INTERNATIONAL ISO/IEC
STANDARD 13818-2

First edition
1996-05-15

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

Technologies de I'information — Codage des images animées et du son
associé: Vidéo

Reference number
ISO/IEC 13818-2:1996(E)



https://standardsiso.com/api/?name=5cb5b84201fdd41802e36153b5f9c175

ISO/IEC 13818-2:1996(E)

© ISO/IEC 1996

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 the publisher.

ISO/IEC Copyright Office ® Case postale 56 « CH-1211 Geneve 20 o Switzerland
Printed in Switzerland

CONTENTS
Page
1 SCOPE «veeetetetetetsi sttt st sa bbbt a e a b A s e R SR 1
2 INOTTNALIVE TEIETEICES ...vvivreereeieeetieteertee sttt et et e s st e b et e st e e s b e e rb e e b e s ae e s b e e be s b e e bt e bt sas e e b e s sb b 1
3 DI 01V 1T0) 1 LT OO OO OO OO O PSP UP PO ROP PP PSPPI 2
4 Abbreviations and SYMDOIS .........oerieiririeieii ettt 8
4.1 Arithmetic operators 8
A2 LOICAI OPEIALOTS .....vniniiiiiiiiciit st s bbb 8
A3 Relational OPETAOLS ......ccceveuivrveuiiriiiiiiciiiiiec ittt 9
A4 BItWISE OPETALOLS ..cuevririiereuiireiiiiteititei ittt s bbb bbbttt ettt g} g 9
45 ASSIZNMENT ..eceiiiiiieiceieieereet et 9
46 MNEIMOMICS ...cvveiviivirrieireieriesteiestesieeeeiressresaesressesaesresresassreeseessesesassessessessesnessesseenseness fdiy Do 9
A7 CONSLANIS ...ovieveeveeeeeriereeteereere s eeeetessetesbesbeeseeuesseeneeneetessessesnessesaneseeseereernessassesssessesne SN TR et 9
5 QONVENLIONS. ... eoveeviceetete ettt et etet et e e renesbe et ebe st see s s stessstesasrssrenaeseereesesseresnesse s tbusdinebe st 9
41  Method of describing DitStream SYNTaX ..........ccccovviriiiviiiniieiiinieiseene s NS e 9
42 Definition Of fUNCHONS ......ciiiiieiirie ettt S T a ettt 10
4.3 Reserved, forbidden and marker_Dit.........cccevvvererienienieennreniecneeee S M 11
J4  ATIthmEticC PrECISION. . ..coiiiveiiirieeiieicieitici et e 11
6 Video bitstream syntax and SEMANTCS .........coveuiririeiiimiimeienereeee T Nde et 11
4.1  Structure of coded VIAEO data ...........cceveieiririirieniirieii B et 11
.2 Video DItSITEAM SYNEAX....c.ecervereueriereuiriiieniiiiinreenresesese s s e e ettt 23
4.3  Video bitStream SEMANLICS ......ccveevereeiririererere s N T ettt 39
7 The video decOding PrOCESS ......vvvvrvrerrerereuereiiiiiirii e ettt b 62
1.1 Higher SYNtactic SEIUCLUTES .....cvvevveveviirie e ATtttk ettt 63
1.2 Variable length deCOing .........cecvrmeriei Eheninmemiiieiii e 63
T3 INVEISE SCANM...eiuiieiiviirereeeeerearereseeeese e sttt ettt st a st b e bbb b bbb e bbbt eb s 66
T4 INVErSE QUANISATION .vvviviueeerefF i ceeretcreterere ettt bbb bbb bbbt bbb s 68
TS INVEISE DICT ..ottt e Tttt b et sttt sa e bbbt s ae s e et e b e e ae e b e e ae et e beeas e s e b e be bt 72
1.6 MOtion COMPENSALION. ... S5l eeeeeerereieieiererie ettt 73
.7 Spatial scalability ... v 87
1.8 SNR SCAlADIIILY ../ ettt bbb b 00
1.9 Temporal SCAlABIIILY .......c.ceoeeiiiiiiiieec 05
/.10 Data PATIIOMIAE ....eveveveievereeetetirreiest sttt ettt e b et bbb bbbt e s b b e et bbbkt 08
[.11  Hybrid §CalADIIILY ......oveiveriicieieerecici s 09
/.12 Output(of the decOding ProCESS. ..ottt e 10
8 PIOFIIES A IEVELS ....coveviviieeeeieit ettt ettt et sa e b eae e b e e b e easeaserseraesbesssabesseebeas 14
.17\ ISO/TEC 11172-2 COMPALIDIIILY ...cvveeiiieeiiiiiiiiiiecr e 15
B2~ Relationship between defined profiles.............ooooovveeiininiiniiiiniiiiiiiiiiiiiiiiie 15
8.3  Relationship between defined IeVEIS........c.cooiiiiiiiiiii 117
8.4 SCAlADIE TAYETS .....voveeeiieieie ettt e bbb bbb 118
8.5  Parameter values for defined profiles, levels and 1ayers...........ccoovvviiiininininn 121


https://standardsiso.com/api/?name=5cb5b84201fdd41802e36153b5f9c175

© ISO/IEC

Annex A - Discrete cosine transform

Annex B - Variable length code tables

B.1
B.2
B3
B4
B.5

ISO/IEC 13818-2:1996(E)

