INTERNATIONAL ISO/IEC
STANDARD 13818-2

Second edition
2000-12-15

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

Technologies de l'information — Codage générique des images animées et
du son associé: Données vidéo

Reference number
ISO/IEC 13818-2:2000(E)

/TR
£ Docyments

Docun(?el%?éﬁarmg ?—Iub

Full document details: ISO_IEC 13818-2_2000


http://www.avadocuments.com/doc/iso-iec-13818-2-2000
http://www.avadocuments.com/doc/iso-iec-13818-2-2000

ISO/IEC 13818-2:2000(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not
be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this
file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this
area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters
were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event
that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© ISO/IEC 2000

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO's member body
in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20
Tel. +412274901 11

Fax +4122 74909 47

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

Documents

. Document Sharing Hub
1] © ISO/IEC 2000 — All rights reserved

Full document details: ISO_IEC 13818-2_2000


http://www.avadocuments.com/doc/iso-iec-13818-2-2000
http://www.avadocuments.com/doc/iso-iec-13818-2-2000

ISO/IEC 13818-2:2000(E)

CONTENTS
Page
INEEO. 1 PUIPOSE...eietieiiieiieitieettete ettt ettt ettt et et e et eetaestaesaeesaeeseesbeesseesseessessaessaessaesseessesssessaenseenseansennes vi
D0 La o TN o] o) ot o) s DO OSSPSR vi
Intro. 3 Profiles and LEVELS .......coooiiiiiiiiie ettt sttt vi
Intro. 4 The scalable and the non-scalable SYNtaX ..........ccccoooiiiiiiieiiie e vii
1 N 1o oSSR 1
2 NOTIALIVE TEIBTEIICES ...ttt ettt b bt ea et e bbbt beebeea et e bt bt ebeebe e st enteneenees 1
3 LD 53 0118 o) 4 USSR 2
4 ADbbreviations and SYMDOLS. ........eeuiiuiiie ettt ettt ettt ettt e ettt ettt nteeneeereeneeeneeenes 7
4.1 ATTRIMELIC OPCTALOTS ... eevieiieieiieeiieeiee it ete et e et e et e steeteesseesaessaesseesseesseesseessesssesssesseesseensesssesseenseensenses 7
I U o4 (o7 B0 013 ¢ 1103 ¢SSP 8
4.3 Relational OP@IALOTS. .....ccuieiuieieeie ittt ettt ettt et e st e s et et e et eeaeeese et e et e enteeseeeneeaneeareeneeeneeenes 8
4.4 BItWISE OPCTALOTS ....vieuvieereeerieteesteesteeseestesstesseesseesseesseesseassesseesseesseessesssesssesseesseesseessesssessessssesseesseesenses 8
Y 0] e 4111 1<) 0L RS PRT 8
4.6 IMINECIMOIIICS ..eveueenienieteete ettt ettt ettt sttt eh e bt e s et et et e e bt e bt e bt e bt e st es b et et e ebesbeebeent e st en s e senbeebeese et enseneens 8
4T COMSTANLS ..eneeeiitieeiee ettt ettt ettt ettt et ettt st e et e s bt e et e e s bt e eabee st e eeabeesabeeeabeesabeeeabeesbbeesabeesbbeesabeens 9
5 LO0] 11315 ) 1SS 9
5.1  Method of describing bitStream SYNTAX.......cccverveerieerieerierreiiesiesteeteeseeressaesseesseesseessesssesseesseesseessenses 9
5.2 Definition Of fUNCHIONS ....oo.iiiiieieieiieie ettt ettt et e st et e et et e eatesseesbeesbeesseeeeenneenes 10
5.3 Reserved, forbidden and marker Dit...........cocoociiiiiiiiriiniiiiiieee e 10
54 ATIRMETIC PIECISION ...ttt ettt ettt ettt ettt et e e bt s bt bt e bt et e s et et e nbesbeebeeneeneeneenbenee 11
6 Video bitstream syntax and SEIMANTICS ..........cueruieruieriieieeierierteerte et eee et ee st e et eeeeneeeseesteenteeneeeneesneesseesseeseenes 11
6.1  Structure of coded VIAEO data.........cceiiiiiiiiiiiiie e 11
6.2 Video DItSLIEAM SYNEAK ....eruiitietieiieiieiieetiest et et eteeteeetesaeeste e bt eneeeaeeeseease e st enseeneeeseesseeaneeaseeseenseenes 21
6.3 Video DItStrEam SEMANTICS ... ...eeueertietieieeieeiteetie st et et eteeete st e et e et et e eneeeneesseesseeneenaeeneesneesneeseenneenes 36
7 The VIACO AECOING PIOCESS. ....cuvieerieireitieriierieeteeteeetesttesteesteesseessessaesseesseeseesseesseassasssesseessesssesssesssesseesseessennes 61
7.1 Higher SYNtACtIC STIUCLUIES ......eouieitietieiieiieeiie et ie st ettt eee et este e et e e eneeeseesse e beeeeeneesneesneesseeseenseenes 61
7.2 Variable length deCO@INg.........cccveviiiiiieiiiiiiiecieeee ettt re e e sbessaesseesraesseeseenseenns 62
7.3 IIVEISE SCAI .eutiiiiiiiiiieiitente ettt ettt ettt ettt et sbt e s bt s bt e atea e et e st e ae e sbe e bt et et eaaeseaesbeenbeenbeebeenneenne 64
7.4 INVEISE QUANTISATION .. .eeiuiiitiitietieie ettt et e et e bt e e eteeatesateseeeste e bt enteeneeeseeeseeseeseenseenaeeneesneenseenseenseenes 66
7.5 INVEISE DICT ..ttt et ettt et et ettt st st sbe e bt nae e e oo 69
7.6 MOtION COMPENSALION .....eoutiineieniieiteeeieetieeteeste et eteesteseee st e e seee st eaeeeaeeeaeesseeseenteenseeneeeseeaseeseenseenseenseenes 69
7.7 SPAtial SCALADILILY......eeiieiieeiieiieieciect ettt ettt e st e st et e e b e e st e e ta e e e b e esbeesaeeraesraeereebeenneenes 83
7.8 SNR SCAIADIIILY ....eiiuiiitieiieiieieciece ettt ettt e st e st e bt e st e e s e etaessa e sa e b e essessaesseessaesseenseenseenes 92
7.9 Temporal SCAlADILIY .....cc.eeiieieeieiee ettt ettt bt n e e e 99
710 Data PATLItIONIIE ...cuvievvieereerieteesteeteetesteesseeseeseestesseesseesseesseessesssesseesseessesssesseesseesseessesssesssessesssesssensses 102
2 B B = oo Ta AT 1 103 UL OSSPSR 103
7.12 Output Of the dCCOTING PIOCESS .....eevvierrieiieiieiieieeteeseese et eteeteseesaeesteeseesseesseessessaesseesseessessseesseenes 104
8 Profiles and LEVELS. ....c..oouiiiiiiiieee ettt ettt s h bbbt ettt saeebe e 106
8.1  ISO/IEC 11172-2 COMPALIDILILY.....eovieeieiieieieieeie ettt ettt ettt te e s enae s ensesseseeenes 109
8.2  Relationship between defined Profiles.........ccoiiriieiiiiiiiieiierieeee et 109
8.3  Relationship between defined IEVEIS .......c.cccveiiiiiiieiiieiieiecieceee e 111
N 17 1 1) (S L) <) ¢ SRR 111
8.5  Parameter values for defined profiles, levels and 1ayers.........ccccvevverieviiiciiiiiciecece e 114
8.6  Compatibility requirements 0N dECOACTS .......cc.eeuieieeiertieitieieeie ettt ee e eeeas 115
9 Registration of Copyright IAeNtIfIErS .........c..ccveviirieriieiieieeeeseee ettt et re e e sbessaesenesree e 117
0.1 GEIMETAL ..t b e eh et b e bbbt bt n et e e b e 117
9.2  Implementation of a Registration Authority (RA).......ccoooeriiiiiiieieeeeeeee e DOCU m élﬁt S

Document Sharing Hub
© ISO/IEC 2000 — All rights reserved 1]

Full document details: ISO_IEC 13818-2_2000


http://www.avadocuments.com/doc/iso-iec-13818-2-2000
http://www.avadocuments.com/doc/iso-iec-13818-2-2000

ISO/IEC 13818-2:2000(E)

Page

Annex A — Inverse diSCrete transSfOrIM .........eoiuiiiiiiieee ettt et ne e e nee e 119
Annex B — Variable [ength COAE taDIES.......cuciiiiiiiiiiiieiieriiete ettt ste e ae e aeseeeste s e esseessesssesseeseennas 121
B.1  Macroblock addreSSINg. ... ...eeueeiuieiiieieeie ettt ettt ettt ettt ettt et et sre e e e ne s 121

S T80 Y F: 163 (o] o) (o To) 3 o< USSR 122

B.3 MaACrODIOCK PALCITL.......ccuieiieiieeiieiiecieesieete ettt et e et e bt e e ebessaesstesteesseesseessesssesssasseessaenseessesssessnesseenns 127

B4 IMOtION VECTOTS .. uettietietieteete ettt te et et et et e es e et e et e e bt et e emeesaeesseessee st emeeemeeeneeaseenseenseemeesneesseenseeseenes 128

B.S DCT COCTIICIENLS ..ottt ettt et st b e bt bt et et e e st et sbe bt eseentebenee s 129
AnNnex C — Video DUFTEIING VETTIIET .......coueiiiiiiiitiiiit ettt sttt ettt sttt sae b 138
Annex D — Features supported by the al@orithim............ccoooiiiiiiiiie e 143
Dl OVEIVIEW .ttt ettt ettt b s bt b e st et et e st e eb e e bt eh e st emt et e st e e bt e bt ebeestentenbeneeebesaeas 143

LD 200 A T (<o B0 00 11 SRS S U SS 143

D.3  PICHUIC QUALIEY ..eevieiieiieiieeiieceete ettt et ettt et e e taesba e e esbeesbesstesseeseesseassesssesssesseensanssesssesssessnesseenns 144

D I A D T £ 1 Y S o) 413 (o) (OSSPSR 144

D.5  LOW delay MOGE ...oueiiiieiiieiieeeee ettt b et ettt et a ettt ettt e st e bt e eneenneeeeenes 144

D.6  Random access/channel hOPPINg.........cccvecvieiiiierieiieiieie ettt ettt sreesbeenseesseense e 145

D I e 1 21 o 1 OSSPSR 145

D8 COMPAUIDILILY ...veevietieiiiieiieceerie ettt ettt et e et et e b e et e esbessaesseesseessesssessaesssesseensenssesssesssesssessnessnenes 151

D.9 Differences between this Specification and ISO/TEC 11172-2...c..cccvieviiiciieiieienieieeieeie e 151

LD 2 N 0703 5115) (5« 1 2SSOSR 154

D.11 Editing encoded DItSIICAIMS. ......cviiieiieriietietieteeiesteeieereete e st esaeesseeseeessessaesseessesssesssessaesseesseesseenes 154

LD 2 B I 5 1) 8 10T e[S 154

LD 2 B T 23 4 (0T (<1 V(S5 T OSSPSR 155

D.14  Concatenated SEQUEIICES .........coverueruiriirtirtietteiteiete st st st st ebeett et et e be s bt ebeebeebeest et ensesbeateabesbeebeesenbeneeas 162
Annex E — Profile and [eVel TeSIIICHIONS .......eeiuieiiiieeieiie ettt ettt ettt et et e et et e et e eneeeneesneesneennes 163
E.1  Syntax element restrictions in Profiles ........ccceiiieriiiieiiieiiieieec ettt seae e sre e e 163

E.2  Permissible l1ayer COMDBINAtIONS .......cceirtieitieiieieeiiestiete et ettt ettt e eeeesbeesbeenteeneeeeeenes 175
FN A 1o QT 530 § (e Y o) 1 USSR 197
Annex G — ReIStration PTOCEAUIE ........cc.eevuiiiiiieiieiieie ettt ettt etteste et e e e esaessaesteesseesseesseessesssesssessaesseenss 198
G.1  Procedure for the request of a Registered Identifier (RID)........ccceooeeiieiiiiiiiiieeeeeeeee e 198

G.2  Responsibilities of the Registration AUtNOTILY.........cc.eecvirieriieiiieiecieseeie et e 198

G.3  Responsibilities of parties requesting an RID..........cccoooiiiiiiiiiiiiieeee e 198

G.4  Appeal procedure for denied apPliCAtIONS ..........ccuevveiierieriieieeie ettt eae e see e e sseeseesne e 199
Annex H — Registration Application FOIM .........ccoeviiiiiiiiiiiiiieeeeee ettt eebe e s ae s e sreesneeseenns 200
H.1  Contact information of organization requesting a Registered Identifier (RID) .........cccocevievienreene 200

H.2  Statement of an intention to apply the assigned RID..........ccccooveiiiiiniiniieieeeceeeee e 200

H.3  Date of intended implementation of the RID............ccoooiiiiiiiiiiie e 200

H.4  AUthOriZed r@PIESENTALIVE ... .c.viiiiieieiiieiieie e et et ettt e et e st e ste e seesaeseeesseesseesseesseessesseenseessensseesseenseenns 200

H.5  For official use only of the Registration AUthOTity..........cceeieeiiiierieniieiieieeiese e 200
ANNEX J — 4:2:2 Profile tESt TESULLS ....o..iiitiiiieiieie ettt ettt ettt ettt et et eeneeeneesseenseennes 202
o1 TIEEOAUCTION 1.ttt ettt b e bt bt e st e e e st e bt e bt bt est et e besaeebeeneas 202

ANNEX K — PAEENES.....eiceeiec et r e e e e b e e ea e R r e e r e r e nr e r e r s 207

Documents
) Document Sharing Hub
\Y © ISO/IEC 2000 — All rights reserved

Full document details: ISO_IEC 13818-2_2000


http://www.avadocuments.com/doc/iso-iec-13818-2-2000
http://www.avadocuments.com/doc/iso-iec-13818-2-2000

ISO/IEC 13818-2:2000(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees
collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in
liaison with 1ISO and IEC, also take part in the work.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
Draft International Standards adopted by the joint technical committee are circulated to national bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this part of ISO/IEC 13818 may be the subject of
patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

International Standard ISO/IEC 13818-2 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information
technology, Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information, in
collaboration with ITU-T. The identical text is published as ITU-T Rec. H.262.

