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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respect|ve orgamzatlon to deal W|th particular flelds of technical act|V|ty ISO and IEC
technical copn
and non-goyernmental, in liaison with ISO and IEC, also take part in the work. In the f|eld of |nfo mation
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

Internationa| 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 International
Standards adopted by the joint technical committee are circulated to national bodies'for voting. Publicgtion as
an Internatignal 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 document may be the subject of| patent
rights. ISO gnd IEC shall not be held responsible for identifying any or all. such patent rights.

ISO/IEC 13818-1 was prepared by Joint Technical Committee ISO/IECJTC 1, Information technology,
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information, in collaboration with
ITU-T. The igentical text is published as ITU-T H.222.0 (06/2042).

© ISO/IEC 2015 — All rights reserved


http://www.itu.int/ITU-T/ipr/
https://iecnorm.com/api/?name=515ae574dbe8ca830b6cca24b65bcf5c

CONTENTS

Page

O O 1T ) T TSSO PRRPRRUURUPT 1

1.2 INOIMALIVE TETRICIICES ...euviuiietietietiete ettt ettt et ea et e et eeateeseesseeseeenbeenaeenteenteeneeeseanaeans 1

B B D 1< 101 (0] TS OSSPSR 3

2.2 Symbols and abDIEVIATIONS. ......cc.eertiertietieieet et ettt ettt ettt ettt e teeete s seesbeesbe e bt eneeenteeneeeeeenaeens 9

2.3 Method of describing bit STrEAM SYNEAX ......cceeieeriieriiirieeiieieetie st iest et eteete st seeeseeesae e e eseeeneeseeesaeens 11

2.4 Transport stream bitStream reqUITEIMENS .......oiueiuierierteeieeieetieetienteeteeteeteseeseeesteeseeeteeneeeneesseenaeens 12

2.5  Program stream DitStream rEQUITEIMENTS ......cc.ueiueeruierteerieeieeiteetieetienteeteeteeeteseeesbeesaeesaeeneeeneeeneesseenaeens 57

2.6 Program and program element deSCIIPLOTS......ccueiuiertiiriieiieiieiieetient et eteseestee e e bt e et eeeeseeesaeens 70

2.7 Restrictions on the multiplexed Stream SEMANLICS.........eecvieveeierierierieeesie e see e e eeeereeseeeeaesseens 115

2.8 Compatibility With ISO/TEC L1172 c..cccuieiiiieiieciesieesit ettt ae e sae e ssaenseessesssessaensaens 119

2.9 ReGISTration OF COPYTTGNT TACTITITICTS .. - eeeveermveesseesseeraseesaseessnesaeesssaesneesseessseessseesssaessseesseeesngeend ... 119

2.10 Registration of private data fOrmat............ccoecveriirierieniieieieeeeeeeeee e SN T2 ... 120

2.11 Carriage of ISO/IEC 14496 data.........cccceecviiieiieiieiieie e eieeeeseesieeieevesaesnesneesseesseenns b e ... 120

2,12 Carriage of Metadata ..........c.eecvieierieiieiicie e sre e N e ... 132

2.13  Carriage of ISO 15938 data........cccccveriieiiieiiiieiieieese et eeee et sreesessaesee e s e s e eeseeseenseend ... 140

2.14 Carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 VIA€O......cceevverrieieeieriesees e eereereeeveeeneneend ... 140

2.15 Carriage of ISO/IEC 14496-17 teXt StrEamS ........ccceeverveereeeieerereenieesieereses e B Teere e eeeneeend ... 157

2.16 Carriage of auxiliary video StreamsS. .........cceveververeereerieesieeienreneesieesem foee oo sieseesie e ... 158

2.7  Carriage 0Of HEVC .....ooiiiiiiiiiiiiieeecccienesenceeeeeeeveseeene e et ettt ... 158

Annex A | CRC decoder MOAEL .........ccuoiiiiiiiiiiiei e £ Nde ettt et te e seeeseeesaeenee s ... 164

Al CRC decoder MOl .........ooouiiiiiieiieieeieee et s ettt sttt sae et et eneeeneenneend ... 164

Annex B } Digital Storage Medium Command and Control (DSM-CC).,..57 c.eeiiiiiiiiieeeeeeee s ... 165

B. INErOAUCHION ... s ettt ettt ettt ettt ... 165

B2 General CleMENtS ......coouieureiieiieiiesiiesiieieeie e siee s e S en ettt ettt ettt sttt et et eneeeneenneend ... 166

BB Technical lEmMENLS.......coveiiiiriiriieiiiieiceiieee e B ettt ettt ettt ettt ettt e e be e e ... 168

Annex C } Program-specific iNformation............cceevevueeeceeeiueuieiieieeie e seeste et eteesteebeesbeesaeseaessaesaeenseenns ... 174

C. Explanation of program-specific information in transport Streams .............cceevveeeereerreereerreernennsd ... 174

C INEEOAUCTION ... e ettt e e e bbbt et et et st et s aeest et et enaeneene ] ... 174

C.3  Functional MeChaniSm........cc.eeierie ittt ... 174

C.4  The mapping of sections into traliSPOrt Stream PACKELS.......c.cvverueeriieiieieeieeiee e ... 175

C.5  Repetition rates and randOmIEECESS. ... ...ecvirierieriieiieteeieseesteesteereeeeestesseesseesseesseessessaesseesseesseesns ... 175

C. WHaL 1S @ PLOGIAM? ... i eeeeeeieteiteeste ettt e et e et e eteesteesseesbeesbesseesseesseesseesseesseessesssessseseesseessenssensend ... 176

C.J  Allocation of program MUMDET ..........cecuiiiirieriietieie ettt ettt et e st et enteeeesneesneeseeeneeenes ... 176

C.8  Usage of PSTin adyPical SYSTEM .. .cocuieiiiiieiieiietieie ettt ettt sneesneeneeenes ... 176

C.9  The relationships 0f PST StIUCTUIES. ....cc.coueririeiiiinirieniceeet ettt sttt see e ... 177

C.]0 Bandwidthqutilization and signal acquUiSItion tIME ..........cceeceevuerueriinininieeeieneneee et ... 179
Annex D|— Systems¢timing model and application implications of this Recommendation | International

SEANAALA .0 et ettt et ettt ettt e s e s e et et e enteenteeneeenee st enseenseenneeneenseend ... 182

Dl TAEOQUCTION .ottt ettt ettt ettt e st e st e et e enteensesnsesneesneesseenseenseensenseenseend ... 182

Annex E + Ddta transmission apPlICATIONS ......cecvieiiieriieiiieeieeiiieeiteeeiteesteesteesseessaeesseesseeasseessseeesseesnsesessessses ... 191

E. LS 10115 ¢ B G0 1) L83 218 () e USSP 191

DN L T4 (T 5 (o 1 OSSPSR USROS 191

Annex F — Graphics of syntax for this Recommendation | International Standard............cccceeeviniiniiiiniennnnnn. 192

Fol o INErOQUCTION .ottt ettt ettt et et et st sbeesbee bt et e st e eatesbeenaeens 192

Annex G — General INFOrMAtION .......ccoiiiiiiiiiiiiiiieeeee ettt ettt s st ne e nes 196

G.1  General INFOIMALION ......c.eeiiiieiieriee ettt te e st e st e e te et e et e eseess e e seenseensesnsesneesneesneenseenes 196

ANNEX H — PIIVALE dALA.....couiiiiiiiiiiiiie ettt b ettt et et besbe bt et ent e be st nes 197

L B0 O o0 7 TN - SRR STSPOSO 197

Annex I — Systems conformance and real-time iNterface ............cevvverierieiiieiieeiereeee e 198

I.1 Systems conformance and real-time INTEITACE. .......cccuiiviieriierieeie e 198

Annex J — Interfacing jitter-inducing networks to MPEG-2 deCoders.........c.cuerieriiiriiiiiniinieniececee e 199

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


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

J.1 INETOAUCTION ...ttt ettt b et e et e ettt ea e e bt e s bt e b e et e enbesneesaees 199
J.2 Network compliance MOAEIS ........cc.eiiiiiiiiiiiiiiie ettt ettt 199
J.3  Network specification for jitter SMOOthING.........c.ccciiiiiiiiiiiiiiiiee e 200
J4  Example decoder implementations ...........ccoooueieerieriieneeie ettt ettt seee sttt et e eeeenaeen 201
Annex K — Splicing tranSPOTt SEIEAIMS .......cc.ueiueeiiertieiieie ettt et et eete st e sbe e bt et eateeaeesb e e beenbeenteseaesmeesaeesaeeneeenes 202
) G O 15 (o T L1 o1 ) WSSO PRUSR 202
K.2  The different types of SPLICING POINE ....c..eeiiiiiiiiiiieiieit ettt ettt saee 202
K.3  Decoder DEhaviour On SPLICES.......ecieriieriieteeieiiesiesttesteeteeereeetessaesseesseeseesesssesseesseesseenseesseassessaenseens 203
Annex L — Registration procedure (SEE 2.9) ......eiierieriieiiieiieieriiesieeieeieseeseesseeseesteenseesaessaesseeseessesssesnsesseesseensennes 205
L.1  Procedure for the request of a Registered Identifier (RID) .........cccooieriieeiiriieiiie e 205
L.2  Responsibilities of the Registration AUthOTILY ..........cccovveriieiieieeienieneeie e see e sae e seae e sseens 205
L.3  Responsibilities of parties requesting an RID ...........coocoiriiiriiiiiiniiiieeeee e ... 205
L.4  Appeal procedure for denied appliCatiOns .........c.eccveruieriieriieieeienieiiesieeie e seeseesseeseeenseene g e ... 206
Annex M|- Registration application form (SE€ 2.9).......ccuiviirierieiiieieiie ettt ettt se e e ereesesnse ara e eseenns ... 207
MJl  Contact information of organization requesting a Registered Identifier (RID)..........cco.e.®ueeienind] ... 207
M  Statement of an intention to apply the assigned RID ...........ccooceviiiiiiiniinin . N ... 207
M} Date of intended implementation of the RID .........coccooiiiiiiiiiiiiiee e o ... 207
MK Authorized TePreSENtAtIVE ......ccevuiriirieieiieieieniinereeeet ettt eveesageees et s v eeeeneenneneeened ... 207
MJ5 For official use only of the Registration AUthOTity .........ccccoerinerireneedlonNeteenininineeieeeieeneene] ... 207
Annex N |- Registration Authority diagram of administration structure (see 2.9) s\ eeeieiieieeieeieee ey ... 208
Annex O | Registration procedure (SE€ 2.10).......cevuiiriieciinierieriierieeieeeesee b Tesdeesseesresssesseesseessesssesssesseesseessennns ... 209
O.l  Procedure for the request 0f an RID .........c.oociiiiiiiieiiiiiiiecpoadanee e eereeteestee e e esessaeseaesseeseenns ... 209
0.2 Responsibilities of the Registration AUthOTity ...........cccecituririiniiniiiiieieeieeee e ... 209
0.3 Contact information for the Registration AUthOTItY ..ohdeeeecierieriieiieiieieseeeee e ... 209
O.4  Responsibilities of parties requesting an RID ...... 5. e cciiieiiiiieiccieceeeeeeee e ... 209
O.p  Appeal procedure for denied appliCations........ 50 i eveeieriereerie ettt eaeseaeseee e esseenns ... 209
Annex P 4 Registration application fOIM.............eeruierueecmeirleenieieereiieseeseesteereeeeeesesteesseeseessesssesseesseesseessennns ... 211
P.1  Contact information of organization requesting an RID ...........ccccooieiiiiiniiiiiieeeeeeeee ... 211
P.2  Request for a specific RID ........cocomafZiituriiiiiiniiiiieietetetesteesee ettt s ... 211
P.3  Short description of RID that is in use and date system that was implemented .................cc.cee.... ... 211
P4  Statement of an intention to apply’the assigned RID ...........ccoooiiiiiieiiniinie e ... 211
P.3 Date of intended implementation of the RID .........ccccooiiiiiiiiiiiiieeeee e ... 211
P.¢  Authorized repreSentatiVe; ™ . ... .cooieiieieeieeie ettt ettt ettt et et e e teseeeseeesseeseeeneeeneeeneeeneenneend ... 211
P.7  For official use of the'Registration AUthOTILY ........ccccverieiieiieiirieieeee e ... 211
Annex Q | T-STD and P-STD-biffer models for ISO/IEC 13818-7 ADTS ...cvveiieiieieeieeeeeeee s ... 212
QUL IEOAUCTION L . . ettt e e e et e e ete e eeteeeeaeeeeteeeeaaeeeteeeeaaeeetseeeseeeteeeesneennes ... 212
Q.2 Leak ratedrom Transport BUFTer ..........ccoocviiiiiiiiiieiicececesee e ... 212
QB BUITEESIZE ...ttt e et e e e et e e e et e e e e tte e e e eteeeeeaeeaeeareeand ... 212
QU COMEIISION ..ottt e ettt e e et e e et e e e eeaaeeeeeataeeeeeaaeeeeeaaaeeetseeeeestsesensseaeesseeand ... 213
Annex R  Carridge of ISO/IEC 14496 scenes in Rec. ITU-T H.222.0 | ISO/TEC 13818-1...cccceevvvvvevverirreeieennnns ... 215
R. Content access procedure for ISO/IEC 14496 program components within a program stream.....J... 215
R.2  Content access procedure for ISO/IEC 14496 program components within a transport stream ......... 216
Annex S — Carriage of JPEG 2000 part 1 video over MPEG-2 transport Streams..........coeecveverieneneneneeneeneenenennes 220
NS T N 6513 (o4 13175 o) 4 SRR 220

S.2 J2K video access unit, J2K video elementary stream, J2K video sequence and J2K still picture
............................................................................................................................................................. 220
S.3  Elementary stream header (elsm) and mapping to PES packets..........ccccecervveviiiinininininicenicnenennenn, 220
S.4  J2K tranSpOIt CONSIIAINLS ......co.eeutertirtertintirteetteitet ettt ettt ettt et et st et sttt aeest et et enbesbeebeeaeennensenaensenee 222
S.5  Interpretation of flags in adaptation and PES headers for J2K video elementary streams................... 222
S.6  T-STD extension for J2K video elementary Streams.........cecuveerveerueeereeriiieereeeireeseeeeeeesseessneesseesnnns 222
Annex T — MIME type for MPEG-2 tranSpOTt SITEAIMS .......ccc.eeeruieriuieerieeeiiieereeeiteeeseeeseeesseesseeesseessseeessessssesensessnes 225
Tl INEEOAUCTION .ottt ettt et ettt h e bt et e et e et e s st e sbeesbeenaeeneeenteeneeebeenneens 225
T.2  MIME type and SUDLYPE .....cccueeeiiieiiieeitieeiie ettt esiteeteeestteeteeestaeeteeessaessseeensseesseeessseesseessseessseessseensses 225

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


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

T.3
T4

Bibliography

SECUITLY CONSIACTALIONS ...vveeevieeiieeiieeiieeiteetteesteeetteestteeteeestaeeteeessaeesaeesseesseesseesseessseensseessseenssens

Parameters

vi

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


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

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 multlplexmg approach for smgle video and audlo elementary streams is illustrated in Figure Intro. 1. The video
and audig resulting
compress¢d elementary streams are packetlzed to produce PES packets. Informatron needed to use PE S packets
independgntly of either transport streams or program streams may be added when PES packets ate)forged. This
informatign is not needed and need not be added when PES packets are further combined with system level i$ormation

to form trpnsport streams or program streams. This systems standard covers those processes to the right of tlje vertical
dashed lire.

Video data Packetizer Video PES > Program

stream
PS

Audio data Packetizer Audio PES |+ Mux

—» Transport
TS | stream
—>
» Mux

(————————————— ==

Extent of systems specification -

L) »

H.222.0(12)_FO1

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

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

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

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

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

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

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

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


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

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

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

Intro.1 Transport stream

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

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

There arq some difficulties with constructing and delivering a transport stream containing multiple progfams with
independgnt time bases such that the overall bit rate is variable. Refer to 2.4.2.2.

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

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

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

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

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

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

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

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

- asystem layer; and

—  acompression layer.

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

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

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

viii Rec. ITU-T H.222.0 (10/2014)
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Figure Intro. 2 — Prototypical transport demultiplexing and decoding example

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

transport

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

ream containing a single program. In this ¢ase the re-multipleXing operation may necessitate the co

Transport stream
demultiplex and ———5=>
decoder

Channel | Channel-specific
decoder

A 4

Transport stream

.. . Transport streant
containing multiple programs

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

Figure Intro. 3 — Prototypical transport multiplexing example

ection of

Figure Infro. 4 illustrates a case in which a multi-program transport stréam is first demultiplexed and then conyerted into

a progranj stream.

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

the conve

all of thesg functions.

Intro. 2

The prog
other datd|
major cor

Fsions illustrated. There is no requirement that specific implementations of demultiplexors or decode

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

Channel . | Channel-specific
decoder

A

Transport stream

- . Program stream
containing multiple programs

H.222.0(12)_F04

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

Program stream

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

|gurations
1 facilitate
rs include

 data and
ware, is a

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

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

data is als

o allowed, but not shown.

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

ix


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

________________________________________________

i Decoded
Video decoder —Mb

A 4

]
|
]
I I
] ]
] ]
. i |
Channel | Channel-specific ' | Program stream »| Clock control !
decoder ! decoder !
i | i Decoded
Program i » Audio decoder —i&b
stream | |

H.222.0(12)_F05

Figure Intro. 5 — Prototypical decoder for program streams

The protofypical decoder for program streams shown in Figure Intro. 5 is composed of system, video and audid
conforming to Parts 1, 2 and 3, respectively, of ISO/IEC 13818. In this decoder, the multiplexed coded represe
one or m¢re audio and/or video streams is assumed to be stored or communicated on some channel(in-somg
specific fgrmat. The channel-specific format is not governed by this Recommendation | InternationakStandard,
channel-specific decoding part of the prototypical decoder.

The protdtypical decoder accepts as input a program stream and relies on a program streamitdecoder to extr
informati¢gn from the stream. The program stream decoder demultiplexes the stream, and~the elementary s
produced [serve as inputs to video and audio decoders, whose outputs are decoded video and audio signals. I
the desigr, but not shown in the figure, is the flow of timing information among the'program stream decoder,
and audiqg decoders, and the channel-specific decoder. The video and audio de¢oders are synchronized with ¢
and with the channel using this timing information.

Program gtreams are constructed in two layers: a system layer and a comptession layer. The input stream to th
stream defcoder has a system layer wrapped about a compression layée/ Input streams to the video and audig
have only|the compression layer.

Operations performed by the prototypical decoder either apply to the entire program stream ("multi
operationg"), or to individual elementary streams ("stream-specific operations"). The program stream systel
divided irto two sub-layers, one for multiplex-wide operations (the pack layer), and one for stream-specific
(the PES packet layer).

Intro. 3 | Conversion between transport streamand program stream

It may be|possible and reasonable to convert*between transport streams and program streams by means of PE
This resulfs from the specification of transport stream and program stream as embodied in 2.4.1 and 2.5.1 of the
requiremdnts of this Recommendation jInternational Standard. PES packets may, with some constraints, b
directly fijom the payload of one multiplexed bit stream into the payload of another multiplexed bit stream. It i
to identify the correct order of PES packets in a program to assist with this if the program packet sequence |
present in|all PES packets.

Certain other information necessary for conversion, e.g., the relationship between elementary streams, is ay
tables and headers in bothi'streams. Such data, if available, shall be correct in any stream before and after conv

Intro. 4 | Packetized elementary stream
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Transport| streams and program streams are each logically constructed from PES packets, as indicated in
definitiong 1h.2.4 PE k hall n n tran reams and program streams; in

€ syntax
me cases

the PES packets need not be modified when performing such conversions. PES packets may be much larger than the size

of a transport stream packet.

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

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

Intro.5 Timing model

Systems, video and audio all have a timing model in which the end-to-end delay from the signal input to an encoder to
the signal output from a decoder is a constant. This delay is the sum of encoding, encoder buffering, multiplexing,
communication or storage, demultiplexing, decoder buffering, decoding, and presentation delays. As part of this timing
model all video pictures and audio samples are presented exactly once, unless specifically coded to the contrary, and the
inter- plcture 1nterval and audio sample rate are the same at the decoder as at the encoder. The system stream coding
elay. It is
decoder's
iops of this
means of

creating them.

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

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

Intro. 6 | Conditional access

Encryption and scrambling for conditional access to programs encoded/n the program and transport streams is [supported
by the sydtem data stream definitions. Conditional access mechanismisyare not specified here. The stream definitions are
designed po that implementation of practical conditional access Systéms is reasonable, and there are some dgyntactical
elements $pecified which provide specific support for such systems.

Intro. 7 | Multiplex-wide operations

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

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

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

An additignal multiplex-wide operation is a decoder's ability to establish what resources are required to decode 3 transport
stream or|program stream. The first pack of each program stream conveys parameters to assist decoders in|this task.
Included, for example, are the stream's maximum data rate and the highest number of simultaneous video channels. The
transport stream likewise contains globally useful information.

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

Intro. 8 Individual stream operations (PES packet layer)

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

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

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

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

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

Intro. 8.2 Synchronization

Synchronjzation among multiple elementary streams is accomplished with presentation time stamps-(PT$s) in the
program §tream and transport streams. Time stamps are generally in units of 90 kHz, but the system clock|reference
(SCR), thg program clock reference (PCR) and the optional elementary stream clock reference (BSCR) have ¢xtensions
with a resplution of 27 MHz. Decoding of N-elementary streams is synchronized by adjusting-the decoding of $treams to
a commo1 master time base rather than by adjusting the decoding of one stream to match thatef another. The nfaster time
base may |be one of the N-decoders' clocks, the data source's clock, or it may be some external clock.

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

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

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

Intro. 8.3 Relation to compression Jayer

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

Intro. 9 | System reference decoder

P tl f SOOI 12010 1 1 4 4 | o U IVdals nl n WY £, 4 i L £ 4 242 f dt
ar Ol [ISOTCCTos o emproysa— systenrtargetaccoact (ST, onc ror-transportstreams{(rerertoz -z teierred to

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

Many applications require storage and retrieval of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams on various digital
storage media (DSM). A digital storage media command and control (DSM-CC) protocol is specified in Anhex B and
Part 6 of }SO/IEC 13818 in order to facilitate the control of such media
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Information technology — Generic coding of moving pictures and
associated audio information: Systems

SECTION 1 - GENERAL
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This Recommendation | International Standard specifies the system layer of the coding. It was developed principally to
support the combination of the video and audio coding methods defined in Parts 2 and 3 of ISO/IEC 13818. The system
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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

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

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

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

Normative references

ving Recommendations and-International Standards contain provisions which, through reference in
provisions of this Recommendation | International Standard. At the time of publication, the editions
d. All Recommendations and Standards are subject to revision, and parties to agreements basg
ndation | International Standard are encouraged to investigate the possibility of applying the most recq
commendationstand Standards listed below. Members of IEC and ISO maintain registers of curre
hal Standards—The Telecommunication Standardization Bureau of the ITU maintains a list of currg
commendatjons.
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1.2.2

- " Recommendation ITT-T H 262 (2000) [ISO/JAEC 13818-2-2000 [nformation technology — Gene
of moving pictures and associated audio information: Video.

Paired Recommendations | International Standards equivalent in technical content

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

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

ic coding

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

Advanced

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: coded

representation of multimedia and hypermedia objects.
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1.2.3

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

Additional references

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

rmation —

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

image coding system: Core coding system.

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

Recommendation ITU-R BT.601-6 (2007), Studio encoding parameters of digital television for standard

4:3 and wide-screen 16.9 aspect ratios.
Recommendation ITU-R BR.648, Digital recording of audio signals.
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 —Pgq
alphabet No. 1.

ISO 15706:2002, Information and documentation — International Standard Audiovisual Numbe

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

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

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

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

ISO/IEC 13818-7:2006, Information technology.~Generic coding of moving pictures and associ
information — Part 7: Advanced Audio Coding (4AC).

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

ISO/IEC 14496-1:2010, Information“technology — Coding of audio-visual objects — Part 1: Sys
ISO/IEC 14496-2:2004, Information technology — Coding of audio-visual objects — Part 2: Visy
ISO/IEC 14496-3:2009, Juformation technology — Coding of audio-visual objects — Part 3: Aud

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

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

ISO/PRENIS5706-2, Information and documentation — International Standard audiovisual numb
— Part2: Version identifier.

IECPublication 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 access unit begins with the picture start code. If a picture is preceded by a group start code and/or a
Sequence__hpndpr_r‘ndp the access unit hpginq with the first byte of the first of these start codes If it is the last picture
precedingl a sequence end code in the bitstream, all bytes between the last byte of the coded pictus¢ and the
sequence [end code (including the sequence end code) belong to the access unit.

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

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

2.1.2 AVC 24-hour picture (system): An advanced video coding (AVC) access unit with a presentation time that is
more than 24 hours in the future. For the purpose of this definition, AVC access unit w’has’a presentation time that is more
than 24 h¢urs in the future if the difference between the initial arrival time t.i(n) and thé DPB output time t, 4pn(J) is more
than 24 h¢urs.

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

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

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

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

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

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

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 first bit
in the strepm.

2.1.10  |channel:*A digital medium that stores or transports a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream.

2.1.11 |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 first 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.
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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 ficld that may be present in a PES packet header that indicates the
time that an access unit is decoded in the system target decoder.

2.1.25 digital storage media (DSM): A digital storage or transmission device or system.
2.1.26 DSM-CC: Digital storage media command and control.

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

2.1.28 |entitlement management message (EMM): Entitlement management messages are private cénditiopal access
informatign which specify the authorization levels or the services of specific decoders. They may be addressed to single
decoders pr groups of decoders.

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

2.1.30 |elementary stream (ES) (system): A generic term for one of the coded video, coded audio or otherjcoded bit
streams i1} PES packets. One elementary stream is carried in a sequence of PES packets“with one and only one gtream id.

2.1.31 |elementary stream clock reference (ESCR) (system): A time stamip-in’ the PES stream from whiclj decoders
of PES stieams may derive timing.

2.1.32 |encoder: An embodiment of an encoding process.

2.1.33  |encoding (process): A process, not specified in this R€¢orhmendation | International Standard, that reads a
stream offinput pictures or audio samples and produces a coded:bit stream conforming to this Recommendatiof.

2.1.34 |entropy coding: Variable length lossless coding of the digital representation of a signal to reduce redlundancy.

2.1.35 Jevent: An event is defined as a collection of elementary streams with a common time base, an assodjiated start
time, and jan associated end time.

2.1.36 [fast forward playback (video): The process of displaying a sequence, or parts of a sequence, of gictures in
display-otder faster than real-time.

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

2.1.38 metadata: Informationto-describe audiovisual content and data essence in a format defined by ISO or{any other
authority.

2.1.39 metadata access.unit: A global structure within metadata that defines the fraction of metadata that i intended
to be decgded at a spégific instant in time. The internal structure of a metadata Access Unit is defined by the|format of
the metadhta.

2.1.40 |metadata application format: Identifies the format of the application that uses the metadath; signals
applicatiopnsspecific information for transport of metadata.

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

2.1.42 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.

2.1.52  payload: Payload refers to the bytes which follow the header bytes in a packet. For example, the payload of
some transport stream packets includes a PES packet header and its PES packet data bytes, or pointer field and
PSI sectidns, or private data; but a PES packet payload consists of only PES packet data_bytes. The transpprt stream
packet header and adaptation fields are not payload.

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

2.1.54 |PES packet (system): The data structure used to carry elementary stream data. A PES packet consisty of a PES
packet header followed by a number of contiguous bytes from an elementary data stream. It is ajlayer in the syst¢m coding
syntax degcribed in 2.4.3.6.

2.1.55 |PES packet header (system): The leading fields in a PES packet( up to and not incl§iding the
PES pacljet data_byte fields, where the stream is not a padding stream. In the case’efa padding stream the PES packet
header is pimilarly defined as the leading fields in a PES packet up to and not in¢luding padding_byte fields.

2.1.56 |packetized elementary stream (PES) (system): A PES system consists of PES packets, all of whos¢ payloads
consist of|data from a single elementary stream, and all of which have thesame stream_id. Specific semantic donstraints
apply. Refer to Intro. 4.

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

2.1.58 |presentation unit (PU) (system): A decoded audig access unit or a decoded picture.

2.1.59 |program (system): A program is a collection”of program elements. Program elements may be elementary
streams. frogram elements need not have any defined time base; those that do, have a common time base and ar¢ intended
for synchfonized presentation.

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

2.1.61 |program element (system)=A generic term for one of the elementary streams or other data streamg that may
be includg¢d in a program.

2.1.62  |program-specific-information (PSI) (system): PSI consists of normative data which is necessaly for the
demultiplgxing of transport Streams and the successful regeneration of programs and is described in 2.4.4. An ekample of
privately flefined PSI data‘is the non-mandatory network information table.

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

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

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

2.1.66  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.

2.1.73 em target decode n): A ical refere .
the semartics of a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 multiplexed bit stream.

O A

ed to define

2.1.74 [time-stamp (system): A term that indicates the time of a specific action such as the arrival‘of a Hyte or the
presentatipn of a Presentation Unit.

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

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

2.1.77 |video sub-bitstream: A video sub-bitstream is defined to be all VCL NAD units associated with the shme value
of dependency id of an AVC video stream which conforms to one or more ptofiles defined in Annex G of Rgc. ITU-T
H.264 | ISO/IEC 14496-10 and all associated non-VCL NAL units in decdding order as defined in Rec. ITU{T H.264 |
ISO/IEC [14496-10. Re-assembling video sub-bitstreams in a consecutive’ order of dependency id, starting] from the
dependenty id equal to 0 up to any value of dependency id, results iman AVC video stream. A video sub-bitstfeam shall
have the AVC byte stream format as defined in Annex B of Rec. FLU*T H.264 | ISO/IEC 14496-10.

2.1.78 JAVC video sub-bitstream of SVC: The video sub-bifstream that contains the base layer as defined i} Annex G
of Rec. ITU-T H.264 | ISO/IEC 14496-10 and that shall addjtionally contain NAL units with nal unit type efjual to 14
(prefix NAL units) ) as defined for scalable video coding{(SVC) in Annex G of Rec. ITU-T H.264 | ISO/IEC [14496-10.
The AV(]video sub-bitstream of SVC contains all VCL 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_fype equal
to 20 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 shme value
of dependency_id which is provided @s part of the NAL unit header or the associated prefix NAL unit headdr, and the
associated non-VCL NAL units.. Re-assembling SVC dependency representations in a consecutive [order of
dependenty id starting from theNowest value of dependency id present in the access unit up to any|value of
dependenty id present in the acéess unit, while reordering the non-VCL NAL units conforming to the order of NAL units
within anaccess unit as definéd 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 1449p-10 with
nal unit fype equal tp*20 of an AVC video stream which conforms to one or more profiles defined in Ajgnex G of
Rec. ITU{T H.264-}ISO/IEC 14496-10.

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

sequenfces, conforming to one or more profiles specified in Annex G. SVC slices should not include NAL units| for which
nal_unit_type is equal to 20 with svc_extension_flag equal to 0.

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

2.1.83 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

ding.

2.1.86 MVC view-component subset: The VCL NAL units of an AVC access unit associated with _the sgme MVC
view_id spibset and associated non-VCL NAL units.
NOTE|- Re-assembling MVC view-component subsets ordered according to the view order index, starting from th¢ minimum
view ofder index up to the highest view order index present in the access unit, while reordering the non-VICE NAL units ¢gonforming

to the ¢prder of NAL units within an access unit, as defined in Rec. ITU-T H.264 | ISO/IEC 14496~]1Oyresults in an AVC access
unit.

2.1.87 |[MVCslice (system): A byte stream nal unit with nal_unit_type syntax element equal to 20 of an AVC video
stream wlhjich conforms to one or more profiles defined in Annex H of Rec. ITU-T H264 | ISO/IEC 14496-10.
NOTE}- As specified in Rec. ITU-T H.264 | ISO/IEC 14496-10, the value of svc_extension_{flag is set equal to 0 for cpded video

sequenfces conforming to one or more profiles specified in Annex H. MVC slices Should not include NAL units| for which
nal_unjt_type is equal to 20 with svc_extension_flag equal to 1.

2.1.88 |AVC video sub-bitstream of MVC: The video sub-bitstream(that contains the base view as defined i Annex H
of Rec. ITU-T H.264 | ISO/IEC 14496-10, containing all VCL NAL units associated with the minimum valye of view
order indgx present in each AVC video sequence of the AVC video(stream. The AVC video sub-bitstream of MVC may
additionally contain the associated NAL units with nal unit_ type syntax element equal to 14 (prefix NAL|units), as
defined fgr MVC in Annex H of Rec. ITU-T H.264 | ISO/IEC14496-10.

2.1.89 JPEG 2000 (J2K) video access unit: An aceess unit defined in Rec. ITU-T T.800 (2002)/Amd.B (2010) |
ISO/IEC ]5444-1:2004/Amd.3:2010 which includes all*the parameters required to decode the access unit and display the
decoded data.

2.1.90 2K video elementary stream: Video elementary stream consisting of a succession of J2K video acg¢ess units.

2.1.91 2K video sequence: J2K vided.elementary stream where all the access units have the same profile/Jevel, J2K
video accgss unit coding parameters and video parameters.

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

2.1.93 |MVC operationpoint: An MVC operation point is identified by a temporal id value representing a target
temporal Jevel and a set of view_id values representing the target output views. One MVC operation point is gssociated
with an AVC videosstream which conforms to one or more profiles defined in Annex H of Rec. ITU-T H.264 |
ISO/IEC 14496-10(The AVC video stream associated with an MVC operation point is re-assembled from a set fonsisting
of one or jmore of-the following items: AVC video sub-bitstream of MVC, MVC base view sub-bitstream, MVC video
sub-bitstrgams:

2.1.94 'Servicescompatible—Thists—defined—as—smmutcast-oftwo—stercoscopic—views—which—do ot include
scalable or temporal coding. The two views are independently compressed using MPEG-2 video or AVC 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 IDR picture
preceded by VPS, SPS and PPS NAI units, as defined in Rec. ITU-T H.265 | ISO/AEC 23008-2, that carry sufficient
informatign to correctly decode this IDR picture. Preceding an HEVC still picture, there shall be anothed HIEVC still
picture or|an end of sequence NAL unit terminating a preceding coded video sequence, as defined in Ree-ITUT H.265 |
ISO/IEC 23008-2.

2.1.104 [HEVC video sequence (system): A coded video sequence as defined in Rec. ITU-T H265 [ ISO/IE( 23008-2.
2.1.105 [HEVC video sub-bitstream: A subset of the NAL units of an HEVC video stream‘in their original ¢rder.

2.1.106 [HEVC temporal video sub-bitstream: An HEVC video sub-bitstream that contains all VCL NAL|units and
associated non-VCL NAL units of the temporal sub-layer, as specified in Rec. AFU-T H.265 | ISO/IEC| 23008-2,
associated with Temporalld equal to 0 and which may additionally contain all VCL\NNAL units and associated[non-VCL
NAL units of all temporal sub-layers associated with a contiguous range of Temporalld from 1 to a value efual to or
smaller than sps max_sub layers minus] included in the active sequence parameter set, as specified in Rec. ITlU-T H.265
| ISO/IEC|23008-2.

2.1.107 [HEVC temporal video subset: An HEVC video sub-bitstream that contains all VCL NAL unifs and the
associated non-VCL NAL units of one or more temporal sub-layers; as‘specified in Rec. ITU-T H.265 | ISO/IE(f 23008-2,
with eachltemporal sub-layer not being present in the corresponding HEVC temporal video sub-bitstream and Tgmporalld
associated with each temporal sub-layer forming a contiguousirange 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
streaml|is present either in the HEVC temporal video sub-bitstream or in exactly one HEVC temporal video subset which is carried
in a set|of elementary streams that are associated by hierarchy descriptors. This prevents the multiple inclusion of the sanje temporal
sub-layer and allows aggregation of the HEVC teniporal video sub-bitstream with associated HEVC temporal video subsets
according 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 temporalf sub-layer
with the highest value of Temporalld,~as-defined in Rec. ITU-T H.265 | ISO/IEC 23008-2, in the associated HEVC
temporal pideo sub-bitstream or HEVC.temporal video subset.

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

2.1.110 MVCD.view_id subset: A set of one or more view id values, as defined in Annex I of Rec. ITU{T H.264 |
ISO/IEC 14496-10'in the NAL unit header syntax element, associated with one set of consecutive view order index values.
NOTE}- An MVCD video sub- bltstream or MVCD base view sub- bltstream based ona spemﬁc MVCD view_ 1d subdet may not

3 X Values may
be sklpped 1f the view associated Wlth a missing view order 1ndex value is not requlred for decodmg the transmitted views.

2.1.111 MVCD video sub-bitstream: The MVCD video sub-bitstream is defined to be all VCL NAL units with
nal unit type equal to 21 associated with the same MVCD view id subset of an AVC video stream and associated non-
VCL NAL units which conform to one or more profiles defined in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10.

NOTE - In contrast to a sub-bitstream as specified in Annex I of Rec. ITU-T H.264 | ISO/IEC 14496-10, an MVCD video
sub-bitstream according to this Specification is not necessarily a decodable MVCD video sub-bitstream. The one exception is when
an MVCD video sub-bitstream is also an MVCD base view sub-bitstream. Re-assembling MVCD video sub-bitstreams in an
increasing order of view order index, starting from the lowest value of view order index up to any value of view order index, results
in a decodable AVC video stream.

2.1.112 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 [ of Rec. ITU-T H.264 | ISO/IEC 14496-10, containing all VCL NAL units associated with the minimum value of
view order index present in each AVC video sequence of the AVC video stream. The AVC video sub-bitstream of MVCD

may addifinno]ly contain-the-associated NALunitswath nol_um‘f rypn syﬂ'mv element nquo] to-14 (pfﬁﬁv NAL units), as

defined fgr MVC in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10.

2.2 Symbols and abbreviations

The mathgmatical operators used to describe this Recommendation | International Standard are Similar to thoge used in
the C-programming language. However, integer division with truncation and rounding aré(specifically defined. The
bitwise operators are defined assuming two's-complement representation of integers. Numbering and counfing loops
generally pegin from 0.
2.2.1 Arithmetic operators
- Addition
— Subtraction (as a binary operator) or negation (as a unary.operator)
-+ Increment
—— Decrement
*or x  Multiplication

Power

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

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

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

sin Sine

COS Cosine

exp Exponential

\ Square root

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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2.2.3

2.24

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

Bitwise operators

2.2.5

2.2.6
The folloy

Mnemonics

bslbf

ich
or

main_data

main_data_beg

part2 length
rpchof

sb

scfsi

switch_point |

switeh point_s

& AND
| OR
Shift right with sign extension
Shift left with 0 fill
Assignment

= Assignment operator

ving mnemonics are defined to describe the different data types used-m the coded bit-stream.

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

Channel

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

The main_data portion-oftthe bit stream contains the scale factors, Huffman encodeq
ancillary information.

This gives the location in the bit stream of the beginning of the main_data for the fi
location is equal*to the ending location of the previous frame's main_data plus
calculated from the main_data_end value of the previous frame.

This value 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 of
switching is used

bn in this
0s within
ading and
5 in audio

data, and

rame. The
bit. It is

n window

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

h window

tcimsbf
uimsbf
viclbf

window

switching 1s used
Two's complement integer, msb (sign) bit first

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 conditions when data elements are present, and are in normal type.

Note this pyntax uses the "C"-code convention that a variable or expression evaluating to a non-zero value is ¢quivalent
to a condifion that is true:

while ( cdndition ) { If the condition is true, then the group of data elements occurs next in the/data sfream. This
data_element repeats until the condition is not true.

H

do { The data element always occurs at least once. The data element'is repeated until the condition
data_eJement is not true.

while ( cdndition )

if ( condiffion ) { If the condition is true, then the first group,of ddta elements occurs next in the datg stream.
data_element

H

else { If the condition is not true, then the second group of data elements occurs next [in the data
data_eJlement stream.

H

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

first occurréneé, 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 {} afe omitted
when only one data element follows:

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

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

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

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

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 belongs. The PES packet header may contain decoding and presentation time stamps (DTS and PTS). The PES packet
header algo contains other optional fields. The PES packet data field contains a variable number of contiguous.hytes from
one elemgntary stream.

Transport|stream packets begin with a 4-byte prefix, which contains a 13-bit packet ID (PID), defined inf Tabl¢ 2-2. The
PID identlfies, via the program-specific information (PSI) tables, the contents of the data contained,in the transpjort stream
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);

g IPMP control information table.

These tablles contain the necessary and sufficient information.te*demultiplex and present programs. The program map
table in Table 2-33 specifies, among other information, swhich PIDs, and therefore which elementary strgams, are
associated to form each program. This table also indicates'the PID of the transport stream packets which carry the PCR
for each program. The conditional access table shall be'present if scrambling is employed. The network informgtion table
is optiongl and its contents are not specified by, ¢his Recommendation | International Standard. The IPMP control
informatign table shall be present if IPMP as deseribed in ISO/IEC 13818-11 is used by any of the compongnts in the
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 streany:

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

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

2.4.2 Transport stream system target decoder

The semanTics of e WANSPOIT Siream Speciticd 1 2.4.3 and e CONSIaints on 1ESe Semantics specitied im 2.7 require
exact definitions of byte arrival and decoding events and the times at which these occur. The definitions needed are set
out in this Recommendation | International Standard using a hypothetical decoder known as the transport stream system
target decoder (T-STD). Informative Annex D contains further explanation of the T-STD.

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

wing notation is used to describe the transport stream system target decoderhand is partially illystrated in
above.

i,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 streams.

n is an index to the elementary streams.

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

t(i) indicates the time in seconds at which the i:th byte of the transport stream enters the sysfem target
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 clock
where i is the byte index of the final byte of the program_clock reference base field.

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

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

Pn(k) is the k-th presentation unit in elementary stream n. Pn(k) results from decoding Ax(j). Pn(k) |s indexed
in presentation ordet.

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

t is timeuneasured in seconds.

Fi(t) isthe fullness, measured in bytes, of the system target decoder input buffer for elementary stream n
at'time t.

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

Sa 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 in the
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.

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

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

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

2.4.2.1 [System clock frequency

Timing infformation referenced in the T-STD is carried by several data fields defined in this Specification. Refer{to 2.4.3.4
and 2.4.3/6. In PCR fields this information is coded as the sampled value of a program's system clock. The JCR fields
are carriedl in the adaptation field of the transport stream packets with a PID value equal to‘the PCR_PID defihed in the
TS program map_section of the program being decoded.

Practical fecoders may reconstruct this clock from these values and their resp€otive arrival times. The follpwing are
minimum|constraints which apply to the program's system clock frequency as fepresented by the values of the RCR fields
when they are received by a decoder.

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

27 000 000 — 810 < system_clock frequency <27 000 000 + 810
rate of change of system_clock_frequency 'with time < 75 x 107 Hz/s

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

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

Bit rates defined in this Specification."are’measured in terms of system clock frequency. For example, a it rate of
27 000 040 bits per second in the T-STD would indicate that one byte of data is transferred every eight (8) cy¢les of the
system clpck.

The notatjon "system_clock~frequency" is used in several places in this Specification to refer to the frequency pf a clock
meeting these requirements."For notational convenience, equations in which PCR, PTS, or DTS appear, lead td values of
time whidh are accuratéito some integral multiple of (300 x 23/system clock frequency) seconds. This is ¢lue to the
encoding pf PCR timifig information as 33 bits of 1/300 of the system clock frequency plus 9 bits for the remajnder, and
encoding ps 33 bits.of the system clock frequency divided by 300 for PTS and DTS.

2.4.2.2 [Inpat to the transport stream system target decoder

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

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

PCR(i") . i—i"

(i) =
system _clock _frequency transport_rate(i)

(2-4)

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

i” 1is the index of the byte containing the last bit of the most rée€nt program clock refer¢nce base
field applicable to the program being decoded.

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

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

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

(2-5)

transport _rate(i) =

where:

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

In the casp of a timebase discontinuity, indicated by the discontinuity indicator in the transport packet adaptation field,
the definifion given in equation 2-4 and.equation 2-5 for the time of arrival of bytes at the input to the T-STD is not
applicablg between the last PCR of the'old timebase and the first PCR of the new timebase. In this case the timd of arrival
of these bjtes is determined according to equation 2-4 with the modification that the transport rate used is that fpplicable
between the last and next to 1dst)PCR of the old timebase.

A tolerange is specified for the PCR values. The PCR tolerance is defined as the maximum inaccuracy allowed ip received
PCRs. Thiis inaccuracyymay be due to imprecision in the PCR values or to PCR modification during re-multiplexing. It
does not ipclude erfots‘in packet arrival time due to network jitter or other causes. The PCR tolerance is = 500(ns.

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

Transpontstreams with multiple programs and variable rate

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

The buffef TB; 15 empticd as folfows:
—  When there is no data in TB,, Rx, is equal to zero.

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

where:

Rmax[profile, level] is specified according to the profile and level which can be founddw Table 8-13 of Rec. ITY-T H.262
| ISO/IE( 13818-2. This table specifies the upper bound of the rate of each elgfmentary video stream within Ja specific
profile anf level.

Rxyq is eqyal to 1, 2 X Ruyax for ISO/IEC 11172-2 constrained parameter video'streams, where Rmax refers to the maximum
bitrate 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

13-48 33 177 600

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

For other jaudio,

Rx, =2x10° bitspersecond

For systerps.data:

Rx, =1x10° bitspersecond

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, =BS,, +BS,, +VBV_ [profile, level] -vbv_buffer _size

where BSph, PES packet overhead buffering is defined as:

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

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

and wher¢ VBV [profile, level] is defined in Table 8-14 of Rec. ITU-T H.262 {ISO/IEC 13818-2 and Ryl.x[profile,
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| sequence
header depcribed in 6.2.2 of Rec. ITU-T H.262 | ISO/IEC 13818-2.

