_info_length 16 uimsbf
for (i=0; i <N;i++){
descriptér()
elementary/Stream_map_length 16 uimsbf
for (i=0;d xN1; i++) {
stream_type 8 uimsbf
elementary stream_id 8 uimsbf
elementary_stream_info_length 16 Uimsbf
if ( elementary_stream_id == 0xFD &&
single extension stream flag == 0) {
pseudo_descriptor_tag 8 Uimsbf
pseudo_descriptor_length 3 Uimsbt
marker_bit 1 Bslbf
elementary stream_id_extension 7 Uimsbf
for (i=3;1<N2; it++) {
descriptor()
}
else {
for (i=0; 1 <N2; i++) {
descriptor()
}
¥
}
CRC_32 32 rpchof
}
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2.5.4.2 Semantic definition of fields in program stream map

packet_start code prefix — The packet start code prefix is a 24-bit code. Together with the map_stream_id that
follows it constitutes a packet start code that identifies the beginning of a packet. The packet start code prefix is the bit
string '0000 0000 0000 0000 0000 0001' (0x000001 in hexadecimal).

map_stream_id — This is an 8-bit field whose value shall be 0xBC.

program_stream_map_length — The program stream map length is a 16-bit field indicating the total number of bytes
in the program_stream_map immediately following this field. The maximum value of this field is 1018 (0x3FA).

single_extension_stream_flag — This is a 1-bit field indicating, when set to 'l1', that the program stream contains at most
one elementary stream with stream_id equal to 0xFD.

appl cable. When the bit is set to '0', it indicates that the program stream map sent is not yet applicable and shall_bg the
next table to become valid.

program_stream_map_version — This 5-bit field is the version number of the whole program stream méap.: The vefsion
number shall be incremented by 1 modulo 32 whenever the definition of the program stream map, éhanges. When the
currgnt next indicator is set to 'l', then the program stream map version shall be that of the)currently applig¢able
program stream map. When the current next indicator is set to '0', then the program_stream map) version shall bq that
of thp next applicable program stream map.

program_stream_info_length — The program stream info length is a 16-bit field indicating the total length off the
desctiptors 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 léngth, in bytes, of all elementary stfeam
infofmation in this program stream map. It includes the< stream type, elementary stream id, | and
elementary stream_info_length fields.

stregm_type — This 8-bit field specifies the type of the stream accerding to Table 2-34. The stream_type field shalllonly
idejify elementary streams contained in PES packets. A value 0f0x05 is prohibited.

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

— If single extension stream flag is equal to 1, this indicates that the program stream contains only one
elementary stream with stream_dd'equal to OxFD. Note that the type of this elementary stream is signplled
by the encoded value of th¢ 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 identifythe-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~¢Xtension (and associated marker bit) data immediately following this field.

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

pseudo_descriptor _length — The pseudo_descriptor length is an 8-bit unsigned integer that shall be coded with the yalue
1.

elementary_stream_id_extension — 1his 7-bit 1icld, when present, indicates the encoded value ol the
elementary stream_id_extension field in the PES packet headers of PES packets in which this elementary stream is stored.

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

2.5.5 Program stream directory

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

NOTE 1 — This syntax differs from the PES packet syntax described in 2.4.3.6.
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Directory entries may be required to reference I-pictures in a video stream as defined in
Rec. ITU-T H.262 | ISO/IEC 13818-2 and ISO/IEC 11172-2. If an I-picture that is referenced in a directory entry is
preceded by a sequence header with no intervening picture headers, the directory entry shall reference the first byte of the
sequence header. If an I-picture that is referenced in a directory entry is preceded by a group of pictures header with no
intervening picture headers and no immediately preceding sequence header, the directory entry shall reference the first
byte of the group of pictures header. Any other picture that a directory entry references shall be referenced by the first
byte of the picture header.

NOTE 2 — It is recommended that I-pictures immediately following a sequence header should be referenced in directory structures

so that the directory contains an entry at every point where the decoder may be reset completely.

For AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10,
directory entries may be required to reference IDR picture or pictures associated with a recovery point SEI message in an
AVC.ideo stream Each such directory entry shall refer to the first byvte of an AV.C 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 fo be
re-assembled from video sub-bitstreams and associated with a recovery point SEI message presert.in a Yideo
sub-bitstream. Each such directory entry shall refer to the first byte of an SVC dependency representation.

For MVC video sub-bitstreams of AVC video streams conforming to one or more profiles défined in Annex [H of
Rec.|ITU-T H.264 | ISO/IEC 14496-10, directory entries may be required to reference IDRIpieture or pictures fo be
re-assembled from MVC video sub-bitstreams and associated with a recovery point SEI message present in an MVC
vide¢ sub-bitstream. Each such directory entry shall refer to the first byte of an MV C view<component subset.

Dire¢tory references to audio streams as defined in ISO/IEC 13818-3 and ISO/IEC 11172-3 shall be the syncword qf the
audi¢ frame.

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

Accgss units shall be referenced in a program_stream_directory packet in theysame order that they appear in the bitstqeam.

2.5.8.1 Syntax of program stream directory packet

See Table 2-42.

Table 2-42 — Program stream directory packet

Syntax No. of bits Mnemonic
dirgctory PES packet() {
packet_start code prefix 24 bslbf
directory_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_direetory offset[14..0] 15 uimsbf
marker_bit 1 bslbf
next_diréctory_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 bsibf
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 == 0xFD) {
packet _stream_id_extension_msbs 3 uimsbf
1
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Table 2-42 — Program stream directory packet

Syntax No. of bits Mnemonic

else {

reserved 3 bslbf

}
PTS[32..30] 3 uimsbf
marker_bit 1 bslbf
PTS[29..15] 15 uimsbf
marker_bit 1 bslbf
PTS[14..0] 15 uimsbf
marker_bit 1 bslbf
bytes_to_read[22..8] 15 i
marker_bit 1 bslbf.
bytes to read[7..0] 8 uimsbf
marker_bit 1 hslbf
intra_coded_indicator 1 bsibf
coding_parameters_indicator 2 bslbf
if (packet stream id == 0xFD) {

packet stream_id_extension_Isbs 4 uimsbf
else {

reserved 4 bslbf

}

}
}
2.5.8.2 Semantic definition of fields in program stream directory

consfitutes a packet start code that identifies the beginning of a packety The packet start code prefix is the bit 3

'000
direq

PES
prog

pacl]et_start_code_prefix — The packet start code prefix is a 24-bit codeTogether with the stream_id that folloy

0000 0000 0000 0000 0001' (0x000001 in hexadecimal).
tory_stream_id — This 8-bit field shall have a value '1111 1111" (OxFF).

| packet_length — The PES packet length is a 16-bit field indicating the total number of bytes in
Fam_stream_directory immediately following this fieldi{refer to Table 2-22).

numper_of access_units — This 15-bit field is the number of access_units that are referenced in this Directory

pack]

prey
code
the p
strea

next|
of th|
whig]
pack

et

| directory_offset — This 45-bit unsigned.integer gives the byte address offset of the first byte of the packet
of the previous program stream directony packet. This address offset is relative to the first byte of the start co
acket which contains this previous directory offset field. The value '0' indicates that there is no previous pro
Im directory packet.

| directory_offset — This 45:bit unsigned integer gives the byte address offset of the first byte of the packet start
b next program stream directory packet. This address offset is relative to the first byte of the start code of the p
h contains this next «diféctory offset field. The value '0' indicates that there is no next program stream dire
et

pacKet stream_id““This 8-bit field is the stream_id of the elementary stream that contains the access unit referencq

this

PES
imm
indid

lirectory entry.

| header\ position_offset_sign — This 1-bit field is the arithmetic sign for the PES header position offset desc
pdiately following. A value of '0' indicates that the PES header position_offset is a positive offset. A value

Vs, it

tring

the

PES

start
e of
bram

code
cket
Ctory

d by

ribed
Df '1"

ateSithat the PES header position_offset is a negative offset.

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

reference_offset — This 16-bit field is an unsigned integer indicating the position of the first byte of the referenced access
unit, measured in bytes relative to the first byte of the PES packet containing the first byte of the referenced access unit.

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

bytes_to_read — This 23-bit unsigned integer is the number of bytes in the program stream after the byte indicated by
reference_offset that are needed to decode the access unit completely. This value includes any bytes multiplexed at the
systems layer including those containing information from other streams.
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intra_coded_indicator — This is a 1-bit flag. When set to '1" it indicates that the referenced access unit is not predictively
coded. This is independent of other coding parameters that might be needed to decode the access unit. For example, this
field shall be coded as '1' for video Intra frames, whereas for 'P' and 'B' frames this bit shall be coded as '0'. For all PES
packets containing data which is not from a Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream, this field is undefined
(see Table 2-43).

Table 2-43 — Intra_coded indicator

Value Meaning
0 Not Intra
1 Intra

codi
deco|
for v

hg_parameters_indicator — This 2-bit field is used to indicate the location of coding parameters that are need

ideo frames.

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 [east one of them
is not set to a default
10 Some coding parameters are set in this access unit
11 No coding parameters are coded in this a¢cess unit

pacKet_stream_id_extension_msbs — This 3-bit field is present if packet stream_id equals 0xFD; its coding is sped

belo?

V.

pacKet_stream_id_extension_lsbs — This 4-bit field is present if packet stream_id equals OxFD; its coding is sped

beloy

If p
streaj
The

2.6

Prog

prog
8-bit

2.6.1
The

desc

Tabl
and

V.

acket stream id is equal to OxFD, the packetgtream id extension indicates the encoded value of]
m_id_extension in the PES header of the PES packet(s) containing the access unit referenced by this directory ¢
value of the packet stream_id_extension is speCified by:

packet_stream_id_extension = packét)stream_id extension_msbs * 16 + packet _stream_id_extension_ls

Program and program elemient descriptors

ram and program element deseriptors are structures which may be used to extend the definitions of programs
Fam elements. All descriptors’have a format which begins with an 8-bit tag value. The tag value is followed 1
descriptor length and data-fields.

Semantic definition of fields in program and program element descriptors
following semantics apply to the descriptors defined in 2.6.2 through the end of 2.6.
riptor_tag~ The descriptor tag is an 8-bit field which identifies each descriptor.

e 2-45 provides the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 defined, Rec. ITU-T H.222.0 | ISO/IEC 13818-1 rese
iser)available descriptor tag values. An 'X' in the TS or PS columns indicates the applicability of the descript

ed to

de the access units referenced. For example, this field can be used to determine the location of quantization matrices

ified

ified

the
ntry.

bs

and
y an

rved,
or to

either the transport stream or program stream respectively. Note that the meaning of tields in a descriptor may depend on

whic

h stream it is used in. Each case is specified in the descriptor semantics below.

descriptor_length — The descriptor length is an 8-bit field specifying the number of bytes of the descriptor immediately
following descriptor length field.
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Table 2-45 — Program and program element descriptors

descriptor_tag TS PS Identification
0 n/a n/a | Reserved
1 n/a X | Forbidden
2 X X | video_stream_descriptor
3 X X | audio_stream_descriptor
4 X X | hierarchy_descriptor
5 X X | registration_descriptor
€ X X——data—stream—atgnmeni—deseriptor
7 X X | target background grid descriptor
8 X X | video_window_descriptor
9 X X | CA_descriptor
10 X X | ISO_639 language descriptor
11 X X | system_clock_descriptor
12 X X | multiplex_buffer utilization_descriptor
13 X X | copyright descriptor
14 X maximum_bitrate_descriptor
15 X X | private_data_indicator descriptor
16 X X | smoothing_ buffer descriptor
17 X STD_descriptor
18 X X | IBP_descriptor
19-26 X Defined in ISO/IEC:3818-6
27 X X | MPEG-4_video ‘destriptor
28 X X | MPEG-4_audis’descriptor
29 X X | IOD_descriptor
30 X SL_ddsocriptor
31 X X | EMC descriptor
32 X X (| external ES ID descriptor
33 X X\ | MuxCode_descriptor
34 X X | FmxBufferSize descriptor
35 X multiplexBuffer descriptor
36 X X | content labeling_descriptor
37 X X | metadata_pointer descriptor
38 X X | metadata_descriptor
39 X X | metadata STD_descriptor
40 X X | AVC video descriptor
41 X X | IPMP_descriptor (defined in ISO/IEC 13818-11, MPEG-2
IPMP)
42 X X | AVC timing and HRD descriptor
43 X X | MPEG-2_AAC_audio_descriptor
o+t X X—FtexMxFimimg—descriptor
45 X X | MPEG-4_text descriptor
46 X X | MPEG-4_audio_extension_descriptor
47 X X | Auxiliary video stream_descriptor
48 X X SVC extension descriptor
49 X X | MVC extension descriptor
50 X n/a | J2K video descriptor
51 X X | MVC operation point descriptor
52 X X | MPEG2_stereoscopic_video_format_descriptor
53 X X | Stereoscopic_program_info_descriptor
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Table 2-45 — Program and program element descriptors

descriptor_tag TS PS Identification

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 pideo stream descriptor provides basic information which identifies the coding parameters of a videe,eleme

stream as described in Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 (see Table 2-46).

Table 2-46 — Video stream descriptor

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

mulfiple_frame_rate flag — This-1-bit field when set to '1' indicates that multiple frame rates may be present in the Y

strean. When set to a value-0f*0' only a single frame rate is present.

franje_rate_code — This7s a 4-bit field as defined in 6.3.3 of Rec. ITU-T H.262 | ISO/IEC 13818-2, except that whe
multjple frame rateyflag is set to a value of '1' the indication of a particular frame rate also permits certain other ff:

rates|to be presentimrthe video stream, as specified in Table 2-47:

Table 2-47 — Frame rate code

htary

ideo

n the
ame

Coded as Also includes
23.976
24.0 23.976
25.0
29.97 23.976
30.0 23.976 24.0 29.97
50.0 25.0
59.94 23.976 29.97
60.0 23.976 24.0 29.97 30.0 59.94
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MPEG _1_only_flag — This is a 1-bit field which when set to 'l' indicates that the video stream contains only
ISO/IEC 11172-2 data. If set to '0' the video stream may contain both Rec. ITU-T H.262 | ISO/IEC 13818-2 video data
and constrained parameter ISO/IEC 11172-2 video data.

constrained_parameter_flag — This is a 1-bit field which when set to '1' indicates that the video stream shall not contain
unconstrained ISO/IEC 11172-2 video data. If this field is set to '0' the video stream may contain both constrained
parameters and unconstrained ISO/IEC 11172-2 video streams. If the MPEG 1 only flag is set to '0', the
constrained parameter flag shall be set to '1'.

still_picture_flag — This is a 1-bit field, which when set to 1" indicates that the video stream contains only still pictures.
If the bit is set to '0' then the video stream may contain either moving or still picture data.

profile_and_level_indication — This 8-bit field is coded in the same manner as the profile and level indication fields
in the ReeTTFU-T H- a 318 ide eam—Lhe e his-feld-indicate e-andlevel thatisequal
to orfhigher than any huse,
an [SO/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 RecN'TU-T HP62 |
ISO/NEC 13818-2 video stream. The value of this field shall be at least equal to or higher tham)the value of the
chroma format field in any video sequence of the associated video stream. For the purposesef this subclaus¢, an
ISO/IEC 11172-2 video stream is considered to have chroma format field with the value '01', indicating 4:2:0.

franje_rate_extension_flag — This is a 1-bit flag which when set to 'l' indicatés jthat either or both the
framp rate extension n and the frame rate extension d fields are non-zero in.ady video sequences off 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 copstrained to have both fields set to zero.

2.6.4 Audio stream descriptor

The fudio stream descriptor provides basic information which identifies the ¢oding version of an audio elementary stfeam
as dgscribed in ISO/IEC 13818-3 or ISO/IEC 11172-3 (see Table 2-48):

Table 2-48 — Audio stream descriptor

Syntax No. of bits Mnemonic
audio_stream_descriptor(){
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
free_format_flag 1 bslbf
ID 1 bslbf
layer 2 bslbf
variable-rate audio_indicator 1 bslbf
reserved 3 bslbf
}
2.6.5 Semantic definition of fields in audio stream descriptor

free [format_flag=This 1-bit field when set to '1' indicates that the audio stream may contain one or more audio frimes
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 anfy audio-frame of the audio stream.

ID —{ This 1-bit field when set to '1' indicates that the ID field is set to '1' in each audio frame in the audio stream (Irefer
to 2.4.2.3 of ISO/IEC I3816-3).

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 audio
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
layer specified in any audio frame of the audio stream.

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

2.6.6 Hierarchy descriptor

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

Syntax No. of bits | Mnemonic

hierarchy_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 1 bslbf
temporal_scalability_flag 1 bslbf
spatial_scalability flag 1 bslbf
quatity—seslability—flag + hshht
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 uiimsbf
reserved 2 bslbf
hierarchy_channel 6 uimsbf

i

2.6.7 Semantic definition of fields in hierarchy descriptor

temporal_scalability_flag — A 1-bit flag, which when set to '0' indicates-that the associated program element enhg
the ffame rate of the bit-stream resulting from the program element referénced by the hierarchy embedded layer i
The yalue of '1' for this flag is reserved.

spatjal_scalability_flag — A 1-bit flag, which when set to '0' indicates that the associated program element enhancd
spatipl  resolution of the bit-stream resulting fiom the program element referenced by
hiergrchy embedded layer index. The value of '1' for this flag is reserved.

qualfty_scalability flag — A 1-bit flag, which when setto '0' indicates that the associated program element enhancd
SNR[ quality or fidelity of the bit-stream(yresulting from the program element referenced by
hiergrchy embedded layer index. The value of l' for this flag is reserved.

hierarchy_type — The hierarchical relationbetween the associated hierarchy layer and its hierarchy embedded lay
defirled in Table 2-50. If scalability applies in more than one dimension, this field shall be set to the value

("Combined Scalability"), and the flags.temporal scalability flag, spatial scalability flag and quality_scalability
shall| be set accordingly. For MVC) video sub-bitstreams, this field shall be set to the value of '9' ("MVC Y
sub-bitstream") and the flags temporal scalability flag, spatial scalability flag and quality_scalability flag shall b
to 'l'| For MVC base view suby-bitstreams, this field shall be set to the value of '15' and the flags temporal_scalability |
spatipl_scalability flag and-quality scalability flag shall be set to 'l'. For MVCD video sub-bitstreams, this field shs
set t¢ the value of '9' (“IMV/CD video sub-bitstream") and the flags temporal scalability flag, spatial scalability flag
quality scalability flagsshall be set to 'l'. For MVCD base view sub-bitstreams, this field shall be set to the value of

ent in'‘@’table of coding layer hierarchies. Indices shall be unique within a single program definition. For video

nces
1dex.

s the
the

s the
the

er is
bf '8’
| flag
ideo
e set
flag,
111 be
r and
r'15'

bram
sub-
/IEC

eams'of AVC video streams conforming to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO
1449610 this—is—the—prosram—element—inde hich—is—assianed—ia as—th he—bitstreamm—order—will-be—cox

ct if

associated SVC dependency representations of the video sub-bitstreams of the same access unit are re-assembled in
increasing order of hierarchy layer index. For MVC video sub-bitstreams of AVC video streams conforming to one or
more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, this is the program element index, which is
assigned in a way that the bitstream order will be correct if associated MVC view-component subsets of the MVC video
sub-bitstreams of the same access unit are re-assembled in increasing order of hierarchy layer index. For MVCD video
sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex I of Rec. ITU-T H.264 |
ISO/IEC 14496-10, this is the program element index, which is assigned in a way that the bitstream order will be correct
ifassociated MVCD view-component subsets of the MVCD video sub-bitstreams of the same access unit are re-assembled

in increasing order of hierarchy layer index.

tref_present_flag — A 1-bit flag, which when set to '0' indicates that the TREF field may be present in the PES packet

headers in the associated elementary stream. The value of '1' for this flag is reserved.
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hierarchy_embedded_layer_index — The hierarchy embedded layer index is a 6-bit field that defines the
hierarchy layer index of the program element that needs to be accessed and be present in decoding order before decoding
of the elementary stream associated with this hierarchy descriptor. This field is undefined if the hierarchy type value is
15.

hierarchy_channel — The hierarchy channel is a 6-bit field that indicates the intended channel number for the associated
program element in an ordered set of transmission channels. The most robust transmission channel is defined by the
lowest value of this field with respect to the overall transmission hierarchy definition.

NOTE — A given hierarchy channel may at the same time be assigned to several program elements.

Table 2-50 — Hierarchy_type field values

Value Description
0 Reserved
1 Spatial Scalability
2 SNR Scalability
3 Temporal Scalability
4 Data partitioning
5 Extension bitstream
6 Private Stream
7 Multi-view Profile
8 Combined Scalability
9 MVC video sub-bitstream or MVCD video sub-bitstream
10-14 Reserved
15 Base layer or MV C base view sub-bitstiearh or AVC video
sub-bitstream of MVC or HEVC temporal video sub-bitstream or Base
layer of MVCD base view sub-bitstteam or AVC video sub-bitstream
of MVCD.

2.6.8 Registration descriptor

The |registration_descriptor provides a method to uniquely and unambiguously identify formats of private |data
(see [Table 2-51).

Table2-51 — Registration descriptor

Syntax No. of bits | Identifier
registration_desctiptor() {
descriptor_tag 8 uimsbf
deseriptor_length 8 uimsbf
format_identifier 32 uimsbf
for (i=0; i <N;it++){
additional_identification_info 8 bslbf
}
}
2.6.9 Semantic definition of fields in registration descriptor

format_identifier — The format identifier is a 32-bit value obtained from a Registration Authority as designated by
ISO/IEC JTC 1/SC 29.

additional_identification_info — The meaning of additional identification info bytes, if any, are defined by the assignee
of that format_identifier, and once defined they shall not change.

2.6.10 Data stream alignment descriptor

The data stream alignment descriptor describes which type of alignment is present in the associated elementary stream.
If the data_alignment indicator in the PES packet header is set to '1" and the descriptor is present, alignment — as specified
in this descriptor — is required (see Table 2-52).
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Table 2-52 — Data stream alignment descriptor

Syntax No. of bits | Mnemonic

data_stream_alignment descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
alignment_type 8 uimsbf
}
2.6.11 Semantics of fields in data stream alignment descriptor
align _ = - =2 Vi - 62 |
ISO/IEC 13818-2 video, or ISO/IEC 14496-2 visual streams when the data_alignment_indicator in the PES packeth¢ader
has g value of '1'. For these video streams, the first PES packet data byte following the PES header shall be the first|byte
of a start code of the type indicated in Table 2-53. At the beginning of a video sequence, the alignment shalljoccur gt the
startcode of the first sequence header.
NOTE — Specitying alignment type '01' from Table 2-53 does not preclude the alignment from beginning at a GOP or SEQ h¢ader.
The flefinition of an access unit is given in 2.1.1.
Table 2-53 — Video stream alignment values
Alignment type Description
00 Reserved
01 Slice, or video access unit
02 Video access unit
03 GOP, or SEQ
04 SEQ
05-FF Reserved
Tablg 2-54 describes the alignment type for Ree:»ITU-T H.264 | ISO/IEC 14496-10 video when| the
data |alignment_indicator in the PES packet header has\a-value of '1".
In thjs case:

*  For AVC video streams conférming to one or more profiles defined in Annex A of Rec. ITU-T H.P64 |
ISO/IEC 14496-10, the first PES packet data byte following the PES header shall be the first byte pf an
AVC access unit or the first byte of an AVC slice, as signalled by the alignment_type value.

*  For video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex G
of Rec. ITU-T H.264 [ ISO/IEC 14496-10, the first PES packet data_byte following the PES headershall
be the first byt€ of'an SVC dependency representation or the first byte of an SVC slice, as signalled bly the
alignment type value.

*  For M¥Y€wvideo sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex
H of Rec. ITU-T H.264 | ISO/IEC 14496-10, the first PES packet data byte following the PES h¢ader
shall*be the first byte of an MVC view-component subset or the first byte of an MVC slice, as signall¢d by
the alignment_type value.

*\~"For MVCD video sub-bitstreams of AVC video streams conforming to one or more profiles defingd in
Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10, the first PES packet data byte following the|PES
headershal-be-the-first-byte-ofan- MV CDview-ecompeonent-subset—the—first- byte-efan MV.Cshee-6r the
first byte of MVCD slice, as signalled by the alignment_type value.
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Table 2-54 — AVC video stream alignment values

Alignment type Description

00 Reserved
01 AVC slice or AVC access unit
02 AVC access unit
03 SVC slice or SVC dependency representation
04 SVC dependency representation
05 MVC slice or MVC view-component subset
06 MVC view-component subset
n7 1\["7{‘1'\ slhiceor M CDS ic."x' nmpeﬁenf subcet
08 MVCD view-component subset

09-FF 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
00 Reserved
01 HEVC access unit
02 HEVC slice
03 HEVC access unit or slice
04 HEVC tile of slices
05 HEVC access unit or tile 6f'slices
06 HEVC slice or tile of slicés
07 HEVC access unit or slice or tile of slices
08 HEVC slice segment
09 HEVC slice seégment 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
16-255 Reserved

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

Table 2-56 — Audio stream alignment values

las a

alue

Alignment type Description
00 Reserved
01 Sync word
02-FF Reserved

2.6.12  Target background grid descriptor

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

horizontal_size — The horizontal size of the target background grid in pixels.

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

Semantics of fields in target background grid descriptor

Figure 2-3 — Target background grid descriptor display area

aspept_ratio_information — Specifies the sample aspect ratio or display aspect ratio of thé\target background
Aspdct ratio_information is defined in Rec. ITU-T H.262 | ISO/IEC 13818-2 (see Table 2-57).

Table 2-57 — Target background grid 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

2.6.114 Video window descriptor

The ypideo window descriptor is used to deseribe the window characteristics of the associated video elementary str

Its |values reference the target
targdt background grid descriptor in 2,6.12 (see Table 2-58).

background grid descriptor

for the

Table 2-58 — Video window descriptor

same  stream.

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

Also

orid.

cam.
S€C

}

2.6.15

Semantic definition of fields in video window descriptor

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

background grid (refer to Figure 2-3).

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

window_priority — The value indicates how windows overlap. A value of 0 being lowest priority and a value of 15 is the
highest priority, i.e., windows with priority 15 are always visible.

2.6.16 Conditional access descriptor

The conditional access descriptor is used to specify both system-wide conditional access management information such
as EMMs and elementary stream-specific information such as ECMs. It may be used in both the
TS program map_section (refer to 2.4.4.8) and the program stream map (refer to 2.5.3). If any elementary stream is
scrambled, a CA descriptor shall be present for the program containing that elementary stream. If any system-wide
conditional access management information exists within a transport stream, a CA descriptor shall be present in the
condjtiorrataccesstabte:

Wheh the CA descriptor is found in the TS program map_section (table id = 0x02), the CA_ PID points-to“pa¢kets
containing program related access control information, such as ECMs. Its presence as program information indigates
applicability to the entire program. In the same case, its presence as extended ES information indicates ‘applicability to
the afsociated 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 (i=0; i <Nj;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 of this is privately defined and is not specified by ITU-T | ISO/IEC.

CA_|PID — This is a43;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, ip., a
TS program=map section or the CA table in the transport stream, or the stream_id field in the program stream.

In transport'streams, the presence of PID 0x03 indicates that there is IPMP as described in ISO/IEC 13818-11 usg¢d by
components in the transport stream. In program streams, the presence of stream ID extension value 0x00 indicateg that
IPMP as described in ISO/IEC 13818-11 is used by components in the program stream. Within a given
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, components could use both IPMP as described in ISO/IEC 13818-11 as
well as CA as defined in ISO/IEC 13818-1:2006. Compatibility between the two schemes is described in
ISO/IEC 13818-11.
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2.6.18 ISO 639 language descriptor

The language descriptor is used to specify the language of the associated program element (see Table 2-60).

Table 2-60 — ISO 639 language descriptor

Syntax No. of bits Mnemonic

ISO_639 language descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for (i=0; i <N;it++) {
ISO_63Y_language code 24 bslb1
audio_type 8 bslbf
b

}

2.6.119 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
according to ISO 8859-1 and inserted in order into this 24-bit field. In the case of multilingual audio streams the sequence
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 streamidefined 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

clean effects — This field indicates that the'referenced program element has no language.
hearfing impaired — This field indicates that the referenced program element is prepared for the hearing impaired.

visual_impaired_commentary ‘- This field indicates that the referenced program element is prepared for the vispally
impaired viewer.

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

If an|external ¢logk 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 ssystem clock is more accurate than the 30-ppm accuracy required, then the accuracy of the clock can be

communicated by encoding itin the clock—accuracy fields- The clock frequency accuracydse— |
ppm (2-26)

clock accuracy integer x 1 (-clock_accuracy_exponent

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
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Syntax No. of bits | Mnemonic
system_clock descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
external_clock_reference_indicator 1 bslbf
reserved 1 bslbf
clock accuracy_integer 6 uimsbf
clock_accuracy_exponent 3 uimsbf
reserved 5 bslbf
}

1  Semantic definition of fields in system clock descriptor

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

Kk _accuracy_integer — This is a 6-bit integer. Together with the clock accuracy exponent-it gives the fract
ency accuracy of the system clock in parts per million.

K _accuracy_exponent — This is a 3-bit integer. Together with the clock accuracy\integer, it gives the fract]
ency accuracy of the system clock in parts per million.

2 Multiplex buffer utilization descriptor

multiplex buffer utilization descriptor provides bounds on the oceupancy of the STD multiplex buffer.
mation is intended for devices such as remultiplexers, which say/use this information to support a de
pltiplexing strategy (see Table 2-63).

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_offsét. lower_bound 15 uimsbf
reserved 1 bslbf
LTW_offset_upper_bound 15 uimsbf

}

3 Semantic definition of fields in multiplex buffer utilization descriptor

bou
are

lid.

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

has

jonal

onal

This
sired

d_valid_flag <A value of '1' indicates that the LTW_offset lower bound and the LTW_offset upper bound fiields

ined,
.| The

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.

ed in

LTW_offset_upper_bound — This 15-bit field is defined only if the bound valid has a value of '1'. When defined, this
field has the units of (27 MHz/300) clock periods, as defined for the LTW offset (refer to 2.4.3.4). The
LTW offset upper bound represents the largest value that any LTW_offset field would have, if that field were coded in
every packet of the stream or streams referenced by this descriptor. Actual LTW_offset fields may or may not be coded
in the bitstream when the multiplex buffer utilization descriptor is present. This bound is valid until the next occurrence
of this descriptor.
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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
copy|

2.6.26 Maximum bitrate descriptor

See

2.6.2

max
boun
of m
Map
as Ef

2.6.28 Private data indicator descriptor

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

right _identifier, and once defined, they shall not change.

Table 2-65.
Table 2-65 — Maximum bitrate descriptor
Syntax No. of bits | Identifier
maximum_bitrate_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
maximum_bitrate 22 uimsbf
}
7  Semantic definition of fields in maximum bitrate descriptor

Syntax No. of bits | Identifier
copyright_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
copyright_idemntifier 32 winmsbf
for (i=0; i <N;it++){
additional_copyright_info 8 bslbf
b
i

5  Semantic definition of fields in copyright descriptor

ional_copyright_info — The meaning of additional copyright info bytes, if anysare'defined by the assignee of that

jmum_bitrate — The maximum bitrate is coded as a 22-bit positive integer in this field. The value indicates an {
d of the bitrate, including transport overhead, that will be encountered in this program element or program. The Y
hiximum_bitrate is expressed in units of 50 bytes/second. The maximum_bitrate descriptor is included in the Pro
Table (PMT). Its'presence as extended program information indicates applicability to the entire program. Its pres
b information-indicates applicability to the associated program element.

See Table.2-66.
Table 2-66 — Private data indicator descriptor
Syntax No. of bits | Identifier
private_data_indicator descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
private_data_indicator 32 uimsbf
!
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2.6.29  Semantic definition of fields in Private data indicator descriptor

private_data_indicator — The value of the private data indicator is private and shall not be defined by ITU-T | ISO/IEC.

2.6.30 Smoothing buffer descriptor

This descriptor is optional and conveys information about the size of a smoothing buffer, SB,, associated with this
descriptor, and the associated leak rate out of that buffer, for the program element(s) that it refers to.

In the case of transport streams, bytes of transport stream packets of the associated program element(s) present in the
transport stream are input to a buffer SB, of size given by sb_size, at the time defined by equation 2-4.

In the case of program streams, bytes of all PES packets of the associated elementary streams, are input to a buffer SB,
of 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/bypffer,
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 BID 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 bytes 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 descriptot () {

descriptor.tag 8 uimsbf
descriptor_length 8 uimsbf
reseryed 2 bslbf
sbleak_rate 22 uimsbf
reserved 2 bslbf
sb_size 22 uimsbf

}

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

SB &0 £ +l LI N | 4+ + +] R L 4001 -,
n UULICT TUT UICT dSSUUTATCU VITVITIVIILAL y SUTAIIT U UUICT Udtd T UL U1 5 UU UIW/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|

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

buffgr EB, in the T-STD uses the leak method as defined in 2.4.2.3. If this flag has a value equal to '0', and thevbv_

field,
the b

2.6.3

This
I1SO

2.6.3

closg

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 2.4.2.3.

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\1"indicates that a group of pictures header is encoded before every I-f

and that the closed gop flag is set to '1' in al’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, €3

poss

max
cons

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

| gop_length — This_14zbit unsigned integer indicates the maximum number of the coded pictures between any
bcutive [-picturesinthe sequence. The value of '0' is forbidden.

2.6.36 MPEG:4 video descriptor

For
desc
MPH

ndividuahISO/IEC 14496-2 streams directly carried in PES packets, as defined in 2.11.2, the MPEG-4 Y
iptor provides basic information for identifying the coding parameters of such visual elementary streams.

b the
lelay
B, to

n an

rame

mes,
Kcept

two

ideo
The

packl

ptsas definedin 2. 113

G-4 ‘video descriptor does not apply to ISO/IEC 14496-2 streams encapsulated in SL-packets and in Fle)c|Mux
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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 provides basic information for identifying the coding parameters of such audio elementary streams. The
MPEG-4 audio descriptor does not apply to ISO/IEC 14496-3 streams encapsulated in SL-packets and in FlexMux
packets, as defined in 2.11.3.