This second edition cancels and replaces the first edition (ISO/IEC 13818-2:1996), which has been technically
revised.

ISO/IEC 13818 consists of the following parts, under the general title Information technology — Generic coding of
moving pictures and associated audio information:

— Part 1. Systems

— Part 2: Video

— Part 3: Audio

— Part 4; Conformance testing

— Part 5: Software simulation

— Part 6: Extensions for DSM-CC

— Part 7: Advanced Audio Coding (AAC)

— Part 9: Extension for real time interface for systems decoders

— Part 10: Conformance extensions for Digital Storage Media Command and Control (DSM-CC)

Annexes A, B and C form a normative part of this part of ISO/IEC 13818. Annexes D to K are for information only.
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Introduction

Intro. 1 Purpose

This Part of this Recommendation | International Standard was developed in response to the growing need for a generic
coding method of moving pictures and of associated sound for various applications such as digital storage media,
television broadcasting and communication. The use of this Specification means that motion video can be manipulated as
a form of computer data and can be stored on various storage media, transmitted and received over existing and future
networks and distributed on existing and future broadcasting channels.

Intro. 2 Application

The applications of this Specification cover, but are not limited to, such areas as listed below:
BSS Broadcasting Satellite Service (to the home)
CATV  Cable TV Distribution on optical networks, copper, etc.
CDAD Cable Digital Audio Distribution
DSB Digital Sound Broadcasting (terrestrial and satellite broadcasting)
DTTB Digital Terrestrial Television Broadcasting
EC Electronic Cinema
ENG Electronic News Gathering (including SNG, Satellite News Gathering)
FSS Fixed Satellite Service (e.g. to head ends)
HTT Home Television Theatre
IPC Interpersonal Communications (videoconferencing, videophone, etc.)
ISM Interactive Storage Media (optical disks, etc.)
MMM  Multimedia Mailing
NCA News and Current Affairs
NDB Networked Database Services (via ATM, etc.)
RVS Remote Video Surveillance
SSM Serial Storage Media (digital VTR, etc.)

Intro. 3 Profiles and levels

This Specification is intended to be generic in the sense that it serves a wide range of applications, bitrates, resolutions,
qualities and services. Applications should cover, among other things, digital storage media, television broadcasting and
communications. In the course of creating this Specification, various requirements from typical applications have been
considered, necessary algorithmic elements have been developed, and they have been integrated into a single syntax.
Hence, this Specification will facilitate the bitstream interchange among different applications.

Considering the practicality of implementing the full syntax of this Specification, however, a limited number of subsets
of the syntax are also stipulated by means of "profile" and "level". These and other related terms are formally defined in
clause 3.

A "profile" is a defined subset of the entire bitstream syntax that is defined by this Specification. Within the bounds
imposed by the syntax of a given profile it is still possible to require a very large variation in the performance of
encoders and decoders depending upon the values taken by parameters in the bitstream. For instance, it is possible to
specify frame sizes as large as (approximately) 214 samples wide by 2!4 lines high. It is currently neither practical nor
economic to implement a decoder capable of dealing with all possible frame sizes.

In order to deal with this problem, "levels" are defined within each profile. A level is a defined set of constraints imposed
on parameters in the bitstream. These constraints may be simple limits on numbers. Alternatively they may take the form
of constraints on arithmetic combinations of the parameters (e.g. frame width multiplied by frame height multiplied by
frame rate).

Bitstreams complying with this Specification use a common syntax. In order to achieve a subset of the complete syntax,
flags and parameters are included in the bitstream that signal the presence or otherwise of syntactic elements that occur
later in the bitstream. In order to specify constraints on the syntax (and hence define a profile), it is thus only necessary to
constrain the values of these flags and parameters that specify the presence of later syntactic elements.
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Intro. 4 The scalable and the non-scalable syntax

The full syntax can be divided into two major categories: One is the non-scalable syntax, which is structured as a super
set of the syntax defined in ISO/IEC 11172-2. The main feature of the non-scalable syntax is the extra compression tools
for interlaced video signals. The second is the scalable syntax, the key property of which is to enable the reconstruction
of useful video from pieces of a total bitstream. This is achieved by structuring the total bitstream in two or more layers,
starting from a standalone base layer and adding a number of enhancement layers. The base layer can use the non-
scalable syntax, or in some situations conform to the ISO/IEC 11172-2 syntax.

Intro. 4.1 Overview of the non-scalable syntax

The coded representation defined in the non-scalable syntax achieves a high compression ratio while preserving good
image quality. The algorithm is not lossless as the exact sample values are not preserved during coding. Obtaining good
image quality at the bitrates of interest demands very high compression, which is not achievable with intra picture coding
alone. The need for random access, however, is best satisfied with pure intra picture coding. The choice of the techniques
is based on the need to balance a high image quality and compression ratio with the requirement to make random access
to the coded bitstream.

A number of techniques are used to achieve high compression. The algorithm first uses block-based motion
compensation to reduce the temporal redundancy. Motion compensation is used both for causal prediction of the current
picture from a previous picture, and for non-causal, interpolative prediction from past and future pictures. Motion vectors
are defined for each 16-sample by 16-line region of the picture. The prediction error, is further compressed using the
Discrete Cosine Transform (DCT) to remove spatial correlation before it is quantised in an irreversible process that
discards the less important information. Finally, the motion vectors are combined with the quantised DCT information,
and encoded using variable length codes.

Intro. 4.1.1 Temporal processing

Because of the conflicting requirements of random access and highly efficient compression, three main picture types are
defined. Intra Coded Pictures (I-Pictures) are coded without reference to other pictures. They provide access points to the
coded sequence where decoding can begin, but are coded with only moderate compression. Predictive Coded Pictures (P-
Pictures) are coded more efficiently using motion compensated prediction from a past intra or predictive coded picture
and are generally used as a reference for further prediction. Bidirectionally-predictive Coded Pictures (B-Pictures)
provide the highest degree of compression but require both past and future reference pictures for motion compensation.
Bidirectionally-predictive coded pictures are never used as references for prediction (except in the case that the resulting
picture is used as a reference in a spatially scalable enhancement layer). The organisation of the three picture types in a
sequence is very flexible. The choice is left to the encoder and will depend on the requirements of the application. Figure
Intro. 1 illustrates an example of the relationship among the three different picture types.

Bidirectional Interpolation

yi—

Y

B B P B B B P

/ /I;’rediction

Figure Intro. 1 — Example of temporal picture structure
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Intro. 4.1.2 Coding interlaced video

Each frame of interlaced video consists of two fields which are separated by one field-period. The Specification allows
either the frame to be encoded as picture or the two fields to be encoded as two pictures. Frame encoding or field
encoding can be adaptively selected on a frame-by-frame basis. Frame encoding is typically preferred when the video
scene contains significant detail with limited motion. Field encoding, in which the second field can be predicted from the
first, works better when there is fast movement.

Intro. 4.1.3 Motion representation — Macroblocks

As in ISO/IEC 11172-2, the choice of 16 by 16 macroblocks for the motion-compensation unit is a result of the trade-off
between the coding gain provided by using motion information and the overhead needed to represent it. Each macroblock
can be temporally predicted in one of a number of different ways. For example, in frame encoding, the prediction from
the previous reference frame can itself be either frame-based or field-based. Depending on the type of the macroblock,
motion vector information and other side information is encoded with the compressed prediction error in each
macroblock. The motion vectors are encoded differentially with respect to the last encoded motion vectors using variable
length codes. The maximum length of the motion vectors that may be represented can be programmed, on a picture-by-
picture basis, so that the most demanding applications can be met without compromising the performance of the system
in more normal situations.

It is the responsibility of the encoder to calculate appropriate motion vectors. This Specification does not specify how
this should be done.

Intro. 4.1.4 Spatial redundancy reduction

Both source pictures and prediction errors have high spatial redundancy. This Specification uses a block-based DCT
method with visually weighted quantisation and run-length coding. After motion compensated prediction or
interpolation, the resulting prediction error is split into 8 by 8 blocks. These are transformed into the DCT domain where
they are weighted before being quantised. After quantisation many of the DCT coefficients are zero in value and so
two-dimensional run-length and variable length coding is used to encode the remaining DCT coefficients efficiently.

Intro. 4.1.5 Chrominance formats

In addition to the 4:2:0 format supported in ISO/IEC 11172-2 this Specification supports 4:2:2 and 4:4:4 chrominance
formats.

Intro. 4.2 Scalable extensions

The scalability tools in this Specification are designed to support applications beyond that supported by single layer
video. Among the noteworthy applications areas addressed are video telecommunications, video on Asynchronous
Transfer Mode (ATM) networks, interworking of video standards, video service hierarchies with multiple spatial,
temporal and quality resolutions, HDTV with embedded TV, systems allowing migration to higher temporal resolution
HDTV, etc. Although a simple solution to scalable video is the simulcast technique which is based on
transmission/storage of multiple independently coded reproductions of video, a more efficient alternative is scalable
video coding, in which the bandwidth allocated to a given reproduction of video can be partially re-utilised in coding of
the next reproduction of video. In scalable video coding, it is assumed that given a coded bitstream, decoders of various
complexities can decode and display appropriate reproductions of coded video. A scalable video encoder is likely to have
increased complexity when compared to a single layer encoder. However, this Recommendation | International Standard
provides several different forms of scalabilities that address non-overlapping applications with corresponding
complexities. The basic scalability tools offered are:

—  data partitioning;

SNR scalability;

spatial scalability; and

temporal scalability.

Moreover, combinations of these basic scalability tools are also supported and are referred to as hybrid scalability. In the
case of basic scalability, two layers of video referred to as the lower layer and the enhancement layer are allowed,
whereas in hybrid scalability up to three layers are supported. Tables Intro. 1 to Intro. 3 provide a few example

applications of various scalabilities.
Documents

Document Sharing Hub
Vil © ISO/IEC 2000 — All rights reserved

Full document details: ISO_IEC 13818-2_2000


http://www.avadocuments.com/doc/iso-iec-13818-2-2000
http://www.avadocuments.com/doc/iso-iec-13818-2-2000

ISO/IEC 13818-2:2000(E)

Table Intro. 1 — Applications of SNR scalability

Lower layer

Enhancement layer

Application

Recommendation Same resolution and format as | Two quality service for Standard TV (SDTV)
ITU-R BT.601 lower layer
High Definition Same resolution and format as | Two quality service for HDTV

lower layer

4:2:0 high definition

4:2:2 chroma simulcast

Video production / distribution

Table Intro. 2 — Applications of spatial scalability

Base Enhancement Application
Progressive (30 Hz) Progressive (30 Hz) Compeatibility or scalability CIF/SCIF
Interlace (30 Hz) Interlace (30 Hz) HDTV/SDTV scalability
Progressive (30 Hz) Interlace (30 Hz) ISO/IEC 11172-2/compatibility with this Specification
Interlace (30 Hz) Progressive (60 Hz) Migration to high resolution progressive HDTV
Table Intro. 3 — Applications of temporal scalability
Base Enhancement Higher Application
Progressive (30 Hz) Progressive (30 Hz) Progressive (60 Hz) Migration to high resolution progressive
HDTV
Interlace (30 Hz) Interlace (30 Hz) Progressive (60 Hz) glijg]{a{;ion to high resolution progressive

Intro. 4.2.1 Spatial scalable extension

Spatial scalability is a tool intended for use in video applications involving telecommunications, interworking of video
standards, video database browsing, interworking of HDTV and TV, etc., i.e. video systems with the primary common
feature that a minimum of two layers of spatial resolution are necessary. Spatial scalability involves generating two
spatial resolution video layers from a single video source such that the lower layer is coded by itself to provide the basic
spatial resolution and the enhancement layer employs the spatially interpolated lower layer and carries the full spatial
resolution of the input video source. The lower and the enhancement layers may either both use the coding tools in this
Specification, or the ISO/IEC 11172-2 Standard for the lower layer and this Specification for the enhancement layer. The
latter case achieves a further advantage by facilitating interworking between video coding standards. Moreover, spatial
scalability offers flexibility in choice of video formats to be employed in each layer. An additional advantage of spatial
scalability is its ability to provide resilience to transmission errors as the more important data of the lower layer can be
sent over channel with better error performance, while the less critical enhancement layer data can be sent over a channel
with poor error performance.