For High [1440 and High level:

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

where BS}y is defined as:

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

and BS. is defined as:

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

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

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

mux
where BS}, is defin€d,as:

BS,, =(/750)seconds xR,

and BSux 1s 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

Audio

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

For ISO/IEC 13818-7 ADTS audio:

Number of Channels BSh [bytes]
1-2 3584
3-8 8976
9-12 12 804
13-48 51216

Channels] The number of full-bandwidth audio output channels plus the number of independently switched coupling
channel ¢lements within the same elementary audio stream. For example, in the typical case thatythefe are no
independgntly switched coupling channel elements, mono is 1 channel, stereo is 2 channels and 5.1 channel sprround is
5 channelp (the LFE channel is not counted).
For other jaudio:

BS =BS,  +BS,. +BS, =3584 bytes
The size gf the access unit decoding buffer BSq.., and the PES packet overhead buffer BS.p are constrained by

BS,,. +BS,, <2848 bytes

A portion| (736 bytes) of the 3584 byte buffer is allocated for buffering to allow multiplexing. The rest, 2848 |bytes, are
shared fo1] access unit buffering BSqec, BSon and additional multiplexing.
Systems
The main|buffer By for system data is of size BSqys = 1536 bytes.
Video
For video| elementary streams, data is transferted from MB, to EB, using one of two methods: the leak metlod or the
video buffering verifier (VBV) delay method.
Leak method
The leak method transfers data«from MB, to EB, using a leak rate Ryx. The leak method is used whenever gny of the
following|is true:

*  the STD descriptor (refer to 2.6.32) for the elementary stream is not present in the transport stre
*  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
Stream have the value OxFFFF; or

am;

the video

o\ Arick mode status is true (refer to 2.4.3.7).

For Low and Main level:

For High-

Rbx, =R, [ profile, level]

1440 and High level:

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

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
descriptor (refer to 2.6.32) for this elementary stream is present in the transport stream, the leak valid flag in the descriptor
has the value '0', and vbv_delay fields coded in the video stream are not equal to OXFFFF. If any vbv_delay values in a
video sequence are not equal to OXFFFF, none of the vbv_delay fields in that sequence shall be equal to OXFFFF (refer to
ISO/IEC [TT72-Z and Rec. ITU-T H.262 TISO/TEC T38T18-2).

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

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

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

The Rux(j) derived from equation 2-6 shall be less than or equal’to Rmax[profile, level] for elementary streams|of stream
type 0x02 (refer to Table 2-34), where Rmax[profile, level] igidefined in Rec. ITU-T H.262 | ISO/IEC 13818-2{ and shall
be less than or equal to the maximum bit rate allowed*for constrained parameter video elementary streams |of stream
type 0x01], refer to ISO/IEC 11172-2.

When a byte of data is transferred from MB;, to EBy, all PES packet header bytes that are in MB,, and immediate]y precede
that byte gre instantaneously removed and disearded. All data that enters MB,, leaves it. All PES packet payload data bytes
enter EB,|instantaneously upon leaving MBg:

Removal|of access units

For each ¢lementary stream buffer,EB, and main buffer B, all data for the access unit that has been in the buffgr longest,
An(j), and any stuffing bytes(that immediately precede it that are present in the buffer at the time td,(j) arg removed
instantangously at time td,(j)./The decoding time td.(j) is specified in the DTS or PTS fields (refer to 2.4.3.6).|Decoding
times tda(j + 1), tda(j +.2),\".. of access units without encoded DTS or PTS fields which directly follow access nit j may
be derivefl from infoerfation in the elementary stream. Refer to Annex C of Rec. ITU-T H.262 | ISO/IEC] 13818-2,
ISO/IEC [13818-330¢' ISO/IEC 11172. Also refer to 2.7.5. In the case of audio, all PES packet headers that pre stored
immediat¢ly before the access unit or that are embedded within the data of the access unit are removed simultaneously
with the rgnioval of the access unit. As the access unit is removed it is instantaneously decoded to a presentatign 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

Rec. ITU-T H.222.0 (10/2014) 19


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

ISO/IEC 13818-1:2015 (E)

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

When the DSM_trick mode flag (2.4.3.6) is set to '1' in the PES Packet header of a packet containing the start of a B-type
video access unit and the trick mode control field is set to '001' (slow motion) or '010' (freeze frame), or '100' (slow
reverse) the B-picture access unit is not removed from the video data buffer EB, until the Tast time of possibly multiple
times 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 instantaneeusly from EB,, at
the indicafed time, which is dependent on the value of rep_cntrl.

When the] DSM_trick_mode flag is set to '1' in the PES packet header of a packet containing the_first byte of a picture
start code} trick mode status becomes true when that picture start code in the PES packet i$qemoved from buffer EB,
Trick modle status remains true until a PES packet header is received by the T-STD in which/the DSM_trick_mode flag
is set to '0] and the first byte of the picture start code after that PES packet header is removed from buffer EB,. When trick
mode status is true, the buffer EB, may underflow. All other constraints from norfnal streams are retained when trick
mode stat]is is true.

2.4.2.4 |Decoding

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

The time pt which a presentation unit P,(k) is presented is tpa(k). For presentation units that do not require r¢-ordering
delay, tpa(k) is equal to td.(j) since the access units are decoded instantaneously; this is the case, for example, for [B-frames.
For presehtation units that are delayed,.tpn(K) and td,(j) differ by the time that Pn(k) is delayed in the re-order buffer,
which is p multiple of the nominal pictire period. Care should be taken to use adequate re-ordering delay| from the
beginning of video elementary streams to meet the requirements of the entire stream. For example, a stream whigh initially
has only II- and P-pictures but latersincludes B-pictures should include re-ordering delay starting at the beginnfing of the
stream.

Rec. ITU{T H.262 | ISO/TEC13818-2 explains re-ordering of video pictures in greater detail.

2.4.2.5 |Presentation

The functjion of avdecoding system is to reconstruct presentation units from compressed data and to present [them in a
synchronized/s¢quence at the correct presentation times. Although real audio and visual presentation devices|generally
have finite—and-diffe delaysand-may have additi e i e i tions, the
system target decoder models these delays as zero.

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

In the T-STD the output of an audio presentation unit starts at its presentation time, 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 all bytes 1 in access unit Ax(j).

For still p[cture video data, the delay is constrained by td,(j) — t(1) < 60 seconds Tor all j, and all bytes 1 in access Jinit Aq(j).

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

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

Overflow|does not occur if:

F,(1)<BS,

for all t and n.

Underflow does not occur if:

0< Fitr)

for all t and n.

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

For decoding of ISO/IEC 14496 data carried na transport stream the T-STD model is extended. T-STD paraeters for
decoding pf individual ISO/IEC 14496 elementary streams are defined in 2.11.2, while 2.11.3 defines T-STD ¢xtensions
and paranpeters for decoding of ISO/IEC\14496 scenes and associated streams.

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

To defing the decoding in the-T-STD of Rec. ITU-T H.264 | ISO/IEC 14496-10 video streams carried in g transport
stream, the T-STD modelweeds to be extended. The T-STD extension and T-STD parameters for decoding of AVC video
streams copnforming to-one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 vidgo streams
are defingd in 2.14 3213 T-STD extension and T-STD parameters for decoding of AVC video streams conformfng to one
or more profilesedefined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10 are defined in 2.14.3.5, apd T-STD
extension|and \T4STD parameters for decoding of AVC video streams conforming to one or more profiles dlefined in
Annex H pfiRec. 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
T-STD extensions and T-STD parameters for decoding of MVCD video sub-bitstreams are defined in 2.14.1 and 2.14.3.7.

NOTE - rogram stream extensions are not QpP(‘i‘FIP(‘] for MV.CD video sub-bitstreams

243 Specification of the transport stream syntax and semantics

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

2.43.1 [Transport stream

See Tabld 2-1.

Table 2-1 — Transport stream

Syntax No. of bits Mngmonic

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

}

2.4.3.2 [Transport stream packet layer
See Tabld2-2.

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

Syntax No. of bits Mngmonic
transport | packet() {
sync_byte 8 bpIbf
transport_error_indicator 1 blbf
payload_unit, start_indicator 1 blbf
transport”_priority 1 bblbf
PID 13 uimnsbf
transport_scrambling_control 2 :E:bf
ladaptation field control 2 Ibf
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
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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 a PES packet and a '0' indicates no PES packet shall start in this transport stream packet. If the
payload ynit start indicator is set to 'l', then one and only one PES packet starts in this transport stream{pagcket. This
also applips to private streams of stream_type 6 (refer to Table 2-34).

When the|payload of the transport stream packet contains transport stream section data, the payloadpunit start| indicator
has the |following significance: if the transport stream packet carries the first byte ~of a sedtion, the
payload ynit_start indicator value shall be '1', indicating that the first byte of the payload of this\fransport stream packet
carries the pointer field. If the transport stream packet does not carry the first-‘byte of a sedtion, the
payload unit_start indicator value shall be '0', indicating that there is no pointer field in‘the payload. Refer to 2.4.4.1
and 2.4.4D. This also applies to private streams of stream_type 5 (refer to Table 2-34)!

For null ppckets the payload unit_start indicator shall be set to '0'".
The meanjing of this bit for transport stream packets carrying only private data is'not defined in this Specificatipn.

transport_priority — The transport priority is a 1-bit indicator. Whensset-to '1' it indicates that the associated packet is
of greater|priority than other packets having the same PID which domnet have the bit set to '1". The transport nfechanism
can use tHis to prioritize its data within an elementary stream. Depending on the application the transport_priprity field
may be caded regardless of the PID or within one PID only. This\field may be changed by channel-specific eficoders or
decoders.

PID — Th¢ PID is a 13-bit field, indicating the type of the'data stored in the packet payload. PID value 0x0000 ip reserved
for the prpgram association table (see Table 2-30). PID value 0x0001 is reserved for the conditional access [table (see
Table 2-3P). PID value 0x0002 is reserved for thetfansport stream description table (see Table 2-36), PID valfie 0x0003
is reservedl for IPMP control information table (s€e*ISO/IEC 13818-11) and PID values 0x0004-0x000F are resgrved. PID
value Ox1[FFF is reserved for null packets (see. Fable 2-3).

Table 2-3 — PID table

Value Description
(Jx0000 Program association table
x0001 Conditional access table
x0002 Transport stream description table
x0003 IPMP control information table
x0004 Adaptive streaming information (see Note 2)
0x000320x000F 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).

Table 2-5 — Adaptation field control values

Value Description
00 Reserved for future use by ISO/IEC
01 No adaptation_field, payload only
10 Adaptation_field only, no payload
11 Adaptation_field followed by payload
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 decoders shall discard transport stream packets with the adaptation_field control

field set t¢ a value of '00'". In the case of a null packet the value of the adaptation_field (control shall be set to '(1".

continuity_counter — The continuity counter is a 4-bit field incrementing with ¢éach transport stream packet with the
same PID. The continuity counter wraps around to O after its maximum value./The continuity counter shpll not be
incremented when the adaptation field control of the packet equals '00' or /10

In transpdrt streams, duplicate packets may be sent as two, and only twog consecutive transport stream packets of the same
PID. Th¢ duplicate packets shall have the same continuity £ounter value as the original packet| and the
adaptatiof_field control field shall be equal to '01' or '11". In duplicate packets each byte of the original pack¢t shall be
duplicated, with the exception that in the program clock reference fields, if present, a valid value shall be encofled.

The contihuity counter in a particular transport stream pagket is continuous when it differs by a positive value of one
from the |[continuity counter value in the previous tramsport stream packet of the same PID, or when either of the
non-incrementing conditions (adaptation_field controkset to '00' or '10', or duplicate packets as described abov¢) are met.
The contipuity counter may be discontinuous when'the discontinuity indicator is set to '1' (refer to 2.4.3.4). Ih the case
of a null gacket the value of the continuity counter 1s undefined.

data_byt¢ — Data bytes shall be contiguous.bytes of data from the PES packets (refer to 2.4.3.6), transport streain sections
(refer to 21.4.4), packet stuffing bytes after transport stream sections, or private data not in these structures as indlicated by
the PID. |n the case of null packets'with PID value Ox1FFF, data bytes may be assigned any value. The qumber of
data_bytef, N, is specified by 184uminus the number of bytes in the adaptation_field(), as described in 2.4.3.4 below.

2.4.3.4 |Adaptation field
See Tablg 2-6.
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Table 2-6 — Transport stream adaptation field

Syntax No. of bits Mnemonic
adaptation_field() {
adaptation_field length 8 uimsbf
if (adaptation_field length > 0) {
discontinuity_indicator 1 bslbf
random_access_indicator 1 bslbf
elementary_stream_priority_indicator 1 bslbf
PCR_flag 1 bslbf
OPCR_flag 1 bslbf
splicing_point_flag 1 bslbf
transport_private_data_flag 1 bslbf
adaptation_field_extension_flag 1 bslbf
if (PCR _flag=="1") {
program_clock reference_base 33 uiinsbf
reserved 6 bEbf
program_clock reference extension 9 uimsbf
if (OPCR flag=="1") {
original program_clock reference base 33 uimsbf
reserved 6 bEbf
original program clock reference extension 9 uimsbf
if (splicing point flag=="1") {
splice_countdown 8 tcimsbf
if (transport private data flag=="1") {
transport_private_data_length 8 uimsbf
for (1 =0; i <transport private data length; i++) {
private_data_byte 8 bplbf
}
if (adaptation field extension flag=="1") {
adaptation_field extension length 8
Itw_flag 1
piecewise rate flag 1
seamless_splice flag 1
reserved 5
if (Itw_flag=="1") {
Itw_valid_flag 1
Itw_offset 15
if (piecewise rat¢_flag=="1") {
reseryed 2
piecewise rate 22
if (seamless splice flag=="1") {
Splice_type 4
DTS _next AU[32..30] 3
marker_bit 1
DTS next AU[29..15] 15
marker_bit 1
DTS next AU[14..0] 15
marker_bit 1
¥
for i=0; i <N;it+) {
Q. Q
¥
}
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.

A system time-base discontinuity is indicated by the use of the discontinuity indicator in transport stream packets of a
PID designated as a PCR PID (refer to 2.4.4. 9) When the dlscontlnurty state is true for a transport stream packet of a
PID desig qmple of a
he instant
in time when the first byte of a packet containing a PCR of a new system time-base arrives at the input ofithe T{STD. The
discontimjity indicator shall be set to 'l' in the packet in which the system time-base discontinuity ocfcurs. The
discontimjity_indicator bit may also be set to 'l' in transport stream packets of the same PCR_RID "prior to the packet
which contains the new system time-base PCR. In this case, once the discontinuity indicator has-been set to |l', it shall
continue fo be set to 'l' in all transport stream packets of the same PCR_PID up to and including the transpprt stream
packet which contains the first PCR of the new system time-base. After the occurtence of a system [time-base
discontinyity, no fewer than two PCRs for the new system time-base shall be received before another system |time-base
discontinyity can occur. Further, except when trick mode status is true, data from ae_more than two system tjme-bases
shall be pfesent in the set of T-STD buffers for one program at any time.

Prior to the occurrence of a system time-base discontinuity, the first byte of a tfansport stream packet which gontains a
PTS or DT'S which refers to the new system time-base shall not arrive at the input of the T-STD. After the occprrence of
a system fime-base discontinuity, the first byte of a transport stream packet which contains a PTS or DTS which refers to
the previdus system time-base shall not arrive at the input of the T>STD.

A contindity counter discontinuity is indicated by the use of the\discontinuity indicator in any transport stream packet.
When thg discontinuity state is true in any transport streani packet of a PID not designated as a PCR| PID, the
continuity counter in that packet may be discontinuous with/respect to the previous transport stream packet of the same
PID. Whgn the discontinuity state is true in a transport stream packet of a PID that is designated as a PCR| PID, the
continuity counter may only be discontinuous in-the packet in which a system time-base discontinuity pccurs. A
continuity counter discontinuity point occurs whén the discontinuity state is true in a transport stream packet and the
continuity counter in the same packet is discofitinuous with respect to the previous transport stream packet of the same
PID. A cdntinuity counter discontinuity peint shall occur at most one time from the initiation of the discontifuity state
until the donclusion of the discontinuity.state. Furthermore, for all PIDs that are not designated as PCR_PIDs,| when the
discontimjity_indicator is set to 'l' in‘a_packet of a specific PID, the discontinuity indicator may be set to 'l' ip the next
transport ptream packet of that same -PID, but shall not be set to '1' in three consecutive transport stream packet of that
same PID

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

*+ ISO/IEE™1172-2 video and Rec. ITU-T H.262 | ISO/IEC 13818-2 video — The first byte of a video
sequence header.

*  ISO/EC 14496-2 visual — The first byte of the visual object sequence header.
.S AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264| ISO/IEC

1. 4404 10 1 £ VR Py £ ANLLC MRS al ) asTal . DDhC 4 4 £ P h' d
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all subsequent AVC access units in the coded video stream shall be provided after this access point in the
byte stream and prior to their activation.

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

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

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

—  Ifthis MVC video sub-bitstream access point requires the elementary stream access point of the same
AVC access unit, if any, contained in the corresponding elementary stream that needs to be present
in decoding order before decoding the elementary stream associated with this elementqry stream
access point, then the corresponding elementary stream shall also include an elementarystrepm access
point.

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

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

*  Audio — The first byte of an audio frame.

*  ISO/IEC 14496-17 text stream — The first byte of a text access unit. In(case in-band sample ddscriptions
are used, each in-band sample description shall be provided in thesISQ/IEC 14496-17 stream| after this
access point and prior to its use by an access unit.

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

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

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

— Ifthis MVCD video sub-bitstream access point requires the elementary stream access point of the same
AVC access unit, if any,'¢ontained in the corresponding elementary stream that needs to be [present in
decoding order beforesdecoding the elementary stream associated with this elementary strepm access
point, then the corresponding elementary stream shall also include an elementary stream accgss point.

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

After a cqntinuity counter‘discontinuity in a transport packet which is designated as containing elementary stfeam data,
the first byte of elementary stream data in a transport stream packet of the same PID shall be the first byte of an eJementary
stream ac¢ess point, Th the case of ISO/IEC 11172-2, or Rec. ITU-T H.262 | ISO/TEC 13818-2 or ISO/IEC 1449p-2 video,
the first byte,of an elementary stream access point may also be the first byte of a sequence_end code folloyed by an
elementarjy'stteam access point.

Each transport stream packet which contains elementary stream data with a PID not designated as a PCR_PID, and in
which a continuity counter discontinuity point occurs, and in which a PTS or DTS occurs, shall arrive at the input of the
T-STD after the system time-base discontinuity for the associated program occurs. In the case where the discontinuity
state is true, if two consecutive transport stream packets of the same PID occur which have the same continuity counter
value and have adaptation_field control values set to '01' or '11', the second packet may be discarded. A transport 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. In the PCR_PID the random access_indicator may only be set to '1' in a transport stream packet containing the
PCR fields.

elementary_stream_priority_indicator — The elementary stream priority indicator is a 1-bit field. It indiCatps, among
packets wjith the same PID, the priority of the elementary stream data carried within the payload of this trahspprt stream
packet. A|'l" indicates that the payload has a higher priority than the payloads of other transport stream packets.

In the cas¢ of ISO/IEC 11172-2 or Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 14496-2 videos this field fnay be set
to '1' only]if the payload contains one or more bytes from an intra-coded slice.

In the casp of Rec. ITU-T H.264 | ISO/IEC 14496-10 video, this field may be set to '1' only-if the payload coptains one
or more blytes from a slice with slice_type set to 2, 4, 7, or 9.

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

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

For MVCD video sub-bitstreams or MVCD base view sub-bitstreams of AVC video streams conforming to orfe or more
profiles defined in Annex I of Rec. ITU-T H.264 | ISO/IEC, 14496-10, this field may be set to '1' only if the payload
contains dne or more bytes from an anchor picture, indicated by the slice_type equal to 2, 4, 7, or 9 and the anchof pic_flag
syntax eldgment equal to 1 for all prefix NAL units and slice extension NAL units. In the case of HEVC video $treams or
HEVC temporal video sub-bitstreams or HEVC temparal video subsets, this field may be set to '1' only if the payload
contains ¢ne or more bytes from a slice with slice {ype set to 2. A value of '0' indicates that the payload hag the same
priority ag all other packets which do not have this'bit set to '1".

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

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

splicing_point_flag — The §plicing point flag is a 1-bit flag. When set to '1', a splice_countdown field shall pe present
in this adaptation field, $pecifying the occurrence of a splicing point. A value of '0' indicates that a splice_cpuntdown
field is nqt present inghe adaptation field.

transport_private data_flag — The transport_private data flagisa 1-bit flag. A value of'l' indicates that the gdaptation
field contgins dne or more private data bytes. A value of '0' indicates the adaptation field does not contain any pr]vate data
bytes.

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

program_clock _reference base; program_clock reference extension — The program clock reference (PCR) is a
42-bit field coded in two parts. The first part, program_clock reference base, is a 33-bit field whose value is given by
PCR base(i), as given in equation 2-2. The second part, program_clock reference extension, is a 9-bit field whose value
is given by PCR_ext(i), as given in equation 2-3. The PCR indicates the intended time of arrival of the byte containing
the last bit of the program clock reference base at the input of the system target decoder.

original_program_clock reference base; original program_clock reference_ extension — The optional original
program reference (OPCR) is a 42-bit field coded in two parts. These two parts, the base and the extension, are coded
identically to the two corresponding parts of the PCR field. The presence of the OPCR is indicated by the OPCR flag.
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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)

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

splice_copintdown — The splice_countdown is an 8-bit field, representing a value which/may be positive or ng¢gative. A
positive value specifies the remaining number of transport stream packets, of the'same PID, following the associated
transport tream packet until a splicing point is reached. Duplicate transport stream packets and transport streain packets
which only contain adaptation fields are excluded. The splicing point is locafed immediately after the last biyte of the
transport $tream packet in which the associated splice_countdown field reaghes zero. In the transport stream padket where
the splice| countdown reaches zero, the last data byte of the transportétream packet payload shall be the lasf byte of a
coded audio frame or a coded picture. In the case of video, the corrésponding access unit may or may not be terminated
by a sequence _end code. Transport stream packets with the same ‘BID, which follow, may contain data from g different
elementarjy stream of the same type.

The paylgad of the next transport stream packet of the sami¢)PID (duplicate packets and packets without paylpad being
excluded)| shall commence with the first byte of a PES packet. In the case of audio, the PES packet payload shall
commencp with an access point. In the case of video,ithe PES packet payload shall commence with an acces$ point, or
with a sequence end code, followed by an access\point. Thus, the previous coded audio frame or coded pictpre aligns
with the gacket boundary, or is padded to make,this so. Subsequent to the splicing point, the countdown field may also
be presenf. When the splice_countdown is a,négative number whose value is minus n (—n), it indicates that the gssociated
transport ptream packet is the n-th packef following the splicing point (duplicate packets and packets withoyt payload
being excluded).

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

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

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

adaptatidn_field extension_length — The adaptation field extension length is an 8-bit field. It indicates the humber of
bytes of thé\exfended adaptation field data immediately following this field, including reserved bytes if present.

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

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

where i if the index of the first byte of this transport stream packet, offset is the value encoded in this field)|t(i) is the
arrival tinhe 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 gssociated with this transport stream packet.

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

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

*  For audio — The B, buffer for this PID in the T-STD shall contain less than BSq.c + 1 bytes of elementary
stream data at the time the first byte of this transport streampacket enters it, and no buffer violatjons in the
T-STD shall occur.

Depending on factors including the size of the buffer MB, and the rate 6f data transfer between MB,, and EB,, it {s possible
to determine another time to(i), such that if this packet is deliveted anywhere in the interval [to(i), ti(i)], no T-S[I'D buffer
violations| will occur. This time interval is called the legal~time window. The value of ty is not defingd in this
Recommgndation | International Standard.

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

piecewis¢ rate — The meaning of this 22-bit,ficld is only defined when both the Itw_flag and the Itw_valid flag are set
to '1'. When defined, it is a positive integer/specifying a hypothetical bitrate R which is used to define the endl times of
the Legal| Time Windows of transportsstream packets of the same PID that follow this packet but do not ifgclude the
legal tim¢ window_offset field.

Assume that the first byte of this-transport stream packet and the N following transport stream packets of the pame PID
have indifes Ai, A+, ..., Aiky,Jrespectively, and that the N latter packets do not have a value encoded ir the field
legal tim¢ window_offset."Then the values ti(Ai+) shall be determined by:

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

where j gpesArom 1 to N.

1oy 1 1ot 11 4 1t £l Pl . 1 1 1 1 L
All paCkC S DULWCUIL UILS PdUKTL alltl HIT TICAT PDAUKTL UL UHIC S4IIIC T I U HICIUUC a4 ICgdl ULLT - WIIIQUW — O115CL leld Shall

be treated as if they had the value:
offset = 4,(4;) —t(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:

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 the
splice_countdown reaches zero, i.e., the coded picture referred to above.

t, is defined in C.3.1 of Rec. ITU-T H.262 | ISO/IEC 13818-2.
(tar1 — tn) 1s defined in C.9 through C.12 of Rec. ITU-T H.262 | ISO/IEC 13818-2.

2)

NOTE - t, is the time when coded picture n is removed from the VBV buffer, and (tn+1 — tn) is the durdtion for which

picture n is presented.

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

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

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 Conditions
0000 splice_decoding_delay = 120 ms; max_spliee Tate = 15.0 x 10 bit/s
0001 splice_decoding_delay = 150 ms; max_splicé rate = 12.0 x 10° bit/s
0010 splice_decoding_delay = 225 ms; maxSplice_rate = 8.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms;zmax_splice_rate = 7.2 x 10° bit/s
0100-1011 Reserved
1100-1110 User-defined
1111 unspecified

Table 2-8 — Splice parameters Table 2
Main Profile Low Level, SNR Profile Low Level (both layers),
High Profile Main Level (base layer),
Multi-view Profile Low Level (base layer) Video

splice_type Conditions
0000 splice_decoding_delay = 115 ms; max_splice rate = 4.0 x 10° bit/s
0001 splice_decoding_delay = 155 ms; max_splice rate = 3.0 x 10° bit/s
0010 splice_decoding_delay = 230 ms; max_splice_rate = 2.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice rate = 1.8 x10° bit/s

0100-1011 Reserved

1100-1110 User-defined
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
Tt Tmspeciticd

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 = 60/0 % 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 Low Level (base layer) Video

splice_type Conditions
0000 splice_decodinig=delay = 115 ms; max_splice rate = 3.0 x 10° bit/s
0001 splice_deCoding_delay = 175 ms; max_splice rate = 2.0 x 10° bit/s
0010 splice decoding_delay =250 ms; max_splice rate = 1.4 x 10° bit/s
0011-1011 Reserved
1100-1110 User-defined
1111 unspecified

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

splice_type Conditions
0000 splice_decoding_delay = 115 ms; max_splice rate = 10.0 x 10° bit/s
0001 splice_decoding_delay = 145 ms; max_splice rate = 8.0 x 10° bit/s
0010 splice_decoding_delay = 235 ms; max_splice_rate = 5.0 x 10° bit/s
0011 splice_decoding_delay = 250 ms; max_splice rate = 4.7 x 10° bit/s
0100-1011 Reserved
1100-1110 User-defined
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 102bit/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 dglay = 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 unspeeified

Table 2-16 — Splice parameters Table 10
High Profile High Level (all layers),
Multi-view Profile High-1440 Level (both layers) Video

splice_type Conditions
0000 cplinn_f!npnf!inn_r!nlqu =120 Ms; mc\v_cp”r\ﬂ_rqhn =1000 106 hat/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 102bit/s
0011 splice_decoding_delay = 250 ms; max_splice_rate = 3.7/%\0° bit/s
0100-1011 Reserved
1100-1110 User-defined
1111 unspecified

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

splice_type Conditions
0000 splice_decoding_delay =320 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_decoding delay = 250 ms; max_splice_rate = 62.4 x 10° bit/s
0100-1011 Reserved
1100-1110 Uset=defined
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 10° bit/s
0001 splice_decoding_delay = 90 ms; max_splice_rate = 300.0 x 10° bit/s
0010-0011 Reserved
0100 splice_decoding_delay = 250 ms; max_splice_rate = 180.0 x 100 bit/s
0101-1011 Reserved
1100-1110 User-defined
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 bstpf
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
PES_scrambling control 2
PES_priority 1
data_alignment indicator 1
copyright 1
original or_copy 1
PTS_DTS flags 2
ESCR flag 1
ES rate flag 1
DSM _trick mode_flag 1
additional copy _info flag 1
PES_CRC flag 1
PES_extension_flag 1
PES_header_data_length 8
if (PTS DTS flags =="10") {
'0010' 4
PTS [32..30] 3
marker_bit 1
PTS [29..15] 15
marker_bit 1
PTS [14..0] 15
marker_bit 1
§
if (PTS DTS Alags =="11") {
0011 4
PTS [32..30] 3
marker_bit 1
PTS [29..15] 15
marker_bit 1
PTS [14..0] 15
marker_bit 1
'0001" 4
DTS [32..30] 3
marker_bit 1
DTS [29..15] 15
marker_bit 1
DTS [14..0] 15
marker_bit 1
}
if (ESCR flag=="1") {
reserved 2 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
}
if (DSM _trick mode flag=="1") {
trick_mode_control 3 uimsbf
if (trick_ mode control == fast forward ) {
field id 2 bslbf
intra_slice refresh 1 bslpf
frequency_truncation 2 bslpf
else if ( trick mode control == slow motion ) {
rep_cntrl 5 uirhsbf
else if ( trick mode control == freeze frame ) {
field id 2 uimsbf
reserved 3 bslpf
else if ( trick mode control == fast reverse ) {
field_id 2 bslpf
intra_slice refresh 1 blef
frequency_truncation 2 bslpf
else if (trick mode control == slow reverse ) {
rep_cntrl 5 uimsbf
}
else
reserved 5 bslpf
}
if ( additional copy info flag=="1") {
marker_bit 1 blef
additional copy_info 7 bslpf
}
if (PES_CRC flag=="1") {
previous PES packet \CRC 16 bslpf
}
if (PES extension flag =="1")1
PES private data flag 1 bslpf
pack_header field_flag 1 bslpf
program ‘packet sequence counter flag 1 bslpf
P-STD buffer flag 1 bslpf
resérved 3 bslpf
PES) extension_flag 2 1 bslpf
if ( PES private data flag=="1") {
PES private data 128 bslpf
}
if (pack header field flag=="1") {
pack field length 8 uimsbf
pack header()
if (program packet sequence counter flag=="1") {
marker_bit 1 bslbf
program_packet sequence_counter 7 uimsbf
marker_bit 1 bslbf
MPEG1_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_bit 1 bslbf
TREF[14..0] 15 bslbf
Tarker_bit T 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 bslpf
}
else if ( stream_id == program_stream_map
|| stream_id == private stream_ 2
|| stream_id == ECM
|| stream_id == EMM
|| stream_id == program_stream_directory
|| stream_id == DSMCC_stream
|| stream id ==ITU-T Rec. H.222.1 type'E stream ) {
for (i=0; i <PES packet-length; i++) {
PES packet.data byte 8 bslpf
}
else if ( stream_id == padding_stream) {
for (1 <0; i< BES packet length; i++) {
padding_byte 8 bslpf
}
}
H
2.4.3.7 [Semantic definition of fields in PES packet
packet_startcode prefix — The packet start code prefix is a 24-bit code. Together with the stream id that|follows it

constitutes a packet start code that identifies the beginning of a packet. The packet start code prefix is the bit string
'0000 0000 0000 0000 0000 0001' (0x000001).

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

TOTT ITTT0 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 ISQAEC 1§#496-3
audio stream number X XXXX

1110 xxxx Rec. ITU-T H.262 | ISO/IEC 13818-2, ISO/IEC 11172-2, ISQ/IEC 1449612, Rec.

ITU-T H.264 | ISO/IEC 14496-10 or Rec. ITU-T H.265,| ISO/IEC 23008 video
stream number XXxX

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

or ISO/IEC 13818-6_ DSMCC_stream

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 typé.€
11110111 6 Rec. ITU-T H.222.] type D

1111 1000 6 Rec. ITU-T H.222,1type E

1111 1001 7 ancillary _stream

1111 1010 ISO/IEC 14496-1 SL-packetized stream
1111 1011 ISO/IEC14496-1 FlexMux_stream
1111 1100 metadata stream

1111 1101 8 extended stream_id

11111110 reserved data stream

11111111 4 program_stream_directory

The notafion x means that the values?0' or '1' are both permitted and results in the same stream type. The stream number i given by
the valuef taken by the x's.

NOTE 1 } PES packets of'type program_stream map have unique syntax specified in 2.5.4.1.

NOTE 2 { PES packets,of type private stream 1 and ISO/IEC 13552 stream follow the same PES packet syntax as thosp for Rec.
ITU-T H262 | ISOAEC 13818-2 video and ISO/IEC 13818-3 audio streams.

NOTE 3 | PESpackets of type private_stream 2, ECM_stream and EMM _stream are similar to private stream_1 except no syntax
is specifigd dfterPES_packet_length field.

NOTE 4 — I‘ES }Jab‘l\U‘Lb Uf‘l._ypc plUélalll_bi.anlll_dilUL/;.Ul_y ‘uavc d uuiquc D_yll‘l.a/\ prbirlUL‘l ;ll A.J.J.
NOTE 5 — PES packets of type DSM-CC_stream have a unique syntax specified in ISO/IEC 13818-6.
NOTE 6 — This stream_id is associated with stream_type 0x09 in Table 2-34.

NOTE 7 — This stream _id is only used in PES packets, which carry data from a program stream or an ISO/IEC 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
mechanism.

L L

data_alignment indicator — This is a 1-hit flag When set to a valne of '1' it indicates that the PES packet header is
immediat¢ly followed by the video syntax element or audio sync word indicated in the data_stream_alignmeat, descriptor
in 2.6.10 [f this descriptor is present. If set to a value of '1' and the descriptor is not present, alignment-as-inflicated in
alignmen{ type '01' in Table 2-53, Table 2-54 or Table 55 is required. When set to a value of '0', it is nof definefd whether
any such alignment occurs or not.

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

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

PTS_DTS$ _flags — This is a 2-bit field. When the PTS DTS _flags field is getto '10', the PTS fields shall be pregent in the
PES packpt header. When the PTS DTS flags field is set to '11', bothdhe PTS fields and DTS fields shall be present in
the PES packet header. When the PTS DTS flags field is set to '00! no PTS or DTS fields shall be present iph 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 ip the PES
packet header. When set to '0' it indicates that no ESCR fields are present.

ES_rate [flag — A 1-bit flag, which when set to 'l"' indicates that the ES rate field is present in the PES packgt header.
When setto '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 figld. When
set to '0' if indicates that this field is not present.

additiondl_copy info flag — A 1-bit/flag; which when set to '1' indicates the presence of the additional copy [info field.
When setlto '0' it indicates that this field is not present.

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

PES_extgnsion_flag - A-1-bit flag, which when set to '1' indicates that an extension field exists in this PES pacKet header.
When setlto '0' it indicates that this field is not present.

PES_heafler_data”length — An 8-bit field specifying the total number of bytes occupied by the optional fields and any
stuffing bjytes contained in this PES packet header. The presence of optional fields is indicated in the byte that precedes
the PES leadér_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
ISO/IEC 14496-2).

For Rec. ITU-T H.262 | ISO/IEC 13818-2 video, if a PTS is present in a PES packet header, it shall refer to the access
unit conthning the first picture start code that commences in this PES packet. A picture start code commence$ in a PES
packet if the first byte of the picture start code is present in the PES packet. For I- and P-coded frames in.nori-low_delay
sequenceq and in the case when there is no decoding discontinuity between access units (AUs) k and k') the prgsentation
time tpn(k) shall be equal to the decoding time t4n(k') of the next transmitted I- or P-coded frame (refer-to 2.7.4). If there
is a decoding discontinuity, or the stream ends, the difference between tyn(k) and tan(k) shall be the'same as if the original
stream hafl 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 injwhich the low_delay flag is set to

'1" (refgr to 6.2.2.3 of Rec. ITU-T H.262 | ISO/IEC 13818-2). Also note that for field pictupes the presentation time re¢fers to the
first figld picture of the coded frame.

For AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC|14496-10
video, if g PTS is present in the PES packet header, it shall refer to the first AV.€)access unit that commences if this PES
packet. Ah AVC access unit commences in a PES packet if the first byte 6f the AVC access unit is present ih the PES
packet. T achieve consistency between the STD model and the HRD model defined in Annex C of Rec. ITU{T H.264 |
ISO/IEC [14496-10, for each decoded AVC access unit, the PTS value in the STD shall, within the accurady of their
respectivg clocks, indicate the same instant in time as the nominal BPB*output time in the HRD, defined herein af to,n,apb(1)
= trn(n) +|tc * dpb_output delay(n), where t;.(n), tc, and dpb_obtput delay(n) are defined as in Annex C of Rgc. ITU-T
H.264 | ISO/IEC 14496-10.

For vide¢ sub-bitstreams of AVC video streams coiniforming to one or more profiles defined in Anpex G of
Rec. ITUIT H.264 | ISO/IEC 14496-10, if a PTS iswpresent in the PES packet header, it shall refer to the [first SVC
dependenty representation that commences in this;PES packet. An SVC dependency representation commencep in a PES
packet if the first byte of the SVC dependency representation is present in the PES packet. To achieve consistencly between
the STD thodel and the HRD model defined it Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-gssembled
and decoded AVC access unit, the PTS valuetin the STD shall, within the accuracy of their respective clocks, irfdicate the
same insfant in time as the nominal \DPB output time in the HRD, defined herein as tondpn(n) = trn{n) + tc *
dpb_outptit_delay(n), where tn(n), te, anid dpb_output_delay(n) are defined as in Annex C of Rec. ITU-T H.264( ISO/IEC
14496-10

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

For MV({ video sub-bitstteams, MVC base view sub-bitstream or AVC video sub-bitstream of MVC of A[VC video
streams cpnforming tgJone or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, if a PTS is
present in the PES(packet header, it shall refer to the first MVC view-component subset that commences ir] this PES
packet. Ap MV Ciyiew-component subset commences in a PES packet if the first byte of the MVC view-comporjent subset
is present|inthe.PES packet. To achieve consistency between the STD model and the HRD model defined in Ajnnex C of
Rec. ITU{T\H264 | ISO/IEC 14496-10, for each re-assembled and decoded AVC access unit, the PTS value inh the STD
shall, within the accuracy of their respective clocks, indicate the same instant in time as the nominal DPB output time in
the HRD, defined herein as tondpp(n) = tea(n) + t-* 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.

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, if a PTS is present
in the PES packet header. it shall refer to the first HEVC access unit that commences in this PES packet. To achieve
consisten¢y between the STD model and the HRD model defined in Annex C of Rec. ITU-T H.265 | ISO/IE(] 23008-2,
for each HEVC access unit the PTS value in the STD shall, within the accuracy of their respective clocksy indicate the
same instant in time as the nominal DPB output time in the HRD, as defined in Annex C of Rec) JTU-[ H.265 |
ISO/IEC 23008-2.

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

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

where tdn(j) is the decoding time of access unit An(j).

In the casg of ISO/IEC 11172-2 video, Rec. ITU-T H.262 | ISO/IEC{13818-2 video, or ISO/IEC 14496-2 vided, if a DTS
is present|in a PES packet header, it shall refer to the access unit.containing the first picture start code that comfmences in
this PES packet. A picture start code commences in a PES packetif the first byte of the picture start code is prefent in the
PES packgt.

For AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC|14496-10
video, if d DTS is present in the PES packet header, it-shall refer to the first AVC access unit that commences ifi this PES
packet. Ah AVC access unit commences in a PES‘packet if the first byte of the AVC access unit is present ip the PES
packet. T achieve consistency between the STD model and the HRD model defined in Annex C of Rec. ITU{T H.264 |
ISO/IEC [14496-10, for each AVC access.unit'the DTS value in the STD shall, within the accuracy of their fespective
clocks, inflicate the same instant in time'as_the nominal CPB removal time t.»( n ) in the HRD, as defined in Ajnnex C of
Rec. ITU{T H.264 | ISO/IEC 14496-10.

For vide¢ sub-bitstreams of AVC video streams conforming to one or more profiles defined in Anpex G of
Rec. ITUIT H.264 | ISO/IEC, 14496-10, if a DTS is present in the PES packet header, it shall refer to the [first SVC
dependenty representation that commences in this PES packet. An SVC dependency representation commencep in a PES
packet if the first byte ofithe SVC dependency representation is present in the PES packet. To achieve consistencly between
the STD rhodel and the"HRD model defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, for each re-gssembled
AVC accgss unit the DTS value in the STD shall, within the accuracy of their respective clocks, indicate the sajne instant
in time aq the nominal CPB removal time t.»( n ) in the HRD, as defined in Annex C of Rec. ITU-T H.264 | ISO/IEC
14496-10

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

NOTE 4 — Different clocks may be used for derivation of DTS and 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
14496-10.

ESCR _base; ESCR extension — The elementary stream clock reference is a 42-bit field coded in two parts. The first
part, ES%{_base, is a 33-bit field whose value is given by ESCR_base(i), as given in equation 2-14. Thessefond part,

ESCR_ext, is a 9-bit field whose value is given by ESCR_ext(i), as given in equation 2-15. The ESCR field.ndicates the
intended time of arrival of the byte containing the last bit of the ESCR_base at the input of the PES-STD for PHS streams
(refer to 2.5.2.4).

Specifically:
ESCR(i) = ESCR _base(i)x 300+ ESCR _ext(i) (2-13)
where:
ESCR_base(i) = ((system _clock _frequencyx t@QY)DIV 300)% 2 (2-14)
ESCR _ext(i) = ((system _clock _ frequericyxt(i))DIV 1)% 300 (2-15)

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

ES_rate {elementary stream rate) — The ES rate field\s a 22-bit unsigned integer specifying the rate at which the
system tafget decoder receives bytes of the PES packetin the case of a PES stream. The ES_rate is valid in the PES packet
in which {t is included and in subsequent PES packets of the same PES stream until a new ES_rate field is en¢ountered.
The valug of the ES_rate is measured in units of 50 bytes/second. The value '0' is forbidden. The value of the ES_rate is
used to dgfine the time of arrival of bytes at the-input of a P-STD for PES streams defined in 2.5.2.4. The valug encoded
in the ES |rate field may vary from PES. pacKet to PES packet.

trick_mofle_control — A 3-bit field that indicates which trick mode is applied to the associated video stream. In cases of
other typgs of elementary streamsy.the meanings of this field and those defined by the following five bits are yndefined.
For the dgfinition of trick_mogde, status, refer to the trick mode section of 2.4.2.3.

When tridk_mode status is‘false, the number of times N, a picture is output by the decoding process for pfogressive
sequencey, is specifigd-sfor each picture by the repeat first field and top field first fields in the| case of
Rec. ITU{T H.262 |ASO/IEC 13818-2 video, and is specified through the sequence header in the case of ISO/IFC 11172-
2 Video.

For interlpced sequences, when trick mode status is false, the number of times N, a picture is output by the[decoding
process far progressive sequences, is specified for each picture by the repeat_first_field and progressive_framg fields in
the case of Rec. ITU-T H.262 | ISO/IEC 13818-2 video.

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

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

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

Value Description
'000' Fast forward
'001" Slow motion
'010' Freeze frame
‘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
defined in video elementary stream data to be incorrect. Likewise, the semantic constraint on the slice structure may be
invalid. The video syntax elements to which this exception applies are:

*  bit rate;

*  vbv_delay;

* repeat first field;
*  v_axis_positive;

*  field sequence;

*  subcarrier;

*  burst amplitude;

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

Decoders|are not normatively required to decode the trick mode Centrol field. However, the following phormative
requiremdnts shall apply to decoders that do decode the trick modey control field.

fast forwhrd — The value '000', in the trick_ mode control field.*When this value is present it indicates a fagt forward
video strepm and defines the meaning of the following five bits-in the PES packet header. The intra_slice refregh bit may
be set to '|" indicating that there may be missing macrobleeks which the decoder may replace with co-sited mgcroblocks
of previopisly decoded pictures. The field id field, defined in Table 2-25, indicates which field or fields ghould be
displayed| The frequency truncation field indicates that a restricted set of coefficients may be included. The njeaning of
the valueq of this field are shown in Table 2-26.

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

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

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

freeze frame~ The value '010', in the trick mode control field. When this value is present it indicates a frepze frame
video streamirand defines the mpq‘ning of the f‘nl]n‘xzing five bits in the PES panl(pf header _The ﬁpldiid field defined in
Table 2-25, identifies which field(s) should be displayed. The field id field refers to the first video access unit that
commences in the PES packet which contains the field id field, unless the PES packet contains zero payload bytes. In the
latter case the field id field refers to the most recent previous video access unit.

fast reverse — The value '011', in the trick mode control field. When this value is present it indicates a fast reverse video
stream and defines the meaning of the following five bits in the PES packet header. The intra_slice_refresh bit may be
set to '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

intra_slige_refresh — A 1-bit flag, which when set to 'l", indicates that there may be missing macroblocks betwgen coded
slices of| video data in this PES packet. When set to '0' this may not occur. Eérymore informgtion, see
Rec. ITUIT H.262 | ISO/IEC 13818-2. The decoder may replace missing macroblocks myith co-sited macrqblocks of
previously decoded pictures.

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

Table 2-26 — Coefficient selection'values

Value Deseription
'00' Only DC coefficients are.non-zero
01’ Only the first three goefficients are non-zero
'10' Only the first sixccoefficients are non-zero
1 All coefficients'may be non-zero

rep_cntr] — A 5-bit field that indicates the numbet’of times each field in an interlaced picture should be displayed, or the
number of times that a progressive picture sheuld be displayed. It is a function of the trick mode control fie|d and the
top_field |first bit in the video sequence. header whether the top field or the bottom field should be displayed first in the
case of inferlaced pictures. The value /0"is forbidden.