Table 2-71 — MPEG-4 audio descriptor

Syntax No. of bits | Mnemonic
MPEG-4 audio_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimshf
MPEG-4_audio_profile_and_level 8 uimsbf
}

2.6.39 Semantic definition of fields in MPEG-4 audio descriptor

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 OxFF indicatesthat the audio profile and level is not spedified
by the MPEG-4_audio_profile and level field; in that case, in addition’to6 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
0x00-0x0E 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
0x14-0x+7 Reserved
0%18 Scalable Profile, level 1
0x19 Scalable Profile, level 2
0x1A Scalable Profile, level 3
0x1B Scalable Profile, level 4
0x1C-0x1F Reserved
0x20 Speech profile, level 1
0x21 Speech profile, level 2
0x22-0x27 Reserved
0x28 Synthesis profile, level 1
0x29 Synthesis profile, level 2
0x2A Synthesis profile, level 3
0x2B-0x2F Reserved
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Table 2-72 — MPEG-4_audio_profile_and_level assignment values

Value Description

0x30 High quality audio profile, level 1

0x31 High quality audio profile, level 2

0x32 High quality audio profile, level 3

0x33 High quality audio profile, level 4

0x34 High quality audio profile, level 5

0x35 High quality audio profile, level 6

0x36 Hrghrquatity-audioprofitetevet7

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 internetwerking profile, level 3

0x4B Mobile audio interngtworking profile, level 4

0x4C Mobile audio intemnetworking profile, level 5

0x4D Mobile audiotinternetworking profile, level 6
0x4E-0x4F Reseryed

0x50 AAC profile, level 1

0x51 AAC profile, level 2

0x52 AAC profile, level 4

0x53 AAC profile, level 5
0x54-0x57 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-0x5F Reserved

0x60 High efficiency AAC v2 profile, level 2

0x61 High efficiency AAC v2 profile, level 3

0x62 High efficiency AAC v2 profile, level 4

0x63 High efficiency AAC v2 profile, level 5
0x64-0xFE Reserved

OxFF Audio profile and level not specified by the MPEG-4 audio_profile and level

field in this descriptor
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2.6.40 IOD descriptor

The IOD descriptor encapsulates the InitialObjectDescriptor structure. An initial object descriptor allows access to a set
of ISO/IEC 14496 streams by identifying the ES ID values of the ISO/IEC 14496-1 scene description and object
descriptor streams. Both the scene description stream and the object descriptor stream contain further information about
the ISO/IEC 14496 streams that are part of the scene. See Annex R for a description of the content access procedure. The
InitialObjectDescriptor is specified in 8.6.3 of ISO/IEC 14496-1.

Within a transport stream, the IOD descriptor shall be conveyed in the descriptor loop immediately following the
program_info length field in the Program Map Table. If a program stream map is present in a program stream, the [OD
descriptor shall be conveyed in the descriptor loop immediately following the program stream_info length field in the
program stream map. More than one IOD descriptor may be associated with a program.

NOTE - This Specification does not specify how the IOD label may be used by higher level service information to uniquely select
ohe 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 () 8 uimsbf
}

2.6.41 Semantic definition of fields in IOD descriptor

Scope_of 10D label — This 8-bit field specifies the scope of the IOD label field. A value of 0x10 indicates thdt the
I0D] label is unique within the program stream or within the specific program in a transport stream in whicl the
IOD|descriptor is carried. A value of 0x11 indicates that the [QBP<label is unique within the transport stream in which the
IOD|descriptor is carried. All other values of the Scope _of 10D _label field are reserved.

10D) label — This 8-bit field specifies the label of the IOD' descriptor.
InitiplObjectDescriptor () — This structure is defined in 8.6.3.1 of ISO/IEC 14496-1.

2.6.42  SL descriptor

The SL descriptor shall be used when a single ISO/IEC 14496-1 SL-packetized stream is encapsulated in PES padkets.
The BL descriptor associates the ES dDrof this SL-packetized stream to an elementary PID in case of a transport stfeam
or toJan elementary_stream_id in cdse)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 ip the
Program Map Table. If a program stream map is present in a program stream, the SL descriptor shall be conveyed ip the
desctiptor 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 14#96-1
S[L-packetized streams? In order to associate multiple such streams within a program stream to an ISO/IEC 14496-1 scene, FlexMux
hps to be used and signalled appropriately by an FMC descriptor. This limitation does not exist in a transport stream where the SL
dpscriptor proyides unambiguous mapping between an ISO/IEC 14496-1 ES ID value and a Rec. ITU-T H.222.0 |
I$O/IEC 13818-1 elementary PID value.

Table 2-74 — SL. descriptor

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

2.6.43  Semantic definition of fields in SL descriptor
ES_ID — This 16-bit field shall specify the identifier of an ISO/IEC 14496-1 SL-packetized stream.
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2.6.44 FMC descriptor

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

An FMC descriptor is required for each program element referenced by an elementary PID value in a transport stream
and for each elementary stream id in a program stream that conveys a FlexMux stream. Within a transport stream, the
FMC descriptor shall be conveyed for the corresponding elementary stream in the descriptor loop immediately following
the ES info length field in the Program Map Table. If a Program Stream Map is present in a program stream, the FMC
descriptor shall be conveyed in the descriptor loop immediately following the elementary stream_info length field in the
program stream Map.

FM({ descriptor.

2.6.45 Semantic definition of fields in FMC descriptor
ES_ID — This 16-bit field specifies the identifier of an ISO/IEC\4496-1 SL-packetized stream.

Flex

2.6.46 External _ES_ID descriptor

The
ES 1
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Table 2-75 — FMC descriptor

Syntax No. of bits | Mnemonic
FMC_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for (1 =0; i < descriptor_length; i +=13) {
ES_ID 16 uimsbf
FlexMuxChannel 8 uimsbf
}
i

MuxChannel — This 8-bit field specifies the number.of'the FlexMux channel used for this SL-packetized streal

Fxternal ES ID descriptor assigns an ES D, as defined in ISO/IEC 14496-1, to a program element to whig
D value has been assigned by other meauns:-This ES ID allows reference to a non-ISO/IEC 14496 component i
b description or, for example, to associate a non-ISO/IEC 14496 component with an [IPMP stream.

in a transport stream, the assignment of an ES_ID shall be made by conveying an External ES ID descriptor fq
sponding elementary stream.in_the descriptor loop immediately following the ES info_length field in the Pro
Table. If a program stream map is present in a program stream, the External ES ID descriptor shall be convey|
escriptor loop immediately following the elementary stream_info length field in the Program Stream Map.

Table 2-76 — External ES_ID descriptor

H1 the

m.
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Syntax No. of bits | Mnemonic
External ES ID descriptor () {
descriptor_tag 8 uimsbf
descriptor length 8 uimshf
External_ES_ID 16 uimsbf
}

2.6.47 Semantic definition of fields in External_ES_ID descriptor

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

2.6.48 Muxcode descriptor

The Muxcode descriptor conveys MuxCodeTableEntry structures as defined in 11.2.4.3 of ISO/IEC 14496-1.
MuxCodeTableEntries configure the MuxCode mode of FlexMux.
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One or more Muxcode descriptors may be associated with each elementary PID or elementary stream_id, respectively,
conveying an ISO/IEC 14496-1 FlexMux stream that utilizes the MuxCode mode. Within a transport stream, the Muxcode
descriptor shall be conveyed for the corresponding elementary stream in the descriptor loop immediately following the
ES info length field in the Program Map Table. If a Program Stream Map is present in a program stream, the Muxcode
descriptor shall be conveyed in the descriptor loop immediately following the elementary stream_info length field in the
Program Stream Map.

MuxCodeTableEntries may be updated with new versions. In case of such updates, the version number of each Program
Map Table or the program stream map_version of each Program Stream Map, respectively, carrying the MuxCode
descriptor in their descriptor loop shall be incremented by 1 modulo 32.

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;it++) {

MuxCodeTableEntry ()

b

}

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.

2.6.30 FmxBufferSize descriptor

The FmxBufferSize descriptor conveys the size of the FlexMux buffer'(FB) for each SL packetized stream multiplexed
in a FlexMux stream.

One [FmxBufferSize descriptor shall be associated with each-elementary PID or elementary stream id, respectiyely,
conveying an ISO/IEC 14496-1 FlexMux stream. Withinta transport stream, the FmxBufferSize descriptor shalll be
conveyed for the corresponding elementary stream in thewdescriptor loop immediately following the ES _info_length|field
in the Program Map Table. If a Program Stream Map,is present in a program stream, the FmxBufferSize descriptor ghall
be conveyed in the descriptor loop immediately following the elementary stream_info length field within the Program
Stregm 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()

!

2.6.51 Semantic definition of fields in FmxBufferSize descriptor

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

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

The MultiplexBuffer descriptor conveys the size of the multiplex buffer MB,, as well as the leak rate Rx, at which data
is transferred from transport buffer TB, into buffer MB,, for a specific Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program
element referenced by an elementary PID value in the Program Map Table.

One MultiplexBuffer descriptor shall be associated with each elementary PID that contains an ISO/IEC 14496 FlexMux
stream or SL-packetized stream, including those containing ISO _IEC 14496 sections. See 2.11.3.9 for the definition of
buffers and rates in the T-STD model for decoding of ISO/IEC 14496 content.

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

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 wimsbf

}

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
asso¢iated with this descriptor.

TB_Jeak 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 stredam n that is associated with this descriptor.

2.6.34  FlexMuxTiming descriptor
See Table 2-80.

Table 2-80'<-FlexMuxTiming descriptor

Syntax No. of bits | Mnemonic

FlexMuxTiming_descriptor () {

descriptor.tag 8 uimsbf
descriptor_length 8 uimsbf
FCR\ES_ID 16 uimsbf
FCRResolution 32 uimsbf
FCRLength 8 uimsbf
FmxRateLength 8 uimsbf

¢

2.6.85 Semantic definition of fields in FlexMuxTiming descriptor

FCR_ES ID—is the ES_ID associated with this clock reference stream

FCRResolution — is the resolution of the object time base in cycles per second

FCRLength — is the length of the fmxClockReference field in FlexMux packets with index =238 A length of zero shall
indicate that no FlexMux packets with index = 238 are present in this FlexMux stream. FCRIlength shall take values
between zero and 64.

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

2.6.56  Content labelling descriptor

The content labelling descriptor assigns a label to content; the label can be used by metadata to reference the associated
content. This label, the content reference id record, is metadata application format specific. The content labelling
descriptor is associated with a content segment. For the purpose of this clause, a content segment is defined as a portion
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in time of a program, an elementary stream (such as audio or video) or any combination of programs or elementary
streams. The descriptor may be included in the PMT in the descriptor loop for either the program or an elementary stream,
but may also be contained in tables not defined in this Specification, for example tables to describe segments of programs
or elementary streams. The content labelling descriptor also provides information on which content time base is used and
on the offset between the content time base and the metadata time base. When the Normal Play Time (NPT) concept of
DSM-CC, as specified in ISO/IEC 13818-6, is used as the content time base, the ID of the NPT time base is provided.
The descriptor allows for carriage of private data. See Table 2-81.

Table 2-81 — Content labelling descriptor

Syntax No. of bits Mnemonic
(‘nnfpnfilﬂhplingﬁdpcr‘ripfnr Q {
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
H
if (content_time base indicator—=— 1[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|4|5|6|7)
time_base_association_data dength 8 uimsbf
for (i=0; i< time_base association_data_length;i++){
reserved 8 bslbf
}
b
for (i=0; i<N;i++){
private_datasbyte 8 bslbf
}
}

2.6.%

metg
spec
any

signg

7  Semantic definition of fields in content labelling descriptor

Table 2-82 — Metadata_application_format

data_application~fermat: The metadata application format is a 16-bit field, coded as defined in Table 2-82
fies the applicafion responsible for defining usage, syntax and semantics of the content reference id record a
bther privately~defined fields in this descriptor. See also 2.12.1. The value 0XxFFFF indicates that the fornfat is
lled by the.yalue carried in the metadata application format identifier field.

that
hd of

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
0x0100-0xFFFE User defined
OxFFFF Defined by the metadata_application_format_identifier field
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Table 2-82 — Metadata_application_format

NOTE 1 — For ISAN, the content reference id_byte is set to binary encoding and the content reference id record length
is set to 0x08.

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

content_reference id_record_length is set to 0x0C.

NOTE 3 - For interoperability amongst metadata applications that use the metadata_application_format values of 0x0010
and 0x0011, it is recommended that the content reference id_flag be set to '1' and the content_time base indicator be set
to '00'".

metadata_application_format_identifier: The coding of this 32-bit field is fully equivalent to the coding of the
format_identifier field in the registration descriptor, as defined in 2.6.8.

NOTE - The assigned Registration Authority for the format_identifier field is SMPTE.

contpnt_reference_id_record flag: The content reference id record flag is a 1-bit flag that signals the presencd of a
cont¢nt reference id record in this descriptor.

content_time_base_indicator: The content time base indicator 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 strearis, that are part of that
program. A value of 1 indicates usage of the STC, while a value of '2' indicates usage of NPT, jthe’)Normal Play Tirhe as
defirfed in ISO/IEC 13818-6. The values between 8 and 15 indicate usage of a privately defined content time bage. If
coded with a value of '0', no content time base is defined in this descriptor. If no conteit 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 Specificgtion.

Table 2-83 — Content_time_base_indicator values

Value Description
0 No content time base definéd in this descriptor
1 Use of STC
2 Use of NPT
3-7 Reserved
8-15 Use of privately defined content time base

content_reference id_record length: The conteat) reference id record length is an 8-bit field that specifie§ the
number of content reference id bytes immediately following this field. This field shall not be coded with the valug'0'".

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

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

metgdata_time_base value: The metadata_time base value is a 33-bit field that is coded in units of 90 kHz. Thelfield
is cgded 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
codelis used, then'the number of hours, minutes, seconds and frames is expressed in the corresponding number of 90tkHz
units.

contpntld: The contentld is a 7-bit field that specifies the value of the content Id field in the NPT Reference Descrliptor
for theapptied NPT Time base.

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

private_data_byte: The private data byte is an 8-bit field. The private data bytes represent data, the format of which
is defined privately. These bytes can be used to provide additional information as deemed appropriate. The use of these
bytes is defined by the metadata application format.

2.6.58 Metadata pointer descriptor

The metadata pointer descriptor points to a single metadata service and associates this metadata service with audiovisual
content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream. The metadata is associated with the content within the context
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of the descriptor. The context is defined by the location of the descriptor. In a transport stream, the descriptor may be
located in the PMT in the descriptor loop for either the program or an elementary stream, but may also be located in tables
not defined in this Specification, such as tables describing bouquets of broadcast services. The metadata may be located
ina 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/EC T38T8-6 carousel 1s used to carry the metadafa, then the private data may provide information to signdl the
metajdata service, such as the applied value of the module id for carriage of the metadata in a data carousel, and ‘the file
namg¢ of the metadata when the object carousel is used.
Recdivers should be aware that multiple metadata services may be pointed to from the same program or audiovisual
streajn (as defined by the context of the descriptor). A unique metadata pointer descriptor shall be used to point to|each
metaldata service used by the program or audiovisual stream. Similarly, the same metadata service 6an be pointed to ffrom
sevefal programs or audiovisual streams by using a separate metadata pointer descriptors for each-association.
Table 2-84 — Metadata pointer descriptor
Syntax No. of bits Mnemonic
Metadata pointer descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
metadata_application_format 16 uimsbf
if (metadata_application format== OxFFFF){
metadata_application_format_identifier 32 uimsbf
metadata_format 8 uimsbf
if (metadata format== 0xFF){
metadata_format_identifier 32 uimsbf
metadata_service_id 8 uimsbf
metadata_locator_record_flag 1 bslbf
MPEG_carriage_flags 2 uimsbf
reserved 5 bslbf
if (metadata_locator record flag~="1"){
metadata_locator. record_length 8 uimsbf
for (1= 0; 1 <metadata locator record length; i+ +){
metadata_locator_record_byte 8 bslbf
}
} .
if (MPEG _carriage flags == 0[1/2){
program_number 16 uimsbf
if MPEG) carriage flags == 1){
transport_stream_location 16 uimsbf
transport_stream_id 16 uimsbf
5
for (i=0; i<N;i++){
private_data_byte 8 bslbf
¥
!

2.6.59 Semantic definition of fields in metadata pointer descriptor

metadata_application_format: The metadata application format is a 16-bit field that specifies the application
responsible for defining usage, syntax and semantics of the metadata locator record record and any other privately
defined fields in this descriptor. The coding of this field is defined in Table 2-82 in 2.6.57.

metadata_application_format_identifier: The coding of this field is defined in subclause 2.6.57.

metadata_format: The metadata_format is an 8-bit field that indicates the format and coding of the metadata. The coding
of this field is specified in Table 2-85.
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Table 2-85 — Metadata format values

Value Description
0x00-0x0F 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
The yalues 0x10 and 0x11 identify ISO/IEC 15938-1 defined data. The value 0x3F indicates that the format is defingd by
the fody indicated by the metadata_application_format field. The values in the inclusive range of 0x40 up to OXFE are

avail

metadata format identifier field.

metd

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

NOTE — SMPTE is assigned as Registration Authority for the format identifier field.

metgdata_service_id: This 8-bit field references the metadata service. It is used for retri€ving a metadata service

with

metg

asso

n a metadata stream.

metajdata_locator record.

MPJ

asso

metadata is carried in a transport stream or program stream. The coding of this field is defined in Table 2-86.

Table 2-86 — MRPEG_carrier_flags

able to signal use of private formats. The value OxFF indicates that the format is signdlled by| the

data_format_identifier: The coding of this 32-bit field is fully equivalent to the coding of theformat identifier

from

data_locator_record_flag: The metadata_locator record flag is a 1-bit fieldswhich, when set to 'l' indicate§ that
iated metadata is available on a location outside of a Rec. ITU-T H.222.0ISO/IEC 13818-1 stream, specified in a

LG_carriage flags: The MPEG_carriage flags is a 2-bit field which specifies if the metadata stream containinlg the
iated metadata service is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, and if so, whether the associated

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

metgdata_locator_record_leéngth: The metadata locator record length is an 8-bit field that specifies the numbgr of
metadata locator record Bytes immediately following. This field shall 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
ISO
the

met

etadata “application format field. The record may for example contain Internet URLs that specify wher

form the metadata“locator record. This record specifies one or more locations outside of a Rec. ITU-T H.232.0 |
[EC 13818-1\stream. The format of the metadata locator record is defined by the metadata application signallgd by

b the

ata can-be found, possibly in addition to their location(s) in the transport stream. If the MPEG carriage flags is
codefd with the value '0", '1' or 2" and the metadata locator record is present, then this signals alternative locations fqr the
samg metadata

program_number: The program number is a 16-bit field that identifies the program number of the MPEG-2 program
in the Rec. ITU-T H.222.0 | ISO/IEC 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 is the

trans

port stream signalled by the field’s transport_stream_location and transport_stream_id.

transport_stream_location: The transport stream location is a 16-bit field that is defined privately. For example, this

field

may be used by applications to signal the original network id defined by ETSI.

transport_stream_id: The transport stream id is a 16-bit field that identifies the transport stream in which associated
metadata is carried.
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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.

2.6.60 Metadata descriptor

The metadata descriptor 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

COnf%ulaLiUu 1U_y Loy, bul. l.hib ib Ulliy pldblibdl lf I.hU 11U111‘UCI Uf LileC 1Uy cS ib bllldll. If LllC L‘leU\.‘lCl bUllﬁgulaLiUll illfUl lll:ltion
is tog large to be carried by the descriptor, it shall be contained in a metadata service. This may be within the m¢tgdata
servige itself, or in another metadata service within the same program. Identification of the metadata service that conftains
the decoder configuration is provided by the metadata descriptor. If a DSM-CC carousel is used to carry the de¢oder
conf{guration, then information can be provided how to retrieve the decoder configuration from the carousel.
Table 2-87 — Metadata descriptor
Syntax No. ofbits Mnemonic
Metadata_descriptor () {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
metadata_application_format 16 uimsbf
if (metadata_application format == OxFFFF) {
metadata_application_format_identifier 32 uimsbf
metadata_format 8 uimsbf
if (metadata_format== 0xFF){
metadata_format_identifier 32 uimsbf
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=Opis’decoder config length; i++) {
decoder_config_byte 8 bslbf
!
}
if (decodet config flags =="'011") {
dec_config_identification_record_length 8 uimsbf
for(i=0;i<dec_config_id_record_length;i++) {
dec_config_identification_record_byte 8 bslbf
}
}
if (decoder_config_flags =='100") {
decoder_config_metadata_service id 8 uimsbf
§
if (decoder config flags =="'101"/'110") {
reserved_data_length 8 uimsbf
for(i=0;i<reserved data length;i++) {
reserved 8 bslbf
}
}
for (i=0; i<N;i++) {
private_data_byte 8 bslbf
b
}
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2.6.61 Semantic definition of fields in metadata descriptor

metadata_application_format: The metadata application format is a 16-bit field that specifies the application
responsible for defining usage, syntax and semantics of the service identification_record and any privately defined bytes
in this descriptor. The coding of this field is defined in Table 2-82.

metadata_application_format_identifier: The coding of this field is defined in 2.6.57.
metadata_format: The coding of this field is defined in 2.6.59.
metadata_format_identifier: The coding of this field is defined in 2.6.59.

metadata_service_id. This 8-bit field identifies the metadata service to which this metadata descriptor applies.

decoder_config_flags: The decoder_config flags is a 3-bit field which indicates whether and how decoder configuration
information is conveyed.

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 deeoder” config_byte field.
010 The decoder configuration is carried in the same metadata sévice as to which this

metadata descriptor applies.

011 The decoder configuration is carried in a DSM-CC catousel. 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 anotlier metadata service within the same
program, as identified by the decoder_config) metadata_service_id field in this
metadata descriptor.

101, 110 Reserved.
111 Privately defined.

DSM-CC_flag: This is a one-bit flag that is set to '1" if the stream with which this descriptor is associated is carried [in an
ISO/IEC 13818-6 data or object carousel.

NOTE 1 — The use of the object or data carousel is indicated by the applied stream-type value for this metadata stream.

service_identification length: This field speeifies the number of service identification record bytes immediately
following.

service identification_record byte: This byte is part of a string of one or more contiguous bytes that specify the
service identification_record. This reeord contains data on retrieval of the metadata service from a DSM-CC cardusel.
The [format of the metadata locator_vecord is defined by the application indicated by the metadata application fofmat.
Wheh a DSM-CC object carouselis used, the record may for example comprise the unique object identifier (the IOP:IDR()
from 11.3.1 and 5.7.2.3 of JSO/IEC 13818-6 DSM-CC) for the metadata service. Similarly, in case of a DSM-C(] data
caroyisel, the record can for example provide the transaction_id and the module_id of the metadata service.

decoder_config_length! This field specifies the number of decoder config bytes immediately following.

decoder_config- byte: These bytes comprise the decoder configuration information. This sequence of bytes comgrises
the donfiguration’information needed by the receiver to decode this service. It is intended that carriage in the metadata
descriptor isronly used when the configuration information is very small.

decoder) config DSM-CC _id: This is the download identifier of the decoder configuration information whenfit is
transmitted in a DSM-CC data carousel, or the object identifier of the decoder configuration information if'it is carried in
a DSM-CC object carousel.

NOTE 2 — The use of the object or data carousel is indicated by the applied stream-type value for this metadata stream.

dec_config_identification_record length: This field specifies the immediately following number of
dec_config_identification_record bytes.

dec_config_identification_record_byte: This byte is part of a string of one or more contiguous bytes that specify the
dec_config_identification record. This record specifies how to retrieve the required decoder configuration from a DSM-
CC carousel. The format of the metadata locator record is defined by the metadata application format. When a DSM-CC
object carousel is used, the record may for example comprise the unique object identifier (the [OP:IOR() from 11.3.1 and
5.7.2.3 of ISO/IEC 13818-6 DSM-CC) for the decoder configuration. Similarly, in case of a DSM-CC data carousel, the
record may for example provide the transaction_id and the module id of the decoder configuration.
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decoder_config_metadata_service _id: This is the value of the metadata_service id that is assigned to the metadata
service that contains the decoder configuration. The metadata service indicated by the
decoder_config metadata_service id and the metadata service that uses that decoder configuration shall be in the same
program. Hence in a transport stream, the metadata descriptors for both these metadata services shall be in the same PMT.
The metadata descriptor of the metadata service indicated by the decoder config metadata service id shall have a
decoder_config flag field with a value of either '001', '010' or '011".

reserved_data_length: This field specifies the number of reserved bytes immediately following.

private_data_byte: The private data byte is an 8-bit field. The private data bytes represent data, the format of which
is defined privately. These bytes can be used to provide additional information as deemed appropriate.

2.6.62 Metadata STD descriptor

This|descriptor defines parameters of the STD model (defined in 2.12.10) for the processing of the metadata streagm to
which this descriptor is associated.

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
}

2.6.43 Semantic definition of fields in metadata STD descriptor

metgdata_input_leak rate: The metadata input leak rate is a22-bit field that specifies the leak rate for the assodiated
metaldata stream in the T-STD model out of the buffer TB, into.buffer B,.. The leak rate is specified in units of 400 Hits/s.
For metadata carried in a program stream, the coding of the metadata_input leak rate field is not specified, as thq rate
into B, equals the rate of the program stream.

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

metgdata_output_leak rate: The metadata ;output leak rate is a 22-bit field that specifies for the associated metadata
service the leak rate in the STD model out of buffer B, to the decoder. The leak rate is specified in units of 400 bits/q. For
metaldata streams transported synchrenously (stream-type 0x15 or 0x19), the metadata access units are instantanegusly
remdved from B, under the controllofiPTS timestamps and in that case the coding of the metadata output leak rate|field
is nof specified.

2.6.64 AVC video descriptor

For AVC video streamnsythe AVC video descriptor provides basic information for identifying coding parameters df the
asso¢iated AVC video-stream, such as on profile and level parameters included in the SPS of an AVC video stream for in
the spbset SPS ef a0 SVC video sub-bitstream.

For AVC video streams conforming to one or more profiles defined in Annex G, or Annex H or Annex I of Rec. ITU-T
H.2¢4 | ISO/IEC 14496 10, there may be one AVC video descriptor associated to each of the video sub-bitstreanjs, or
MV( video subsets or MVCD video subsets identifying coding parameters of the associated re-assembled AVC yideo
streams.

The AVC video descriptor also signals the presence of AVC still pictures, AVC 24-hour pictures as well as 3D rendering
assistance SEIs such as frame packing arrangement SEI message or stereo video information SEI message in the AVC
video stream. If this descriptor is not included in the PMT for an AVC video stream, a video sub-bitstream, or an MVC
video sub-bitstream or an MVCD video sub-bitstream in a transport stream or in the PSM, if present, for an AVC video
stream, a video sub bitstream or an MVC video sub-bitstream in a program stream, then such AVC video stream shall not
contain AVC still pictures, shall not contain AVC 24-hour pictures and may or may not contain frame packing
arrangement SEI message or stereo video information SEI message. (See Table 2-90.)
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Table 2-90 — AVC video descriptor

Syntax No. of bits Mnemonic
AVC video_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
profile_ide 8 uimsbf
constraint_set0_flag 1 bslbf
constraint_setl_flag 1 bslbf
constraint_set2_flag 1 bslbf
constrait—et3flas + bslbf
constraint_set4 flag 1 bslbf
constraint_setS_flag 1 bslbf
AVC_compatible flags 2 bslbf
level idc 8 uimsbf
AVC _still_present 1 bslbf
AVC_24 hour_picture_flag 1 bsibf
Frame_Packing_SEI_not_present_flag 1 bslbf
reserved 5 bslbf
}
2.6.45 Semantic definition of fields in AVC video descriptor
profijle_idc, constraint_set(_flag, constraint_setl_flag, constraint_set2 flag, constraint_set3 [flag,

consfraint_set4 flag, constraint set5 flag and AVC_compatible flags and level idc — These fields, with the
exception of AVC compatible flags, shall be coded according tofthe 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 semantigs of
the fleld(s) defined for the 2 bits between the constraint set5 flag and'the level idc field in the sequence parametef set,
as d¢fined in Rec. ITU-T H.264 | ISO/IEC 14496-10. The entjite " AVC video stream to which the AVC descripfor is
assog¢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 the AVC pideo
dpscriptor, while also a profile may occur that is a subset ©f the profile signalled in the AVC video descriptor. However, {n the
htire AVC video stream, only tools shall be used that are\included in the profile signalled in the AVC video descriptor, if prgsent.
or example, if the main profile is signalled, then the baseline profile may be used in some sequences, but only 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 mayméed examination to determine which profile, if any, the entire stream conforips to.
1 an AVC video descriptor is to be associafedywith 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 can signal a single profile fof each
hch sub-stream.

— O O

@ <

AV(_still present — This 1-bit field'when set to '1" indicates that the AVC video stream may include AVC still picfures.
Wheh set to '0', then the assoetated AVC video stream shall not contain AVC still pictures.

AV({ 24 hour picture_flag — This 1-bit flag when set to 'l' indicates that the associated AVC video stream may coptain
AV({ 24-hour pictures~For the definition of an AVC 24-hour picture, see 2.1.2. If this flag is set to '0', the assocfiated
AV({ video streamghall not contain any AVC 24-hour picture.

Frame_Packing\SEI _not_present_flag — If this flag is set to '0', then the AVC video stream shall contain either the
framp packing-arrangement SEI message or stereo video information SEI message. If the AVC video descriptor is prgsent

and this flagis set to '1', then the presence of either of these SEI messages is unspecified.
2.6. i iptor

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
carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the AVC timing and HRD descriptor shall be included in 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 MVCD video sub-bitstream carries VUI parameters with the timing_info present flag
setto'l"

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

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

Absence of the AVC timing and HRD descriptor in the PMT for an AVC video stream or a re-assembled AVC video
stream signals usage of the leak method in the T-STD for the transfer from MB, to EB,, as defined:
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in 2.14.3.1 for an AVC video stream conforming to one or more profiles defined in Annex A of Rec. ITU-
T H.264 | ISO/IEC 14496-10;

in 2.14.3.5 for video sub-bitstreams of an AVC video stream conforming to one or more profiles defined
in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10;

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

But such usage can also be signalled by the hrd management valid flag set to '0' in the AVC timing and HRD descriptor.
If the transfer rate into buffer EB, can be determined from HRD parameters contained in an AVC video stream or an
AVC video stream re-assembled from video sub-bitstreams or MVC video sub-bitstreams or MVCD video sub-
bitstreams, and if this transfer rate is used in the T-STD for the transfer between MB, to EB,, then the AVC timing and
HRD descriptor with the hrd management valid flag set to 'l' shall be included in the PMT for that AVC video stream

or fo

2.6.4
hrd |

Whe
carri
Peri

presq
shall

r the re-assembled AVC video stream. (See Table 2-91.)

7  Semantic definition of fields in AVC timing and HRD descriptor

management_valid-flag — This 1-bit field is only defined for use in transport streams.

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

}

h the AVC timing and HRD descriptor is associated with an AVC video stream or a re-assembled AVC video stfeam
ed in a trafisport stream, then the following applies. If the hrd management valid flag is set to '1', then Buff¢ring
d SEI and*Picture Timing SEI messages, as defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, shall be
nt i the associated AVC video stream or re-assembled AVC video stream. These Buffering Period SEI mesgages
carry coded initial cpb removal delay and initial cpb removal delay offset values for the NAL HRD. If the

hrd

management_valid_1lag is set to 1, then the wansier ol cach byte 1rom MB, t0 EB, i the 1-51D shalt be according

to the delivery schedule for that byte into the CPB in the NAL HRD, as determined from the coded
initial cpb_removal delay and initial cpb_removal delay offset values for SchedSelldx = cpb_cnt _minusl. When the
hrd_management valid flag is set to '0', the leak method for the transfer from MB,, to EB,, in the T-STD shall be used:

as defined in 2.14.3.1 for AVC video streams conforming to one or more profiles defined in Annex A of
Rec. ITU-T H.264 | ISO/IEC 14496-10;

as defined in 2.14.3.5 for video sub-bitstreams of AVC video streams conforming to one or more profiles
defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10.

as defined in 2.14.3.7 for MVC video sub-bitstreams or MVCD video sub-bitstreams of AVC video
streams conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10.
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When the AVC timing and HRD descriptor is associated with an AVC video stream or a re-assembled AVC video stream
carried in a program stream, then the meaning of the hrd_management valid flag is not defined.

picture_and_timing_info_present — This 1-bit field when set to 'l1' 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 'l1' 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 frequenc;)

time_scale=
K

wherle time scale denotes the exact frequency of the AVC time base, with K larger than or equal to N.

If th¢ 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 ar¢ 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 ealcnlation 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 stfeam
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 flagin 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
vide¢ stream is provided in this descriptor.

temporal_poc_flag — When the temporal poc flag is set to 'l' and the fixed frame rate flag is set to 'l', thep the
asso¢iated AVC video stream shall carry Picture Order Count (POE) information (PicOrderCnt) whereby picturef are
counfted in units of At app( 11 ), Where Atg gpb( 11 ) is specified in equation E-10 of Rec. ITU-T H.264 | ISO/IEC 14496-10.
Wheh the temporal poc flag is set to '0', no information is ¢onhveyed 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 tifding for each access unit. An effective PTS and DTS can be calcylated
for access units for which no explicit PTS/DTS is carriedRepetition of most recently presented field of the appropriate parity (or
flame) is implied when the difference between the RTSs of the current and the next picture is greater than 2 x Atrgpb (or gfeater
han Atsiapb When frame _mbs_only flag is equal to1).

f=

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 messages| (see
Anngx D of Rec. ITU-T H.264 | ISOAEC 14496-10) and/or by providing the Picture Order Count (POC) informption
(PicQrderCnt), whereby pictures,are-counted in units of Atg pp( 11 ) (see also the semantics of temporal poc flag), s that
timing information for a successive AVC access unit can be derived from the previous picture in decoding or presentption
order.

Wheh the picture to display conversion mode flag is set to '0', then picture timing SEI messages in the AVC Yideo
streajm, if present, shall not contain the pic_struct field, and hence the pic_struct present flag shall be set to '0" in the[ VUI
parameters in thetAV.C video stream.

2.6.48 MPEG-2 AAC audio descriptor

For individual ISO/IEC 13818-7 streams directly carried in PES packets, the MPEG-2 AAC audio descriptor defingd in
Tablg 2-92 provides basic information for identifying the coding parameters of such audio elementary streams.
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Table 2-92 — MPEG-2 AAC_audio_descriptor

Syntax No. of bits | Mnemonic

MPEG-2_AAC audio_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
MPEG-2_AAC_profile 8 uimsbf
MPEG-2_AAC_channel_configuration 8 uimsbf
MPEG-2_AAC_additional_information 8 uimsbf

}

2.6.49 Semantic definition of fields in MPEG-2 AAC audio descriptor

MPEG-2_AAC profile — This 8-bit field indicates the AAC profile according to the index in Table® 3(l of
ISO/IEC 13818-7:2006.

MPEG-2_AAC_channel_configuration — This 8-bit field indicates the number and configuration(f audio chapnels
presg¢nted to the listener by the AAC decoder for the specified program. Values in the range from 110"6 indicate number
and ¢onfiguration of audio channels as given for "Default bitstream index number" in Table 42 of ISO/IEC 13818-7:2006.
All gther 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

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
0x02-0xFF Reserved

2.6.710 MPEG-4 text descriptor

The MPEG-4 text descriptor carries textConfig() specified in ISO/IEC 14496-17 for the associated ISO/IEC 14496-17
text gtream, thereby providing basic information needed for the decoding of the associated ISO/IEC 14496-17 strean]. For
each| [SO/IEC 14496-17 text stream carried in;a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the MPEG-4 text
descfiptor shall be included in the PMT or¢n the PSM, if PSM is 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

textComdig() — This shall carry the TextConfig() of the associated ISO/JEC 14496-17 text stream, as defindd in
ISO/IEC 14496-17.