Intro. 4.2.2 SNR scalable extension

SNR scalability is a tool intended for use in video applications involving telecommunications, video services with
multiple qualities, standard TV and HDTYV, i.e. video systems with the primary common feature that a minimum of two
layers of video quality are necessary. SNR scalability involves generating two video layers of same spatial resolution but
different video qualities from a single video source such that the lower layer is coded by itself to provide the basic video
quality and the enhancement layer is coded to enhance the lower layer. The enhancement layer when Wéﬁh‘i’étﬁts
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lower layer regenerates a higher quality reproduction of the input video. The lower and the enhancement layers may
either use this Specification or ISO/IEC 11172-2 Standard for the lower layer and this Specification for the enhancement
layer. An additional advantage of SNR scalability is its ability to provide high degree of resilience to transmission errors
as the more important data of the lower layer can be sent over channel with better error performance, while the less
critical enhancement layer data can be sent over a channel with poor error performance.

Intro. 4.2.3 Temporal scalable extension

Temporal scalability is a tool intended for use in a range of diverse video applications from telecommunications
to HDTV for which migration to higher temporal resolution systems from that of lower temporal resolution systems may
be necessary. In many cases, the lower temporal resolution video systems may be either the existing systems or the less
expensive early generation systems, with the motivation of introducing more sophisticated systems gradually. Temporal
scalability involves partitioning of video frames into layers, whereas the lower layer is coded by itself to provide the
basic temporal rate and the enhancement layer is coded with temporal prediction with respect to the lower layer, these
layers when decoded and temporal multiplexed to yield full temporal resolution of the video source. The lower temporal
resolution systems may only decode the lower layer to provide basic temporal resolution, whereas more sophisticated
systems of the future may decode both layers and provide high temporal resolution video while maintaining interworking
with earlier generation systems. An additional advantage of temporal scalability is its ability to provide resilience to
transmission errors as the more important data of the lower layer can be sent over channel with better error performance,
while the less critical enhancement layer can be sent over a channel with poor error performance.

Intro. 4.2.4 Data partitioning extension

Data partitioning is a tool intended for use when two channels are available for transmission and/or storage of a
video bitstream, as may be the case in ATM networks, terrestrial broadcast, magnetic media, etc. The bitstream is
partitioned between these channels such that more critical parts of the bitstream (such as headers, motion vectors, low
frequency DCT coefficients) are transmitted in the channel with the better error performance, and less critical data (such
as higher frequency DCT coefficients) is transmitted in the channel with poor error performance. Thus, degradation to
channel errors are minimised since the critical parts of a bitstream are better protected. Data from neither channel may be
decoded on a decoder that is not intended for decoding data partitioned bitstreams.

Documents
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INTERNATIONAL STANDARD

ITU-T RECOMMENDATION

INFORMATION TECHNOLOGY - GENERIC CODING OF MOVING
PICTURES AND ASSOCIATED AUDIO INFORMATION: VIDEO

1 Scope

This Recommendation | International Standard specifies the coded representation of picture information for digital
storage media and digital video communication and specifies the decoding process. The representation supports constant
bitrate transmission, variable bitrate transmission, random access, channel hopping, scalable decoding, bitstream editing,
as well as special functions such as fast forward playback, fast reverse playback, slow motion, pause and still pictures.
This Recommendation | International Standard is forward compatible with ISO/IEC 11172-2 and upward or downward
compatible with EDTV, HDTV, SDTV formats.

This Recommendation | International Standard is primarily applicable to digital storage media, video broadcast and
communication. The storage media may be directly connected to the decoder, or via communications means such as
busses, LANSs, or telecommunications links.

2 Normative references

The following Recommendations and International Standards contain provisions which, through reference in this text,
constitute provisions of this Recommendation | International Standard. At the time of publication, the editions indicated
were valid. All Recommendations and Standards are subject to revision, and parties to agreements based on this
Recommendation | International Standard are encouraged to investigate the possibility of applying the most recent
edition of the Recommendations and Standards indicated below. Members of IEC and ISO maintain registers of currently
valid International Standards. The Telecommunication Standardization Bureau of ITU maintains a list of currently valid
ITU-T Recommendations.

—  Recommendation ITU-R BT.601-3 (1992), Encoding parameters of digital television for studios.
—  Recommendation ITU-R BR.648 (1986), Digital recording of audio signals.

—  Report ITU-R 955-2 (1990), Satellite sound broadcasting with portable receivers and receivers in
automobiles.

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

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

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

— IEEE 1180:1990, Standard Specifications for the Implementations of 8 by 8 Inverse Discrete Cosine
Transform.

— TEC 60908 (1999), Audio recording — Compact disc digital audio system.

— IEC 60461 (1986), Time and control code for video tape recorders.

—  ITU-T Recommendation H.261 (1993), Video codec for audiovisual services at p x 64 kbit/s.

—  ITU-T Recommendation H.320 (1999), Narrow-band visual telephone systems and terminal equipment.

— CCITT Recommendation T.81 (1992) ISO/IEC 10918-1:1994, Information technology — Digital
compression and coding of continuous-tone still images: Requirements and guidelines. (BEg
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3 Definitions
For the purposes of this Recommendation | International Standard, the following definitions apply.
31 AC coefficient: Any DCT coefficient for which the frequency in one or both dimensions is non-zero.

3.2 big picture: A coded picture that would cause VBV buffer underflow as defined in C.7. Big pictures can only
occur in sequences where low_delay is equal to 1. "Skipped picture" is a term that is sometimes used to describe the
same concept.

33 B-field picture: A field structure B-Picture.
34 B-frame picture: A frame structure B-Picture.
3.5 B-picture; bidirectionally predictive-coded picture: A picture that is coded using motion compensated

prediction from past and/or future reference fields or frames.

3.6 backward compatibility: A newer coding standard is backward compatible with an older coding standard if
decoders designed to operate with the older coding standard are able to continue to operate by decoding all or part of a
bitstream produced according to the newer coding standard.

3.7 backward motion vector: A motion vector that is used for motion compensation from a reference frame or
reference field at a later time in display order.

3.8 backward prediction: Prediction from the future reference frame (field).

3.9 base layer: First, independently decodable layer of a scalable hierarchy.

3.10 bitstream; stream: An ordered series of bits that forms the coded representation of the data.

3.11 bitrate: The rate at which the coded bitstream is delivered from the storage medium to the input of a decoder.
3.12 block: An 8-row by 8-column matrix of samples, or 64 DCT coefficients (source, quantised or dequantised).

3.13 bottom field: One of two fields that comprise a frame. Each line of a bottom field is spatially located
immediately below the corresponding line of the top field.

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

3.15 byte: Sequence of 8 bits.

3.16 channel: A digital medium that stores or transports a bitstream constructed according to ITU-T Rec. H.262 |
ISO/IEC 13818-2.

3.17 chrominance format: Defines the number of chrominance blocks in a macroblock.

3.18 chroma simulcast: A type of scalability (which is a subset of SNR scalability) where the enhancement layer(s)
contain only coded refinement data for the DC coefficients, and all the data for the AC coefficients, of the chrominance
components.

3.19 chrominance component: A matrix, block or single sample representing one of the two colour difference
signals related to the primary colours in the manner defined in the bitstream. The symbols used for the chrominance
signals are Cr and Cb.

3.20 coded B-frame: A B-frame picture or a pair of B-field pictures.
3.21 coded frame: A coded frame is a coded I-frame, a coded P-frame or a coded B-frame.

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

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

3.24 coded picture: A coded picture is made of a picture header, the optional extensions immediately following it,
and the following picture data. A coded picture may be a coded frame or a coded field.

3.25 coded video bitstream: A coded representation of a series of one or more pictures as defined in ITU-T
Rec. H.262 | ISO/IEC 13818-2.

3.26 coded order: The order in which the pictures are transmitted and decoded. This order is not necessarily the

same as the display order. Doc ume ntS
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3.27 coded representation: A data element as represented in its encoded form.

3.28 coding parameters: The set of user-definable parameters that characterise a coded video bitstream. Bitstreams
are characterised by coding parameters. Decoders are characterised by the bitstreams that they are capable of decoding.

3.29 component: A matrix, block or single sample from one of the three matrices (luminance and two chrominance)
that make up a picture.

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

3.31 constant bitrate coded video: A coded video bitstream with a constant bitrate.

3.32 constant bitrate: Operation where the bitrate is constant from start to finish of the coded bitstream.

3.33 data element: An item of data as represented before encoding and after decoding.

3.34 data partitioning: A method for dividing a bitstream into two separate bitstreams for error resilience purposes.

The two bitstreams have to be recombined before decoding.

3.35 D-Picture: A type of picture that shall not be used except in ISO/IEC 11172-2.

3.36 DC coefficient: The DCT coefficient for which the frequency is zero in both dimensions.

3.37 DCT coefficient: The amplitude of a specific cosine basis function.

3.38 decoder input buffer: The First-In First-Out (FIFO) buffer specified in the video buffering verifier.
3.39 decoder: An embodiment of a decoding process.

3.40 decoding (process): The process defined in ITU-T Rec. H.262 | ISO/IEC 13818-2 that reads an input coded
bitstream and produces decoded pictures.

341 dequantisation: The process of rescaling the quantised DCT coefficients after their representation in the
bitstream has been decoded and before they are presented to the inverse DCT.

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

3.43 discrete cosine transform (DCT): Either the forward discrete cosine transform or the inverse discrete
cosine transform. The DCT is an invertible, discrete orthogonal transformation. The inverse DCT is defined in Annex A
of ITU-T Rec. H.262 | ISO/IEC 13818-2.

3.44 display aspect ratio: The ratio height/width (in spatial measurement units such as centimeters) of the intended
display.

3.45 display order: The order in which the decoded pictures are displayed. Normally this is the same order in
which they were presented at the input of the encoder.

3.46 display process: The (non-normative) process by which reconstructed frames are displayed.

3.47 dual-prime prediction: A prediction mode in which two forward field-based predictions are averaged. The
predicted block size is 16 X 16 luminance samples.

3.48 editing: The process by which one or more coded bitstreams are manipulated to produce a
new coded bitstream. Conforming edited bitstreams must meet the requirements defined in ITU-T Rec. H.262 |
ISO/IEC 13818-2.

3.49 encoder: An embodiment of an encoding process.

3.50 encoding (process): A process, not specified in ITU-T Rec. H.262 | ISO/IEC 13818-2, that reads a
stream of input pictures and produces a valid coded bitstream as defined in ITU-T Rec. H.262 | ISO/IEC 13818-2.

3.51 enhancement layer: A relative reference to a layer (above the base layer) in a scalable hierarchy. For all forms
of scalability, its decoding process can be described by reference to the lower layer decoding process and the appropriate
additional decoding process for the enhancement layer itself.

3.52 fast forward playback: The process of displaying a sequence, or parts of a sequence, of pictures in display-
order faster than real-time.

3.53 fast reverse playback: The process of displaying the picture sequence in the reverse of display order faster

than real-time. Documents
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3.54 field: For an interlaced video signal, a "field" is the assembly of alternate lines of a frame. Therefore an
interlaced frame is composed of two fields, a top field and a bottom field.

3.55 field-based prediction: A prediction mode using only one field of the reference frame. The predicted block
size is 16 X 16 luminance samples.

3.56 field period: The reciprocal of twice the frame rate.

3.57 field picture; field structure picture: A field structure picture is a coded picture with picture structure is
equal to "Top field" or "Bottom field".

3.58 flag: A one bit integer variable which may take one of only two values (zero and one).

3.59 forbidden: The term "forbidden" when used in the clauses defining the coded bitstream indicates that the value
shall never be used. This is usually to avoid emulation of start codes.