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

previous |PES packet CRC\—JThe previous PES packet CRC is a 16-bit field that contains the CRC value fhat yields
a zero oufput of the 16 registers in the decoder similar to the one defined in Annex A, but with the polynomial

X16+X12+X5+1

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

NOTE|5<This CRC is intended for use in network maintenance such as isolating the source of intermittent errors. It is npt intended
for use by ctenme e eCOUT i e eI e TS be e PES ket treade e modified
during transport.
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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
counter that increments with each successive PES packet from a program stream or from an ISO/IEC 11172-1 stream or
the PES packets associated with a single program definition in a transport stream, providing fiinctionality similar to a
continuity counter (refer to 2.4.3.2). This allows an application to retrieve the original PES packet sequence ©f f program
stream or|the original packet sequence of the original ISO/IEC 11172-1 stream. The counter will wrap around to 0 after
its maxinjum 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.

MPEGI1_|MPEG?2_identifier — A 1-bit flag which when set to '1' indicates that this PES packet earries informgtion from
an ISO/THC 11172-1 stream. When set to '0' it indicates that this PES packet carries information from a program stream.

original_stuff length — This 6-bit field specifies the number of stuffing”™ bytes used in the|l original
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 PES packet header or in the original ISO/IEC’1T172-1 packet header.

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

P-STD_buffer_size — The P-STD_buffer size is a 13-bit unsigned integer, the meaning of which is only defiped if this
PES paclet is contained in a program stream. It definesthe size of the input buffer, BS,, in the P-STD. If
P-STD bpffer scale has the value '0', then the P-STD _buffer size measures the buffer size in units of 12§ bytes. If
P-STD bffer scale has the value 'l', then the P-STD_buffer size measures the buffer size in units of 1024 byftes. Thus:

if (P—STP buffer scale ==0)

3 (2-16)
BS;>= P—STD _buffer _size x 128

else:
BS,, = P—STD _buffer _size x 1024 (2-17)

The encodled value of the\R-STD buffer size takes effect immediately when the P-STD_buffer size field is rdceived by
the Rec. I[TU-T H.222,0.MSO/IEC 13818-1 System Target Decoder (refer to 2.7.7).

For AVC yideo streams conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264 | ISO/IEC [14496-10,
the size B[S, shall be larger than or equal to the size of the CPB signalled by the CpbSize[ cpb_cnt_minus] ] spgcified by
the NAL fhrd{parameters() in the AVC video stream. If the NAL hrd parameters() are not present in the A[VC video
stream, then BS; shattbe targer than or equat 1o the SiZe of e NAL CPB for the byTe stream formart defined in Annex A
of Rec. ITU-T H.264 | ISO/IEC 14496-10 as 1200 x MaxCPB for the applied level.

For video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex G of Rec. ITU-
T H.264 | ISO/IEC 14496-10, the size BS, shall be larger than or equal to the size of the CPB signalled by the
CpbSize[ cpb_cnt_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 of the stream_id defined above. This field shall not be used unless the value of stream idis 1111 1101.

Table 2-27 — Stream_id_extension assignments

strepm_id_extension Note stream coding
000 0000 1 IPMP control information stream
000 0001 2 IPMP stream
000[0010...000 1111 ISO/IEC 14496-17 text stream
001/0000...001 1111 ISO/IEC 23002-3 auxiliary video stream
010000 ... 011 1111 reserved data stream
1000000 ... 111 1111 private stream

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

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

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

PES packet_data_byte — PES packet data bytes shall be contiguous bytes of data from the elementajy stream
indicated| by the packet's stream id or PID. When the elementary stream data confprms to
Rec. ITU{T H.262 | ISO/IEC 13818-2 or ISO/IEC\I'3818-3, the PES_packet data bytes shall be byte aligned tq the bytes
of this Refommendation | International Standandy The byte-order of the elementary stream shall be preserved. Tle number
of PES packet data bytes, N, is specified\by the PES packet length field. N shall be equal to the value indicgted in the
PES pacljet length minus the number; gf)bytes between the last byte of the PES packet length field and the first
PES_paclet data byte.

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

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

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

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

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

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

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

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

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

ISO/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 program_packet sequence counter field is included within the header of each PES packet carrying data from a
program { ; = T T Tgima) program
stream, o1 packets in the original ISO/IEC 11172-1 system stream, to be reproduced at the decoder.

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

2.4.4 Program-specific information

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

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

Table 2-28 — Program-specific information

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

Rec. ITU{EH,.222.0 | ISO/IEC 13818-1 defined PSI tables shall be segmented into one or more sections that 4re carried
within tramsports—packets A SeCtion 1S a  SyItactic structure—tiat—siatt—be Tmapping  each

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

used—for

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 association table, providing a complete list of all programs within the
transport stream. The most recently transmitted version of the table with the current next indicator set to a value of 'l'
shall always apply to the current data in the transport stream. Any changes in the programs carried within the transport
stream shittbedescribed Tmamr updated version of the progranT association tapte carTied T transport streant pagkets with
PID valug 0x0000. These sections shall all use table id value 0x00. Only sections with this value of table id aré[permitted
within trahsport stream packets with PID value of 0x0000. For a new version of the PAT to become valid, ‘all s¢ctions (as
indicated n the last_section _number) with a new version_number and with the current next indicator set to '1|must exit
Byys defingd in the T-STD (refer to 2.4.2). The PAT becomes valid when the last byte of the section needed tof complete
the table gxits Bgys.

Whenever one or more elementary streams within a transport stream are scrambled, transpotbstream packets with a PID
value 0x(1001 shall be transmitted containing a complete conditional access table including CA_descriptors fssociated
with the 4crambled streams. The transmitted transport stream packets will together form one complete versjon of the
conditiongl access table. The most recently transmitted version of the table with the eurrent next indicator setto a value
of '1' shal] always apply to the current data in the transport stream. Any changes'in’'scrambling making the exigting table
invalid or{incomplete shall be described in an updated version of the conditional access table. These sections will all use
table_id vialue 0x01. Only sections with this table_id value are permitted within transport stream packets with a PID value
of 0x0001. For a new version of the CAT to become valid, all sectionSqas indicated in the last_section_number) with a
new versipn number and with the current next indicator set to 'l must exit Bgy,. The CAT becomes valid when the last
byte of the section needed to complete the table exits Bgys.

Each trangport stream shall contain one or more transport stream packets with PID values which are labelled|{under the
program 3ssociation table as transport stream packets contdihing TS program map sections. Each program listed in the
program gssociation table shall be described in a unique TS _program_map_section. Every program shall be fully defined
within thq transport stream itself. Private data whichshas an associated elementary PID field in the appropriat¢ program
map table| section is part of the program. Other private data may exist in the transport stream without being ligted in the
program |map table section. The most recently transmitted version of the TS program map section |with the
current_ngxt indicator set to a value of '1' shall’always apply to the current data within the transport stream. Any changes
in the defjnition of any of the programs-¢arried within the transport stream shall be described in an updated vergion of the
corresponlding section of the program.map table carried in transport stream packets with the PID value identified as the
program_fmap_PID for that specific program. All transport stream packets which carry a given TS _program mdp_section
shall havq the same PID value~Buring the continuous existence of a program, including all of its associated dvents, the
program_fmap PID shall not change. A program definition shall not span more than one TS program map_gection. A
new versipn of a TS program map_section becomes valid when the last byte of that section with a new versiop_number
and with the current_pex{ indicator set to '1' exits By

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

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

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

The transport stream description table is optional. When present, the transport stream description is carried within
transport stream packets that have a PID value 0x0002 as specified in Table 2-28 and shall apply to the entire transport
stream. Sections of the transport stream description shall use a table id value of 0x03 as specified in Table 2-31 and its
contents are restricted to descriptors specified in Table 2-45. The TS description_section becomes valid when the last
byte of the section required to complete the table exits 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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2.44.1 Pointer
The pointer_field syntax is defined in Table 2-29.

Table 2-29 — Program-specific information pointer

Syntax No. of bits Mnemonic

pointer_field 8 uimsbf

2.4.4.2 Semantics definition of fields in pointer syntax

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

2.4.4.3 |Program association table

The progiam association table (PAT) provides the correspondence between a program numberand the PID vglue of the
transport tream packets which carry the program definition. The program number is the numeric label associated with a
program.

The overdll table is contained in one or more sections with the following syntax. It tnay’be segmented to occupy multiple
sections ($ee Table 2-30).

Table 2-30 — Program association(section

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

table_id 8 uimsbf
section_syntax_indicator 1 blbf
'0' 1 bplbf
reserved 2 bslbf
section_length 12 uimsbf
transport_stream_id 16 ui]:sbf
reserved 2 bplbf
version_number 5 uimsbf
current_next_indicator. 1 bslbf
section_number 8 uimsbf
last_section_number 8 ui]:sbf
for (1= 0; i <Nnit++) {

program_number 16 uimsbf

reserved 3 bplbf

if (program_number =="'0") {

network—PHD 13 timsbf
b
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
TATTALN IQ{'\_TEI"_1 /I/IOA_nlajnnf_Ano m'pfnr_an Hon
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

2.4.4.5 [Semantic definition of fields in program association section
table_id 4 This is an 8-bit field, which shall be set to 0x00 as shown in Table 2-31.
section_syntax_indicator — The section_syntax_indicator is a 1-bit fi€ld which shall be set to 'l".

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

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

version_niumber — This 5-bit field is the version\number of the whole program association table. The versign number
shall be ipcremented by 1 modulo 32 wheneVer the definition of the program association table changes. When the
current_ngxt indicator is set to '1', then the yersion number shall be that of the currently applicable program association
table. When the current next_indicators'sét to '0', then the version_number shall be that of the next applicabl¢ program
associatiopn table.

current_hext_indicator — A 1<bifvindicator, which when set to 'l' indicates that the program association table sent is
currently ppplicable. When the bit is set to '0', it indicates that the table sent is not yet applicable and shall bg the next
table to b¢come valid.

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

last_sectipn:mumber — This 8-bit field specifies the number of the last section (that is, the section with tlie highest

. b £l " - . - 1.1
SeCthl’l_l’luulum) OT tIT CUMIPITIC PTOZTranT asSUCTAtIoI tau1T:

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

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

information table. The value of the network PID field is defined by the user, but shall only take values as specified in
Table 2-3. The presence of the network PID is optional.

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
table_id | This is an 8-bit field, which shall*be set to 0x01 as specified in Table 2-31.
section_syntax_indicator — The section_syntax_indicator is a 1-bit field which shall be set to '1".

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

version_number — This-5-bit field is the version number of the entire conditional access table. The version nuinber shall
be incremented by\ ) modulo 32 when a change in the information carried within the CA table occurs. When the
current_ngxt indicator is set to '1', then the version_number shall be that of the currently applicable Conditiorjal Access
Table. en the current next indicator is set to '0', then the version number shall be that of the next gipplicable
conditional access table

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

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

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

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
FS—program—map—sectont

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

descriptor()
}
for (i=0; i <NI; itt)h{

stream/.type 8 uimsbf

reserved 3 bslbf

elementary_PID 13 uimsbf

reserved 4 bslbf

ES_info_length 12 uimsbf

for (i=0; i <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
currently applicable. When the bit is set to '0', it indicates that the TS program map section sent is not yet applicable
and shall be the next TS program map section to become valid.

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

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

PCR_PII) — This is a 13-bit field indicating the PID of the transport stream packets which shall-contain the JCR fields
valid for the program specified by program number. If no PCR is associated with a program definition for private streams,
then this [field shall take the value of Ox1FFF. Refer to the semantic definition of PCR in.2'4.3.5 and Tabje 2-3 for
restrictions on the choice of PCR_PID value.

program| info_length — This is a 12-bit field, the first two bits of which shall be '002 The remaining 10 bits specify the
number of bytes of the descriptors immediately following the program_info length\field.

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

NOTE}- A Rec. ITU-T H.222.0 | ISO/IEC 13818-1 auxiliary stream is available for data types defined by this Specificgtion, other
than aydio, video, and DSM-CC, such as the program stream directory-and'the program stream map.

Table 2-34 - Stream‘type assignments

Value Description
0x00 ITU-T | ISO/IEC Reserved
0x01 ISO/IEC 11172-2 Video
0x02 Rec. ITU-T H.262 | ISO/IEC 13818-2 Video or ISO/IEC 11172-2 constrained parameter videp stream
(see Note 2)
0x03 ISO/IEC 11172:3 Audio
0x04 ISO/IEC, 13818-3 Audio
0x05 RecATU-T H.222.0 | ISO/IEC 13818-1 private_sections
0x06 RecyITU-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
OB ISOAEC 13818 Af}pnﬂ
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 |
ISO/IEC 14496-10 or AVC video sub-bitstream of SVC as defined in 2.1.78 or MVC base view
sub-bitstream, as defined in 2.1.85, or AVC video sub-bitstream of MVC, as defined in 2.1.88 or
MV-CD-base-view-sub-bitstreanas-defined-in2-1-97 oA : b-bitstrearmo 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
0x1F SVC video sub-bitstream of an AVC video stream conforming to one or more profiles defined in
Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-10
0x20 MVC video sub-bitstream of an AVC video stream conforming to one or more profiles defindd in
Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10
0x21 Video stream conforming to one or more profiles as defined inRec. ITU-T T.800 | ISO/IEC 1j5444-1
0x22 Additional view Rec. ITU-T H.262 | ISO/IEC 13818-2 videq 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-compatibl€ stereoscopic 3D services (see Notes 3 and 4)
0x24 Rec. ITU-T H.265 | ISO/IEC 23008-2 videofstream or an HEVC temporal video sub-bitstreanp
0x25 HEVC temporal video subset of an HEVE video stream conforming to one or more profiles defined in
Annex A of Rec. ITU-T H.265 | ISO/IE€23008-2
0x26 MVCD video sub-bitstream of an®AVC video stream conforming to one or more profiles defified in
Annex I of Rec. ITU-T H.264 | [SO/IEC 14496-10
0xp7-0x7E Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Reserved
0x7F IPMP stream
0xB0-0xFF User Private
NOTE|1 — In the above table various stream types are assigned for carriage of audio signals, with or without a transgort syntax.
Typically, the transport syntax is used.for providing sync words. The use of a specific transport syntax, if at all, is spedjified in the
clauseq in this Specification specifying the transport of the various audio signals.
NOTE2 — Rec. ITU-T H.262 HSO/IEC 13818-2 video with frame packing arrangement information is signalled using sfream_type
value (x02.
NOTE|3 — The base viewof service-compatible stereoscopic 3D services is signalled using stream_type value 0x02 for Rec. ITU-T
H.262 | ISO/IEC 13818-2 video or stream_type 0x1B for Rec. ITU-T H.264 | ISO/IEC 14496-10 video.
NOTE[4 — The additional view for service-compatible stereoscopic 3D services is signalled using stream_type value 0xP2 for Rec.
ITU-T[H.262 |4SO/IEC 13818-2 video or stream_type value 0x23 for Rec. ITU-T H.264 | ISO/IEC 14496-10 video copforming to
one or|more\profiles defined in Annex A. For service-compatible stereoscopic 3D services, the additional view is nqt signalled
using sltream_type values 0x02 or 0x1B.

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

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

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

2.4.4.10 Syntax of the private section

When 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 T bsIbT
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_length-9; i++) {
private_data_byte 8 bslbf
b
CRC 32 32 rpchof
b
i
2.4.4.11 [Semantic definition of fields’in private section
table_id | This 8-bit field, the~value of which identifies the Private Table this section belongs to. Only values flefined in
Table 2-3]l as "user private'ymay be used.
section_syntax_indicater— This is a 1-bit indicator. When set to 'l', it indicates that the private section fgllows the
generic sgction syntax¢beyond the private_section length field. When set to '0', it indicates that the private data_bytes
immediat¢ly followsthe private section length field.
private_ipndicator — This is a 1-bit user-definable flag that shall not be specified by ITU-T | ISO/IEC in the fufure.

private secti 1 ; T T T 1 romrtmmediately

following the private section_length field up to the end of the private section. The value in this field shall not exceed
4093 (0xFFD).

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.

2.4.4.12 Syntax of the transport stream section

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

The transport stream description table is defined to support the carriage of descriptors as found in 2.6 for ahentir¢ transport
stream. The descriptors shall apply to the entire transport stream. This table uses a table id value of 0x03 as sgecified in
Table 2-3]l 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
table_id + This is an-8-bit field, which shall be set to '0x03' as specified in Table 2-31.

section_length— This is a 12-bit field, the first two bits of which shall be '00'. The remaining 10 bits specify the number
of bytes OF the section, starting immediately following the section_length field, and including the CRC. The VaIIue in this
field shalllnot'exceed 1021 (0x3FD)

version_number — This 5-bit field is the version number of the whole transport stream description table. The version
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 program stream consists of one or more elementary streams from one program multiplexed together. Audio and video
elementarly streams consist of access units.

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

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

In a program stream, PES packets are organized in packs. A pack commences with,a pack header and is follow¢d by zero
or more PES packets. The pack header begins with a 32-bit start-code. The pack héader is used to store timing gnd bitrate
informati¢n.

The progijam stream begins with a system header that optionally may be répeated. The system header carries afsummary
of the sysfem parameters defined in the stream.

This Recqmmendation | International Standard does not specify thecoded data which may be used as part of cpnditional
access sy§tems. This Recommendation | International Standard dges, however, provide mechanisms for progrgm service
providers|to transport and identify this data for decoder processing, and to correctly reference data which are here
specified.

2.5.2 Program stream system target decoder

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

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

A0 Video 0, P, (k)
td

- ---------—- . B, 0 D, o tpy(k)
v i-th byte of !
! multiplex stream !

boooooooooo- jo- AP B e

\ —f-threeeess-unt— it presentation-wmit—)

o
J O Bn Dn Pn(k)
t(l) (o) tpn(k)

System control

H.222.0(12)_F2-2

Figure 2-2 — Program stream system target decoder notation

The following notation is used to describe the program stream system target decoder and is partially illustrated
in Figure 2-2.
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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 sys
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
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.

tem target

where 1 is

tda(j) is the decoding time, measured in seconds, in the system target decoder of the j-th access unit in

elementary stream n.

2.5.2.1

Timing if]
defined in

The valug

The notat
to the fre
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2.5.2.2

Data fron
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Pn(K) 18 the k-th presentation unit in elementary stream n. Pr(K) 18 indexed 1n presentation o1

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

t is time measured in seconds.

Fu(t) is the fullness, measured in bytes, of the system target decoder input buffer for element:
n at time t.

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

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

System clock frequency

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

of the system clock frequency is measured in Hzand shall meet 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.

on "system_clock frequency" is used-in several places in this Recommendation | International Standa
juency of a clock meeting these_requirements. For notational convenience, equations in which SCH

[his is due to the encoding of SCR timing information as 33 bits of 1/300 of the system clock frequer

Input to the program stream system target decoder

the program stream enters the system target decoder. The i-th byte enters at time t(i). The time at
5 the systemrtarget decoder can be recovered from the input stream by decoding the input system clock
ds and the program mux_rate field encoded in the pack header. The SCR, as defined in equation 2-1

'ts: one;-in units the period of 1/300 x the system clock frequency, called system clock reference|
P-19)5.and one, called system clock reference ext equation (see equation 2-20), in units of the per

system cl

¢k frequency. In the following the values encoded in these fields are denoted by SCR_base(i) and S

e remainder, and encoding as 33 bits of the system clock frequency divided by 300 for PTS and DTS|

der.
the k-th

iy stream

stream n.

fields are

rd to refer
., PTS, or

ar, lead to values of time whigh(are accurate to some integral multiple of (300 x 233/system_clock frequency)

hcy plus 9

which this
reference
, 1s coded
| base (see
iod of the
CR_ext(i).

The value encoded in the SCR field indicates time t(1), where 1 refers to the byte containing the last

system_cl

ock reference base field.

Specifically:

where:

58

SCR(i)=SCR _base(i)x 300+ SCR _ext(i)

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

SCR__ext(i) = ((system _clock _frequency x t(i))DIV 1)%300
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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 the system
clock

program mux_rate is a field defined in 2.5.3.3.

After deliyery of the last byte of a pack there may be a time interval during which no bytes are delivered to the input of
the P-STID.

2.5.2.3 [Buffering

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

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

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

At the de¢oding time, td,(j), all data for the access unit that hasibeen in the buffer longest, A,(j), and any stufffing bytes
that immgdiately precede it that are present in the buffer at the'time td.(j), are removed instantaneously at time {da(j). The
decoding fime td,(j) is specified in the DTS or PTS fields-Deécoding times td,(j + 1), tdn(j + 2), ... of access unifts without
encoded IPTS or PTS fields which directly follow access it j may be derived from information in the elementafy stream.
Refer to Annex C of Rec. ITU-T H.262 | ISO/IEC 13818-2, ISO/IEC 13818-3, ISO/IEC 11172-2 or ISO/IE( 11172-3.
Also refef to 2.7.5. As the access unit is removed. from the buffer, it is instantaneously decoded to a presentatidn unit.

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

0<F,(f)<BS,

for all t and n,

and:
F.()=0

instantandously before t = t(0).

Fn(t) is the instantaneous fullness of P-STD buffer B;.

An exception to this condition is that the P-STD buffer B, may underflow when the low_delay flag in the video sequence
header is set to '1' (refer to 2.4.2.6) 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
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 bufj

VBV buff
from buff
bitstream
until the \

2.5.24

It is poss
elementar
stream is
is used in
elementar

NOTE

As a PES
with othe
headers,

Buffer siZ
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er underflow is allowed to occur continuously without limit. The P-STD decoder shall remove.ace€s
er B, at the earliest time consistent with the paragraph above and any DTS or PTS valu€s encoq
The decoder may be unable to re-establish correct decoding and display times as indicated by DTS
BV buffer underflow situation ceases and a PTS or DTS is found in the bitstream.

PES streams

ble to construct a stream of data as a contiguous stream of PES packets ¢ach containing data of]
y stream and with the same stream_id. Such a stream is called a PES stre¢amm. The PES-STD model
dentical to that for the program stream, with the exception that the Elementary Stream Clock Referend
place of the SCR, and ES rate in place of program mux_rate. The-demultiplexor sends data to
y stream buffer.

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

stream only carries a single elementary stream, the buffersizes in the PES-STD do not account for my
elementary streams, but only for multiplexing of the-elémentary stream carried in the PES stream
ack headers and system headers.

es BS, in the PES-STD model are defined as folows:
—  For Rec. ITU-T H.262 | ISO/IEC 13818%2 video:

BS, = VBV [ profile, level] + BSqn

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

—  For ISO/IEC 111I%2-2 video:

BSn = VBVmaX + BSOh

BSoir=41/750) seconds X Rmax, where Rmax and vbv_max refer to the maximum bitrate and
vbvabuffer size for a constrained parameter bitstream in ISO/IEC 11172-2 respectively.

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

unit data
led in the
and PTS

the same
for a PES
e (ESCR)
only one

Itiplexing
with PES

el] are the
and 8-13,
overhead.

maximum

60

BS, =2848 bytes

—  For ISO/IEC 13818-7 ADTS audio:

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

Note that the above numbers differ from the BS, numbers specified in 2.4.3.2 due to the fact that a PES

stream carries a single elementary stream only.
—  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 BSy=40 000 bytes
and for 5.1 surround sound audio BS, = 120 000 bytes

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

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

—  For Rec. ITU-T H.264 | ISO/IEC 14496-10 video:
BS, = 1200 x MaxCPBJlevel] + BSon

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

2.5.2.5 |Decoding and presentation

Decoding|and presentation in the program stream system target decoder are the same as defined for the transpprt stream
system tagget decoder in 2.4.2.4 and 2.4.2:5tespectively.

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

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

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

For decoding of "AVC video streams conforming to one or more profiles defined in Annex A of Rec. ITU{T H.264 |
ISO/IEC 14496-10 video streams carried in a program stream in the P-STD model, see 2.14.3.2, for decoding of AVC
video strepms“conforming to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 1449610 carried
in a program stream in the P-STD model, see 2.14.3.6 and for decoding of AVC video streams conforming to one or more
profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10 carried in a program stream in the P-STD model,
see 2.14.3.8.

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

For decoding of ISO/IEC 14496-17 text streams carried in a program stream in the P-STD model, see 2.15.3.2.
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 0001 1011

1001’ (OX 0000159) il. lCllllilldLCb th PIOgLdIll SUTAIIL.

2.5.3.3 [Pack layer of program stream
See Tablds 2-38 and 2-39.
Table 2-38 — Program stream pack

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

Table 2-39 — Program stream pack header

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

}
if (nextbits() = = system_header_start code) {
system_header ()
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2.5.3.4 Semantic definition of fields in program stream pack

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

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

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

program_mux_rate — This is a 22-bit integer specifying the rate at which the P-STD receives the program stream during
the pack iph which it is incfuded. The value of program_mux_rate 1s 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 3.5.2. The value encoded in the program mux rate field may vary from pack to pack n.a Rg¢c. ITU-T
H.222.0 | [SO/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 éngoder, for example to meet
the requirpments of the channel. It is discarded by the decoder. In each pack header no.more than 7 stuffing fytes shall
be present.

2.5.3.5 [System header
See Tablg 2-40.

Table 2-40 — Program stream‘ystem header

Syntax No. of bits Mnédmonic
system_hleader () {
system_header_start_code 32 bslbf
header_length 16 uinpsbf
marker_bit 1 bslbf
rate_bound 22 uimsbf
marker_bit 1 bslbf
audio_bound 6 uimsbf
fixed_flag 1 bslbf
CSPS_flag 1 bslbf
system_audio_lock_flag 1 bslbf
system_video_lock_flag 1 bslbf
marker_bit 1 bslbf
video_bound 5 uimsbf
packet rate restriction flag 1 bslbf
reserved_bits 7 bslbf
while (nextbits () =="'1") {
stream_id 8 uinpsbf
if (stream_id =="'10110111") {
"1 2 bslpf
'000-0000" 7 bslbf
stream_id_extension 7 uimsbf
'1011 0110’ 8 bslbf
11’ 2 bslbf
P-STD_buffer_bound_scale 1 bslbf
P-STD_buffer_size_bound 13 uimsbf
H
else {
11’ 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 decoding process
of an ISOAEC 13818-3 or ISO/IEC 11172-3 audio stream is active if the STD buffer is not empty or if a Presentation
Unit is bejng 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-setito '(' variable
bitrate oppration is indicated. During fixed bitrate operation, the value encoded in all system clock ‘referencg fields in
the multiglexed Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream shall adhere to the following linear equation:

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

where:
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 |C\ISO/IEC 13818-1 multiplexed stream of the byte
containing the final bit of any system_clock reference field in the stream.

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

system_apdio_lock_flag — The system audio lock flag is a 1-bit field indicating that there is a specified, constant
rational rglationship between the audio sampling rateand the system_clock frequency in the system target dedoder. The
system_clock frequency is defined in 2.5.2.1 and the audio sampling rate is specified in ISO/IEC 138]8-3. The
system_afidio_lock flag may only be set to 'Iif] for all presentation units in all audio elementary streams in thg program
stream, the ratio of system_clock frequency:to the actual audio sampling rate, SCASR, is constant and equal td the value
indicated fin the following table at the aominal sampling rate indicated in the audio stream.

SCASR = system _clock _ frequency (2-24)

audio _sample rate in the P—STD

X
The notatjon 7 denotes real division.

Nomingl audjo
samg{ling 16 32 22.05 44.1 24 48
frequendy (kHz)
27 000 000 27 000 000 27 000 000 27 000 000 27 000 000 27 000 000
SCASR | e | e | e | e | e [
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
frame_rate _in_the P—STD

SCFR =

(2-25)

frame r
(Hz)

Nominfal

hte 23.976 24 25 29.97 30 50 59.94

60

SCFR

1126125 1 125 000 1 080 000 900 900 900 000 540 000 450,450

50 000

The valud
nominal r|

video_bo
equal to tH
active. Fg
P-STD m

packet_r
packet ral
flag is set

reserved |
shall havd

stream_ifl — The stream _id is an 8-bit field that indicat€s-the coding and elementary stream number of the

which the|

If stream|
stream_id|

If stream|
stream_id|

If stream|
stream_id|

value of the stream_id extensjen in the PES header of those streams.

If stream |
coding an

If the stred
as referrir

s of the ratio SCFR are exact. The actual frame rate differs slightly from the nomindl rate in cases
hte is 23.976, 29.97, or 59.94 frames per second.

ind — The video _bound is a 5-bit integer in the inclusive range from 0 to 16 and is set to a value grea
e maximum number of video streams in the program stream of which the deCoding processes are simu
r the purpose of this subclause, the decoding process of a video stream\is active if one of the bufi
del is not empty, or if a Presentation Unit is being presented in the P=STD model.

hte_restriction_flag — The packet rate restriction flag is a 1-bit flag. If the CSPS flag is set
fe restriction_flag indicates which constraint is applicable to/the packet rate, as specified in 2.7.9. If]
to value of '0', then the meaning of the packet rate restriction® flag is undefined.

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

following P-STD_buffer bound scale and P-STD_buffer size bound fields refer.

[id equals '1011 1000' the P-STD_buffer bound scale and P-STD_buffer size bound fields foll
refer to all audio streams in the program stream.

[id equals '1011 1001' the P-STD- buffer bound scale and P-STD_buffer size bound fields foll
refer to all video streams inthe'program stream.

[id equals '1111 1101',wthe P-STD buffer bound scale and P-STD_buffer size bound fields foll
refer to all elementaryistreams with an extended_stream_id in the program stream, independent of

d elementary/stream number according to Table 2-27.

m_idfakes on any other value it shall be a byte value greater than or equal to '1011 1100" and shall be i
g to,the stream coding and elementary stream number according to Table 2-22.

DQ

where the

er than or
taneously
ers in the

to 'l', the
the CSPS

SO/IEC it

stream to

wing the

wing the

wing the
the coded

id equals '1011.0111', the following stream id extension field shall be interpreted as referring to the stream

hterpreted

Each elt,lut;utal_y

. 1 111 1 - b = B 1 1
Sticdlll PICSTIIL 1T UIC Proglialll’ Sucdlll SIIdll 11avce 1 =511 _UULICI _DOUId 5

P-STD buffer size bound specified exactly once by this mechanism in each system header.

ale 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 ?atkci laycl Uf l.ll Ugl alll Di,l calll
The packgt layer of the program stream is defined by the PES packet layer in 2.4.3.6.
254 Program stream map
The Progfam Stream Map (PSM) provides a description of the elementary streams in the program stream|and their
relationshjip to one another. When carried in a transport stream this structure shall not be modified. The PSM(is present
as a PES packet when the stream_id value is 0xBC (refer to Table 2-22).
NOTE[- This syntax differs from the PES packet syntax described in 2.4.3.6.
Definitior] for the descriptor() fields may be found in 2.6.
2.5.4.1 [Syntax of program stream map
See Tablg 2-41.
Table 2-41 — Program stream map
Syntax No. of bits Mngmonic
program |stream map() {
packet_start code_ prefix 24 bs|bf
map_stream_id 8 uiEsbf
program_stream_map length 16 uimsbf
current_next_indicator 1 bs|bf
single extension_stream_flag 1 bs|bf
reserved 1 bs|bf
program_stream_map_version 5 uimsbf
reserved 7 bs|bf
marker_bit 1 bs|bf
program_stream_info ‘length 16 uimsbf
for (i=0;i<N;it+t){
descriptor()
elementary/Stream_map_length 16 uimsbf
for (i=0;AgNI1; 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 8 Uimsbf
marker_bit 1 Bslbf
elementary stream_id_extension 7 Uimsbf
for (i=3;1<N2; it++) {
descriptor()
}
else {
for (i=0; 1 <N2; 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.

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

program| stream_map_version — This 5-bit field is the version number of the whole program stream miap:* The version
number shall be incremented by 1 modulo 32 whenever the definition of the program stream map changes. When the
current ngxt indicator is set to 'l', then the program stream map version shall be that of the currently applicable
program dtream map. When the current next indicator is set to '0', then the program_stream map) version shll be that
of the next applicable program stream map.

program| stream_info_length — The program stream info length is a 16-bit field indicating the total length of the
descriptols immediately following this field.

marker

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

elementaly_stream_map_length — This is a 16-bit field specifying the totallength, in bytes, of all elementdry stream
informatign in this program stream map. It includes the (stream type, elementary stream|id, and
elementary stream_info_length fields.

stream_type — This 8-bit field specifies the type of the stream according to Table 2-34. The stream_type field [shall only
identify elementary streams contained in PES packets. A value 0f0x05 is prohibited.

elementaly stream_id — The elementary stream_id is an(8-bit field indicating the value of the stream_id field in the
PES packpt headers of PES packets in which this elementary stream is stored. When elementary_stream_id is equal to
0xFD, thd 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 iy signalled
by the encoded value of thestréam id extension field in the PES headers of PES packets carrying this
elementary stream.

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

elementaly stream_info_length — The elementary stream_info length is a 16-bit field indicating the length in bytes of
the desdriptors and, «when present, the pseudo descriptor tag, the pseudo descriptor length, [and the
elementarly stream_id~extension (and associated marker bit) data immediately following this field.

pseudo_descriptor._tag — This is an 8-bit unsigned integer that shall be coded with the value 0x01; note that the use of
value 0xO|l forydescriptor tags is forbidden in Table 2-45.

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

elementary_stream_id_extension — This 7-bit field, when present, indicates the encoded wvalue of the
elementary stream_id_extension field in the PES packet headers of PES packets in which this elementary stream is stored.

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

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 video stream. Each such directory entry shall refer to the first byte of an AVC access unit.

For video_sub-bitstreams of AVC video streams conforming to one or more profiles defined in Annex G of
Rec. ITUIT H.264 | ISO/IEC 14496-10, directory entries may be required to reference IDR picture or pictuires to be
re-assemfled from video sub-bitstreams and associated with a recovery point SEI message present.in a video
sub-bitstregam. Each such directory entry shall refer to the first byte of an SVC dependency representation:

For MV({ video sub-bitstreams of AVC video streams conforming to one or more profiles defined in Arjnex H of
Rec. ITUIT H.264 | ISO/IEC 14496-10, directory entries may be required to reference IDR Ipicture or pictfires to be
re-assemYfled from MVC video sub-bitstreams and associated with a recovery point SEI méssage present inl an MVC
video sub}bitstream. Each such directory entry shall refer to the first byte of an MV C view=component subset.

Directory|references to audio streams as defined in ISO/IEC 13818-3 and ISO/IEC K14 72-3 shall be the syncword of the
audio frathe.

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

Access urlits shall be referenced in a program_stream_directory packet in the'same order that they appear in the pitstream.

2.5.5.1 [Syntax of program stream directory packet

See Tabld 2-42.

Table 2-42 — Program stream directory packet

Syntax No. of bits Mngmonic
directory| PES packet(){
packet_start code prefix 24
directory stream_id 8
PES packet _length 16
number_of access_units 15
marker_bit 1
prev_directory_offset[44..30] 15
marker_bit 1
prev_directory coffsét[29..15] 15
marker_bit 1
prev_direcfory offset[14..0] 15
marker.bit 1
next_directory_offset[44..30] 15
marker bit 1
next/directory_offset[29..15] 15
mmarker 7‘111‘ T
next_directory_offset[14..0] 15
marker_bit 1
for (i =0; i < number_of access units; i++) {
packet stream_id 8
PES header_position_offset_sign 1
PES header_position_offset[43..30] 14
marker_bit 1
PES header_ position_offset[29..15] 15
marker_bit 1
PES header_position_offset[14..0] 15
marker_bit 1
reference offset 16
marker_bit 1
if (packet stream id == 0xFD) {
packet _stream_id_extension_msbs 3
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 uimsbf
marker_bit 1 bslbf
bytes to read[7..0] 8 uimsbf
marker_bit 1 bslbf
intra_coded_indicator 1 bslpf
coding_parameters_indicator 2 bslpf
if (packet stream id == 0xFD) {

packet stream_id_extension_Isbs 4 uimsbf
else {

reserved 4 bslbf

}

}
}

2.5.5.2 [Semantic definition of fields in program stream directory

packet_start_code_prefix — The packet start code prefix is a 24-bit codé; Together with the stream id that follows, it

constitutep a packet start code that identifies the beginning of a packet. The packet start code prefix is the|bit string
'0000 0000 0000 0000 0000 0001' (0x000001 in hexadecimal).

directory| stream_id — This 8-bit field shall have a value '11111111' (0xFF).

PES_packet length — The PES packet length is a 16-bit’ field indicating the total number of bytgs in the
program_ptream_directory immediately following this ficld4tefer to Table 2-22).

number_pf access units — This 15-bit field is the number of access_units that are referenced in this Dire¢tory PES
packet.

prev_dir¢ctory_offset — This 45-bit unsigned_integer gives the byte address offset of the first byte of the pgcket start
code of the previous program stream directéry packet. This address offset is relative to the first byte of the stqrt code of
the packet which contains this previous.difectory offset field. The value '0' indicates that there is no previou$ program
stream difectory packet.

next_dirdctory_offset — This 45-bit unsigned integer gives the byte address offset of the first byte of the packet|start code
of the nexlt program stream ditectory packet. This address offset is relative to the first byte of the start code of the packet
which conmtains this next, directory offset field. The value '0' indicates that there is no next program stream| directory
packet.

packet_stream_id(— This 8-bit field is the stream_id of the elementary stream that contains the access unit refgrenced by
this directory entry.

PES_heafler{position_offset_sign — This 1-bit field is the arithmetic sign for the PES header position_offset|described
immediatcty fotfowing. A valtue of 0 ndicates that the PES header position_offser s a positive offset. A value of '1'
indicates that the PES _header position_offset is a negative offset.

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

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

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

coding_parameters_indicator — This 2-bit field is used to indicate the location of coding parameters that are needed to
decode thfaccess units reierenced. For example, this Tield can be used to determine the location ol quantizatioh matrices
for video 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/least'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 access unit

packet_sfream_id_extension_msbs — This 3-bit field is present if packet Stream_id equals 0xFD; its coding i§ specified
below.

packet_stream_id_extension_lsbs — This 4-bit field is presentifipacket stream_id equals OxFD; its coding i specified
below.

If packef stream id is equal to OxFD, the packef{stream id extension indicates the encoded wvalug of the
stream_id| extension in the PES header of the PES packet(s) containing the access unit referenced by this direcfory entry.
The valug of the packet stream id_extension is speCified by:

packet stream_id extension = packét) stream_id_extension_msbs * 16 + packet stream_id extensi¢n Isbs

2.6 [Program and program element descriptors

Program 4nd program element déscriptors are structures which may be used to extend the definitions of programs and
program ¢lements. All descriptors have a format which begins with an 8-bit tag value. The tag value is followed by an
8-bit descriptor length and data-fields.

2.6.1 Semantic definition of fields in program and program element descriptors

The folloying semantics apply to the descriptors defined in 2.6.2 through the end of 2.6.

tag~ The descriptor tag is an 8-bit field which identifies each descriptor.

Table 2-4 1 - =H222- = . ; =TH222- =1 reserved,
and user available descriptor tag values. An 'X' in the TS or PS columns indicates the applicability of the descriptor to
either the transport stream or program stream respectively. Note that the meaning of fields in a descriptor may depend on
which stream it is used in. Each case is specified in the descriptor semantics below.

descriptor_length — The descriptor length is an 8-bit field specifying the number of bytes of the descriptor immediately
following descriptor length field.
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Table 2-45 — Program and program element descriptors

descriptor_tag TS PS Identification
0 n/a n/a | Reserved
1 n/a X | Forbidden
2 X X | video_stream_descriptor
3 X X | audio_stream_descriptor
4 X X | hierarchy_descriptor
5 X X | registration_descriptor
6 X X | data_stream alignment descriptor
7 X X | target background grid descriptor
8 X X | video_window_descriptor
9 X X | CA_descriptor
10 X X | ISO_639 language descriptor
11 X X | system_clock_descriptor
12 X X | multiplex_buffer utilization_descriptor
13 X X | copyright descriptor
14 X maximum_bitrate_descriptor
15 X X | private_data_indicator descriptor
16 X X | smoothing_ buffer descriptor
17 X STD_descriptor
18 X X | IBP_descriptor
19-26 X Defined in ISO/IEC13818-6
27 X X | MPEG-4_video ‘descriptor
28 X X | MPEG-4_audio. descriptor
29 X X | IOD_deseriptor
30 X SL_deseriptor
31 X X | EMC descriptor
32 X X J\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
44 X X | FlexMuxTiming_descriptor
45 X X | MPEG-4_text descriptor
46 X X | MPEG-4_audio_extension_descriptor
47 X X | Auxiliary video stream_descriptor
48 X X SVC extension descriptor
49 X X | MVC extension descriptor
50 X n/a | J2K video descriptor
51 X X | MVC operation point descriptor
52 X X | MPEG2_stereoscopic_video_format_descriptor
53 X X | Stereoscopic_program_info_descriptor
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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

Video stream descriptor

stream descriptor provides basic information which identifies the coding parameters of a videg.¢
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 3 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_indic¢ation 8 uimsbf
chroma_format 2 uimsbf
frame_rate_extension_flag 1 bslbf
reserved 5 bslbf
}
}

Semantic definitions of fields in video stream descriptor

frame rate flag — Fhis™l-bit field when set to '1' indicates that multiple frame rates may be present i
hen set to a value/6f'0' only a single frame rate is present.

Table 2-47 — Frame rate code
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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

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

ementary

the video

when the

frame rate~flag is set to a value of '1' the indication of a particular frame rate also permits certain other frame
presentiin-the video stream, as specified in Table 2-47:


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

ISO/IEC 13818-1:2015 (E)

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 Rec. ITU-T H.262 | ISO/IEC 13818-2 video stream. The value of this field indicates a profile and level that is equal
to or higher than any profile and level in any sequence in the associated video stream. For the purposes of this subclause,
an ISO/IH - i T i T @ LL).

chroma_format — This 2-bit field is coded in the same manner as the chroma format fields in the Rec-ITU{T H.262 |
ISO/IEC [13818-2 video stream. The value of this field shall be at least equal to or higher than the value of the
chroma_fprmat field in any video sequence of the associated video stream. For the purposes of\this sub¢lause, an
ISO/IEC ]1172-2 video stream is considered to have chroma format field with the value '01', indicating 4:2:0.

frame_rate extension_flag — This is a 1-bit flag which when set to 'l' indicates-‘that either or [both the
frame ratp extension n and the frame rate extension d fields are non-zero in_any video sequencds of the
Rec. ITU{T H.262 | ISO/IEC 13818-2 video stream. For the purposes of this subclause, an’ISO/IEC 11172-2 video stream
is constrajned to have both fields set to zero.

2.6.4 Audio stream descriptor

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

Table 2-48 — Audio stream descriptor

Syntax No. of bits Mnemonic
audio_stream_descriptor(){
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
free_format_flag 1 bslbf
ID 1 bslbf
layer 2 bslbf
variable rate audio indicator 1 bslbf
reserved 3 bslbf
}
2.6.5 Semantic definition of fields in audio stream descriptor

with the Hitrate_ihdex set to '0000'". If set to '0', then the bitrate_index is not '0000' (refer to 2.4.2.3 of ISO/IEC]| 13818-3)
in any audio.frame of the audio stream.

free format flag— This 1-bit field when set to '1' indicates that the audio stream may contain one or more audio frames
_ %‘ _1ag y

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

layer — 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
quality_scalability flag 1 bslbf
hierarchy_type 4 uimsbf
reserved 2 bslbf
hierarchy_layer_index 6 uimsbf
tref_present_flag 1 bslbf
reserved 1 bslbf
hierarchy_embedded_layer_index 6 uimsbf
reserved 2 bslbf
hierarchy_channel 6 uimsbf

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 elemenf enhances
the frame|rate of the bit-stream resulting from the program element referenced by the hierarchy embedded layer index.
The valuel of '1' for this flag is reserved.

spatial_s¢alability_flag — A 1-bit flag, which when set to '0' indicates that the associated program element enlances the
spatial ~ pesolution of the bit-stream resulting from the program element referenced |by the
hierarchy| embedded layer index. The value of '1' for this flag is reserved.

quality_sgalability flag — A 1-bit flag, which when set t6 '0' indicates that the associated program element enhances the
SNR quaplity or fidelity of the bit-stream¢tesulting from the program element referenced| by the
hierarchy| embedded layer index. The value of "\ for this flag is reserved.

hierarchy type — The hierarchical relation, between the associated hierarchy layer and its hierarchy embeddgd layer is
defined ih Table 2-50. If scalability applies in more than one dimension, this field shall be set to the v3lue of '8'
("Combined Scalability"), and the flags temporal scalability flag, spatial scalability flag and quality_scalability flag
shall be $et accordingly. For MVC, video sub-bitstreams, this field shall be set to the value of '9' ("MNMC video
sub-bitstrgam") and the flags temporal scalability flag, spatial scalability flag and quality scalability flag shall be set
to'l". For MVC base view sub-bitstreams, this field shall be set to the value of '15' and the flags temporal scalabjility flag,
spatial_scplability flag and'quality scalability flag shall be setto '1'. For MVCD video sub-bitstreams, this fie]d shall be
set to the yalue of '9' (*MMCD video sub-bitstream") and the flags temporal scalability flag, spatial scalability flag and
quality sdalability flag shall be set to 'l'. For MVCD base view sub-bitstreams, this field shall be set to the value of '15'
and the flags temporal scalability flag, spatial scalability flag and quality scalability flag shall be set to '1".

hierarchy 1ayer mdex The h1erarchy layer mdex is a 6-bit ﬁeld that deﬁnes a umque index of the assocrate 1 program
element i1 e ideo sub-
bitstreams of AVC V1deo streams conformmg to one or more proﬁles deﬁned in Annex G of Rec ITU-T H.264 | ISO/IEC
14496-10, this is the program element index, which is assigned in a way that the bitstream order will be correct if
associated SVC dependency representations of the video sub-bitstreams of the same access unit are re-assembled in
increasing order of hierarchy layer index. For MVC video sub-bitstreams of AVC video streams conforming to one or
more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10, this is the program element index, which is
assigned in a way that the bitstream order will be correct if associated MVC view-component subsets of the MVC video
sub-bitstreams of the same access unit are re-assembled in increasing order of hierarchy layer index. For MVCD video
sub-bitstreams of AVC video streams conforming to one or more profiles 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-bitstream or AVC video
sub-bitstream of MVC or HEVC temparal video sub-bitstream or Base
layer of MVCD base view sub-bitstream or AVC video sub-bitstream
of MVCD.