2.6.72 MPEG-4 audio extension descriptor

The MPEG-4 audio extension descriptor carries zero or more audioProfileLevellndication fields and zero or one
audioSpecificConfig() field, both encoded as specified in ISO/IEC 14496-3. Note that for each ISO/IEC 14496-3 audio
stream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, it is required that the MPEG-4 audio descriptor be
included in the PMT or in the PSM, if PSM is present in the program stream, while the MPEG-4 audio extension descriptor
may be present too, providing additional information. If in the MPEG-4 audio descriptor the
MPEG-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, then the MPEG-4 audio extension descriptor shall be present in the same PMT
or PSM as the MPEG-4 audio descriptor. Note that this descriptor allows to provide the audioSpecificConfig out of band,
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so as to allow receivers to retrieve information about the associated audio stream without accessing the stream itself. The
descriptor also allows to associate an audioSpecificConfig to an audio stream.

Table 2-95 — MPEG-4 audio extension descriptor

Syntax No. of bits Mnemonic

MPEG-4 audio_extension_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
ASC_flag 1 bslbf
reserved 3 bslbf
num_of loops 4 uimsbf
Sor =i pr—oftoops—itti

audioProfileLevellndication 8 uimsbf

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

2.6.73  Semantic definition of fields in MPEG-4 audio extension descriptor
AS( flag — A one-bit flag signalling the presence of the ASC size field in this descriptors

num|_of loops — A 4-bit field specifying the number of immediately following audioprofileLevellndication fields if this
desctiptor. This field may be encoded with the value zero.

audipProfileLevellndication — The audio profile and level of the associated ISO/IEC 14496-3 audio stream, encodgd as
specified for the audioprofileLevellndication field in subclause 1.5.2.1 inlISO/IEC 14496-3. Note that a single ISOYIEC
14496-3 audio stream may comply to more than one audio profile and.level, and that this descriptor is designed to convey
up tq 15 different audioprofileLevellndication values.

AS( size — The number of bytes of the immediately following AudioSpecificConfig().

audipSpecificConfig() — The audioSpecificConfig() of the\associated ISO/IEC 14496-3 audio stream, as specifigd in
subclause 1.6.2.1 in ISO/IEC 14496-3.

2.6.4 Auxiliary video stream descriptor

The puxiliary video stream descriptor specifi€s,parameters for the decoding and interpretation of the auxiliary yideo
stream to which the descriptor is associated. For each auxiliary video stream carried in a Rec. ITU-T H.222.0 | ISOYIEC
13818-1 stream, the auxiliary video stream descriptor shall be included in the PMT or in the PSM, if PSM is presdnt in
the program stream.

Table 2-96 — Auxiliary video stream descriptor

Syntax No. of bits Mnemonic

Auxiliary video stream_descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
aux_video_codedstreamtype 8 uimsbf

si_rbsp(descriptor_length-1)
}

2.6.75 Semantic definition of fields in auxiliary video stream descriptor

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

NOTE - For example, if the auxiliary video is encoded using Rec. ITU-T H.264 | ISO/IEC 14496-10 Video, then the value of
aux_video codedstreamtype is 0x1B and an AVC video descriptor (descriptor_tag = 40) can be optionally included.
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si_rbsp() — Supplemental information RBSP as defined in ISO/IEC 23002-3. It shall contain at least one auxiliary video
supplemental information (AVSI) message (also defined in ISO/IEC 23002-3). The type of auxiliary video is inferred
from si_rbsp(). The total size of si_rbsp() shall not exceed 254 bytes.

2.6.76  SVC extension descriptor

For video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex G of
Rec. ITU-T H.264 | ISO/IEC 14496-10, the SVC extension descriptor provides information about the AVC video stream
resulting from re-assembling (up to) the associated video sub-bitstream and provides information about scalability and
re-assembly of the associated video sub-bitstream. There may be one SVC extension descriptor associated with any of
the video sub-bitstreams of an AVC video stream conforming to one or more profiles defined in Annex G of
Rec. ITU-T H.264 | ISO/IEC 14496-10.

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
}

2.6.717 Semantic definition of fields in SVC extension descriptor
width — This 16-bit field indicates the maximumrimage width resolution, in pixels of the re-assembled AVC video stjeam.

height — This 16-bit field indicates the maximum image height resolution, in pixels of the re-assembled AVC Yideo
stream.

franje_rate — This 16-bit field indi¢cates the maximum frame rate, in frames/256 seconds of the re-assembled AVC yideo
stream.

averpge bitrate — This-16:bit field indicates the average bit rate, in kbit per second, of the re-assembled AVC Yideo
stream.

maxjmum_bitrate= This 16-bit field indicates the maximum bit rate, in kbit per second, of the re-assembled AVC Yideo
stream.

dependency~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 all the NAL units contained in the associated video sub-bitstream.

quality_id_end — This 4-bit field indicates the maximum value of the quality id of the NAL unit header syntax element
of all the NAL units contained in the associated video sub-bitstream.

temporal_id_start — This 3-bit field indicates the minimum value of the temporal id of the NAL unit 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
element of all the NAL units contained in the associated video sub-bitstream.

no_sei_nal_unit_present — This 1-bit flag when set to '1' indicates that no SEI NAL units are present in the associated
video sub-bitstream.
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NOTE — In case the no_sei_nal unit_present flag is set to '1' for all SVC video sub-bitstreams and is not set to '1' or not present for
the AVC video sub-bitstream of SVC, any SEI NAL units, if present, are included in the AVC video sub-bitstream of SVC. If the
SVC extension descriptor is absent for all video sub-bitstreams, SEI NAL units may be present in any SVC dependency
representation of an SVC video sub-bitstream, and may require re-ordering to the order of NAL units within an access unit as
defined in Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.

2.6.78 MYVC extension descriptor

For MVC video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex H of Rec.
ITU-T H.264 | ISO/IEC 14496-10, the MVC extension descriptor 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
MVC video sub-bitstream and for the reassembly of the associated MVC video sub-bitstream. There may be one MVC
extension descriptor associated with any of the MVC video sub-bitstreams (with stream_type equal to 0x20) of an AVC
Vhen
the NIVC video sub-bitstream is an MVC base view sub-bitstream, the MV C extension descriptor shall be presentip the
asso¢iated PMT or PSM for stream_type equal to 0x1B.
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This|descriptor can also be used by applications that require association between stereoscopic MVC views and lgft or
right|eye using the syntax elements 'view_association_not present' and 'base view _is left eyeview',

Table 2-98 — MVC extension descriptor

Syntax No. of bits Mnemonic

MVC extension_descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
average_bit_rate 16 uimsbf
maximum_bitrate 16 uimsbf
view_association_not_present 1 bslbf
base_view_is_left_eyeview 1 bslbf
reserved 2 bslbf
view_order_index_min 10 bslbf
view_order_index_max 10 bslbf
temporal_id_start 3 bslbf
temporal_id_end 3 bslbf
no_sei_nal_unit present 1 bslbf
no_prefix_nal_unit_presént 1 bslbf

}

2.6.719 Semantics of fields inlMVC extension descriptor

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

maxjmum_bitrate = This 16-bit field indicates the maximum bit rate, in kbits per second, of the re-assembled AVC yideo
stream. When set¢00, 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 |l' no
such|association is signalled.

base_view_is_lelt_eyeview — L his ilag shall be set to '1' when the view_association_not_present_ilag 1s set to 1" and no
view association is conveyed in the descriptor. When the view_association not present flag is set to '0' and this flag is
set to '1', it indicates that the base view is associated with the left eye view (or enhancement view is associated with the
right eye view). When the view_association_not present flag is set to '0' and this flag is set to '0', it indicates that the
base view is associated with the right eye view (or enhancement view is associated with the left eye view).

view_order_index_min — This 10-bit field indicates the minimum value of the view order index of all the NAL units
contained in the associated 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 units
contained in the associated MVC video sub-bitstream.
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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.

no_prefix_nal_unit_present — This 1-bit flag when set to 'l' indicates that no prefix NAL units are present in eithgr the
AV({ video sub-bitstream of MVC or MVC video sub-bitstreams. When this bit is set to '0', it indicates that prefix NAL
unity are present in the AVC video sub-bitstream of MVC only.

2.6.80 J2K video descriptor

For J2K video elementary streams conforming to one or more profiles defined in Rec. ITU-T T 800)| ISO/IEC 15441,
the JRK video descriptor provides information that may be present in each J2K access unit as wel as for the J2K video
sequence. In addition, it provides information to signal J2K still pictures. This descriptor shiall be included for each J2K
vide¢ elementary stream component in the PMT with stream_type equal to 0x21.

Table 2-99 — J2K video descriptor

Syntax No. of bits Mnemonic
J2K] video descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
profile_and_level 16 uimsbf
horizontal_size 32 uimsbf
vertical_size 32 uimsbf
max_bit_rate 32 uimsbf
max_buffer_size 32 uimsbf
DEN_frame_rate 16 uimsbf
NUM frame_rate 16 uimsbf
color_specification 8 bslbf
still_mode 1 bslbf
interlaced_video 1 bslbf
reserved 6 bslbf
for (i=0; i<N; i++) {
private_data_byte 8 bslbf
}
}

2.6.41 Semanties of fields in J2K video descriptor

profjle_and.level — This field shall be in the range 0x0101-0x04ff and coded as defined in Table A.10 of
Rec.[ITU-TF:800 | ISO/TEC 15444-1 and indicates broadcast profile and level values.

horizontal size — This field shall be coded the same as Xsiz parameter found in the J2K codestream main headgr, as
defined in Annex A of Rec. ITU-T T.800 | ISO/IEC 15444-1.

vertical_size — This field shall be coded the same as Ysiz parameter found in the J2K codestream main header, as defined
in Annex A of Rec. ITU-T T.800 | ISO/IEC 15444-1.

max_bit_rate — This field may be coded the same as the Maxbr value in the j2k brat field box specified in Table S.1 and
shall not exceed the maximum compressed bit rate value for the profile and level specified in Table S.2. This field shall
be set appropriately and signalled when profile and level = 0x0307, where no maximum bit rate is specified.

max_buffer_size — This field shall not exceed the Maximum buffer size value for the profile and level specified in the
j2k brat box in Table S.2. When profile and level = 0x0307, the max buffer size shall be set appropriately and shall
not exceed (max_bit rate/1.60ES), where max_bit_rate is expressed in bit/s.
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DEN_frame_rate — This field shall be coded the same as frat denominator field in the j2k frat box specified in Table S.1

(see Annex S).

NUM_frame_rate — This field shall be coded the same as frat numerator field in the frat box specified in Table S.1 (see

Annex S).

NOTE - J2K frame rate is derived from the DEN_frame rate and NUM_frame rate values. Table 2-100 lists examples of typical
broadcast frame rates with associated values of DEN_frame rate and NUM_frame _rate.

Table 2-100 — Example frame rates based on DEN_frame_rate and NUM_frame_rate values

DEN_frame_rate NUM._frame_rate Frame rate ratio. Frame rate
- - - - (decimal representation)

0000 0000 0000 0000 Forbidden

0000 0011 1110 1001 0101 1101 1100 0000 24000/ 1001 23.976

0000 0000 0000 0001 0000 0000 0001 1000 24 /1 24.0

0000 0000 0000 0001 0000 0000 0001 1001 25/1 25.0

0000 0011 1110 1001 0111 0101 0011 0000 30 000/ 1001 29.97

0000 0000 0000 0001 0000 0000 0001 1110 30/1 30.0

0000 0000 0000 0001 0000 0000 0011 0010 50/1 50.0

0000 0011 1110 1001 1110 1010 0110 0000 60 000 /1001 59.94

0000 0000 0000 0001 0000 0000 0011 1100 60/1 60.00
color_specification — This field shall be coded the same as the bcol colrc 8-bit field of the j2k bcol box as specifigd in
Tablg S.1 (see Annex S).
still [mode — This 1-bit field, when set to '1', indicates that the J2K video stream may include J2K still pictures. Whgn set
to '0'} then the associated J2K video stream shall not contain J2K still pictures.
integlaced_video — This 1-bit field indicates whether the J2K video _stream contains interlaced video. When this flag is
set tp 'l' the J2K access unit elementary stream header (see”Table S.1) shall include the syntax elements Auf2,
fiel pox code, fic and fio. When this flag is set to '0', these syntax elements shall not be present in the J2K accesq unit
elementary stream header.
2.6.82 MYVC operation point descriptor
The MVC operation point descriptor (see Table2-101) provides a method to indicate profile and level for one or more
operation points each constituted by a set of ene-or more MVC video sub-bitstreams. If present, the MVC operation point
desctiptor shall be included in the group of data elements following immediately the program_info length field ip the
program_map_section. If an MVC operation point descriptor is present within a program description, at least one

hierd
N

rchy descriptor shall be present-for each MVC video sub-bitstream present in the same program.

OTE - 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_operatiofi “point_descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
profile_idc S 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_setS_flag 1 bslbf
AVC_compatible flags 2 bslbf
level_count 8 uimsbf
for ( recommendation =0; recommendation < level count; i++) {
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Table 2-101 —- MVC operation point descriptor

5 (E)

for (j =0; j< operation_points_count; j++ ) {

Syntax No. of bits Mnemonic
level idc 8 uimsbf
operation_points_count 8 uimsbf

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 MVC operation point descriptor

profile_idc — This 8-bit field indicates the profile, as defined in Rec. ITU-T,H264 | ISO/IEC 14496-10, of all operption
points described within this descriptor for the MVC bitstream.

constraint_setﬂ_ﬂag, constraint_setl_flag, constraint_set2_ flag, < constraint_set3 flag, constraint_set4 [flag,

consfraint_set5S_flag — These
ITU{T H.264 | ISO/IEC 14496-

fields shall be coded according to,'the semantics for these fields defined in
10.

Rec.

AV({_compatible_flags — The semantics of AVC_compatible flags are exactly equal to the semantics of the figld(s)
defirjed for the 2 bits between the constraint_set2 flag and;the level idc field in the sequence parameter set, as defingd in
Rec.|ITU-T H.264 | ISO/IEC 14496-10.

levell count — This 8-bit field indicates the numbetof levels for which operation points are described.

level idc — This 8-bit field indicates the level, asidefined in Rec. ITU-T H.264 | ISO/IEC 14496-10, of the MVC bitstream
for the operation points described by the following groups of data elements.

operjation_points_count — This 8-bit.field indicates the number of operation points described by the list included i

following group of data elements.

applicable_temporal_id — This 3-bit field indicates the highest value of the temporal id of the VCL NAL units i
re-assembled AVC video stream.

h the

h the

num|_target_output.views — This 8-bit field indicates the value of the number of the views, targeted for output fdr the

asso¢iated operatiofypoint.

ES_¢ount — This 8-bit field indicates the number of ES_reference values included in the following group of data elements.
The plemenfary streams indicated in the following group of data elements together form an operation point of the MVC

vide¢ bitstréam. The value 0xff

ES refete L
identifies a video sub-bitstream.

is reserved.

which

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.
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2.6.84 MPEG2_stereoscopic_video_ format_ descriptor

The MPEG2_stereoscopic_video format descriptor may be associated in the PMT for MPEG-2 video components (with
stream_type value equal to 0x02). When present, the descriptor shall be located in the loop following ES info length
field in PMT. When the descriptor is included in the PMT, the associated MPEG-2 video elementary stream shall contain
stereoscopic video format information in the user data extension as specified in Rec. ITU-T H.262 | ISO/IEC
13818-2:2000/Amd.4. If the descriptor is not included for MPEG-2 video with stream_type value equal to 0x02, then the
associated MPEG-2 video elementary stream may or may not contain stereoscopic video format information.

2.6.8

ster¢
stere

arral
Rec.
elem

2.6.86  Stereoscopic_program_info_descriptor

Sterg
stere
level
shall
strea
PMT]

'0', tlLen no such signalling is made available in this descriptor.

Table 2-102 - MPEG2_stereoscopic_video_format_descriptor syntax

Syntax No. of bits Format
MPEG?2_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 i bslbf
}
}

S Semantic definition of fields in the MPEG2_stereoscopic_video_format_descriptor

o_video_arrangement_type present: When this bit is set to 'l', theq the following 7-bits indicate the tyj
p_video_format_type included in the user data of associated MPEG=2'video elementary stream. If this bit is §

gement_type: This field shall be set to the same value as arrangement type defined in Table LA
ITU-T H.262 | ISO/IEC 13818-2:2000/Amd.4 and included'in the user data extension of associated MPEG-2 1
entary stream.

oscopic_program_info_descriptor specifies “the identification of 2D-only (monoscopic), frame compa
pscopic 3D as well as service-compatible steréoscopic 3D services. This descriptor conveys information at a pro
and assists decoders determine resources'required to support the signalled services. When present, this descy
be included in the loop following pregram_info_length field in the PMT. In addition, when this descriptor is pre
m_type values and descriptors associated with the video components in the loop following ES info length i
shall not conflict with the steteoscopic_service_type signalled in this descriptor.

‘Fable 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

e of
et to

1 of
rideo

tible
bram
iptor
sent,
n the

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
monoscopic, frame compatible stereoscopic or service-compatible stereoscopic.
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Values Description
000 unspecified
001 2D-only (monoscopic) service (see Note 1)
010 Frame-compatible stereoscopic 3D service
011 Service-compatible stereoscopic 3D service (see Note 2)
100~111 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 reserved

NOTE 1 — 2D-only (monoscopic) service is used in 2D/3D mixed programs based on service-compatible
stereoscopic 3D service, i.e., a service that has an arbitrary mixture of 2D and 3D video. 2D video can be coded
independently using either MPEG-2 or AVC video to maintain stability of 3DTV broadcasting system.

NOTE 2 — Service-compatible stereoscopic 3D service is based on 'simulcast' of stereoscopic view sequences.
Each view of the stereoscopic video sequences can be coded independently using either MPEG-2 or AVC video or
any combination thereof. Base view video stream for service-compatible stereoscopic 3D services is signalled
using stream_type value of 0x02 for MPEG-2 video and stream_type value of 0x1B for AVC video. Additional
view video stream for service-compatible stereoscopic 3D services is signalled using stream_type value of 0x22
for MPEG-2 video and stream_type value of 0x23 for AVC video.

2.6.88  Stereoscopic_video_info_descriptor

The $tereoscopic_video info_descriptor provides information related to service-compatible steréoscopic 3D services that
carry left and right view in separate video streams. The two streams are called the "baselview video stream" anfl the
"addjtional view video stream". The base view video stream may be displayed on its:QWwn for a 2D video servige. If
signglled as specified below, the additional view video stream may also be displayed ©Onyits own for a 2D video serviice.

The | stereoscopic_video_info descriptor is located in the loop following¢ ES info length field in PMT.| The
sterepscopic_video_info_descriptor shall be included for both the base view ,vidéo component (stream_type values Px02
or 0341B) and additional view video component (stream_type values 0x22 or0x23) in the PMT for programs that support
service-compatible stereoscopic 3D video. The stereoscopic_videosinfe descriptor should not be associated for
components with any other stream_type values as its meaning is und¢fined for other stream_type values.

Table 2-104 — Stereoscopic_video” info_descriptor syntax

Syntax No. of bits Format
Stereoscopic_ video_info_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 7 bslbf
base_video_flag 1 bslbf
if (base_video_flag) {
reserved 7 bslbf
leftview_flag 1 bslbf
} else {
reserved 7 bslbf
usable_as~2D 1 bslbf
horizontal upsampling_factor 4 bslbf
vertical_upsampling_factor 4 bslbf
}
}

2.6.89 ~ASemantic definition of fields in the stereoscopic_video_info_descriptor

baselvideo—flag—Whenth adiea hat-the 3 a-base A
'0', it indicates that the video stream is an additional view video stream. This bit shall be set to '1' for base view video
stream components with stream_type values of 0x02 and 0x1B and this bit shall be set to '0' for the additional view video
stream components with stream_type values of 0x22 and 0x23.

leftview_flag: When the bit is set to 'l', it indicates that the associated video stream component is the left view video
stream. When the bit is set to '0', it indicates that the associated video stream component is the right view video stream.

usable_as 2D: When this bit is set to 'l, it indicates that the additional view video stream may also be used for a 2D
video service.

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 the following table. These values are informational, and that the definitive values are those in the video
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elementary stream. When this syntax element is set to '0001' decoders are expected to use the information in the video
elementary stream to determine appropriate upsampling factors (if needed).

Value Description
0000 Forbidden
0001 unspecified
0010 Coded resolution is same as coded resolution of base view
0011 Coded resolution is % coded resolution of base view
0100 Coded resolution is 2/3 coded resolution of base view
0101 Coded resolution is ¥ coded resolution of base view
0110-1000 reserved
1001-1111 user_private

2.6.90 Extension descriptor

This| descriptor provides a mechanism to extend the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 descriptor 1
(see [Table 2-45). The descriptors which are based on the extension descriptor are signalled using‘thgextension desct

with|extension_descriptor_tag values defined in Table 2-106.

2.6.91

descriptor_tag —\Fhe 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 immedi

Table 2-105 — Extension descriptor

}

Syntax Not.of'bits | Mnemonic
Extension_descriptor () {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
extension_descriptor_tag uimsbf
if ( extension_descriptor tag == 0x02) {

ObjectDescriptorUpdate()
}
else if ( extension_descriptor “tag == 0x03) {

HEVC _timing*“and HRD descriptor()
b
else {

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

reserved 8 bslbf

}

}

Semantic definition of fields in the extension descriptor

following the descriptor length field.

extension_descriptor_tag — The extension_descriptor_tag is an 8-bit field which identifies each descriptor that use

tag value. See Table 2-106 for the extension_descriptor_tag values.

ObjectDescriptorUpdate(): This structure is defined in section 8.5.5.2 of ISO/IEC 14496-1.

110
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HEVC_timing_and_HRD_descriptor() — This structure is defined in clauses 2.6.95 and 2.6.96.

Table 2-106 — 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()

4-255 n/a | n/a | Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Reserved

2.6.9
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2  ODUpdate_descriptor

ODUpdate descriptor may be used to carry a set of ObjectDescriptors through an ObjectDescriptorUpdate,
cement or as a complement to ISO/IEC 14496 object descriptor streams defined in the IOD.. If” used
ctDescriptorUpdate command shall be processed by the MPEG-4 terminal as defined in clause 7.2,5.5:2 of ISO
6-1. The descriptors carried in the ODUpdate descriptor are in the same name scope as the 'scene descri
ibed in the InitialObjectDescriptor carried in the [OD descriptor.

h an ODUpdate descriptor is used within a transport stream, the ODUpdate descriptor shall be conveyed i
iptor loop immediately following the program info length field in the program mdp table, and shall be incl
an IOD descriptor.

n an ODUpdate descriptor is used within a program stream, the ODUpdate~descriptor shall be conveyed i

ded after an IOD descriptor.

ODUpdate_descriptor is included before an IOD descriptor or if l@D.descriptor is not present, then the ODUj
iptor shall be ignored. More than one ODUpdate descriptor may be included in a program map table or pro
m map.

3  Transport_profile_descriptor

iated program. When present, the descriptor shall‘enly be located in the loop following the program_info Ig
in the PMT. If the descriptor is not included’in the PMT, then the associated transport stream conforms t
lete profile.

Table 2-107 — Transport_profile_descriptor syntax

Syntax No. of bits Format

Transport_profile _deseriptor {

descriptor_tag 8 uimsbf

descriptot-length 8 uimsbf

transperf profile 8 uimsbf

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

private data 8 bslbf
}

}

as a

the
/IEC
btion

n the
nded

h the

iptor loop immediately following the program stream_info length field in‘the program stream map, and shdll be

date
bram

[Transport_profile descriptor may be associated in-the' PMT to signal a profile value of transport stream i the

ngth
the

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 for the program.
See Table 2-107.
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Table 2-108 — Transport_profile values

Values Description
0x00 unspecified
0x01 Complete profile (see Note 1)
0x02 Adaptive profile (see Note 2)
0x03-0x0E reserved
0xOF-0xFF user_private (see Note 3)

NOTE 1 — Transport streams using this profile conform to all the normative definitions for transport streams.
These include conformant discontinuities, PCR jitter/accuracy, strict T-STD management, PCR interval
conformance (less than 100 ms), as well as PTS/DTS interval (0.7 seconds) and compliance.

NOTE 2= Transport Streams USIg His profiie COMtoImT 1o att te ToTMatve deHITtions for ranspoIT Sears

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-oceasional
bit rate variations in certain locations;

- conforming continuity counter errors and time base discontinuity may occur more frequently than in
complete profile.

NOTE 3 — User private values of transport_profile that need unique identification can us¢ the MPEG

registration_descriptor with a unique format identifier value that is obtained from the\Registration Authority.

2.6.95 HEVC video descriptor

For gn HEVC video stream, the HEVC video descriptor provides basic information for identifying coding paramg
suchlas profile and level parameters of that HEVC video stream. For an HEVIC temporal video sub-bitstream or an H
temporal video subset, the HEVC video descriptor provides information{such as the associated HEVC highest tem
sub-layer representation contained in the elementary stream to which.it'applies.

Table 2-109 - HEVC video descriptor

ters,
EVC
boral

Syntax No. Of bits Mnemonic
HEWVC_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
reserved<zero_44bits 44 bslbf
level ide 8 uimsbf
temporal _layer_subset flag 1 bslbf
HEVC_still_present_flag 1 bslbf
HEVC_24hr_picture_present_flag 1 bslbf
sub_pic hrd params not present flag 1 bslbf
reserved 4 bslbf
if (temporal layer subset flag=="1") {

temporal_id_min 3 uimsbf

reserved 5 bslbf

temporal_id_max 3 uimsbf

reserved 5 bslbf
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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, reserved_zero_44bits, 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 flagfi],
general _progressive source_flag, general_interlaced source flag, general _non_packed constraint flag,
general_frame only constraint _flag, general reserved zero 44bits, general level idc, rtespectively, 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.

Whep the HEVC video descriptor applies to an HE VC temporal video sub-bitstream or HEVC temporal video subdet of
which the corresponding HEVC highest temporal sub-layer representation is not an HEVC complete itemporal
reprgsentation, these fields shall be coded according to the semantics defined in Rec. ITU-T H.265 | ISO/IEC2300842 for
sub _Jayer profile space,  sub_layer tier flag, sub layer profile idc, sub layer profile compatibility flqgl[i],
sub_Jayer progressive_source flag,  sub_layer interlaced source flag,  sub_layer non_packed_«constraint |flag,
sub Jayer frame_only constraint flag, sub_layer reserved zero 44bits, sub layer level idc, respectively, for the
corrgsponding HEVC highest temporal sub-layer representation, and the entire HEVC highiest’temporal sub-layer
reprgsentation to which the HEVC video descriptor is associated shall conform to the information signalled by these
fieldp.

OTE 1 — In one or more sequences in the HEVC video stream the level may be lower than the\level signalled in the HEVC yideo
bscriptor, 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 afe included in the profile signalled fn 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 vided,stream that does not conform to a single profile,
hhen the HEVC video stream should be partitioned into two or more sub-stréams, so that HEVC video descriptors can signal a
ngle profile for each such sub-stream.

o mo o

73R =>

temporal_layer_subset_flag — This 1-bit flag, when set to 'l', indicates that the syntax elements describing a subget of
tempjoral layers are included in this descriptor. This field shall beset to 1 for HEVC temporal video subsets and for HEVC
temporal video sub-bitstreams. When set to '0', the syntax elements temporal id _min and temporal id max ar¢ not
incluyded 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 set to '0', then the associated HEVC yideo
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 fequal
to 0, Consequently, if the HEVC video descriptor applies to an HEVC temporal video subset, HEVC still pictures can orly be
pfesent in the associated HEVC temperal video sub-bitstream.

HEVYC_24_hour_picture_present-flag — This 1-bit flag, when set to 'l', indicates that the associated HEVC yideo
stream or the HEVC highest temporal sub-layer representation may contain HEVC 24-hour pictures. For the definitipn of
an HEVC 24-hour picture,Se¢ Clause 2.1.97. If this flag is set to '0', the associated HEVC video stream shall not coptain
any HEVC 24-hour pictares.

sub_|pic_hrd_paramnis“not_present_flag — This 1-bit field, when set to '0', indicates that the VUI in the HEVC Yideo
strea| shall . ‘have the syntax element sub pic hrd params present flag set to 'l When | the
sub_pic_hrd params not present flag is set to 'l', the associated HEVC video stream may not coptain
sub_pic_hrd,_params_present flag in the VUI or the flag may be set to '0'.

OTE 3 Decoders that support the sub plcture processing mode are expected to manage the T-STD usmg the approprlate delay
EVC vid on in
Annex C.2.3 (timing of decoding unit removal and decoding of decoding unit) instead of the time stamp values in the PES header.

temporal_id_min — This 3-bit field indicates the minimum value of the Temporalld, as defined in Rec. ITU-T H.265 |
ISO/IEC 23008-2, of all HEVC access units in the associated elementary stream.

temporal_id_max — This 3-bit field indicates the maximum value of the Temporalld, as defined in Rec. ITU-T H.265 |
ISO/IEC 23008-2, of all HEVC access units in the associated elementary stream.

2.6.97 HEVC timing and HRD descriptor

For an HEVC video stream, an HEVC temporal video sub-bitstream or an HEVC temporal video subset, the HEVC timing
and HRD descriptor provides timing and HRD parameters, as defined in Annex C of Rec. ITU-T H.265 |
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ISO/TEC 23008-2, for the associated HEVC video stream or the HEVC highest temporal sub-layer representation thereof,
respectively.

Table 2-110 - HEVC timing and HRD descriptor

}

Syntax No. Of bits Mnemonic
HEVC timing_and HRD_descriptor() {
hrd_management_valid_flag 1 bslbf
reserved 6 bslbf
picture_and_timing_info_present_flag 1 bslbf
if (picture_and_timing_info present flag=="1") {

—90kHzflas : 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
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pictyre_and_timing_info_present_flag — This 1-bit flag when set to 'l" indicates that the 90kHz flag and paramete

accu

90kHz_flag — This 1-bit-flag’when set to '1' indicates that the frequency of the HEVC time base is 90 kHz.

N, K|
base
| ISQ
and ]

management_valid_flag — This 1-bit flag is only defined for use in transport.Streams. When the HEVC timing
descriptor is associated with an HEVC video stream or with an HEVC highest temporal sub-layer represent
bd in a transport stream, then the following apply.

b hrd_management valid flag is set to '1', then Buffering Period SBI'@nd Picture Timing SEI messages, as de
hnex C of Rec. ITU-T H.265 | ISO/IEC 23008-2, shall be present. in the associated HEVC video stream or H
pst  temporal  sub-layer representation. These buffering” period SEI messages shall carry ¢
nitial cpb_removal delay and nal initial cpb removalldelay offset values and may additionally
nitial_alt removal delay and nal initial _alt cpb remaoval delay offset values for the NAL HRD. If
management valid_flag is set to '1', then the transfer ofieach byte from MB,, to EB,, in the T-STD as defined in 2
e transfer from MB,x to EB,, in the T-STD as definéd in 2.17.3 shall be according to the delivery schedule foj
into the CPB in the NAL HRD, as determined from the coded nal initial cpb_removal delay
nitial_cpb_removal_delay offset or from the coded nal_initial alt cpb_removal delay
nitial alt cpb_removal delay offset values'for SchedSelldx equal to cpb_cnt minusl, as specified in Annex
ITU-T H.265 | ISO/IEC 23008-2. Whenythe ird_management valid flag is set to '0', the leak method shall be
he transfer from MB, to EB,, in the T-STD as defined in 2.17.2 or the transfer from MB,x to EB, in the T-ST|
edin2.17.3.

Fate mapping to a 90-kHz System clock are included in this descriptor.

— For an HEV.G video stream or HEVC highest temporal sub-layer representation , the frequency of the HEVC
is defined byithe syntax element vui_time scale in the VUI parameters, as defined in Annex E of Rec. ITU-T H
/IEC 2300852. The relationship between the HEVC time_scale and the STC shall be defined by the paramety
K in this'descriptor as follows.

time_scale = (N x system_clock_frequency) / K

r and
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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 p

rovided 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.

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.
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2.7

2.7.1

ISO/IEC 13818-1:2015 (E)

Restrictions on the multiplexed stream semantics

Frequency of coding the system clock reference

The program stream shall be constructed such that the time interval between the bytes containing the last bit of

syste

m_clock reference base fields in successive packs shall be less than or equal to 0.7 s. Thus:

7)) —t(i")| <0.7s

for all i and i’ where i and i’ are the indexes of the bytes containing the last bit of consecutive system clock reference base

fields.
2.7.2 Frequency of coding the program clock reference
The [transport stream shall be constructed such that the time interval between the bytes containing the last hit of
program_clock reference base fields in successive occurrences of the PCRs in transport stream packets of the BCR| PID
for epch program shall be less than or equal to 0.1 s. Thus:
[#(i) —2(i")| < 0.1s
for fall i1 and i" where i and i’ are the indexes of the bytes containing the. last bit of consecptive
program_clock reference base fields in the transport stream packets of the PCR PID for each program.
Therg shall be at least two (2) PCRs, from the specified PCR_PID within a transport/stream, between consecutive [PCR
discqntinuities (refer to 2.4.3.4) to facilitate phase locking and extrapolation of byt&d¢livery times.
2.7.3 Frequency of coding the elementary stream clock reference
The program stream and transport stream shall be constructed such that if the elementary stream clock reference figld is
codefd in any PES packets containing data of a given elementary stream’the time interval in the PES_STD betweeh the
byte$ containing the last bit of successive ESCR _base fields shall be less than or equal to 0.7 s. In PES Streams the HSCR
encofing is required with the same interval. Thus:
[t()) —t (@< 0.7s

for a]l 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 refétence fields is optional; they need not be coded. However, if they are cpded,

this constraint applies.
2.74 Frequency of presentation timestamp coding
The program stream and transport streantshall be constructed so that the maximum difference between coded presenthtion
timegtamps referring to each elementary video or audio stream is 0.7 s. Thus:

|lpn (k) - tl?n (k”)l = 0'7 S
for afl n, k, and k" satisfying:
*  Putk)‘and Py(k") are presentation units for which presentation timestamps are coded;
» ~Jkand 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 Py(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
by more than 0.7 s. In this particular case, the VUI parameters num_units_in_tick and time_scale shall be
present either in the AVC video stream or in an AVC-timing and HRD descriptor associated with the AVC

video stream.

NOTE — The presentation time of an AVC access unit is equivalent to the DPB output time todpb(n) defined in Annex C of
Rec. ITU-T H.264 | ISO/IEC 14496-10.

Rec. ITU-T H.222.0 (10/2014)
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2.7.5 Conditional coding of timestamps

For each elementary stream of a program stream or transport stream, a presentation timestamp (PTS) shall be encoded for
the first access unit.