3.60 forced updating: The process by which macroblocks are intra-coded from time-to-time to ensure that
mismatch errors between the inverse DCT processes in encoders and decoders cannot build up excessively.

3.61 forward compatibility: A newer coding standard is forward compatible with an older coding standard if
decoders designed to operate with the newer coding standard are able to decode bitstreams of the older coding standard.

3.62 forward motion vector: A motion vector that is used for motion compensation from a reference frame or
reference field at an earlier time in display order.

3.63 forward prediction: Prediction from the past reference frame (field).

3.64 frame: A frame contains lines of spatial information of a video signal. For progressive video, these lines
contain samples starting from one time instant and continuing through successive lines to the bottom of the frame. For
interlaced video, a frame consists of two fields, a top field and a bottom field. One of these fields will commence one
field period later than the other.

3.65 frame-based prediction: A prediction mode using both fields of the reference frame.
3.66 frame period: The reciprocal of the frame rate.
3.67 frame picture; frame structure picture: A frame structure picture is a coded picture with picture_structure is

equal to "Frame".
3.68 frame rate: The rate at which frames are output from the decoding process.

3.69 future reference frame (field): A future reference frame (field) is a reference frame (field) that occurs at a
later time than the current picture in display order.

3.70 frame re-ordering: The process of re-ordering the reconstructed frames when the coded order is different
from the display order. Frame re-ordering occurs when B-frames are present in a bitstream. There is no frame re-ordering
when decoding low delay bitstreams.

3.71 group of pictures: A notion defined only in ISO/IEC 11172-2 (MPEG-1 Video). In ITU-T Rec. H.262 |
ISO/TIEC 13818-2, a similar functionality can be achieved by the mean of inserting group of pictures headers.

3.72 header: A block of data in the coded bitstream containing the coded representation of a number of data
elements pertaining to the coded data that follow the header in the bitstream.

3.73 hybrid scalability: Hybrid scalability is the combination of two (or more) types of scalability.

3.74 interlace: The property of conventional television frames where alternating lines of the frame represent
different instances in time. In an interlaced frame, one of the field is meant to be displayed first. This field is called the
first field. The first field can be the top field or the bottom field of the frame.

3.75 I-field picture: A field structure I-Picture.

3.76 I-frame picture: A frame structure [-Picture.
3.77 I-picture; intra-coded picture: A picture coded using information only from itself.
3.78 intra coding: Coding of a macroblock or picture that uses information only from that macroblock or picture.

3.78.1 Inverse DCT, IDCT: Inverse discrete cosine transform, as defined in Annex A.

3.79 level: A defined set of constraints on the values which may be taken by the parameters of ITU-T Rec. H.262 |
ISO/IEC 13818-2 within a particular profile. A profile may contain one or more levels. In a different context, level is the
absolute value of a non-zero coefficient (see "run"). D ocuments
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3.80 layer: In a scalable hierarchy denotes one out of the ordered set of bitstreams and (the result of) its associated
decoding process (implicitly including decoding of all layers below this layer).

3.81 layer bitstream: A single bitstream associated to a specific layer (always used in conjunction with layer
qualifiers, e. g. "enhancement layer bitstream").

3.82 lower layer: A relative reference to the layer immediately below a given enhancement layer (implicitly
including decoding of all layers below this enhancement layer).

3.83 luminance component: A matrix, block or single sample representing a monochrome representation of the
signal and related to the primary colours in the manner defined in the bitstream. The symbol used for luminance is Y.

3.84 Mbit: 1000 000 bits.

3.85 macroblock: The four 8 by 8 blocks of luminance data and the two (for 4:2:0 chrominance format), four
(for 4:2:2 chrominance format) or eight (for 4:4:4 chrominance format) corresponding 8 by 8 blocks of chrominance data
coming from a 16 by 16 section of the luminance component of the picture. Macroblock is sometimes used to refer to the
sample data and sometimes to the coded representation of the sample values and other data elements defined in the
macroblock header of the syntax defined in ITU-T Rec. H.262 | ISO/IEC 13818-2. The usage is clear from the context.

3.86 motion compensation: The use of motion vectors to improve the efficiency of the prediction of sample values.
The prediction uses motion vectors to provide offsets into the past and/or future reference frames or reference fields
containing previously decoded sample values that are used to form the prediction error.

3.87 motion estimation: The process of estimating motion vectors during the encoding process.

3.88 motion vector: A two-dimensional vector used for motion compensation that provides an offset from the
coordinate position in the current picture or field to the coordinates in a reference frame or reference field.

3.89 non-intra coding: Coding of a macroblock or picture that uses information both from itself and from
macroblocks and pictures occurring at other times.

3.90 opposite parity: The opposite parity of top is bottom, and vice versa.
3.91 P-field picture: A field structure P-Picture.
3.92 P-frame picture: A frame structure P-Picture.

3.93 P-picture; predictive-coded picture: A picture that is coded using motion compensated prediction from past
reference fields or frame.

3.94 parameter: A variable within the syntax of ITU-T Rec. H.262 | ISO/IEC 13818-2 which may take one of a
range of values. A variable which can take one of only two values is called a flag.

3.95 parity (of field): The parity of a field can be top or bottom.

3.96 past reference frame (field): A past reference frame (field) is a reference frame (field) that occurs at an earlier
time than the current picture in display order.

3.97 picture: Source, coded or reconstructed image data. A source or reconstructed picture consists of three
rectangular matrices of 8-bit numbers representing the luminance and two chrominance signals. A "coded picture" is
defined in 3.21 of ITU-T Rec. H.262 | ISO/IEC 13818-2. For progressive video, a picture is identical to a frame, while
for interlaced video, a picture can refer to a frame, or the top field or the bottom field of the frame depending on the
context.

3.98 picture data: In the VBV operations, picture data is defined as all the bits of the coded picture, all the
header(s) and user data immediately preceding it if any (including any stuffing between them) and all the stuffing
following it, up to (but not including) the next start code, except in the case where the next start code is an end of
sequence code, in which case it is included in the picture data.

3.99 prediction: The use of a predictor to provide an estimate of the sample value or data element currently being
decoded.

3.100  prediction error: The difference between the actual value of a sample or data element and its predictor.
3.101  predictor: A linear combination of previously decoded sample values or data elements.

3.102  profile: A defined subset of the syntax of ITU-T Rec. H.262 | ISO/IEC 13818-2.

NOTE — In ITU-T Rec. H.262 | ISO/IEC 13818-2, the word "profile" is used as defined above. It should not be confused with
other definitions of "profile" and in particular it does not have the meaning that is defined by JTC1/SGFS. Docu m ents
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3.103  progressive: The property of film frames where all the samples of the frame represent the same instances in
time.

3.104  quantisation matrix: A set of sixty-four 8-bit values used by the dequantiser.

3.105 quantised DCT coefficients: DCT coefficients before dequantisation. A variable length coded representation
of quantised DCT coefficients is transmitted as part of the coded video bitstream.

3.106 quantiser scale: A scale factor coded in the bitstream and used by the decoding process to scale the
dequantisation.

3.107 random access: The process of beginning to read and decode the coded bitstream at an arbitrary point.

3.108 reconstructed frame: A reconstructed frame consists of three rectangular matrices of 8-bit numbers
representing the luminance and two chrominance signals. A reconstructed frame is obtained by decoding a coded frame.

3.109  reconstructed picture: A reconstructed picture is obtained by decoding a coded picture. A reconstructed
picture is either a reconstructed frame (when decoding a frame picture), or one field of a reconstructed frame (when
decoding a field picture). If the coded picture is a field picture, then the reconstructed picture is the top field or the
bottom field of the reconstructed frame.

3.110 reference field: A reference field is one field of a reconstructed frame. Reference fields are used for forward
and backward prediction when P-pictures and B-pictures are decoded. Note that when field P-pictures are decoded,
prediction of the second field P-picture of a coded frame uses the first reconstructed field of the same coded frame as a
reference field.

3.111 reference frame: A reference frame is a reconstructed frame that was coded in the form of a coded I-frame or
a coded P-frame. Reference frames are used for forward and backward prediction when P-pictures and B-pictures are
decoded.

3.112  re-ordering delay: A delay in the decoding process that is caused by frame re-ordering.

3.113  reserved: The term "reserved" when used in the clauses defining the coded bitstream, indicates that the value
may be used in the future for ITU-T | ISO/IEC defined extensions.

3.114  sample aspect ratio (SAR): This specifies the relative distance between samples. It is defined (for the
purposes of ITU-T Rec. H.262 | ISO/IEC 13818-2), as the vertical displacement of the lines of luminance samples in a
frame divided by the horizontal displacement of the luminance samples. Thus, its units are (metres per line) + (metres per
sample).

3.115  scalable hierarchy: Coded video data consisting of an ordered set of more than one video bitstream.

3.116  scalability: Scalability is the ability of a decoder to decode an ordered set of bitstreams to produce a
reconstructed sequence. Moreover, useful video is output when subsets are decoded. The minimum subset that can thus
be decoded is the first bitstream in the set which is called the base layer. Each of the other bitstreams in the set is called
an enhancement layer. When addressing a specific enhancement layer, "lower layer" refer to the bitstream which
precedes the enhancement layer.

3.117  side information: Information in the bitstream necessary for controlling the decoder.

3.118 16 x 8 prediction: A prediction mode similar to field-based prediction but where the predicted block size is
16 x 8 luminance samples.

3.119  run: The number of zero coefficients preceding a non-zero coefficient, in the scan order. The absolute value of
the non-zero coefficient is called "level".

3.120  saturation: Limiting a value that exceeds a defined range by setting its value to the maximum or minimum of
the range as appropriate.

3.121  skipped macroblock: A macroblock for which no data is encoded.
3.122 slice: A consecutive series of macroblocks which are all located in the same horizontal row of macroblocks.

3.123  SNR scalability: A type of scalability where the enhancement layer(s) contain only coded refinement data for
the DCT coefficients of the lower layer.

3.124  source; input: Term used to describe the video material or some of its attributes before encodﬁ°cu ments
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3.125  spatial prediction: Prediction derived from a decoded frame of the lower layer decoder used in spatial
scalability.

3.126  spatial scalability: A type of scalability where an enhancement layer also uses predictions from sample data
derived from a lower layer without using motion vectors. The layers can have different frame sizes, frame rates or
chrominance formats.

3.127  start codes (system and video): 32-bit codes embedded in that coded bitstream that are unique. They are used
for several purposes including identifying some of the structures in the coding syntax.

3.128  stuffing (bits); stuffing (bytes): Code-words that may be inserted into the coded bitstream that are discarded in
the decoding process. Their purpose is to increase the bitrate of the stream which would otherwise be lower than the
desired bitrate.

3.129  temporal prediction: Prediction derived from reference frames or fields other than those defined as spatial
prediction.

3.130  temporal scalability: A type of scalability where an enhancement layer also uses predictions from sample data
derived from a lower layer using motion vectors. The layers have identical frame size, and chrominance formats, but can
have different frame rates.

3.131  top field: One of two fields that comprise a frame. Each line of a top field is spatially located immediately
above the corresponding line of the bottom field.

3.132  top layer: The topmost layer (with the highest layer id) of a scalable hierarchy.
3.133  variable bitrate: Operation where the bitrate varies with time during the decoding of a coded bitstream.

3.134  variable length coding (VLC): A reversible procedure for coding that assigns shorter code-words to frequent
events and longer code-words to less frequent events.

3.135  video buffering verifier (VBV): A hypothetical decoder that is conceptually connected to the output of the
encoder. Its purpose is to provide a constraint on the variability of the data rate that an encoder or editing process may
produce.

3.136  video sequence: The highest syntactic structure of coded video bitstreams. It contains a series of one or more
coded frames.

3.137  xxx profile decoder: Decoder able to decode one or a scalable hierarchy of bitstreams of which the top layer
conforms to the specifications of the xxx profile (with xxx being any of the defined Profile names).

3.138  xxx profile scalable hierarchy: Set of bitstreams of which the top layer conforms to the specifications of the
xxx profile.

3.139  xxx profile bitstream: A bitstream of a scalable hierarchy with a profile indication corresponding to xxx. Note
that this bitstream is only decodable together with all its lower layer bitstreams (unless it is a base layer bitstream).

3.140  zigzag scanning order: A specific sequential ordering of the DCT coefficients from (approximately) the
lowest spatial frequency to the highest.

4 Abbreviations and symbols

The mathematical operators used to describe this Specification are similar to those used in the C programming language.
However, integer divisions with truncation and rounding are specifically defined. Numbering and counting loops
generally begin from zero.