2.6.8 Registration descriptor

The regidtration_descriptor provides a method to uniquely and unambiguously identify formats of private data
(see Tabl¢ 2-51).

Table:2-51 — Registration descriptor

Syntax No. of bits | Identifier
registration_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
format_identifier 32 uimsbf
for (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

}

Semantics of fields in data stream alignment descriptor

alignment_type — Table 2-53 describes the alignment type for ISO/IEC 11172-2 video, Rec. ITU-T H.262 |
ISO/IEC 13818-2 video, or ISO/IEC 14496-2 visual streams when the data_alignment_indicator in the PES packet header
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- Specifying alignment type '01' from Table 2-53 does not preclude the alignment from beginning at.a‘<GOP or S|

tion of an access unit is given in 2.1.1.

Table 2-53 — Video stream alignment values

Alignment type Description
00 Reserved
01 Slice, or video access unit
02 Video access unit
03 GOP, or SEQ
04 SEQ
05-FF Reserved

b4 describes the alignment type for Ree€ VITU-T H.264 | ISO/IEC 14496-10 video
iment_indicator in the PES packet header hag\a value of '1".

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

ISO/IEC 14496-10, the firstPES packet data byte following the PES header shall be the first
AVC access unit or theficstbyte of an AVC slice, as signalled by the alignment_type value.

*  For video sub-bitstreams of AVC video streams conforming to one or more profiles defined in
of Rec. ITU-T H264 | ISO/IEC 14496-10, the first PES packet data byte following the PES hg
be the first byté of an SVC dependency representation or the first byte of an SVC slice, as signal
alignment, type value.

*  For MY CWideo sub-bitstreams of AVC video streams conforming to one or more profiles defined
H of Rec. ITU-T H.264 | ISO/IEC 14496-10, the first PES packet data byte following the P
shalbkbe the first byte of an MVC view-component subset or the first byte of an MV C slice, as si{
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Annex | of Rec. ITU-T H.264 | ISO/IEC 14496-10, the first PES packet data byte following the PES
header shall be the first byte of an MVCD view-component subset, the first byte of an MVC slice or the

first byte of MVCD slice, as signalled by the alignment_type value.
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Table 2-54 — AVC video stream alignment values

Alignment type Description
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
07 MVCD slice or MVCD view-component subset
08 MVCD view-component subset
09-FF Reserved
Table 2-5P describes the alignment type for HEVC when the data_alignment_indicator in the PES paeket hegder has a
value of ']".
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 shioes
07 HEVC access unitor slice or tile of slices
08 HEVC slice segment
09 HEVC slice-segment or access unit
10 HEVC.sliee segment or slice
11 HEVQ slice segment or access unit or slice
12 HEVC slice segment or tile of slices
13 HEVC slice segment or access unit or tile of slices
14 HEVC slice segment or slice or tile of slices
15 HEVC slice segment or access unit or slice or tile of slices
16-255 Reserved
Table 2-5p describes thevaudio alignment type when the data_alignment_indicator in the PES packet header hps a value
of '1". In this case tliefirst PES packet data byte following the PES header is the first byte of an audio sync wprd.
Table 2-56 — Audio stream alignment values
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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Figure 2-3 — Target background grid descriptor display area
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2.6.13 [Semantics of fields in target background grid descriptor
horizontgl_size — The horizontal size of the target background grid in pixels.
vertical_gize — The vertical size of the target background grid in pixels.
aspect_rgtio_information — Specifies the sample aspect ratio or display aspect ratio of thetarget backgr
Aspect _rdtio_information is defined in Rec. ITU-T H.262 | ISO/IEC 13818-2 (see Table 2-55).
Table 2-57 — Target background grid descriptor
Syntax No..of bits | Mnemonic
target background grid descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
horizontal_size 14 uimsbf
vertical_size 14 uimsbf
aspect_ratio_information 4 uimsbf
}
2.6.14 |Video window descriptor
The videq window descriptor is used to desctibe the window characteristics of the associated video elementa;
Its values reference the target ~background grid descriptor for the same stream. A
target ba¢kground grid descriptor in2:6:12 (see Table 2-58).
Table 2-58 — Video window descriptor
Syntax No. of bits | Mnemonic
video-window_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
horizontal_offset 14 uimsbf
vertical_ofiset 14 uimsbt
window_priority 4 uimsbf
}
2.6.15  Semantic definition of fields in video window descriptor

und grid.

[y stream.

S€C

horizontal offset — The value indicates the horizontal position of the top left pixel of the current video display window
or display rectangle if indicated in the picture display extension on the target background grid for display as defined in
the target background grid descriptor. The top left pixel of the video window shall be one of the pixels of the target
background grid (refer to Figure 2-3).

vertical_offset — The value indicates the vertical position of the top left pixel of the current video display window or
display rectangle if indicated in the picture display extension on the target background grid for display as defined in the
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target background grid descriptor. The top left pixel of the video window shall be one of the pixels of the target
background grid (refer to Figure 2-3).

window_priority — The value indicates how windows overlap. A value of 0 being lowest priority and a value of 15 is the
highest priority, i.e., windows with priority 15 are always visible.

2.6.16 Conditional access descriptor

The conditional access descriptor is used to specify both system-wide conditional access management information such
as EMMs and elementary stream-specific information such as ECMs. It may be used in both the
TS program map_section (refer to 2.4.4.8) and the program stream map (refer to 2.5.3). If any elementary stream is
scrambled, a CA descriptor shall be present for the program containing that elementary stream. If any system-wide
conditional access management information exists within a transport stream, a CA descriptor shall be present in the
conditional access table.

When th CA Aancrintcr 1o faound 10 tho TQ BDrOSFAR—RAD caection—(table :d = 0‘102)’ the f““A Pl snointet paCketS

TSy 34 TS roTh Tt OO PO Sa o pP—5o0ctoTT TeotoT T T pPOTHtS

containing program related access control information, such as ECMs. Its_presence as program informatioy| indicates
applicabillity to the entire program. In the same case, its presence as extended ES information indicates appli¢ability to
the associpted program element. Provision is also made for private data.

When thg CA descriptor is found in the CA_section (table id = 0x01), the CA PID points)to packets gontaining
system-wlde and/or access control management information, such as EMMs.

The contents of the transport stream packets containing conditional access information are privately defined
(see Tablg 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 of'fields in conditional access descriptor

CA_systgm_ID — This is a 16-bit field indicating the type of CA system applicable for either the associated E¢M and/or
EMM strgams. The coding ofthis is privately defined and is not specified by ITU-T | ISO/IEC.

CA_PID |- This is a<d3-bit field indicating the PID of the transport stream packets which shall contain eithef ECM or
EMM infprmation forthe CA systems as specified with the associated CA_system ID. The contents (ECM or{EMM) of
the packgts indicated by the CA PID is determined from the context in which the CA PID is fourld, i.e., 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 UX03 indicates that there 1s IPMP as described i ISO/IEC 13318-11 used by
components in the transport stream. In program streams, the presence of stream ID extension value 0x00 indicates that
IPMP as described in ISO/IEC 13818-11 is used by components in the program stream. Within a given
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, components could use both IPMP as described in ISO/IEC 13818-11 as
well as CA as defined in ISO/IEC 13818-1:2006. Compatibility between the two schemes is described in
ISO/IEC 13818-11.
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2.6.18 ISO 639 language descriptor

The language descriptor is used to specify the language of the associated program element (see Table 2-60).

Table 2-60 — ISO 639 language descriptor

Syntax No. of bits Mnemonic

ISO_639 language descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
for (i=0; i <N;it++) {
ISO_639 language code 24 bslbf
audio_type 8 bslbf
b

}

2.6.19 [Semantic definition of fields in ISO 639 language descriptor

ISO_639]|language code — Identifies the language or languages used by the associated program elerhent. The
ISO_639 |language code contains a 3-character code as specified by ISO 639, Part 2. Each'character is coded |nto 8 bits
according|to ISO 8859-1 and inserted in order into this 24-bit field. In the case of multilingual audio streams thd sequence
of ISO_639 language code fields shall reflect the content of the audio stream.

audio_type — The audio_type is an 8-bit field which specifies the type of stream’defined in Table 2-61.

Table 2-61 — Audio type values

Value Description
0x00 Undefined
0x01 Clean effects
0x02 Hearing impaired
0x03 Visual impaited commentary
0x04-0x7F User Private
0x80-0xFF Reserved

clean effdcts — This field indicates that the referenced program element has no language.
hearing impaired — This field indicates'that the referenced program element is prepared for the hearing impaifed.

visual_impaired_commentary«=\This field indicates that the referenced program element is prepared for the visually
impaired yiewer.

2.6.20 [System clock:descriptor
This descfiptor conyeys information about the system clock that was used to generate the timestamps.

If an extefnal ¢lock reference was used, the external clock reference indicator may be set to '1'. The decoder pptionally
may use the‘same external reference if it is available.

If the system clock is more accurate than the 30-ppm accuracy required, then the accuracy of the clock can be
communicated by encoding it in the clock accuracy fields. The clock frequency accuracy is:

clock_accuracy_integer x 1(<lock-accuracy_exponent yp,,p, (2-26)

If clock accuracy integer is set to '0', then the system clock accuracy is 30 ppm. When the
external clock reference indicator is set to 'l', the clock accuracy pertains to the external reference clock
(see Table 2-62).
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Table 2-62 — System clock descriptor

Syntax No. of bits | Mnemonic
system_clock descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
external_clock_reference_indicator 1 bslbf
reserved 1 bslbf
clock accuracy_integer 6 uimsbf
clock_accuracy_exponent 3 uimsbf
reserved 5 bslbf
}

2.6.21 [Semantic definition of fields in system clock descriptor

external _|clock_reference_indicator — This is a 1-bit indicator. When set to 'l', it indicates that the §ystem|clock has
been deriyed from an external frequency reference that may be available at the decoder.

clock _acquracy_integer — This is a 6-bit integer. Together with the clock accuracy exponent,-it gives the|fractional
frequency| accuracy of the system clock in parts per million.

clock _acq¢uracy_exponent — This is a 3-bit integer. Together with the clock accuracy, integer, it gives the [fractional
frequency| accuracy of the system clock in parts per million.

2.6.22  [Multiplex buffer utilization descriptor

The multjplex buffer utilization descriptor provides bounds on the occupancy of the STD multiplex bufffer. This
informatign is intended for devices such as remultiplexers, which bmay’use this information to support|a desired
re-multiplexing strategy (see Table 2-63).

Table 2-63 — Multiplex buffer utilization descriptor

Syntax No. of bits | Mnemonic

Multiplex_buffer utilization descripter() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
bound_valid_{flag 1 bslbf
LTW_offset \lower_bound 15 uimsbf
reserved 1 bslbf
LTW-offset_upper_bound 15 uimsbf

}

2.6.23 [Semantic definition of fields in multiplex buffer utilization descriptor

bound_valid_flag < A value of '1" indicates that the LTW_offset lower bound and the LTW_offset upper bojund fields
are valid.

LTW_offset: Jower_bound — This 15-bit field is defined only if the bound_valid flag has a value of '1'. Wheh defined,
this field has the units of (27 MHz/300) clock periods, as defined for the LTW offset (refer to 2.4.3.4). The
LTW offset lower bound represents the lowest value that any LTW _offset field would have, if that field were coded in
every packet of the stream or streams referenced by this descriptor. Actual LTW_offset fields may or may not be coded
in the bitstream when the multiplex buffer utilization descriptor is present. This bound is valid until the next occurrence
of this descriptor.

LTW_offset_upper_bound — This 15-bit field is defined only if the bound valid has a value of '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

Syntax No. of bits | Identifier
copyright_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
copyright_identifier 32 uimsbf
for (i=0; i <N; i++){
additional_copyright_info 8 bslbf
b
i

2.6.25 |Semantic definiti

on of fields in copyright descriptor

copyright_identifier — This field is a 32-bit value obtained from the Registration Authority.

additiondl_copyright_info — The meaning of additional copyright info bytes, if any, are defined by the assigee of that
copyright| identifier, and once defined, they shall not change.

2.6.26
See Tabld 2-65.

Maximum bitrate descriptor

Table 2-65 — Maximum bitraté descriptor

Syntax No. of bits | Identifier
maximum_bitrate_descriptor() {
descriptor_tag uimsbf
descriptor_length uimsbf
reserved 2 bslbf
maximum_bitrate 22 uimsbf
}

2.6.27 |Semantic definiti

maximurh_bitrate — The maXximum bitrate is coded as a 22-bit positive integer in this field. The value indicate
bound of the bitrate, including/transport overhead, that will be encountered in this program element or program.
of maximfim_bitrate is expressed in units of 50 bytes/second. The maximum_bitrate_descriptor is included in th
Map Tablp (PMT). Itspresence as extended program information indicates applicability to the entire program. It

as ES infqrmationsindicates

2.6.28

on offields in maximum bitrate descriptor

applicability to the associated program element.

Private data indicator descriptor

5 an upper
The value
e Program
presence

See Table Z-00.

Table 2-66 — Private data indicator descriptor

Syntax No. of bits | Identifier
private_data_indicator descriptor() {
descriptor_tag uimsbf
descriptor_length 8 uimsbf
private_data_indicator 32 uimsbf
!
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2.6.29  Semantic definition of fields in Private data indicator descriptor

private_data_indicator — The value of the private data indicator is private and shall not be defined by ITU-T | ISO/IEC.

2.6.30 Smoothing buffer descriptor

This descriptor is optional and conveys information about the size of a smoothing buffer, SB,, associated with this
descriptor, and the associated leak rate out of that buffer, for the program element(s) that it refers to.

In the case of transport streams, bytes of transport stream packets of the associated program element(s) present in the
transport stream are input to a buffer SB, of size given by sb_size, at the time defined by equation 2-4.

In the case of program streams, bytes of all PES packets of the associated elementary streams, are input to a buffer SB,
of size given by sb_size, at the time defined by equation 2-21.

When there is data present in this buffer, bytes are removed from this buffer at a rate defined by sb_leak rate. The buffer,
SB, shallreveroverftowDurimgthecontmuousexistence of @ prograrm;thevatue of theetementsof the-§moothing
Buffer degcriptor of the different program element(s) in the program, shall not change.

The meanfing of the smoothing buffer descriptor is only defined when it is included in the PMT or the progrgm stream
Map.

If, in the ¢ase of a transport stream, it is present in the ES info in the Program Map Table, all transport stream packets of
the PID of that program element enter the smoothing buffer.

If, in the qase of a transport stream, it is present in the program information, the followinig transport stream padkets enter
the smoothing buffer:

* all transport stream packets of all PIDs listed as elementary PIDgin) the extended program infofmation as
well as;

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

All bytes that enter the associated buffer also exit it.

At any given time there shall be at most one descriptor refésting to any individual program element and at|most one
descriptoq referring to the program in its entirety.

Table 2-67 <‘Smoothing buffer descriptor

Syntax No. of bits | Mnemonic

smoothing_ buffer deseriptor () {

descriptor,_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 2 bslbf
sb) leak_rate 22 uimsbf
reserved 2 bslbf
sb_size 22 uimsbf

3

2.6.31 [Semantic definition of fields in smoothing buffer descriptor

sb_leak rate — This 22-bit field is coded as a positive integer. Its contents indicate the value of the leak rate out of the
SB, buffer for the associated elementary stream or other data in units of 400 bits/s.

sb_size — This 22-bit field is coded as a positive integer. Its contents indicate the value of the size of the multiplexing
buffer smoothing buffer SB, for the associated elementary stream or other data in units of 1 byte (see Table 2-67).

2.6.32  STD descriptor

This descriptor is optional and applies only to the T-STD model and to Rec. ITU-T H.262 | ISO/IEC 13818-2 video
elementary streams, and is used as specified in 2.4.2. This descriptor does not apply to program streams (see Table 2-68).
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2.6.33

Table 2-68 — STD descriptor

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

Semantic definition of fields in STD descriptor

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

buffer EB
fields pre
the buffer]

2.6.34

This opti
ISO/IEC

2.6.35

closed_gd
and that the closed gop flag is set to '1' incall group of pictures headers in the video sequence.

identical |
and the pi
possibly f

max_gop
consecuti

2.6.36

For indiv
descriptoj

L o Ml L L oa el o ; PN
HIUHIC =5 T1J USTS UIC ICAK TIICUIOU a5 UCIITICU T Z.5%. 2. 5. 11 UILS TIdg 11dS d vVdaluC Cudl 1O U, dllt UIT
EB, uses the vbv_delay method as defined in 2.4.2.3.

IBP descriptor

pnal descriptor provides information about some characteristics of the sequenge™of frame tyj
1172-2, Rec. ITU-T H.262 | ISO/IEC 13818-2, or ISO/IEC 14496-2 video stream (see Table 2-69).

Table 2-69 — IBP descriptor

Syntax 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
}

Semantic definition of fields in IBP descriptor

p_flag — This 1-bit flag when set to "I"indicates that a group of pictures header is encoded before eve

| gop_flag — This 1-bit flag when set to '1' indicates that the number of P-frames and B-frames betweern
cture coding types and sequence of picture types between I-pictures is the same throughout the sequen
pr the pictures up tosthe-second I-picture.

| length — This J4=bit unsigned integer indicates the maximum number of the coded pictures betwee]
e [-pictures.imithe sequence. The value of '0' is forbidden.

MPEG-=4\video descriptor
dua]NISO/IEC 14496-2 streams directly carried in PES packets, as defined in 2.11.2, the MPE

bv_delay

ent in the associated video stream do not have the value OxFFFF, the transfer of data from the buffer MB, to

bes in an

ry [-frame

I-frames,
ce, except

h any two

5-4 video

provides basic information for identifying the coding parameters of such visual elementary strg

ams. The

MPEG-4 video descriptor does not apply to ISO/IEC 14496-2 streams encapsulated in SL-packets and in FlexMux
packets, as defined in 2.11.3.

84

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 uimsbf
MPEG-4_audio_profile_and_level 8 aimsbf
}

2.6.39 [Semantic definition of fields in MPEG-4 audio descriptor

MPEG-4] audio_profile_and_level — This 8-bit field identifies the profile and leve) of the ISO/IEC 14496-3 auglio stream
corresponlding to Table 2-72. If encoded with the value 0xOF, then it is signalled that no profile and level is defined for
the associpted MPEG-4 audio stream. The encoded value OxFF indicates that the audio profile and level is no{ specified
by the MPEG-4_audio_profile and level field; in that case, in addition to6 the MPEG-4 audio descriptor, an MPEG-4
audio ext¢nsion descriptor shall be associated with the same MPEG<4 audio stream. In all other cases, next to gn MPEG-
4 audio d¢scriptor, also an MPEG-4 audio extension descriptor may be associated with the same MPEG-4 aud{o stream.

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
0x14-0X1% Reserved
0x18 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 High quality audio profile, level 7

0x37 High quality audio profile, level 8

0x38 Low delay audio profile, level 1

0x39 Low delay audio profile, level 2

0x3A Low delay audio profile, level 3

0x3B Low delay audio profile, level 4

0x3C Low delay audio profile, level 5

0x3D Low delay audio profile, level 6

0x3E Low delay audio profile, level 7

0x3F Low delay audio profile, level 8

0x40 Natural audio profile, level 1

0x41 Natural audio profile, level 2

0x42 Natural audio profile, level 3

0x43 Natural audio profile, level 4
0x44-0x47 Reserved

0x48 Mobile audio internetworking-profile, level 1

0x49 Mobile audio internetworking-profile, level 2

0x4A Mobile audio internetweorking profile, level 3

0x4B Mobile audio internetworking profile, level 4

0x4C Mobile audio intetnetworking profile, level 5

0x4D Mobile audio internetworking 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

Ox5A 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
one 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] IOD _label — This 8-bit field specifies the scope of the.JOD label field. A value of 0x10 indicatds that the
10D _labe]l is unique within the program stream or within the specific program in a transport stream in Wwhich the
10D desctiptor is carried. A value of 0x11 indicates that the IODMabel is unique within the transport stream in{which the
10D desctiptor is carried. All other values of the Scope _of 10D _label field are reserved.

10D _lab¢l — This 8-bit field specifies the label of the IOD descriptor.
InitialObjjectDescriptor () — This structure is defined in 8.6.3.1 of ISO/IEC 14496-1.

2.6.42 |SL descriptor

The SL d¢scriptor shall be used when a single ISO/IEC 14496-1 SL-packetized stream is encapsulated in PEB packets.
The SL d¢scriptor associates the ES_IDo0f this SL-packetized stream to an elementary PID in case of a transpprt stream
or to an elpmentary stream_id in case of a program stream. Within a transport stream, the SL descriptor shall be[conveyed
for the corresponding elementaty stream in the descriptor loop immediately following the ES info length field in the
Program Map Table. If a program stream map is present in a program stream, the SL descriptor shall be convelyed in the
descriptoy 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/IHC 14496-1
SL-padketized streams. In order to associate multiple such streams within a program stream to an ISO/IEC 14496-1 sceng, FlexMux
has to be used.andsignalled appropriately by an FMC descriptor. This limitation does not exist in a transport stream wlere the SL
descrifftor proyides unambiguous mapping between an ISO/IEC 14496-1 ES ID value and a Rec. ITU-T|H.222.0 |
ISO/IEC 43818-1 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.

For each SL packetized stream in a FlexMux stream, the FlexMux channel shall be identified by a single entry in the

FMC descriptor.
Table 2-75 — FMC descriptor
Syntax No. of bits | Mnemonie
FMC_descriptor () {
descriptor_tag uimsbf
descriptor_length 8 uimsbf
for (1 =0; i < descriptor_length; i +=13) {
ES_ID 16 uimsbf
FlexMuxChannel 8 uimsbf
}
i
2.6.45 [Semantic definition of fields in FMC descriptor

ES_ID -
FlexMux

2.6.46
The Extef

[External_ES_ID descriptor

[his 16-bit field specifies the identifier of an ISO/IECH4496-1 SL-packetized stream.
Channel — This 8-bit field specifies the numberefthe FlexMux channel used for this SL-packetized

mal ES ID descriptor assigns an ES_ID, as defined in ISO/IEC 14496-1, to a program element to

stream.

which no

ES_ID vajue has been assigned by other means;“This ES ID allows reference to a non-ISO/IEC 14496 compofent in the

scene des

Cription or, for example, to assogiate a non-ISO/IEC 14496 component with an IPMP stream.

Within a fransport stream, the assignmerit of an ES_ID shall be made by conveying an External ES ID descripgor for the

correspon|
Map Tabl|
the descri

Table 2-76 — External ES_ID descriptor

ding elementary streamqin the descriptor loop immediately following the ES _info_length field in th
c. If a program stream.map is present in a program stream, the External ES ID descriptor shall be conveyed in
btor loop immediatelyfollowing the elementary stream_info_length field in the Program Stream Map.

b Program

2.6.47

}

Syntax No. of bits | Mnemonic
External ES ID descriptor () {
descriptor_tag uimsbft
descriptor_length 8 uimsbf
External_ES_ID 16 uimsbf

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

MuxCod¢TableEntry () — This structure is defined in 11.2.4.3 of ISO/IEC 14496-1.

2.6.50 |[FmxBufferSize descriptor

The FmxBufferSize descriptor conveys the size of the FlexMux buffer (FB) for each SL packetized stream mpltiplexed
in a FlexNlux stream.

One FmxBufferSize descriptor shall be associated with each.elementary PID or elementary stream id, regpectively,
conveying an ISO/IEC 14496-1 FlexMux stream. Withina transport stream, the FmxBufferSize descriptof shall be
conveyed|for the corresponding elementary stream in the descriptor loop immediately following the ES_info_lgngth field
in the Program Map Table. If a Program Stream Map 1s present in a program stream, the FmxBufferSize descriptor shall
be conveyed in the descriptor loop immediately following the elementary stream_info length field within th¢ Program
Stream Mpap.

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 nimsbf
TB_leak_rate 24 uimsbf

}

2.6.53 [Semantic definition of fields in MultiplexBuffer descriptor

MB_buffer_size — This 24-bit field shall specify the size in byte of buffer B, of the elementary streanj n that is
associated with this descriptor.

TB_leak [rate — This 24-bit field shall specify in units of 400 bits pesSecond the rate at which data is transfdrred from
transport puffer TB, to multiplex buffer MB,, for the elementary strféam n that is associated with this descriptor|

2.6.54 [FlexMuxTiming descriptor
See Tabld 2-80.

Table 2-80 <“FlexMuxTiming descriptor

Syntax No. of bits | Mnemonic
FlexMuxTiming_descriptor () {
descriptor._tag 8 uimsbf
descriptor_length 8 uimsbf
FCRUES ID 16 uimsbf
FCERResolution 32 uimsbf
FCRLength 8 uimsbf
FmxRateLength 8 uimsbf

l

2.6.55 [Semantic definition of fields in FlexMuxTiming descriptor

FCR_ESLID —isthe ES D 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
Content_labeling_descriptor () {
descriptor_tag 8 uimsbf
i _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 Aength 8 uimsbf|
for (i=0; i< time_base association_data_length;i++){
reserved 8 bslbf
}
o
for (i=0; i<N;i++){
private_data_‘byte 8 bslbf
}
i
2.6.57 [Semantic definition of fields in content labelling descriptor
metadata_application) format: The metadata application format is a 16-bit field, coded as defined in Table[2-82, that
specifies the application responsible for defining usage, syntax and semantics of the content reference id record and of
any other| privately» defined fields in this descriptor. See also 2.12.1. The value OxFFFF indicates that the|format is
signalled py the value carried in the metadata application format identifier field.

Table 2-82 — Metadata_application_format

Value Description
0x0000-0x000F Reserved
0x0010 ISO 15706 (ISAN) encoded in its binary form (see Notes 1 and 3)
0x0011 ISO 15706-2 (V-ISAN) encoded in its binary form (see Notes 2 and 3)
0x0012-0x00FF 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.

content_reference_id_record flag: The content reference id record flag is a 1-bit flag that signals the prefence of a
content r¢ference id record in this descriptor.

content_fime_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 streams that are part of that
program. |A value of 1 indicates usage of the STC, while a value of '2' indicates usage of NPT, the Normal Plaly Time as
defined i} ISO/IEC 13818-6. The values between 8 and 15 indicate usage of a privately deéfined content timje base. If
coded with a value of '0', no content time base is defined in this descriptor. If no conteht time base is specified for a
program qr stream, then the mapping of time references in the metadata to the content i§ not defined in this Spefification.

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 spdcifies the
number of content reference id bytes immediately following this field. This field shall not be coded with the yalue '0'".

content_reference_id_byte: The content, reference id byte is part of a string of one or more contiguous pytes that
assigns ofje or more reference identifications (labels) to the content to which this descriptor is associated. The|format of
this byte dtring is defined by the bodylindicated by the coded value in the metadata_application_format field.

content_fime_base_value: The.content time base value is a 33-bit field that specifies a value in units of 90 kHz of the
content tilne base indicated by the content time base_indicator field.

metadata time_base_value” The metadata time base value is a 33-bit field that is coded in units of 90 kHz] The field
is coded [with the value®of the metadata time base at the instant in time in which the time base indicated by
content tjme base (indicator reaches the value encoded in the content_time base value field. Note that the metpdata time
base may|use any-time-scale, but that its value is to be coded in units of 90 kHz. For example, if a SMPTE type of time
code is uspd,then the number of hours, minutes, seconds and frames is expressed in the corresponding number pf 90-kHz
units.

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

time_base_association_data_length: The time base association data length is an 8-bit field that specifies the number
of 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/IEC 13818-6 carousel is used to carry the metadata, then the private data may provide information to signal the
metadata service, such as the applied value of the module id for carriage of the metadata in a data carousel, and the file
name of the metadata when the object carousel is used.

Receivers] should be aware that multiple metadata services may be pointed to from the same programh ‘or aydiovisual
stream (a§ defined by the context of the descriptor). A unique metadata pointer descriptor shall be used/to point to each
metadata pervice used by the program or audiovisual stream. Similarly, the same metadata service.can'be point¢d to from
several prpgrams or audiovisual streams by using a separate metadata pointer descriptors for each-association.
Table 2-84 — Metadata pointer descriptor
Syntax No. of bits | Mnem¢nic
Metpdata pointer descriptor () {
descriptor_tag 8 uimspf
descriptor_length 8 uimspf
metadata_application_format 16 uimspf
if (metadata_application format== OxFFFF){
metadata_application_format_identifier 32 uimspf
metadata_format 8 uimspf
if (metadata format== 0xFF){
metadata_format_identifier 32 uimspf
metadata_service_id 8 uimspf
metadata_locator_record_flag 1 bsl
MPEG_carriage_flags 2 uimspf
reserved 5 bsl
if (metadata locator record flag=="1"){
metadata_locator_(record_length 8 uimspf
for (1= 0; 1 <netadata locator record length; i+ +){
metadata_locator_record_byte 8 bsl
}
} .
if (MPEG _carriage’ flags == 0[1/2){
program_number 16 uimspf
if (MPEG-carriage flags == 1){
transport_stream_location 16 uimsEf
transport_stream_id 16 uimspf
§
for (i=0; i<N;i++){
private data byte 8 hslhf
b
}

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 values 0x10 and 0x11 identify ISO/IEC 15938-1 defined data. The value 0x3F indicates that the format is defined by
the body mdicated ky the - metadata q?p“r\qﬁnn format field Thesaluesinthe nelusive rqhgn of0x40 11p 1o OxFE are

available | to signal use of privz;[e formats. The value OXFF indicates that the format is signalledd by the
metadata |format identifier field.

metadata format_identifier: The coding of this 32-bit field is fully equivalent to the coding of the.format|identifier
field in thg registration descriptor, as defined in 2.6.8.

NOTE|- SMPTE is assigned as Registration Authority for the format identifier field.

metadata service_id: This 8-bit field references the metadata service. It is used for retrieving a metadata service from
within a metadata stream.

metadata locator_record_flag: The metadata locator record flag is a 1-bit field\which, when set to 'l' ind|cates that
associated metadata is available on a location outside of a Rec. ITU-T H.222.0HISO/IEC 13818-1 stream, spegified in a
metadata |locator record.

MPEG_carriage_flags: The MPEG_carriage flags is a 2-bit field which specifies if the metadata stream contpining the
associated metadata service is carried in a Rec. ITU-T H.222.0 | ISOAEC 13818-1 stream, and if so, whether the §ssociated
metadata |s carried in a transport stream or program stream. Thecoding of this field is defined in Table 2-86.

Table 2-86 — MPEG_carrier_flags

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 prograin stream. This may or may not be the same program stream in which this
metadata pointer descriptor is carried.
3 None of the above.

metadata locator_record_léngth: The metadata locator record length is an 8-bit field that specifies the qumber of
metadata |locator record bytes immediately following. This field shall not be coded with the value '0'".

metadata locator_record byte: The metadata locator record byte is part of a string of one or more contigyous bytes
that form|the metadata locator record. This record specifies one or more locations outside of a Rec. ITU-T[H.222.0 |
ISO/IEC |3818-t-stream. The format of the metadata locator record is defined by the metadata application signalled by
the metadatar application format field. The record may for example contain Internet URLs that specify fhere the
metadata [can'\be found, possibly in addition to their location(s) in the transport stream. If the MPEG_carriage flags is
coded with the value '0", '1" or 2" and the metadata locator record is present, then this signals alternative locations for the
same 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
transport 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
configuration bytes, but this is only practical if the number of these bytes is small. If the decoder configuration information
is too large to be carried by the descriptor, it shall be contained in a metadata service. This may be within the metadata

service itdelf, or in another metadata service within the same program. [dentification of the metadata service thdt contains
the decoder configuration is provided by the metadata descriptor. If a DSM-CC carousel is used to carty the decoder
configuration, then information can be provided how to retrieve the decoder configuration from the cargusel.
Table 2-87 — Metadata descriptor
Syntax No. ofbits Mnemonjc
Meetadata_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") {
decodery.config_length 8 uimsbf
for(i=0nixdecoder_config_length; i++) {
decoder_config_byte 8 bslbf
H
}
if (decoder config flags =="011") {
dec_config_identification_record_length 8 uimsbf’
for(i=0;i<dec config id record length;i++) {
dec_config_identification_record_byte 8 bslbf
}
!
if (decoder_config_flags =='100") {
decoder_config_metadata_service_id 8 uimsbf
J
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 decoder config_byte field.
010 The decoder configuration is carried in the same metadata service as to which this
metadata descriptor applies.
011 The decoder configuration is carried in a DSM-CC catotuisel. This value shall only be
used if the metadata service to which this descripter-applies is using the same type qf

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-C( flag: This is a one-bit flag that is set to '1" if the stream with which this descriptor is associated is cafried in an
ISO/IEC ]3818-6 data or object carousel.

NOTE|1 — The use of the object or data carousel is indieated by the applied stream-type value for this metadata stream

service_idlentification length: This field specifies the number of service identification record bytes immediately
following

service idlentification_record byte: This’byte is part of a string of one or more contiguous bytes that specify the
service identification_record. This récord contains data on retrieval of the metadata service from a DSM-C({ carousel.
The formjt of the metadata locator record is defined by the application indicated by the metadata applicatign format.
When a DSM-CC object carouselis used, the record may for example comprise the unique object identifier (the JOP:IOR()
from 11.3.1 and 5.7.2.3 of }SOAEC 13818-6 DSM-CC) for the metadata service. Similarly, in case of a DSMI-CC data
carousel, the record can for ¢xample provide the transaction_id and the module id of the metadata service.

decoder_ponfig_length: This field specifies the number of decoder config bytes immediately following.

decoder_ponfig<byte: These bytes comprise the decoder configuration information. This sequence of bytes fomprises
the configuratien’ information needed by the receiver to decode this service. It is intended that carriage in thel metadata
descriptoy i$\0nly used when the configuration information is very small.

decoder_config DSM-CC _id: This is the download identifier of the decoder configuration information when it 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 stream to
which this descriptor is associated

Table 2-89 — Metadata STD descriptor

Syntax No. of bits Mnemohic
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
}

2.6.63 [Semantic definition of fields in metadata STD descriptor

metadata input_leak rate: The metadata input leak rate is a22-bit field that specifies the leak rate for the fssociated
metadata ptream in the T-STD model out of the buffer TB, intg-buffer B,.. The leak rate is specified in units of 400 bits/s.
For metadata carried in a program stream, the coding of theymetadata_input leak rate field is not specified, 3s the rate
into B, equals the rate of the program stream.

metadata buffer size: The metadata buffer size i§a 22-bit field that specifies the size of buffer B, in the S['D model
for the asgociated metadata stream. The size of Biis specified in units of 1024 bytes.

metadata 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 ouf.of buffer B, to the decoder. The leak rate is specified in units of 400 pits/s. For
metadata streams transported synchranously (stream-type 0x15 or 0x19), the metadata access units are instarjtaneously
removed from B, under the control 6f PTS timestamps and in that case the coding of the metadata_output leak| rate field
is not spe¢ified.

2.6.64 |AVC video descriptor

For AVCjvideo streams,the AVC video descriptor provides basic information for identifying coding parameters of the
associateq AVC video stream, such as on profile and level parameters included in the SPS of an AVC video stfeam or in
the subset SPS ofah SVC video sub-bitstream.

For AVCJvidé€o streams conforming to one or more profiles defined in Annex G, or Annex H or Annex I of Rgc. ITU-T
H.264 | ISOTTEC 12449610, there Tmay be ore A VC video desCriptor associated 1o eacit ot te video sub-bitstreams, or
MVC video subsets or MVCD video subsets identifying coding parameters of the associated re-assembled AVC video
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
constraint_set3 flag 1 bslbf
constraint_set4 flag 1 bslbf
constraint_set>_1lag T bSIbT
AVC_compatible flags 2 bslbf
level idc 8 uimsbf
AVC _still_present 1 bslbf
AVC_24 hour_picture_flag 1 bslbf
Frame_Packing_SEI_not_present_flag 1 bslbf
reserved 5 bslbf
}
2.6.65 [Semantic definition of fields in AVC video descriptor
profile_idc, constraint_set(_flag, constraint_setl_flag, constraint/set2_flag, constraint_pet3 flag,

constraint 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 to ¢the semantics for these fields defined in
Rec. ITU{T H.264 | ISO/IEC 14496-10. The semantics of AVC _compatible flags are exactly equal to the seantics of
the field(q) defined for the 2 bits between the constraint set5 flag-and'the level idc field in the sequence pargmeter set,
as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10. The entite*AVC video stream to which the AVC dejcriptor is
associated shall conform to the profile, level and constraints sighalled by these fields.
NOTE|- In one or more sequences in the AVC video streanithe level may be lower than the level signalled in the AVC video
descrigtor, while also a profile may occur that is a subset<«0f the profile signalled in the AVC video descriptor. How¢ver, in the
entire AVC video stream, only tools shall be used that areincluded in the profile signalled in the AVC video descriptor] if present.
For example, if the main profile is signalled, then thelbaseline profile may be used in some sequences, but only using [those tools
that ar¢ in the main profile. If the sequence parameter sets in an AVC video stream signal different profiles, and nq additional
constrgints are signalled, then the stream mayméed examination to determine which profile, if any, the entire stream c¢nforms to.
If an A[VC video descriptor is to be associated with an AVC video stream that does not conform to a single profile, thgn the AVC
video dtream must be partitioned into two ‘or more sub-streams, so that AVC video descriptors can signal a single prof}le for each
such syb-stream.

AVC_still_present — This 1-bit field when set to '1" indicates that the AVC video stream may include AVC still pictures.
When setlto '0', then the associated AVC video stream shall not contain AVC still pictures.

AVC_24|hour_picture flag'— This 1-bit flag when set to 'l1' indicates that the associated AVC video stream may contain
AVC 24-hour pictures; For the definition of an AVC 24-hour picture, see 2.1.2. If this flag is set to '0', the pssociated
AVC vidgo stream ghall not contain any AVC 24-hour picture.

Frame_Pjacking SEI_not_present_flag — If this flag is set to '0', then the AVC video stream shall contain |either the
frame packing arrangement SEI message or stereo video information SEI message. If the AVC video descriptor|is present

and this ﬂ 1 ceofeitherofthese SEL mpccagpc 1S nncppr‘;ﬂpﬂ

2.6.66 AVC timing and HRD descriptor

The AVC timing and HRD descriptor provides timing and HRD parameters of the associated AVC video stream. For
each AVC video stream and for each video sub-bitstream or MVC video sub-bitstream or MVCD video sub-bitstream
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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* in2.14.3.1 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 '1' shall be included in the PMT for that AVC video stream
or for the re-assembled AVC video stream. (See Table 2-91.)

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

}

2.6.67 [Semantic definition of fields in AVC timing and HRD descriptor
hrd_management_valid flag — This 1-bit field is only defined for use in transport streams.

When the|]AVC timing and HRD descriptor is associated with an AVC video stream or a re-assembled AVC video stream
carried in|a trahsport stream, then the following applies. If the hrd management valid flag is set to 'l', then [Buffering
Period SHI.and Picture Timing SEI messages, as defined in Annex C of Rec. ITU-T H.264 | ISO/IEC 14496-10, shall be
present intthe-asseetatedAME—video-stream-orre-assembledANV-C—rideestreant—trese BufferinrePertod-SEH messages
shall carry coded initial cpb removal delay and initial cpb removal delay offset values for the NAL HRD. If the
hrd management valid flag is set to '1', then the transfer of each byte from MB,, to EB, in the T-STD shall 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:

+ asdefined 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;

* asdefined 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;)
K

time_scale=

where time_scale denotes the exact frequency of the AVC time base, with K larger than or equal to N.

If the 90kHz flag is set to 'l', then N equals 1 and K equals 300. If the 90kHz flag is set to '0', then the valueq of N and
K are proyided by the coded values of the N and K fields.

NOTE]|l — This allows mapping of time expressed in units of time_scale to 90-kHz units, as needed for the calculation pf PTS and
DTS timestamps, for example in decoders for AVC access units for which no PTS or DTS is encoded in the PES headdr.

num_unifs_in_tick — Coded exactly in the same way as the num_units_in_tick field in VUlparameters in Apnnex E of
Rec. ITU{T H.264 | ISO/IEC 14496-10. The information provided by this field shall apply to the’entire AVC video stream
to which the AVC timing and HRD descriptor is associated.

fixed frame rate flag — Coded exactly in the same way as the fixed frame rate 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 constpant within
the associpted AVC video stream. When this flag is set to '0', no information.dbout the frame rate of the associpted AVC
video strepm is provided in this descriptor.

temporal| poc_flag — When the temporal poc flag is set to 'l' and‘the fixed frame rate flag is set to 'l'| then the
associated AVC video stream shall carry Picture Order Count (POE)/information (PicOrderCnt) whereby pifctures are
counted i units of At apo( 11 ), Where Atg gpb( 11 ) is specified in equation E-10 of Rec. ITU-T H.264 | ISO/IEC [[4496-10.
When the] temporal poc flag is set to '0', no information is cenveyed regarding any potential relationship befween the
POC infofmation in the AVC video stream and time.
NOTE|2 — This reduces the overhead necessary to signal tifing for each access unit. An effective PTS and DTS can bq calculated
for accpss units for which no explicit PTS/DTS is carrieds Repetition of most recently presented field of the appropriatg parity (or
frame)|is implied when the difference between the RTSs of the current and the next picture is greater than 2 x Atg gpb|(or greater
than Afsapb When frame mbs _only flag is equal to 1).

picture_tp_display_conversion_flag — This [-bit field when set to 'l' indicates that the associated AVC video stream
may carry display information on coded\pictures by providing the pic_struct field in picture timing SEI messages (see
Annex D |of Rec. ITU-T H.264 | ISO/IEC 14496-10) and/or by providing the Picture Order Count (POC) infformation
(PicOrdenCnt), whereby pictures are counted in units of Atg app( 11 ) (see also the semantics of temporal poc flag), so that
timing information for a successive AVC access unit can be derived from the previous picture in decoding or prgsentation
order.

When the] picture to display conversion mode flag is set to '0', then picture timing SEI messages in the A[VC video
stream, ifpresent, shall ot contain the pic_struct field, and hence the pic_struct present flag shall be set to '0" in the VUI
parameters in the AVC video stream.

2.6.68 |MPEG-2 AAC audio descriptor

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

}

2.6.69 Semantic definition of fields in MPEG-2 AAC audio descriptor

MPEG-2[AAT profile — This 8-bit field indicates the AAC proiile according to the index in TLagle 31 of
ISO/IEC ]3818-7:2006.

MPEG-2| AAC_channel_configuration — This 8-bit field indicates the number and configuration 'of audiq channels
presented|to the listener by the AAC decoder for the specified program. Values in the range from 1 to.6 indicate number
and configuration of audio channels as given for "Default bitstream index number" in Table 42 of ISO/IEC 13818-7:2006.
All other yalues 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 ps defined
in ISO/IE[C 13818-7:2006 is embedded in the AAC bitstream according to Table 2-93,

Table 2-93 —- MPEG-2_AAC_additional_informatien 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 13818-7:2004
0x02-0xFF Reserved

2.6.70 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 strearh, thereby providing basic information needed for the decoding of the associated ISO/IEC 14496-17 sfream. For
each ISO[IEC 14496-17 text stream carried inya Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the MPEG-4 text
descriptoy shall be included in the PMT or.in 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()
j

2.6.71 Semanticdefinition of fieldsin MPEG-4 textdescriptoy— = |

textConfig() — This shall carry the TextConfig() of the associated ISO/IEC 14496-17 text stream, as defined 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
for (i=0; i<num_of loops; i++) {

audioProfileLevellndication 8 uimsbf

3
if (ASC flag =="1") {
ASC _size 8 uimsbf
audioSpecificConfig()
}
}

2.6.73 [Semantic definition of fields in MPEG-4 audio extension descriptor
ASC_flag — A one-bit flag signalling the presence of the ASC size field in this descriptor.

num_of Joops — A 4-bit field specifying the number of immediately following audidoprofileLevellndication figlds in this
descriptoi]. This field may be encoded with the value zero.

audioProfileLevellndication — The audio profile and level of the associated ISO/IEC 14496-3 audio stream, encoded as
specified for the audioprofileLevellndication field in subclause 1.5.2.1 in {SO/IEC 14496-3. Note that a singl¢ ISO/IEC
14496-3 gudio stream may comply to more than one audio profile and level, and that this descriptor is designed|to convey
up to 15 different audioprofileLevellndication values.

ASC_sizd — The number of bytes of the immediately following.AudioSpecificConfig().

audioSpecificConfig() — The audioSpecificConfig() of therassociated ISO/IEC 14496-3 audio stream, as specified in
subclause{1.6.2.1 in ISO/IEC 14496-3.

2.6.74 |Auxiliary video stream descriptor

The auxiljary video stream descriptor specifies) parameters for the decoding and interpretation of the auxilfary video
stream to [which the descriptor is associateds For each auxiliary video stream carried in a Rec. ITU-T H.222.0 | ISO/IEC
13818-1 gtream, the auxiliary video streaf’descriptor shall be included in the PMT or in the PSM, if PSM is present in
the progrgm stream.