A decoding discontinuity exists at the start of an access unit A,(j) in an elementary stream n if the decoding time td,(j) of
that access unit is greater than the largest value permissible given the specified tolerance on the system_clock frequency.
For video, except when trick mode status is true or when low_delay flag is '1', this is allowed only at the start of a video
sequence. If a decoding discontinuity exists in any elementary video or audio stream in the transport stream or program
stream, then a PTS shall be encoded referring to the first access unit after each decoding discontinuity except when trick
mode status is true.

When low_delay is '1' a PTS shall be encoded for the first access unit after an EB, or B, underflow.

A P
head

A de

For g
unit,
vide

The

streal
if ap
true:

'S may only be present in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 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 conditiens’are m
+ aPTS is present in the PES packet header;

» the decoding time differs from the presentation time.

ach AVC 24-hour picture, no explicit PTS 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 videorstream. Therefore, each |
stream that contains one or more AVC 24-hour picture(s):

» shall either carry picture timing SEI messages with coded ~values of cpb removal delay
dpb_output_delay; or

»  shall carry VUI parameters with the fixed frame rate flag set to’'1' and shall carry Picture Order
(POC) information (PicOrderCnt) whereby pictures are coufited in units of Atg gpp( 11 ), Where Atg gpb(
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 annAVC timing and HRD descriptor is associated wi
AVC video stream with the fixed frame rate flag set to '1"and the temporal poc flag setto 'l".

following applies to AVC access units in an AVC video'stréam carried in a Rec. ITU-T H.222.0 | ISO/IEC 13§
m. For each AVC access unit that does not represent amAVC 24-hour picture, a PES header with a coded PTS
plicable, DTS value shall be provided, unless all sonditions expressed under one of the following four bullet

* Inthe AVC video sequence the following SEI messages are present, as signalled by VUI parameters

a) picture timing SEI messagesproviding the cpb_removal delay and the dpb_output delay params
and

b) buffering period\* SEI messages providing the initial cpb removal delay and
initial cpb_remoyal delay offset parameters.

NOTE 2 — When-picture timing SEI messages are present in the AVC video sequence, then these messag
present for.each AVC access unit, as required by Rec. ITU-T H.264 | ISO/IEC 14496-10. When buffering g

unitand for each access unit that is associated with a recovery point SEI message, as required by Rec. ITU-T |
| ISOJEC 14496-10.

*+  AnAVC timing and HRD descriptor is associated with the AVC video stream and in this descripto
fixed frame rate flagis setto 'l' and the temporal poc flag is setto'l".

*\7~"An AVC timing and HRD descriptor is associated with the AVC video stream and in this descripto

fixed frame rate flag is set to 'l', the picture to display conversion flag is set to 'l',
L7a\) ANLC b2 | 2 3
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pic_struct field are present.

NOTE 3 — In this specific case the pic_struct field is used to determine subsequent PTS values.

the

*  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
picture to display conversion flag is set to '0".

the

NOTE 4 — In this case the POC information in the AVC video stream is used to determine the subsequent

PTS values.
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2.7.6 Timing constraints for scalable coding

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

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

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

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

be the

same.
NOTE — This does not imply that the picture coding type is the same in both layers.

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

*  The picture from which the spatial prediction is made shall be one of the following?
—  the coincident or most recently decoded lower layer picture;
—  the coincident or most recently decoded lower layer picture that is an J- 'e#'P-picture;

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

If a pideo sequence is coded as a temporally scalable enhancement of anothet\sequence, such as specified in 7|9 of
Rec.|ITU-T H.262 | ISO/IEC 13818-2, then the following lower layer pictutes may be used as the reference. Timds are
relat{ve to presentation times of:

+  the coincident or most recently presented lower layer picture;

*  the next lower layer picture to be presented.

For AVC video streams conforming to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 1449p-10,
therd are no timing constraints on SVC dependency representations or re-assembled AVC access units of video|sub-
bitstreams of an AVC video stream.

2.7.7% Frequency of coding P-STD_buffer_size-in PES packet headers

In a program stream, the P-STD_buffer scale‘and P-STD buffer size fields shall occur in the first PES packet offeach
elementary stream and again whenever the(value changes. They may also occur in any other PES packet.

2.7.8 Coding of system header in'the program stream

In a program stream, the system theader may be present in any pack, immediately following the pack header. The system
headpr shall be present in the fitstpack of an program stream. The values encoded in all the system headers in the program
streajm shall be identical.

2.7.9 Constrained system parameter program stream

A prpgram streariiyis' a "Constrained System Parameters Stream" (CSPS) if it conforms to the bounds specified i1} this
subclause. Pregram streams are not limited to the bounds specified by the CSPS. A CSPS may be identified by meaps of
the SPS_flag defined in the system header in 2.5.3.5. The CSPS is a subset of all possible program streams.

Paclfet 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 4 500 000 bits/s if the
packet rate restriction flag is set to '1', and less than or equal to 2 000 000 bits/s if the packet rate restriction flag is set
to '0". For higher bit rates the CSPS packet rate is bounded by a linear relation to the value encoded in the rate bound
field.

Specifically, for all packs p in the program stream when the packet rate restriction flag (refer to 2.5.3.5) is set to a value
of ',

NP < (t(i") —t(i))x 300x max[l,RL%J (2-27)
4.5%x10
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and if the packet rate restriction_flag is set to a value of '0'

R
NP < (t(i'") —t(i))x 300x ma{l,%} (2-28)
2.5%x10
where:
R... =8x50xrate_bound bit/s (2-29)

NP is the number of packet start code prefixes and system_header_start codes between adjacent
pack start codes or between the last pack start code and the MPEG program end code as
defined in Table 2-37 and semanticsin 2 532

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

t(i") is the time, measured in seconds, encoded in the SCR for pack p + 1, immediately-follopving
pack p, or in the case of the final pack in the program stream, the time of arrival ‘of the|byte
containing the last bit of the MPEG_program end code.

Decqgder buffer size

In the case of a CSPS the maximum size of each input buffer in the system target decoder iS'hounded. Different bounds
apply for video elementary streams and audio elementary streams.

In the case of a Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 video ‘elementary stream in a CSPY, the
following applies:

BS, |has a size which is equal to the sum of the size of the Video Buffer Verifier (VBV) as specified in the
Rec.[ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 stream, respectively, and an additional amount of buffpring

BSadfi. BSadd s specified as:

BSuaa <MAX[6 x 1024, Ryyaxx 0.001] bytes

whetle Rymax is the maximum bit rate of the Rec. ITU-T H.262MISO/IEC 13818-2 or ISO/IEC 11172-2 video eleme
streajm.
In the case of a Rec. ITU-T H.264 | ISO/IEC 14496-10~video elementary stream in a CSPS, the following applies:

BS,

whe
hrd |
the ¢

appl
In th

In th

has a size which is equal to the sum of cpb+gsize and an additional amount of buffering BSaqd. BSadq is specified

BSuaa € MAX[6 x 1024, Rypmax % 0.001] bytes

whe]e Rymax 18 the maximum video bitrate of the AVC video stream, and

e cpb_size is the CpbSize[\cpt cnt minusl ] size of the CPB for the byte stream format signalled in the
barameters() in the AV video stream. If the NAL hrd_parameters() are not present in the AVC video stream,|
pb_size shall be the siz€)defined as 1200 x MaxCPB in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 fq
ed level.

e case of an audio elementary stream in a CSPS, unless otherwise specified below, the following applies:

BS, <4096 bytes

e caserof ISO/IEC 13818-7 ADTS audio elementary stream in a CSPS the following applies to support 8 chann

ntary

NAL
then
r the

els:

2.7.1

BS, <8976 bytes

0 Transport stream

Sample rate locking in transport streams

In the transport stream there shall be a specified constant rational relationship between the audio sampling rate and the
system clock frequency in the system target decoder, and likewise a specified rational relationship between the video
frame rate and the system clock frequency. The system clock frequency is defined in 2.4.2. The video frame rate is
specified in Rec. ITU-T H.262 | ISO/IEC 13818-2 or in ISO/IEC 11172-2. The audio sampling rate is specified in ISO/IEC
13818-3 or in ISO/IEC 11172-3. For all presentation units in all audio elementary streams in the transport stream, the
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ratio of system_clock frequency to the actual audio sampling rate, SCASR, is constant and equal to the value indicated
in the following table at the nominal sampling rate indicated in the audio stream.

system _clock _ frequency

SCASR= (2-30)
audio_sample_rate_in_the_ T —STD
X L
The notation 7 denotes real division.
Nominal audio
sampling 16 32 22.05 44.1 24 48
frequency (kHz)
27 000 000 27 000 000 27 000 000 27 000 000 27 000 000 27 000 000
SCASR | e | | i | s | | ] -
16 000 32 000 22 050 44100 24 000 48,000
For 4ll presentation units in each ISO/IEC 11172-2 video and Rec. ITU-T H.262 | ISO/IEC 13818-2 video. stream ip the
trangport stream, the ratio of system_clock frequency to the actual video frame rate, SCFR, is constantand equal tp the
valu¢ indicated in the following table at the nominal frame rate indicated in the video stream.
SCFR — system _clo.ck_frequency d-31)
frame_rate _in_the T —STD
Nominal
frame rate 23.976 24 25 29.97 30 50 59.94 60
(Hz)
SCFR 1126 125 1 125000 1 080 000 900 900 900000 540 000 450450 450 0pO
The yalues of the SCFR are exact. The actual frame rate differs slightly from the nominal rate in cases where the norpinal
rate 1s 23.976, 29.97, or 59.94 frames per second.

For ISO/IEC 14496-2 video streams carried in a transport streaim, the time base of the ISO/IEC 14496-2 video stream, as
defifed by vop_time increment resolution, shall be locked to the STC and shall be exactly equal to N fimes
systqm_clock frequency divided by K, with N and K intégers that have a fixed value within each visual object sequgnce,
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
vide¢ stream shall be locked to the system clo¢k/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 valug within each AVC video sequence and K greater than or equal to N. For exaipnple,
if th¢ time scale is set to 90 000, thén-the frequency of the AVC time base is exactly equal to system clock frequency
divided by 300.

2.8

The |program stream{0f~this Recommendation | International Standard is defined to be forward compatible [with
ISOJEC 11172-1. Deeoders of the program stream as defined in this Recommendation | International Standard shall also
suppprt decoding of ISO/IEC 11172-1.

Compatibility with ISO/IEC 11172

2.9 Registration of copyright identifiers

2.9.1

Val 1
allilr ar

Parts 1, 2 and 3 of ISO/IEC 13818 provide support for the management of audiovisual works copyrighting. In Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 this is by means of a copyright descriptor, while Rec. ITU-T H.262 | ISO/IEC 13818-2 and
ISO/IEC 13818-3 contain fields for identifying copyright holders through syntax fields in the elementary stream syntax.
This Recommendation | International Standard presents the method of obtaining and registering copyright identifiers in
Rec. ITU-T H.222.0 | ISO/IEC 13818-1.

Rec. ITU-T H.222.0 | ISO/IEC 13818-1 specifies a unique 32-bit copyright identifier which is a work type code identifier
(such as ISBN, ISSN, ISRC, etc.) carried in the copyright descriptor. The copyright identifier enables identification of a
wide number of Copyright Registration Authorities. Each Copyright Registration Authority may specify a syntax and
semantic for identifying the audiovisual works or other copyrighted works within that particular copyright organization
through appropriate use of the variable length additional copyright info field which contains the copyright number.
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In the following subclause and Annexes L, M and N, the benefits and responsibilities of all parties to the registration of
copyright identifier are outlined.

2.9.2 Implementation of a Registration Authority (RA)

ISO/TEC JTC 1 shall call for nominations for an international organization which will serve as the Registration Authority
for the copyright_identifier as defined in 2.6.24. The selected organization shall serve as the Registration Authority. The
so-named Registration Authority shall execute its duties in compliance with Annex H/JTC 1 Directives. The registered
copyright identifier is hereafter referred to as the Registered Identifier (RID).

Upon selection of the Registration Authority, JTC 1 shall require the creation of a Registration Management Group
(RMG) which will review appeals filed by organizations whose request for a RID to be used in conjunction with
Rec. ITU-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 tegistration descriptor of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 is provided by this text in orderto enable usqrs of
this Ppecification to unambiguously carry 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 subclause and Annexes O and P, the benefits and responsibilitiés~of all parties to the registratign of
private data format are outlined.

2.10{2 TImplementation of a Registration Authority (RA)

ISO/IEC JTC 1/SC 29 shall call for nominations from member bodies of. ISO or National Committees of IEC which will
servg¢ as the Registration Authority for the format_identifier as defined'in 2.6.8 and 2.6.9. The selected organization [shall
servg as the Registration Authority. The so-named Registration Authority shall execute its duties in compliance [with
Anngx H/JTC 1 Directives. The registered private data format_identifier is hereafter referred to as the Registered Identtifier
(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 an RID to be used in conjunction with this
Spedification has been denied by the Registration Authority.

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

2.11] Carriage of ISO/IEC 14496 data

2.11]1 Introduction

A Rgc. ITU-T H.222.0 | ISQAEC 13818-1 stream may carry individual ISO/IEC 14496-2 and 14496-3 elementary strpams
as wgll as ISO/IEC 1449651 audiovisual scenes with its associated streams. Typically, the ISO/IEC 14496 streamgq will
be elements of a RecSITU-T H.222.0 | ISO/IEC 13818-1 program, as defined by the PMT in a transport stream anf the
in a program_stréam.

e carriageof ISO/IEC 14496 data in transport streams and program streams, distinction is made between indivjdual
ntaryystreams and an ISO/IEC 14496-1 audiovisual scene with its associated streams. For carriage of indivjdual
ISO/JEC14496-2 and 14496-3 elementary streams, only system tools from Rec. ITU-T H.222.0 | ISO/IEC 13818 are
used| ds/defined in 2.11.2. For carriage of an audiovisual ISO/IEC 14496-1 scene and associated ISO/IEC 19496
elementary streams, contained in ISO/IEC 14496-1 SL_packetized streams or FlexMux streams, tools from both Rec.
ITU-T H.222.0 | ISO/IEC 13818-1 and from ISO/IEC 14496-1 are used, as defined in 2.11.3.

Carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams is specified
in 2.14.

Carriage of ISO/IEC 14496-17 text streams over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams is specified in 2.15.
2.11.2  Carriage of individual ISO/IEC 14496-2 and 14496-3 Elementary Streams in PES packets

2.11.2.1 Introduction

Individual ISO/IEC 14496-2 and 14496-3 elementary streams may be carried in PES packets as PES packet data bytes.
For PES packetization no specific data alignment constraints apply. For synchronization PTSs and, when appropriate,

120 Rec. ITU-T H.222.0 (10/2014)


https://standardsiso.com/api/?name=515ae574dbe8ca830b6cca24b65bcf5c

ISO/IEC 13818-1:2015 (E)

DTSs are encoded in the header of the PES packet that carries the ISO/IEC 14496 elementary stream data; for PTS and
DTS encoding the same constraints apply as for ISO/IEC 13818 elementary streams. See Table 2-95 for an overview of

how

to carry individual ISO/IEC 14496 streams within a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream.

Table 2-104 — 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 PTS or DTS is present in the PES packet header it shall refer to the visual object that follows either the first VOP start
code or the first still texture object startcode that commences in the PES packet. Each ISO/IEC 14496-2 video stream
carried by Rec. ITU-T H.222.0 | ISO/IEC 13818-1 shall contain the information required to decode the ISO/IEC 14496-2
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stream;, consequently the stream shall contain Visual Object sequence Headers, Visual Object Headers and V
ct Layer Headers.

e case of an ISO/IEC 14496-3 elementary stream signalled by a stream_type value of 0x11, before PES packetiz
lementary stream data shall be first encapsulated in the LATM transport syntax defined in ISO/IEC 14496-3. In
e, if a PTS is present in the PES packet header it shall refer to the first audio frame that follows the first sync
ommences in the payload of the PES packet.

e case of an ISO/IEC 14496-3 elementary stream signalled by a stream_type value of Ox1€, the first byte of

frame shall be the first byte of the payload of a PES packet; prior to PES packetization no encapsulation i
ional transport syntax shall be applied. An audio frame from an ISO/IEC 14496-3 elementary stream signalled
m_type value of 0x1C may be fragmented for carriage in multiple PES packets. In the PES packet heade
lalignment_indicator shall be set to '1' in each PES packet that carries a commplete such audio frame or the
hent thereof. The data_alignment indicator shall be set to '0' for PES packets carrying subsequent (non-
hents of an audio frame.

age of individual ISO/IEC 14496-2 and ISO/IEC 14496-3 elementaty*streams in PES packets shall be identifig
ppriate stream_id and stream_type values, indicating the use of ISO/IEC 14496-2 Visual or 14496-3 Audi
ion, such carriage shall be signalled by the MPEG-4_video descriptor or MPEG-4_audio descriptor, respecti
e descriptors shall be conveyed in the descriptor loop for thétespective elementary stream entry in the Program
b in case of a transport stream or in the Program Stream Map, when present, in case of a program stream. Rec. I
2.0 | ISO/IEC 13818-1 does not specify presentation ofISO/IEC 14496-2 and ISO/IEC 14496-3 elementary str
e context of a program.

age of an individual ISO/IEC 14496-17 text stteams in PES packets shall be identified by appropriate stream_id
m_type values, indicating the use of ISO/IEC-14496-17 text.

2.2 STD extensions for individual ISO/IEC 14496 elementary streams

[-STD model includes a transport-buffer TB, and a multiplex buffer B, prior to decoding of each individual ISO
6 elementary stream n. Note.that in the T-STD the single multiplex buffer B, is also applied for ISO/IEC 144
, as indicated in Figure 2-4,\instead of the approach with two buffers MB, and EB, used for ISO/IEC 13818-2 y
p T-STD. For buffers TB, and B, and the rate Rx, between TB, and B, the following constraints apply.
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Figure 2-4 — T-STD model extensions for individual ISO/IEC 14496 elementary streams
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In case of carriage of an ISO/TEC 14496-2 stream:
Size BS, of Buffer By:

BS, = BSmux + BSon + VBVmax[profile,level]

where:

BS.n, packet overhead buffering, is defined as:

BSon= (1/750) seconds x max {Rmax[profile,level], 2 000 000 bit/s}
and:

BSmux, additional multiplex buffering, is defined as:

BSmux = 0.004 seconds X max {Ruax| profile,level], 2 000 000 bit/s}
Rate Rxy:

Rx, = 1.2 x Rpmax[profile,level]

where:

VBVmax[profile,level] and Rmax[profile,level] are defined in ISO/IEC 14496-2 for ‘each profile and level.
For profiles and levels for which no VBV value is specified, the size of By and the rate Rx, are{ user
defined.

For garriage of an ISO/IEC 14496-3 audio stream the following applies.
Size BS, of Buffer B,, whereby BS,, = BSux + BSdec + BSon:
For ISO/IEC 14496-3 audio, except for ISO/IEC 14496-3 DST, ALS and SLS:
BS, = 3584 bytes if 1-2 channels

Here, the size of the access unit decoding buffer BSqcc, and the PES packet overhead buffer(BSqp
are constrained by: BSq.c + 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 accesq unit
buffering BS4ec, BSon and additional multiplexing.

BS, = 8976 bytes if 3-8 channels
BS, = 12804 bytes if 9-12 channels
BS, = 51216 bytes if 13-48-charinels
For ISO/IEC 14496-3 DST-64,3ALS and SLS audio:
if number of audio channels <= 8 then BS, =1 600 000 bytes,
else BS, 5200°000 x (number of audio channels) bytes.
For ISO/IEC 1449673 DST-128 audio:
BS, = 4600-000 x (number of audio channels) bytes.
For ISO/TEC 14496-3 DST-256 audio:
BSi’= 800 000 x (number of audio channels) bytes.
Rate Rx¥:
For ISO/IEC 14496-3 audio, except for ISO/IEC 14496-3 DST, ALS and SLS:
Rx, =2 000 000 bit/s if 1-2 channels

R —— 5520 600 bat/c 1 £2 Q obonogle
X Ovo-ottrsTt o

..........

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.
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The P-STD model includes a multiplex buffer B, prior to decoding of each individual ISO/IEC 14496 elementary
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.

2.11.3  Carriage of audiovisual ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams

2.11.3.1 Introduction

This clause describes the encapsulation and signalling when an audiovisual scene represented by ISO/IEC 14496 data is
carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program stream or transport stream. ISO/IEC 14496 content consists
of the initial object descriptor and a variable number of streams such as object descriptor streams, scene description
streams (carrying either BIFS-Command or BIFS-Anim access units), IPMP streams, OCI streams and audiovisual
streams. Each of the ISO/IEC 14496 streams shall be contained in an SL-packetized stream and may optionally be
multiplexed into a FlexMux stream, both defined in ISO/IEC 14496-1. For carriage in Rec. ITU-T H.222.0 |
ISO/TET T38T8-T program stream or transport stream, these SL-packetized streams and FIeXMUX streams shall cohtain
encoded Object Clock Reference (OCR) and FlexMux Clock Reference (FCR) fields as specified in 2.113.4 and
in 2.111.3.5, respectively. The SL-packetized streams or FlexMux streams are then encapsulated either in PES.packgts or
in ISO_IEC 14496 sections prior to transport stream packetization and multiplexing or program stream ‘multipleking.
ISO |IEC 14496 sections are built on the long format of H.222.0 | ISO/IEC 13818-1 sections.

Addftionally, an ISO/IEC 14496 audiovisual scene may refer to non SL-Packetized stt¢ams carried ifi an
Rec.|ITU-T H.222.0 | ISO/IEC 13818-1 transport stream using a "pid://PID_NUMBER" URL’scheme instead|of a
"od:/OD_ID" URL scheme.

ISO/JIEC 14496 streams may derive their time base from the PCR of the program through\thie OCR_ES ID mechan{sm.

2.11{3.2 Assignment of ES_ID values

An ISO/IEC 14496-1 scene carried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream may associate a numbger of
ISOMEC 14496, ISO/IEC 13818 and other streams by the use of the ES-JD parameter. The scene and the assocjated
streams may be carried over the same Rec. ITU-T H.222.0 | ISO/IECA3818-1 stream, but a scene may also refefence
streajns carried elsewhere, for example over an IP network. How to, identify such other means is not defined in this
Spedification.

ISO/MJEC 14496-1 defines name scoping rules for identifiers. These rules allow the same ES_ID value to be used foy two
diffefent streams within ISO/IEC 14496 content. When on¢ or multiple ISO/IEC 14496-1 scenes are carried|in a
Rec.|ITU-T H.222.0 | ISO/IEC 13818-1 Program, dupligate 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 ip the
program.

2.113.3 Timing of ISO/IEC 14496 scenes.and associated streams

Wheh carried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the object time base of each ISO/IEC 14496 stfeam
shall|be locked to the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 STC, that is:

If X(t) = fstc(t)/ fobject(t)

then [the value of X(t) shall'be constant at any time t.

wheile:
fuc(t) denotes the intended frequency of the STC at time t, i.e., 27 000 000 Hz

fosicct(t)  denotes the frequency of the object time base at time t

The pbject time base of ISO/IEC 14496 streams carried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream is convleyed
as folllows:

—  The object time base of an SL-packetized stream carried in PES packets without the use of the FlexMux
shall be conveyed by coded OCRs in the SL packet header of that stream. See 2.11.3.4.

—  The object time base of SL-packetized streams carried in PES packets within a FlexMux stream shall be
conveyed by FCRs in that FlexMux stream. See 2.11.3.5. Consequently, all ISO/IEC 14496 streams
contained within the same FlexMux stream share the same object time base.

—  The object time base of an SL-packetized stream carried in sections shall be conveyed by another ISO/IEC
14496 stream within the transport stream or program stream as indicated by the OCR_ES D field in the
ES descriptor for that stream.

—  The object time base of an SL-packetized stream whose OCR_ES ID identifies a non SL-packetized
stream with a PID equal to the PCR PID is fstc(t) / 300
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The following constraints shall apply for encoding of OCRs and FCRs in SL-packetized streams and FlexMux streams
carried over a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream:

—  The OCRs and FCRs in each SL-packetized stream and each FlexMux stream associated with the same

scene shall have the same resolution.

—  The resolution of OCRs and FCRs for a scene, f., shall have a value smaller than or equal to 90 000

Hz.

—  The ratio (fu(t)/300)/f., shall be an integer value larger than or equal to one. Consequently the resolution
of the OCR and FCR syntax elements may only take values such as 90 000 Hz, 45 000 Hz, 30 000 Hz,

22 500 Hz, 18 000 Hz, etc.

Within the above constraints and the ISO/IEC 14496-1 constraint that the resolution f, shall represent an integer number
of cycles per second, f.: can be selected as appropriate for the scene.

The
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SO/IEC 14496 time stamps coded in the SL packet header shall refer to instants of the object time base of the st
bd in the SL packet. The resolution of each such time stamp shall be of a factor 2% smaller than the resolution-(
s or FCRs associated with the stream, with k a positive integer larger than or equal to zero. To achieye’the
around, the length of the time stamp fields, TimeStampLength, shall be k bit smaller than the length.0f'the O(
field, OCRLength and FCRLength, respectively. Hence for each stream the following conditions’ shall appl
ding of time stamps:

—  TimeStampResolution = (OCRResolution or FCRResolution respectively)/2¥, with k a positive in|
larger than or equal to zero. ISO/IEC 14496-1 requires TimeStampResolution to represent an in
number of cycles per second.

—  TimeStampLength = OCRLength or FCRLength respectively — k.

b]_-packetized streams inheriting their object time base from the PCR PID, the\following considerations apply:
—  TimeStampResolution = 90000 / 2k, with k a positive integerdarger than or equal to zero.
—  TimeStampLength = 33-k.

L-packetized streams carrying an OCR, the relationship betweena value of the STC and the corresponding val

bject time base of a stream is established by associating PTS*fields in PES packet headers with the OCR or F(
pcket headers and FlexMux Stream packets respectively,.as(specified in 2.11.3.6 and 2.11.3.7.

b]_-packetized streams inheriting their time base from the PCR, the object time base of such a stream is f(t) /

3.4 Delivery timing of SL-packetized streams

hrry ISO/IEC 14496 content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, ISO/IEC 14496-1 SL-packe
ms are used. In each SL-packetized- §tream carried in a PES packet without the use of FlexMux
tClockReference field shall be encodéd as follows:

1) An objectClockReference (OCR) field shall be present in the first SL packet header of a SL-packe
stream.

2) The SL-packetized stream shall be constructed such that the time interval between the bytes containin
last bit of successive OCR fields shall be less than or equal to 0.7 s. Thus:

[t@")—t(i") <=0.7s

for\all'i’ and i” where i' and i” are the indexes of the bytes containing the last bit of consecutive OCR f
inthe SL-packetized stream.

objectClockReference is encoded in an SL packet header, also the instantBitrate field shall be coded.
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Next to SL-packetized streams also the ISO/IEC 14496-1 FlexMux tool may be used to carry ISO/IEC 14496 content in
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams. The payload of FlexMux packets shall consist of SL packets as specified
in ISO/IEC 14496-1. In each FlexMux stream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream the
fmxClockReference field shall be encoded as follows:

1) An fmxClockReference (FCR) field shall be present in the first FlexMux packet of a FlexMux stream.
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2) The FlexMux stream shall be constructed such that the time interval between the bytes containing the last

bit of successive FCR fields shall be less than or equal to 0.7 s. Thus:

[t(@")—t(i") <=0.7s
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for all i’ and 1” where i" and i” are the indexes of the bytes containing the last bit of consecutive FCR fields

in the FlexMux stream.

3) Al ISO/IEC 14496 time stamps within the SL-packetized streams carried within a FlexMux stream
refer to instants of the object time base conveyed by the FCR fields in the FlexMux stream.
SL-packetized streams carried in FlexMux packets need not carry OCR fields. If OCR fields are pre
they may be ignored.

3.6 Carriage of SL-packetized streams in PES packets
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A single ISO/IEC 14496-1 SL-packetized stream may be mapped into a single PES stream. One and only one SL packet
from an SL-packetized stream shall constitute the payload of one PES packet. PES packets that carry an SL-packetized
stream shall be identified by stream_id = OXxFA in the PES packet header.
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h an OCR field is coded in the SL packet header, a PTS shall be encoded in the header of the PES packet that cé
SL packet header. This PTS shall be encoded with the 33-bit value of the 90-kHz portion of the STC that corresp
e value of the object time base at the instant in time indicated by the OCR.

ES 1D associated with the SL-packetized stream shall be signalled by an SL descriptor as specified in*2.6.46.

3.7 Carriage of FlexMux streams in PES packets

packets with a payload consisting of FlexMux packets shall be identified by stream_id. = O0xFB in the PES p
er. An integer number of FlexMux packets shall constitute the payload of one PES packet; i.¢., the payload of a

et

fmxClockReference (FCR) field is encoded in one of the FlexMux packet§.contained in a PES packet, then a

t value of the 90-kHz portion of the STC that corresponds to the value-efithe object time base of the FlexMux st
b instant in time indicated by the FCR. In case multiple FlexMux packets with an encoded FCR field are cont:
PES packet, the PTS shall correspond to the time indicated by the.ECR in the first such FlexMux packet encoun|
e payload of the PES packet.

ES IDs associated with each SL-packetized stream conyeyed in the FlexMux stream shall be signalled by an
iptor as specified in 2.6.44.

3.8 Carriage of SL packets and FlexMux packets in sections
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e 2-105 shows the syntax of SO IEC 14496 sections defined to convey ISO/IEC 14496-1 elementary strg
fied by the table id as eithef object descriptor stream data, scene description stream data or any other ISO/IEC 1
In data. Object descriptgr stream data consists of an Object Descriptor Table that comprises a number of o
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consists of a Scene Description Table that may comprise a number of BIFS commands. The Scene Description 1
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bss its payload, However, the payload of sections shall be processed in the correct order, as indicated by the val
ection_nuibger field in the ISO_TEC 14496 section header bytes. Other ISO/IEC 14496 stream data consists
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Table 2-105 — Section syntax for transport of ISO/IEC 14496 stream

tabl¢
indig
indid
indid

Syntax No. of bits | Mnemonic
ISO_IEC 14496 section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
reserved 2 bslbf
ISO_IEC _14496_section_length 12 uimsbf
table_id_extension 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
if (PMT has_SL_descriptor(current_PID)) {

SL_Packet()
}
else if (PMT _has FMC_descriptor(current PID)) {

for 1=1;1<N;it++)

FlexMuxPacket()

}
else {

for 1=1;1<N;it++)

reserved 8 bslbf
}
CRC_32 32 rpchof

}

ates an ISO_IEC 14496 section that carries an ISO/IEC 14496-1 scene description stream. A value of '
ates an ISO_IEC 14496 section that carriesvan ISO/IEC 14496-1 object descriptor stream. A value of '
ates an ISO_IEC 14496 section that carries other ISO/IEC 14496 streams.

_id — This 8-bit field shall be set to '0x04", '0x05', ¢r.'0x08', in case of an ISO_IEC 14496 section. A value of ‘1;)(04'

sectipn_syntax_indicator — This 1-bit field-shall be set to '1'.
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hte_indicator — This 1-bit field-Shall not be specified by this Specification.

[ IEC_14496_section_length » This 12-bit field shall specify the number of remaining bytes in the se
pdiately following the ISO JIEC 14496 section_length field up to the end of the ISO_IEC 14496 section. The
s field shall not exceed4093 (0XxFFD).

_id_extension < This 16-bit field shall not be specified by this Specification; its use and value are defined b

on_number’— This 5-bit field shall represent the version number of the Object Descriptor Table or Scene Descri
e respectively. The version number shall be incremented by 1 modulo 32 with each new version of the table. Ve
ol iS\at'the discretion of the application.
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section_number — This 8-bit field shall represent the number of the ISO_IEC 14496 section. The section_number field
of the first ISO_IEC 14496 section of the Object Descriptor Table or the Scene Description Table shall have a value
equal to 0x00. The value of section_number shall be incremented by 1 with each additional section in the table.

last_section_number — This 8-bit field shall specify the number of the last section of the Object Descriptor Table or

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
descriptor loop in the Program Map Table for the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program element that conveys
this ISO_IEC 14496 section.

SL_Packet() — A sync layer packet as specified in 10.2.2 of ISO/IEC 14496-1.
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PMT_has_FMC_descriptor(current_PID) — A pseudo function that shall be true if an FMC descriptor is contained in
the descriptor loop in the Program Map Table for the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program element that
conveys this ISO_TEC 14496 section.

FlexMuxPacket() — A FlexMux packet as specified in 11.2.4 of ISO/IEC 14496-1.

CRC_32 — This 32-bit field shall contain the CRC value that gives a zero output of the registers in the decoder defined
in Annex A after processing the entire ISO_IEC 14496 section.

2.11.3.9 T-STD extensions

2.11.3.9.1 T-STD Model for 14496 content

Figure 2-5 shows extensions of the Transport System Target Decoder for delivery of ISO/IEC 14496 program elements
encapsulated in Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport streams.

_____________________________
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Figure:2-5 — T-STD model for ISO/IEC 14496 content

The following notation is uSed-in Figure 2-5 and its description:

TB,. “9the transport buffer.

MB," is the multiplex buffer for FlexMux stream n or for SL-packetized stream n.
FB.p is the FlexMux buffer for the elementary stream in FlexMux channel p of FlexMux stream|n.
DBy, s the decoder buffer for the elementary stream in FlexMux channel p of FlexMux stream 1.

DB, is the decoder buffer for elementary stream n.

D, is the decoder for elementary stream n.

Rx, 1is the rate at which data are removed from TB;.
Rbx, is the rate at which data are removed from MB,.

Anp(j) is the jth access unit in elementary stream in FlexMux channel p of FlexMux stream n. Ap(j) is
indexed in decoding order.

An(j) 1is the jth access unit in elementary stream n. Ay(j) is indexed in decoding order.

Tdnp(j) 1s the decoding time, measured in seconds, in the system target decoder of the jth access unit in
elementary stream in FlexMux channel p of FlexMux stream n.
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Tda(j) 1is the decoding time, measured in seconds, in the system target decoder of the jth access unit in
elementary stream n.

Coup(k) is the kth composition unit in elementary stream in FlexMux channel p of FlexMux stream n.
Crp(k) results from decoding Anp(j). Crp(k) is indexed in composition order.
Cu(k) 1is the kth composition unit in elementary stream n. Cy(k) results from decoding Ax(j). Cn(k) is
indexed in composition order.
tenp(k)  is the composition time, measured in seconds, in the system target decoder of the kth composition
unit in elementary stream in FlexMux channel p of FlexMux stream n.

ten(k)  is the composition time, measured in seconds, in the system target decoder of the kth composition
unit in elementary stream n.
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decoder.