4.1 Arithmetic operators
+ Addition
- Subtraction (as a binary operator) or negation (as a unary operator)
++ Increment, i.e. x++ is equivalent to x =x + 1
— Decrement, i.e. x—— is equivalent to x =x — 1
X T
N } Multiplication
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N

Power

/ Integer division with truncation of the result toward zero. For example, 7/4 and —7/—4 are truncated to
1 and —7/4 and 7/-4 are truncated to —1.
// Integer division with rounding to the nearest integer. Half-integer values are rounded away from zero
unless otherwise specified. For example 3//2 is rounded to 2, and —3//2 is rounded to —2.
DIV Integer division with truncation of the result toward minus infinity. For example 3 DIV 2 is rounded
to 1, and -3 DIV 2 is rounded to 2.
+ Used to denote division in mathematical equations where no truncation or rounding is intended.
% Modulus operator. Defined only for positive numbers.
I x>0
Sign() Sign(x)=70 x==
-1 x<0
Abs()  Abs(x) = {X x>=0
-x x<0
i<b
z f (i) The summation of the f (i) with i taking integral values from « up to, but not including b.
1=a
4.2 Logical operators
I Logical OR
&& Logical AND
! Logical NOT
4.3 Relational operators
> Greater than
>= Greater than or equal to
< Less than
<= Less than or equal to
== Equal to
= Not equal to
max [, ...,] The maximum value in the argument list
min [, ...,]  The minimum value in the argument list
4.4 Bitwise operators
& AND
| OR

>>  Shift right with sign extension
<< Shift left with zero fill

4.5 Assignment

= Assignment operator

4.6 Mnemonics

The following mnemonics are defined to describe the different data types used in the coded bitstream.

bslbf

Bit string, left bit first, where "left" is the order in which bit strings are written in this Specification.
Bit strings are generally written as a string of 1s and Os within single quote marks, e.g. '1000 0001".
Blanks within a bit string are for ease of reading and have no significance. For convenience, large
strings are occasionally written in hexadecimal; in this case, conversion to a binary in the
conventional manner will yield the value of the bit string. Thus, the left most hexadecimal digit is

first and in each hexadecimal digit the most significant of the four bits is first. D ocuments
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uimsbf Unsigned integer, most significant bit first.
simsbf Signed integer, in twos complement format, most significant (sign) bit first.

vlelbf  Variable length code, left bit first, where "left" refers to the order in which the VLC codes are
written. The byte order of multibyte words is the most significant byte first.

In the clauses describing the syntax, any syntactic element that can only take positive or unsigned values (such as a flag
that can be equal to 0 or 1) is described with the mnemonic 'uimsbf'. If the syntactic element can have a negative value, it
is described with the mnemonic 'simsbf. If the syntactic element has a constant value (e.g. marker bit) then it is
described with the mnemonic 'bslbf'. If the syntactic element represents a variable-length code, it is described with the
mnemonic 'viclbf'.

4.7 Constants
3,141 592 653 58...
e 2718281 82845...

5 Conventions

5.1 Method of describing bitstream syntax

The bitstream retrieved by the decoder is described in 6.2. Each data item in the bitstream 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 bitstream 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 6.3. The following constructs are used to express the conditions when data elements are
present, and are in normal type:

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

H

do {
data_element The data element always occurs at least once.

} while ( condition ) The data element is repeated until the condition is not true.

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

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

H

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

} first occurrence, incremented by one for the second occurrence, and so forth.

/* comment ... */ Explanatory comment that may be deleted entirely without in any

way altering the syntax.

This syntax uses the 'C-code' convention that a variable or expression evaluating to a non-zero value is equivalent to a
condition that is true and a variable or expression evaluating to a zero value is equivalent to a condition that is false. In
many cases a literal string is used in a condition. For example:

if ( scalable_mode == "spatial scalability" ) ...

In such cases the literal string is that used to describe the value of the bitstream element in 6.3. In this example, we see
that "spatial scalability" is defined in Table 6-10 to be represented by the two bit binary number '01'. D ocuments
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As noted, the group of data elements may contain nested conditional constructs. For compactness, the {} are omitted
when only one data element follows:

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

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

While the syntax is expressed in procedural terms, it should not be assumed that 6.2 implements a satisfactory decoding
procedure. In particular, it defines a correct and error-free input bitstream. Actual decoders must include means to look

for start codes 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 standardised.

5.2 Definition of functions
Several utility functions for picture coding algorithm are defined as follows.

5.2.1 Definition of bytealigned() function

The function bytealigned () returns 1 if the current position is on a byte boundary, that is the next bit in the bitstream is
the first bit in a byte. Otherwise it returns 0.

5.2.2 Definition of nextbits() function

The function nextbits () permits comparison of a bit string with the next bits to be decoded in the bitstream.

5.23 Definition of next_start_code() function

The next_start_code() function removes any zero bit and zero byte stuffing and locates the next start code.

next_start code() { No. of bits Mnemonic

while ( !bytealigned() )

zero_bit 1 ‘0’
while ( nextbits() !="'0000 0000 0000 0000 0000 0001")
zero_byte 8 '0000 0000’

This function checks whether the current position is byte aligned. If it is not, zero stuffing bits are present. After that any
number of zero stuffing bytes may be present before the start code. Therefore, start codes are always byte aligned and
may be preceded by any number of zero stuffing bits.

53 Reserved, forbidden and marker_bit

The terms "reserved" and "forbidden" are used in the description of some values of several fields in the coded bitstream.
The term "reserved" indicates that the value may be used in the future for ITU-T | ISO/IEC defined extensions.

The term "forbidden" indicates a value that shall never be used (usually in order to avoid emulation of start codes).

The term "marker bit" indicates a one bit integer in which the value zero is forbidden (and it therefore shall have the
value '1"). These marker bits are introduced at several points in the syntax to avoid start code emulation.
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5.4 Arithmetic precision

In order to reduce discrepancies between implementations of this Specification, the following rules for arithmetic
operations are specified:

a) Where arithmetic precision is not specified, such as in the calculation of the IDCT, the precision shall be
sufficient so that significant errors do not occur in the final integer values.

b) Where ranges of values are given by a colon, the end points are included if a bracket is present, and
excluded if the 'less than' (<) and 'greater than' (>) characters are used. For example, [a : b > means from a
to b, including @ but excluding b.

6 Video bitstream syntax and semantics

6.1 Structure of coded video data

Coded video data consists of an ordered set of video bitstreams, called layers. If there is only one layer, the coded video
data is called non-scalable video bitstream. If there are two layers or more, the coded video data is called a scalable
hierarchy.

The first layer (of the ordered set) is called base layer, and it can always be decoded independently. See 7.1 to 7.6
and 7.12 for a description of the decoding process for the base layer, except in the case of Data partitioning, described
in 7.10.

Other layers are called enhancement layers, and can only be decoded together with all the lower layers (previous layers
in the ordered set), starting with the base layer. See 7.7 to 7.11 for a description of the decoding process for scalable
hierarchy.

See Rec. ITU-T H.222.0 | ISO/IEC 13818-1 for a description of the way layers may be multiplexed together.

The base layer of a scalable hierarchy may conform to this Specification or to other standards such as ISO/IEC 11172-2.
See details in 7.7 to 7.11. Enhancement layers shall conform to this Specification.

In all cases apart from Data partitioning, the base layer does not contain a sequence scalable_extension(). Enhancement
layers always contain sequence_scalable extension().

In general, the video bitstream can be thought of as a syntactic hierarchy in which syntactic structures contain one or
more subordinate structures. For instance, the structure "picture_data()" contains one or more of the syntactic structure
"slice()" which in turn contains one or more of the structure "macroblock()".

This structure is very similar to that used in ISO/IEC 11172-2.

6.1.1 Video sequence
The highest syntactic structure of the coded video bitstream is the video sequence.

A video sequence commences with a sequence header which may optionally be followed by a group of pictures header
and then by one or more coded frames. The order of the coded frames in the coded bitstream is the order in which the
decoder processes them, but not necessarily in the correct order for display. The video sequence is terminated by a
sequence_end code. At various points in the video sequence, a particular coded frame may be preceded by either a
repeat sequence header or a group of pictures header or both. (In the case that both a repeat sequence header and a group
of pictures header immediately precede a particular picture, the group of pictures header shall follow the repeat sequence
header.)

6.1.1.1 Progressive and interlaced sequences
This Specification deals with coding of both progressive and interlaced sequences.

The output of the decoding process, for interlaced sequences, consists of a series of reconstructed fields that are
separated in time by a field period. The two fields of a frame may be coded separately (field-pictures). Alternatively the
two fields may be coded together as a frame (frame-pictures). Both frame pictures and field pictures may be used in a
single video sequence.

In progressive sequences each picture in the sequence shall be a frame picture. The sequence, at the output of the
decoding process, consists of a series of reconstructed frames that are separated in time by a frame peri(b
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6.1.1.2 Frame

A frame consists of three rectangular matrices of integers: a luminance matrix (YY), and two chrominance matrices (Cb
and Cr).

The relationship between these Y, Cb and Cr components and the primary (analogue) Red, Green and Blue Signals (E',
E'G and E'), the chromaticity of these primaries and the transfer characteristics of the source frame may be specified in
the bitstream (or specified by some other means). This information does not affect the decoding process.

6.1.1.3 Field
A field consists of every other line of samples in the three rectangular matrices of integers representing a frame.

A frame is the union of a top field and a bottom field. The top field is the field that contains the top-most line of each of
the three matrices. The bottom field is the other one.

6.1.1.4 Picture

A coded picture is made of a picture header, the optional extensions immediately following it and the following picture
data. A coded picture may be a coded frame or a coded field.

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

A P-frame picture or a pair of P-field pictures is called a coded P-frame.
A B-frame picture or a pair of B-field pictures is called a coded B-frame.
A coded I-frame, a coded P-frame or a coded B-frame is called a coded frame.

A reconstructed picture is obtained by decoding a coded picture, i.e. a picture header, the optional extensions
immediately following it, and the picture data. A coded picture may be a frame picture or a field picture. A reconstructed
picture is either a reconstructed frame (when decoding a frame picture), or one field of a reconstructed frame (when
decoding a field picture).

6.1.1.4.1 Field pictures

If field pictures are used, then they shall occur in pairs (one top field followed by one bottom field, or one bottom field
followed by one top field) and together constitute a coded frame. The two field pictures that comprise a coded frame
shall be encoded in the bitstream in the order in which they shall occur at the output of the decoding process.

When the first picture of the coded frame is a P-field picture, then the second picture of the coded frame shall also be a
P-field picture. Similarly when the first picture of the coded frame is a B-field picture the second picture of the coded
frame shall also be a B-field picture.

When the first picture of the coded frame is a I-field picture, then the second picture of the frame shall be either an I-field
picture or a P-field picture. If the second picture is a P-field picture, then certain restrictions apply (see 7.6.3.5).

6.1.1.4.2 Frame pictures

When coding interlaced sequences using frame pictures, the two fields of the frame shall be interleaved with one another
and then the entire frame is coded as a single frame-picture.

6.1.1.5 Picture types

There are three types of pictures that use different coding methods:
—  an Intra-coded (I) picture is coded using information only from itself;

—  a Predictive-coded (P) picture is a picture which is coded using motion compensated prediction from a
past reference frame or past reference field;

— a Bidirectionally predictive-coded (B) picture is a picture which is coded using motion compensated

prediction from a past and/or future reference frame(s).

6.1.1.6 Sequence header

A video sequence header commences with a sequence header _code and is followed by a series of data elements. In this
Specification, sequence header() shall be followed by sequence extension() which includes further parameters beyond
those used by ISO/IEC 11172-2. When sequence extension() is present, the syntax and semantics defined in
ISO/IEC 11172-2 do not apply, and the present Specification applies.
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In repeat sequence headers all of the data elements with the permitted exception of those defining the quantisation
matrices (load intra_quantiser matrix, load non_ intra quantiser matrix and optionally intra_quantiser matrix and
non_intra_quantiser _matrix) shall have the same values as in the first sequence header. The quantisation matrices may be
redefined each time that a sequence header occurs in the bitstream (note that quantisation matrices may also be updated
using quant_matrix_extension()).

All of the data elements in the sequence_extension() that follows a repeat sequence header() shall have the same values
as in the first sequence_extension().

If a sequence scalable extension() occurs after the first sequence header() all subsequent sequence headers shall be
followed by sequence scalable extension() in which all data elements are the same as in the first
sequence_scalable extension(). Conversely if no sequence scalable extension() occurs between the first
sequence_header() and the first picture _header(), then sequence_scalable extension() shall not occur in the bitstream.

If a sequence display extension() occurs after the first sequence header() all subsequent sequence headers shall be
followed by sequence display extension() in which all data eclements are the same as in the first
sequence_display extension(). Conversely if no sequence display extension() occurs between the first
sequence_header() and the first picture_header(), then sequence_display extension() shall not occur in the bitstream.