Table 2-96 — Auxiliary video stream descriptor

Syntax No. of bits Mnemonic

Auxiliary pvideo_stream_descriptor() {

deScriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
aux_video_codedstreamtype 8 uimsbf

S 1 . 1 P
ST_TOSP(UCSCIIPIOT_ICIZUT-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 uinisbf
width 16 uimsbf
height 16 uimsbf
frame_rate 16 uimsbf
average_bitrate 16 uimsbf
maximum_bitrate 16 uimsbf
dependency_id 3 bslbf
reserved 5 bslbf
quality_id_start 4 bslbf
quality id_end 4 bslbf
temporal_id_start 3 bslbf
temporal_id_end 3 bslbf
no_sei_nal_unit_present 1 bslbf
reserved 1 bslbf
}

2.6.77 [Semantic definition of fields in SVC extension descriptor
width — Tis 16-bit field indicates the maximtinyimage width resolution, in pixels of the re-assembled AVC vidpo stream.

height — [This 16-bit field indicates themaximum image height resolution, in pixels of the re-assembled A[VC video
stream.

frame_rate — This 16-bit field indicates the maximum frame rate, in frames/256 seconds of the re-assembled AVC video
stream.

average bitrate — This 16-bit field indicates the average bit rate, in kbit per second, of the re-assembled A[VC video
stream.

maximurh_bitrate~This 16-bit field indicates the maximum bit rate, in kbit per second, of the re-assembled AVC video
stream.

dependency. id — This 3-bit field indicates the value of dependency_id associated with the video sub-bitstreanh.

quality_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
video stream conforming to one or more profiles defined in Annex H of Rec. ITU-T H.264 | ISO/IEC 14496-10. When
the MVC video sub-bitstream is an MVC base view sub-bitstream, the MV C extension descriptor shall be present in the
associated PMT or PSM Tor stream_type equal to UX1B.

This descfiptor can also be used by applications that require association between stereoscopic MVC views gnd left or
right eye yising the syntax elements 'view_association_not_present' and 'base view _is_left eyeview'.

Table 2-98 — MVC extension descriptor

Syntax No. of bits Mnemonic

MVC extension_descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
average_bit_rate 16 uimsbf
maximum_bitrate 16 uimsbf
view_association_not_present 1 bslbf
base_view_is_left_eyeview 1 bslbf
reserved 2 bslbf
view_order_index_min 10 bslbf
view_order_index_max 10 bslbf
temporal_id_start 3 bslbf
temporal_id_end 3 bslbf
no_sei_nal_unit present 1 bslbf
no_prefix_nal_unit_present 1 bslbf

}

2.6.79 [Semantics of fields in MVC extension descriptor

average_bitrate — This 16/bit-field indicates the average bit rate, in kbits per second, of the re-assembled A[VC video
stream. When set to 0, the.ayerage bit rate is not indicated.

maximurh_bitrate =This 16-bit field indicates the maximum bit rate, in kbits per second, of the re-assembled AVC video
stream. When set t0.0; the maximum bit rate is not indicated.

view_ass¢ciation_not present — This 1-bit flag when set to '0' indicates that the syntax| element
base_view ‘isvleft eyeview signals the association between base view and left or right eye. When this flag is s¢t to '1' no
such association is signalled.

base view is_left eyeview — This flag shall be set to 'l' when the view_association_not_present flag is 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_ unlt present Th1s 1-bit ﬂag when set to 'l" indicates that no preﬁx NAL unrts are present in either the
AVC vidg Mhen-th q H efix NAL
units are

resent in the AVC Vldeo sub bltstream of MVC only

2.6.80 [J2K video descriptor

For J2K Wideo elementary streams conforming to one or more profiles defined in Rec. ITU-T T.800 | ISO/IEQ 15444-1,
the J2K vjdeo descriptor provides information that may be present in each J2K access unit as well as for the |2K video
sequence.|In addition, it provides information to signal J2K still pictures. This descriptor shall-be included forfeach J2K
video eleinentary stream component in the PMT with stream_type equal to 0x21.

Table 2-99 — J2K video descriptor

Syntax No. of bits Mnempnic
J2K viddo descriptor() {
descriptor_tag 8 uimspf
descriptor_length 8 uimspf
profile_and_level 16 uimspf
horizontal_size 32 uimspf
vertical_size 32 uimspf
max_bit_rate 32 uimspf
max_buffer_size 32 uimspf
DEN_frame rate 16 uimspf
NUM frame_rate 16 uimspf
color_specification 8 bslhf
still_mode 1 bslhf
interlaced_video 1 bslhf
reserved 6 bslhf
for (i=0; i<N; i++) {
private_data_byte 8 bslhf
}

2.6.81 [Semantics-of fields in J2K video descriptor

profile_apd/level — This field shall be in the range 0x0101-0x04ff and coded as defined in Table| A.10 of
Rec. ITU{T Y800 | 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 header, 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

broadc

ast 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 ( decﬂ;i:“:;};?é:ﬁg:ion) Frame rate

0000 0000 0000 0000 Forbidden

0000 001—++6-+66+ 6+0+10+11+66-6066 24-006-—166+ 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 001f1 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 50/1 500

0000 001f1 1110 1001 1110 1010 0110 0000 60 000 /1001 59.94

0000 0000 0000 0001 0000 0000 0011 1100 60/1 60.00
color_spgcification — This field shall be coded the same as the beol colrc 8-bitfield of the j2k bcol box as specified in

Table S.1

still_modle — This 1-bit field, when set to '1', indicates that the J2K video str¢am may include J2K still pictures.

to '0', ther

(see Annex S).

the associated J2K video stream shall not contain J2K still pietures.

When set

interlacedl_video — This 1-bit field indicates whether the J2K vid€e stream contains interlaced video. When this flag is

set to 'l'[the J2K access unit elementary stream header (seeiTable S.1) shall include the syntax elemepnts Auf2,
fiel box fode, fic and fio. When this flag is set to '0', these syntax elements shall not be present in the J2K afcess unit
elementar]y stream header.
2.6.82 |[MVC operation point descriptor
The MV({ operation point descriptor (see Table 25101) provides a method to indicate profile and level for one or more
operation|points each constituted by a set of one.or more MVC video sub-bitstreams. If present, the MVC operdtion point
descriptoy shall be included in the group of-data elements following immediately the program info length field in the
program_fmap_section. If an MVC operation point descriptor is present within a program description, at|least one
hierarchy|descriptor shall be present fer’'each MVC video sub-bitstream present in the same program.
NOTE[- In order to indicate diffetent profiles, one MVC operation point descriptor per profile is needed.
Table 2-101 —- MVC operation point descriptor
Syntax No. of bits Mnempnic
MVC _operation_point_descriptor() {
désCriptor_tag 8 uimspf
descriptor_length 8 uimsbf
profile_idc 8 uimsbf
constraint_set0_flag 1 bslbf
constraint_setl flag 1 bslbf
constraint_set2_flag 1 bslbf
constraint_set3 flag 1 bslbf
constraint_set4_flag 1 bslbf
constraint_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

Syntax No. of bits Mnemonic
level idc 8 uimsbf
operation_points_count 8 uimsbf

for (j =0; j< operation_points_count; j++ ) {

reserved 5 bslbf

applicable_temporal_id 3 uimsbf

num_target_output_views 8 uimsbf

ES_count 8 uimsbf

for (I —n; 1 E‘Q_ r\nnf; 1 _L_L) {
reserved 2 bsinf
ES_reference 6 unimspf

}

}
H
}
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 4264 | ISO/IEC 14496-10, of all
points degcribed within this descriptor for the MVC bitstream.

constraiﬂ:_setﬂ_ﬂag, constraint_setl_flag, constraint_set2_flag,{ constraint_set3 flag, constraint |

constrai
ITU-T H.

_setS_flag — These fields shall be coded according/tovthe semantics for these fields define
D64 | ISO/IEC 14496-10.

operation

set4_flag,
1 in Rec.

AVC_compatible_flags — The semantics of AVC_compatible flags are exactly equal to the semantics of the field(s)

defined fqr the 2 bits between the constraint_set2 flag and the level idc field in the sequence parameter set, as

Rec. ITU-

level_count — This 8-bit field indicates the numbepof levels for which operation points are described.

level idc
for the op

operatior
following

applicable_temporal_id — This)3-bit field indicates the highest value of the temporal id of the VCL NAL u

re-assemy

num_tarsg
associated

ES_coun
The elem

T H.264 | ISO/IEC 14496-10.

- This 8-bit field indicates the levelas-defined in Rec. ITU-T H.264 | ISO/IEC 14496-10, of the MV(
eration points described by the follewing groups of data elements.

_points_count — This 8-bitfield indicates the number of operation points described by the list inclu
group of data elements.

led AVC video stream.

bet_outputviews — This 8-bit field indicates the value of the number of the views, targeted for out
operatiofi point.

— Tlis,8-bit field indicates the number of ES _reference values included in the following group of data
pntary streams indicated in the following group of data elements together form an operation point of]

defined in

bitstream

ded in the

hits in the

ut for the

elements.
the MVC

Tl 1 O 6 2 d
TOAIIT THU VATOCU UATT IS TUSUT VOUT

video bits

ES_reference — This 6-bit field indicates the hierarchy layer index value present in the hierarchy descriptor which

identifies

a video sub-bitstream.

NOTE - The profile and level for a single operation point, e.g., the entire MVC video bitstream, can be signalled using the AVC
video descriptor. Beyond that, MVC allows for decoding different view subsets which can require different profiles and/or levels.
The specification of the MVC operation point descriptor supports the indication of different profiles and levels for multiple

operati

on 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 compon

ents (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.

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 7 bslbf
}
}

2.6.85 [Semantic definition of fields in the MPEG2_stereoscopic_video_format_descriptor

stereo_vifleo_arrangement_type present: When this bit is set to 'l', tHen ‘the following 7-bits indicate t}
stereo_video_ format type included in the user data of associated MPEG-2 video elementary stream. If this b
'0', then np such signalling is made available in this descriptor.

arrangenpent_type: This field shall be set to the same value as arrangement type defined in Tabl
Rec. ITU{T H.262 | ISO/IEC 13818-2:2000/Amd.4 and included:in the user data extension of associated MPE
elementarjy stream.

2.6.86 [Stereoscopic_program_info_descriptor

Stereoscopic_program_info_descriptor specifies\‘the identification of 2D-only (monoscopic), frame ¢
stereoscopic 3D as well as service-compatible stereoscopic 3D services. This descriptor conveys information at
level and [assists decoders determine resources required to support the signalled services. When present, this
shall be irjcluded in the loop following program_info length field in the PMT. In addition, when this descriptor
stream_type values and descriptors a§sociated with the video components in the loop following ES info len
PMT shall not conflict with the ster¢oscopic_service type signalled in this descriptor.

Table 2-103 — Stereoscopic_program_info_descriptor syntax

Syntax No. of bits Format

Stereoscopic_program_info_descriptor() {

e type of
it is set to

e L-1 of
(G-2 video

pmpatible
h program
Hescriptor
S present,
oth in the

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 5 bslbf
stereoscopic_service_type 3 bslbf

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
uping 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
fgr MPEG-2 video and stream_type value of 0x23 for AVC video.

2.6.88 [Stereoscopic_video_info_descriptor

The steregscopic_video info_descriptor provides information related to service-compatible stereoscopic 3D sefvices that
carry left|and right view in separate video streams. The two streams are called the "base’ ¥iew video strean)" and the
"additiongl view video stream". The base view video stream may be displayed on its.own for a 2D video $ervice. If
signalled hs specified below, the additional view video stream may also be displayed/on-its own for a 2D vided service.

The ster¢oscopic_video info descriptor is located in the loop following(ES info length field in PMT. The
stereoscopic_video_info descriptor shall be included for both the base view ¥ideo component (stream_type vglues 0x02
or 0x1B) and additional view video component (stream_type values 0x22 or 0x23) in the PMT for programs that support
service-cqmpatible stereoscopic 3D video. The stereoscopic_video, infe descriptor should not be assog¢iated for
componeits with any other stream_type values as its meaning is undefined for other stream_type values.

Table 2-104 — Stereoscopic_vidéo' info_descriptor syntax

Syntax No. of bits Format
Btereoscopic_ video_info_descriptor() {

descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
reserved 7 bslbf
base_video_flag 1 bslbf
if (base_video_flag) {

reserved 7 bslbf

leftview_flag 1 bslbf
} else {

reserved 7 bslbf

usable_as. 2D 1 bslbf

horizental upsampling_factor 4 bslbf

vertical _upsampling_factor 4 bslbf
}

2.6.89 ‘Senmamticdefimitiomrof fields i tiestereoscopic_video—info—descriptor

base_video_flag: When the bit is set to '1', it indicates that the video stream is a base video stream. When the bit is set to
'0', it indicates that the video stream is an additional view video stream. This bit shall be set to '1' for base view video
stream components with stream_type values of 0x02 and 0x1B and this bit shall be set to '0' for the additional view video
stream components with stream_type values of 0x22 and 0x23.

leftview_flag: When the bit is set to 'l', it indicates that the associated video stream component is the left view video
stream. When the bit is set to '0', it indicates that the associated video stream component is the right view video stream.

usable_as 2D: When this bit is set to 'l, it indicates that the additional view video stream may also be used for a 2D
video service.

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 %2 coded resolution of base view
0110-1000 reserved
10pT-TTTT user_private
2.6.90 |[Extension descriptor
This desgriptor provides a mechanism to extend the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 *descrif
(see Tabl¢ 2-45). The descriptors which are based on the extension descriptor are signalled using the extension
with extemision_descriptor_tag values defined in Table 2-106.
Table 2-105 — Extension descriptor
Syntax No!{ 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 ttag == 0x03) {
HEVC_timingand_HRD_descriptor()
b
else {
for.(J=0; i<N; i++) {
reserved 8 bslbf
b
}
}
2.6.91 [Semantic definition of fields in the extension descriptor
descriptojr_tag —The descriptor_tag is an 8-bit field whose value is defined in Table 2-45.

descriptojr_dength — The descriptor_length is an 8-bit field specifying the number of bytes of the descriptor im

following the Hpqr‘ripfnr ]Pngfh field

tor range
descriptor

mediately

extension_descriptor_tag — The extension_descriptor_tag is an 8-bit field which identifies each descriptor that uses this
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_ti

ISO/IEC 13818-1

ming_and_HRD_descriptor() — This structure is defined in clauses 2.6.95 and 2.6.96.

Table 2-106 — Extension descriptor tag values

:2015 (E)

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
2.6.92 ODUpdate_descriptor

The ODU
replacemg
ObjectDe
14496-1.

described

When an
descriptof
after an I

When an
descriptof
included 4

If an OD{
descriptof
stream m{

2.6.93

The Tran
associated
field in tH
complete

pdate_descriptor may be used to carry a set of ObjectDescriptors through an ObjectDescriptorUp
nt or as a complement to ISO/IEC 14496 object descriptor streams defined in the IODAIF
scriptorUpdate command shall be processed by the MPEG-4 terminal as defined in clause 7.2:5.5.2 o
The descriptors carried in the ODUpdate descriptor are in the same name scope as the s€ene d
in the InitialObjectDescriptor carried in the IOD descriptor.

ODUpdate_descriptor is used within a transport stream, the ODUpdate descriptor shall be conve
loop immediately following the program info length field in the program map_table, and shall bg
D descriptor.

ODUpdate_descriptor is used within a program stream, the ODUpdaté, ‘descriptor shall be convey
loop immediately following the program_stream_info length field.in the program stream map, an
fter an IOD descriptor.

Ipdate descriptor is included before an IOD descriptor or if lOD-descriptor is not present, then the (
shall be ignored. More than one ODUpdate descriptor may ‘be included in a program map table o

p.
Transport_profile_descriptor

kport_profile descriptor may be associated innthe” PMT to signal a profile value of transport stre
program. When present, the descriptor shall only be located in the loop following the program i

profile.

Table 24107 — Transport_profile_descriptor syntax

date, as a
used, the
f ISO/IEC
escription

ed in the
included

ed in the
i shall be

DUpdate

- program

am in the
fo_length

e PMT. If the descriptor is not includedin' the PMT, then the associated transport stream conforms to the

2.6.94

Syntax No. of bits Format

Transport_profile descriptor {

descriptor_tdg 8 uimsbf

descriptor\length 8 uimsbf

transpert- profile 8 uimsbf

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

private data 8 bslbf
}

}

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 using this profile conform to all the normative definitions for transport streams
with the following exceptions:

= The PCK jitter may cxceed the specilicd tolerance as applications that use this proiile usually do not
include null-PID packets. Clients that process these streams usually do not use the PCR to derive the
decoder STC. However, the PCR value can be used in conjunction with the PTS and DTS for
conformant STD management of all the media components in the associated program;

— the PCR interval occasionally exceeds 100 ms in applications that use this profile due to occasional
bit rate variations in certain locations;
— conforming continuity counter errors and time base discontinuity may occur morefrequently than in
complete profile.
NOTE 3 — User private values of transport_profile that need unique identification can use'the MPEG
registration_descriptor with a unique format identifier value that is obtained from thé Registration Authority.

2.6.95 [HEVC video descriptor

For an HEVC video stream, the HEVC video descriptor provides basic information for identifying coding p
such as prpfile and level parameters of that HEVC video stream. For an HEV|€ temporal video sub-bitstream or
temporal yideo subset, the HEVC video descriptor provides informatién such as the associated HEVC highes
sub-layer frepresentation contained in the elementary stream to whielnit'applies.

Table 2-109 — HEVC.video descriptor

irameters,
an HEVC
temporal

Syntax No. Of bits Mnemonic
HEVC_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.

When the HEVC video descriptor applies to an HEVC temporal video sub-bitstream or HEVC temporal video subset of
which the corresponding HEVC highest temporal sub-layer representation is not an HEVC complete temporal
representgtion, these fields shall be coded according to the semantics defined in Rec. ITU-T H.265 | ISO/IEC 23008-2 for
sub_layen profile space,  sub_layer tier flag, sub layer profile idc, sub_layer profile compaltibility flagli],
sub_layen progressive_source flag,  sub_layer interlaced source flag,  sub_layer non_packed) constiaint flag,
sub_layen frame_only constraint flag, sub_layer reserved zero 44bits, sub layer level idc, réspectively, for the
corresponding HEVC highest temporal sub-layer representation, and the entire HEVC highigst temporal | sub-layer
representdtion to which the HEVC video descriptor is associated shall conform to the information signalled by these
fields.

NOTE(|1 — In one or more sequences in the HEVC video stream the level may be lower than the level signalled in the HEVC video

descriptor, while also a profile may occur that is a subset of the profile signalled in the HEV€ video descriptor. Howgver, in the
entire HEVC video stream, only subsets of the entire bitstream syntax shall be used that‘arevincluded in the profile signplled in the
HEVC|video descriptor, if present. If the sequence parameter sets in an HEVC yideo ‘stream signal different profiles, and no
additiopal constraints are signalled, then the stream may need examination to detefmine which profile, if any, the entire stream
conforms to. If an HEVC video descriptor is to be associated with an HEVC vidéo stream that does not conform to a sinjgle profile,
then the HEVC video stream should be partitioned into two or more substréams, so that HEVC video descriptors cpn signal a
single profile for each such sub-stream.

temporal| layer_subset_flag — This 1-bit flag, when set to 'l', indicates that the syntax elements describing 4 subset of
temporal Jayers are included in this descriptor. This field shall.b¢set to 1 for HEVC temporal video subsets and for HEVC
temporal [video sub-bitstreams. When set to '0', the syntax elements temporal id _min and temporal id mgx are not
included in this descriptor.

HEVC _still_present_flag — This 1-bit field, when setito '1', indicates that the HEVC video stream or the HEVC highest
temporal pub-layer representation may include HEVC still pictures. When set to '0', then the associated HE[VC video
stream shiill not contain HEVC still pictures.

NOTE|2 — According to Rec. ITU-T H.2654ISO/IEC 23008-2, IDR pictures are always associated with a Temporalld yalue equal

to 0, CJonsequently, if the HEVC video.destriptor applies to an HEVC temporal video subset, HEVC still pictures dan only be
presen{ in the associated HEVC temp@ral video sub-bitstream.

HEVC_24_hour_picture_present. flag — This 1-bit flag, when set to 'l', indicates that the associated HE[VC video
stream or the HEVC highest téniporal sub-layer representation may contain HEVC 24-hour pictures. For the deffinition of
an HEV(|24-hour picture, See clause 2.1.97. If this flag is set to '0', the associated HEVC video stream shall npt contain
any HEVC 24-hour pictures:

sub_pic_hrd_params* not_present_flag — This 1-bit field, when set to '0', indicates that the VUI in the HEVC video
stream [shall <have the syntax element sub pic hrd params present flag set to 'l Whhen the
sub_pic Nrd params not present flag is set to 'l', the associated HEVC video stream may nof contain
sub_pic lhrd params_present flag in the VUI or the flag may be set to '0'.

NOTE 3 — Decoders that support the sub-picture processing mode are expected to manage the T-STD using the appropriate delay
values in the HEVC video stream specified in the relevant SEI messages defined in ISO/IEC 23008-2:2013 and in addition 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") {
90kHz_flag 1 bslbf
reserved 7 bslbf
ITO0KHZ Tlag=="077
N 32 uimsEf
K 32 uimspf
}
num_units_in_tick 32 uimspf
}
}
2.6.98 [Semantic definition of fields in HEVC timing and HRD descriptor

hrd_management_valid_flag — This 1-bit flag is only defined for use in transport stréams. When the HEVC ¢
riptor is associated with an HEVC video stream or with an HEVC/highest temporal sub-layer reprgsentation

HRD des
carried in

If the Ard
in Annex
highest

nal_initia
nal_initia
hrd_mand
or the traj
byte intd
nal_initia
nal_initia
Rec. ITU
for the trd
defined in

picture_and_timing_info_present flag — This 1-bit flag when set to '1' indicates that the 90kHz_flag and para

accurate 1

90kHz_flag — This 1-bit flag when set to '1' indicates that the frequency of the HEVC time base is 90 kHz.

N, K-Fqg
base is de
| ISO/IEQ

a transport stream, then the following apply.

| cpb_removal delay and nal initial cpb removaldelay offset values and may additionall

gement valid_flag is set to '1', then the transferef@ach byte from MB, to EB,, in the T-STD as definedl

2.17.3.

happing to a 90-kHZ system clock are included in this descriptor.

time_scale = (N x system_clock_frequency) / K

| alt removal _delay and nal initial _alt cpb removal delay offset values for the NAL HRID.

iming and

| management valid flag is set to '1', then Buffering Period SEI'and Picture Timing SEI messages, gs defined
C of Rec. ITU-T H.265 | ISO/IEC 23008-2, shall be presént in the associated HEVC video stream|or HEVC
temporal sub-layer representation. These buffering = period SEI messages shall cary coded

y carry
If the
in2.17.2

isfer from MB, to EB,, in the T-STD as defined in 2.17.3 shall be according to the delivery schedulle for that

the CPB in the NAL HRD, as determined from the coded nal initial cpb removal delay and
| cpb_removal _delay offset or from the coded nal_initial alt cpb_removal delqy and
| alt cpb_removal delay offset values for SchedSelldx equal to cpb cnt_minusi, as specified in Apnex C of
T H.265 | ISO/IEC 23008-2. When the hrd _management valid flag is set to '0', the leak method shdll be used
nsfer from MB,, to EB,, in theT-STD as defined in 2.17.2 or the transfer from MB,x to EB,, in the [T-STD as

meters for

r an HEV/Ewideo stream or HEVC highest temporal sub-layer representation , the frequency of the HEVC time
fined by the’syntax element vui_time_scale in the VUI parameters, as defined in Annex E of Rec. ITY-T H.265

23008:2. The relationship between the HEVC time scale and the STC shall be defined by the pargmeters N
and K in I]his descriptor as follows.

If the 90kHz flag is set to '1', then N equals 1 and K equals 300. If the 90kHz flag is set to '0', then the values of N and K
are provided by the coded values of the N and K fields.

NOTE - This allows mapping of time expressed in units of time scale to 90 kHz units, as needed for the calculation of PTS and
DTS timestamps, for example in decoders for HEVC access units for which no PTS or DTS is encoded in the PES header.

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 Restrictions on the multiplexed stream semantics

2.7.1 Frequency of coding the system clock reference

The program stream shall be constructed such that the time interval between the bytes containing the last bit of
system_clock reference base fields in successive packs shall be less than or equal to 0.7 s. Thus:

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 bit of
program_[flock reference base fields in successive occurrences of the PCRs in transport stream packets of the PCR_PID
for each program shall be less than or equal to 0.1 s. Thus:

[#(i) —2(i")| < 0.1s

for all and i’ where i and i’ are the indexes of the bytes containing theOlast bit of cansecutive
program_flock reference base fields in the transport stream packets of the PCR PID for gach program.

There shalll be at least two (2) PCRs, from the specified PCR_PID within a transport stréam, between consecyitive PCR
discontingities (refer to 2.4.3.4) to facilitate phase locking and extrapolation of byte.delivery times.

2.7.3 Frequency of coding the elementary stream clock reference

The proggam stream and transport stream shall be constructed such that ifithe elementary stream clock referenfe field is
coded in 4ny PES packets containing data of a given elementary streaim the time interval in the PES_STD bdtween the
bytes confaining the last bit of successive ESCR base fields shall be less than or equal to 0.7 s. In PES Streams the ESCR
encoding fs required with the same interval. Thus:

[t()) —t(@)<0.7s

for all i ad i’ where i and i’ are the indexes of the bytes containing the last bits of consecutive ESCR _base fielfds.

NOTE[- The coding of elementary stream clock reference fields is optional; they need not be coded. However, if they|are coded,
this cofistraint applies.

2.74 Frequency of presentation timeéstamp coding

The program stream and transport stream shall be constructed so that the maximum difference between coded prpsentation
timestamps referring to each elementary video or audio stream is 0.7 s. Thus:

ltp,, (k) —tp, (k") <0.7s

for all n, ¥, and k" satiStying:
e Py(k)and P,(k") are presentation units for which presentation timestamps are coded;

* , 'k and k" are chosen so that there is no presentation unit, P,(k) with a coded presentation timegtamp and
with k <k’ <k"; and

*  No decoding discontinuity exists in elementary stream n between P,(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.
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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 PTS may only be present in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 video or audio elementary stream PES packet
header if the first byte of a picture start code or the first byte of an audio access unit is contained in the PES packet.

A decodifg_timestamp (DTS) shall appear in a PES packet header if and only if the following two conditiens’are met:
* aPTS is present in the PES packet header;

*  the decoding time differs from the presentation time.

For each AVC 24-hour picture, no explicit PTS and DTS value shall be encoded in the PES header. For such Ay C access
unit, decoders shall infer the presentation time from the parameters within the AVC video,stfeam. Therefore, gach AVC
video strepm that contains one or more AVC 24-hour picture(s):

* shall either carry picture timing SEI messages with coded values of cpb removal delay and
dpb_output_delay; or
*  shall carry VUI parameters with the fixed frame rate flag set to’'l' and shall carry Picture Orfler Count
(POC) information (PicOrderCnt) whereby pictures are counted in units of Ats gpp( 1 ), where At} gob( n ) is
specified in equation E-10 of Rec. ITU-T H.264 | ISO/IEC 14496-10.

NOTE 1 — The requirements in the second bullet are met if-an AVC timing and HRD descriptor is associatpd with the
AVC video stream with the fixed frame rate flag set to.'1™and the temporal poc flag setto '1".

The folloywing applies to AVC access units in an AVC video $fream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1
stream. For each AVC access unit that does not represent,an /AVC 24-hour picture, a PES header with a coded PTS and,
if applicaple, DTS value shall be provided, unless all conditions expressed under one of the following four Bullets are
true:

* Inthe AVC video sequence the foHowing SEI messages are present, as signalled by VUI paramgters:

a) picture timing SEI messages providing the cpb_removal delay and the dpb_output delay parameters;
and

b) buffering period )'SEI messages providing the initial cpb removal delay [and the
initial cpb_removal delay offset parameters.
NOTE 2 — When picture timing SEI messages are present in the AVC video sequence, then these mg¢ssages are
present foreaeh AVC access unit, as required by Rec. ITU-T H.264 | ISO/IEC 14496-10. When buftering period
SEI messages are present in the AVC video sequence, then these messages shall be present for each |DR access

unitand-for each access unit that is associated with a recovery point SEI message, as required by Rec. ITIU-T H.264
| ISO/IEC 14496-10.

*  An-AVC timing and HRD descriptor is associated with the AVC video stream and in this des¢riptor the
fixed frame rate flagis setto 'l' and the temporal poc flagis setto'l".

g An AVC timing and HRD descriptor is associated with the AVC video stream and in this desgriptor the
fixed frame rate flag is set to 'l', the picture to display conversion flag is set to 'l', the
temporal poc flag is set to '0' and in the AVC video sequence picture timing SEI messages with the
pic_struct field are present.

NOTE 3 — In this specific case the pic_struct field is used to determine subsequent PTS values.

*  An AVC timing and HRD descriptor is associated with the AVC video stream and in this descriptor the
fixed frame rate flag is set to 'l' and the temporal poc flag is set to '0' and the
picture to display conversion flag is set to '0".

NOTE 4 — In this case the POC information in the AVC video stream is used to determine the subsequent
PTS values.
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2.7.6 Timing constraints for scalable coding

If an audio sequence is coded using an extension bitstream, such as specified in ISO/IEC 13818-3, then corresponding
decoding/presentation units in the two layers shall have identical PTS values.

If a video sequence is coded as an SNR enhancement of another sequence, such as specified in 7.8 of Rec. ITU-T H.262
| ISO/IEC 13818-2, then the set of presentation times for both sequences shall be the same.

If a video sequence is coded as two partitions, such as specified in 7.10 of Rec. ITU-T H.262 | ISO/IEC 13818-2, then the
set of presentation times for both partitions shall be the same.

If a video sequence is coded as a spatial scalable enhancement of another sequence, such as specified in 7.7 of Rec. ITU-T
H.262 | ISO/IEC 13818-2, then the following shall apply:

+  If both sequences have the same frame rate, the set of presentation times for both sequences shall be the
same.

NOTE — This does not imply that the picture coding type 1s the same 1n both layers.

* If the sequences have different frame rates, the set of presentation times shall be such'thaf as many
presentation times as possible shall be common to both sequences.

*  The picture from which the spatial prediction is made shall be one of the following;
—  the coincident or most recently decoded lower layer picture;
—  the coincident or most recently decoded lower layer picture that is an I< ap P-picture;

—  the second most recently decoded lower layer picture that is an 15 ¢r P-picture, and provid¢d that the
lower layer does not have the low_delay flag set to '1".

If a videq sequence is coded as a temporally scalable enhancement of another-sequence, such as specified|in 7.9 of
Rec. ITU{T H.262 | ISO/IEC 13818-2, then the following lower layer picturés-may be used as the reference. [[imes are
relative td presentation times of:

* the coincident or most recently presented lower layer picture;

* the next lower layer picture to be presented.

For AVC yideo streams conforming to one or more profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC [14496-10,
there are no timing constraints on SVC dependency representations or re-assembled AVC access units of yideo sub-
bitstreamg of an AVC video stream.

2.7.7 Frequency of coding P-STD_buffer_size'in PES packet headers

In a proggam stream, the P-STD_buffer scale@nd P-STD_buffer size fields shall occur in the first PES packgt of each
elementarjy stream and again whenever the\yalue changes. They may also occur in any other PES packet.

2.7.8 Coding of system header in the program stream

In a progrpm stream, the system:header may be present in any pack, immediately following the pack header. The system
header shjll be present in the first pack of an program stream. The values encoded in all the system headers in thg program
stream shgll be identical.

2.7.9 Constrained’system parameter program stream

A prograin streamis a "Constrained System Parameters Stream" (CSPS) if it conforms to the bounds specified in this
subclausef Program streams are not limited to the bounds specified by the CSPS. A CSPS may be identified by means of
the CSPS| flag/defined in the system header in 2.5.3.5. The CSPS is a subset of all possible program streams.

Packet rate

In the CSPS, the maximum rate at which packets shall arrive at the input to the P-STD is 300 packets per second if the
value encoded in the rate bound field (refer to 2.5.3.6) is less than or equal to 4 500 000 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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packet rate restriction flag is set to a value of '0’

NP < (t(i'") —t(i))x 300x max[l,RL%}
2.5x10

R .. =8x50xrate_bound bit/s

(2-28)

(2-29)

NP is the number of packet start code prefixes and system_header_start codes between adjacent
pack start codes or between the last pack start code and the MPEG program end code as

defined in Table 2-37 and semantics in 2.5.3.2.

t(i) is the time, measured in seconds, encoded in the SCR of pack p.

Decoder

In the cas
apply for

In the caq
following

BS. has
Rec. ITU
BSadd. BS

where Ry
stream.

In the cas

BS.hasa

where Ry

where cpl
hrd_parar]
the cpb_s
applied le

In the cas

t(i") is the time, measured in seconds, encoded in the SCR for pack p + 1, immediately;
pack p, or in the case of the final pack in the program stream, the time of arrival o
containing the last bit of the MPEG_program end code.

buffer size

e of a CSPS the maximum size of each input buffer in the system target decoder is bounded. Differe
ideo elementary streams and audio elementary streams.

e of a Rec. ITU-T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 vided elementary stream in a
applies:

n size which is equal to the sum of the size of the Video Buffer Verifier (VBV) as specifi
T H.262 | ISO/IEC 13818-2 or ISO/IEC 11172-2 stream, respectively, and an additional amount of]
4d 1s specified as:

BSuaa <MAX[6 x 1024, Ruse X 0.001] bytes

Lax 1S the maximum bit rate of the Rec. ITU-T H.262TSO/IEC 13818-2 or ISO/IEC 11172-2 video ¢

size which is equal to the sum of cpb_siz¢ and an additional amount of buffering BSaq4. BSaq4 1s sped
BSuia SMAX[6 % 1024, Rymax x 0.001] bytes

ax 18 the maximum video bitxdte of the AVC video stream, and

b size is the CpbSizefiept cnt minusl ] size of the CPB for the byte stream format signalled in
heters() in the AVC'video stream. If the NAL hrd_parameters() are not present in the AVC video st
ze shall be the size-defined as 1200 x MaxCPB in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496

vel.

e of an audio elementary stream in a CSPS, unless otherwise specified below, the following applies:

BS, <4096 bytes

following
f the byte

nt bounds

CSPS, the

ed in the
buffering

lementary

e of a Rec. ITU-T H.264 | ISO/IEC 14496-10wideo elementary stream in a CSPS, the following appljes:

ified as:

the NAL
cam, then
10 for the

In the case of ISO/IEC 13818-7 ADTS audio elementary stream in a CSPS the following applies to support 8 channels:

2.7.10

BS, <8976 bytes

Transport stream

Sample rate locking in transport streams

In the 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
The notation 7 denotes real division.

Nominal audio
sampling
frequency (kHz)

16 32 22.05 441 24 48

SCASR

27 000 000

27 000 000

27 000 000

27 000 000

27 000 000

27 000 000

16 000

32000

22050

44 100

For all pr
transport
value indj

psentation units in each ISO/IEC 11172-2 video and Rec. ITU-T H.262 | ISO/IEC 13818-2 videe strg
stream, the ratio of system_clock frequency to the actual video frame rate, SCFR, is constant.and eq
cated in the following table at the nominal frame rate indicated in the video stream.

system _clock _ frequency
frame_rate _in_the T —STD

SCFR =

am in the
[ual to the

(2-31)

frame r
(Hz)

Nominfal

hte 23.976 24 25 29.97 30 50 59.94

60

SCFR

1126125 1 125 000 1 080 000 900 900 900000 540 000 450 450

(50 000

The valug]
rate is 23.

For ISO/1
defined Y
system_cl|
with K gr

For Rec.
video stre]

parameter] time_scale, and this frequency shall be exactly equal to N times system_clock frequency divided b

Nand K 1
if the timg

s of the SCFR are exact. The actual frame rate differs slightlyyfrom the nominal rate in cases where th)
076, 29.97, or 59.94 frames per second.

EC 14496-2 video streams carried in a transport stréam; the time base of the ISO/IEC 14496-2 video
y vop_time increment resolution, shall be loeked to the STC and shall be exactly equal to
ock frequency divided by K, with N and K integers that have a fixed value within each visual object
pater than or equal to N.

TU-T H.264 | ISO/IEC 14496-10 videe\streams, the time base of the Rec. ITU-T H.264 | ISO/IEC
am shall be locked to the system cle¢k frequency. The frequency of the AVC time base is defined by

htegers that have a fixed value.within each AVC video sequence and K greater than or equal to N. Fo
_scale is set to 90 000, then.the frequency of the AVC time base is exactly equal to system_clock |

E nominal

Stream, as
N times
sequence,

14496-10
the AVC
y K, with
example,
frequency

divided by 300.

2.8 Compatibility with ISO/IEC 11172

ible with
shall also

The progfam stream¢ ofthis Recommendation | International Standard is defined to be forward compa
ISO/IEC ]1172-1, Decoders of the program stream as defined in this Recommendation | International Standard]
support d¢codingof ISO/IEC 11172-1.

2.9 Resictration-of bt identi

2.9.1 General

Parts 1, 2 and 3 of ISO/IEC 13818 provide support for the management of audiovisual works copyrighting. In Rec. ITU-T
H.222.0 | ISO/IEC 13818-1 this is by means of a copyright descriptor, while Rec. ITU-T H.262 | ISO/IEC 13818-2 and
ISO/IEC 13818-3 contain fields for identifying copyright holders through syntax fields in the elementary stream syntax.
This Recommendation | International Standard presents the method of obtaining and registering copyright identifiers in
Rec. 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.

Annexes L, M and N provide information on the procedure for registering a unique copyright identifier.

2.10 egistration of private data format

The regisfration descriptor of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 is provided by this text in order torenable users of
this Specification to unambiguously carry data when its format is not recognized by this Specification. This|provision
will permjt this Specification to carry all types of data while providing for a method of unambigudus identification of the
characteristics of the underlying private data.

2.10.1 |General

In the following subclause and Annexes O and P, the benefits and responsibiliti€¢s of all parties to the regidtration of
private data format are outlined.

2.10.2 [Implementation 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 yhich will
serve as the Registration Authority for the format_identifier as defined’'in 2.6.8 and 2.6.9. The selected organizfition shall
serve as the Registration Authority. The so-named Registration, Authority shall execute its duties in complipnce with
Annex H/JTC 1 Directives. The registered private data format cidentifier is hereafter referred to as the Registered Identifier
(RID).

Upon sel¢ction of the Registration Authority, JTC 1 shall require the creation of a Registration Managem¢nt Group
(RMG) which will review appeals filed by organizatjons whose request for an RID to be used in conjunctior} with this
Specificafion has been denied by the Registration Authority.

Annexes 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 Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream may carry individual ISO/IEC 14496-2 and 14496-3 elementafy streams
as well aq ISO/IEC 144961 audiovisual scenes with its associated streams. Typically, the ISO/IEC 14496 stijeams will
be elemerjts of a Rec{JFU-T H.222.0 | ISO/IEC 13818-1 program, as defined by the PMT in a transport stream and the
PSM in aprogram, stream.

For the cafriage of ISO/IEC 14496 data in transport streams and program streams, distinction is made between |ndividual
elementarfy‘stréams and an ISO/IEC 14496-1 audiovisual scene with its associated streams. For carriage of |ndividual
ISO/IEC T4496-2 and 14496-3 elementary streams, only system tools from Rec. ITU-T H.222Z.0 TISO/TEC T3818-1 are
used, as defined in 2.11.2. For carriage of an audiovisual ISO/IEC 14496-1 scene and associated ISO/IEC 14496
elementary streams, contained in ISO/IEC 14496-1 SL_packetized streams or FlexMux streams, tools from both Rec.
ITU-T H.222.0 | ISO/IEC 13818-1 and from ISO/IEC 14496-1 are used, as defined in 2.11.3.

Carriage of Rec. ITU-T H.264 | ISO/IEC 14496-10 video over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams is specified
in 2.14.

Carriage of ISO/IEC 14496-17 text streams over Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams is specified in 2.15.

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,
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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'

IS

O/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
video stream; consequently the stream shall contain Visual Object Sequence Headers, Visual Object Headers and Video
Object Layer Headers.

In the cas
the eleme
a case, if

b of an ISO/IEC 14496-3 elementary stream signalled by a stream_type value of 0x11, before PES paclketization

htary stream data shall be first encapsulated in the LATM transport syntax defined in ISO/IEC. 14496-
h PTS is present in the PES packet header it shall refer to the first audio frame that follows-the first

that commhences in the payload of the PES packet.

In the cag
audio frai
additional
stream_tyj
data_alig
fragment
fragmentg

Carriage
appropria
addition,
These deg
Table in d
H.222.0 |
in the con|

Carriage
stream _ty]

2.11.2.2

The T-ST
14496 elg
video, as

in the T-S

e of an ISO/IEC 14496-3 elementary stream signalled by a stream_type value of @xlC, the first by
ne shall be the first byte of the payload of a PES packet; prior to PES packetization no encapsulat
transport syntax shall be applied. An audio frame from an ISO/IEC 14496-3-elementary stream sign
pe value of 0x1C may be fragmented for carriage in multiple PES pacKets In the PES packet h
yment_indicator shall be set to 'l' in each PES packet that carries a complete such audio frame o
thereof. The data alignment indicator shall be set to '0' for PES~packets carrying subsequent
of an audio frame.

f individual ISO/IEC 14496-2 and ISO/IEC 14496-3 elementary-streams in PES packets shall be idd
e stream_id and stream_type values, indicating the use Of\[SO/IEC 14496-2 Visual or 14496-3
such carriage shall be signalled by the MPEG-4_video ‘descriptor or MPEG-4_audio descriptor, res
criptors shall be conveyed in the descriptor loop for thérespective elementary stream entry in the Pro
ase of a transport stream or in the Program Stream Map, when present, in case of a program stream. R
[SO/IEC 13818-1 does not specify presentation of ISO/IEC 14496-2 and ISO/IEC 14496-3 elementa
text of a program.

fan individual ISO/IEC 14496-17 text sttédms in PES packets shall be identified by appropriate streg
pe values, indicating the use of ISO/IEC14496-17 text.

STD extensions for individual ISO/IEC 14496 elementary streams

D model includes a transport buffer TB, and a multiplex buffer B, prior to decoding of each individua
mentary stream n. Noteythat in the T-STD the single multiplex buffer B, is also applied for ISO/IE

ndicated in Figure 2-4instead of the approach with two buffers MB,, and EB,, used for ISO/IEC 1381
TD. For buffers TByand 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/IEC 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:

BSimux = 0.004 seconds x max {Rmax[profile,level], 2 000 000 bit/s}

DRota D .
refte-ToXTs

Rx, = 1.2 x Rpmax[profile,level]

where:

VBVnax[profile,level] and Rmax[profile,level] are defined in ISO/IEC 14496-2-for, €ach profile
For profiles and levels for which no VBV value is specified, the size ofB-and the rate RX
defined.

For carriajge 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 BSq.c, and the PES packet overhead b
are constrained by: BSq.c + BSon < 2848 bytes; a portion (736 bytes) of the 3584 byt
allocated for buffering to allow multiplexing. The rest, 2848 bytes, are shared for a
buffering BSqec, BSon and additional multiplexing.

BS, = 8976 bytes if 3-8 channels
BS, = 12804 bytes if 9-12 channels
BS, = 51216 bytes if 13-48 channels
For ISO/IEC 14496-3 DST-64,ALS and SLS audio:
if number of audio channels <= 8 then BS, =1 600 000 bytes,
else BS, = 2007000 x (number of audio channels) bytes.
For ISO/IEC 14496-3 DST-128 audio:
BS, = 400,000 x (number of audio channels) bytes.
For ISOAEC 14496-3 DST-256 audio:
BS» = 800 000 x (number of audio channels) bytes.
Rate RX;:
For ISO/IEC 14496-3 audio, except for ISO/IEC 14496-3 DST, ALS and SLS:

and level.
n are user

hffer BSon
e buffer is
Cccess unit

Rx, =2 000 000 bit/s 1t 1-2 channels
Rx, =5 529 600 bit/s if 3-8 channels
Rx, = 8 294 400 bit/s if 9-12 channels
Rx, =33 177 600 bit/s if 13-48 channels
For ISO/IEC 14496-3 DST-64, ALS and SLS audio:
if number of audio channels <= 8 then Rx, = 30 000 000 bit/s,
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/IEC 13818-1 program stream or transport stream, these SL-packetized streams and FlexMux streams shall contain
encoded Object Clock Reference (OCR) and FlexMux Clock Reference (FCR) fields as specified in 2.11.3.4 and
in 2.11.3.p, respectively. The SL-packetized streams or FlexMux streams are then encapsulated either in PES packets or
in ISO_THC 14496 sections prior to transport stream packetization and multiplexing or program stream miultiplexing.
ISO _IEC| 14496 sections are built on the long format of H.222.0 | ISO/IEC 13818-1 sections.

Additionallly, an ISO/IEC 14496 audiovisual scene may refer to non SL-Packetized streams carripd in an
Rec. ITUIT H.222.0 | ISO/IEC 13818-1 transport stream using a "pid://PID_NUMBER" URL/scheme injtead of a
"0d://OD [ID" URL scheme.

ISO/IEC 4496 streams may derive their time base from the PCR of the program through the OCR_ES ID mefhanism.

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 flumber of
ISO/IEC [14496, ISO/IEC 13818 and other streams by the use of the ES ID“parameter. The scene and the gssociated
streams njay be carried over the same Rec. ITU-T H.222.0 | ISO/IEC,13818-1 stream, but a scene may also|reference
streams chrried elsewhere, for example over an IP network. How to\identify such other means is not defined in this
Specificafion.

ISO/IEC 14496-1 defines name scoping rules for identifiers. These rules allow the same ES_ID value to be us¢d for two
different ptreams within ISO/IEC 14496 content. When @ne or multiple ISO/IEC 14496-1 scenes are cafried in a
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 Program, dupli¢ate ES_ID values shall not occur within the program| such that
each ISO[IEC 14496 SL-packetized stream or ISO/IEC 14496-1 FlexMux channel has a unique ES ID value in the
program.