2.113.9.2 Processing of FlexMux streams

Complete transport stream packets containing data from FlexMux stream n are passed to the transport buffer for FlexMux
stream n, TB,. The size of TB, is fixed at 512 bytes. All bytes that enter TB, are removed from TB, at'arate Rx,, spegified
by the TB_leak rate field in the MultiplexBuffer descriptor associated with FlexMux stream n, When there is no data in
buffgr TB,, rate Rx, is equal to zero. Duplicate transport stream packets are not delivered to MB.

In case of carriage in PES packets, the PES packet header and payload data bytes are deligered to buffer MB,; all pther
byteg leaving TB, do not enter MB,, and may be used to control the gystem. In case of carriage in
ISO |IEC 14496 sections, the section header, payload and CRC-32 data bytes are deliyered to buffer MB,,; all other bytes
do npt enter MB,, and may be used to control the system. In either case, theksize of MB,, shall be specified by the
MB |buffer size field in the MultiplexBuffer descriptor.

The FlexMux Stream packet bytes in buffer MB,, are all delivered to their associated FlexMux buffer at the rate spedified
by the field fmxRate encoded in the FlexMux stream and in compliange with the FlexMux buffer model defined in 1][.2.9
of ISO/IEC 14496-1. Only FlexMux packet payload data bytes inElexMux channel p of FlexMux stream n enter buffer
FByf FlexMux packet header bytes in FlexMux channel p of FlexMux stream n are discarded and may be used to control
the system. The rate specified by the fmxRate field shall be applicable for all FlexMux packets in the stream immediptely
following the FlexMux Clock Reference channel packet upito the next encountered FlexMux Clock Reference chgnnel
packet. When there is no FlexMux stream data present in®MB,, no data is removed from MB,. Bytes from the PES packet
headpr or from the ISO_IEC 14496 section header that immediately precede a FlexMux header are instantanegusly
remgved 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 Streapmipacket in the section payload are removed instantaneously and discgrded
and nay be used to verify the integrity of the'data. Bytes from the FlexMux Clock Reference channel are instantanegusly
remgved and discarded and may be used.tofock the ISO/IEC 14496 object time base to the STC. When there is no| PES
packkt or section payload data bytes, respectively present in MB,, no data is removed from MB,,. All data that enters|MB,
leavgs 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 qgach channel p of a FléxMux stream n, the size of FlexMux buffer FBy, is defined using the FmxBufferSize descriptor.
FlexMux packet paylpad-bytes are transferred from buffer FB,, to decoder buffer DB, in compliance with the FlexMux
buffgr model defingd.in’ 11.2.9 of ISO/IEC 14496-1. Only SL packet payload bytes in FlexMux channel p of FlexMux
streajn n enter buffer DB,,. The SL packet header bytes in FlexMux channel p of FlexMux stream n are discarded and
may [be used to'control the system.

2.11{3.94 Y Processing of SL-packetized streams

PO eai-packets-containine-datatrom-ol—packetized-streamn-are-passed-to-the-transport-bufferfor SL-
packetized stream n, TB,. All bytes that enter TB, are removed at a rate Rx,, specified by the TB_leak rate field in the
MultiplexBuffer descriptor. When there is no data in buffer TB,, rate Rx, is equal to zero. Duplicate transport stream
packets are not delivered to MB;,.

In case of carriage in PES packets, the PES packet header and payload data bytes are delivered to buffer MB,; all other
bytes leaving TB, do not enter MB,, and may be used to control the system. In case of carriage in
ISO _TEC 14496 sections, the section header, payload and CRC-32 data bytes are delivered to buffer MBy; all other bytes
do not enter MB, and may be used to control the system. In either case the size of MB,, is specified by the MB_buffer size
field in the MultiplexBuffer descriptor.

The SL-packetized stream bytes in buffer MB;, are all delivered to the decoder buffer DB, at the rate specified by the field
instantBitRate encoded in the SL-packetized stream and in compliance with the System Decoder Model defined in 7.4 of
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ISO/IEC 14496-1. The rate specified by the instantBitRate field shall be applicable for all data bytes in the SL-packetized
stream immediately following the instantBitRate field in the SL packet header up to the next encountered instantBitRate
field. If there are no SL-packetized stream bytes in MBy, no bytes are removed from MB,. Bytes from the PES packet
header or from the ISO IEC 14496 section header that immediately precede a SL packet header are instantaneously
removed and discarded and may be used to control the system. Bytes from the ISO _IEC 14496 section CRC-32 fields
that immediately follow the last SL packet payload byte in the section are removed instantaneously and discarded and
may be used to verify the integrity of the data. When there are no PES packet or section payload data bytes, respectively
present in MB,, no data is removed from MB,. All data that enters MB,, leaves it. All PES packet payload bytes of stream
n enter buffer DB, instantaneously upon leaving MB,, with the exception of the SL packet 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.
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sport streams shall be constructed so that conditions defined in this subclause are satisfied.

shall not overflow and shall be empty at least once every second. MB,, shall not overflow. FB,, shall-not over
and DB, shall neither underflow nor overflow. Underflow of DB, occurs when one or more bytes of an access
ot present in DBy, at the decoding time associated with this access unit. Underflow of DB, occurs When one or
of an access unit are not present in DB, at the decoding time associated with this access uni.

3.10 Carriage within a transport stream

3.10.1 Overview

nsport stream may contain one or more programs, each described by a ProgramMap Table. ISO/IEC 14496 co
pe conveyed in addition to the already defined stream types for such a program. Elements of the ISO/IEC 1
bnt may be conveyed in one or more Rec. ITU-T H.222.0 | ISO/IECA3818-1 program elements referenced
he PID value within a transport stream. As a special case, it is posg§ible that a program within a transport st
sts only of ISO/IEC 14496 program elements. ISO/IEC 14496 content associated with a program and carried i
port stream shall be referenced in the Program Map Table of thatprogram. An initial object descriptor shall be
fine an ISO/IEC 14496-1 scene; the use of this descriptor is specified in 2.11.3.10.2.

age of ISO/IEC 14496 content in a PID is signalled by»a\stream_type value of 0x12 or 0x13 in the Program
e in association with that PID value. A value of Ox12ndicates carriage in PES packets. The stream_id field i
packet header signals whether the PES packet contdins a single SL packet or a number of FlexMux packe
m_type value of 0x13 in the Program Map Table'indicates that the program element carries an object desci
m or a BIFS-Command stream contained in s€etions. In this case the table id in the section header indicates wh|
bject descriptor stream is carried in the, sections or a BIFS-Command stream. See also Table 2-106. The se
iins either a single SL packet or a numberof FlexMux packets, as indicated by the presence of an SL descriptot

descriptor respectively in the descriptor loop of the Program Map Table for the Rec. ITU-T H.22

D values changes, the Programi Map Table shall be updated and the version_number of the PMT shall be incremg
modulo 32. An examplé€ of a content access procedure for ISO/IEC 14496 program components within a tran
m is given in Annex R:

Table2-106 — 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
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[EC 13818-1 program element that\carries the sections. When ISO/IEC 14496 content is carried, the SL descyiptor
and the FMC descriptor shall specify)the ES_ID for each encapsulated ISO/IEC 14496 stream. When the assignme

nt of
ented
sport

Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream_id ='1111 1010,

SL packets

Carriage in ISO_IEC _ Stream_type = 0x13 Table_id = 0x05

ISQ

IEC 14496-1 14496 sections

object descriptor

streams
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SL packets followed by
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Carriage in PES packets

Stream_type = 0x12

Stream id ='1111 1011

Carriage in ISO_IEC_
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Table_id = 0x05

ISO/IEC 14496-1
scene description
streams

Encapsulation in
SL packets

Carriage in PES packets

Stream_type = 0x12

Stream id ='1111 1010’

Carriage in ISO_IEC_
14496 _sections

Stream_type = 0x13

Table_id = 0x04

Encapsulation in

SL packets followed by
Multiplex into FlexMux
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Carriage in PES packets

Stream_type = 0x12

Stream id='1111 1011"

Carriage in ISO_IEC _
14496 _sections

Stream_type = 0x13

Table id = 0x04
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Table 2-106 — 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

All other ISO/IEC | Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream id ='1111 1010’
14496 streams SL packets
Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream id ='1111 1011"

SL packets followed by
Multiplex into FlexMux
packets

2.11.3.10.2  Initial Object Descriptor

In cajse of carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496-1 1nitial object descriptor serves as the 1nitial agcess

point to all associated

streams. The initial object descriptor shall be conveyed in the IOD descriptor located-ip the

desctiptor loop immediately following the program_info length field in the Program Map Table of the programto which

the scene is associated.

It contains ES Descriptors identifying the scene description and object descriptor streamq that

form| part of this program. It may also contain ES Descriptors identifying one or more associated [IPMP or OCI strdams.

Identification of streams is done by means of ES_IDs as specified in clause 8 of ISO/IEC 14496-1,

2.11{3.11 P-STD Model for 14496 content
Figure 2-6 shows the STD model when ISO/IEC 14496 systems data are carried in a progfanr’stream.
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Figure 2-6 — P-STD model for ISO/IEC 14496 Systems stream

is used in Figure 2-6 and its description:

is the input buffer for FlexMux stream n or for SL-packetized stream n.

FBup
DB,
DB,
Dap
Ds
Au(j)

Aa(j)
Tdup(j)

is the FlexMux buffer for the elementary stream in FlexMux channel p of FlexMux stream n.
is the decoder buffer for the elementary stream in FlexMux channel p of FlexMux stream n.
is the decoder buffer for elementary stream n.

is the decoder for elementary stream in FlexMux channel p of FlexMux stream n.

is the decoder for elementary stream n.

is the jth access unit in elementary stream in FlexMux channel p of FlexMux stream n. Ayp(j) is
indexed in decoding order.

is the jth access unit in elementary stream n. Ax(j) is indexed in decoding order.

is the decoding time, measured in seconds, in the system target decoder of the jth access unit in
elementary stream in FlexMux channel p of FlexMux stream n.
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Tda() 1is the decoding time, measured in seconds, in the system target decoder of the jth access unit in
elementary stream n.

Cop(k) is the kth composition unit in elementary stream in FlexMux channel p of FlexMux stream n.
Crp(k) results from decoding Anp(j). Crp(k) is indexed in composition order.

Cn(k) is the kth composition unit in elementary stream n. Cy(k) results from decoding Ax(j). Cn(k) is
indexed in composition order.

tenp(k)  is the composition time, measured in seconds, in the system target decoder of the kth composition
unit in elementary stream in FlexMux channel p of FlexMux stream n.

ten(k)  is the composition time, measured in seconds, in the system target decoder of the kth composition
unit in elementary stream n.

f({) mdicates-the time in-seconds-atwhich the ith ]'\yfp ofthe prngram stream-enters the cycfpm 1 rget

decoder.

2.113.11.1  Processing of FlexMux streams

At the input of the STD each byte in the payload of PES packets carrying a FlexMux stream, n is transfprred
instaptaneously to buffer B,. The i-th byte enters B, at time t(i). PES packet header bytes do not enteérbuffer 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 B, are 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 channelp-of FlexMux stream n enter buffer
FByf FlexMux packet header bytes in FlexMux channel p of FlexMux stream n are‘discarded and may be used to cqntrol
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 channgl are
instaptaneously removed and discarded and may be used to lock the ISO/FEC 14496 object time base to the STC. When
therd is no PES packet payload data present in By, no data is removed.from B,. All data that enters B, leaves it. Al PES
packpt payload bytes of stream n enter the FlexMux demultiplexerinstantaneously upon leaving Bi.

2.11{3.11.2  Definition of FlexMux Buffer, FBnp

For dgach channel p of a FlexMux stream n, the size of FlexMux buffer FB,;, is defined using the FmxBufferSize descijiptor
if a Program Stream Map is present in the program stream. FlexMux packet payload bytes are transferred from bpffer
FBnp|to decoder buffer DBy, in compliance with theFlexMux buffer model defined in 11.2.9 of ISO/IEC 14496-1. Only
SL packet payload bytes in FlexMux channel p of FlexMux stream n enter buffer DBy,. The SL packet header byfes 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 transfprred
instaptaneously to buffer B,. Th¢ il byte enters B, at time 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 farries stream n. The Sh-packetized stream bytes in buffer B, are delivered to the decoder buffer DB, at thg rate
spec]fied by the field instantBitRate encoded in the SL-packetized stream and in compliance with the System Deg¢oder
Modkl defined in 7.4%QDISO/IEC 14496-1. The rate specified by the instantBitRate field shall be applicable for allf data
byte§ in the SL-packetized stream up to the next encountered instantBitRate field. When there is no PES packet payload
data jpresent in¢By, no data is removed from B,. All data that enters B, leaves it. All bytes of stream n enter buffer{ DB,
instaptaneouskyipon leaving B, with the exception of the SL packet headers. Bytes from the SL packet headers dp not
entell DB¢ and may be used to control the system. The size of decoder buffer DB, is given by the bufferSizeDB df the
DecqderConfigDescriptor defined in ISO/TEC 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 DBy, occurs when one or more bytes of an access unit are not present in DBy, at
the decoding time associated with this access unit. Underflow of DB, occurs when one or more bytes of an access unit
are not present in DB, at the decoding time associated with this access unit.

2.11.3.12 Carriage within a program stream

2.11.3.12.1 Overview

A program stream contains only one program. ISO/IEC 14496 data can be conveyed in addition to the already defined
stream types for such a program. As a special case, it is also possible that a program stream carries only ISO/IEC 14496
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data. If a Program Stream Map is present, ISO/IEC 14496 content carried in the program stream shall be referenced as
follows. Carriage of ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams in SL and FlexMux packets is
indicated by the appropriate stream id and by an initial object descriptor; the use of this descriptor is specified
in2.11.3.12.2. For each carried ISO/IEC 14496 stream the SL descriptor and the FMC descriptor shall specify the ES_ID.
When the assignment of ES ID values changes, the Program Stream Map, if present, 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 14496
content may also be referenced by private means.

For an example of a content access procedure for ISO/IEC 14496 program components within a program stream, see
Annex R.

2.11.3.12.2  Initial object descriptor

In cascof uauiagt: of amrISOAECH4496=1 SCCIIT, theTSOAECH496mitrat U'th:u. dcbuipwl SCTVTS as the Tritatagcess
point to all associated streams. If a Program Stream Map is present in the program stream, the initial object descijiptor
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 Descriptors identifying the scene description and object descifiptor
streams of the scene that form part of this program. It may also contain ES_Descriptors identifying one or more assocfiated
IPMP or OCI streams. Identification of streams is done by means of ES_IDs as specified in clause 880f1SO/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 Rdc. ITU-T H.222.0 | ISO/IEC 13818-1 stream can carry metadata. The format of the metadata may be defined byf ISO
or by any other authority. This subclause 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 decodinlg of
metaldata.

A mgtadata service is defined to be a coherent set of metadata of the’same format delivered to a receiver for a spgcific
purppse. Metadata services are contained in metadata streams;, each metadata stream carries one or more metadata
services. This Specification assumes the notion of metadata Aceess Units within a metadata service. The definitior] of a
Metgdata Access Unit is metadata format specific, but each metadata service is assumed to represent a concatenation (or
a colllection) of metadata Access Units.

Wheh transporting a metadata service over a Rec. IFU-T H.222.0 | ISO/IEC 13818-1 stream, a unique metadata sefvice
id is jassigned to each such service. A metadata service id references uniquely a metadata service among all the metadata
services available on the same transport or program stream, and not unique solely within a metadata stream. The metpdata
service identifier is used to retrieve the mefadata service and all the information needed to decode it.

Decqding 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 metpdata
decofder configuration data shall bejcarried within the same program of the same Rec. ITU-T H.222.0 | ISO/IEC 13§18-1
stream.

Subdlause 2.12.2 discusses\metadata timing, while 2.12.3 provides an overview of tools that are defined for transpgrt 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 tq 2.12.8, and 242:9 specifies metadata related signalling. Finally, the STD model for metadata decoding is spedified
in2.]2.10.

Sinc¢ many forms of metadata may be carried, it is essential to signal both the precise format and encoding off the
metadataj,and the semantic meaning the metadata conveys. The former is signalled by the metadata format, whilp 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.
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When 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 is delivered

over

other means. To achieve this, the time line model of Figure 2-7 is assumed in this Specification.
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Figure 2-7 — Timing model for delivery of content and metadata

data is associated with the audiovisual content, usually in a transport agnostic ways at production or any other
to transport. Where needed, time information is embedded in the metadata to indicate for example specific segn
n the content, using the metadata content time line used in the metadata. For example UTC or SMPTE time d
be used. The time line format is independent of any time code that may, orumay not be embedded in the audiov
m itself. For example, the metadata time line may utilize UTC, while SMPTE time codes are embedded in the Y
m.

following requirements shall be met for each metadata streamy
e no time discontinuities shall occur in the metadata’eontent time line;
»  the metadata content time line shall be locked to the sampling clock of the content;

. each time reference in the metadata stream’refers to the same metadata content time line.

hnsport, a transport-specific timing is associated with the content; this is the delivery time line. In the case of tran|
a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the delivery time line is provided by the System Time Clock
The content may be delivered as a contigubus piece of information, but it is also possible to interrupt the del
e content, for example in the case of news-flash interruptions of a program; in such and other cases timg
ntinuities may occur.

h time references are used inlthe metadata, in the System Target Decoder (STD) these time references are

iated unambiguously with\time values in the received content. To achieve this, a receiver content time li
red. The STC can be used as the receiver content time line, but due to STC discontinuities that may occur, the
not necessarily offer an unambiguous time association. Therefore the NPT (Normal Play Time) concept

[EC 13818-6 DSM-CC is also available for use as the receiver content time line. In any playback mode, su
al, reverse, sloew motion, fast forward, fast backward and still picture, the NPT provides an unambiguous
iation, indefiendent of STC discontinuities, and independent of insertions of other content. Note that a
| referencé\ descriptor needs to be transmitted when the STC rolls over.

M, defined on the metadata content time line to the corresponding receiver time, RT, of the receiver content
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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.
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When using NPT, during playback in any mode at any point in time the offset remains constant between the metadata
time base and the NPT time base. As long as neither STC discontinuities nor insertions with other content occur, the same
is true for the offset in time between the metadata time base and the STC time base, but only in normal playback mode.

For privately defined time lines the offset is also required to be constant, but possibly within constraints not defined in
this Specification.

When synchronous transport of metadata is applied in PES packets or by using the synchronized DSM-CC download
protocol, PTSs are assigned to the metadata. Such PTS may for example indicate the point in time at which the metadata
becomes valid. This implies a priori knowledge of how to associate the metadata to the delivery timing. However,
synchronously transported metadata may also contain time references, which are to be mapped from the metadata content
time line to the receiver content time line using the specified offset between both time lines. See also Figure 2-8.
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Figure 2-8 — Delivery of metadata in PES packets
2.123  Options for transport of metadata

To afknowledge the very diverse characteristics of metadata, a variety of tools is defined to transport the metadataover
aRe¢. ITU-T H.222.0 | ISO/IEC 13818-1 stream.

This|Specification defines two tools for synchronous delivery of the metadata:
»  carriage in PES packets;

*  use of DSM-CC synchrenized download protocol.

In addition, this Specification definesithree tools for asynchronous delivery of metadata:
»  carriage in mefadata sections;

* use of DSM-CC data carousels;

*  use of PSM-CC object carousels.

Notel that some of-the asynchronous transport options support carousels and file structures. The choice of transpor{ tool

depends on the(réquirements that apply to the delivery of the metadata, and the requirements of the tools, as describgd in
the fpllowing subclauses.

Metgdatamay also be carried by private means such as PES packets with stream id value 0xBD or (xBF
(private Lid_ ivate_ Lid_ . ) . . . .

means for carriage of metadata, but allows for signalling of such metadata using the descriptors defined in 2.6.56 up
to 2.6.63.

The basic referencing of metadata services is the same for all tools, using the metadata service id. However, there are
differences per tool. When PES packets, metadata sections, or synchronized DSM-CC download sections are used, data
from each metadata service is explicitly signalled within a metadata stream, using the metadata service id field.
However, when using DSM-CC carousels, this signalling is left at the discretion of metadata applications. Note that this
Specification allows for carriage of a metadata service in a DSM-CC carousel, but does not constrain how many metadata
services can be carried in one DSM-CC carousel.

Metadata decoder configuration data is signalled explicitly when carried in a metadata descriptor, in PES packets with
stream_type 0x15 and stream_id OxFC, in metadata sections or in synchronized DSM-CC download sections. When
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metadata decoder configuration data is carried in a DSM-CC carousel, the signalling of such data is required, but not
defined by this Specification; instead, such signalling is left at the discretion of applications.

2.12.4  Use of PES packets to transport metadata

PES packets provide a mechanism for synchronous transport of metadata. By means of the PTS in the PES packet header
the metadata access units are associated with a certain instant of the STC, without the need for time references in the
metadata. This implies a priori knowledge of how to associate the metadata to the delivery timing. Specific stream_id
and stream_type values are assigned to signal PES packets carrying metadata; see 2.12.9.

When using PES packets with a stream_type of 0x15 and a stream_id of OxFC to transport the metadata, a Metadata
Access Unit Wrapper shall be used as the tool to align PES packets and the metadata Access Units, using
metadata AU _cells. This allows random access indication, whose meaning depends on the format of the metadata, and a
cell sequerncecounterto ety toss of metadata—AS—cetts—Each metadataAccess Uit scarred-amd; i appropriate,
fragmented in one or more metadata AU _cells. In each PES packet that carries metadata, the first PES packet dafa|byte
shall|be the first byte of a Metadata AU _cell. For each metadata Access Unit contained in the same PES packet, the{PTS
in th¢ PES header applies. The PTS signals the time at which the metadata Access Units are decoded instantaneously and
remgved from buffer B, in the STD. Note that the relationship between a decoded metadata Access Unit,and audioviisual
cont¢nt is beyond the scope of this Specification.

A PHS packet may contain a single metadata AU cell. This is useful if a metadata Access Unit dges 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 a program stream, and if a Program StreaniMaép is applied in that program
streajm, then the Program Stream Map shall specify which PES packets contain the assogiated metadata.

2.12/4.1 Metadata Access Unit Wrapper

The metadata Access Unit Wrapper shall be used when carrying metadata Acdcess Units in PES packets with a stream | type
of 0415 and a stream_id value of OxFC or in synchronized DSM-CC dowalead sections of stream_type 0x19. The wrgpper
defirles a structure consisting of a concatenated number of Metadata ‘AU _cells. By coding the size of the contgined
metadata in each metadata AU cell, metadata agnostic parsingcis\possible in receivers: the parser can retriev¢ the
metadata and provide it to a metadata decoder without a priori knowledge on any detail of the metadata.| The
Metgdata AU cell shall be aligned with the transport; that(is the first byte of the payload of the PES packgt or
synchronized DSM-CC download section shall be the first byte of a Metadata AU_cell.

If a |metadata Access Unit does not fit entirely into\a metadata AU cell, then the metadata Access Unit shalll be
fragmented into multiple metadata AU _cells, wherethe fragmentation_indication in each such metadata AU _cell signals
that the metadata AU _cell contains a fragment:

To efich Metadata AU _cell that is contained in‘'the same PES packet or synchronized download section, the PTS as doded
in the header of the PES packet or synchronized download section, respectively, applies.

Table 2-107 — Metadata Access Unit Wrapper

Syntax No. of bits Mnemonic

Metadata® AU _wrapper () {
for 1=0; i <Nj;it++){
Metadata AU cell ()
H
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Table 2-108 — Metadata AU cell

Syntax No. of bits Mnemonic
Metadata AU _cell () {
metadata_service_id 8 uimsbf
sequence_number 8 uimsbf
cell_fragment_indication 2 bslbf
decoder_config_flag 1 bslbf
random_access_indicator 1 bslbf
reserved 4 bslbf
AU_cell_data_length 16 uimsbf
for (i=0; [ <AU_cell data length; i++){
AU_cell_data_byte 8 bslbf
}
}

metgdata_service_id: This 8-bit field identifies the metadata service associated with the metadata Access-Unit cqrried

in th

s metadata AU cell.

sequence_number: This 8-bit field specifies the sequence number of the metadata AU _cell. This number increments by

one

the metadata_service id.

cell ffragment _indication: This 2-bit field conveys information on the metadata Aecess Unit carried in
metadata AU _cell, corresponding to Table 2-109.

for each successive metadata AU _cell constituting the metadata AU _wrapper, independent(@f the coded val

Table 2-109 — Cell fragment indication

Value Description
11 A single cell carrying a complete metadata’ Access Unit.
10 The first cell from a series of cells with'data from one metadata Access Unit.
01 The last cell from a series of cellgwith 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.

e of

this

random_access_indicator: This 1-bit field, when coded with the value 'l', indicates that the metadata carried it this

metal
prev

decoder_config_flag: This 1-bit field sigrals the presence of decoder configuration information in the carried met

Accq
data,

AU |
AU
2.12

For {
using
2.12

meaningdepends on the format of the metadata, and a cell sequence counter to identify loss of metadata AU cel

each

_[cell_data_byte: This 8:bit'field contains contiguous bytes from a metadata Access Unit.

data AU _cell represents an entry point to the'metadata service where decoding is possible without information
ous metadata_ AU _cells. The meaning of a'tandom access point is defined by the format of the metadata.

ss Unit. Note that this does not preclude the presence of metadata in the Access Unit next to decoder configur

cell_data_length: This 16-bit/field specifies the number of AU cell data bytes immediately following.

5  Use of the PSM-CC synchronized download protocol to transport metadata

ynchronizedstsansport, in addition to PES packets, the DSM-CC synchronized download protocol can be used. |
¥ synchrontizéd DSM-CC download sections to transport the metadata, the Metadata Access Unit Wrapper defin|
4.1 shall:be used as the tool to encapsulate metadata Access Units. This allows random access indication, W

DSM-CC synchronized download section that carries metadata, the first byte of the payload shall be the first by

from

hdata
htion

Vhen
ed in
hose
s. In
te of

a Mefadata_AU_cell. For cach 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
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.
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For transport in metadata sections, the metadata Access Units are structured in one or more Metadata Tables. Each
Metadata Table contains one or more complete metadata Access Units from one or more metadata services. Conceptually,
the transport mechanism of Metadata Tables is comparable to the transport mechanism of Program Map Tables and
Program Association Tables. Each Metadata Table may be made up of multiple metadata sections. Each Metadata Table
may contain metadata from multiple metadata services.

Specific 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 decoder configuration
descriptor.

Table 2-110 — Section syntax for transport of metadata

Syntax NO. of bits Mmnemonic
Metadata_section() {
table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
random_access_indicator 1 bslbf
decoder_config_flag 1 bslbf
metadata_section_length 12 uimsbf
metadata_service_id 8 uimsbf
reserved 8 bslbf
section_fragment_indication 2 bslbf
version_number 5 uimsbf
current_next_indicator 1 bslbf
section_number 8 uimsbf
last_section_number 8 uimsbf
for (i=1;1<Nj;it++){
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 'k
private_indicator: This 1-bit field is not specified by-this Specification.
random_access_indicator: This 1-bit field, when\coded with the value 'l', indicates that the metadata carried ir this
metaldata section represents an access point to_the metadata service where decoding is possible without information from
previous metadata sections. The meaning of a'random access point is defined by the format of the metadata.

dealder_conﬁg_ﬂag: This 1-bit field,'when coded with the value '1', indicates that decoder configuration information is
pres¢nt in the metadata Access Unitoarried in this metadata section.

metgdata_section_length: This“#2-bit field shall specify the number of remaining bytes in the section immediptely
following the metadata seetion length field, and including the CRC. The value of this field shall not exceed
4093 (0xFFD).

metgdata_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.

sectipn_fragment indication: This 2-bit field conveys information on the fragmentation of the metadata Accesq unit
carripd in this'metadata section, corresponding to Table 2-111.

Table 2-111 — Section fragment indication

Value Description
11 A single metadata section carrying a complete metadata Access Unit.
10 The first metadata section from a series of metadata sections with data from one metadata

Access Unit.

01 The last metadata section from a series of metadata sections with data from one metadata
Access Unit.

00 A metadata section from a series of metadata sections with data from one metadata Access
Unit, but neither the first nor the last one.
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version_number: This 5-bit field is the version number of the whole Metadata Table. The version number shall be
incremented by 1 modulo 32 whenever the information contained within the Metadata Table changes. When the
current next indicator is set to 'l', then the version number shall be that of the currently applicable Metadata Table.
When the current next indicator is set to '0', then the version _number shall be that of the next applicable Metadata Table.

current_next_indicator: A 1-bit field, which when set to '1' indicates that the Metadata Table sent is currently applicable.
When the bit is set to '0', it indicates that the Metadata Table sent is not yet applicable and shall be the next Metadata
Table to become valid.

section_number: This 8-bit field gives the number of the metadata section. The section_number of the first section in a
Metadata Table shall be 0x00. The section_number shall be incremented by 1 with each additional section in this Metadata
Table.

last section—number—This-8-bit field specifics—the—numberof the last section{that—is—the section—with-the hiohest
PET Al A o < > b

secti m_numBer) of the complete Metadata Table of which this section is a part.
metgdata_byte: This 8-bit contains contiguous bytes from a metadata Access Unit.

CR(_32: This 32-bit field shall contain the CRC value that gives a zero output of the registers in the decoder defingd in
Anng¢x A after processing the entire metadata_section.

2.12{7  Use of the DSM-CC data carousel to transport metadata

The PSM-CC tools as defined in ISO/IEC 13818-6 for Data Carousels can be used if a careusel delivery mechanigm is
required without the need to express the hierarchical organization of the metadata structure’in the transport mecharpism.
Infogmation on the carousel in which the metadata is contained, is included in the métadata descriptor defined in 2{6.60
and 2.6.62. A specific stream_type value is assigned to signal carriage of metadatain the DSM-CC data carousel. [Note
that $ignalling of metadata services within a DSM-CC data carousel is required,-but not defined by this Specificatiop.

2.12{8  Use of the DSM-CC object carousel to transport metadata

If a ¢arousel delivery mechanism is required with the capability to express the hierarchical organization of the metgdata
structure in the transport, then the DSM-CC tools and file structures as defined in ISO/IEC 13818-6 for User to [User
Object Carousels can be used. These file structures provide the tools to structure the metadata as deemed appropriafe for
efficjent parsing of the metadata and for expressing the hierarchical organization of the metadata. Information needgd to
idenfify the carousel in which the metadata is contained, 18 included in the metadata descriptor defined in 2.6.6( and
2.6.41. This may be the IOP:IOR() as defined in 11.3.1 aud’5.7.2.3 of ISO/IEC 13818-6 DSM-CC. A specific stream |type
valug is assigned to signal carriage of metadata in the DSM-CC object carousel. Note that signalling of metadata seryices
within a DSM-CC object carousel is required, but hot defined by this Specification.

2.12]9 Metadata-related signalling

Metgdata-related signalling covers four distinct areas:

+  signalling of metadata\services and streams;

+  signalling of content for use by a metadata system;
»  association gfmetadata to content; and

»  signalling-of decoder configuration data.

2.12)9.1 Signalling of metadata services and streams

Carrjage of metadata is signalled by a stream_type value in the inclusive range between 0x15 and 0x19, specifying which
of the five methods described in 2.12.4 to 2.12.8 is used to transport the metadata, and if appropriate, by a stream_id yalue
of 04FC’indicating a metadata stream.

,.l,'._v"v.".‘. A,vA.v,,‘....v' ,." B RE: :v,. oTachsuct _vv_.' e TITIST L;the
assigned value shall be unique within the transport or program stream carrying the metadata service. If the metadata is
carried in PES packets with a stream_id of 0xFC, or in metadata sections, or in ISO/IEC 13818-6 synchronized download
sections, the assigned metadata_service id value is signalled explicitly in the header of the metadata AU cell or the
metadata section. If a ISO/IEC 13818-6 carousel is used to carry the metadata, then the signalling of metadata services is
left to the application. The metadata descriptor specifies the format of the metadata and provides information on the
decoder configuration data, and is linked to the metadata service by carrying information on the metadata service it is

associated with.

2.12.9.2 Signalling of content for use by a metadata system

In 2.6.56 and 2.6.57, a content labelling descriptor is defined that can be used to assign a metadata application format
specific reference, the content_reference id_record, to audiovisual or any other content carried over an MPEG-2 transport
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stream or program stream. The content reference id record can be used by the metadata system as a label to refer to such
content. The content may represent, for example, a program or a stream or segments thereof. The content labelling
descriptor also provides information on the content time base used for time referencing from the metadata, including the
constant offset in time between the metadata time base and the applied content time base. The descriptor allows carriage
of private data. The metadata application format may define constraints on the content reference record, such as
constraints on the time period during which it is valid.

2.12.9.3 Association of metadata to content

In 2.6.58 and 2.6.59 the metadata pointer descriptor is defined to associate a single metadata service to audiovisual or any
other content in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream. The metadata is associated with the content within the
context as defined by the location of the descriptor. In a transport stream, the descriptor may be located in the PMT in the
descriptor loop for either the program or an elementary stream, but may also be located in tables not defined in this
Spedification, such as tables describing bouquets of broadcast services.

The metadata pointer descriptor points from the content's context to the metadata service associated with that cortent.
The flescriptor provides the value of the metadata service id that is assigned to the associated metadata service, as|well
as onje or more locations of the associated metadata. The location may for example be within the same transport stfeam
as the content, or within another transport stream, but also at a non-Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream locption
such|as the Internet.

2.12{9.4 Signalling decoder configuration data

Decqding of metadata may require the availability of metadata decoder configuratioh data. If needed, deg¢oder
configuration data shall be contained in one of the metadata services in,.the same program in the $ame
Rec.[ITU-T H.222.0 | ISO/IEC 13818-1 stream as the metadata service. If decoder'configuration data is needed to dgcode
a mgtadata service, then the metadata descriptor either carries such data or provides the information on retrieval of the
decofder configuration data from the same or another metadata service. In @ transport stream such other service cgn be
founl by searching in the PMT for a metadata descriptor with the) metadata service id as specified ir] the
decoder_config_metadata_service id field (and with the same metaddta format and the same metadata applicption
formiat).

2.12)9.5 Overview of metadata signalling

Figure 2-9 provides an example of metadata signalling, in~which a single program, the "content program", carries the
cont¢nt (or essence) while the metadata is carried in a;séparate program, the "metadata program". In this exampldg, the
metajdata program and the content program exist on theé same transport stream.

WPMT i | Video
MPEG-2 1 1
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T
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Figure 2-9 — Metadata signalling and referencing
In the content program there are two metadata-related descriptors, the content labeling descriptor and the
metadata_pointer descriptor. The content labeling descriptor associates a label, illustrated in the diagram by "content

label" and encoded in the descriptor in the content _reference id fields, with the content. The label can then be used by
the metadata service to refer to the essence, either in whole, in part, or by a time-described segment. For example, the
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content labeling descriptor could provide the label "News of 1/1/02", and the metadata could then refer to a specific story
item in the "News of 1/1/02", for example by providing the specific timing of the story item.