Repeating the sequence header allows the data elements of the initial sequence header to be repeated in order that
random access into the video sequence is possible.

In the coded bitstream, the first picture following a sequence header or a repeated sequence header shall be either
an I-picture or a P-picture, but not a B-picture. In the case that an interlaced frame is coded as two separate field pictures,
a repeat sequence header shall not precede the second of these two field pictures.

If a bitstream is edited so that all of the data preceding any of the repeat sequence headers is removed (or alternatively
random access is made to that sequence header), then the resulting bitstream shall be a legal bitstream that complies with
this Specification. In the case that the first picture of the resulting bitstream is a P-picture, it is possible that it will
contain non-intra macroblocks. Since the reference picture(s) required by the decoding process are not available, the
reconstructed picture may not be fully defined. The time taken to fully refresh the entire frame depends on the refresh
techniques employed.

6.1.1.7 I-pictures and group of pictures header

I-pictures are intended to assist random access into the sequence. Applications requiring random access, fast-forward
playback, or fast reverse playback may use I-pictures relatively frequently.

I-pictures may also be used at scene cuts or other cases where motion compensation is ineffective.

Group of picture header is an optional header that can be used immediately before a coded I-frame to indicate to the
decoder if the first consecutive B-pictures immediately following the coded I-frame can be reconstructed properly in the
case of a random access. In effect, if the preceding reference frame is not available, those B-pictures, if any, cannot be
reconstructed properly unless they only use backward prediction or intra coding. This is more precisely defined in the
clause describing closed gop and broken link. A group of picture header also contains a time code information that is
not used by the decoding process.

In the coded bitstream, the first coded frame following a group of pictures header shall be a coded I-frame.

6.1.1.8 4:2:0 format

In this format the Cb and Cr matrices shall be one half the size of the Y-matrix in both horizontal and vertical
dimensions. The Y-matrix shall have an even number of lines and samples.

NOTE — When interlaced frames are coded as field pictures, the picture reconstructed from each of these field pictures shall have a
Y-matrix with half the number of lines as the corresponding frame. Thus, the total number of lines in the Y-matrix of an entire
frame shall be divisible by four.

The luminance and chrominance samples are positioned as shown in Figure 6-1.

In order to further specify the organisation, Figures 6-2 and 6-3 show the vertical and temporal positioning of the
samples in an interlaced frame. Figure 6-4 shows the vertical and temporal positioning of the samples in a progressive
frame.

In each field of an interlaced frame, the chrominance samples do not lie (vertically) midway between the luminance
samples of the field, this is so that the spatial location of the chrominance samples in the frame is the same whether the
frame is represented as a single frame-picture or two field-pictures.
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Figure 6-1 — The position of luminance and chrominance
samples — 4:2:0 data

Top Bottom
Field Field

O X
X O

v

Time

Figure 6-2 — Vertical and temporal positions of samples
in an interlaced frame with top_field first =1
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Figure 6-3 — Vertical and temporal positions of samples
in an interlaced frame with top_field first=0
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Figure 6-4 — Vertical and temporal positions
of samples in a progressive frame
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6.1.1.9 4:2:2 format

In this format the Cb and Cr matrices shall be one half the size of the Y-matrix in the horizontal dimension and the same
size as the Y-matrix in the vertical dimension. The Y-matrix shall have an even number of samples.

NOTE — When interlaced frames are coded as field pictures, the picture reconstructed from each of these field pictures shall have a
Y-matrix with half the number of lines as the corresponding frame. Thus the total number of lines in the Y-matrix of an entire
frame shall be divisible by two.

The luminance and chrominance samples are positioned as shown in Figure 6-5.

In order to clarify the organisation, Figure 6-6 shows the (vertical) positioning of the samples when the frame is
separated into two fields.

6.1.1.10 4:4:4 format

In this format the Cb and Cr matrices shall be the same size as the Y-matrix in the horizontal and the vertical dimensions.

NOTE — When interlaced frames are coded as field pictures, the picture reconstructed from each of these field pictures shall have a
Y-matrix with half the number of lines as the corresponding frame. Thus the total number of lines in the Y-matrix of an entire
frame shall be divisible by two.

The luminance and chrominance samples are positioned as shown in Figures 6-6 and 6-7.

6.1.1.11 Frame re-ordering

When the sequence contains coded B-frames, the number of consecutive coded B-frames is variable and unbounded. The
first coded frame after a sequence header shall not be a B-frame.

A sequence may contain no coded P-frames. A sequence may also contain no coded I-frames in which case some care is
required at the start of the sequence and within the sequence to effect both random access and error recovery.

The order of the coded frames in the bitstream, also called coded order, is the order in which a decoder reconstructs
them. The order of the reconstructed frames at the output of the decoding process, also called the display order, is not
always the same as the coded order and this subclause defines the rules of frame re-ordering that shall happen within the
decoding process.

When the sequence contains no coded B-frames, the coded order is the same as the display order. This is true in
particular always when low_delay is one.
When B-frames are present in the sequence, re-ordering is performed according to the following rules:

—  If the current frame in coded order is a B-frame, the output frame is the frame reconstructed from that
B-frame.

—  If the current frame in coded order is a I-frame or P-frame, the output frame is the frame reconstructed
from the previous I-frame or P-frame if one exists. If none exists, at the start of the sequence, no frame is
output.

The frame reconstructed from the final I-frame or P-frame is output immediately after the frame reconstructed when the
last coded frame in the sequence was removed from the VBV buffer.

The following is an example of frames taken from the beginning of a video sequence. In this example there are two
coded B-frames between successive coded P-frames and also two coded B-frames between successive coded I- and
P-frames and all pictures are frame-pictures. Frame '1T' is used to form a prediction for frame '4P'. Frames '4P' and '11' are
both used to form predictions for frames 2B' and '3B'. Therefore the order of coded frames in the coded sequence shall
be '1T', '4P', 2B', '3B'. However, the decoder shall display them in the order '1T', 2B', '3B', '4P".
At the encoder input:

1 2 3 4 5 6 7 8 9 10 11 12 13

I B B P B B P B B I B B P

At the encoder output, in the coded bitstream, and at the decoder input:
1 4 2 3 7 5 6 100 8 9 13 11 12
I P B B P B B I B B P B B

At the decoder output:
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>< Represents luminance samples

Q Represents chrominance samples

Figure 6-5 — The position of luminance and chrominance samples — 4:2:2 data
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Figure 6-6 — Vertical positions of samples
with 4:2:2 and 4:4:4 data
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XX X XX X
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XX X XK XK X

>< Represents luminance samples

O Represents chrominance samples
Figure 6-7 — The position of luminance and chrominance samples — 4:4:4 data

6.1.2 Slice

A slice is a series of an arbitrary number of consecutive macroblocks. The first and last macroblocks of a slice shall not
be skipped macroblocks. Every slice shall contain at least one macroblock. Slices shall not overlap. The position of slices
may change from picture to picture.

The first and last macroblock of a slice shall be in the same horizontal row of macroblocks.

Slices shall occur in the bitstream in the order in which they are encountered, starting at the upper-left of the picture and

proceeding by raster-scan order from left to right and top to bottom (illustrated in Figures 6-8 and 6-9 as alphabetical
order).

6.1.2.1 The general slice structure

In the most general case it is not necessary for the slices to cover the entire picture. Figure 6-8 shows this case. Those
areas that are not enclosed in a slice are not encoded and no information is encoded for such areas (in the specific
picture).

If the slices do not cover the entire picture, then it is a requirement that if the picture is subsequently used to form
predictions, then predictions shall only be made from those regions of the picture that were enclosed in slices. It is the

responsibility of the encoder to ensure this.

This Specification does not define what action a decoder shall take in the regions between the slices.

6.1.2.2 Restricted slice structure

In certain defined levels of defined profiles a restricted slice structure illustrated in Figure 6-9 shall be used. In this case
every macroblock in the picture shall be enclosed in a slice.

Where a defined level of a defined profile requires that the slice structure obeys the restrictions detailed in this subclause,
the term "restricted slice structure" may be used.
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Figure 6-8 — The most general slice structure

Figure 6-9 — Restricted slice structure

6.1.3 Macroblock

A macroblock contains a section of the luminance component and the spatially corresponding chrominance components.
The term macroblock can either refer to source and decoded data or to the corresponding coded data elements. A skipped
macroblock is one for which no information is transmitted (see 7.6.6). There are three chrominance formats for a
macroblock, namely, 4:2:0, 4:2:2 and 4:4:4 formats. The orders of blocks in a macroblock shall be different for each
different chrominance format and are illustrated below.

A 4:2:0 Macroblock consists of 6 blocks. This structure holds 4 Y, 1 Cb and 1 Cr Blocks and the block order is depicted
in Figure 6-10.
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01

Y Cb Cr

Figure 6-10 — 4:2:0 Macroblock structure

A 4:2:2 Macroblock consists of 8 blocks. This structure holds 4 Y, 2 Cb and 2 Cr Blocks and the block order is depicted

in Figure 6-11.
o
2|s] o]
Cb Cr

Figure 6-11 — 4:2:2 Macroblock structure

A 4:4:4 Macroblock consists of 12 blocks. This structure holds 4 Y, 4 Cb and 4 Cr Blocks and the block order is depicted
in Figure 6-12.

Figure 6-12 — 4:4:4 Macroblock structure

In frame pictures, where both frame and field DCT coding may be used, the internal organisation within the macroblock
is different in each case.

e In the case of frame DCT coding, each block shall be composed of lines from the two fields alternately.
This is illustrated in Figure 6-13.

e In the case of field DCT coding, each block shall be composed of lines from only one of the two fields.
This is illustrated in Figure 6-14.

In the case of chrominance blocks the structure depends upon the chrominance format that is being used. In the case
of 4:2:2 and 4:4:4 formats (where there are two blocks in the vertical dimension of the macroblock) the chrominance
blocks are treated in exactly the same manner as the luminance blocks. However, in the 4:2:0 format the chrominance
blocks shall always be organised in frame structure for the purposes of DCT coding. It should, however, be noted
that field based predictions may be made for these blocks which will, in the general case, require that predictions for
8 X 4 regions (after half-sample filtering) must be made.

In field pictures, each picture only contains lines from one of the fields. In this case each block consists of lines taken
from successive lines in the picture as illustrated by Figure 6-13.

6.1.4 Block

The term "block" can refer either to source and reconstructed data or to the DCT coefficients or to the corresponding
coded data elements.

When "block" refers to source and reconstructed data it refers to an orthogonal section of a luminance or chrominance
component with the same number of lines and samples. There are 8 lines and 8 samples in the block. D
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Figure 6-13 — Luminance macroblock structure in frame DCT coding

Figure 6-14 — Luminance macroblock structure in field DCT coding

6.2 Video bitstream syntax

6.2.1 Start codes
Start codes are specific bit patterns that do not otherwise occur in the video stream.

Each start code consists of a start code prefix followed by a start code value. The start code prefix is a string of
twenty three bits with the value zero followed by a single bit with the value one. The start code prefix is thus the bit
string '0000 0000 0000 0000 0000 0001".

The start code value is an eight bit integer which identifies the type of start code. Most types of start code have just one
start code value. However, slice start code is represented by many start code values, in this case the start code value is
the slice_vertical position for the slice.

All start codes shall be byte aligned. This shall be achieved by inserting bits with the value zero before the start code
prefix such that the first bit of the start code prefix is the first (most significant) bit of a byte.

Table 6-1 defines the start code values for the start codes used in the video bitstream.