2.11.3.3 [Timing of ISO/IEC 14496 scenes and associated streams

When carfied over a Rec. ITU-T H.222.0( ISO/IEC 13818-1 stream, the object time base of each ISO/IEC 14496 stream
shall be Idcked to the Rec. ITU-T H.222,0 | ISO/IEC 13818-1 STC, that is:

If X(t) = fstc(t)/ fobject(t)

then the vilue of X(t) shall be’constant at any time t.

where:
fix(t) denotes the intended frequency of the STC at time t, i.e., 27 000 000 Hz

fobject(t) denotes the frequency of the object time base at time t

The Ob_] ecttimebascot1SOAEE

as follows:
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8=tstreantts conveyed

—  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, fc;, 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 ISO/IEC 14496 time stamps coded in the SL packet header shall refer to instants of the object time base of the stream

carried in

the SL packet. The resolution of each such time stamp shall be of a factor 2X smaller than the resolu

ion of the

OCRs or
wrap aroy
FCR field
encoding

For SL-p4

For SL-p4
the object
SL packef

For SL-pg
2.11.3.4

To carry )
streams 4
objectClo

FCRs associated with the stream, with k a positive integer larger than or equal to zero. To achi¢ve
nd, the length of the time stamp fields, TimeStampLength, shall be k bit smaller than the length of th
, OCRLength and FCRLength, respectively. Hence for each stream the following conditions shall
pf time stamps:

— TimeStampResolution = (OCRResolution or FCRResolution respectively)/2¥, with k a positi
larger than or equal to zero. ISO/IEC 14496-1 requires TimeStampResolution to represent
number of cycles per second.

- TimeStampLength = OCRLength or FCRLength respectively — k.

cketized streams inheriting their object time base from the PCR PID, the,following considerations af
- TimeStampResolution = 90000 / 2k, with k a positive integer latger than or equal to zero.
—  TimeStampLength = 33—k.

cketized streams carrying an OCR, the relationship betweeh a value of the STC and the correspondin|

time base of a stream is established by associating PTS*fields in PES packet headers with the OCR
headers and FlexMux Stream packets respectively, as'specified in 2.11.3.6 and 2.11.3.7.

cketized streams inheriting their time base from the PCR, the object time base of such a stream is fig

Delivery timing of SL-packetized streams

SO/IEC 14496 content in a Rec. ITU-T\H.222.0 | ISO/IEC 13818-1 stream, ISO/IEC 14496-1 SL-j
re used. In each SL-packetized, §tream carried in a PES packet without the use of Flex|
ckReference field shall be encoded as follows:

1) An objectClockReference (OCR) field shall be present in the first SL packet header of a SL-j
stream.

D) The SL-packetized-stream shall be constructed such that the time interval between the bytes cont
last bit of successive OCR fields shall be less than or equal to 0.7 s. Thus:

[t@")—t(i") <=0.7s

for-all'l’ and i” where i' and i” are the indexes of the bytes containing the last bit of consecutive (J
injthe SL-packetized stream.

the same
e OCR or
apply for

e integer

n integer

ply:

o value of

br FCR in

(t) / 300.

acketized
Mux, the

acketized

ining the

CR fields

If an obje!l

2.11.3.5

Delivery timing of FlexMux streams

Next to SL-packetized streams also the ISO/IEC 14496-1 FlexMux tool may be used to carry ISO/IEC 14496 content in
Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streams. The payload of FlexMux packets shall consist of SL packets as specified
in ISO/IEC 14496-1. In each FlexMux stream carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream the

fmxClock

124

Reference field shall be encoded as follows:
1) An fmxClockReference (FCR) field shall be present in the first FlexMux packet of a FlexMux s

tream.

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 shall
refer to instants of the object time base conveyed by the FCR fields in the FlexMux stream. The
SL-packetized streams carried in FlexMux packets need not carry OCR fields. If OCR fields are present,

they may be ignored.

Carriage of SL-packetized streams in PES packets

A single ISO/IEC 14496-1 SL-packetized stream may be mapped into a single PES stream. One and only one SL packet
from an 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.

When an OCR field is coded in the SL packet header, a PTS shall be encoded in the header of the PES packet that carries

such SL p

2.11.3.7

PES pack
header. A
packet cai
packet.

If an fmx
shall be e}
33-bit val
at the insfj
ina PES
in the payj

The ES 1
descriptof

2.11.3.8

For transy
may be c4
of an SL-
14496-1 ¢

Table 2-1
qualified |
stream da|

e of the object time base at the instant in time indicated by the OCR.

_IP associated with the SL-packetized stream shall be signalled by an SL descriptor as specified‘in 2.6

Carriage of FlexMux streams in PES packets

ets with a payload consisting of FlexMux packets shall be identified by stream_idG= 0xFB in the P
h integer number of FlexMux packets shall constitute the payload of one PES pagket, 1.¢., the payloag
rying a FlexMux stream shall start with a FlexMux packet header and shall epd with the last byte of 4

ClockReference (FCR) field is encoded in one of the FlexMux packet§ contained in a PES packet, t]
icoded in the header of the PES packet that contains such FlexMux«pdcket. This PTS shall be encode

ant in time indicated by the FCR. In case multiple FlexMux packets with an encoded FCR field are
acket, the PTS shall correspond to the time indicated by th€¢ ECR in the first such FlexMux packet en
load of the PES packet.

Ds associated with each SL-packetized stream convi¢yed in the FlexMux stream shall be signalled b
as specified in 2.6.44.

Carriage of SL packets and FlexMux packets in sections

ort of ISO/IEC 14496 content in sections; ISO_IEC 14496 sections are defined. Any ISO/IEC 144
rried over ISO _IEC 14496 sections(A single ISO_IEC 14496 section shall contain either an entire
pbacketized stream or an integer number of FlexMux packets each carrying an SL packet of the samg
lementary stream.

05 shows the syntax of ISOTIEC 14496 sections defined to convey ISO/IEC 14496-1 elementar
by the table id as either.Object descriptor stream data, scene description stream data or any other ISO/]]
ta. Object descriptor stteam data consists of an Object Descriptor Table that comprises a number

descriptogs. The Object Descriptor Table may be transmitted in multiple ISO_IEC 14496 sections. Scene d

data cons]
may be tr
process it
the sectio
ISO/IEC

sts of a ScenesDescription Table that may comprise a number of BIFS commands. The Scene Descrip
hinsmitted invmultiple ISO IEC 14496 sections. It is not required that a complete table be received i
payload.However, the payload of sections shall be processed in the correct order, as indicated by th
h number field in the ISO_TEC 14496 section header bytes. Other ISO/IEC 14496 stream data con
4496 table. The ISO/IEC 14496 table may be transmitted in multiple ISO_IEC 14496 sections.

rresponds

46.
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Table 2-105 — Section syntax for transport of ISO/IEC 14496 stream

Syntax No. of bits | Mnemonic
ISO_IEC 14496 section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf
private_indicator 1 bslbf
reserved 2 bslbf
ISO_IEC _14496_section_length 12 uimsbf
table_id_extension 16 uimsbf
reserved 2 bslbf
version_number 5 uimsbf
turrent_mextimdicator T bstbt
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

}

- This 8-bit field shall be set to '0x04', '0x05', or'0x08', in case of an ISO_IEC 14496 section. A valu
an [SO_IEC 14496 section that carries ans ISO/IEC 14496-1 scene description stream. A value
an ISO_IEC 14496 section that carrigs~an ISO/IEC 14496-1 object descriptor stream. A value
in [SO_1IEC 14496 _section that carries other ISO/IEC 14496 streams.

yntax_indicator — This 1-bit field*shall be set to '1".
hdicator — This 1-bit field shall not be specified by this Specification.

| 14496_section_length\> This 12-bit field shall specify the number of remaining bytes in th
1y following the ISO_IEC 14496 _section_length field up to the end of the ISO_IEC 14496 _section.
d shall not exceed4093 (0xFFD).

extension < Fhis 16-bit field shall not be specified by this Specification; its use and value are defir

version_numben— This 5-bit field shall represent the version number of the Object Descriptor Table or Scene D

Table resj

E of '0x04'
of '0x05'
of '0x08'

e section
The value

ed by the

escription

ectively. The version number shall be incremented by 1 modulo 32 with each new version of the tabl

e. Version

control 1s

at the discretion of the application.

current_next_indicator — This 1-bit field shall be set to 1.

section_number — This 8-bit field shall represent the number of the ISO_IEC 14496 section. The section_number field
of the first ISO_IEC 14496 section of the Object Descriptor Table or the Scene Description Table shall have a value
equal to 0x00. The value of section_number shall be incremented by 1 with each additional section in the table.

last_section_number — This 8-bit field shall specify the number of the last section of the Object Descriptor Table or
Scene Description Table of which this section is a part.

PMT_has_SL _descriptor(current_PID) — A pseudo function that shall be true if an SL descriptor is contained in the
descriptor loop in the Program Map Table for the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program element that conveys
this ISO_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
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ving notation is u§ed in Figure 2-5 and its description:
TB,.Sis the transport buffer.
MB;* is the multiplex buffer for FlexMux stream n or for SL-packetized stream n.
FB., is the FlexMux buffer for the elementary stream in FlexMux channel p of FlexMux st
DBy, is the decoder buffer for the elementary stream in FlexMux channel p of FlexMux strg
DB, is the decoder buffer for elementary stream n.
Dy, is the decoder for the elementary stream in FlexMux channel p of FlexMux stream n.
D, is the decoder for elementary stream n.
Rx, is the rate at which data are removed from TB,.
Rbx, is the rate at which data are removed from MB,,.
Anp(j) 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.

t(i) indicates the time in seconds at which the ith byte of the transport stream enters the system target
decoder.

2.11.3.9.2 Processing of FlexMux streams

Complete|transport stream packets containing data from FlexMux stream n are passed to the transport buffer fof FlexMux
stream n, [[B,. The size of TB, is fixed at 512 bytes. All bytes that enter TB, are removed from TB, at'a rate Rx,| specified
by the TH leak rate field in the MultiplexBuffer descriptor associated with FlexMux stream n., When there is no data in
buffer TBy, rate Rx, is equal to zero. Duplicate transport stream packets are not delivered to MB.

In case off carriage in PES packets, the PES packet header and payload data bytes are delivered to buffer MB {; all other
bytes leaving TB, do not enter MB,, and may be used to control the ,system. In case of cqrriage in
ISO _IEC| 14496 sections, the section header, payload and CRC-32 data bytes are délivered to buffer MBy; all dther bytes
do not enter MB,, and may be used to control the system. In either case, the(size of MB,, shall be specified by the
MB_buffgr size field in the MultiplexBuffer descriptor.

The FlexMux Stream packet bytes in buffer MB,, are all delivered to their associated FlexMux buffer at the ratg specified
by the field fmxRate encoded in the FlexMux stream and in compliane¢$vith the FlexMux buffer model defined in 11.2.9
of ISO/IE[C 14496-1. Only FlexMux packet payload data bytes inFlexMux channel p of FlexMux stream n enter buffer
FByp. FleyMux packet header bytes in FlexMux channel p of FlexMux stream n are discarded and may be used|to control
the systenh. The rate specified by the fmxRate field shall be applicable for all FlexMux packets in the stream immediately
following|the FlexMux Clock Reference channel packet up’to the next encountered FlexMux Clock Referende channel
packet. When there is no FlexMux stream data present insM By, no data is removed from MB,. Bytes from the PES packet
header or| from the ISO_IEC 14496 section header.that immediately precede a FlexMux header are instarjtaneously
removed and discarded and may be used to controlithe system. Bytes from the ISO _IEC 14496 section CR(-32 fields
that immediately follow the last FlexMux Stream packet in the section payload are removed instantaneously and|discarded
and may Qe used to verify the integrity of the data. Bytes from the FlexMux Clock Reference channel are instarjtaneously
removed @nd discarded and may be used to,lock the ISO/IEC 14496 object time base to the STC. When there [is no PES
packet or pection payload data bytes, t€spectively present in MB,, no data is removed from MB,,. All data that epters MB,,
leaves it. All PES packet payload bytes of stream n enter the FlexMux demultiplexer instantaneously upon leaying MB,.

2.11.3.9.3 Definition of FlexMux Buffer, FBnp

For each ghannel p of a FlexMux stream n, the size of FlexMux buffer FBy, is defined using the FmxBufferSize descriptor.
FlexMux packet paylpadbytes are transferred from buffer FB,, to decoder buffer DBy, in compliance with thd FlexMux
buffer mqdel defingdyin 11.2.9 of ISO/IEC 14496-1. Only SL packet payload bytes in FlexMux channel p of| FlexMux
stream n ¢nter buffer DB,,. The SL packet header bytes in FlexMux channel p of FlexMux stream n are discprded and
may be uged,to.control the system.

2.11.3.9.4—Processing of SE=packetized-streamns

Complete transport stream packets containing data from SL-packetized stream n are passed to the transport buffer for SL-
packetized stream n, TB,. All bytes that enter TB, are removed at a rate Rx,, specified by the TB_leak rate field in the
MultiplexBuffer descriptor. When there is no data in buffer TB,, rate Rx, is equal to zero. Duplicate transport stream
packets are not delivered to MB;,.

In case of carriage in PES packets, the PES packet header and payload data bytes are delivered to buffer MB,; all other
bytes leaving TB, do not enter MB,, and may be used to control the system. In case of carriage in
ISO _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.

2.11.3.9.5 Buffer management

Transport streams shall be constructed so that conditions defined in this subelanse are satisfied

TB, shall|not overflow and shall be empty at least once every second. MB,, shall not overflow. FB,, shall\netfoverflow.
DB, and DB, shall neither underflow nor overflow. Underflow of DBy, occurs when one or more bytes,ef)an dccess unit
are not prgsent in DBy, at the decoding time associated with this access unit. Underflow of DB, occuts when orje or more
bytes of ah access unit are not present in DB, at the decoding time associated with this access unit.

2.11.3.10 Carriage within a transport stream

2.11.3.10J1  Overview

A transpoft stream may contain one or more programs, each described by a ProgramiMap Table. ISO/IEC 14496 content
can be conveyed in addition to the already defined stream types for such a program. Elements of the ISO/IEC 14496
content njay be conveyed in one or more Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program elements referepced by a
unique PID value within a transport stream. As a special case, it is possible that a program within a transprt stream
consists only of ISO/IEC 14496 program elements. ISO/IEC 14496 content associated with a program and carfied in the
transport stream shall be referenced in the Program Map Table of that program. An initial object descriptor shqll be used
to define an ISO/IEC 14496-1 scene; the use of this descriptor is specified in 2.11.3.10.2.

Carriage ¢f ISO/IEC 14496 content in a PID is signalled by‘a’stream_type value of 0x12 or 0x13 in the Program Map
Table in gssociation with that PID value. A value of 0x12 indicates carriage in PES packets. The stream_id fleld in the
PES packlet header signals whether the PES packet contains a single SL packet or a number of FlexMux packets. A
stream_type value of 0x13 in the Program Map Tabl¢' indicates that the program element carries an object |descriptor
stream or p BIFS-Command stream contained in seetions. In this case the table id in the section header indicatds whether
an object|descriptor stream is carried in the sections or a BIFS-Command stream. See also Table 2-106. The section
contains dither a single SL packet or a number of FlexMux packets, as indicated by the presence of an SL descfiptor or a
FMC degcriptor respectively in the deScriptor loop of the Program Map Table for the Rec. ITU-T [H.222.0 |
ISO/IEC ]3818-1 program element thatycarries the sections. When ISO/IEC 14496 content is carried, the SL descriptor
and the FMC descriptor shall specify,the ES_ID for each encapsulated ISO/IEC 14496 stream. When the assignment of
ES_ID vajues changes, the Progtram'Map Table shall be updated and the version number of the PMT shall be in¢remented
by 1 modjilo 32. An example'of’a content access procedure for ISO/IEC 14496 program components within g transport
stream is given in Annex R.

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

Encapsulation in
Stpuackets

Carriage in PES packets

Carriage in ISO_IEC
14496 sections

Stream_type = 0x12 Stream id ='1111/1010'

Table_id = 0x05

Stream_type = 0x13
ISO/IEC 14496-1
object descriptor

streams

Encapsulation in

SL packets followed by
Multiplex into FlexMux
packets

Carriage in PES packets

Stream_type = 0x12

Stream id ='1111 1011

Carriage in ISO_IEC_
14496_sections

Stream_type = 0x13

Table_id = 0x05

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
packets

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

14496 streams SL packets

ISO/IEC | Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream id ='1111

1010'

Encapsulation in Carriage in PES packets | Stream_type = 0x12 Stream id ='1111
SL packets followed by
Multiplex into FlexMux
packets

1011'

2.11.3.10.

2 Initial Object Descriptor

In case of carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496-1 initial object descriptor serves as the initial access

point to a
descriptof
the scene
form part
Identifica

2.11.3.11
Figure 2-4

loop immediately following the program_info length field in the Program Map Table of the progra:
is associated. It contains ES Descriptors identifying the scene description and object descripton.st

ion of streams is done by means of ES_IDs as specified in clause 8 of ISO/IEC 14496-1.

P-STD Model for 14496 content
shows the STD model when ISO/IEC 14496 systems data are carried in a programy’stream.

_____________________________

(see ISO/IEC 14496-1) |

]
A
| Program stream |
! demultiplexing |
I 1

H.222.0(12

Figure 2-6 — P-STD model for ISO/IEC 14496 Systems stream

The folloWwing’notation is used in Figure 2-6 and its description:

130

B, s the input buffer for FlexMux stream n or for SL-packetized stream n.

prm e AL \
' FlexMux buffer model EMN C (k)

> te,, (k)

11 associated streams. The initial object descriptor shall be conveyed in the IOD descriptor located in the

to which

eams that
of this program. It may also contain ES_Descriptors identifying one or more associated IPMP, or O]l streams.

12(K)

£12(k)

Im (k)

:lm(k)

a(K)

L ()

_F2-6

FByp, is the FlexMux buffer for the elementary stream in FlexMux channel p of FlexMux stream n.

DBy, is the decoder buffer for the elementary stream in FlexMux channel p of FlexMux stream n.

DB, is the decoder buffer for elementary stream n.
Dy is the decoder for elementary stream in FlexMux channel p of FlexMux stream n.

D, is the decoder for elementary stream n.

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() 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.

t(i) indicates the time in seconds at which the ith byte of the program stream enters the system target
decoder.

2.11.3.11J1  Processing of FlexMux streams

At the input of the STD each byte in the payload of PES packets carrying a FlexMux streanmyn’is transferred
instantandously to buffer B,. The i-th byte enters B, at time t(i). PES packet header bytes do not enter buffer Bf, and may
be used tq control the system. The size of By, is specified by the P-STD buffer size field in the héader of the PES packet
that carrids stream n.

The FlexMux stream packet bytes in buffer B, are all delivered to their associated FlexMux-buffer at the ratd specified
by the field fmxRate encoded in the FlexMux stream and in compliance with the FlexMux buffer model defined in 11.2.9
of ISO/IE[C 14496-1. Only FlexMux packet payload data bytes in FlexMux channel'p of FlexMux stream n enter buffer
FByp. FleyMux packet header bytes in FlexMux channel p of FlexMux stream n afe,discarded and may be used|to control
the systerh. The rate specified by the fmxRate field shall be applicable for allLFlexMux packets in the stream| up to the
next encquntered FlexMux Clock Reference channel packet. Bytes fromithe FlexMux Clock Reference ciannel are
instantandously removed and discarded and may be used to lock the ISO/FEC 14496 object time base to the STC. When
there is n¢ PES packet payload data present in By, no data is removed-from B,. All data that enters B, leaves if. All PES
packet payload bytes of stream n enter the FlexMux demultiplexer(instantaneously upon leaving By.

2.11.3.112  Definition of FlexMux Buffer, FBnp

For each ¢hannel p of a FlexMux stream n, the size of FlexMux buffer FB,;, is defined using the FmxBufferSize descriptor
if a Program Stream Map is present in the program stream. FlexMux packet payload bytes are transferred frpm buffer
FBnp to d¢coder buffer DBy, in compliance with the ElexMux buffer model defined in 11.2.9 of ISO/IEC 14496-1. Only
SL packet payload bytes in FlexMux channel p ef FlexMux stream n enter buffer DBy,. The SL packet headgr bytes in
FlexMux hannel p of FlexMux stream n are'discarded and may be used to control the system

2.11.3.113  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 tfansferred
instantandously to buffer B,. The i:th byte enters B, at time t(i). PES packet header bytes do not enter buffer Bf, and may
be used tq control the system.(The size of B, is specified by the P-STD_buffer size field in the header of the PES packet
that carrigs stream n. The SL*packetized stream bytes in buffer B, are delivered to the decoder buffer DB, ft the rate
specified py the field instantBitRate encoded in the SL-packetized stream and in compliance with the Systenh Decoder
Model defined in 7.4%FISO/IEC 14496-1. The rate specified by the instantBitRate field shall be applicable fpr all data
bytes in the SL-packetized stream up to the next encountered instantBitRate field. When there is no PES pack¢t payload
data presgnt in/By, no data is removed from B,. All data that enters B, leaves it. All bytes of stream n enter buffer DB,
mstantanously upon leavmg Bn, with the exceptlon of the SL packet headers. Bytes from the SL packet headers do not

e eDB of the

DecoderConﬁgDescrlptor defined in ISO/IEC 14496-1.

2.11.3.11.4  Buffer management

program streams shall be constructed so that B, does not overflow. FBy, shall not overflow. DB, and DB, shall neither
underflow nor overflow. Underflow of 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 case of carriage of an ISO/IEC 14496-1 scene, the ISO/IEC 14496 initial object descriptor serves as the initial access
point to all associated streams. If a Program Stream Map is present in the program stream, the initial object descriptor
shall be [conveyed in the IOD descriptor that is locafed in the descriptor loop immediately folldwing the
program ptream_info length field. It contains ES Descriptors identifying the scene description and object’Hescriptor
streams of the scene that form part of this program. It may also contain ES_Descriptors identifying one prmore gssociated
IPMP or QCI streams. Identification of streams is done by means of ES_IDs as specified in clause 8. 6f1SO/IHC 14496-
1. In a prqgram stream, the initial object descriptor may also be conveyed by private means.

2.12 Carriage of metadata

2.12.1 |Introduction

A Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream can carry metadata. The format of'the metadata may be defingd by ISO
or by any|other authority. This subclause defines how to carry the metadata; transport mechanisms are defined fas well as
metadata |related-signalling, the applied metadata timing model and exténsions of the STD model for defoding of
metadata.

A metadafa service is defined to be a coherent set of metadata of the.same format delivered to a receiver for|a specific
purpose. Metadata services are contained in metadata streams; cach metadata stream carries one or more{ metadata
services. This Specification assumes the notion of metadata Acoess Units within a metadata service. The defipition of a
Metadata |Access Unit is metadata format specific, but eachrmetadata service is assumed to represent a concatgnation (or
a collectign) of metadata Access Units.

When trafsporting a metadata service over a Rec, IFU-T H.222.0 | ISO/IEC 13818-1 stream, a unique metaddta service
id is assigned to each such service. A metadata setvice id references uniquely a metadata service among all thd metadata
services ajailable on the same transport or program stream, and not unique solely within a metadata stream. Th¢ metadata
service idpntifier is used to retrieve the metadata service and all the information needed to decode it.

Decoding| of metadata may require the availability of decoder configuration data. If a metadata service carried in a
Rec. ITUIT H.222.0 | ISO/IEC 13818-1 stream requires decoder configuration data for decoding, then this| metadata
decoder cpnfiguration data shalkbg carried within the same program of the same Rec. ITU-T H.222.0 | ISO/IEC 13818-1
stream.

Subclausq 2.12.2 discussés, metadata timing, while 2.12.3 provides an overview of tools that are defined for trpnsport of
metadata pver a Rec. {PU-T H.222.0 | ISO/IEC 13818-1 stream. The use of available transport tools is specified in 2.12.4
up to 2.12.8, and 2(12)9 specifies metadata related signalling. Finally, the STD model for metadata decoding i specified
in2.12.14.

Since mapy forms of metadata may be carried, it is essential to signal both the precise format and encoding of the
metadata, dlld th bCIIldIlLiL IIlCdIlillg th lIlCdede COLIVCOYS. TilC fUlIIlCI ib biguaﬂcd by LhC IIlClddde fUlIIld.l, Whlle 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.

Content time line as

Metadata timing L
=’ specified in the

transport agnostic NI[T » metadata (format is
metadata specific:
A/V content UTC, SMPTE, )
’, .
/ Production SN B
_______ LAY SR N Ny S
7 Transport J N AN
’ 4 AY N
A/V content (1) A/V content (2)

Delivery time

» line (STC)
Receiver congenf
RT time line (sin'gl
format)

H.222/0(12)_F4-7

Figure 2-7 — Timing model for delivery of content and metadata

Metadata fis associated with the audiovisual content, usually in a transport agnostic way, at production or any dther stage
prior to transport. Where needed, time information is embedded in the metadata to indicate for example specific|segments
within thq content, using the metadata content time line used in the metadata. For)example UTC or SMPTE tjme codes
may be uged. The time line format is independent of any time code that may-0r’thay not be embedded in the ajdiovisual
stream itsglf. For example, the metadata time line may utilize UTC, while SMPTE time codes are embedded in| the video
stream.

The folloying requirements shall be met for each metadata streams
*  no time discontinuities shall occur in the metadata.content time line;
* the metadata content time line shall be locked to the sampling clock of the content;

g each time reference in the metadata stream refers to the same metadata content time line.

At transpqrt, a transport-specific timing is associatedwith the content; this is the delivery time line. In the case of transport
over a Ref. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the delivery time line is provided by the System Time {lock, the
STC. The| content may be delivered as a contiguous piece of information, but it is also possible to interrupt the delivery
of the coftent, for example in the case of-news-flash interruptions of a program; in such and other cases|time line
discontimjities may occur.

When tinje references are used in the metadata, in the System Target Decoder (STD) these time references|are to be
associated unambiguously withStime values in the received content. To achieve this, a receiver content tifne line is
required. [The STC can be used.as the receiver content time line, but due to STC discontinuities that may occug, the STC
does not jnecessarily offer an unambiguous time association. Therefore the NPT (Normal Play Time) confept from
ISO/IEC [13818-6 DSM=EC is also available for use as the receiver content time line. In any playback modg, such as
normal, r¢verse, slow motion, fast forward, fast backward and still picture, the NPT provides an unambigjious time
association, independent of STC discontinuities, and independent of insertions of other content. Note that a new
NPT _reference_descriptor needs to be transmitted when the STC rolls over.

To maintainihe accurate time references from metadata to the content information is needed how to map metadata
time, MT, defined on the metadata content time line to the corresponding receiver time, RT, of the receiver content time
line. This is achieved by providing the offset in time (in 90-kHz units) between the metadata content time line and the
receiver content time line. The offset is provided in the content labelling descriptor. The offset conveys the value of the
metadata time base at the instant in time at which the receiver content time base reaches a specified value. See also
Figure 2-7.

The timing in metadata systems may refer to a specific picture or audio frame, for example using SMPTE time codes.
The offset in time between the metadata content time line and the receiver content time line is expressed in units of
90 kHz, and consequently the metadata time reference will translate into a 90-kHz value in receivers. To accommodate
for inaccuracies, receivers shall assume that when reference is made to a picture or audio frame the closest match shall
be used. For example, the translated 90-kHz metadata time reference shall be matched with the picture or frame whose
PTS value is closest to the translated value.
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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.

Metadata 1 Metadata 2 Metadata 3

Metadat timiac Content time line as
) S onache specified 1n the
N/ T4 transport agnostic \V MT , metadata (format is
metadata specifie
A/V content | UTC, SMPTE())
/ 4 / . /7 \ N N
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» line (STC)
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— I = time line (single
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Figure 2-8 — Delivery of metadata in PES packets
2.12.3  |Options for transport of metadata

To acknoyvledge the very diverse characteristics of metadata, a variety of tools is defined to transport the metgdata over
aRec. ITU-T H.222.0 | ISO/IEC 13818-1 stream.

This Spedification defines two tools for synchronous delivery of the metadata:
*  carriage in PES packets;

*  use of DSM-CC synchrenized download protocol.

In additioh, this Specification definés.three tools for asynchronous delivery of metadata:
*  carriage in metadata sections;

* use of DSM-CC data carousels;

*  use of BSM-CC object carousels.

Note that|some of\the’asynchronous transport options support carousels and file structures. The choice of transport tool

depends dn thetequirements that apply to the delivery of the metadata, and the requirements of the tools, as degscribed in
the followling/subclauses.

Metadata may also be carried by private means such as PES packets with stream id value 0xBD or OxBF
(private_stream id 1 or private stream id 2) or private sections. This Specification does not specify how to use private
means for carriage of metadata, but allows for signalling of such metadata using the descriptors defined in 2.6.56 up
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

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


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

ISO/IEC 13818-1:2015 (E)

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 sequence counter to identify loss of metadata AU cells. Each metadata Access Unit is carried and, if appropriate,
fragmented in one or more metadata AU _cells. In each PES packet that carries metadata, the first PES packet data byte
shall be tHe Tirst byte of a Metadata_ AU _cell. For each metadata Access Unit contained in the same PES pack%, the PTS

in the PE$ header applies. The PTS signals the time at which the metadata Access Units are decoded instantangously and
removed from buffer B, in the STD. Note that the relationship between a decoded metadata Access Unitiand a
content is|beyond the scope of this Specification.

diovisual

A PES pafket may contain a single metadata AU cell. This is useful if a metadata Access Unif.does not fit info a single
PES packpt, in which case the fragmentation of the metadata Access Unit is handled by the metadata AU cell

When metadata is carried by PES packets in a program stream, and if a Program Stream Map is applied in that program
stream, thien the Program Stream Map shall specify which PES packets contain the associated metadata.

2.12.4.1 Metadata Access Unit Wrapper

The metadlata Access Unit Wrapper shall be used when carrying metadata Access Units in PES packets with a stfeam_type
of 0x15 and a stream_id value of 0xFC or in synchronized DSM-CC download sections of stream_type 0x19. The wrapper
defines a|structure consisting of a concatenated number of Metadata AU cells. By coding the size of the [contained
metadata |in each metadata AU cell, metadata agnostic parsing¢is possible in receivers: the parser can retrieve the
metadata |and provide it to a metadata decoder without a priori knowledge on any detail of the metadata. The
Metadata| AU _cell shall be aligned with the transport; that\is the first byte of the payload of the PES [packet or
synchronized DSM-CC download section shall be the first byte of a Metadata AU cell.

If a metadata Access Unit does not fit entirely into\a“metadata AU cell, then the metadata Access Unif shall be
fragmentqdd into multiple metadata AU _cells, where the fragmentation_indication in each such metadata AU _cgll signals
that the mjetadata_ AU _cell contains a fragment.

To each Metadata AU _cell that is contained inthe same PES packet or synchronized download section, the PT$ as coded
in the heafler of the PES packet or synchrénized 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
h
}

metadata_service_id: This 8-bit field identifies the metadata service associated with the metadata Access/Ufit carried
in this mefadata AU cell.

sequence| number: This 8-bit field specifies the sequence number of the metadata AU _cell. This number incrgments by
one for egch successive metadata AU _cell constituting the metadata AU_wrapper, independent, of the codegl value of
the metadpta_service id.

cell_fragment_indication: This 2-bit field conveys information on the metadata ,Access Unit carried in this
metadata |AU_cell, corresponding to Table 2-109.

Table 2-109 — Cell fragment indication

Value Description
11 A single cell carrying a complete metaddta 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 cellswith data from one metadata Access Unit.
00 A cell from a series of cells with-data from one metadata Access Unit, but neither
the first nor the last one.

random_fpccess_indicator: This 1-bit field, when coded with the value 'l', indicates that the metadata carrfed in this
metadata |AU_cell represents an entry point to the;métadata service where decoding is possible without informgtion from
previous metadata AU _cells. The meaning of a random access point is defined by the format of the metadata.

decoder_ponfig_flag: This 1-bit field signals the presence of decoder configuration information in the carried metadata
Access Unit. Note that this does not preclude the presence of metadata in the Access Unit next to decoder conffiguration
data.

AU_cell_fdata_length: This 16-bit field specifies the number of AU cell data bytes immediately following.

AU_cell_data_byte: This 8-bjt field contains contiguous bytes from a metadata Access Unit.

2.12.5 |Use of the DSM-CC synchronized download protocol to transport metadata

For synchfonized transport, in addition to PES packets, the DSM-CC synchronized download protocol can be uged. When
using syn¢hroriized DSM-CC download sections to transport the metadata, the Metadata Access Unit Wrapper defined in
2.12.4.1 shall’be used as the tool to encapsulate metadata Access Units. This allows random access indicatipn, whose

1 | oty ot 4]l tadat e | 11l 4 VS | S | £ tadat AL
meanll’lg UCPTITaS U tiCTOTITIAT UT T T tatrdtd,—ara CUIT SUHUTTIC T COTITIC I TO TACIIUT y - TOSS OT HIvtatata—7 Yo CeHS In

each DSM-CC synchronized download section that carries metadata, the first byte of the payload shall be the first byte of
a Metadata AU cell. For each metadata Access Unit contained in the same DSM-CC synchronized download section,
the PTS in the section header applies. The PTS signals the time at which the metadata Access Units are decoded
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.

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


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

ISO/IEC 13818-1:2015 (E)

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 Mnemonic
Metadata—section() {

table_id 8 uimsbf
section_syntax_indicator 1 bslbf:
private_indicator 1 bslbf
random_access_indicator 1 bsibf
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

}

table_id:[The table id is an 8-bit field that shall be set to '0x06"for each metadata section.
section_syntax_indicator: This 1-bit field shall be set to '1%
private_ipdicator: This 1-bit field is not specified by:this Specification.

random_pccess_indicator: This 1-bit field, when\Coded with the value 'l', indicates that the metadata carrfed in this
metadata pection represents an access point to the metadata service where decoding is possible without informgtion from
previous metadata sections. The meaning of a random access point is defined by the format of the metadata.

decoder_ponfig flag: This 1-bit field;"when coded with the value '1', indicates that decoder configuration infofmation is
present in|the metadata Access Unit.carfied in this metadata section.

metadata section_length: This\12-bit field shall specify the number of remaining bytes in the section immediately
following| the metadata section length field, and including the CRC. The value of this field shall ngt exceed
4093 (OxHFD).

metadata service idxThis 8-bit field identifies the metadata service associated with the metadata Access Uit carried
in this mefadata séction. Each Metadata Table may contain metadata from multiple metadata services.

section_fragiment_indication: This 2-bit field conveys information on the fragmentation of the metadata Afcess unit
carried 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 specifies the number of the last section (that is, the section with the highest
section_number) of the complete Metadata Table of which this section is a part.

metadatd_byte: This 8-bit contains contiguous bytes from a metadata Access Unit.

CRC_32 This 32-bit field shall contain the CRC value that gives a zero output of the registers in the decoder flefined in
Annex A pfter processing the entire metadata_section.

2.12.7 |Use of the DSM-CC data carousel to transport metadata

The DSM-CC tools as defined in ISO/IEC 13818-6 for Data Carousels can be used if a carousel delivery medhanism is
required Without the need to express the hierarchical organization of the metadata strueture'in the transport mgchanism.
Informatipn on the carousel in which the metadata is contained, is included in the m¢tadata descriptor defined in 2.6.60
and 2.6.62. A specific stream_type value is assigned to signal carriage of metadata i the DSM-CC data caropsel. Note
that signalling of metadata services within a DSM-CC data carousel is required; but not defined by this Specification.

2.12.8 |Use of the DSM-CC object carousel to transport metadata

If a caroupel delivery mechanism is required with the capability to express the hierarchical organization of thq metadata
structure |n the transport, then the DSM-CC tools and file structdres”as defined in ISO/IEC 13818-6 for Usg¢r to User
Object Cdrousels can be used. These file structures provide the t0ols to structure the metadata as deemed appr¢priate for
efficient fjarsing of the metadata and for expressing the hierarchical organization of the metadata. Information [needed to
identify the carousel in which the metadata is contained,.is)included in the metadata descriptor defined in 3.6.60 and
2.6.61. THis may be the IOP:IOR() as defined in 11.3.1 and*5.7.2.3 of ISO/IEC 13818-6 DSM-CC. A specific stfeam_type
value is agsigned to signal carriage of metadata in the-DSM-CC object carousel. Note that signalling of metadata services
within a IDSM-CC object carousel is required, buthot defined by this Specification.

2.12.9 |Metadata-related signalling

Metadataqrelated signalling covers fourdistinct areas:

*  signalling of metadata services and streams;

*  signalling of content for use by a metadata system;
*  association of métadata to content; and

»  signalling-of decoder configuration data.

2.12.9.1 [Signalling of metadata services and streams

Carriage ¢f metadata is signalled by a stream_type value in the inclusive range between 0x15 and 0x19, specifyjing which
of the fivg méthods described in 2.12.4 to 2.12.8 is used to transport the metadata, and if appropriate, by a streamy_id value
of 0xFC indicating a metadata stream.

To uniquely identify a metadata service a metadata_service id value is assigned to each such service by the transport; the
assigned value shall be unique within the transport or program stream carrying the metadata service. If the metadata is
carried in PES packets with a stream_id of 0xFC, or in metadata sections, or in ISO/IEC 13818-6 synchronized download
sections, the assigned metadata_service id value is signalled explicitly in the header of the metadata AU cell or the
metadata section. If a ISO/IEC 13818-6 carousel is used to carry the metadata, then the signalling of metadata services is
left to the application. The metadata descriptor specifies the format of the metadata and provides information on the
decoder configuration data, and is linked to the metadata service by carrying information on the metadata service it is
associated with.

2.12.9.2 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
Specification, such as tables describing bouquets of broadcast services.

The metaflata pointer descriptor points from the content's context to the metadata service associated with thdt content.
The descrjiptor provides the value of the metadata service id that is assigned to the associated metadata servige, as well
as one or [more locations of the associated metadata. The location may for example be within the same, transpprt stream
as the confent, or within another transport stream, but also at a non-Rec. ITU-T H.222.0 | ISO/IEC 13818:1 stream location
such as the Internet.

2.12.9.4 [Signalling decoder configuration data

Decoding| of metadata may require the availability of metadata decoder configuration data. If needed] decoder
configurajion data shall be contained in one of the metadata services in <th¢”same program in fthe same
Rec. ITU{T H.222.0 | ISO/IEC 13818-1 stream as the metadata service. If decoder.configuration data is needed|to decode
a metadatp service, then the metadata descriptor either carries such data or provides the information on retrigval of the
decoder configuration data from the same or another metadata service. Ina ‘trahsport stream such other service can be
found by| searching in the PMT for a metadata descriptor with the),*metadata service id as specifigd in the
decoder_¢onfig metadata_service id field (and with the same metadata format and the same metadata application
format).

2.12.9.5 |Overview of metadata signalling

Figure 2-9 provides an example of metadata signalling, idéwhich a single program, the "content program", ¢arries the
content (dr essence) while the metadata is carried in a Separate program, the "metadata program". In this exgmple, the
metadata program and the content program exist on the'same transport stream.

INPMT i | Video
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with BEER S§E 2| =
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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 identifying a metadata pointer descriptor in the PMT by a receiver decoding the content program, the receiver
retrieves the metadata descriptor from the metadata program. If needed first the decoder configuration data is retrieved,
then the decoderisconfigured accordingty; after wiicihr the Tetadata service carr start being decoded:

2.12.10 |STD model for metadata

The STD jmodel specifies normative constraints on Rec. ITU-T H.222.0 | ISO/IEC 13818-1 streamsithat carry|metadata.
For decoding of metadata in the STD, the regular T-STD and P-STD models are applicable with buffer B,, inpyt rate Rx,
of the mefadata into B, and output rate Rietadata OUt 0f B and into Dinetadata , the metadata decoders See Figure 2-10.

Rxn - B Rmetadata »

metadata

H.222.0(12)_F2-10

Figure 2-10 — Metadata decoding in-the STD

The metaglata enters buffer B, at rate Rx,. In the P-STD, rate Rx,‘€quals the rate of the program stream. In the T-STD,
rate Rx, ip the rate out of TB, and equal to the rate defined by‘the metadata input leak rate field in the metddata STD
descriptoy). The size BS, of buffer B, is equal to the size defined in the metadata buffer size field in the metddata STD
descriptoi. In case of synchronous delivery, metadata decgding is instantaneous and controlled by PTSs. At de¢ode time,
that is wh¢n the STC equals the PTS, the associated metadata is removed instantaneously from B,. In case of asypchronous
delivery, the metadata is removed from B, at a rate’Rictadata €qual to the rate defined by the metadata_output|leak rate
field in thg metadata STD descriptor. Buffer B, shall not overflow.

Note that|the STD model defines constraints on the delivery of the metadata, without specifying any constraint on the
timing us¢d in the metadata.

2.13 Carriage of ISO 15938 data

2.13.1 |Introduction

Carriage ¢f metadata overia Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream as defined in 2.12 allows for carrigge of ISO
15938 data by appropriate coding of the metadata format field. In this subclause, for the purpose to transport ISO 15938
data, a spgcific instanee is defined. Carriage of ISO 15938 data shall meet each requirement defined in 2.12, but ih addition
the requirgments defined in this subclause shall apply for transport of ISO 15938 data.

2.13.2 lISO'15938 decoder configuration data

Decoding of ISO 15938 data requires the availability of decoder configuration data. Consequently, when ISO 15938 data
is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, then the metadata descriptor shall 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:

I L AN tclall faa st dals 14 NAL T Lot
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NOTE 2 — Rec. ITU-T H.264 | ISO/IEC 14496-10 requires that an access unit delimiter NAL Unit;.ff present, is
the first NAL Unit within an AVC access unit. Access unit delimiter NAL Units simplify the ability t¢ detect the
boundary between pictures; they avoid the need to process the content of slice headers, and.they are particularly
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 stream
shall be present within that AVC video stream.
NOTE 3 — Rec. ITU-T H.264 | ISO/IEC 14496-10 also allows delivery of SPS and PPS by external means. This

Specification does not provide support for such delivery, and therefore requires SPS and PPS to be carried within
the AVC video stream.

*  Each AVC video sequence that contains hrd parameters() with'the low delay hrd flag set t¢ '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 ufiderflow is allowed to occur in the STD|model; see

2.14.3 and 2.14.4. Setting the timing_info present flag to *l”ensures that the AVC video stream contains sufficient
information to determine the DPB output time and th&\CPB removal time of AVC access units, alsq in case of
underflow.

To provide display specific information such as aspect ratioyit'is strongly recommended that each AVC video stream
carries VI parameters with sufficient information to en§ure that the decoded AVC video stream can be [displayed
correctly by receivers.

When an AVC video stream conforms to one or mere’profiles defined in Annex G of Rec. ITU-T H.264 | ISO/IEC 14496-
10, the fol]lowing constraints additionally apply:

*  The AVC video sub-bitstream of SVC as defined in 2.1.78 shall be an element of a Rec. ITU-T| H.222.0 |
ISO/IEC 13818-1 programcand the stream_type for this elementary stream shall be equal to 0x1|B.

g For each SVC video sub-bitstream as defined in 2.1.79 that is an element of the same Rec. ITU-I H.222.0
| ISO/IEC 13818-1lyprogram, 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 yideo sub-
bitstream shall be present within the elementary stream carrying the SVC video sub-bitstream.

*  Inecachglementary stream with stream_type equal to 0x1F, exactly one VDRD drd nal_unit as defined 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 model

should include this VDRD drd nal unit in the buffer model as additional non-VCL NAL units. Th¢ 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 specified
in 2.14.3.5 and 2.14.3.6 respectively.

NOTE 6 — Currently the presence of TREF is only specified for elementary streams with stream_type equal
to Ox1F.

*  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.

NOTE — According to its definition in 2.1.84, an MVC video sub-bitstream or MVC base view subsbitstreqm does not
necessarily include view components for all view_id values included in one MVC view _id subsetifione or fnore views
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 directly
on V1, V3 is depending directly on V1 and V2, and V4 is depending directly on V2. Using such encoded [views, two
MVC sub-bitstreams M1 and M2 may be created as follows: M1 is associated withptheJoutput views V1 ahd V2, and
M2 with the output view V4. In this example, it is possible that only M1 and M2 are transmitted to a reg¢eiver, thus
sub-bitstream for V3 is not required to be transmitted since a combination of both-sub-bitstreams M1 and NI2 refers to
the set of views V1, V2 and V4, and can be decoded without the presence of V3.

*  Each view order index value shall be associated with exactly one MVC view_id subset.
NOTE 8 — This restriction greatly simplifies the re-assembly ofany decodable sub-bitstream.

*  WhenaRec. ITU-T H.222.0 | ISO/IEC 13818-1 progran¥inctudes more than one MVC video sub}bitstream
or more than one AVC video sub-bitstream of MVC(and at least one MVC video sub-bitstream, one or
more hierarchy descriptors as defined in 2.6.6 and 2¢6.7 shall be used to indicate the dependengies of the
related video sub-bitstreams. If more than one hierarchy descriptor is present for one elementafy stream,
the value of the syntax element hierarchy layer index shall be the same within the same elementary
stream. The syntax element hierarchy type-shall be set to the value 9 or 15.

NOTE - Provided an MVC video sub-bitstrgam B depends on video sub-bitstream A and this dependency
indicated using a hierarchy descriptor, further an MVC video sub-bitstream C depends on B and this deperldency is

also indicated using a second hierarchy descriptor, then this implicitly indicates a dependency of C on A afd no third
hierarchy descriptor is needed.

7}

*  The subset sequence parameter sets and picture parameter sets necessary for decoding an MVC yideo sub-
bitstream shall be presentwithin 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, gs defined
in 2.14.3.3, may precede all the NAL units of the same MV C view-component subset.
NOTE 9 —Afiany VDRD nal unit is included in any MVC view component subset, then the HRD m¢del should

include this VDRD nal unit in the buffer model as additional non-VCL NAL units. The NAL unit type 24 may
be uséd-in a different way by other specifications out of scope of this Specification.