The metadata pointer descriptor provides information of where the metadata service can be found for the given content.
In this example, the metadata is carried in a separate program, but it would be equally valid to have the metadata carried
in the same program as the content, or provided by some means beyond the scope of this Specification, for instance from
a URL. This descriptor also provides the metadata service id value that is assigned to the metadata service. This is required
since a metadata stream could carry multiple metadata services for many different programs and each program needs to
be able to uniquely identify its own metadata service.

In the metadata program, the metadata descriptor signals to which metadata service within a metadata stream it applies.
If used, the metadata descriptor provides details of where to find the decoder configuration information.

Upon-ides g a-metadata ei—descriptor—in-the by—a—+eceive o contentprogram—therecgiver
retrigves the metadata descriptor from the metadata program. If needed first the decoder configuration data is rétrigved,
then [the decoder is configured accordingly, after which the metadata service can start being decoded.

2.12{10 STD model for metadata

The PTD model specifies normative constraints on Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams'that carry metajdata.
For decoding of metadata in the STD, the regular T-STD and P-STD models are applicable with buffer B,, input rat¢ Rx,
of thp metadata into B, and output rate Rmetadata OUt of B, and into Dimetadata , the metadata decoder. See Figure 2-10.

Rxn - B Rmetadata »

metadata

K.222.0(12)_F2-10

Figure 2-10 — Metadata decoding inthe STD

The etadata enters buffer B, at rate Rx,. In the P-STD, rate Rx, equals the rate of the program stream. In the T-§TD,
rate Rx, is the rate out of TB, and equal to the rate defined by-thé metadata_input leak rate field in the metadata [STD
desctiptor. The size BS,, of buffer B, is equal to the size defined in the metadata buffer size field in the metadata [STD
descfiptor. In case of synchronous delivery, metadata decgding is instantaneous and controlled by PTSs. At decode {ime,
that is when the STC equals the PTS, the associated metadata is removed instantaneously from B,. In case of asynchrgnous
deliviery, the metadata is removed from B, at a rate Rumetadata €qual to the rate defined by the metadata_output_leak| rate
field|in the metadata STD descriptor. Buffer Bishall not overflow.

Notg 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

Carrjage of metadata overia' Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream as defined in 2.12 allows for carriage of [SO
15938 data by appropriate coding of the metadata format field. In this subclause, for the purpose to transport ISO 15938
data,|a specific instafce is defined. Carriage of ISO 15938 data shall meet each requirement defined in 2.12, but in addition
the rgquirements'defined in this subclause shall apply for transport of ISO 15938 data.

2.132 ISO 15938 decoder configuration data

Decqding of ISO 15938 data requires the availability of decoder configuration data. Consequently, when ISO 15938 data
is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, then the metadata descriptor shall signal carriage of
associated decoder configuration data in the same Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream by coding a value of
the decoder_config_flags of either '001' or '010' or '011' or '100'.

2.14 Carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video

2.14.1 Introduction

This Specification defines the carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 elementary stream within
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 systems, both for program and transport streams. Typically, a Rec. ITU-T H.264
| ISO/IEC 14496-10 stream will be an element of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, as defined by the
PMT in a transport stream and the PSM in a program stream. The carriage and buffer management of AVC video streams
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is defined using existing parameters from this Recommendation | International Standard such as PTS and DTS, as well as
information present within an AVC video stream.

Carriage of AVC video streams in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream defines accurate mapping between
STD parameters and HRD parameters that may be present in an AVC video stream. Requirements are defined for the
presence of HRD parameters in the AVC video stream, to ensure that it can be verified whether each STD requirement is
met for each AVC video stream carried in a transport stream or a program stream.

NOTE 1 — Though the timing information present in the AVC video stream may not use a 90-kHz clock, the PTS and DTS
timestamps need to be expressed in units of 90 kHz.

When a Rec. ITU-T H.264 | ISO/IEC 14496-10 stream is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the
Rec. ITU-T H.264 | ISO/IEC 14496-10 coded data shall be contained in PES packets. The Rec. ITU-T H.264 | ISO/IEC
14496-10 coded data shall comply with the byte stream format defined in Annex B of Rec. ITU-T H.264 | ISO/IEC
14496-10, with the following constraints:

. Each AVC access unit shall contain an access unit delimiter NAL Unit;
NOTE 2 — Rec. ITU-T H.264 | ISO/IEC 14496-10 requires that an access unit delimiter NAL Unit, if pres¢nt, is
the first NAL Unit within an AVC access unit. Access unit delimiter NAL Units simplify the ability to deteft the
boundary between pictures; they avoid the need to process the content of slice headers, and'they are particylarly
useful for the Baseline and Extended profiles where slice order can be arbitrary.

*  All Sequence and Picture Parameter Sets (SPS and PPS) necessary for decoding the AVC video 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 AVC video sequence that contains hrd parameters() with:the low delay hrd flag set to 'l', [shall
carry VUI parameters in which the timing_info_present flag/shall be set to '1".
NOTE 4 — If the low_delay_hrd_flag is set to '1', then buffer.inderflow is allowed to occur in the STD modd|l; see

2.14.3 and 2.14.4. Setting the timing_info_present_flag tq 'Méensures that the AVC video stream contains sufffcient
information to determine the DPB output time and the.€PB removal time of AVC access units, also in cgse of
underflow.

To provide display specific information such as aspect ratios‘it'1s strongly recommended that each AVC video stfeam
carrips VUI parameters with sufficient information to ensure that the decoded AVC video stream can be displayed
corrgctly by receivers.

Wheh an AVC video stream conforms to one or mer€ profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-
10, the following constraints additionally apply:

*  The AVC video sub-bitstreamof SVC as defined in 2.1.78 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 subsbitstream as defined in 2.1.79 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.

* Inecachele¢mentary stream with stream_type equal to 0x1F, exactly one VDRD drd nal unit as definkd in
2.143,3.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 1hodel

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.

' 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 headers 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 streams with stream_type equal
to Ox1F.

*  WhenaRec. ITU-T H.222.0 | ISO/IEC 13818-1 program includes more than one SVC video sub-bitstream,

or more than one AVC video sub-bitstream of SVC and at least one SVC video sub-bitstream, a hierarchy
descriptor as defined in 2.6.7 shall be used to indicate the dependencies of the related video sub-bitstreams.

* Al NAL units of a re-assembled AVC access unit shall be passed to the decoder in the order of NAL units
within an access unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10.
NOTE 7 — If SEI NAL units are present in any SVC dependency representation of an SVC video sub-bitstream,

these NAL units may require re-ordering to the order of NAL units within an access unit as defined in Rec. ITU-T
H.264 | ISO/IEC 14496-10 before access unit re-assembling.
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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.

When an AVC video stream conforms to one or more profiles defined in Annex H of Rec. ITU-T H.264 |
ISO/IEC 14496-10, the following constraints additionally apply:

The AVC video sub-bitstream of MVC or MVC base view sub-bitstream, as defined in 2.1.88 and 2.1.85,
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 MVC video sub-bitstream, as defined in 2.1.84, 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 0x20.

Each MVC video sub-bitstream shall be associated with one or more consecutive view orderindex values.
NOTE — According to its definition in 2.1.84, an MV C video sub-bitstream or MV C base view sub-bitstream dogs not
necessarily include view components for all view_id values included in one MVC view_id subset ifone or more yiews
are not required for decoding the transmitted views. As an example, consider a MV C bitstream having 4 views V1,
V2, V3, and V4 in ascending order of view order index, where view V1 is the base view, view V2 is depending difectly
on V1, V3 is depending directly on V1 and V2, and V4 is depending directly on V2. Using such encoded viewy, two
MVC sub-bitstreams M1 and M2 may be created as follows: M1 is associated with/the-output views V1 and V3, and
M2 with the output view V4. In this example, it is possible that only M1 and M2\ar€ 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 reflers 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‘ahy decodable sub-bitstream.

When a Rec. ITU-T H.222.0 [ ISO/IEC 13818-1 programdncludes more than one MVC video sub-bitstfeam
or more than one AVC video sub-bitstream of MVCrand at least one MVC video sub-bitstream, ope or
more hierarchy descriptors as defined in 2.6.6 and 2.6!7 shall be used to indicate the dependencies df the
related video sub-bitstreams. If more than one hierarchy descriptor is present for one elementary stijeam,
the value of the syntax element hierarchy layer index shall be the same within the same elemeptary
stream. The syntax element hierarchy type-shall be set to the value 9 or 15.

NOTE - Provided an MVC video sub-bitstream B depends on video sub-bitstream A and this dependency is
indicated using a hierarchy descriptor, further an MVC video sub-bitstream C depends on B and this dependency is
also indicated using a second hierarchy descriptor, then this implicitly indicates a dependency of C on A and no fthird
hierarchy descriptor is needed.

The subset sequence parameéter sets and picture parameter sets necessary for decoding an MV C 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 usédin’a different way by other specifications out of scope of this Specification.

All NAMunits of a re-assembled AVC access unit shall be passed to the decoder in the order of NAL pnits
withini 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 sub-bitstfeam,

these NAL units may require re-ordering to the order of NAL units within an access unit, as defingd in
Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assembling.

The profile—idc-and-level idcindicationinthe AVC video—descriptor,-if present-and-the Type I HRD
parameters in the AVC_timing and HRD_descriptor, if present, for an AVC video stream resulting from
re-assembling (up to) the MVC video sub-bitstream associated with the descriptors shall include NAL
units with nal unit type syntax element equal to 14, if present, in the AVC video 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.

When 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:

142

The AVC video sub-bitstream of MVCD or MVCD base view sub-bitstream, as defined in 2.1.100 and
2.1.97, 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.
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* For each MVCD video sub-bitstream, as defined in 2.1.96, that is an element of the same
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, the stream_type for this elementary stream shall be equal

to 0x26.

. Each MVCD video sub-bitstream shall be associated with one or more consecutive view order index

values.

*  Each view order index value shall be associated to exactly one MVCD view_id subset.
NOTE 11 — This 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 video
sub-bitstream shall be present within the elementary stream carrying the MVCD video sub-bitstream.

* In each elementary stream with stream type equal to 0x26 exactly one VDRD nal unit, as defined

—  in? 1433 mayprecede all the NAT nnits of the same MVCD view-componentsubhset
NOTE 12 —Ifany VDRD nal unit is included in any MVCD view component subset, then the HRD model’s
used in a different way by other specifications out of scope of this Specification.

*  All NAL units of a re-assembled AVC access unit shall be passed to the decoder in the orderof NAL
within an access unit, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10.

hould

include this VDRD nal unit in the buffer model as additional non-VCL NAL units. The NAL unit type.24 may be

units

NOTE 13 — If SEI NAL units are present in any MVCD view-component subset of an MVCD yideo sub-bitstream, these
NAL units may require re-ordering to the order of NAL units within an access unit, as defined*in Rec. ITU-T H.p64 |
ISO/IEC 14496-10 before access unit re-assembling.
2.142 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 df the
16 stream_id values assigned to video, while signalling the Rec. ITU-T H.264,| ISO/IEC 14496-10 Video stream by njeans
of the assigned stream-type value in the PMT or PSM (see Table 2-34). The-highest level that may occur in an AVC Yideo
stream as well as a profile that the entire stream conforms to should besignalled using the AVC video descriptor. [[f an
AV({ video descriptor is associated with an AVC video stream, then this descriptor shall be conveyed in the descyjiptor
loop|for the respective elementary stream entry in the Program Magp Table in case of a transport stream or in the Program
Stregm Map, when PSM is present, in case of a program stream.(Ehis Recommendation | International Standard dods not
specify presentation of Rec. ITU-T H.264 | ISO/IEC 14496-1Q'streams in the context of a program.
For PES packetization, no specific data alignment constraints apply. For synchronization and STD management, PTSs
and, |when appropriate, DTSs are encoded in the header of the PES packet that carries the Rec. ITU-T H.264 |
ISO/EC 14496-10 video elementary stream datax Eor PTS and DTS encoding, the constraints and semantics applly as
defirfed in 2.4.3.7 and 2.7.
2.14{3 STD extensions
2.14{3.1 T-STD extensions
The [[-STD model includes a transport buffer TB, and a multiplex buffer MB,, prior to buffer EB,, for decoding of|each
AV({ 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.
t jthaccessunit | } keth presentation unit |
| Transport streafit™ | R | e e
! demultiplexing H \ \
R et A) P,(k)
S ; AVC video k)
O [ |-R% [vp R [Ep |40 [opB |l
', fo O\‘ I n I I n I I n I n I nI
03> of
1 1
‘\\ O ll.
Figure 2-11 — T-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 video
DPB: buffer management

Carriage of an AVC video stream over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 does not impact the size of buffer DPB,.
For decoding of an AVC video stream in the STD the size of DPB,, is as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10.
The DPB buffer shall be managed as specified in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10 (C.2 and C.4). A
decoded AVC access unit enters DPB,, instantaneously upon decoding of the AVC access unit, hence at the CPB removal
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time of the AVC access unit. A decoded AVC access unit is presented at the DPB output time. If the AVC video stream
provides insufficient information to determine the CPB removal time and the DPB output time of AVC access units, then
these time instants shall be determined in the STD model from PTS and DTS timestamps as follows:

1) The CPB removal time of AVC access unit n is the instant in time indicated by DTS(n) where DTS(n) is
the DTS value of AVC access unit n.

2) The DPB output time of AVC access unit n is the instant in time indicated by PTS(n) where PTS(n) is the
PTS value of AVC access unit n.

NOTE 1 — AVC video sequences in which the low_delay hrd flag in hrd parameters() is set to 1 carry sufficient information to
determine the DPB output time and the CPB removal time of each AVC access unit. Hence for AVC access units for which STD
underflow may occur, the CPB removal time and the DPB output time are defined by HRD parameters, and not by DTS and PTS
timestamps.

TBn) MBn and EBn buffer management

The {nput to buffer TB, and its size TBS, are specified in 2.4.2.3. For buffers MB, and EB,, and for the rate RXj betjveen
TB, pnd MB,, and the rate Rbx, between MB,, and EB, the following constraints apply for carriage of a Rec-ITU-T H.264
| ISQVIEC 14496-10 stream:

Size EBS,, of buffer EBy:
EBS, = cpb_size

Where cpb_size is the size CpbSize[ cpb_cnt_minusl ] of the CPB for the byte stream format signalled in
the NAL hrd parameters() carried in VUI parameters in the \AVC video stream. If NAL
hrd parameters() are not present in the AVC video stream, then the gpb_size shall be the size defined
as 1200 x MaxCPB in Annex A of Rec. ITU-T H.264 | ISO/IE€)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 BSoh, packet overhead buffering, is defined-as:
BSon=(1/750) seconds x max {1200 % MaxBR{[level], 2 000 000 bit/s}
and BSnux, additional multiplex buffering, is defined as:
BSmux = 0.004 seconds x-max {1200 x MaxBR[level], 2 000 000 bit/s}

where MaxCPBJ[level] and ‘MaxBR[level] are defined for the byte stream format in Table A.1 (Ilevel
Limits) in Rec. ITUST '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 signallpd 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 1400 x
MaxCPB/defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC
video-stream.

Rate\Rx:

when there is no data in TB, then Rx, is equal to zero.

Otherwise: Rx, = bit_rate
where bit_rate is 1.2 x BitRate[ SchedSelldx ] of data flow into the CPB for the byte stream fdrmat
amd BitRatef - Sched Settdx s asdefimred mATmex £ of Rec 1= H264 T 1SOAEC H4496-16-
NOTE 2 — Annex E specifies the values for BitRate[ SchedSelldx] when NAL_hrd parameters() is present in the

VUI parameters of the AVC video stream and default values for BitRate[ SchedSelldx ] based on profile and
level when NAL hrd parameters() is not present.

Transfer between MBn and EBn

If the AVC timing and HRD_ descriptor is present with the hrd management valid flag set to '1', then
the transfer of data from MB;, to EB,, shall follow the HRD defined scheme for data arrival in the CPB
as defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10.

Otherwise, the leak method shall be used to transfer data from MB,, to EB, as follows:

144 Rec. ITU-T H.222.0 (10/2014)


https://standardsiso.com/api/?name=515ae574dbe8ca830b6cca24b65bcf5c

ISO/IEC 13818-1:2015 (E)

Rate Rbxq:

Rbx, = 1200 x MaxBR[level]

where MaxBR[level] is defined for the byte stream format in Table A.l1 (Level Limits) in Rec. ITU-T

H.264 | ISO/IEC 14496-10 for each level.

Ifthere is PES packet payload data in MB,, and buffer EB, is not full, the PES packet payload is transferred

from MB; to EB,, at a rate equal to Rbx,. If EB,, is full, data are not removed from MB,. When a

byte

of data is transferred from MB,, to EB,, all PES packet header bytes that are in MB,, and precede that
byte, are instantaneously removed and discarded. When there is no PES packet payload data present
in MB,, no data is removed from MB,. All data that enters MB,, leaves it. All PES packet payload

data bytes enter EB, instantaneously upon leaving MB,

STD|

The
Targ|
AV(

The
cons

Removal of AVC access units from EB.

Each AVC access unit A,(j) that is present in EB, is removed instantaneously at time td.(j). The-dec
time td,(j) is specified by the DTS or from the CPB removal time, as derived from information i
AVC video stream.

delay

otal delay of any Rec. ITU-T H.264 | ISO/IEC 14496-10 data other than AVC still picture data through the Sy
et Decoders buffers TB,, MB,, and EB, shall be constrained by tda(j) — t(i) < 10 seconds for all j, and all byte
access unit An(j).

ding
n the

stem
51 1n

delay of any AVC still picture data through the System Target Decoders“buffers TB,, MB,, and EB, shall be

rained by tda(j) — t(i) < 60 seconds for all j, and all bytes i in AVC access pnit A, (j).

Buffer management conditions

Tran|

2.14

The

Anng
follo
defin]

sport streams shall be constructed so that the following conditions.for buffer management are satisfied:
+  TBy shall not overflow and shall be empty at least once every second.
. MB,, EB,, and DPB,, shall not overflow.

*  EB, shall not underflow, except when VU]-parameters are present for the AVC video sequence wit
low_delay hrd flag set to 'l'. Underflow of EB, occurs for AVC access unit A,(j) when one or more
of Ax(j) are not present in EB,, at the decoding time tda(j).

OTE 3 — An AVC video stream may carry information to determine compliance of the AVC video stream to the HRD, as spe

Annex C of Rec. ITU-T H.264 | ISO/IEC 14496~10. The presence of this information can be signalled in a transport stream
e AVC timing and HRD descriptor with the hrd management valid flag set to '1". Irrespective of the presence of this inform
pmpliance of an AVC video stream to the T-STD ensures that HRD buffer management requirements for CPBx are met
hch byte in the AVC video stream istdélivered to and removed from CPBn in the HRD at exactly the same instant in time at y
e byte is delivered to and remoyéd from EBn in the T-STD.

3.2 P-STD extensions

P-STD model for the decoding of an AVC video elementary stream n conforming to one or more profiles defin
bx A of Rec. ITU-T,H.264 | ISO/IEC 14496-10 elementary stream includes a multiplex buffer B, and a decod
wed by a buffer'BPB, (see Figure 2-12). For each AVC video stream n, the size BS, of buffer B, in the P-ST
ed by the P-STD_buffer size field in the PES packet header.
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Figure 2-12 — P-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 video
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DPB: buffer management

Buffer DPB, shall be managed in exactly the same way as in the T-STD; see 2.14.3.1.

Bn buffer management

The 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
instantaneously removed from B,. The decoding time tda(j) is specified by the DTS or by the CPB removal time, derived
from information in the AVC video stream. Upon decoding, the AVC access unit instantaneously enters DPB,, or is output
without entry into DPB,, according to the rules specified in Rec. ITU-T H.264 | ISO/IEC 14496-10.

STD

delay

The total delay of any Rec. ITU-T H.264 | ISO/IEC 14496-10 data other than AVC still picture data through the System

Targ]

Ani).

The
<60

Buffer management conditions

Prog

2.14{3.3 View and dependency representation delimiter NAL unit
See Table 2-112.
Table 2-112 — View and dependency representation delimiter NAL unit
Syntax No. of bits Mnemonic
VDRD nal unit() {
forbidden_zero_bit 1 bslbf
nal_ref idc 2 bslbf
nal_unit_type 5 bslbf
}
2.14]3.4 Semantics of view and-dependency representation delimiter NAL unit
forbjdden_zero_bit  — shall\be equal to 0x0
nal_ref idc = shall be equal to 0x0
nal_pnit_type — shall equal to 0x18
2.14{3.5 T-STD)extensions for SVC
The [T-STD»model described in 2.14.3.1 is applied if the received elementary stream is a video sub-bitstrea
stream~type 0x1B, i.e., only the AVC video sub-bitstream of SVC is received and decoded.

et Decoders buffer B, shall be constrained by tda(j) — t(i) < 10 seconds for all j, and all bytes i in AVC access

elay of any AVC still picture data through the System Target Decoders buffer B, shall be constrained by/tda(j)
seconds for all j, and all bytes i in AVC access unit A,(j).

ram streams shall be constructed so that the following conditions for buffer management are' satisfied:
* By shall not overflow.

* B, shall not underflow, except when VUI parameters are present for(the' AVC video sequence wit
low delay hrd flag set to '1' or when trick mode status is true. Und€rflow of B, occurs for AVC a
unit A,(j) when one or more bytes of An(j) are not present in B, at‘the decoding time td,(j).

unit

L 1(i)

h the
tcess

m of

When there 1s a set of received video sub-bitstreams 1 a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, for which
dependencies may be signalled in the hierarchy descriptor as defined in 2.6.6, and when there is at least one of the video
sub-bitstreams in the set of received elementary streams having the value of stream_type equal to 0x1F, the T-STD model
as described in 2.14.3.1 is extended as illustrated in Figure 2-13 and as specified below.
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Figure 2-13 — T-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10
Video with scalable video sub-bitstreams
The following additional notations are used to describe the T-STD extensions and are illustrated‘in Figure 2-13 aboye.
ES, is the received elementary stream associated with dependency id valueequal to n
ESu is the received elementary stream associated with the highest value‘H of dependency _id presdnt in
the set of received elementary streams
j is an index to the re-assembled access units
Jn is an index to the SVC dependency representations.'0f the elementary stream associated [with
dependency id value equal to n
DRu(jn) 1is the jo-th SVC dependency representation of video sub-bitstream associated with dependendy id
value equal to n
Anu() is the j-th access unit resulting from re-asseémbling (up to) the ju-th SVC dependency representations
with dependency _id value equal to H
tda(jn)  is the decoding time, measured in s¢conds, in the system target decoder of the jo-th SVC dependency
representation of the video sub-pitstream associated with dependency id value equal to n
tdu(j) is the decoding time, measured in seconds, in the system target decoder of the j-th access unit Au(j)
resulting from re-assembling (up to) the ju-th SVC dependency representations DRu(ju)
trefn(jn) is equal to the decoding time value tdi.i(jn-1) associated with the jn-th SVC dependency
representation DR\(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 theZmultiplexing buffer for elementary stream associated with dependency _id value equal to 1
MBS, _<is-the size of the multiplexing buffer MB,, measured in bytes
DRBg7 )" is the dependency representation buffer for elementary stream ES,
DRBS, is the size of dependency representation buffer DRB,, measured in bytes
EBu is the elementary stream buffer for all video sub-bitstreams
EBSh___1s the size ol elementary stream buller EBy, measured in Dytes
Rx, is the transfer rate from TB, to MB;, as specified below
Rbx, is the transfer rate from MB, to DRB, as specified below
Carriage in PES packets

For correct re-assembling of the SVC dependency representations to an AVC access unit, if there is both an SVC
dependency representation with any dependency id equal to n and an SVC dependency representation with
dependency id equal to (n+1) in the same AVC access unit, the following applies:

* aPES packet per SVC dependency representation start shall be present, i.e., at most one SVC dependency
representation may commence in the same PES packet;
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the PTS and, if applicable, the DTS value shall be provided in the PES header of each SVC dependency

representation;

if the DTS value of the SVC dependency representation with dependency id equal to n is different

from

the DTS value of the SVC dependency representation with dependency id equal to (n+1) of the same

access unit, the TREF field as defined in 2.4.3.7 shall be present in the PES header extension of the

SVC

dependency representation with dependency id equal to (n+1) and the TREF field value shall be equal to

the DTS value of the SVC dependency representation with dependency _id equal to n.

DPB buffer management

The DPB buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC access unit

qll

removal time, associated with the SVC dependency

MBi, EBn buffer management

following applies:

There is exactly one transport buffer TB as defined in 2.14.3.1 for each received elementdry 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 ESg, where the size of the multiplexing buffer MBS is constrained as(follows:

MBS = BSmux0+ BSono+ 1200 x MaxCPBJlevel]o — ¢pb\ sizeo

where BSmux,0, BSoh, are defined in 2.14.3.1 for the AVC video sub-bitstream of SVC in elementary st
ESo;

where MaxCPB[level]y 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,cfor each received elementary stream associated
dependency id value not equal to 0, where the\size of each multiplexing buffer MBS, is constrain
follows:

MBSn < BSmux,n + BSoh,n

where BSmux.n, BSoh,n are defined-in2.14.3.1 for the AVC video stream resulting from re-assembling (4
the SVC video sub-bitstreamrin'elementary stream ES,,.

There is exactly one elementary stream buffer EBy for all the elementary streams in the set of recq
elementary streams as‘shown in Figure 2-13, of which the size EBSy has the following value:

EBSH = cpb_sizen

where cpb ‘sizey is the cpb_size for the SVC video sub-bitstream in elementary stream ESy as de
in 2.14:3,Hor the re-assembled AVC video stream.

There s exactly one dependency representation buffer DRB, for each elementary stream in the §
reeeived elementary streams as shown in Figure 2-13, where each dependency representation buffer [
i’ the set of received elementary streams is allocated within EBy. Even though the size DRB
individual DRB, is not constrained, the sum of the sizes DRBS, is constrained as follows:

h the
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to be
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bd as

p to)
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Transfer from TB, to MB, is applied as follows:

When there is no data in TB, then Rx, is equal to zero. Otherwise:

Rx, = bit_rate

where bit_rate is 1.2 x BitRate[ SchedSelldx ]| of data flow into the CPB for the byte stream 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 parameters of the SVC video sub-bitstream.
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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 SVC video sub-bitstream level is determined by the level of AVC
video stream resulting from re-assembling (up to) the associated video sub-bitstream n in elementary stream ESp.

e Transfer from MB, to DRB, is applied as follows:

If the AVC timing and HRD descriptor is present with the hrd management valid flag set to '1' for
elementary stream ESy, then the transfer of data from MB, 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 to transfer data from MB, to DRB,, as follows:
Rate Rbxy:

Accé

The following specifies the access unit re-assembling that results in AVC aéeess unit Ay(j):

The

ss unit re-assembling and EB removal

following specifies thetemoval of access unit Ay(j) from buffer EBy;:

Rbxz = 1200 < MaxBRftevelf:

where MaxBR[level], is defined for the byte stream format in Table A.1 (Level-'Limity) 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 video sub-bitstream n in elementary stream ES,. If there is PES packet payload data
in MB,, and buffer EBy is not full, the PES packet payload is transferred from MB, to DRB, at a rate ¢qual
to Rbx,. If EBy is full, data are not removed from MB,. When a byte of data is transferred from MB, to
DRB,, all PES packet header bytes that are in MB,, and precede that byte are instantaneously removed and
discarded. When there is no PES packet payload data present in MB,, no data is removed from MBj. All
data that enters MB,, leaves it. All PES packet payload data bytes enter DRB§ihstantaneously upon legving
MB,.

i)  Collect all SVC dependency representations DRy(jn) stafting with the highest value of dependency [id n,
equal to H, to the lowest value of dependency id n, equal to m, present in access unit Ay(j) following the
rule below:

*  For each two corresponding DRy+1(jy+1) and"DR,(jy) of the SVC dependency representations collgcted
for access unit Ay(j), if TREF field is present for DRy+1(jy+1), the TREF value of DRy+1(jy+1) trefy-i[jy+1)
shall be equal to the DTS value tdy(jy);0f DR,(jy), otherwise the DTS value of tdy+1(jy+1) of DRy+1[jy+1)
shall be equal to DTS value td,(jy)0f DR,(jy).

ii) Assemble the SVC dependency repfesentations in consecutive order of dependency id n starting frojn 'm’
to 'H' for the j-th access unit Ay(j)- If SEI NAL units are present in any SVC dependency representhtion
with dependency id not equalto 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 2 — The number*of SVC dependency representations for each access unit Au(j) may vary dependipng on
value of j. If m_fepresents the lowest value of dependency id for access unit AH(j), then the collectegl and
assembled SVC.dépendency representations include DRm(jm), DRm+1(jm+1), ..., DRu(jn).

At time tdu(j). the AVC access unit Ay(j) shall be re-assembled and available for removal from buffer EB4| The
decoding timg 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
videg stream.

STD| delay

The BTD delay for re-assembled AVC access units shall follow the constraints specified in 2.14.3.1.

Buffer management conditions

Transport streams shall be constructed so that the following conditions for buffer management are satisfied:

*  Each TB, shall not overflow and shall be empty at least once every second.
*  Each MB,, EBy, and DPB shall not overflow.

*  EBy shall not underflow, except when VUI parameters are present for the AVC video sequence of the re-
assembled AVC video stream with the low_delay hrd_flag set to '1'. Underflow of EBu occurs for AVC
access unit Au(j) when one or more bytes of Anu(j) are not present in EBy at the decoding time tdu(j).
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2.14.3.6 P-STD extensions for SVC

The P-STD model described in 2.14.3.2 is applied if the decoded elementary stream is a video sub-bitstream of
stream_type 0x1B, i.e., only the AVC video sub-bitstream of SVC is decoded.

When there is a set of decoded video sub-bitstreams in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, for which
dependencies may be signalled in the hierarchy descriptor as defined in 2.6.6, and when there is at least one of the video
sub-bitstreams in the set of decoded elementary streams having the value of stream_type equal to 0x1F, the P-STD model
as described in 2.14.3.2 is extended as illustrated in Figure 2-14 and as specified below.

Elementary streams associated by hierarchy_descriptor
By
Pl Uslalll N DRB
stream, »> nm DR, Gory)
with trefys1 (jo+1) == td, (j,)
OR tdn+1(jn+) == td, ()
» D
/ RBh-H \
DR,(j,) with Au()) Py(k)
. PS | DRE, tdn(jn) ° tdy(j), OPB pu (k)
t(i) Demux Access unif]
re-assembling]
O---=--+ Otherprogram streams H.222.0(12) F2-14

Figure 2-14 — P-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10

Video with scalable video sub-bitstreams

The following additional notations are used to describe the P-STD extensions and are illustrated in Figure 2-14 aboye.

ES, is the decoded elementary stream associated with dependency _id value equal to n

ESu is the decoded elementary stream associated with the highest value H of dependency id in the get of
decoded elementary streams

] is an index to the re-assembled acegss units

Jn is an index to the SVC dependency representations of the elementary stream associated [with
dependency id value equalten

DRn(jn) s the jo-th SVC dependency representation of video sub-bitstream associated with dependendy 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 dependéncy” id value equal to H

tda(jn) s the decoding time, measured in seconds, in the system target decoder of the j,-th SVC dependency
represerntation 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)

tref ,(Gn) " is 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

Bh is the input buffer for all decoded video sub-bitstreams

BSH is the size of the input buffer By, measured in bytes

DRB, is the dependency representation buffer for elementary stream ES,

DRBS, is the size of dependency representation buffer DRB;, measured in bytes

Carriage in PES packets

For correct re-assembling of the SVC dependency representations to an AVC access unit, if there is both an SVC
dependency representation with any dependency id equal to n and an SVC dependency representation with
dependency id equal to (n+1) in the same AVC access unit, the following applies:

* aPES packet per SVC dependency representation start shall be present, i.e., at most one SVC dependency
representation may commence in the same PES packet;
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»  the PTS and, if applicable, the DTS value shall be provided in the PES header of each SVC dependency
representation;

+ if the DTS value of the SVC dependency representation with dependency id equal to n is different from
the DTS value of the SVC dependency representation with dependency id equal to (n+1) of the same
access unit, the TREF field as defined in 2.4.3.7 shall be present in the PES header extension of the SVC
dependency representation with dependency_id equal to (n+1) and the TREF value shall be equal to the
DTS value of the SVC dependency representation with dependency _id equal to n.

DPB buffer management

The DPB buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1 using AVC access unit

removal time, associated with the SVC dependency
S

B. bpffer 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 2-14, where the size of BSy is defined by the P-STD_buffer| size
field in the PES packet header of elementary stream ESy.

*  There is exactly one dependency representation buffer DRB, for each eclementary stream in the set of
decoded elementary streams as shown in Figure 2-14, where each dependehcy representation buffer DRB,
in the set of decoded elementary streams is allocated within BSy. Even thopgh the size DRBS,;, of indivjdual
DRB, is not constrained, the sum of the sizes DRBS, is constrained @s-follows:

BSu =Y, (DRBS,)

where BSy is the size of the input buffer for the SVC video sub-bitstream in elementary stream E$y as
defined in 2.14.3.2 for the re-assembled AVC video stteam.

Accgss unit re-assembling and B removal

The following specifies the access unit re-assembling that results in AVC access unit Ax(j):

i)  Collect all SVC dependency representatidns DRy(jn) starting with the highest value of dependency [id n,
equal to H, to the lowest value of depefidency id n, equal to m, present in access unit Ay(j) following the
rule below:

*  For each two corresponding DRy+1(jy+1) and DRy(jy) of the SVC dependency representations collgcted
for access unit Ay(j), if T REF field is present for DRy+1(jy+1), the TREF value of DRy+1(jy+1) trefy+ijjy+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 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 jrth, access unit Au(j). If SEI NAL units are present in any SVC dependency representption
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 Au(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 asserpbled
SVC dependency representations include DRm(jm), DRm+1(jm+1), ..., DRu(jH).

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
decodin mmetd ()1 necified b he D a b he e e 1 1ate 1 o

dependency representations in elementary stream ESy, as derived from information in the re-assembled AVC
video stream.
STD delay

The STD delay for the re-assembled AVC access units shall follow the constraints specified in 2.14.3.2.

Buffer management conditions

Program streams shall be constructed so that the following conditions for buffer management are satisfied:

. By shall not overflow.

Rec. ITU-T H.222.0 (10/2014) 151


https://standardsiso.com/api/?name=515ae574dbe8ca830b6cca24b65bcf5c

ISO/IEC 13818-1:2015 (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 'l' or when trick_mode status is true.
Underflow of By occurs for AVC access unit Au(j) when one or more bytes of Anu(j) are not present in By
at the decoding time tdu(j).

2.14.3.7 T-STD extensions for MVC and MVCD

The T-STD model described in 2.14.3.1 is applied if the received elementary stream is a video sub-bitstream of
stream_type 0x1B, i.e., only the AVC video sub-bitstream of MVC or MVC base view sub-bitstream is received and
decoded.