The use of the start codes is defined in the following syntax description with the exception of the sequence error_code.
The sequence_error code has been allocated for use by a media interface to indicate where uncorrectable errors have

been detected. Documents
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Table 6-1 — Start code values

Name Start code. value
(hexadecimal)
picture_start code 00
slice_start_code 01 through AF
reserved BO
reserved B1
user_data_start _code B2
sequence_header code B3
sequence_error_code B4
extension_start code BS5
reserved B6
sequence_end_code B7
group_start_code B8
system start codes (Note) B9 through FF
NOTE — System start codes are defined in Part 1 of this Specification.
6.2.2 Video Sequence
video_sequence() { No. of bits Mnemonic
next start code()
sequence_header()
if ( nextbits() == extension_start code ) {
sequence_extension()
do {
extension_and user data( 0)
do {
if (nextbits() == group_start code) {
group_of pictures_header()
extension_and_user data( 1)
}
picture_header()
picture coding_extension()
extensions_and user data(2)
picture_data()
} while ( (nextbits() == picture_start_code) ||
(nextbits() == group_start code) )
if ( nextbits() != sequence _end code ) {
sequence_header()
sequence_extension()
}
}+ while ( nextbits() !=sequence end code )
} else {
/*ISO/IEC 11172-2 */
}
sequence_end_code 32 bslbf
} _
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sequence_header() { No. of bits Mnemonic
sequence_header_code 32 bslbf
horizontal_size_ value 12 uimsbf
vertical_size value 12 uimsbf
aspect_ratio_information 4 uimsbf
frame_rate_code 4 uimsbf
bit_rate_value 18 uimsbf
marker_bit 1 bslbf
vbv_buffer_size_value 10 uimsbf
constrained_parameters_flag 1 bslbf
load_intra_quantiser_matrix 1 uimsbf
if (load_intra_quantiser_matrix )
intra_quantiser_matrix[64] 8%64 uimsbf
load_non_intra_quantiser_matrix 1 uimsbf
if (load_non_intra_quantiser matrix )
non_intra_quantiser_matrix[64] 8*64 uimsbf
next_start_code()
}
6.2.2.2 Extension and user data
extension_and user data(i) { No. of bits Mnemonic
while ( ( nextbits()== extension_start code ) ||
( nextbits()==user_data_start code ) ) {
if ((i!=1) && ( nextbits()== extension_start_code ) )
extension_data( i)
if ( nextbits()==user_data_start code )
user_data()
i
}
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6.2.2.2.1 Extension data

extension_data( i) { No. of bits Mnemonic

while ( nextbits()== extension_start code ) {

extension_start code 32 bslbf

if 1 == 0) { /* follows sequence_extension() */

if ( nextbits()== "Sequence Display Extension ID" )

sequence_display_extension()

else if ( nextbits()

== "Sequence Scalable Extension ID" )

sequence_scalable extension()

}

/* NOTE — i never takes the value 1 because extension data()

never follows a group of pictures_header() */

if (i == 2) { /* follows picture_coding_extension() */

if ( nextbits() == "Quant Matrix Extension ID" )

quant_matrix_extension()

else if ( nextbits() == "Copyright Extension ID")

copyright_extension()

else if ( nextbits() == "Picture Display Extension ID" )

picture_display_extension()

else if ( nextbits()

== "Picture Spatial Scalable Extension ID" )

picture_spatial scalable extension()

else if ( nextbits()

== "Picture Temporal Scalable Extension ID" )

picture_temporal scalable extension()

else if ( nextbits()

== "Camera Parameters Extension ID" )

camera_parameters_extension()

else if ( nextbits()
== "ITU-T Extension ID")
ITU-T_extension()
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6.2.2.2.2 User data

user_data() { No. of bits Mnemonic

user_data_start_code 32 bslbf
while( nextbits() !="'0000 0000 0000 0000 0000 0001") {

user_data 8 uimsbf

}

next start code()

6.2.2.3 Sequence extension

sequence_extension() { No. of bits Mnemonic
extension_start_code 32 bslbf
extension_start_code_identifier 4 uimsbf
profile_and_level_indication 8 uimsbf
progressive_sequence 1 uimsbf
chroma_format 2 uimsbf
horizontal_size_ extension 2 uimsbf
vertical_size extension 2 uimsbf
bit_rate_extension 12 uimsbf
marker_bit 1 bslbf
vbv_buffer_size extension 8 uimsbf
low_delay 1 uimsbf
frame_rate_extension_n 2 uimsbf
frame_rate_extension_d 5 uimsbf
next_start code()

}
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6.2.2.4 Sequence display extension

sequence_display_extension() { No. of bits Mnemonic
extension_start code identifier 4 uimsbf
video_format 3 uimsbf
colour_description 1 uimsbf
if ( colour description ) {
colour_primaries 8 uimsbf
transfer_characteristics 8 uimsbf
matrix_coefficients 8 uimsbf
}
display_horizontal_size 14 uimsbf
marker_bit 1 bslbf
display_vertical_size 14 uimsbf
next_start_code()
}
6.2.2.5 Sequence scalable extension
sequence_scalable extension() { No. of bits Mnemonic
extension_start code identifier 4 uimsbf
scalable_mode 2 uimsbf
layer_id 4 uimsbf
if (scalable_mode == "spatial scalability") {
lower_layer prediction_horizontal_size 14 uimsbf
marker_bit 1 bslbf
lower_layer prediction_vertical size 14 uimsbf
horizontal_subsampling_factor_m 5 uimsbf
horizontal_subsampling_factor_n 5 uimsbf
vertical_subsampling_factor_m 5 uimsbf
vertical_subsampling factor n 5 uimsbf
}
if ( scalable_mode == "temporal scalability" ) {
picture_mux_enable 1 uimsbf
if ( picture_mux_enable )
mux_to_progressive_sequence 1 uimsbf
picture_mux_order 3 uimsbf
picture_mux_factor 3 uimsbf
}
next_start_code()
}
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group_of pictures_header() { No. of bits Mnemonic
group_start _code 32 bslbf
time_code 25 uimsbf
closed_gop 1 uimsbf
broken_link 1 uimsbf
next_start code()
Picture header
picture header() { No. of bits Mnemonic
picture_start_code 32 bslbf
temporal_reference 10 uimsbf
picture coding_type 3 uimsbf
vbv_delay 16 uimsbf
if ( picture_coding_type == 2 | picture_coding_type == 3) {
full_pel_forward_vector 1 bslbf
forward f code 3 bslbf
}
if ( picture_coding_type ==3) {
full_pel backward_vector 1 bslbf
backward _f code 3 bslbf
}
while ( nextbits() =="1") {
extra_bit_picture /* with the value'l'*/ 1 uimsbf
extra_information_picture 8 uimsbf
}
extra_bit_picture/* with the value '0"' */ 1 uimsbf
next_start code()
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6.2.3.1 Picture coding extension

picture coding_extension() { No . of bits Mnemonic

extension_start_code 32 bslbf
extension_start code identifier 4 uimsbf
f _code[0][0] /* forward horizontal */ 4 uimsbf
f_code[0][1] /* forward vertical */ 4 uimsbf
f_code[1][0] /* backward horizontal */ 4 uimsbf
f _code[1][1] /* backward vertical */ 4 uimsbf
intra_dc_precision 2 uimsbf
picture_structure 2 uimsbf
top_field_first 1 uimsbf
frame_pred_frame_dct 1 uimsbf
concealment_motion_vectors 1 uimsbf
q_scale_type 1 uimsbf
intra_vlc_format 1 uimsbf
alternate_scan 1 uimsbf
repeat_first_field 1 uimsbf
chroma_420 type 1 uimsbf
progressive_frame 1 uimsbf
composite_display_flag 1 uimsbf
if ( composite display flag) {

v_axis 1 uimsbf

field_sequence 3 uimsbf

sub_carrier 1 uimsbf

burst_amplitude 7 uimsbf

sub_carrier_phase 8 uimsbf
}
next_start_code()

}
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6.2.3.2 Quant matrix extension
quant_matrix_extension() { No. of bits Mnemonic
extension_start code identifier 4 uimsbf
load_intra_quantiser_matrix 1 uimsbf
if (load_intra_quantiser matrix )
intra_quantiser_matrix[64] 8 * 64 uimsbf
load_non_intra_quantiser_matrix 1 uimsbf
if (load_non_intra_quantiser matrix )
non_intra_quantiser_matrix[64] 8 * 64 uimsbf
load_chroma_intra_quantiser matrix 1 uimsbf
if (load_chroma intra quantiser matrix )
chroma_intra_quantiser_matrix[64] 8 * 64 uimsbf
load_chroma non_intra_quantiser _matrix 1 uimsbf
if (load_chroma non_intra_quantiser matrix )
chroma_non_intra_quantiser_matrix[64] 8 * 64 uimsbf
next_start code()
}
6.2.3.3 Picture display extension
picture display extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
for (1=0; i <number of frame centre offsets;i++) {
frame_centre_horizontal_offset 16 simsbf
marker_bit 1 bslbf
frame_centre_vertical_offset 16 simsbf
marker_bit 1 bslbf
}
next start code()
}
6.2.3.4 Picture temporal scalable extension
picture_temporal scalable extension() { No. of bits Mnemonic
extension_start code identifier 4 uimsbf
reference_select_code 2 uimsbf
forward_temporal_reference 10 uimsbf
marker_bit 1 bslbf
backward_temporal_reference 10 uimsbf
next start code()
}
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6.2.3.5 Picture spatial scalable extension

picture_spatial scalable extension() { No. of bits Mnemonic
extension_start code identifier 4 uimsbf
lower_layer_temporal_reference 10 uimsbf
marker_bit 1 bslbf
lower layer horizontal offset 15 simsbf
marker_bit 1 bslbf
lower_layer_vertical_offset 15 simsbf
spatial_temporal_weight_code_table_index 2 uimsbf
lower_layer_progressive_ frame 1 uimsbf
lower_layer_deinterlaced_field_select 1 uimsbf
next start code()
i
6.2.3.6 Copyright extension
copyright_extension() { No. of bits Mnemonic
extension_start code identifier 4 uimsbf
copyright flag 1 uimsbf
copyright_identifier 8 uimsbf
original_or_copy 1 uimsbf
reserved 7 bslbf
marker_bit 1 bslbf
copyright_number_1 20 uimsbf
marker_bit 1 bslbf
copyright number_2 22 uimsbf
marker_bit 1 bslbf
copyright number_3 22 uimsbf
next_start code()
}
6.2.3.7 Picture data
picture data() { No. of bits Mnemonic
do {
slice()
} while ( nextbits() == slice_start code )
next start code()
}
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camera_parameters_extension() { No. of bits Mnemonic
extension_start code identifier 4 uimsbf
reserved 1 uimsbf
camera_id 7 simsbf
marker_bit 1 bslbf
height_of image device 22 uimsbf
marker_bit 1 bslbf
focal_length 22 uimsbf
marker_bit 1 bslbf
f_number 22 uimsbf
marker_bit 1 bslbf
vertical angle of view 22 uimsbf
marker_bit 1 bslbf
camera_position_x_upper 16 simsbf
marker_bit 1 bslbf
camera_position_x_lower 16
marker_bit 1 bslbf
camera_position_y_upper 16 simsbf
marker_bit 1 bslbf
camera_position_y_lower 16
marker_bit 1 bslbf
camera_position_z_upper 16 simsbf
marker_bit 1 bslbf
camera_position_z_lower 16
marker_bit 1 bslbf
camera_direction_x 22 simsbf
marker_bit 1 bslbf
camera_direction_y 22 simsbf
marker_bit 1 bslbf
camera_direction_z 22 simsbf
marker_bit 1 bslbf
image_plane_vertical_x 22 simsbf
marker_bit 1 bslbf
image_plane_vertical y 22 simsbf
marker_bit 1 bslbf
image_plane_vertical_z 22 simsbf
marker_bit 1 bslbf
reserved 32 bslbf
next_start code()

}

NOTE — The parameters marked 'reserved' in the camera parameters extension shall be equal to zero. Other

values are reserved for future use by ITU-T | ISO/IEC.
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6.2.3.7.2 ITU-T extension
ITU-T extension() { No. of bits Mnemonic
extension_start code_identifier 4 uimsbf
while( nextbits() !="'0000 0000 0000 0000 0000 0001") {
ITU-T_data 1 uimsbf
}
next_start_code()
}
NOTE - The construct with the while-statement prevents start code emulation.
6.2.4 Slice
slice() { No. of bits Mnemonic
slice_start code 32 bslbf
if (vertical size > 2800)
slice_vertical_position_extension 3 uimsbf
if (<sequence _scalable_extension() is present in the bitstream>) {
if (scalable_mode == 'data partitioning')
priority_breakpoint 7 uimsbf
}
quantiser_scale_code 5 uimsbf
if (nextbits() =="1") {
slice_extension_flag 1 bslbf
intra_slice 1 uimsbf
slice_picture_id_enable 1 uimsbf
slice_picture_id 6 uimbsf
while (nextbits() =="1") {
extra_bit_slice /* with the value '1' */ 1 uimsbf
extra_information_slice 8 uimsbf
}
}
extra_bit_slice /* with the value '0' */ 1 uimsbf
do {
macroblock()
} while (nextbits() !="'000 0000 0000 0000 0000 0000")
next_start _code()
}
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6.2.5 Macroblock

macroblock() { No. of bits Mnemonic

while ( nextbits() == '0000 0001 000" )

macroblock escape 11 bslbf

macroblock_address_increment 1-11 viclbf

macroblock modes()

if ( macroblock quant )

quantiser_scale_code 5 uimsbf

if ( macroblock motion forward ||

( macroblock_intra && concealment motion_vectors) )

motion_vectors( 0 )

if ( macroblock motion backward )

motion_vectors( 1)

if ( macroblock intra && concealment motion_vectors)

marker_bit 1 bslbf

if ( macroblock pattern )

coded block pattern()

for (1=0;1<block count;i++) {

block(i )
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6.2.5.1 Macroblock modes

macroblock modes() { No. of bits Mnemonic

macroblock_type 1-9 vlclbf

if ( ( spatial temporal weight code flag==1) &&

( spatial_temporal weight code table index !="'00")) {

spatial_temporal_weight_code 2 uimsbf

}

if ( macroblock motion forward ||

macroblock motion backward ) {

if ( picture_structure == 'frame' ) {

if ( frame pred frame dct==0)

frame_motion_type 2 uimsbf

} else {

field_motion_type 2 uimsbf

}

if ( ( picture_structure == "Frame picture" ) &&

(frame pred frame dct==0) &&

( macroblock intra || macoblock pattern) ){

dct_type 1 uimsbf

-

6.2.5.2 Motion vectors

motion_vectors (s) { No. of bits Mnemonic

if ( motion_vector count==1) {

if ((mv_format == field ) && ( dmv !=1))

motion_vertical field select[0][s] 1 uimsbf

motion_vector( 0, s )