*  All NAL units of a re-assembled AVC access unit shall be passed to the decoder in the order of INAL units
withifl 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 sulfj-bitstream,

these NAL units may require re-ordering to the order of NAL units within an access unit, as [defined in
Rec. TTU-T H.264 [ ISO/IEC 14496-10 betore access unit re-assembling.

*  The profile_idc and level idc indication in the 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:

e 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 2.14.3.3, may precede all the NAL units of the same MVCD view-component subset.

NOTE 12 —Ifany VDRD _nal unit is included in any MVCD view component subset, then the HRD model should

NOTE 13
NAL unit
ISO/IEC

2.14.2

Rec. ITU
16 stream

Tctode this VDRD Tttt i the buffer modeas additiomat o= v EE NAT tmits— The NAT umittypg 24 may be
used in a different way by other specifications out of scope of this Specification.

*  All NAL units of a re-assembled AVC access unit shall be passed to the decoder in the order of INAL units
within an access unit, as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10.

—If SEI NAL units are present in any MVCD view-component subset of an MVCD video sub-bitstr¢gam, these
5 may require re-ordering to the order of NAL units within an access unit, as defified*in Rec. ITU{T H.264 |
4496-10 before access unit re-assembling.

Carriage in PES packets

T H.264 | ISO/IEC 14496-10 Video is carried in PES packets as PESypacket data bytes, using ¢ne of the
| id values assigned to video, while signalling the Rec. ITU-T H.264 |1SO/IEC 14496-10 Video stream by means

of the assi

ned stream-type value in the PMT or PSM (see Table 2-34). The‘highest level that may occur in an AVC video

stream as|well as a profile that the entire stream conforms to should be signalled using the AVC video descri
AVC vidgo descriptor is associated with an AVC video stream, thenthis descriptor shall be conveyed in the
loop for tle respective elementary stream entry in the Program Map/Tdble in case of a transport stream or in th

btor. If an
descriptor
b Program

Stream Mpp, when PSM is present, in case of a program stream;This Recommendation | International Standargl does not
specify presentation of Rec. ITU-T H.264 | ISO/IEC 14496-10 streams in the context of a program.
For PES packetization, no specific data alignment consfraints apply. For synchronization and STD managenient, PTSs
and, whep appropriate, DTSs are encoded in the header of the PES packet that carries the Rec. ITU-T H.264 |
ISO/IEC [14496-10 video elementary stream data; For PTS and DTS encoding, the constraints and semantic$ apply as
defined in 2.4.3.7 and 2.7.
2.14.3 |STD extensions
2.14.3.1 [T-STD extensions
The T-ST|D model includes a transport buffer TB, and a multiplex buffer MB, prior to buffer EB, for decoding of each
AVC viddgo elementary streami n)conforming to one or more profiles defined in Annex A of Rec. ITU-T H.264| ISO/IEC
14496-10|video elementary\stteam n. See Figure 2-11.
t jthaccessunit | ! keth presentation unit [ |
| Tijansport stcgam’ | R | LR S
! dbmultiplexmg H \ \
'"'""'“““"" ALQ) . P,(k)
AN [ ] RX [y | R [Ep] @) AVC video [opg ]P0
', \J \‘ I n I I n I I n I n I nI
lI O i
i \ H.222.0(12) F2-11
t@) 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:

The CPB removal time of AVC access unit n is the instant in time indicated by DTS(n) where DTS(n) is

)]

2)

the DTS value of AVC access unit n.

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, MBx and EBn buffer management

The inputfto buffer TB, and its size TBS, are specified in 2.4.2.3. For buffers MB,, and EB,, and for the rate R¥
TB, and MB,, and the rate Rbx, between MB,, and EB, the following constraints apply for carriage of a RechI'TA
| ISO/IE(] 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 si
the NAL hrd parameters() carried in VUI parameters in the. AVC video stream.
hrd parameters() are not present in the AVC video stream, then the'cpb_size shall be the si
as 1200 x MaxCPB in Annex A of Rec. ITU-T H.264 | ISO/IEE ¥4496-10 for the level of
video stream.

Size MBS, of Buffer MB,:
MBS, = BSmux + BSon + 1200 x MaxCPB[level] — cpb_size
where BSoh, packet overhead buffering, is definedas:
BSon=(1/750) seconds x max {1200 x 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
Limits) in Rec. ITU-T'H.264 | ISO/IEC 14496-10 for the level of the AVC video stream, a|

where cpb_size is the size CpbSize[ cpb_cnt_minusl ] of the CPB for the byte stream format si
the NAL -hrd parameters() carried in VUI parameters in the AVC video stream.
hrd_parameters() are not present in the AVC video stream, then the cpb_size shall be the si
Max@PB~defined in Annex A of Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of
video!stream.

Rate. Rxy:

when there is no data in TB, then Rx, is equal to zero.

L, between
J-T H.264

onalled in
If NAL
re defined
the AVC

.1 (Level
nd

enalled in

If NAL
ze 1200 x
the AVC

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.

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 t

0 'l', 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:
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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,,

Removal of AVC access units from EB.

Each AVC access unit An(j) that is present in EB, is removed instantaneously at time tdn(j). Thd
time td,(j) is specified by the DTS or from the CPB removal time, as derived from informa
AVC video stream.

decoding
tion in the

STD delaly
The total felay of any Rec. ITU-T H.264 | ISO/IEC 14496-10 data other than AVC still picture data through the System
Target Ddcoders buffers TB,, MB,, and EB,, shall be constrained by td,(j) — t(i) < 10 seconds for all j, and all|bytes i in

AVC accgss unit Ay(j).

The delay of any AVC still picture data through the System Target Decoders-butfers TB,, MB,, and EB]
constraingd by td,(j) — t(i) < 60 seconds for all j, and all bytes i in AVC accessunit A,(j).

Buffer

Transp

NO

in Annpgx C of Rec. ITU-T H.264 | ISO/IEC 14496-10. The presence of this information can be signalled in a transport s{
the AV|C timing and HRD descriptor with thelhrd management valid flag setto'l". Irrespective of the presence of this i
complipnce of an AVC video stream to.the’T-STD ensures that HRD buffer management requirements for CPBn arg
each byte in the AVC video stream is delivered to and removed from CPB:x in the HRD at exactly the same instant in tir}

the

2.14.3.

The P-
Annex

followed py a buffér DPB,, (see Figure 2-12). For each AVC video stream n, the size BS, of buffer B, in the
defined by the R<STD_buffer size field in the PES packet header.

mpnagement conditions

ort| streams shall be constructed so that the following conditiofis\for buffer management are satisfied:
*  TB., shall not overflow and shall be empty at least.once every second.
g MB,, EB,, and DPB,, shall not overflow.

*  EB, shall not underflow, except when VUI'parameters are present for the AVC video sequenc
low _delay hrd flag setto 'l'. Underflow of EB, occurs for AVC access unit Ay(j) when one or 1}
of Ax(j) are not present in EB, at thed¢coding time tda(j).

TE[3 — An AVC video stream may carry information to determine compliance of the AVC video stream to the HRD, 4

bytg is delivered to and removyed from EBn in the T-STD.

2 |P-STD extensions

STP model for theidecoding of an AVC video elementary stream n conforming to one or more profiles
A pf Rec. ITUZITH.264 | ISO/IEC 14496-10 elementary stream includes a multiplex buffer B, and a d

L shall be

e with the
hore bytes

s specified
ream using
formation,
met when
he at which

defined in
ecoder Dy,
P-STD is

T ' _i-thaccessunit H 1 k-th presentation 1nit | '
Program stream | A | e e e — e
demultiplexing | \ \

A P,

N . AVC video K
h O H.222.0 -
! \ 1222.0(12)_F2-12
t(i) 3 O ;’
‘\\ O ’ll

Figure 2-12 — P-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 video

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

145


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

ISO/IEC 13818-1:2015 (E)

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
Target Decoders buffer B, shall be constrained by tda(j) — t(i) < 10 seconds for all j, and all bytes i in AVC access unit
Aq(j).

The delay|of any AVC still picture data through the System Target Decoders buffer B, shall be constrained\bytd.(j) — t(i)
<60 secohds for all j, and all bytes i in AVC access unit Ay(j).

Buffer mpnagement conditions
Program dtreams shall be constructed so that the following conditions for buffer management‘ase satisfied:
* By shall not overflow.

* B, shall not underflow, except when VUI parameters are present for'the’ AVC video sequenc¢ with the
low delay hrd flag set to '1' or when trick_mode status is true. Underflow of B, occurs for AYC access
unit A,(j) when one or more bytes of An(j) are not present in By-at.the decoding time td,(j).

2.14.3.3 |View and dependency representation delimiter NAL unit
See Tabld2-112.

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 ide 2 bslbf
nal_unit_type 5 bslbf
}

2.14.3.4 [Semantics of view andidependency representation delimiter NAL unit
forbidden _zero_bit  — shall be equal to 0x0
nal_ref _iflc “shall be equal to 0x0

nal_unit |type — shall equal to 0x18

2.14.3.5 [T-STD, extensions for SVC

The T-STDumodel described in 2.14.3.1 is applied if the received elementary stream is a video sub-bifstream of
stream_type 0x1B, i.e., only the AVC video sub-bitstream of SVC is received and decoded.

When there is a set of received 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 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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Elementary streams associated by hierarchy descriptor

EB,
Packets of Rx,, [RbX,,.,
PID,.,, —>| . MB,,., | DRB,.;, DR, G,
i with trefy (jpe) == td,
I Othml(jml) == tdn(jn)
O/_->| B H MB,., | DRB,., ’\o
DR (j,) with
dn(jn)
TS B |_.| MB |_ DRB o
(i) Demux _>| Access unit

re-assembling

O —===» Other PIDs H.222.0(12)_F2-13
Figure 2-13 — T-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10
Video with scalable video sub-bitstreams
The folloying additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-13 above.
ES, is the received elementary stream associated with dependency id valud.equal to n
ESH is the received elementary stream associated with the highest valie H of dependency id present in
the set of received elementary streams
I is an index to the re-assembled access units
in is an index to the SVC dependency representationsof* the elementary stream associpted with
dependency id value equal to n
DR,(jn) is the jo-th SVC dependency representation of-video sub-bitstream associated with depepdency id
value equal to n
AH() is the j-th access unit resulting from re-assembling (up to) the ju-th SVC dependency representations
with dependency _id value equal to H
tda(jn)  is the decoding time, measured in seceonds, in the system target decoder of the j,-th SVC d¢pendency
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 junit Au(j)
resulting from re-assembling (up to) the ju-th SVC dependency representations DRu(ju)
tref,(jn) is equal to the deocoding time value td,.i(jn-1) associated with the j,..-th SVC dg¢pendency
representation DR, i(jn-1), indicated by the TREF field of the PES header of the j,-th SVC d¢pendency
representation DRy(jn) of the same access unit
[TB, is the trangpott buffer for elementary stream associated with dependency id value equal to[n
[TBS, is the sizejof the transport buffer TB,, measured in bytes
MB, is the-multiplexing buffer for elementary stream associated with dependency _id value equgl to n
MBS, _ (is)the size of the multiplexing buffer MB,, measured in bytes
DRB7; N is the dependency representation buffer for elementary stream ES,
DRBS, is the size of dependency representation buffer DRB,, measured in bytes
EBH is the elementary stream buffer for all video sub-bitstreams
EBSu s the size of elementary stream buffer EBy, measured in bytes
Rx, is the transfer rate from TB, to MB;, as specified below
Rbx, is the transfer rate from MB, to DRB, as specified below
Carriage in PES packets

For 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
timing values, as DTS or CPB removal time, and PTS or DPB removal time, associated with the SVC dependency
representations of the video sub-bitstream in elementary stream ESy.

TBn, MB;
The folloy

EBrbuffer-management

ving applies:

There is exactly one transport buffer TB as defined in 2.14.3.1 for each received elementary strg
set of received video sub-bitstreams contained in elementary streams as shown in Figure 2-13.

There is exactly one multiplexing buffer MBy for the AVC video sub-bitstream of SVC in ¢
stream ESg, where the size of the multiplexing buffer MBS is constrained asfollows:

MBS = BSmux0+ BSono+ 1200 x MaxCPBJlevel]o — ¢pb jsizeo

where BSmux,0, BSoh, are defined in 2.14.3.1 for the AVC video sub-bitstream of SVC in element.
ESo;
where MaxCPB[level]y and cpb_size, for the elementary stream ES are defined as in 2.14.3.1.

NOTE 1 — If HRD parameters are present in at least one.0f’the video sub-bitstreams, those parameters
carefully handled in order to not unnecessarily increase, the multiplexing buffers allocation.

There is exactly one multiplexing buffer MByfor each received elementary stream associ
dependency id value not equal to 0, where the'size of each multiplexing buffer MBS, is cons
follows:

MBSn N BSmux,n + BSoh,n

where BSmux,n, BSoh,n are defined-in 2.14.3.1 for the AVC video stream resulting from re-assembl
the SVC video sub-bitstream, invelementary stream ES,,.

There is exactly one elementary stream buffer EBy; for all the elementary streams in the set o
elementary streams as shown in Figure 2-13, of which the size EBSy has the following value:

EBSH = cpb_sizen
where cpbusizen is the cpb_size for the SVC video sub-bitstream in elementary stream ESy

in 2.1473. 1 for the re-assembled AVC video stream.

There is exactly one dependency representation buffer DRB, for each elementary stream in
received elementary streams as shown in Figure 2-13, where each dependency representation bu,
i’ the set of received elementary streams is allocated within EBy. Even though the size |}

am in the

lementary

wry stream

have to be

ated with
trained as

ng (up to)

[ received

1s defined

the set of
ffer DRB,,
DRBS,, of

individual DRB. is not constrained, the sum of the sizes DRBS., is constrained as follows:

148

EBSy = Y, (DRBS,)

Transfer from TB, to MB, is applied as follows:

When there is no data in TB, then Rx, is equal to zero. Otherwise:

Rx, = bit_rate

where bit_rate is 1.2 x BitRate[ SchedSelldx ]| of data flow into the CPB for the byte stream 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.

Transfer from MB, to DRB; is applied as follows:
If the AVC timing and HRD descriptor is present with the hrd management valid flag set

to 'l' for

elementary stream ESy, then the transfer of data from 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
14496-10.

Otherwise, the leak method shall be used to transfer data from MB, to DRB,, as follows:
Rate Rbxy:

Rbx, = 1200 x MaxBR[level],

| ISO/IEC

where MaxBR[level], is defined for the byte stream format in Table A.1 (Level.L
Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC video stream resulting from're=a|
(up to) the associated video sub-bitstream n in elementary stream ES,. If there is PES packet pa
in MB,, and buffer EBy is not full, the PES packet payload is transferred from MB, toflDRB, at a
to Rbx,. If EBy is full, data are not removed from MB,. When a byte of data is_tfasferred fro
DRB,, all PES packet header bytes that are in MB,, and precede that byte are instantaneously ren
discarded. When there is no PES packet payload data present in MB,, no ddtayis removed from
data that enters MB,, leaves it. All PES packet payload data bytes enter DRB,, instantaneously up
MB,.

Access unit re-assembling and EB removal

The folloying specifies the access unit re-assembling that results in AVC agcess unit Ay(j):

)

Collect all SVC dependency representations DRy(jn) statting with the highest value of dependg
equal to H, to the lowest value of dependency _id n, equal to m, present in access unit Ay(j) folll
rule below:

*  For each two corresponding DRy+1(jy+1) and PR,(jy) of the SVC dependency representations
for access unit Ay(j), if TREEF field is present for DRy+1(jy+1), the TREF value of DRy+1(jy+1) t
shall be equal to the DTS value tdy(jy)0f DR,(jy), otherwise the DTS value of tdy+1(jy+1) of I
shall be equal to DTS value td,(jy).ef DR,(jy).

Assemble the SVC dependency representations in consecutive order of dependency id n startin
to 'H' for the j-th access unit Au(j). If SEI NAL units are present in any SVC dependency repr
with dependency id not equal te 0, these NAL units shall be re-ordered to the order of NAL u
an access unit as defined in{Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-assemi

NOTE 2 — The number)of SVC dependency representations for each access unit Au(j) may vary de

value of j. If m represents the lowest value of dependency id for access unit AH(j), then the co
assembled SVE:.dependency representations include DRm(jm), DRm+1(jm+1), ..., DRu(jn).

The folloying specifies the(removal of access unit Ax(j) from buffer EBy:

At time tdu(j)the*AVC access unit A(j) shall be re-assembled and available for removal from buffer
decoding timi€ tdx(j) is specified by the DTS or by the CPB removal time that is associated with
dependeney representations in elementary stream ESy, as derived from information in the re-assem
videg stream.
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the SVC
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STD delaly

The STD delay for re-assembled AVC access units shall follow the constraints specified in 2.14.3.1.

Buffer management conditions

Transport streams shall be constructed so that the following conditions for buffer management are satisfied:

Each TB,, shall not overflow and shall be empty at least once every second.
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.

Program
stream,

Elementary streams associated by hierarchy_descriptor

B

H

A 4

DRB -
o DRnﬂ (Jn+1)

\
with trefy1 (nr1) == td, (j,)
OR tdn+1(jn+1) == td, (4)
Ld D +
Vs RB, \ \
O

(k)

DR, (j,) with Au() Py
_1drs »| DRB n(in) tdyG) DPB |2
. n
t(1)[ Demux Access unif]
re-assembling]
O-4-=-- Other program streams H.222.0(12)_F21

Figure 2-14 — P-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10

Video with scalable video sub-bitstreams

The folloying additional notations are used to describe the P-STD exXtensions and are illustrated in Figure 2-14

ES,
ESH

in
DR(jn)
An()
tdn(jn)
tdu(j)

tref ufin)

is the decoded elementary stream associatedwith dependency id value equal to n

is the decoded elementary stream associated with the highest value H of dependency _id in
decoded elementary streams

is an index to the re-assembled acgéss units

is an index to the SVC dependency representations of the elementary stream associ
dependency id value equal-to n

)

14

above.

the set of

ated with

is the jo-th SVC dependency representation of video sub-bitstream associated with dependency id

value equal to n

is the j-th access unit resulting from re-assembling (up to) the ju-th SVC dependency repre]
with dependeney id value equal to H

is the deeoding time, measured in seconds, in the system target decoder of the j,-th SVC dg
representation of the video sub-bitstream associated with dependency id value equal to n

is¢the decoding time, measured in seconds, in the system target decoder of the j-th access
resulting from re-assembling (up to) the ju-th SVC dependency representations DRu(jn)

is equal to the decoding time value tdni(jn-1) associated with the jn.i-th SVC dg
representation DR,.1(jn-1), indicated by the TREF field of the PES header of the j,-th SVC dg

sentations

pendency

unit An(j)

pendency
pendency

Bu
BShH
DRB,
DRBS,

repnresentation DR .G ) of the same access unit
. g 1w ey

is the input buffer for all decoded video sub-bitstreams
is the size of the input buffer By, measured in bytes
is the dependency representation buffer for elementary stream ES,

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 o

fthe 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
timing values, as DTS or CPB removal time, and PTS or DPB removal time, associated with the SVC dependency
representations of the video sub-bitstream in elementary stream ESy.

Bu bufferrmanagement
The folloying applies:

Access unit re-assembling and B removal

The folloying specifies the access unit re-assembling that results in AVC access unit Ay(j):

W)

i)

The folloyingspecifies the removal of access unit Ay(j) from buffer By:

There is exactly one elementary stream buffer By for all the elementary streams in the set o
elementary streams as shown in Figure 2-14, where the size of BSy is defined by th¢ P-STD b
field in the PES packet header of elementary stream ESy.

There is exactly one dependency representation buffer DRB, for each clementary stream in
decoded elementary streams as shown in Figure 2-14, where each dependerncy tepresentation bu
in the set of decoded elementary streams is allocated within BSy. Even though the size DRBS,, of
DRB,, is not constrained, the sum of the sizes DRBS, is constrained.as‘féllows:

BSu =Y, (DRBS,)

where BSy is the size of the input buffer for the SVC yideo sub-bitstream in elementary stred
defined in 2.14.3.2 for the re-assembled AVC video stfeam.

Collect all SVC dependency representations DRy(jn) starting with the highest value of dependg
equal to H, to the lowest value of depefidency id n, equal to m, present in access unit Ay(j) folll
rule below:

*  For each two corresponding DRy+1(jy+1) and DRy(jy) of the SVC dependency representations
for access unit Ay(j), ifTIREF field is present for DRy+1(jy+1), the TREF value of DRy+1(jy+1) t
shall be equal to the DTS value tdy(jy) of DR(jy), otherwise the DTS value of tdy+1(jy+1) of I
shall be equal to DTS value tdy(jy) of DRy(jy).

Assemble the SV.Cldependency representations in consecutive order of dependency id n startin
to 'H' for the j+fh'access unit Au(j). If SEI NAL units are present in any SVC dependency repr|
with dependéngy id not equal to 0, these NAL units shall be re-ordered to the order of NAL ug
an access.unit as defined in Rec. ITU-T H.264 | ISO/IEC 14496-10 before access unit re-asseml

NOTE= The number of SVC dependency representations for each access unit Au(j) may vary dependi

of j! If m represents the lowest value of dependency id for access unit An(j), then the collected and
SVC dependency representations include DRm(jm), DRm+1(jm+1), ..., DRu(jn).

f decoded
uffer size

the set of
ffer DRB,
ndividual

m ESy as

ncy_id n,
owing the
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Fefy+1(yr1)
Ry+l(jy+l)

b from 'm'
esentation
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ling.

g on value
assembled

At time tdu(ju) the AVC access unit Au(ju) shall be re-assembled and available for removal from buffer B,. The
decoding time tdu(j) is specified by the DTS or by the CPB removal time that is associated with the SVC
dependency representations in elementary stream ESy, as derived from information in the 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.
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2.14.3.7

* 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).

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
when there is at least one of the MVC video sub-bitstreams in the set of received elementary streams having the value of
stream_type equal to 0x20, the T-STD model as described in 2.14.3.1 is extended as illustrated in Figure 2-15 and as

specified

Packets o
PID, |

below.

MYVC elementary streams associated to the same program

EB,

_.l

RXn m r)\bxn+m
TB, 1, [—15] MB, 1, [——"15|VSB,.,

n+m

VSnH (jnﬂ) with
tdn+1 (jnH) == tdn(.]n)

TB,, [—{MB, . | VSB,

]
)/"’l

f Vsn(jn) with All(j) 1:‘H (k)
(i j ()
478 > B, —{ MB, | VSB, n(in) o () DPB |—>tp“
) Demy Access unit
re-assembling
----- ¥ Qther PIDs H.222{0(12)_F2-15
Figure 2-15 — T-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 Video
with MVC video sub-bitstreams
The folloying additional notations are used to deseribe the T-STD extensions and are illustrated in Figure 2-15 above.

ES, is the received elementary‘stream associated with the n-th MVC video sub-bitstream, where n is the
index to the MV C view"1d subsets starting with value 0 for the MVC view_id subset contpining the
base view and ordesed according to the minimum view order index contained in each M[VC video
sub-bitstream

ESH is the received elementary stream associated with the H-th MVC video sub-bitstream which includes
the view components with the highest view order index present in all MVC video sub-bitgtreams of
received elementary streams

i is\an-index to the re-assembled access units

in is’an index to the MV C view-component subsets of the elementary stream ES, associated with the n-
th MVC video sub-bitstream

VSa(jn) s the jo-th MVC 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 subset
associated with ESy

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
is the elementary stream buffer for the AVC video sub-bitstream of MVC and all MVC video sub-

EBnu

bitstreams

EBSu s the size of elementary stream buffer EBy, measured in bytes

Rxx

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:

:2015 (E)

a PES packet per MVC view-component subset start shall be present, i.e., at most one MVC

view-component subset may commence in the same PES packet;

T 2 S

DPB buf

The DPB
timing va
subsets off

TB.,, MB
The folloy

ues,

ving

er management

buffer management for the re-assembled AVC video stream shall conform to 2.14.3.1cusing AVC a

the MVC video sub-bitstream in elementary stream ESy.

, EBn buffer management
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view-component subset.

as DTS or CPB removal time, and PTS or DPB removal time, associated with the MVC view-c¢

applies:

There is exactly one transport buffer TB, as defined in 2.14.3.1,for each received elementary str
set of received MVC video sub-bitstreams, including AVCvideo sub-bitstream of MVC, co
elementary streams as shown in Figure 2-15.

There is exactly one multiplexing buffer MB for the AVC video sub-bitstream of MVC in ¢
stream ESg, where the size of the multiplexing buffet MBS is constrained as follows:

MBS = BSmux+ BSono+ 1200 *MaxCPBJlevel]o — cpb_sizeo

where BSmux,0, BSoh,o are defined in 2.14.3.1 for the AVC video sub-bitstream of MVC in ¢
stream ESy.

where MaxCPB[level], 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 MVC video sub-bitstreams, those parar
to be carefully handled in©rder to not unnecessarily increase the multiplexing buffers allocation.

There is exactly one multiplexing buffer MB,, for each received elementary stream associated
order index value not equal to 0, where the size of each multiplexing buffer MBS, in the set 0|
elementary streamsis constrained as follows:

MBSn = BSmux,n + BSoh,n

where BSmux,n, BSoh,n are defined in 2.14.3.1 for the AVC video stream resulting from re-assen
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 o

ch MVC

ccess unit
pmponent

bam 1n the
htained in

lementary

lementary

heters have

with view
f received

bling (up

f received

elementary streams as shown in Figure 2-15. of which the size EBSy has the following value:

EBSu = cpb_sizen

where cpb_sizey is the cpb_size for the MVC video sub-bitstream in elementary stream ESy as defined in

2.14.3.1 for the re-assembled AVC video stream.

There is exactly one view component subset buffer VSB,, for each elementary stream in the set o

freceived

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 VSB; is

not constrained, the sum of the sizes VSBS,, is constrained as follows:

EBSH = Zn (VSBSn)
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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
stream ESy.

Transfer from MB,, to VSB,, is applied as follows:

elementary

Access unit re-assembling and EB removal

The folloying specifies the access unit re-assembling that results in AVC access unit Ay(j):

)

i)

If the AVC timing and HRD descriptor is present with the hrd management valid flag set
elementary stream ESy, then the transfer of data from MB,, to VSB,, shall follow the HRD_defing
for data arrival in the CPB of elementary stream ESy as defined in Annex C of Rec. ITU-T)H264
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

Rec. ITU-T H.264 | ISO/IEC 14496-10 for the level of the AVC'ideo stream resulting from re-a|
(up to) the associated MV C video sub-bitstream n in elementary stream ES,. If there is PES pack
data in MB,, and buffer EBy is not full, the PES packet payload is transferred from MB, to VSH
equal to Rbx,. If EBy is full, data are not removed from MB,. When a byte of data is transferred
to VSB,, all PES packet header bytes that are in MB/, and precede that byte are instantaneously
and discarded. When there is no PES packet paylead data present in MB,, no data is removed fj
All data that enters MB,, leaves it. All PES paeket payload data bytes enter VSB,, instantaneo
leaving MB,,.

Assemble the MV C view-compenent subsets for the j-th access unit Ax(j) following the rule be

to 'l' for
td scheme
| ISO/IEC

imits) in
ksembling
et payload
n at a rate
from MB,

removed
rom MB,.
usly upon

ow:

*  For each two correspehding MVC view-component subsets VSy+1(jy+1) and VSy(jy) collected for

access unit Ay(j),) where VS, is associated with a program element identifieq
hierarchy layer index indicated in the associated hierarchy descriptor, and VSy; ind
hierarchy Jayer index of VSy as the hierarchy embedded layer index in the hierarchy
associated 'with program element associated with VSy.1, the DTS value of tdy+1(jy+1) of |
shall be &qual to DTS value tdy(jy) of VS,(jy).

NOTE 3 — If no hierarchy descriptor is present, VSy is associated with the AVC sub-bitstream a
associated with the MV C sub-bitstream.

Tf SET NAL units are present in any MVC view-component subset with view order index not ¢
these NAL units shall be re-ordered to the order of NAL units within an access unit, as

by the
icates the
descriptor

JSy+1(jy+l)

hd VSy+1 is

qual to 0,
lefined in

Rec ITII.T H?264 ! ISQ/EC 14496-10_before access unit rp_nqqpmhling

The following specifies the removal of access unit Ay(j) from buffer EB,:

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.

*  EBuj shall not underflow, except when VUI parameters are present for the AVC video sequence

:2015 (E)

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:

* a PES packet per MVCD view-component subset start shall be present, i.e., at most one MVCD

view-component subset may commence in the same PES packet;

2.14.3.8

The P-ST
stream _ty]

When the
view orde
least one

equal to 0

(i

The folloy

e the PTS and, if applicable, the DTS value shall be provided in the PES header of €ac
view-component subset.

P-STD extensions for MVC

D model described in 2.14.3.2 is applied if the decoded elementary stream is_d\video sub-bit
pe 0x1B, i.e., only the AVC video sub-bitstream of MVC or MVC base view subrbitstream is decods

e is a set of decoded MVC video sub-bitstreams in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 program
r index values may be signalled in the MVC_extension_descriptor, as defined in 2.6.78, and when

index to the MVC view id subsets starting with value 0 for the MVC view _id subset cont

h MVCD

stream of
d.

L of which
there is at

of the MVC video sub-bitstreams in the set of decoded elementary streams having the value of stfeam_type
k20, the P-STD model, as described in 2.14.3.2, is extended as illustrated-in Figure 2-16 and as speciffed below.
MVC elementary streams associated with the same program
BH
P
rogram ‘m
stream,
VS i1 Upyy) Wit
N VSB tdn+l (jnH) N\ tdn(Jn)
I n+l .
VSiG,) with \ Ay () Putk)
i i tpf(k
PSo »| VSB, | 4,y ) 14,0) DPB p*(> )
Demux Access unit
re-assembling
----% Other program streams H.222.0(12)_F2-1]
Figure 2-16 — P-STD model extensions for Rec. ITU-T H.264 | ISO/IEC 14496-10 Video
with MVC video sub-bitstreams
ving additienal notations are used to describe the P-STD extensions and are illustrated in Figure 2-1¢ above.
ES, 1s the received elementary stream associated with the n-th MVC video sub-bitstream, wheye n is the

pining the

base view and ordered according to the minimum view order index contained in each MV

C view_id

subset

ESn is the received elementary stream associated with the H-th MVC video sub-bitstream which includes
the view components with the highest view order index present in all MVC view_id subsets of

received elementary streams

] is an index to the re-assembled access units

Jn

MVC view_id subset

is an index to the MVC view-component subsets of the elementary stream associated with the n-th

VSiu(jn) 1is the ja-th MVC view-component subset of the MVC video sub-bitstream associated with ES,,

Au() is the j-th access unit resulting from re-assembling (up to) the H-th MVC view-component subset

associated with ESy

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

in PES packets

For correct re-assembling of the MVC view-component subsets to an AVC access unit, the following applies:

DPB buf

The DPB
timing va
subsets of]

Ba buffer
The folloy

N
i

Access unit re-assembling and B removal

The folloy

RPEC lcat AV AV/al M 4 beat s lhaoll 1 4 : 4 4 M‘IC
a—T 0 PaCtRCt— pPeT vy © vICW=COTHPONCIT—StoSCr—Statt—Starr— oC— pProstne— T —at— oSt qne

view-component subset may commence in the same PES packet;

* the PTS and, if applicable, the DTS value shall be provided in the PES header\of egch MVC
view-component subset.

er management

buffer management for the re-assembled AVC video stream shall conform to 2;J4.8.1 using AVC afcess unit
ues, as DTS or CPB removal time, and PTS or DPB removal time, associated-with the MV C view-cpmponent
the MVC video sub-bitstream in elementary stream ESy.

management
ving applies:

*  There is exactly one elementary stream buffer By for<ll the elementary streams in the set of decoded
elementary streams as shown in Figure 2-16, where the)size of BSy is defined by the P-STD_bpuffer size
field in the PES packet header of elementary streamES.

*  There is exactly one view component subset buffer VSB, for each elementary stream in the set f decoded
elementary streams as shown in Figure 2-16£where each view component subset buffer VSB,, ir the set of
decoded elementary streams is allocated within BSy. Even though the size VSBS, of individugl VSB, is
not constrained, the sum of the sizes VSBS, is constrained as follows:

BSu =2 (VSBS,)
Vhere BS is the size of the input-buffer for the MVC video sub-bitstream in elementary stream ESy, ps defined

n 2.14.3.2, for the re-assembled"AVC video stream.

ving specifies the aceess unit re-assembling that results in AVC access unit Ay(j):

i) Assemble the MVC view-component subsets for the j-th access unit Au(j) following the rule beJow:

» Fof each two corresponding MVC view-component subsets VSy+1(jy+1) and VS,(jy) collected for
access unit Ay(j), where VS, is associated with a program element identified
hierarchy layer index indicated in the associated hierarchy descriptor, and VS, referen

the hierarchy _embedded layer index indicated in the hierarchy descriptor associated wit

tdy(jy) of VSy(jy).
NOTE - If no hierarchy descriptor is present, VSy is associated with the AVC sub-bitstream and VSy+1 is
associated with the MVC sub-bitstream.

ii) If SEI NAL units are present in any MVC view-component subset with view order index not equal to 0,

these NAL units shall be re-ordered to the order of NAL units within an access unit, as defined in Rec. ITU-
T H.264 | ISO/IEC 14496-10, before access unit re-assembling.

The 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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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.

Bu 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).

2.15 Carriage of ISO/IEC 14496-17 text streams

2.15.1 |Introduction

This subq
ISO/IEC

an element of an ISO/IEC 13818-1 program, as defined by the PMT in a transport stream and the PSM in

stream. The carriage and buffer management of ISO/IEC 14496-17 text streams is defined usifigiexisting param|
T H.222.0 | ISO/IEC 13818-1 such as PTS and DTS, as well as information from-the ISO/IEC 14496-17 text
r this purpose, clause 2.15.3 specifies the decoding of ISO/IEC 14496-17 streams within the T-STD and P-STD
models, uping the Hypothetical Text Decoder (HTD) defined in ISO/IEC 14496-17,

Rec. ITU
stream. F

When an|
ISO/IEC
ISO/IEC

Applicati
specified

or object ¢arousel as defined in ISO/IEC 13818-6.

2.15.2 [Carriage in PES packets

ISO/IEC ]4496-17 text streams are carried in PES packets, using one of the assigned 14 stream_id extension
the textFarmat field in TextConfig() is coded with the value 0x01, indicating Timed Text as specified in 3GPP 1
then the t¢xt stream consists of a concatenation of\3GPP Text Access Units in display order, whereby each Td

Units con
required;
byte of a
further nej
Access ur]

A PTS sh
shall refes
packet if
PES pack
and 7.4.5

2.15.3

3818-1 systems, both for program and transport streams. Typically, an ISO/IEC 14496-17\text streg

4496-17 coded data shall be contained in PES packets, as defined in-2.15.2. Information needed to d
4496-17 text stream is provided by the MPEG-4 text descriptor,specified in 2.6.70.

n Annex A.1 of ISO/IEC 14496-17. To transmit ISO/IEC14496-18 font streams, applications can ug

5ists of one or more so-called TTUs: For carriage in PES packets, alignment between PES packets an
.., the first byte in the payload:dfa PES packet carrying an ISO/IEC 14496-17 text stream shall b

ed for alignment; hence, the\first TTU in a PES packet may contain for example a non-first fragmenf
it or a Sample Descriptien.

11 be coded in the PES packet header of each PES packet carrying an ISO/IEC 14496-17 text stream|
to the first Text ‘Access Unit that commences in the PES packet. A Text Access Unit commences
h TTU[ 1] witlvascomplete text sample or the TTU[2] with the first fragment of a text sample is pre
bt. For identifying whether a TTU[2] carries the first or a subsequent text sample fragment, see claus
in ISO/IEE”14496-17.

STD extensions

2.15.3.1

T-STD extensions

lause defines the carriage of ISO/IEC 14496-17 eclementary text streams within Rec.' IFU-T |H.222.0 |

m will be

| program
eters from

ISO/IEC 14496-17 text stream is carried in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 stream, the

ecode the

ns that wish to transmit font streams as specified in ISOAEEC 14496-18, can reference the streamed fonts as

e the data

values. If
S26.245,
Xt Access
d TTUs is
e the first

TTU, which is the first byte ofithe TTU header specified in clause 7.4.2 in ISO/IEC 14496-17. There is no

of a Text

The PTS
in a PES
ent in the
es 7.3.2.2

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.

Rec. ITU-T H.222.0 (10/2014)
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[ i O Decoded 1
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Buffer

Hypothetical text decoder as defined in ISO/IEC 14496-17

1
. ; 1| decoder B 1
Mo ! —>| in-band-SD Buffer |—1
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Figure 2-17 — T-STD model extensions for ISO/IEC 14496-17 text streams
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Buffer anagement
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The rate H
at the inp
full and R|
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Each of th

2.15.3.2

The P-ST]
Hypothet]
buffer B,

Each of th

2.16

ISO/IEC
Rec. ITU-

BS, of TB, is equal to 512 bytes. For ISO/IEC 14496-17 text streams, the size BS, of B, is equal'to 4
XX, 1S equal to 2 000 000 bits/s. The rate Rbx, meets the delivery schedule defined for ISOAEC 1444

bx, = 0 if the textSampleBuffer is full, where R[profile, level] is defined as the profile and level spec
.8 of ISO/IEC 14496-17.

e following requirements shall apply:

- Buffer TB, shall not overflow.

—  Buffer B, shall not overflow.

—  Each HTD requirement specified in clause 7.7 of ISO/IEC 14496-17 shall be met.

P-STD extensions

D model for the decoding of an ISO/IEC 14496-17.text stream includes a multiplex buffer B, pi
cal Text Decoder defined in ISO/IEC 14496-17. Eor)éach ISO/IEC 14496-17 text stream n, the si
in the P-STD is defined by the P-STD_buffer size>field in the PES packet header.

e following requirements shall apply:
—  Buffer B, shall not overflow.
—  Each HTD requirement specified\in clause 7.7 of ISO/IEC 14496-17 shall be met.

Carriage of auxiliary video.streams

03002-3 specifies auxiliary video streams. ISO/IEC 23002-3 auxiliary video streams can be ca
T H.222.0 | ISO/IEC_13818-1 streams as follows:

* in Table 2-27, |6'stream-id_extension values are assigned to signal auxiliary video streams;
* in Table2-34, one stream-type value is assigned to signal an auxiliary video stream;
* in Table 2-45, one descriptor tag is assigned to indicate an auxiliary video stream descriptor;

* in'subclause 2.6.57 the auxiliary video stream descriptor is specified;

D96 bytes.
6-17 data

it of the HTD in clause 7.7 of ISO/IEC 14496-17, i.e., Rbx, = R[profile, level] if the textSampleBufffer is not

ific rate R

ior to the
ze BS, of

ried over

.S/ the auxiliary video stream descriptor is associated with each auxiliary video stream.

Auxiliary video streams provide additional information about a conventional primary video sequence, as specified in
ISO/IEC 23002-3. The auxiliary video stream shall be synchronized with its primary video counterpart through the use
of timestamps in the associated PES header based on the same PCR clock.

In case a program contains multiple video streams, it will be up to the application to specify the association between the
video component and auxiliary video streams.

2.17

2.171

Carriage of HEVC

Constraints for the transport of HEVC

For HEVC video streams, HEVC temporal video sub-bitstreams or HEVC temporal video subsets, the following

constraint

158

s additionally apply:

. Each HEVC access unit shall contain an access unit delimiter NAL unit.
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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
subset, or more than one HEVC temporal video sub-bitstream and at least one HEVC temporal video
subset, a hierarchy descriptor as defined in 2.6.7 shall be present for all associated elementary streams with

Carriage|in PES packets

stream type equal to 0x24 or 0x25. The hierarchy descriptors shall be used to indicate the depénflencies 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 descriptor, the’ hierarchy type
in the hierarchy descriptor shall be equal to 15.

In each elementary stream with stream_type equal to 0x25 with a hierarchy 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 specifiefl in Rec.
ITU-T H.265 | ISO/IEC 23008-2, that are necessary for decoding th¢ HEVC highest temporal|sub-layer
representation of an HEVC temporal video subset shall be present-within the elementary stream carrying
the HEVC temporal video sub-bitstream associated by a hierar¢hy-descriptor.

The aggregation of the HEVC temporal video sub-bitstream Wwith associated HEVC temporal vidgo subsets
according to the hierarchy descriptors, as specified in 2.}7.3;shall result in a valid HEVC videq stream.

NOTE 2 — The resulting HEVC video stream contains a set{ofjtemporal 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

values as{
stream-ty}
profile an
descriptof
subset, th

igned to video, while signalling the ITU-T H.265 | ISO/IEC 23008-2 video stream by means of thg
be value in the PMT (see Table 2-34). Thé’highest level that may occur in an HEVC video stream, a
1 tier that the entire stream conforms to should be signalled using the HEVC video descriptor. If an HH
is associated with an HEVC videosstream, an HEVC temporal video sub-bitstream, an HEVC temp
bn this descriptor shall be conveyed in the descriptor loop for the respective elementary stream ef

program tnap table. This Recommendation | International Standard does not specify the presentation of ITU

ISO/IEC ]

For PES |
and, wher]

P3008-2 streams in the context of a program.

packetization, no specific ‘data alignment constraints apply. For synchronization and STD managem
appropriate, DTSs-are' encoded in the header of the PES packet that carries the ITU-T H.265 | ISO/IE

video elemnentary stream data’ For PTS and DTS encoding, the constraints and semantics apply as defined in 2

2.7.

DPB buf

Carriage

er management

f an"HEVC video stream, an HEVC temporal video sub-stream or an HEVC temporal video subs

stream_id
assigned
well as a
VC video
bral video
try in the
T H.265 |

ent, PTSs
" 23008-2
.4.3.7 and

Pt over an

ITU-T H.

D220 | ISO/TIEC 13818-1 stream does not impact the size of the buffer DPB. For decoding an HE

VC video

stream, an HEVC temporal video sub-bitstream or an HEVC temporal video sub-bitstream and its associated HEVC
temporal video subsets in the STD, the size of a DPB is as defined in Rec. ITU-T H.265 | ISO/IEC 23008-2. The DPB
shall be managed as specified in Annex C of Rec. ITU-T H.265 | ISO/IEC 23008-2 (clauses C.3 and C.5). A decoded
HEVC access unit enters the DPB instantaneously upon decoding the HEVC access unit, hence at the CPB removal time
of the HEVC access unit. A decoded HEVC access unit is presented at the DPB output time. If the HEVC video stream,
HEVC temporal video sub-bitstream or HEVC temporal video subset provides insufficient information to determine the
CPB removal time and the DPB output time of HEVC access units, then these time instants shall be determined in the
STD model from PTS and DTS timestamps as follows:

1) The CPB removal time of HEVC access unit n is the instant in time indicated by DTS(n) where DTS(n) is

the DTS value of HEVC access unit n.

2) The DPB output time of HEVC access unit n is the instant in time indicated by PTS(n) where
the PTS value of HEVC access unit n.

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

PTS(n) is
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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:x in the T-STD.

2.17.2  T-STD Extensions for single layer HEVC

When there is an HEVC video stream or HEVC temporal video sub-bitstream in an ITU-T H.222.0 | ISO/IEC 13818-1
program and there is no HEVC temporal video subset associated with this elementary stream of stream_type 0x24 in the

Same IT T 'I 222 n i ISC/ IEC 13818 11 Pluélulll’ lh\.a T STD lll\Jd\ul ad d\JD\Jllb\/d ;ll q.—Ar.q ;D UAt\ulld\.&U ad llll Strated in
Figure 2-18 and as spec1ﬁed below.
/- N T8, | [ vB, |}, | A0 90 ) e o TR
Q)¢ SR
\ Demux /" Other ESs
\\\ O—//—P
S w7 H.222.0(12)-Amd.3[14)_F2-18
Figure 2-18 — T-STD model extensions for singlelayer HEVC
TBn, MB}, EBn buffer management
The folloying additional notations are used to describe the T-STD externisions and are illustrated in Figure 2-1§ above.
t(1) indicates the time in seconds at which the i-th byte of'the transport stream enters the system target ddcoder
TBn is the transport buffer for elementary stream n
TBS is the size of the transport buffer TB,, measured in bytes
MB, is the multiplexing buffer for elementary.stream n
MBS, [is the size of the multiplexing buffer MB,, measured in bytes
EB, is the elementary stream buffer for the HEVC video stream
j is an index to the HEVC access unit of the HEVC video stream
An(j) is the j-th access unit 6fthe HEVC video bitstream
tda (j)  [is the decoding timejof Ax(j), measured in seconds, in the system target decoder
Rxy is the transfer rate from the transport buffer TB, to the multiplex buffer MB,, as specified below.
Rbx, is the transfer rate from the multiplex buffer MB,, to the elementary stream buffer EB, as specified bglow.
The folloying apply:
poral video
sub- bltstream 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.
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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, = Dbit_rate
where bit_rate is CpbBrNalFactor/CpbBrVIicFactor x BitRate[ SchedSelldx ] of data flow into the CPB for

STD delaly

the byte stream format and BitRate[ SchedSelldx ] is as defined in Annex E of Rec. ITU-[I H.265 |
ISO/IEC 23008-2 when NAL hrd parameters() is present in the VUI parameters of thenHEVC video
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 managenient valid flag sef to '1' for
the elementary stream, then the transfer of data from MB, to EB, shall follow the HRD defingd scheme
for data arrival in the CPB of the elementary stream as defined in{Annex C of Rec. ITU- H.265 |
ISO/IEC 23008-2.

Otherwise, the leak method shall be used to transfer data from"MB,, to EB,, as follows:

Rbx, = CpbBrNalFactor x MaxBR{[tier, level]

where MaxBR{tier, level] is taken from Annex A of Rec. ITU-T H.265 | ISO/IEC 23008-2 for the tier and
level of the HEVC video stream or HEVC temporal'wideo sub-bitstream.