When there is a set of received video sub-bitstreams and MVC video sub-bitstreams in a Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 program, of which dependencies may be signalled in the hierarchy descriptor, as defined in 2.6.7, and

wher
strea
spec

Pag|

fied below.

m_type equal to 0x20, the T-STD model as described in 2.14.3.1 is extended as illustrated in Figure 2-157a

MYVC elementary streams associated to the same program

EB,

kets of
PIDH‘HI] ->|

RXn m r)\bxn+m
TB, 1, [—15] MB, 1, [——"15|VSB,.,
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(k)

i b, (k
— 4TS o—» TB, |— MB, | VSB, () iy
) Pemux Access unit
re-assembling
--|--» Other PIDs H.222.0(12)_H2-15
Figure 2-15 — T-STD model extensions for Ree. ITU-T H.264 | ISO/IEC 14496-10 Video
with MVC video sub-bitstreams
The following additional notations are used to déscribe the T-STD extensions and are illustrated in Figure 2-15 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~1d subsets starting with value 0 for the MVC view_id subset containing the
base view and ordered according to the minimum view order index contained in each MVC Yideo
sub-bitstream
ESu is the received-elementary stream associated with the H-th MVC video sub-bitstream which includes
the view somponents with the highest view order index present in all MVC video sub-bitstreamms of
received-clementary streams
j istan index to the re-assembled access units
Jn 15 an index to the MV C view-component subsets of the elementary stream ES,, associated with the n-
th MVC video sub-bitstream
VSn(jn) 1is the jo-th MV C view-component subset of the MVC video sub-bitstream associated with ES,
Anu() is the j-th access unit resulting from re-assembling (up to) the H-th MVC view-component spibset
associated WitlT ESH
tda(jn) s the decoding time, measured in seconds, in the system target decoder of the MVC view-component
subset VS;(jn)
tdu(j) is the decoding time, measured in seconds, in the system target decoder of the j-th access unit An(j)
resulting from re-assembling (up to) the MVC view-component subset VSu(ju)
TBn 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, isthe view component subset buffer for elementary stream ES,
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VSBS, is the size of view component subset buffer VSB,,, measured in bytes

EBnu

is the elementary stream buffer for the AVC video sub-bitstream of MVC and all MVC video
bitstreams

EBSu s the size of elementary stream buffer EBy, measured in bytes

Rx, transfer rate from TB, to MB,, as specified below
Rbx, transfer rate from MB,, to VSB,, as specified below
Carriage in PES packets

For correct re-assembling of the MVC view-component subsets to an AVC access unit, the following applies:

sub-

a PES packet per MVC view-component subset start shall be present, i.e., at most one MVC

DPB
The

timif]
subs

TBhn,
The

g values,

following

view-component subset may commence 1n the same PES packet;

the PTS and, if applicable, the DTS value shall be provided in the PES header of each |
view-component subset.

buffer management

PDPB buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1-using AVC access

as DTS or CPB removal time, and PTS or DPB removal time, associated with the MVC view-comp

ts of the MV C video sub-bitstream in elementary stream ESp.

MB,, EB. buffer management

applies:

e

unit
nent

There is exactly one transport buffer TB, as defined in 2.14.3.1, for each received elementary stream in the

set of received MVC video sub-bitstreams, including AVECwideo sub-bitstream of MVC, contain
elementary streams as shown in Figure 2-15.

There is exactly one multiplexing buffer MBy for thé\AVC video sub-bitstream of MVC in eleme
stream ESg, where the size of the multiplexing bufférx MBS is constrained as follows:

MBS = BSmux+ BSono+ 1200 %MaxCPBJlevel]o — cpb_sizeo

where BSmux,0, BSoh, are defined in 2.14.3.1 for the AVC video sub-bitstream of MVC in eleme
stream ESy.
where MaxCPBJlevel], and cpbsize, 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 MVC video sub-bitstreams, those parameters
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
order index value not equal to 0, where the size of each multiplexing buffer MBS, in the set of rec
elementary streams.is constrained as follows:

MBSn = BSmux,n + BSoh,n

wher@ BSmux,n, BSohn are defined in 2.14.3.1 for the AVC video stream resulting from re-assemblin
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 recq
elementary streams as shown in Figure 2-15, of which the size EBSy has the following value:

ed in

ntary

htary

have

view
tived

b (up

ived

ERS, = (‘ph_qi Zey

where cpb_sizey is the cpb_size for the MVC video sub-bitstream in elementary stream ESy as defin
2.14.3.1 for the re-assembled AVC video stream.

ed in

There is exactly one view component subset buffer VSB,, for each elementary stream in the set of received
elementary streams as shown in Figure 2-15, where each view component subset buffer VSB;, in the set of

received elementary streams is allocated within EBy. Even though the size VSBS, of individual VS
not constrained, the sum of the sizes VSBS, is constrained as follows:

EBSH = Zn (VSBSn)
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e 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 parameters 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 level of
AVC video stream resulting from re-assembling (up to) the associated MV C video sub-bitstream n in elementary
stream ESn.

*  Transfer from MB, to VSB, is applied as follows:

If the AVC timing and HRD descriptor is present with the hrd management valid flagsetito '] for
elementary stream ESy, then the transfer of data from MB,, to VSB,, shall follow the HRD defiried scheme
for data arrival in the CPB of elementary stream ESy as defined in Annex C of Rec. ITUA H.264 | ISO/IEC
14496-10.

Otherwise, the leak method shall be used to transfer data from MB,, to VSB, as follows:
Rate Rbxp:

Rbx, = 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 | 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 elementafy stream ES,. If there is PES packet payload
data in MB,, and buffer EBy is not full, the PES packet payload is transferred from MB, to VSB,, at 4 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 MBywand precede that byte are instantaneously rempved
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 ppon
leaving MB,,.

Accdss unit re-assembling and EB removal

The following specifies the access unit re-assembling that results in AVC access unit Ay(j):
i)  Assemble the MVC view-coniponent subsets for the j-th access unit Au(j) following the rule below:

*  For each two cortesponding MVC view-component subsets VSy+1(jy+1) and VSy(jy) collectefl for
access unit Au(§)y* where VS, is associated with a program element identified by| the
hierarchy layer_index indicated in the associated hierarchy descriptor, and VSy; indicate$ the
hierarchy_layer index of VSy as the hierarchy embedded layer index in the hierarchy desciiptor
associated.with program element associated with VSy+1, the DTS value of tdy+1(jy+1) of VSy+ifjy+1)
shall-be equal to DTS value tdy(jy) of VS,(jy).

NOTE 3 — If no hierarchy descriptor is present, VSy is associated with the AVC sub-bitstream and Vy+1 is
associated with the MVC sub-bitstream.

i) Jdf'SEI NAL units are present in any MVC view-component subset with view order index not equal to 0,
thiese NAL units shall be re-ordered to the order of NAL units within an access unit, as defingd in
Rec. ITU-T H.264 | ISO/IEC 14496-10, before access unit re-assembling.

The folloewing specifies the removal of access unit Au(j) from buffer EBy;

At the decoding time tdu(j), the AVC access unit Ay(j) shall be re-assembled and available for removal from
buffer EBy. The decoding time tdy(j) is specified by the DTS or by the CPB removal time that is associated with
the MV C view-component subsets in elementary stream ESy, as derived from information in the re-assembled
AVC video stream.

STD delay
The STD delay for re-assembled AVC access units shall follow the constraints specified in 2.14.3.1.

Buffer management conditions

Transport streams shall be constructed so that the following conditions for buffer management are satisfied:
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*  Each TB, shall not overflow and shall be empty at least once every second.
. Each MB,, EBy, and DPB shall not overflow.

*  EBpj shall not underflow, except when VUI parameters are present for the AVC video sequence of the re-
assembled AVC video stream with the low_delay hrd flag set to 'l'. Underflow of EByx occurs for AVC

access unit An(j) when one or more bytes of An(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 in this
clause. Carriage in PES packets for MVCD video sub-bitstream is specified below:

Carriage of MVCD sub-bitstream in PES packets

For correct re-assembling of the MVCD view-component subsets to an AVC access unit, the following applies:

2.14

The
strea

Whe|
view
least,
equal

The

s a PES packet per M VCD view-component SUDSet Start shall be present, 1.¢., at Mmost one M
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 €ach M)
view-component subset.

3.8 P-STD extensions for MVC

P-STD model described in 2.14.3.2 is applied if the decoded elementary stream is a\ video sub-bitstrea
Im_type 0x1B, i.e., only the AVC video sub-bitstream of MVC or MVC base view sub-bitstream is decoded.

h there is a set of decoded MVC video sub-bitstreams in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program, of y
order index values may be signalled in the MVC_extension_descriptor, as defined in 2.6.78, and when there
one of the MVC video sub-bitstreams in the set of decoded elementary stréams having the value of stream |
| to 0x20, the P-STD model, as described in 2.14.3.2, is extended as illustrated in Figure 2-16 and as specified bg

MVC elementary streams associated with the same program

Program
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stream,
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Figure 2-16 — P-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 Video
with MVC video sub-bitstreams

following additional notations are used to describe the P-STD extensions and are illustrated in Figure 2-16 abo

ES, is the received elementary stream associated with the n-th MVC video sub-bitstream, where n
index to the MVC view id subsets starting with value 0 for the MVC view _id subset containin|
base view and ordered according to the minimum view order index contained in each MVC vie
subset

CD

vCD

m of
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ve.
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udes

the view components with the highest view order index present 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
MVC view_id subset

VSiu(jn) 1is the ja-th MVC view-component subset of the MVC video sub-bitstream associated with ES,,

n-th

Au() is the j-th access unit resulting from re-assembling (up to) the H-th MVC view-component subset

associated with ESy
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tda(jn)  is the decoding time, measured in seconds, in the system target decoder of the MVC view-component

subset VSi(jn)

tdu(j) is the decoding time, measured in seconds, in the system target decoder of the j-th access unit Au(j)

resulting from re-assembling (up to) the MVC view-component subset VSu(ju)
Bu is the input buffer for all decoded MVC video sub-bitstreams
BSu is the size of the input buffer By, measured in bytes
VSB, s the view component subset buffer for elementary stream ES,

VSBS, is the size of view component subset buffer VSB,, measured in bytes

Carriage in PES packets

For ¢

DPB
The

timif]
subs

Bnb
The

Accé

The

orrect 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 .ene 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 2714.3.1 using AVC accesq unit
g values, as DTS or CPB removal time, and PTS or DPB removal time, associated\with the MV C view-compgnent
pts of the MV C video sub-bitstream in elementary stream ESH.

nffer management

following applies:

*  There is exactly one elementary stream buffer By for all the elementary streams in the set of decpoded
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 §et 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:

BSu =)\ (VSBS,)
where BSH is the size of the input buffer for the MVC video sub-bitstream in elementary stream ESy, as defined
in 2.14.3.2, for the re-assembled AVC video stream.
ss unit re-assembling and B removal
following specifies the access unit re-assembling that results in AVC access unit Ay(j):

i)  Assembleth¢ 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(jy+1) and VS,(jy) collectefl 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+; 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) of VSy+1(jy+1) shall be equal to DTS value
tdy(jy) of VS,(y).

NOTE - If no hierarchy descriptor is present, VSy is associated with the AVC sub-bitstream and VSy+1 is

associated with the MV C sub-bitstream.

ii) If SEI NAL units are present in any MVC view-component subset with view order index not equal

to 0,

these NAL units shall be re-ordered to the order of NAL units within an access unit, as defined in Rec. ITU-

T H.264 | ISO/IEC 14496-10, before access unit re-assembling.

The following specifies the removal of access unit Ay(j) from buffer By:

156

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 specified by the DTS or by the CPB removal time that is associated with
the MVC view-component subsets in elementary stream ESy, as derived from information in the re-assembled
AVC video stream.
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delay

The STD delay for the re-assembled AVC access units shall follow the constraints specified in 2.14.3.2.

Buffer management conditions

Program streams shall be constructed so that the following conditions for buffer management are satisfied:

. By shall not overflow.

* By shall not underflow, except when VUI parameters are present for the AVC video sequence of the

re-assembled AVC video stream with the low_delay hrd flag set to 'l', or when trick mode 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).
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Carriage of ISO/IEC 14496-17 text streams

1 Introduction

subclause defines the carriage of ISO/IEC 14496-17 elementary text streams within Rec.SFIU-T H.22
[EC 13818-1 systems, both for program and transport streams. Typically, an ISO/IEC 14496¢17 text stream w
ement of an ISO/IEC 13818-1 program, as defined by the PMT in a transport stream and the PSM in a pro
. The carriage and buffer management of ISO/IEC 14496-17 text streams is defined using existing parameters
ITU-T H.222.0 | ISO/IEC 13818-1 such as PTS and DTS, as well as information ftgni-the ISO/IEC 14496-17
. For this purpose, clause 2.15.3 specifies the decoding of ISO/IEC 14496-17 streams ‘within the T-STD and P-
bls, using the Hypothetical Text Decoder (HTD) defined in ISO/IEC 14496-17;

h an ISO/IEC 14496-17 text stream is carried in a Rec. ITU-T H,222:0 | ISO/IEC 13818-1 stream|
[EC 14496-17 coded data shall be contained in PES packets, as defined/in 2715.2. Information needed to decod
[EC 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 ISOAEC"14496-18, can reference the streamed for
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2.15

fied in Annex A.1 of ISO/IEC 14496-17. To transmit ISO/IEC\14496-18 font streams, applications can use thg
ject carousel as defined in ISO/IEC 13818-6.

2 Carriage in PES packets

[EC 14496-17 text streams are carried in PES packets, using one of the assigned 14 stream id extension valu
xtFormat field in TextConfig() is coded with theyalue 0x01, indicating Timed Text as specified in 3GPP TS 26
the text stream consists of a concatenation.of 3GPP Text Access Units in display order, whereby each Text A

consists of one or more so-called TTUs.For carriage in PES packets, alignment between PES packets and TT]
red; i.e., the first byte in the payload(ofia PES packet carrying an ISO/IEC 14496-17 text stream shall be the
of a TTU, which is the first byte,of the TTU header specified in clause 7.4.2 in ISO/IEC 14496-17. There
er need for alignment; hence, th&first TTU in a PES packet may contain for example a non-first fragment of a
ss unit or a Sample Description.

S shall be coded in the PES packet header of each PES packet carrying an ISO/IEC 14496-17 text stream. The
refer to the first Text-Alccess Unit that commences in the PES packet. A Text Access Unit commences in a
et if a TTU[ 1] with-@)complete text sample or the TTU[2] with the first fragment of a text sample is present i
packet. For identifying whether a TTU[2] carries the first or a subsequent text sample fragment, see clauses 7.

1.4.5 in ISO/IEC 14496-17.

3  STD-extensions

34 T-STD extensions

2.0 |
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3.2.2

The T-STD model includes a transport buffer TB, and a multiplex buffer B, prior to the Hypothetical Text Decoder
defined in ISO/IEC 14496-17. transport stream packets with ISO/IEC 14496-17 data, as indicated by its PID, enter the
buffer TB,. Bytes are removed from TB, to enter Buffer B, at the rate Rx,. Delivery of bytes from B, to enter the
TTU Decoder in the HTD is at rate Rbx,. See also Figure 2-17.
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Figure 2-17 — T-STD model extensions for ISO/IEC 14496-17 text streams

Buffer management

The $ize TBS, of TB, is equal to 512 bytes. For ISO/IEC 14496-17 text streams, the size BS, of B, is equal to 4096 Y
The fate Rx, is equal to 2 000 000 bits/s. The rate Rbx, meets the delivery schedule defined for ISO/IEC 14496-17
at the input of the HTD in clause 7.7 of ISO/IEC 14496-17, i.e., Rbx, = R[profile, level] if the textSampleBuffer i

ytes.
data

5 not

full 4
in cl

Each

2.15
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Each

2.16
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nd Rbx, = 0 if the textSampleBuffer is full, where R[profile, level] is defined as the profile and level specific rate R

huse 7.8 of ISO/IEC 14496-17.

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/IECA4496-17 shall be met.

3.2 P-STD extensions

P-STD model for the decoding of an ISO/IEC 14496-17 text stream includes a multiplex buffer B, prior t
thetical Text Decoder defined in ISO/IEC 14496-17. Ferweach ISO/IEC 14496-17 text stream n, the size B
r By in the P-STD is defined by the P-STD_buffer size, field in the PES packet header.

of the following requirements shall apply:

Buffer B, shall not overflow.
Each HTD requirement specified i clause 7.7 of ISO/IEC 14496-17 shall be met.

Carriage of auxiliary video streams

[EC 23002-3 specifies auxiliary video streams. ISO/IEC 23002-3 auxiliary video streams can be carried
ITU-T H.222.0 | ISO/IEC 13818-1 streams as follows:

in Table 2-27,.16 stream-id_extension values are assigned to signal auxiliary video streams;

in Table 2<34, one stream-type value is assigned to signal an auxiliary video stream;
* in Table2-45, one descriptor tag is assigned to indicate an auxiliary video stream descriptor;
imstibclause 2.6.57 the auxiliary video stream descriptor is specified,;

the auxiliary video stream descriptor is associated with each auxiliary video stream.

of time

liary ‘'video stream

b the
Sn of

over

— 300 3 he-a 2 deo-S 2111-Sh3 be-svynchronized saiath -1 pa drough th
stamps in the associated PES header based on the same PCR clock.

s provide additional information about a conventional primary video sequence, as specifi¢

In case a program contains multiple video streams, it will be up to the application to specify the association between the
video component and auxiliary video streams.

2.17

2.17.

Carriage of HEVC

1  Constraints for the transport of HEVC

For HEVC video streams, HEVC temporal video sub-bitstreams or HEVC temporal video subsets, the following
constraints additionally apply:
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Each HEVC access unit shall contain an access unit delimiter NAL unit.

Rec. ITU-T H.222.0 (10/2014)


https://standardsiso.com/api/?name=515ae574dbe8ca830b6cca24b65bcf5c

ISO/IEC 13818-1:2015 (E)

NOTE 1 — HEVC requires that an access unit delimiter NAL unit, if present, is the first NAL unit within an HEVC
access unit. Access unit delimiter NAL units simplify the ability to detect the boundary between HEVC access units.

An HEVC video stream or HEVC temporal video sub-bitstream shall be an element of an ITU-T H.222.0 |
ISO/IEC 13818-1 program and the stream_type for this elementary stream shall be equal to 0x24.

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 an HEVC video stream or HEVC
temporal video sub-bitstream shall be present within the elementary stream carrying that HEVC video
stream or HEVC temporal video sub-bitstream.

For each HEVC temporal video subset that is an element of the same Rec. ITU-T H.222.0 | ISO/IEC 13818-
1 program, the stream_type for this elementary stream shall be equal to 0x25.

When a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program includes more than one HEVC temporal video

Carriage in PES packets

subset, or more than one HEVC temporal video sub-bitstream and at least one HEVC temporal Yideo
subset, a hierarchy descriptor as defined in 2.6.7 shall be present for all associated elementary stréams|{with
stream type equal to 0x24 or 0x25. The hierarchy descriptors shall be used to indicate the dependencies of
all HEVC temporal video sub-bitstreams and all HEVC temporal video subsets.

In each elementary stream with stream_type equal to 0x24 with a hierarchy descriptors, the hierarchy | type
in the hierarchy descriptor shall be equal to 15.

In each elementary stream with stream_type equal to 0x25 with a hierarchy descriptor, the hierarchy|type
in the hierarchy descriptor shall be equal to 3.

The video parameter sets, sequence parameter sets and picture parameter sets, as specified in |Rec.
ITU-T H.265 | ISO/IEC 23008-2, that are necessary for decoding the\HEVC highest temporal sub-Jayer
representation of an HEVC temporal video subset shall be present ‘within the elementary stream carfying
the HEVC temporal video sub-bitstream associated by a hierarchy descriptor.

The aggregation of the HEVC temporal video sub-bitstream-with associated HEVC temporal video supsets
according to the hierarchy descriptors, as specified in 2.17.3¢shall result in a valid HEVC video stregm.

NOTE 2 — The resulting HEVC video stream contains a setefitemporal sub-layers, as specified in Rec. ITU-T H.265
| ISO/IEC 23008-2, with Temporalld values forming a contiguous range of integer numbers.

ITU{T H.265 | ISO/IEC 23008-2 video is carried in PES packets as PES packet_data_bytes, using one of the 16 strean_id
valug¢s assigned to video, while signalling the ITU-T-H:265 | ISO/IEC 23008-2 video stream by means of the assigned
stream-type value in the PMT (see Table 2-34). The¢ highest level that may occur in an HEVC video stream, as well as a
profille and tier that the entire stream conforms te should be signalled using the HEVC video descriptor. If an HEVC yideo
desctiptor is associated with an HEVC video stream, an HEVC temporal video sub-bitstream, an HEVC temporal yideo
subs¢t, then this descriptor shall be conveyed in the descriptor loop for the respective elementary stream entry ip the
program map table. This Recommendation | International Standard does not specify the presentation of ITU-T H.R65 |

ISO/IEC 23008-2 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, DT Ss'ar¢ encoded in the header of the PES packet that carries the ITU-T H.265 | ISO/IEC 23(08-2
vide¢ 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

Carr
ITUA
streaj

age of ann\HEVC video stream, an HEVC temporal video sub-stream or an HEVC temporal video subset ov
T H.222.0 | ISO/IEC 13818-1 stream does not impact the size of the buffer DPB. For decoding an HEVC \y
ms-ans HEVC temporal video sub-bitstream or an HEVC temporal video sub-bitstream and its associated H|

bT an
ideo
EVC

temy

aral’ video subsets in the STD _the size of 2 DPR is as defined in Rec ITII-T H 245 ! ISOQ/MEC 23008-2 _The

IDPB

shall be managed as specified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2 (clauses C.3 and C.5). A decoded
HEVC access unit enters the DPB instantaneously upon decoding the HEVC access unit, hence at the CPB removal time
of the HEVC access unit. A decoded HEVC access unit is presented at the DPB output time. If the HEVC video stream,
HEVC temporal video sub-bitstream or HEVC temporal video subset provides insufficient information to determine the
CPB removal time and the DPB output time of HEVC access units, then these time instants shall be determined in the

STD

model from PTS and DTS timestamps as follows:

1) The CPB removal time of HEVC access unit n is the instant in time indicated by DTS(n) where DTS(n) is

the DTS value of HEVC access unit n.

2) The DPB output time of HEVC access unit n is the instant in time indicated by PTS(n) where PTS(n) is

the PTS value of HEVC access unit n.

Rec. ITU-T H.222.0 (10/2014)
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NOTE 3 — HEVC video sequences in which the low_delay hrd flag in the syntax structure ird_parameters() is set to 1 carry
sufficient information to determine the DPB output time and the CPB removal time of each HEVC access unit. Hence for HEVC
access units for which STD underflow may occur, the CPB removal time and the DPB output time are defined by HRD parameters,
and not by DTS and PTS timestamps.

NOTE 4 — 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 in a transport
stream using the HEVC timing and HRD descriptor with the hrd_management valid flag set to '1'. Irrespective of the presence of
this information, compliance of an HEVC video stream to the T-STD ensures that HRD buffer management requirements for the
CPB are met when each byte in the HEVC video stream is delivered to and removed from the CPB in the HRD at exactly the same

instant in time at which the byte is delivered to and removed from EB. in the T-STD.

2.17.2  T-STD Extensions for single layer HEVC

When_there is an HEVC video stream or HEVC tempnml video sub-hitstream in an ITU-T H 222 0 ! ISO/MEC 13R18-1

prog

Fam and there is no HEVC temporal video subset associated with this elementary stream of stream_type 0x24in the

samq ITU-T H.222.0 | ISO/IEC 13818-1 program, the T-STD model as described in 2.4.2 is extended as illustratpd in

Figu

TBn| MBy, EBn buffer management

e 2-18 and as specified below.
R Rb A, ), td
I/I - TBn Xn N MBn Xn N EBn n(]) n(.]) > D DPB N
1 | s
' TS O0——»
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\\\ o—//_>
e 7 H.222.0(12)-Amd.3(14)_F3-18

Figure 2-18 — T-STD model extensions for singledayer HEVC

The following additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-18 aboye.
t(1) indicates the time in seconds at which the i-th byte of the transport stream enters the system target decodef
TBn is the transport buffer for elementary stream n

TBS is the size of the transport buffer TB,, measuted-in bytes

MB,| is the multiplexing buffer for elementarystream n

MBS, is the size of the multiplexing buffer MB,, measured in bytes

EBn is the elementary stream buffer, forthe HEVC video stream
j is an index to the HEVC acgess unit of the HEVC video stream
An(j is the j-th access unit of the HEVC video bitstream
tds (§ is the decoding timeof A,(j), measured in seconds, in the system target decoder
Rxy is the transferrate from the transport buffer TB, to the multiplex buffer MB,, as specified below.
Rbx4 is the transfer rate from the multiplex buffer MB, to the elementary stream buffer EB, as specified below.
The followingapply:
*\(~ There is exactly one transport buffer TB, for the received HEVC video stream or HEVC temporal yideo
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:
MBS, = BSmux + BSon + CpbBrNalFactor x MaxCPBJtier, level] — cpb_size
where BSoh, packet overhead buffering, is defined as:
BSon= (1/750) seconds x max{ CpbBrNalFactor x MaxBR{[tier, level], 2 000 000 bit/s}
and BSmux, additional multiplex buffering, is defined as:
BSmux = 0.004 seconds x max{ CpbBrNalFactor 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.
160 Rec. ITU-T H.222.0 (10/2014)
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cpb_size is taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC video stream or HEVC temporal video sub-bitstream.

There is exactly one elementary stream buffer EB, for all the elementary streams in the set of received
elementary streams associated by hierarchy descriptors, with a total size EBS,

EBS, = cpb_size (measured in bytes)

where cpb_size is taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC video stream or the HEVC temporal video sub-bitstream.

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

STD|

The
deco
unit
The
tda(j

Buffer management conditions

Tran|

delay

AnG).

Kport streams shall be constructed so that the following conditions for buffer management are satisfied:

where bit_rate is CpbBrNalFactor/CpbBrVIcFactor 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.P65 |
ISO/IEC 23008-2 when NAL hrd parameters() is present in the VUI parameters of the ‘HEVC yideo
stream.

NOTE — Annex E also specifies default values for BitRate[ SchedSelldx] based on profile, tierand level when|NAL
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 managément valid flag set to ']' for
the elementary stream, then the transfer of data from MB, to EB, shall~follow the HRD defined scheme
for data arrival in the CPB of the elementary stream as defined dnyAnnex C of Rec. ITU-T H.P65 |
ISO/IEC 23008-2.

Otherwise, the leak method shall be used to transfer data fromi, MB,, to EB,, as follows:

Rbx, = CpbBrNalFactor x MaxBR{[tier, level]

where MaxBR{tier, level] is taken from Annex A of Re¢: ITU-T H.265 | ISO/IEC 23008-2 for the tief and
level of the HEVC video stream or HEVC temporal'video sub-bitstream.

If there is PES packet payload data in MB,, and:buffer EB, is not full, the PES packet payload is transfgrred
from MB, to EB, at a rate equal to Rbx,. IfiEB,, is full, data are not removed from MB,. When a byjte of
data is transferred from MB, to EB,, all RES packet header bytes that are in MB, and precede that byfe 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 entet EB,
instantaneously upon leaving MBy;

STD delay of any ITU-T H.265 [ISO/IEC 23008-2 data other than HEVC still picture data through the system target
ders buffers TB,, MB,, and EB,/shall be constrained by tda(j) — t(i) < 10 seconds for all j, and all bytes i in a¢cess

Helay of any HEVC still'picture data through the system target decoders TB,, MB,, and EB,, shall be constraingd by
—1(i) < 60 seconds-for all j, and all bytes i in access unit An(j).

Each TB; shall not overflow and shall be empty at least once every second.
Each MB,, EB, and DPB shall not overflow.

EB,, shall not underflow, except when VUI parameters are present for the HEVC video sequence with the
low delay hrd flag set to 'l'. Underflow of EB, occurs for HEVC access unit A,(j) when one or more
bytes of Ax(j) are not present in EB,, at the decoding time tdx(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 is extended as illustrated in
Figure 2-19 and as specified below.
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HEVC temporal video subsets

| Rx, RbX,; |
Packets of i—»| TB, ;i "5 MB, L+ EB,
PID, ! ES, i :
i TBn 1 L MBn,l E
i HEVC temporal video sub-bitstream i
: | ) with td
4 TS o[ TB,, | MB, | A,0) with d ()
) Demux - e i
O----#Other PIDs
H.222.0(12)-Amd.3(14) §2-19
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 inBigure 2-19 aboye.

t(1) indicates the time in seconds at which the i-th byte of the transport stream enters the system target decodey.

H is the number of received HEVC temporal video subsets, associated by hierarchy descriptors with the same
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 tendporal video sub-bitstream and index vilues
k ranging from 1 up to H identify the associated HEVC temporal video subsets.

ES. is the received elementary stream which contains the k-th HEVC temporal video subset or the HEVC temporal
video sub-bitstream if k equals 0.

ESq is the received elementary 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; .

j is an index to the output access units.

An(j is the j-th access unit of the HEV,€ complete temporal representation.

tda(j is the decoding time of A(j)«n the system target decoder.

TB., is the transport buffer for elementary stream k.

TBS}k s the size of the transport buffer TB,x, measured in bytes.

MB,J«  is the multiplexing-buffer for elementary stream k.

MBSY.x is the size-@fithe multiplexing buffer MB,,x, measured in bytes.

EB» is the-elementary stream buffer for the received HEVC temporal video sub-bitstream ES, and the rec¢ived
HEV.GAemporal video subsets ES, ;i to ESnn.

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

Rxn ts-the-transferratefronrthedk-thtransport buffer TRrrto-the kth-mtiplexbuffer MBrrasspeeified-below.

Rbx,x is the transfer rate from the k-th multiplex buffer MB,x to the elementary stream buffer EB, as specified below.

NOTE — The index n, where used, indicates that the received elementary streams and associated buffers belong to a certain HEVC
temporal video sub-bitstream and its associated HEVC temporal video subsets, distinguishing these elementary streams and
associated buffers from other elementary streams and buffers, maintaining consistency with the notation in Figure 2-18.

TBn,k, MBnx, EBn buffer management

The following apply:

162

e There is one transport buffer TB,x for each received elementary stream ES,x, where the size TBSx is

fixed to 512 bytes.
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*  There is one multiplex buffer MB,« for each received elementary stream ES, x, where the size MBS, x of
the multiplex buffer MBy,x is constrained as follows:

MBS, = BSmux + BSon + CpbBrNalFactor x MaxCPBl[tier, level] — cpb_size (measured in bytes)
where
BSon, packet overhead buffering, and BSnuy, additional multiplex buffering, are as specified in 2.17.2;

MaxCPBtier, level] and MaxBR{tier, level] are taken from the tier and level specification of HEVC for
the tier and level of the HEVC highest temporal sub-layer representation associated with ES;;

cpb_size is taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.265 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation associated with ES k.

. There is exactly one elementary stream buffer EB, for the H + 1 elementary streams in the set of received
elementary streams ES; o to ES,n, with a total size EBS,

EBS, = cpb_size (measured in bytes)
where cpb_size is taken from the HRD parameters, as specified in Annex E of Rec. ITU-T H.P65 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation associated with S, 1.

*  Transfer from TB,x to MB,x is applied as follows:
When there is no data in TB,x then Rx, is equal to zero. Otherwise:
Rx,x = bit_rate
where bit_rate is as specified in 2.17.2.
*  Transfer from MB;x to EB, is applied as follows:

If the HEVC timing and HRD_descriptor is present with the hrd management valid flag set to ']' for
the HEVC video sub-bitstream, then the transfer of data fromd MB,, x to EB,, shall follow the HRD defined
scheme for data arrival in the CPB of elementary stream ESy 3 as defined in Annex C of Rec. ITU-T H.265
| ISO/IEC 23008-2.

Otherwise, the leak method shall be used to transfef<data from MB, x to EB, as follows:
Rbx, x = CpbBrNalEacter x MaxBR[tier, level]

where MaxBR{tier, level] is defined for the byte stream format in Annex A of Rec. ITU-T H.265 |
ISO/IEC 23008-2 for the tier and level of.the HEVC video stream or the HEVC highest temporal sub-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 transfprred
from MB, « to EB, at a rate equaljto Rbx, . If EB, is full, data are not removed from MB,x. When a|byte
of data is transferred from MBi to EB,, all PES packet header bytes that are in MB,x and precedg that
byte are instantaneously removed and discarded. When there is no PES packet payload data present in
MB,x, no data is remoyed from MB, k. All data that enters MB,x leaves it. All PES packet payload| data
bytes enter EB, instantaneously upon leaving MB,, k.

At the output of the elementafy'stream buffer EB,, the elementary streams are aggregated by removing all HEVC a¢cess
unity in ascending DTS orden and transferring them to the HEVC decoder Dy, irrespective of which elementary stfeam
ES, each HEVC acces$-unit belongs to.

STD| delay

The BTD delay of any ITU-T H.265 | ISO/IEC 23008-2 data other than HEVC still picture data through the system thrget
decofders buffers TByx, MB,x, and EB, shall be constrained by td,(j) — t(i) < 10 seconds for all k, all j, and all bytep i in
access uftit Aq(j).

The detay of any HE VCstittprcture data through the systerm target decoders T B MBrgamd EBq sttt beconstrained
by tda(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,x shall not overflow and shall be empty at least once every second.
*  Each MB,x, EB,, and DPB shall not overflow.

. EB, shall not underflow, except when VUI parameters are present for the HEVC video sequence with the
low delay hrd flag set to 'l'. Underflow of EB, occurs for HEVC access unit A,(j) when one or more bytes of Ay(j) are
not present in EB,, at the decoding time tda(j).
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Al

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(Q

|—> 2(0)

z(1)

z(2) ¥ z(3)

2(4) >

-~ —»f z(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

remdining adder. The other input of each remaining adder i the output of z(i), while the output of each remaining 4

1S €O,

This

Byte
left 1
one
1", A
CR(
the o
of z(

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 examplefifithe 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 Y
L 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 oul
) shall be zero. Atthe CRC encoder the CRC 32 field is encoded with a value such that this is ensured.

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 abovg.

f the
each
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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

SN CC chall batiean 1+l
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B.1.]
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DSM
bring
appl
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extemsion with a broader scope.

B.1.]
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extemsions of DSM command control could include the folowing:
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In th|
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B.1.]

lllll be-transpatett-trthetoHewinsserse:
+ 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 spd
[ control commands in order to access Rec. ITU-T H.222.0 | ISO/IEC 13818- I\bitstreams from different DSM.
s many difficulties to the interface design of a Rec. ITU-T H.222.0 |ISO/IEC 13818-1 or ISO/IEC 111
cation system. To overcome this difficulty, a set of common DSM cpntfol commands, which is independent g
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 basg

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 program$.available from a video server. Such applications could be used by h
TV, educational institutions, hospitalsyetc.

ractive video services

bse applications, the user provides 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

d on

ould
tels,

hese

Users
redia

Spec

1ITymg the DSM control commadnds 1mndependent or the DSIVI, end-uscrs can perrorm 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 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.iw’ forward play or
the beginning in reverse play or the issuance of a stop command);

»  set the direction (forward or reverse);

*  pause;

s  resume;

+  change the access point in the bitstream;

. stop.
B.1.4.3 Storage
The DPSM-CC provides the means to:

»  cause storage of a valid bitstream for a specified duration;

*  cause storage to stop.
DSM-CC provides a useful but limited subset of functiofiality that may be required in DSM based Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 applications. It is fully expected that stgnificant additional capabilities will be added through subsequent
extensions.