} else {

motion_vertical field select[0][s] 1 uimsbf

motion_vector( 0, s )

motion_vertical_field_select[1][s] 1 uimsbf

motion_vector(1, s)
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6.2.5.2.1 Motion vector

motion_vector (1, s ) { No. of bits Mnemonic
motion_code[r][s][0] 1-11 viclbf
if ((f code[s][0] !=1) && ( motion code[r][s][0] I=0))
motion_residual[r|[s][0] 1-8 uimsbf
if (dmv==1)
dmvector[0] 1-2 viclbf
motion_code|r][s][1] 1-11 viclbf

if ((f code[s][1] !=1) && ( motion_code[r][s][1] !=0))

motion_residual[r|[s][1] 1-8 uimsbf
if (dmv==1)
dmvector|1] 1-2 viclbf

6.2.5.3 Coded block pattern

coded block pattern () { No. of bits Mnemonic
coded_block_pattern_420 3-9 viclbf

if (chroma format==4:2:2)

coded_block_pattern_1 2 uimsbf

if (chroma_format == 4:4:4)

coded_block pattern 2 6 uimsbf

6.2.6 Block

The detailed syntax for the terms "First DCT coefficient", "Subsequent DCT coefficient" and "End of Block" is fully
described in 7.2.
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This subclause does not adequately document the block layer syntax when data partitioning is used. See 7.10.
block(1) { No. of bits Mnemonic
if ( pattern_code[i] ) {
if ( macroblock intra ) {
if(i<4){
dct_dc_size_luminance 2-9 viclbf
if(dct_dc size luminance !=0)
dct_dc_differential 1-11 uimsbf
} else {
dct_dc_size_chrominance 2-10 viclbf
if(dct_dc size chrominance !=0)
dct_dc_differential 1-11 uimsbf
}
} else {
First DCT coefficient 2-24 vlclbf
}
while ( nextbits() != End of block )
Subsequent DCT coefficients 3-24 vlclbf
End of block 2or4 vlclbf
}
}
6.3 Video bitstream semantics
6.3.1 Semantic rules for higher syntactic structures

This subclause details the rules that govern the way in which the higher level syntactic elements may be combined
together to produce a legal bitstream. Subsequent clauses detail the semantic meaning of all fields in the video bitstream.

Figure 6-15 illustrates the high level structure of the video bitstream.
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Figure 6-15 — High level bitstream organisation
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The following semantic rules apply:

If the first sequence header() of the sequence is not followed by sequence extension(), then the stream
shall conform to ISO/IEC 11172-2 and is not documented within this Specification.

If the first sequence header() of a sequence is followed by a sequence extension(), then all subsequent
occurrences of sequence header() shall also be immediately followed by a sequence extension().

sequence_extension() shall only occur immediately following a sequence header().

Following a sequence header() there shall be at least one coded picture before a repeat sequence header()
or a sequence end code. This implies that sequence extension() shall not immediately precede a
sequence_end_code.

If sequence_extension() occurs in the bitstream, then each picture_header() shall be followed immediately
by a picture_coding_extension().

sequence_end code shall be positioned at the end of the bitstream such that, after decoding and frame
re-ordering, there shall be no missing frames.

picture coding_extension() shall only occur immediately following a picture header().

The first coded frame following a group of pictures_header() shall be a coded I-frame.

A number of different extensions are defined in addition to sequence extension() and picture coding_extension(). The
set of allowed extensions is different at each different point in the syntax where extensions are allowed. Table 6-2
defines a four bit extension_start code_identifier for each extension.

Table 6-2 — extension_start_code_identifier codes

extension_start_code_identifier Name
0000 Reserved
0001 Sequence Extension ID
0010 Sequence Display Extension ID
0011 Quant Matrix Extension ID
0100 Copyright Extension ID
0101 Sequence Scalable Extension ID
0110 Reserved
0111 Picture Display Extension ID
1000 Picture Coding Extension ID
1001 Picture Spatial Scalable Extension ID
1010 Picture Temporal Scalable Extension ID
1011 Camera Parameters Extension ID
1100 ITU-T extension ID
1101 Reserved
1111 Reserved

At each point where extensions are allowed in the bitstream any number of the extensions from the defined allowable set
may be included. However, each type of extension shall not occur more than once.

In the case that a decoder encounters an extension with an extension identification that is described as "reserved" in this
Specification, the decoder shall discard all subsequent data until the next start code. This requirement allows future

definition of compatible extensions to this Specification.
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6.3.2 Video sequence

sequence_end _code — The sequence end code is the bit string '000001B7' in hexadecimal. It terminates a video
sequence.

6.3.3 Sequence header

sequence_header code — The sequence header code is the bit string '000001B3' in hexadecimal. It identifies the
beginning of a sequence header.

horizontal_size value — This word forms the 12 least significant bits of horizontal size.
vertical_size_value — This word forms the 12 least significant bits of vertical size.

horizontal _size — The horizontal size is a 14-bit unsigned integer, the 12 least significant bits are defined in
horizontal size value, the 2 most significant bits are defined in horizontal size extension. The horizontal size is the
width of the displayable part of the luminance component of pictures in samples. The width of the encoded luminance
component of pictures in macroblocks, mb_width, is (horizontal size + 15)/16. The displayable part is left-aligned in the
encoded pictures.

In order to avoid start code emulation horizontal size value shall not be zero. This precludes values of horizontal size
that are multiples of 4096.

vertical_size — The vertical size is a 14-bit unsigned integer, the 12 least significant bits are defined in
vertical _size value, the 2 most significant bits are defined in vertical size extension. The vertical size is the height of
the displayable part of the luminance component of the frame in lines.

In the case that progressive_sequence is 'l' the height of the encoded luminance component of frames in macroblocks,
mb_height, is (vertical size + 15)/16.

In the case that progressive sequence is '0' the height of the encoded luminance component of frame pictures in
macroblocks, mb_height, is 2*((vertical size + 31)/32). The height of the encoded luminance component of field
pictures in macroblocks, mb_height, is ((vertical_size + 31)/32).

The displayable part is top-aligned in the encoded pictures.

In order to avoid start code emulation vertical size value shall not be zero. This precludes values of vertical_size that are
multiples of 4096.

aspect_ratio_information — This is a four-bit integer defined in Table 6-3.

Table 6-3 — aspect_ratio_information

aspect_ratio_information Sam%gtﬁ)spect DAR
0000 Forbidden Forbidden
0001 1.0 (Square Sample) -
0010 - 3+4
0011 - 9+16
0100 - 1+221
0101 - Reserved
1111 - Reserved
Documents
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aspect_ratio_information either specifies that the "Sample Aspect Ratio" (SAR) of the reconstructed frame is 1,0 (square
samples) or alternatively it gives the "Display Aspect Ratio" (DAR).

e If sequence display extension() is not present, then it is intended that the entire reconstructed frame is
intended to be mapped to the entire active region of the display. The sample aspect ratio may be calculated
as follows:

horizontal size

SAR = DAR X - -
vertical_size

NOTE 1 — In this case horizontal size and vertical size are constrained by the SAR of the source and the DAR
selected.

e Ifsequence display_ extension() is present then the sample aspect ratio may be calculated as follows:

display horizontal size
display vertical size

SAR = DAR X
frame_rate code — This is a four-bit integer used to define frame rate value as shown in Table 6-4. frame_rate may be
derived from frame rate value, frame rate extension n and frame rate extension_d as follows:

frame rate = frame rate value * (frame rate extension n+ 1) + (frame_rate extension d + 1)

When an entry for the frame rate exists directly in Table 6-4, frame rate extension_n and frame rate extension d shall
be zero. (frame_rate extension n + 1) and (frame rate extension_d + 1) shall not have a common divisor greater than
one.

Table 6-4 — frame_rate_value

frame_rate_code frame_rate_value
0000 Forbidden
0001 24 000 + 1001 (23.976...)
0010 24
0011 25
0100 30000 = 1001 (29.97...)
0101 30
0110 50
0111 60 000 = 1001 (59.94...)
1000 60
1001 Reserved
1111 Reserved

If progressive_sequence is 'l' the period between two successive frames at the output of the decoding process is the
reciprocal of the frame rate. See Figure 7-18.

If progressive_sequence is '0' the period between two successive fields at the output of the decoding process is half of the
reciprocal of the frame_rate. See Figure 7-20.

The frame rate signalled in the enhancement layer of temporal scalability is the combined frame rate after the temporal
re-multiplex operation if picture_mux_enable in the sequence scalable extension() is set to '1".

bit_rate_value — The lower 18 bits of bit _rate.

bit_rate — This is a 30-bit integer. The lower 18 bits of the integer are in bit rate value and the upper 12 bits are in
bit rate extension. bit rate is measured in units of 400 bits/second, rounded upwards. The value zero isgqrhi
rate - 4 D&timents
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The bitrate specified bounds the maximum rate of operation of the VBV as defined in C.3.

The VBV operates in one of two modes depending on the coded values in vbv_delay. In all cases (both constant and
variable bitrate operation) the bitrate specified shall be the upper bound of the rate at which the coded data is supplied to
the input of the VBV.

NOTE 2 — Since constant bitrate operation is simply a special case of variable bitrate operation there is no requirement that the
value of bit rate is the actual bitrate at which the data is supplied. However it is recommended in the case of constant bitrate
operation that bit_rate should represent the actual bitrate.

marker_bit — This is one bit that shall be set to '1". This bit prevents emulation of start codes.

vbv_buffer_size value — the lower 10 bits of vbv_buffer size.

vbv_buffer_size — vbv_buffer size is an 18-bit integer. The lower 10 bits of the integer are in vbv_buffer size value
and the upper 8 bits are in vbv_buffer size extension. The integer defines the size of the VBV (Video Buffering
Verifier, see Annex C) buffer needed to decode the sequence. It is defined as:

B =16 * 1024 * vbv_buffer size

where B is the minimum VBV buffer size in bits required to decode the sequence (see Annex C).

constrained_parameters_flag — This flag (used in ISO/IEC 11172-2) has no meaning in this Specification and shall
have the value '0'".

load_intra_quantiser _matrix — See 6.3.11 "Quant matrix extension".
intra_quantiser_matrix — See 6.3.11 "Quant matrix extension".
load_non_intra_quantiser_matrix — See 6.3.11 "Quant matrix extension".

non_intra_quantiser_matrix — See 6.3.11 "Quant matrix extension".

6.34 Extension and user data

extension_start_code — The extension_start code is the bit string '000001B5' in hexadecimal. It identifies the beginning
of extensions beyond ISO/IEC 11172-2.

6.3.4.1 User data

user_data_start_code — The user_data_start code is the bit string '000001B2' in hexadecimal. It identifies the beginning
of user data. The user data continues until receipt of another start code.

user_data — This is an 8 bit integer, an arbitrary number of which may follow one another. User data is defined by users
for their specific applications. In the series of consecutive user data bytes there shall not be a string of 23 or more
consecutive zero bits.

6.3.5 Sequence extension
extension_start_code_identifier — This is a 4-bit integer which identifies the extension. See Table 6-2.

profile_and_level indication — This is an 8-bit integer used to signal the profile and level identification. The meaning
of the bits is given in clause 8.

NOTE — In a scalable hierarchy the bitstreams of each layer may set profile and level indication to a different value as specified
in clause 8.

progressive_sequence — When set to 'l' the coded video sequence contains only progressive frame-pictures. When
progressive_sequence is set to '0' the coded video sequence may contain both frame-pictures and field-pictures, and
frame-picture may be progressive or interlaced frames.

chroma_format — This is a two-bit integer indicating the chrominance format as defined in Table 6-5.
horizontal_size_extension — This 2-bit integer is the 2 most significant bits from horizontal size.
vertical_size extension — This 2-bit integer is the 2 most significant bits from vertical size.
bit_rate_extension — This 12-bit integer is the 12 most significant bits from bit_rate.

vbv_buffer_size extension — This 8-bit integer is the 8 most significant bits from vbv_buffer_size.
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