If there is PES packet payload data in MB,,, andbutfer EB, is not full, the PES packet payload is tfansferred
from MB, to EB, at a rate equal to Rbx,. IfEB, is full, data are not removed from MB,. Wher 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 iy MB,, no
data is removed from MB,. All datathdt enters MB,, leaves it. All PES packet payload data bytes|enter EB,
instantaneously upon leaving MB,.

The STD [delay of any ITU-T H.265 | ISO/IEC 23008-2 data other than HEVC still picture data through the sysfem target
decoders puffers TB,, MB,, and EB,.shall be constrained by tda(j) — t(i) < 10 seconds for all j, and all bytes i in access

unit An(j)

The delay] of any HEVC still_picture data through the system target decoders TB,, MB,, and EB, shall be consfrained by

tdn(j) — t(

Buffer mhnagement conditions

Transport|streams shall be constructed so that the following conditions for buffer management are satisfied:

<60 seconds:for all j, and all bytes i in access unit Ax(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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Figure 2-19 — T-STD model extensions for layered transport of HEVC temporal video subsets

ving additional notations are used to describe the T-STD extensions and are illustrated in Figure 2-19
indicates the time in seconds at which the i-th byte of the transport stream enters thé/system target de

is the number of received HEVC temporal video subsets, associated by hierarchy descriptors with
HEVC temporal video sub-bitstream.

is an index identifying the H+1 received elementary streams which contain exactly one HEVC temp
sub-bitstream and H HEVC temporal video subsets associated by hiefarchy descriptors. The index val
to 0 identifies the elementary stream which contains the HEVC témporal video sub-bitstream and ing
k ranging from 1 up to H identify the associated HEVC temppral.video subsets.

is the received elementary stream which contains the k-th-HEVC temporal video subset or the HEV(
video sub-bitstream if k equals 0.

is the received elementary stream containing the highest HEVC temporal video subset present in
received elementary streams.

is the packet identifier value which identifies"ES, m.

is an index to the output access units.

is the j-th access unit of the HEVC cemplete temporal representation.
is the decoding time of A,(j)-inthe system target decoder.

is the transport buffer for ¢lementary stream k.

is the size of the trafsport buffer TB,x, measured in bytes.

is the multiplexing buffer for elementary stream k.

is the size-ofithe multiplexing buffer MB,, measured in bytes.

is the-8lementary stream buffer for the received HEVC temporal video sub-bitstream ES, and th
HEVC/temporal video subsets ES; ;1 to ESnn.

above.
coder.

the same

bral video
e k equal
lex values

temporal

the set of

b received

EBS,
1{Xn,k
RbXn,k

IS the size of Tlementary streant buffer £ B, easured i bytes:

is the transfer rate from the k-th transport buffer TBy to the k-th multiplex buffer MB,x as specified

below.

is the transfer rate from the k-th multiplex buffer MB, x to the elementary stream buffer EB,, as specified below.

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:
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e There is one transport buffer TB,x for each received elementary stream ES;x, where the size
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,

EBSy = Cpb_SI1Z€ (In€asurcd 1n DYyIes)

where cpb_size is taken from the HRD parameters, as specified in Annex E of Rec. . ITU-[ H.265 |
ISO/IEC 23008-2, included in the HEVC highest temporal sub-layer representation associated with ES;, 1.

*  Transfer from TB,x to MBx 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 sef to '1' for
the HEVC video sub-bitstream, then the transfer of data from MB,, x to EB, shall follow the HRD defined
scheme for data arrival in the CPB of elementary stream ES¢ 3 as defined in Annex C of Rec. ITW-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 = CpbBrNalFacter x MaxBR[tier, level]

where MaxBR{[tier, level] is defined for the; byte stream format in Annex A of Rec. ITU-I H.265 |
ISO/IEC 23008-2 for the tier and level of'the HEVC video stream or the HEVC highest temporal sub-layer
representation associated with ES; .

If there is PES packet payload data'in MB,x, and EB, is not full, the PES packet payload is transferred
from MB, « to EB, at a rate equaljto Rbx, . If EB, is full, data are not removed from MB,x. When a byte
of data is transferred from MBnx to EB,, all PES packet header bytes that are in MB,x and prgcede that
byte are instantaneously-rémoved and discarded. When there is no PES packet payload data present in
MB,x, no data is removed 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 oufput of the elementary stream buffer EB,, the elementary streams are aggregated by removing all HEY C access
units in agcending DTS order/and transferring them to the HEVC decoder Dy, irrespective of which elementgry stream
ES,x eacl HEVC access-unit belongs to.

STD delaly

The STD [delay.of any ITU-T H.265 | ISO/IEC 23008-2 data other than HEVC still picture data through the system target
decoders puffers TByx, MB,x, and EB, shall be constrained by td,(j) — t(i) < 10 seconds for all k, all j, and all| bytes i in
access unit A,(J)-

The delay of any HEVC still picture data through the system target decoders TBnx, MBn, and EB, shall be constrained
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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Annex A

CRC decoder model

(This annex forms an integral part of this Recommendation | International Standard.)

CRC decoder model
t CRC decoder model is specified in Figure A.1.

Received data and CRC 32 bits

(most significant bit first) >
—» 7(0) 4’?_‘:
z(1) 4’%:
z(2) ¥ z(3)

E:z(4) >

o —»{ z(31) —

H.222.0(12)_FA.1

Figure A.1 — 32-bit CRC decoder_model

t CRC Decoder operates at bit level and consists of 14.adders '+' and 32 delay elements z(i). The in
der is added to the output of z(31), and the result is;provided to the input z(0) and to one of the inpu
adder. The other input of each remaining adder ig’the output of z(i), while the output of each remair]
ed to the input of z(i + 1), withi=0, 1, 3, 4, 657, 9, 10, 11, 15, 21, 22, and 25. Refer to Figure A.1 4

CRC calculated with the polynomial:
X32+X26+X23+X22+X16+X12+X11 +X10+X8+X7+X5+X4+X2+X+1

received at the input of the CRC-decoder. Each byte is shifted into the CRC decoder one bit at a timg
it (msb) first. For example,\ifthe input is byte 0x01 the seven '0's enter the CRC decoder first, follow
pfore the CRC processing of the data of a section the output of each delay element z(i) is set to its in
this initialization, eachibyte of the section is provided to the input of the CRC decoder, including

of'z(31), the outpuit of all delay elements z(i) is read. In the case where there are no errors, each of 't
11 be zero. Abthe CRC encoder the CRC 32 field is encoded with a value such that this is ensured.

put of the
ts of each
ling adder
bove.

(A-1)

, with the
red by the
tial value
b the four

bytes. After shifting the last bit of the last CRC_32 byte into the decoder, i.e., into z(0) after the addition with

e outputs
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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

:2015 (E)

The DSM-CC protocol is a specific application protocol intended to provide the basic control functions and operations
specific to managing a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream on digital storage media. This DSM-CC is a

low-level

The DSM

protocol above network/OS layers and below application layers.

-CC shall be transparent in the following sense:
. It is independent of the DSM used;

B.1.1

Many ap
Rec. ITU
Different
DSM con
brings ma:
applicatiof
specific I
extension

B.1.2

Beyond t
extension:

Video on

Video prd
select a vi
cable TV

Interactiy

In these a
Services ¢

Video net

Various a
could roy
applicatiof

* it is independent of whether the DSM is located at a local or remote site;
e 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

plications of Rec. ITU-T H.222.0 | ISO/IEC 13818-1 DSM Control Commands require ac
T H.222.0 | ISO/IEC 13818-1 bitstream stored on a variety of digital storage media at a local or re
[DSM have their own specific control commands and thus, a user would néedto know different sets
rol commands in order to access Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams from different [
ny difficulties to the interface design of a Rec. ITU-T H.222.0 (ASO/IEC 13818-1 or ISO/IE(
n system. To overcome this difficulty, a set of common DSM cofitrol commands, which is independ
SM used, is suggested in this annex. This annex is informative only. ISO/IEC 13818-6 defines
with a broader scope.

Future applications

he immediate applications supported by the current DSM control commands, future applications
E of DSM command control could include the following:

demand

grams are provided as requested by a.customer through various communication channels. The custo
deo program from a list of programs.available from a video server. Such applications could be used
educational institutions, hospitals;etc.

e video services

bplications, the user pfovides frequent feedback controlling the manipulation of stored video and au
an include video-based games, user-controlled video tours, electronic shopping, etc.

works

pplicatios may wish to exchange stored audio and video data through some type of computer netw:
te AVSinformation through the video network to their terminals. Electronic publishing and nf
nsare-examples of this kind of application.

bess to a
mote site.
f specific
SM. This

11172-1
ent of the
DSM-CC

based on

mer could
by hotels,

lio. These

rk. Users
ultimedia

B.1.3

enefits

Specifying the DSM control commands independent of the DSM, end-users can perform Rec. ITU-T H.222.0 |
ISO/IEC 13818-1 decoding without having to fully understand the detailed operation of the specific DSM used.

The DSM control commands are codes to give end users the assurance that the Rec. ITU-T H.222.0 | ISO/IEC 13818-1
bitstreams can be played and stored with the same semantics, independent of the DSM and user interface. They are
fundamental commands for the control of DSM operation.

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

Stream selection

The DSM-CC provides the means to select a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream upon which to perform
the succeeding operations. Such operations include creation of a new bitstream. Parameters of this function include:

* index of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream (the mapping between this index and a name

B.1.4.2
The DSM

meaningful to an application is outside the scope of the current DSM-CC);
*  mode (retrieval/storage).
Retrieval

-CC provides the means to:
*  play an identified Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream;

B.1.4.3
The DSM

DSM-CC
ISO/IEC
extension:

B.2

B.2.1

The scopg
of comma

*  play from a given presentation time;
*  set the playback speed (normal or fast);

*  set the playback duration (until a specified presentation time, the end of the bitstream ‘in’forwal
the beginning in reverse play or the issuance of a stop command);

* set the direction (forward or reverse);

*  pause;

*  resume;

*  change the access point in the bitstream;

¥ stop.
Storage

-CC provides the means to:
*  cause storage of a valid bitstream for a specified duration;

*  cause storage to stop.

provides a useful but limited subset of functionality that may be required in DSM based Rec. ITU-T|
3818-1 applications. It is fully expected thatsignificant additional capabilities will be added through s

p.

General elements

Scope

of this work consists.ofthe development of a Recommendation | International Standard to specify a
nds for control of digital storage media on which a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstrean

The commands can perform.remote control of a digital storage media in a general way independently of the spe

and apply]

B.2.2

The curre]

to any Rec. ITU~T H.222.0 | ISO/IEC 13818-1 bitstream stored on a DSM.

Overview of the DSM-CC application

nt DSM-CC syntax and semantics cover the single user to DSM application. The user's system is

retrieving

aRee. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream and is also (optionally) capable of generating a R|

rd play or

H.222.0 |
nbsequent

useful set
is stored.
ific DSM

apable of
ec. ITU-T

H.222.0 |

TSOAECT3818=Tbitstreant. THe COmrot Canmer over Witicit the DS M commmands and ackmowiedg

ents are

sent is shown in Figure B.1 as an out-of-band channel. This can also be accomplished by inserting the DSM-CC
commands and acknowledgements into the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams if an out-of-band channel
is not available.
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DSM-CC

DSM ACK . User

DSM
ISO/IEC 13818 Video bitstream
bitstream | System [—  ——  *
"| decoder |—Audio bitstream

ISO/IEC 13818

P bitstream System ..
encoder le_Audio bitstream

. Video bitstream

H.222 0(12) EB 1

Figure B.1 — Configuration of DSM-CC application

B.2.3 [The transmission of DSM-CC commands and acknowledgements

The DSM}CC is encoded into a DSM-CC bitstream according to the syntax and semantics definéd in B.3.2 thropigh B.3.9.
The DSM-CC bitstream can be transmitted both as a stand-alone bitstream and in a Ree, ITU-T H.222.0 | ISO/IEC
13818-1 Jystems bitstream.

When thg DSM-CC bitstream is transmitted in stand-alone mode, its relationship to“the Systems bitstrean and the
decoding |process is illustrated in Figure B.2. In this case, the DSM-CC bitstream is not embedded in th¢ Systems
bitstream, This transmission mode can be used in the applications when the-DSM is connected directly] with the
Rec. ITUIT H.222.0 | ISO/IEC 13818-1 decoder. It can also be used in the applications where the DSM-CC]| bitstream
could be ¢ontrolled and transmitted by other types of network multiplexors:.

ISO/IEC 13818 bitstream

(no DSM-CC embedded) [ system Video bitstream .,
"l decodér Audio bitstream >
DSM-CC bitstream ['Psm-cc | Decoded DSM-CC .
| decoder >

H.222.0(12)_FB.2

Figure B.2 — BSM-CC bitstream decoded as a stand-alone bitstream

For some|applications, it is deSirable to transmit the DSM-CC in a Rec. ITU-T H.222.0 | ISO/IEC 13818l systems
bitstream [so that some features.of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 systems bitstream could be applied to the
DSM-CC]bitstream as well:~In this case, the DSM-CC bitstream is embedded in the systems bitstream by the systems
multiplexpr.

The DSM-CC bitstream is encoded by the systems encoder in the following process. First, the DSM-CC biftstream is
packetizeql into-a\packetized elementary stream (PES) according to the syntax described in 2.4.3.6. The PEY| packet is
then mulplexed into e1ther a program stream (PS) or a transport stream (TS) accordlng to the requrrem’nt of the
transmissionvnedia e the block
diagram of the Systems decoder deplcted in F igure B 3.

In Figure B.3, the output of the Systems decoder is a video bitstream, audio bitstream and/or DSM-CC bitstream. The
DSM-CC bitstream is identified by the stream id, value '1111 0010' as defined by the stream id Table 2-22. Once the
DSM-CC bitstream is identified, it follows the rules as specified by T-STD or P-STD.
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ISO/IEC 13818 bitstream Video bitstream >
(DSM-CC is embedded) |
) System Audio bitstream .
decoder "
DSM-CC Decoded
bitstream | DSM-CC DSM-CC N
"| decoder

H.222.0(12)_FB.3

Figure B.3 — DSM-CC bitstream decoded as part of the system bitstream

B.3 Technical elements

B.3.1 Definitions

For the pyrposes of this Recommendation | International Standard, the following definitions apply:

B.3.1.1 [DSM-CC: Digital Storage Media Command and Control Commands that are specified by ReeITU-[I' H.222.0
| ISO/IE( 13818-1 for the control of digital storage media at a local or remote site containing a Ree. ITU-T|H.222.0 |
ISO/IEC |3818-1 bitstream.

B.3.1.2 |DSM ACK: The acknowledgement from the DSM-CC command receiver to the command initiator.

B.3.1.3 |MPEG bitstream: An ISO/IEC 11172-1 Systems stream, Rec. ITU-T H,22210 | ISO/IEC 13818-| program
stream or[Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport stream.

B.3.1.4 [DSM-CC server: A system, either local or remote, used to store and/pr.retrieve a Rec. ITU-T H.222.0[ ISO/IEC
13818-1 Bitstream.

B.3.1.5 |point of random access: A point in a Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream with the prqperty that
for at leadt one elementary stream within the bitstream, the next acéess'unit, N', completely contained in the|bitstream
can be defoded without reference to previous access units, and for’every elementary stream in the bitstream [all access
units with the same or later presentation times are completely'contained subsequently in the bitstream ampd can be
completelly decoded by a system target decoder without accessto information prior to the point of random adcess. The
bitstream fas stored on the DSM may have certain points eftandom access; the output of the DSM may include pdditional
points of fandom access manufactured by the DSM's owir manipulation of the stored material (e.g., storing quantization
matrices 4o that a sequence header can be generated whenever necessary). A point of random access has an gssociated
PTS, namgly the actual or implied PTS of access-unit 'N'.

B.3.1.6 |current operational PTS value: The actual or implied PTS associated with the last point of rand¢m access
preceding|the last access unit provided from'the DSM from the currently selected Rec. ITU-T H.222.0 | ISO/IEC 13818-1
bitstream/ If no access unit has been provided from this Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream, tHe DSM is
incapable|of providing random access into the current bitstream, then the current operational PTS value is the [first point
of randonj access in the Rec. ITU=F H.222.0 | ISO/IEC 13818-1 bitstream.

B.3.1.7 [DSM-CC bitstream: A sequence of bits satisfying the syntax of B.3.2.

B.3.2 Specification of DSM-CC syntax
*  Every DSM control command shall commence with a start_code, as specified in Table B.1.

* _ (Every DSM control command shall have a packet length to specify the number of byte in a
DSM-CC packet.

*  When the DSM-CC bitstream is transmitted as a PES packet as defined in 2.4.3.6, the fields up to the
packet_length field are identical to those specified in 2.4.3.6. In other words, if the DSM-CC packet is
encapsulated in a PES packet, the PES packet start code is the only start code at the beginning of the packet.

*  The actual control command or acknowledgement shall follow the last byte of the packet length field.

*  An acknowledgement stream shall be provided by the DSM control bitstream receiver after the requested
operation is started or is completed, depending on the command received.

+ At all times the DSM is responsible for providing a normative Rec. ITU-T H.222.0 | ISO/IEC 13818-1
stream. This may include manipulating the trick mode bits defined in 2.4.3.6.
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Table B.1 - DSM-CC syntax

Syntax No. of bits | Mnemonic
DSM_CC() {
packet_start_code_prefix 24 bslbf
stream_id 8 uimsbf
packet_length 16 uimsbf
command_id 8 uimsbf
If (command_id =="'01") {
control()
} else if (command_id =='02") {
ack()
§
}

B.3.3 Semantics of fields in specification of DSM-CC syntax

packet_start code_prefix — This is a 24-bit code. Together with the stream _id that follows it constitutes a|[DSM-CC
packet stgrt code that identifies the beginning of a DSM-CC packet bitstream. The packet.'start code prefix is the bit
string 'OOIO 0000 0000 0000 0000 0001' (0x000001).

stream_idl — This 8-bit field specifies the bitstream type and shall have a value '1114,0010' for the DSM-CC pitstream.
Refer to Table 2-23.

packet_lgngth — This 16-bit field specifies the number of bytes in the DSM4E€ packet immediately following the last
byte of this field.

command_id — This 8-bit unsigned integer identifies the bitstream is a‘eontrol command or an acknowledgement stream.
The values are defined in Table B.2.

Table B.2 — Command\id assigned values

Value Command_id
0x00 Forbidden
0x01 Control
0x02 Ack
0x03-0xFF Reserved

B.3.4 Control layer

Constraints on setting flags in DSM-CC control

* At most orie of the flags for select, playback and storage shall be set to '1' for each DSM control ¢gommand.
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 sef for each
retrieval command. If none of these bits are set, then this command shall be ignored.

e (At most one of record flag and stop_mode shall be selected for each storage command. If nong of these
bitsare set, then this command shatt be ignored.
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See Table B.3.

Table B.3 — DSM-CC control

if (record_flag =='1") {

time_code()

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_mode 1 bslbf

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



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

ISO/IEC 13818-1:2015 (E)

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 Ree—HFU-FH2220 \ ISOAEC13 81 8-1-bitstreamis-to-be-selected—Histhe-DSM-servers vnnp/\ﬂcil\1]1f z map the

O ToTIITy

names of the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 bitstreams stored on its DSM uniquely to a series of numbers which
could be fepresented by the bitstream ID.

select_mqde — This 5-bit unsigned integer specifies which mode of bitstream operation is requested:Table B.4 specifies
the defingd 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 npw PTS is
specified py a relative time code with respect to the current operational PTS value. This function is only valid when the
current R¢c. ITU-T H.222.0 | ISO/IEC 13818-1 bitstream,isan the "stop" mode.

play_flag— This 1-bit flag when set to '1' specifies to_play a bitstream for a certain time period. The speed, direction, and
play durafion are additional parameters in the bit stfeéam. The play starts from the current operational PTS valug.

pause_mg@de — This is a one-bit code specifying'to pause the playback action and keep the playback pointer at the current
operational PTS value.

resume_tpnode — This is a one-bit codgspecifying to continue the playback action from the current operational TS value.
Resume only has meaning if the current bitstream is in the "pause" state, and the bitstream will be set to the forjward play
state at nqrmal speed.

stop_mode — This is a one-bit,code specifying to stop a bitstream transmission.

direction| indicator —-This'is a one-bit code to indicate the playback direction. If this bit is set to '1', it stands for|a forward
play. Othgrwise it statids for a backward play.

speed_meode —This is a 1-bit code to specify the speed scale. If this bit is set to 'l", it specifies that the speed|is normal
play. If this bit is'set to '0', it specifies that the speed is fast play (i.e., fast forward or fast reverse).

record_flag — This is one-bit ilag to specily the request ol recording the bitsiream from an end user to a DSM for a
specified duration or until the reception of a stop command, whichever comes first.
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B.3.6

Acknowledgement layer

Constraints on setting flags in DSM-CC control

Only one of the acks bits specified below can be set to '1' for each DSM ack bitstream (see Table B.5).

B.3.7

select_ac
retrieval |
storage 4

error_acl
play or st3
1", cmd_§

cmd_stat
is rejected

Table B.5 - DSM-CC Acknowledgement

K

Syntax No. of bits | Mnemonic
ack() {
select_ack 1 bslbf
retrieval_ack 1 bslbf
storage_ack 1 bslbf
error_ack 1 bslbt
reserved 10 bslbf
marker_bit 1 bslbf
cmd_status 1 bslbf
If (emd status =="1' &&
(retrieval ack =="1" || storage _ack =="1")) {
time_code()
}
}

Semantics of fields in acknowledgement layer
k — This 1-bit field when it is set to '1' indicates that the ack() command is to acknowledge a select cg
|ack — This 1-bit field when set to '1' indicates that the ack(),command is to acknowledge a retrieval ¢

ck — This 1-bit field when set to '1' indicates that the ack() command is to acknowledge a storage cot

— This 1-bit field when set to '1' indicates a DSM error. The defined errors are EOF (end of file o

rt of file on reverse play) on a stream being retrieved and Disk Full on a stream being stored. If this 4
tatus is undefined. The current bitstream is.still selected.

us — This 1-bit flag set to '1' indicates that the command is accepted. When set to '0' it indicates the

The semantics vary according to 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/IE
bitstream is selected and\the server is ready to provide the selected mode of operation. Tl
operational PTS value isset to the first point of random access of the newly selected Rec. ITU-
| ISO/IEC 138181 bitstream. If cmd_status is set to '0', the operation has failed and no bitstream i

If retrieval_aekuis'set and cmd_status is set to '1', it specifies that the retrieval operation is initia
retrieval commands. The position of the current operational PTS pointer is reported by the s
time code;

For the play flag command with infinite_time flag !="'1", a second acknowledgement will be
will“acknowledge that the play operation has ended by reaching the duration defined by the
eommand.

mmand.
ommand.
mmand.

h forward
it is set to

command

" 13818-1
le current
I H.222.0
5 selected.

ted for all
icceeding

sent. This
play flag

Iftha caad ctatiic 1o cot 40 "N 10 o oteioval ool ouladoaraant tha amaration boc foilod Doccibhlg o
THRe-CHa—5tatisS1is =t ¥ O

easons for
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this failure include an invalid bitstream_ID, jumping beyond the end of a file, or a function not
such as reverse play in standard speed.

supported

If storage_ack is set, it specifies that the storage operation is being started for the record flag command or
is completed by the stop_mode command. The PTS of the last complete access unit stored is reported by

the succeeding time_code.

If the recording operation is ended by reaching the duration defined by the storage flag comman

d, 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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Constraints on time code
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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.

*  For all the commands in the ack() layer, the time code is specified by the current operational PTS value.

See TablgB-o.

Table B.6 — Time code

}

Syntax No. of bits | Mnemgnic
time code() {
reserved 7 bslbf
infinite_time_flag 1 bslbf
if (infinite_time flag=="0") {
reserved 4 bslbf
PTS [32..30] 3 bslbf
marker 1 bslbf
PTS [29..15] 15 bslbf
marker_bit 1 bslbf
PTS [14..0] 15 bslbf
marker_bit 1 bslbf

B.3.9 Semantics of fields in time code

infinite_tfme_flag — This 1-bit flag when-set to '1' indicates an infinite time period. This flag is set to '1" in ap

where a time period for a specific operation could not be defined in advance.

PTS [32.)0] — The presentation timestamp of the access unit of the bitstream. Depending upon the function, t

an absolufe value or a relative time delay in cycles of the 90-kHz system clock.

plications

his can be
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Annex C

Program-specific information

(This annex does not form an integral part of this Recommendation | International Standard.)

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 Recqmmendation | International Standard provides a method for describing the contents of transport strea

for the pu

through the program-specific information (PSI). This annex discusses the use of PSI.

The PSI may be thought of as belonging to six tables:

The contdnts of the PAT, PMT, CAT and TSDT are specified in this"'Recommendation | International Standaq
defined in ISO/IEC 13818-11 (MPEG-2 IPMP).

The NIT s a private table, and the PID value of the transportstream packets which carry it is specified in the |

Introduction

'pose of the demultiplexing and presentation of programs. The coding specification accommodatesithi

1) Program association table (PAT);

2) TS program map table (PMT);

3) Network information table (NIT);

1)  Conditional access table (CAT).

5)  Transport stream description table (TSDT); and
6) IPMP control information table.

m packets
s function

d. ICIT is

AT. Both

the NIT ahd ICIT must follow the structure defined in this Recommendation | International Standard.
C3 [Functional mechanism
The tableg listed above are conceptual in that theyheed never be regenerated in a specified form within a decodler. While
these struftures may be thought of as simplé. tables, they may be partitioned before they are sent in transprt stream
packets. The syntax supports this operation-by allowing the tables to be partitioned into sections and by providing a
normativg mapping method into transpott stream packet payloads. A method is also provided to carry privatg data in a
similar fofmat. This is advantageous as’the same basic processing in the decoder can then be used for both th¢ PSI data
and the private data helping to_keep cost down. For advice on the optimum placing of PSI in the transpojrt stream,
see Annex D.
Each sectjon is uniquely identified by the combination of the following elements:
i) table id

The8-bit table id identifies to which table the section belongs.

<) Sections with table id 0x00 belong to the Program Association Table.

. Sections with ‘mh]e_id 0x01 hp]nng ta the Conditional Access Table

*  Sections with table_id 0x02 belong to the TS Program Map Table.

e Sections with table id 0x03 belong to the TS description_section.

*  Sections with table_id 0x04 belong to the ISO _TEC 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
by the decoder. There is no obligation within this Recommendation | International Standard that sections
must be transmitted in numerical order, but this is recommended, unless it is desired to transmit some
sections of the table more frequently than others, e.g., due to random access considerations.

iv) version_number

When the characteristics of the transport stream described in the PSI change (e.g., extra programs added,
different composition of elementary streams for a given program), then new PSI data has to bel sent with
the updated information as the most recently transmitted version of the sections marked as "curfent" must
always be valid. Decoders need to be able to identify whether the most recentlyire¢eived section ip identical
with the section they have already processed/stored (in which case the sectioncan be discarded), gr whether
it is different, and may therefore signify a configuration change. This is achieved by sending a seftion with
the same table id, table id extension, and section_number as the previous section containing the relevant
data, but with the next value version _number.

v) current_next_indicator

It is important to know at what point in the bitstream,the PSI is valid. Each section can th¢refore be
numbered as valid "now" (current), or as valid in the imiiediate future (next). This allows the trahsmission
of a future configuration in advance of the change/giving the decoder the opportunity to prepare for the
change. There is however no obligation to transtnit the next version of a section in advance, but if it is
transmitted, then it shall be the next correct version of that section.

C4 The mapping of sections into transport stream packets

Sections gre mapped directly into transport streampackets, that is to say, without a prior mapping into PE$ packets.
Sections do not have to start at the beginning pf transport stream packets, (although they may), because the start of the
first sectign in the payload of a transport stream-packet is pointed to by the pointer_field. The presence of the pointer field
is signalled by the payload unit start indiCator being set to a value of '1' in PSI packets. (In non-PSI packets, th¢ indicator
signals thait a PES packet starts in the(transport stream packet.) The pointer_field points to the start of the first [section in
the transport stream packet. There is never more than one pointer field in a transport stream packet, as the sfart of any
other sectiion can be identified by\counting the length of the first and any subsequent sections, since no gapf between
sections Within a transport stream packet are allowed by the syntax.

It is impoftant to note that\within transport stream packets of any single PID value, one section must be finished before
the next dne is allowéd-to be started, or else it is not possible to identify to which section header the data belongs. If a
section fipishes before the end of a transport stream packet, but it is not convenient to open another section, [a stuffing
mechanisin is proyided to fill up the space. Stuffing is performed by filling each remaining byte of the packet with the
value OxF[F. Lonsequently the table id value OxFF is forbidden, or else this would be confused with stuffing. Orlce a OxFF
byte has qccufred at the end of a section, then the rest of the transport stream packet must be stuffed with O¥FF bytes,
allowing a decoder to discard the rest of the transport stream packet. Stuffing can also be performed using the normal
adaptation_field mechanism.

CS5 Repetition rates and random access

In systems where random access is a consideration, it is recommended to re-transmit PSI sections several times, even
when changes do not occur in the configuration, as in the general case, a decoder needs the PSI data to identify the
contents of the transport stream, to be able to start decoding. This Recommendation | International Standard does not
place any requirements on the repetition or occurrence rate of PSI sections. Clearly though, repeating sections frequently
helps random access applications, whilst causing an increase in the amount of bitrate used by PSI data. If program
mappings are static or quasi-static, they may be stored in the decoder to allow faster access to the data than having to wait
for it to be re-transmitted. The trade-off between the amount of storage required and the desired impact on channel
acquisition time may be made by the decoder manufacturer.
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C.6 What is a program?

The concept of a program has a precise definition within this Recommendation | International Standard [refer to 2.1.60
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 16-bit uns1gned 1nteger and thus permits 65535 umque programs to exist within a transport stream (program number
0 is resery 2 : in a cable
network),|in order to successfully demultiplex a program, the decoder must be notrﬁed of both the transport stream_id
(to find the right multiplex) and the program number of the service (to find the right program within the-multiplex).

The transport stream mapping may be accomplished via the optional network information table. Note‘that thg network
informati¢n table may be stored in decoder non-volatile memory to reduce channel acquisition time? In this casg, it needs
to be tranpmitted only often enough to support timely decoder initialization set-up operations. The contents qf the NIT
are privatg, but shall take at least the minimum section structure.

C.7 Allocation of program_number

It may no}f be convenient in all cases to group together all the program elements.which share a common clock|reference
as one prggram. It is conceivable to have a multi-service transport stream with-enly one set of PCRs, common to all. In
general, though, a broadcaster may prefer to logically split up the transport stream into several programs, here the
PCR_PID (location of the clock reference) is always the same. This methed of splitting the program elements in{o pseudo-
independgnt programs can have several uses. Two examples follow:

i)  multilingual transmissions into separate markets

One video stream may be accompanied by several audio streams in different languages. It is advisable to
include an example of the ISO_639 language’ descriptor associated with each audio stream to ¢nable the
selection of the correct program and audio. It is reasonable to have several program definifions with
different program numbers, where all-the programs reference the same video stream and PCR| PID, but
have different audio PIDs. It is, however, also reasonable and possible to list the video stream gnd all the
audio streams as one program, where this does not exceed the section size limit of 1024 bytes.

ii) Very large program definitions

There is a maximum limit'on the length of a section of 1024 bytes (including section header and CRC_32).
This means that no single program definition may exceed this length. For the great majority of cpses, even
with each program'¢lement having several descriptors, this size is adequate. However, one may envisage
cases in very high bitrate systems, which could exceed this limit. It is then in general possible fo identify
methods of splitting the references of the streams, so that they do not all have to be listed together. Some
programelements could be referenced under more than one program, and some under only one o1l the other,
but netboth.

C.8 sage/of PSI in a typical system

one of the four PSI data structures may appear in each and every transport stream in a system There must always be a
complete version of the program association table listing all programs within the transport stream and a complete TS
program map table, containing complete program definitions for all programs within the transport stream. If any streams
are scrambled, then there must also be a conditional access table present listing the relevant Entitlement Management
Messages (EMM) streams. The presence of a NIT is fully optional.

The PSI tables are mapped into transport stream packets via the section structure described above. Each section has a
table id field in its header, allowing sections from PSI tables and private data in private_sections to be mixed in transport
stream packets of the same PID value or even in the same transport stream packet. Note, however, that within packets of
the same PID, a complete section must be transmitted before the next section can be started. This is only possible for
packets labelled as containing TS Program Map Table section or NIT packets however, since private sections may not be
mapped into PAT or CAT packets.
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It is required that all PAT sections be mapped into transport stream packets with PID = 0x0000 and all CA sections be
mapped into packets with PID = 0x0001. PMT sections may be mapped into packets of user-selected PID value, listed as
the PMT_PID for each program in the Program Association Table. Likewise, the PID for the NIT-bearing transport stream
packets is user-selected, but must be pointed to by the entry "program number == 0x00" in the PAT, if the NIT exists.

The contents of any CA parameter streams are entirely private, but EMMs and ECMs must also be sent in transport stream
packets to be compliant with this Recommendation | International Standard.

Private data tables may be sent using the private_section() syntax. Such tables could be used for example in a broadcasting
environment to describe a service, an upcoming event, broadcast schedules and related information.

C.9 The relationships of PSI structures

Figure C.1 shows an example of the relationship between the four PSI structures and the transport stream. Other examples
are possible, but the figure shows the primary connections.

In the following subclauses, each PSI table is described.

Program association Network
table (PID 0) information table
Program 0 4' Network PID |7
Program map PID Program 1 Private
Program 2 network
Program 45 data
Program 20

l

Program X
—
Program Y Decoder
SN
- H.222.0(12)_FC.1
Program 1 Audio
Elementary stream PID
Program 45
Video
Program 20 Elementary stream PID
ProgramY

Program map table

EMM Svs.2 Program 1 Program 20 EMM Svs 1 i\r/IPEGﬁ
Q Audio Video Y ranspo

CASysteml |—{ capp |
| CAPID l— CA System 2

CA System N

Conditional
access table (PID 1)

Figure C.1 — Program and network mapping relationships
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C.9.1 Program Association Table

Every transport stream must contain a complete valid Program Association Table. The Program Association Table gives
the correspondence between a program_number and the PID of the transport stream packets that carry the definition of
that program (the PMT_PID). The PAT may be partitioned into up to 255 sections before it is mapped into transport
stream packets. Each section carries a part of the overall PAT. This partitioning may be desirable to minimize data loss
in error conditions. That is, packet loss or bit errors may be localized to smaller sections of the PAT, thus allowing other
sections to still be received and correctly decoded. If all PAT information is put into one section, an error causing a
changed bit in the table id, for example, would cause the loss of the entire PAT. However, this is still permitted as long
as the section does not extend beyond the 1024-byte maximum length limit.

Program 0 (zero) is reserved and is used to specify the Network PID. This is a pointer to the transport stream packets
which carry the network information table.

The program association table is always transmitted without encryption.

C.9.2  [Program map table

The program map table (MPT) provides the mapping between a program number and the program elements thaf comprise
it. This taple is present in transport stream packets having one or more privately-selected PID values.” Thesd transport
stream pagkets may contain other private structures as defined by the table_id field. It is possible to)have TS PM[ sections
referring fo different programs carried in transport stream packets having a common PID value,

This Rec¢mmendation | International Standard requires a minimum of program identification: program nunjber, PCR
PID, stream types and program elements PIDs. Additional information for either programs or elementary strearps may be
conveyed|by use of the descriptor() construct. Refer to C.9.6.

Private dgta may also be sent in transport stream packets denoted as carrying TS program map table sections. This is
accomplighed by the use of the private section(). In a private section() the application decides whether versioh number
and curreft next indicator represent the values of these fields for a single section or whether they are applicable to many
sections af parts of a larger private table.

NOTE|1 — Transport stream packets containing the Program Map Tabl® ar¢ transmitted unencrypted.
NOTE|2 — It is possible to transmit information on events in private.descriptors carried within the TS program_map_sg¢ction()s.

C.9.3 IConditional access table

The cond]tional access table (CAT) gives the associationr between one or more conditional access (CA) systems, their
EMM strgams and any special parameters associated>with them.

NOTE[- The (private) contents of the transport stream packets containing EMM and CA parameters if present will, in |general, be
encrypted (scrambled).

C94 Network information table

The contents of the network information table (NIT) are private and not specified by this Recommendation | Intprnational
Standard. [In general, it will contain mappings of user-selected services with transport_stream_ids, channel frgquencies,
satellite tqansponder numbers{modulation characteristics, etc.

C.9.5 Private_section()

Private_s¢ctions() ¢anoccur in two basic forms, the short version (where only the fields up to and including sectipn_length
are included) or the.tong version (where all the fields up to and including last section number are present, angl after the
private data bytes the CRC 32 field is present).

Private sectionQs can occurin PIDs which are labelled as PMT PIDs orin transport stream pnnkptq with other BID values
which contain exclusively private sections(), including the PID allocated to the NIT. If the transport stream packets of
the PID carrying the private section()s are identified as a PID carrying private sections (stream_type assignment value
0x05), then only private sections may occur in transport stream packets of that PID value. The sections may be either of
the short or long type.

C.9.6 Descriptors

There are several normative descriptors defined in this Recommendation | International Standard. Many more private
descriptors may also be defined. All descriptors have a common format: {tag, length, data}. Any privately defined
descriptors must adhere to this format. The data portion of these private descriptors are privately defined.

One descriptor (the CA_descriptor()), is used to indicate the location (PID value of transport packets) of ECM data
associated with program elements when it is found in a TS PMT section. When found in a CA section it refers to EMMs.
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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 implgmentation of a Rec. ITU-T H.222.0 | ISOAEC 13818-1 bitstream must make reasonable bandwidtf demands
for PSI infformation and, in applications where randém access is a consideration, should promote fast signal a¢quisition.
This subc|ause analyses this issue and gives some broadcast application examples.

The pack¢t-based nature of the transport stteam allows for the interspersing of PSI information with fine grafpularity in
the multiplexed data. This provides significant flexibility in the construction and transmission of PSI.

Signal acquisition time in a real decoder is dependent on many factors, including: FDM tuning slew time, demyltiplexing
time, seqyence headers, I-frameteecurrence rate and scrambling key retrieval and processing.

This subclause examines bothjthe bitrate and signal acquisition time impacts of the PSI syntax in 2.4.4.4 and 2.4.4.9. It is
assumed that the conditional access table does not need to be received dynamically at every program chgnge. This
assumptidn is also made-of the private EMM streams. This is because these streams do not contain the quickly-varying
ECM conjponents,uised for program element scrambling (encryption).

Also, in the discussion below, the time to acquire and process ECMs has been neglected.
Tables C.B-and C.4 provide bandwidth usag ues—for arang sonditions—One-3 of the table is
the number of programs contained in a single transport stream. The other axis is the frequency with which the PSI
information is transmitted in the transport stream.

4 vrovide bandwuidth ae values fora range o NSBO eam conditionsOne axis o
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Table C.3 — Program association table bandwidth usage (bit/s)
Number of programs per transport stream

s

Frequency of PA table 10 15040 15040 15040 15040
Information 25 37600 37600 37600 37600

1 5 10 32

128

1 1504 1504 1504 1504

4512

45120

112800

50 75200 75200 75200 75200

225600

100 150400 150400 150400 150400

451200

NOTE - Since 46 program_association_sections fit into one transport packet, the numbers in the table do not change until the
last column.

Number of programs per transport stream

Frequenc

Cy)

Information 25 37600 37600 75200 O;Q 88000 y

1 5 10 32

128

1 1504 1504 3008 7520

8576

of PM table 10 15040 15040 30080 75200 p.

85760

14400

[

50 75200 75200 150400 376000

(128800

[\

100 150400 150400 300800 601600

57600

This freqy

Both bandwidth usage tables assume that only the minimum program mapping information is provided. This 1
the PID vhlues and stream types are provided with no additional descriptors. All programs in the example are
of two elementary streams. Program associations are 2 bytes long, while the minimal program map is 26 bytes Id
is additional overhead associated with version numbers, section lengths, etc. This will be on the order of 1-3%
PSI bitrat¢ usage in sections of moderate to maximum length (a few hundred bytes to 1024 bytes) and will thus {

here.

The abov¢ assumptions allow forty-six (46) program associations to map into one Program Association Tablg
stream pagket (if no adaptation field is present). Similagly, seven (7) TS program map_sections fit into a singlg
stream phcket. It may be noted that to facilitate easy "drop/add" it is possible to transmit only
TS program map_section per PMT PID. This.may cause an undesirable increase in PSI bitrate usage, howev¢

Using a frequency of 25 Hz for the two PRSI Tables, yields a worst-case contribution to the signal acquisitig
approximfitely 80 ms. This would only eceur when the required PAT data was "just missed" and then, once the

acquired 4

one disadvantage of the extra level of indirection introduced by the PAT structure. This effect could be rd
coordinatgd transmission of related PAT and PMT packets. Presumably, the advantage that this approach

"drop/add

With the P5-Hz PSI fréquency, the following examples may be constructed (all examples leave ample allo
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ency will be a key determinant of the component of signal acquisitipn'time due to PSI structures.
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o Afive 5.2-Mbit/s programs: 26.5 Mbit/s (includes transport overhead)
+  total PSI bandwidth: 5.2 kbit/s
*  CA bandwidth: 500 kbit/s

total Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 27.1 Mbit/s
*  PSI Overhead: 0.28%

OC-3 fibre channel (155 Mbit/s)

180

* 32 3.9-Mbit/s programs: 127.5 Mbit/s (includes transport overhead)
+  total PSI bandwidth: 225.6 kbit/s
*  CA bandwidth: 500 kbit/s

total Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 128.2 Mbit/s
»  PSI Overhead: 0.18%
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C-band satellite transponder
. 128 256-kbit/s audio programs:  33.5 Mbit/s (includes transport overhead)
» total PSI bandwidth: 826.4 kbit/s
*  CA bandwidth: 500 kbit/s
total Rec. ITU-T H.222.0 | ISO/IEC 13818-1 transport bandwidth: 34.7 Mbit/s
*  PSI overhead: 2.4% (actually would be lower if only one PID used per program)
As expected, the percent overhead increases for lower-rate services since many more services are possible per transport

stream. However, the overhead is not excessive in all cases. Higher transmission rates (than 25 Hz) for the PSI data may
be used to decrease the impact on channel acquisition time with only modest bitrate demand increases.
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Annex D

Systems timing model and application implications
of this Recommendation | International Standard

(This annex does not form an integral part of this Recommendation | International Standard.)

D.1 Introduction

The Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Systems specification includes a specific timing model for the sampling,
encoding, encoder buffering, transmission, reception, decoder buffering, decoding, and presentation of digital audio and
video in combination. This model is embodied directly in the specification of the syntax and semantic requirements of
compliant Rec. ITU-T H.222.0 | ISO/IEC 13818-1 data streams. Given that a decoding system receives a compliant bit
stream thatis delivered correctlyv in accordance with the ﬁming maodel itis Q‘rrﬂigh‘rfnr\x ard ta implpmpn‘r the decoder such
that it prpduces as output high quality audio and video which are properly synchronized. There is no~hormative
requiremgnt, however, that decoders be implemented in such a way as to provide such high quality presentatipn output.
In applicdtions where the data are not delivered to the decoder with correct timing, it may be possibleto prpduce the
desired pijesentation output; however, such capabilities are not in general guaranteed. This informativé annex|describes
the Rec. ITU-T H.222.0 | ISO/IEC 13818-1 Systems timing model in detail, and gives some suggestions for impJementing
decoder systems to suit some typical applications.

D.1.1 Timing model

Rec. ITUIT H.222.0 | ISO/IEC 13818-1 Systems embodies a timing model in which all digitized pictures pnd audio
samples that enter the encoder are presented exactly once each, after a constant end to end delay, at the output of the
decoder. As such, the sample rates, i.e., the video frame rate and the audio sample rate, are precisely the sgme at the
decoder af they are at the encoder. This timing model is diagrammed in Figure'D.1:

. . Yi
MﬁEncoderH Buffer }— —{ Buffer HDecoder FM
System System
coder Storage decoder
and or transmission and
. multiplex multiplex .

Audio out
_Audio if lr)|Enc0derH Buffer }— —{ Buffer HDecoder |>—>
—_—— —_— —_——
Variable delay Constant delay Variable delay
Constant delay H.242.0(12)_FD.1

Figure D.1 — Constant delay model

As indicafed in Figure D.1the delay from the input to the encoder to the output or presentation from the decoder is
constant if this model swihile the delay through each of the encoder and decoder buffers is variable. Not only i the delay
through each of these.buffers variable within the path of one elementary stream, the individual buffer delays infthe video
and audio| paths differ as well. Therefore the relative location of coded bits representing audio or video in the fombined
stream dops nat indicate synchronization information. The relative location of coded audio and video is constrgined only
by the Syptem Aarget Decoder (STD) model such that the decoder buffers must behave properly; therefore coded audio
and videothatrepresentsoumdamd pretures-thatarctobepresentedstmmuttarcousty may be-separatedmrtimre—Wwithin the
coded bit stream by as much as one second, which is the maximum decoder buffer delay that is allowed in the STD model.

The audio and video sample rates at the encoder are significantly different from one another, and may or may not have
an exact and fixed relationship to one another, depending on whether the combined stream is a program stream or a
transport stream, and on whether the System_audio_locked and System_video locked flags are set in the program stream.
The duration of a block of audio samples (an audio presentation unit) is generally not the same as the duration of a video
picture.

D) Constant delay as indicated for the entire system is required for correct synchronization, however some deviations are possible.
Network delay is discussed as being constant. Slight deviations may be tolerated, and network adaptation may allow greater
variations of network delay. Both of these are discussed later.
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