B.2 General elements

B.2. Scope

The pcope of this work consists ¢f the development of a Recommendation | International Standard to specify a usefil set
of cqmmands for control of digital storage media on which a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream is stpred.
The fommands can perform-remote control of a digital storage media in a general way independently of the specific DSM
and gpply to any Rec. ITU;T H.222.0 | ISO/IEC 13818-1 bitstream stored on a DSM.

B.2.] Overview/of the DSM-CC application

The purrent DSM-CC syntax and semantics cover the single user to DSM application. The user's system is capable of
retrigving a.Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream and is also (optionally) capable of generating a Rec. ITU-T
H.222.0/NSO/IEC 13818-1 bitstream. The control channel over which the DSM commands and acknowledgements are
sent |[is<Shown in Figure B.1 as an out-of-band channel. This can also be accomplished by inserting the DSM-CC
commands and acknowledgements into the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams if an out-of-band channel
is not available.
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Figure B.1 — Configuration of DSM-CC application

] The transmission of DSM-CC commands and acknowledgements

DSM-CC is encoded into a DSM-CC bitstream according to the syntax and semantics defined in B.3.2 through H
[DSM-CC bitstream can be transmitted both as a stand-alone bitstream and in a Re¢. ITU-T H.222.0 | ISO
8-1 Systems bitstream.

n the DSM-CC bitstream is transmitted in stand-alone mode, its relationship\to’' the Systems bitstream an
ding process is illustrated in Figure B.2. In this case, the DSM-CC bitstream is not embedded in the Sys
eam. This transmission mode can be used in the applications when the"DSM is connected directly witl
ITU-T H.222.0 | ISO/IEC 13818-1 decoder. It can also be used in thé applications where the DSM-CC bitst

|l be controlled and transmitted by other types of network multiplexofs.
ISO/IEC 13818 bitstream .
(no DSM-CC embedded) .| System Video bitstream >
" decodef Audio bitstream >
DSM-CC bitstream \NDSM-CC Decoded DSM-CC
"] decoder "

H.222.0(12)_FB.2

Figure B.2 — BSM-CC bitstream decoded as a stand-alone bitstream

ome applications, it is desitable to transmit the DSM-CC in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 sys
eam so that some features of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 systems bitstream could be applied t
[-CC bitstream as wellZIn this case, the DSM-CC bitstream is embedded in the systems bitstream by the sys
plexor.

DSM-CC bitstream is encoded by the systems encoder in the following process. First, the DSM-CC bitstreg
etized into~a,packetized elementary stream (PES) according to the syntax described in 2.4.3.6. The PES pacl

mission media. The decoding procedures are the inverse of the encoding procedures and are illustrated in the §
am.of the Systems decoder depicted in Figure B.3.

3.9.
IEC

i the
tems
1 the
ream

tems
o the
tems

m is
tet 1s

multiplexed into either a program stream (PS) or a transport stream (TS) according to the requirement of the

lock

In Figure B.3, the output of the Systems decoder is a video bitstream, audio bitstream and/or DSM-CC bitstream. The
DSM-CC bitstream is identified by the stream id, value '1111 0010' as defined by the stream id Table 2-22. Once the
DSM-CC bitstream is identified, it follows the rules as specified by T-STD or P-STD.
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B.3
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Figure B.3 — DSM-CC bitstream decoded as part of the system bitstream

Lechnical elements

Definitions

For the purposes of this Recommendation | International Standard, the following definitions apply:
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prec
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B.3.1

B.3.1

.1 DSM-CC: Digital Storage Media Command and Control Commands that are specified by Rec: ITU-T H.J
/IEC 13818-1 for the control of digital storage media at a local or remote site containing a Rec. ITU-T H.23
[EC 13818-1 bitstream.

.2 DSM ACK: The acknowledgement from the DSM-CC command receiver to the ¢orhmand initiator.

.3 MPEG bitstream: An ISO/IEC 11172-1 Systems stream, Rec. ITU-T H222.0 | 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/ortetrieve 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 | ISOAEC 13818-1 bitstream with the property
t least one elementary stream within the bitstream, the next ac¢ess unit, 'N', completely contained in the bitst
e decoded without reference to previous access units, and for'every elementary stream in the bitstream all a
with the same or later presentation times are completelycontained subsequently in the bitstream and cg
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 owin’manipulation of the stored material (e.g., storing quantiz
ces so that a sequence header can be generatedywhenever necessary). A point of random access has an assoc]
namely the actual or implied PTS of accessunit 'N'.

.6 current operational PTS value~Th¢ actual or implied PTS associated with the last point of random a
bding the last access unit provided fromrthe DSM from the currently selected Rec. ITU-T H.222.0 | ISO/IEC 138§
eam. If no access unit has been previded from this Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream, the DS
able of providing random acc€ss‘into 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.

Specificatiomof DSM-CC syntax
*  Every, DSM control command shall commence with a start_code, as specified in Table B.1.

* Every DSM control command shall have a packet length to specify the number of byte
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

22.0
2.0 |

pram

IEC

r that
ream
cess
n be
The
jonal
htion
iated

cess
18-1
M is
boint

in a

b the

packet length field are identical to those specified in 2.4.3.6. In other words, if the DSM-CC pacl

(et is

168

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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pacKet_start_code_prefix — This is a 24-bit code. Together with the stream id that follows it Constitutes a DSM
et start code that identifies the beginning of a DSM-CC packet bitstream. The packet-start code prefix is th

packl
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streg
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pacKet_length — This 16-bit field specifies the number of bytes in the DSM-CC packet immediately following th
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Table B.1 - DSM-CC syntax

ISO/IEC 13818-1:2015 (E)

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()

}

5 '0000 0000 0000 0000 0000 0001" (0x000001).

I to Table 2-23.

of this field.

values are defined in Table B.2.

Semantics of fields in specification of DSM-CC syntax

Table B.2 — Command.id assigned values

mand_id — This 8-bit unsigned integer identifies the bitstream is a céntrol command or an acknowledgement st

Value Command_id
0x00 Forbidden
0x01 Control
0x02 Ack
0x03-0xFF Reserved

} Control layer

straints on setting flags(in) DSM-CC control

bits are set, then this command shall be ignored.

+ At most oneof the flags for select, playback and storage shall be set to '1' for each DSM control comn|
If noneof‘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
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

[-CC
e bit

m_id — This 8-bit field specifies the bitstream type and shall have a value '1111 0010' for the DSM-CC bitstfeam.

b last

cam.

nand.

each

hese
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See Table B.3.

Table B.3 — DSM-CC control

Syntax No. of bits | Mnemonic
control() {
select_flag 1 bslbf
retrieval_flag 1 bslbf
storage flag 1 bslbf
reserved 12 bslbf
marker—bit 1 bslbf
If (select_flag=="1") {
bitstream_id [31..17] 15 bslbf
marker_bit 1 bslbf
bitstream_id [16..2] 15 bslbf
marker_bit 1 bslbf
bitstream_id [1..0] 2 bslbf
select_mode 5 bslbf
marker_bit 1 bslbf
b
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 jump_flag =='1")¥
reserved 7 bslbf
direction_indicator 1 bslbf
time code()
}
if (play_flag =="1"){
speed_mode 1 bslbf
direction_indicator 1 bslbf
reserved bslbf
time_code()
¥
}
if (storage flag =="1") {
reserved 6 bslbf
record_flag 1 bslbf
stop_Tmode T bstbf

if (record_flag =='1") {

time_code()
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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 '1' specifies that a storage operation is to be executed.

bitstream_ID — This 32-bit field is coded in three parts. The parts are combined to form an unsigned integer specifying
which Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream is to be selected. It is the DSM server's responsibilityto'map 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 nitbers 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 speg¢ifies
the defined modes.

Table B.4 — Select mode assigned values

Code Mode
0x00 Forbidden
0x01 Storage
0x02 Retrieval
0x03-0x1F 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 is-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 current
operational PTS value.

resume_mode — This is a one-bit code specifying to continue the playback action from the current operational PTS value.
Resyme 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 onegbit-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 ', 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).

record_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

Table B.5 - DSM-CC Acknowledgement

[ Semantics of fields in acknowledgement layer

t_ack — This 1-bit field when it is set to 'l' indicates that the ack() eommand is to acknowledge a select commd

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 (emd status =="1' &&
(retrieval ack =="1" || storage _ack =="1")) {
time_code()
}
}

nd.

retrieval ack — This 1-bit field when set to 'l indicates that the ack()’*¢ommand is to acknowledge a retrieval comnpand.

storg

erro
play
', ¢
cmd
is rej

r_ack

ected.

pge_ack — This 1-bit field when set to '1' indicates that the aek() command is to acknowledge a storage commat

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.

— This 1-bit field when set to '1' indicates a DSM error. The defined errors are EOF (end of file on for|

The semantics vary according to theé_ command received as follows:

If select_ack is set and cmd “status is set to '1', it specifies that the Rec. ITU-T H.222.0 | ISO/IEC 13§
bitstream is 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.2
| 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 commands. The position of the current operational PTS pointer is reported by the succed
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
cemmmand.

If the cmd_status is set to '0' in a retrieval acknowledgement, the operation has failed. Possible reasor]

nd.

ward
et to

| status — This 1-bit flag set to '1' indicates, that the command is accepted. When set to '0' it indicates the comiand
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this failure include an invalid bitstream ID, jumping beyond the end of a file, or a function not supp
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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

See

B.3.9
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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.

Table B.6.

For all the commands in the ack() layer, the time code is specified by the current operational PTS,va

Table B.6 — Time code

}

Syntax No. of bits | Mnemonic
time code() {
reserved 7 bslbf
infinite_time_flag 1 bslbf
if (infinite_time flag=="0") {
reserved 4 bslbf
PTS [32..30] 3 bslbf
marker 1 bslbf
PTS [29..15] 15 bslbf
marker_bit 1 bslbf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf

) Semantics of fields in time code

ite_time_flag — This 1-bit flag when set to '1' indicates an infinite time period. This flag is set to '1' in applical
e a time period for a specific operation could not be defined in advance.

[32..0] — The presentation timestamp of the access unit of the bitstream. Depending upon the function, this cg
solute value or a relative time’delay in cycles of the 90-kHz system clock.

lue.

tions

n be
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C1

Annex C

Program-specific information

(This annex does not form an integral part of this Recommendation | International Standard.)

Explanation of program-specific information in transport streams

Subclause 2.4.4 contains the normative syntax, semantics and text concerning program-specific information. In all cases,
compliance with the constraints of 2.4.4 is required. This annex provides explanatory information on how to use the PSI
functions, and considers examples of how it may be used in practice.

C.2
This

for the purpose of the demultiplexing and presentation of programs. The coding specification accommodates this funi
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Introduction

Recommendation | International Standard provides a method for describing the contents of transport stream pa

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. IC
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. V

structures may be thought of as simple.tables, they may be partitioned before they are sent in transport st|
ets. 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 datg
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.

Ckets
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*  Sections with table id 0x02 belong to the TS Program Map Table.
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e Sections with table id 0x03 belong to the TS description_section.

*  Sections with table id 0x04 belong to the ISO_IEC 14496 scene description_section.
*  Sections with table id 0x05 belong to the ISO_IEC 14496 object descriptor section.
*  Sections with table id 0x06 belong to the metadata section.

*  Sections with table id 0x07 belong to the IPMP_Control Information section.

Other values of the table id can be allocated by the user for private purposes.

It is possible to set up filters looking at the table id field to identify whether a new section belongs to a

table of interest or not.
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ii) table_id_extension

This 16-bit field exists in the long version of a section. In the Program Association Table it is used to
identify the transport_stream_id of the stream — effectively a user-defined label which allows one transport
stream to be distinguished from another within a network or across networks. In the conditional access
table this field currently has no meaning and is therefore marked as "reserved" meaning that it shall be
coded as OxFFFF, but that a meaning may be defined by ITU-T | ISO/IEC in a subsequent revision of this
Recommendation | International Standard. In a TS Program Map section the field contains the
program_number, and thereby identifies the program to which the data in the section refers. The
table id extension can also be used as a filter point in certain cases.

iii) section_number

The section_number field allows the sections of a particular table to be reassembled in their original order
Dy the decoder. There is o obligation within this Recommendation | International Standard that secpions
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 whether
it is different, and may therefore signify a configuration change. This is;achieved by sending a section|with
the same table id, table id extension, and section_number as the prévious 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 transmifsion
of a future configuration in advance of the changeygiying the decoder the opportunity to prepare fdr 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 vers$ion of that section.

C4 The mapping of sections into transport 'stream packets

Sectlons are mapped directly into transport strearm packets, 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 qf the
first pection in the payload of a transport streanipacket 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 indicator
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\niever more than one pointer field in a transport stream packet, as the start of any
other 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 rext one is allowédto 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 stufffing
mechanism is previded to fill up the space. Stuffing is performed by filling each remaining byte of the packet with the
valug OxFF. Consequently the table id value OxFF is forbidden, or else this would be confused with stuffing. 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 Hytes,

allowing & decoder to discard the rest of the transport stream packet. Stuffing can also be performed using the ndrmal
adap Qf;f\l’\ ﬁP]A mpr\hanicm

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 2.1.60
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 ]6-bit unsigned integer and thus permits 65535 unique programs to exist within a transport stream (program sumber
0 is feserved for identification of the NIT). Where several transport streams are available to the decoder (e.g,..1n.a ¢able
network), in order to successfully demultiplex a program, the decoder must be notified of both the transpett 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 network
information table may be stored in decoder non-volatile memory to reduce channel acquisition tim¢.In this case, it fjeeds
to bq 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 elements<which 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 afll. In
genefal, though, a broadcaster may prefer to logically split up the transport stream into several programs, wher¢ the
PCR] PID (location of the clock reference) is always the same. This method 0f 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_PI[}, 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.

ii)  Very large program definitions

There is a maximum limit,on the length of a section of 1024 bytes (including section header and CRC| 32).
This means that no single program definition may exceed this length. For the great majority of cases, [even
with each program element having several descriptors, this size is adequate. However, one may env{sage
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 communications 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.

C9I

The relationships of PSI structures

Figu
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In th

access table (PID 1)
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e following subclauses, each PSI table is described.
Program association Network
table (PID 0) inforimation table
Program 0 4' Network PID |7
Program map PID Program 1 Private
Program 2 network
Program 45 data
Program 20
Program X QL.]
Program Y Decoder
Tey— Audio H.222.0(12)_FC.1
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Program 20 Video
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ProgramY
Program map table
MPEG-2
Program 1 Program 20
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| CAPID l— CA System 2
CA System N
Conditional

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 trankport
stream packets may contain other private structures as defined by the table_id field. It is possible toyiave TS PMT sections
referring to different programs carried in transport stream packets having a common PID value.

This|Recommendation | International Standard requires a minimum of program identification: program number, PCR
PID,|stream types and program elements PIDs. Additional information for either programs*or elementary streams mgy 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 singlelsection or whether they are applicable to fpany
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 associatedswith them.

NOTE — The (private) contents of the transport stieam packets containing EMM and CA parameters if present will, in general, 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 appings of user-selected services with transport_stream_ids, channel frequercies,
satel]ite transponder numbers; modulation characteristics, etc.

C.9.5 Private_section()

Privgte sections() e¢ah oCcur in two basic forms, the short version (where only the fields up to and including section_lgngth
are ipcluded) or the-long version (where all the fields up to and including last_section number are present, and aftqr the
private data bytes'the CRC 32 field is present).

Privgte_section()s can occur in PIDs which are labelled as PMT PIDs or in transport stream packets with other PID vhlues
whicdhCentain exclusively private sections(), including the PID allocated to the NIT. If the transport stream packgts of
the IID ball_yillé t}lk« luivatu_ouuﬁuu()o arv idblltiﬁbd asS d PID ucul_yius Plivat\,_ouutiuuo (Dtl L«alll_t.yyb abbiulllllbllt 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 1=0;1<N;it++){
sub_descriptor()

Table C.2 — Sub-descriptor

Syntax No. of bits. {¢Mnemonic

sub_descriptor() {

sub_descriptor_tag 8 uimsbf

sub_descriptor_length 8 uimsbf

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

private_data_byte 8 uimsbf

b

}

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 denjands
for BSI information and, in applications where randem access is a consideration, should promote fast signal acquisftion.
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 ‘océurrence rate and scrambling key retrieval and processing.

This[subclause examines bgth the bitrate and signal acquisition time impacts of the PSI syntax in 2.4.4.4 and 2.4.4.9| It is
assu];led that the conditional access table does not need to be received dynamically at every program change.|This
assumption is also made of the private EMM streams. This is because these streams do not contain the quickly-vafying
ECM components_tised for program element scrambling (encryption).

Alsof in the diseussion below, the time to acquire and process ECMs has been neglected.

Tablps C3\and C.4 provide bandwidth usage values for a range of transport stream conditions. One axis of the table is
the fumber of programs contained in a single transport stream. The other axis is the frequency with which thg PSI

. d . . 4 . 4
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Table C.3 — Program association table bandwidth usage (bit/s)
Number of programs per transport stream

1 5 10 32 128
1 1504 1504 1504 1504 4512
Frequency of PA table 10 15040 15040 15040 15040 45120
Information 25 37600 37600 37600 37600 112800
(s™h 50 75200 75200 75200 75200 225600
100 150400 150400 150400 150400 451200
NOTE - Since 46 program_association_sections fit into one transport packet, the numbers in the table do not change until the
last column.
Table C.4 — Program map table bandwidth usage (bit/s)
Number of programs per transport stream
1 5 10 32 128
1 1504 1504 3008 7520, 28576
Frequency of PM table 10 15040 15040 30080 75200 28576p
Infqrmation 25 37600 37600 75200 | C) 188000 71440D
(s! 50 75200 75200 150400 376000 14288710
100 150400 150400 300800 601600 28576(0

This|frequency will be a key determinant of the component of signal acquisitiontime due to PSI structures.

Both|
the B
of tw

is adflitional overhead associated with version numbers, section lerigths, etc. This will be on the order of 1-3% of the

PSI {
here

The

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 descriptors. 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

itrate usage in sections of moderate to maximum length (a féw hundred bytes to 1024 bytes) and will thus be ig

hbove assumptions allow forty-six (46) program associations to map into one Program Association Table tran|

stream packet (if no adaptation field is present). Similarly, seven (7) TS _program map_sections fit into a single tran
stream packet. It may be noted that to facilitate easy "drop/add" it is possible to transmit only oneg

TS program map_section per PMT PID. This'may cause an undesirable increase in PSI bitrate usage, however.

Usin
appr
acqul
one

coor
"drof

With
varid

6-M

b a frequency of 25 Hz for the two RS 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

lisadvantage of the extra levelof indirection introduced by the PAT structure. This effect could be reducs
inated transmission of related PAT and PMT packets. Presumably, the advantage that this approach offer
b/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€3CA and routing overheads):
Hz CATV/channel
»_\ five 5.2-Mbit/s programs:
" total PSI bandwidth:

26.5 Mbit/s (includes transport overhead)
5.2 kbit/s

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 tifne is

d by
5 for

e for

v CA bamdwidth 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)

180

* 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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plications where the data are not delivered to the decoder with correct timing, it may be possibl¢ to produc

ec. ITU-T H.222.0 | ISO/IEC 13818-1 Systems timing model in detail, and gives some suggéstions for impleme
der systems to suit some typical applications.

| Timing model

Figure D.1 — Constant delay model

ant in this model!)“while the delay through each of the encoder and decoder buffers is variable. Not only is the

m does not indicate synchronization information. The relative location of coded audio and video is constrained

rided, that represent sound and pictures that are to be presented simultaneously may be separated in time withi

code

d bit stream by as much as one second, which is the maximum decoder buffer delay that is allowed in the STD m|

liant Rec. ITU-T H.222.0 | ISO/IEC 13818-1 data streams. Given that a decoding system receives a compliant bit
I that is delivered correctly in accordance with the timing model it is straightforward to implement the decoder|such
it produces as output high quality audio and video which are properly synchronized. There is 1m0 ‘normptive
rement, however, that decoders be implemented in such a way as to provide such high quality preséntation ottput.

t the

ed presentation output; however, such capabilities are not in general guaranteed. This informative annex descyribes

hting

ITU-T H.222.0 | ISO/IEC 13818-1 Systems embodies a timing model in which' all digitized pictures and gudio
les that enter the encoder are presented exactly once each, after a constant end to end delay, at the output of the
der. As such, the sample rates, i.e., the video frame rate and the audio sample rate, are precisely the same 4t the

der as they are at the encoder. This timing model is diagrammed in Figute D.1:

ico in EncoderH Buffer }— —{ Buffer HDecoder }M%

System System

coder Storage decoder

and or transmission and
. multiplex multiplex .
Aud t
_Audio in EncoderH Buffer }— —{ Buffer HDecoder }&ﬂb
—_—— —_— —_——
Variable delay Constant delay Variable delay

Constaﬁt delay H.222.0(12) FD.1

ndicated in Figure D.lythe delay from the input to the encoder to the output or presentation from the decoder is

lelay

gh each of these buffers variable within the path of one elementary stream, the individual buffer delays in the yideo
wudio paths differ as well. Therefore the relative location of coded bits representing audio or video in the combined

only

e System Target Decoder (STD) model such that the decoder buffers must behave properly; therefore coded gudio

h the
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

pictu

re.

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.

182

Rec. ITU-T H.222.0 (10/2014)


https://standardsiso.com/api/?name=515ae574dbe8ca830b6cca24b65bcf5c

	CONTENTS
	
SECTION 1 – GENERAL
	1.1 Scope
	1.2 Normative references
	1.2.1 Identical Recommendations | International Standards
	1.2.2 Paired Recommendations | International Standards equivalent in technical content
	1.2.3 Additional references

	
SECTION 2 – TECHNICAL ELEMENTS
	2.1 Definitions
	2.2 Symbols and abbreviations
	2.2.1 Arithmetic operators
	2.2.2 Logical operators
	2.2.3 Relational operators
	2.2.4 Bitwise operators
	2.2.5 Assignment
	2.2.6 Mnemonics
	2.2.7 Constants

	2.3 Method of describing bit stream syntax
	2.4 Transport stream bitstream requirements
	2.4.1 Transport stream coding structure and parameters
	2.4.2 Transport stream system target decoder
	2.4.3 Specification of the transport stream syntax and semantics
	2.4.4 Program-specific information

	2.5 Program stream bitstream requirements
	2.5.1 Program stream coding structure and parameters
	2.5.2 Program stream system target decoder
	2.5.3 Specification of the program stream syntax and semantics
	2.5.4 Program stream map
	2.5.5 Program stream directory

	2.6 Program and program element descriptors
	2.6.1 Semantic definition of fields in program and program element descriptors
	2.6.2 Video stream descriptor
	2.6.3 Semantic definitions of fields in video stream descriptor
	2.6.4 Audio stream descriptor
	2.6.5 Semantic definition of fields in audio stream descriptor
	2.6.6 Hierarchy descriptor
	2.6.7 Semantic definition of fields in hierarchy descriptor
	2.6.8 Registration descriptor
	2.6.9 Semantic definition of fields in registration descriptor
	2.6.10 Data stream alignment descriptor
	2.6.11 Semantics of fields in data stream alignment descriptor
	2.6.12 Target background grid descriptor
	2.6.13 Semantics of fields in target background grid descriptor
	2.6.14 Video window descriptor
	2.6.15 Semantic definition of fields in video window descriptor
	2.6.16 Conditional access descriptor
	2.6.17 Semantic definition of fields in conditional access descriptor
	2.6.18 ISO 639 language descriptor
	2.6.19 Semantic definition of fields in ISO 639 language descriptor
	2.6.20 System clock descriptor
	2.6.21 Semantic definition of fields in system clock descriptor
	2.6.22 Multiplex buffer utilization descriptor
	2.6.23 Semantic definition of fields in multiplex buffer utilization descriptor
	2.6.24 Copyright descriptor
	2.6.25 Semantic definition of fields in copyright descriptor
	2.6.26 Maximum bitrate descriptor
	2.6.27 Semantic definition of fields in maximum bitrate descriptor
	2.6.28 Private data indicator descriptor
	2.6.29 Semantic definition of fields in Private data indicator descriptor
	2.6.30 Smoothing buffer descriptor
	2.6.31 Semantic definition of fields in smoothing buffer descriptor
	2.6.32 STD descriptor
	2.6.33 Semantic definition of fields in STD descriptor
	2.6.34 IBP descriptor
	2.6.35 Semantic definition of fields in IBP descriptor
	2.6.36 MPEG-4 video descriptor
	2.6.37 Semantic definition of fields in MPEG-4 video descriptor
	2.6.38 MPEG-4 audio descriptor
	2.6.39 Semantic definition of fields in MPEG-4 audio descriptor
	2.6.40 IOD descriptor
	2.6.41 Semantic definition of fields in IOD descriptor
	2.6.42 SL descriptor
	2.6.43 Semantic definition of fields in SL descriptor
	2.6.44 FMC descriptor
	2.6.45 Semantic definition of fields in FMC descriptor
	2.6.46 External_ES_ID descriptor
	2.6.47 Semantic definition of fields in External_ES_ID descriptor
	2.6.48 Muxcode descriptor
	2.6.49 Semantic definition of fields in Muxcode descriptor
	2.6.50 FmxBufferSize descriptor
	2.6.51 Semantic definition of fields in FmxBufferSize descriptor
	2.6.52 MultiplexBuffer descriptor
	2.6.53 Semantic definition of fields in MultiplexBuffer descriptor
	2.6.54 FlexMuxTiming descriptor
	2.6.55 Semantic definition of fields in FlexMuxTiming descriptor
	2.6.56 Content labelling descriptor
	2.6.57 Semantic definition of fields in content labelling descriptor
	2.6.58 Metadata pointer descriptor
	2.6.59 Semantic definition of fields in metadata pointer descriptor
	2.6.60 Metadata descriptor
	2.6.61 Semantic definition of fields in metadata descriptor
	2.6.62 Metadata STD descriptor
	2.6.63 Semantic definition of fields in metadata STD descriptor
	2.6.64 AVC video descriptor
	2.6.65 Semantic definition of fields in AVC video descriptor
	2.6.66 AVC timing and HRD descriptor
	2.6.67 Semantic definition of fields in AVC timing and HRD descriptor
	2.6.68 MPEG-2 AAC audio descriptor
	2.6.69 Semantic definition of fields in MPEG-2 AAC audio descriptor
	2.6.70 MPEG-4 text descriptor
	2.6.71 Semantic definition of fields in MPEG-4 text descriptor
	2.6.72 MPEG-4 audio extension descriptor
	2.6.73 Semantic definition of fields in MPEG-4 audio extension descriptor
	2.6.74 Auxiliary video stream descriptor
	2.6.75 Semantic definition of fields in auxiliary video stream descriptor
	2.6.76 SVC extension descriptor
	2.6.77 Semantic definition of fields in SVC extension descriptor
	2.6.78 MVC extension descriptor
	2.6.79 Semantics of fields in MVC extension descriptor
	2.6.80 J2K video descriptor
	2.6.81 Semantics of fields in J2K video descriptor
	2.6.82 MVC operation point descriptor
	2.6.83 Semantic definition of fields in MVC operation point descriptor
	2.6.84 MPEG2_stereoscopic_video_ format_ descriptor
	2.6.85 Semantic definition of fields in the MPEG2_stereoscopic_video_format_descriptor
	stereo_video_arrangement_type_present: When this bit is set to '1', then the following 7-bits indicate the type of stereo_video_format_type included in the user_data of associated MPEG-2 video elementary stream. If this bit is set to '0', then no such...
	2.6.86 Stereoscopic_program_info_descriptor
	2.6.87 Semantic definition of fields in the stereoscopic_program_info_descriptor
	2.6.88 Stereoscopic_video_info_descriptor
	2.6.89 Semantic definition of fields in the stereoscopic_video_info_descriptor
	2.6.90 Extension descriptor
	2.6.91 Semantic definition of fields in the extension descriptor
	2.6.92 ODUpdate_descriptor
	2.6.93 Transport_profile_descriptor
	2.6.94 Semantic definition of fields in the Transport_profile_descriptor
	2.6.95 HEVC video descriptor
	2.6.96 Semantic definition of fields in HEVC video descriptor
	2.6.97 HEVC timing and HRD descriptor
	2.6.98 Semantic definition of fields in HEVC timing and HRD descriptor

	2.7 Restrictions on the multiplexed stream semantics
	2.7.1 Frequency of coding the system clock reference
	2.7.2 Frequency of coding the program clock reference
	2.7.3 Frequency of coding the elementary stream clock reference
	2.7.4 Frequency of presentation timestamp coding
	2.7.5 Conditional coding of timestamps
	2.7.6 Timing constraints for scalable coding
	2.7.7 Frequency of coding P-STD_buffer_size in PES packet headers
	2.7.8 Coding of system header in the program stream
	2.7.9 Constrained system parameter program stream
	2.7.10 Transport stream

	2.8 Compatibility with ISO/IEC 11172
	2.9 Registration of copyright identifiers
	2.9.1 General
	2.9.2 Implementation of a Registration Authority (RA)

	2.10 Registration of private data format
	2.10.1 General
	2.10.2 Implementation of a Registration Authority (RA)

	2.11 Carriage of ISO/IEC 14496 data
	2.11.1 Introduction
	2.11.2 Carriage of individual ISO/IEC 14496-2 and 14496-3 Elementary Streams in PES packets
	2.11.3 Carriage of audiovisual ISO/IEC 14496-1 scenes and associated ISO/IEC 14496 streams

	2.12 Carriage of metadata
	2.12.1 Introduction
	2.12.2 Metadata time-line model
	2.12.3 Options for transport of metadata
	2.12.4 Use of PES packets to transport metadata
	2.12.4.1 Metadata Access Unit Wrapper

	2.12.5 Use of the DSM-CC synchronized download protocol to transport metadata
	2.12.6 Use of metadata sections to transport metadata
	2.12.7 Use of the DSM-CC data carousel to transport metadata
	2.12.8 Use of the DSM-CC object carousel to transport metadata
	2.12.9 Metadata-related signalling

	2.13 Carriage of ISO 15938 data
	2.13.1 Introduction
	2.13.2 ISO 15938 decoder configuration data

	2.14 Carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video
	2.14.1 Introduction
	2.14.2 Carriage in PES packets
	2.14.3 STD extensions

	2.15 Carriage of ISO/IEC 14496-17 text streams
	2.15.1 Introduction
	2.15.2 Carriage in PES packets
	2.15.3 STD extensions

	2.16 Carriage of auxiliary video streams
	2.17 Carriage of HEVC
	2.17.1 Constraints for the transport of HEVC
	2.17.2 T-STD Extensions for single layer HEVC
	2.17.3 T-STD extensions for layered transport of HEVC temporal video subsets

	Annex A - 
CRC decoder model
	A.1 CRC decoder model
	Annex B - 
Digital Storage Medium Command and Control (DSM-CC)
	B.1 Introduction
	B.2 General elements
	B.3 Technical elements
	Annex C - 
Program-specific information
	C.1 Explanation of program-specific information in transport streams
	C.2 Introduction
	C.3 Functional mechanism
	C.4 The mapping of sections into transport stream packets
	C.5 Repetition rates and random access
	C.6 What is a program?
	C.7 Allocation of program_number
	C.8 Usage of PSI in a typical system
	C.9 The relationships of PSI structures
	C.10 Bandwidth utilization and signal acquisition time
	Annex D - 
Systems timing model and application implicationsof this Recommendation | International Standard
	D.1 Introduction
	Annex E - 
Data transmission applications
	E.1 General considerations
	E.2 Suggestion
	Annex F - 
Graphics of syntax for this Recommendation | International Standard
	F.1 Introduction
	Annex G - 
General information
	G.1 General information
	Annex H - 
Private data
	H.1 Private data
	Annex I - 
Systems conformance and real-time interface
	I.1 Systems conformance and real-time interface
	Annex J - 
Interfacing jitter-inducing networks to MPEG-2 decoders
	J.1 Introduction
	J.2 Network compliance models
	J.3 Network specification for jitter smoothing
	J.4 Example decoder implementations
	Annex K - 
Splicing transport streams
	K.1 Introduction
	K.2 The different types of splicing point
	K.3 Decoder behaviour on splices
	Annex L - 
Registration procedure (see 2.9)
	L.1 Procedure for the request of a Registered Identifier (RID)
	L.2 Responsibilities of the Registration Authority
	L.3 Responsibilities of parties requesting an RID
	L.4 Appeal procedure for denied applications
	Annex M - 
Registration application form (see 2.9)
	M.1 Contact information of organization requesting a Registered Identifier (RID)
	M.2 Statement of an intention to apply the assigned RID
	M.3 Date of intended implementation of the RID
	M.4 Authorized representative
	M.5 For official use only of the Registration Authority
	Annex O - 
Registration procedure (see 2.10)
	O.1 Procedure for the request of an RID
	O.2 Responsibilities of the Registration Authority
	O.3 Contact information for the Registration Authority
	O.4 Responsibilities of parties requesting an RID
	O.5 Appeal procedure for denied applications
	Annex P - 
Registration application form
	P.1 Contact information of organization requesting an RID
	P.2 Request for a specific RID
	P.3 Short description of RID that is in use and date system that was implemented
	P.4 Statement of an intention to apply the assigned RID
	P.5 Date of intended implementation of the RID
	P.6 Authorized representative
	P.7 For official use of the Registration Authority
	Annex Q - 
T-STD and P-STD buffer models for ISO/IEC 13818-7 ADTS
	Q.1 Introduction
	Q.2 Leak rate from Transport Buffer
	Q.3 Buffer size
	Q.4 Conclusion
	Annex R - 
Carriage of ISO/IEC 14496 scenes in Rec. ITU-T H.222.0 | ISO/IEC 13818-1
	R.1 Content access procedure for ISO/IEC 14496 program components within a program stream
	R.2 Content access procedure for ISO/IEC 14496 program components within a transport stream
	Annex S - 
Carriage of JPEG 2000 part 1 video over MPEG-2 transport streams
	S.1 Introduction
	S.2 J2K video access unit, J2K video elementary stream, J2K video sequence and J2K still picture
	S.3 Elementary stream header (elsm) and mapping to PES packets
	S.4 J2K transport constraints
	S.5 Interpretation of flags in adaptation and PES headers for J2K video elementary streams
	S.6 T-STD extension for J2K video elementary streams
	Annex T - 
MIME type for MPEG-2 transport streams
	T.1 Introduction
	T.2 MIME type and subtype
	T.3 Security considerations
	T.4 Parameters
	Bibliography
	Blank Page