Macroblock addressing
Macroblock type

Macroblock pattern

Motion vectors

At
AT

Al

Al

D.1
D.2
D3
D4
D.5
D.6
D.7
D.8
D9
D.10
D.11
D.12
D.13
D.14

E.1
E2

nex C — Video butfering verifier

nex D — Features supported by the algorithm

nex E — Profile and level restrictions

INEX F — BIDHOGIAPRY ..ocveiiiiiiiii s 8 ettt on et eneenen

OVETVIBW ..ottt ettt enteete st esn e st e et asaeeanssssassesasaasesasesaneesesesaesansseessessseesseginttee eneeeaes

Picture quality

Data rate control

Low delay MOAE...........ccovirieieiiieieiiieeseeetcieesieeeeeeree e se e reenes oo Bene s
Random access/channel hopping
Scalability
COMPALIDIIILY ..oeeiiiiiieciie et e Te et eae et e eteeee e et e st e eresarensenean
Differences between this Specification and ISO/TEC 11172-2.00. ....ooovvvviiiiieeeeeeeeeeeeeeeeeeend

COMPIEXILY ...ttt e e et e bbb e e seeseeteeteneeseete s eseebeeneseetenes

Editing encoded bitstreams

TTICK TNOAES ..ot e e et e et e et e e e e e e e e e eaeeeseaeeeaneeeeaaeeeteesaseesanes

Syntax element restrictions in profiles

Permissible layer combinations

125

126
126
127
132
133
134

143

148
148
148
149
149
150
150
150
157
157
160
160
160
161
168

169
169
180

201

iii


https://standardsiso.com/api/?name=5cb5b84201fdd41802e36153b5f9c175

ISO/IEC 13818-2:1996(E) © ISO/IEC

Foreword

ISO (
Interna
worldw
ticipate
commi
of tech|
mutual
govern

In the
technidj
joint te

he International Organization for Standardization) and IEC (the
ional Electrotechnical Commission) form the specialized system for
ide standardization. National bodies that are members of ISO or IEC par-

in the development of International Standards through technical
tees established by the respective organization to deal with particular fields
hical activity. ISO and IEC technical committees collaborate in fields of

interest. Other international organizations, governmental and non-
mental, in liaison with ISO and IEC, also take part in the work.

field of information technology, ISO and IEC have established a joint
al committee, ISO/IEC JTC 1. Draft International Standards adopted by the
Chnical committee are circulated to national bodies for voting. Publication

as an International Standard requires approval by at least 75 % of the natignal

bodies

Interna
Comm
Coding
collabqg

casting a vote.

fional Standard ISO/IEC 13818-2 was prepared by Joint” Technical
ttee ISO/IECJTC 1, Information technology, Subcominittee SC 29,
of audio, picture, multimedia and hypermedia information, in
ration with ITU-T. The identical text is published as ITU-T

— P
— P
— P
— P
— P

Annex

endation H.262.

rt 2: Video

rt 3: Audio

rt 4: Compliance_testing

rt 6: Extensions for DSM-CC

rt 9: Extension for real time interface for systems decoders

s-Ato C form an integral part of this part of ISO/IEC 13818. Annexes D to

F are for information only.



https://standardsiso.com/api/?name=5cb5b84201fdd41802e36153b5f9c175

© ISO/IEC ISO/IEC 13818-2:1996(E)

Introduction

Intro. 1 Purpose

This Part of this Specification 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

Theaapplications 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, resojutions,
qudllities and services. Applications’should cover, among other things, digital storage media, television broadcastjng and
communications. In the course .of creating this Specification, various requirements from typical applications haye 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 pfacticality of implementing the full syntax of this Specification, however, a limited number of [subsets
of the syntax arealso stipulated by means of “profile” and “level”. These and other related terms are formally defined in
clagse 3.

A ‘Iprofile” is a defined subset of the entire bitstream syntax that is defined by this Specification. Within the |bounds
imgosed by the syntax of a given profile it is still possible to require a very large variation in the performfnce 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 214 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

%

The coded representation defined in the non-scalable syntax achieves a high compression ratio while preserying)ggod
image quality. The algorithm is not lossless as the exact sample values are not preserved during coding. Obtaining gqod

image
coding glone. The need for random access, however, is best satisfied with pure intra picture coding. The choice of
techniqyges is based on the need to balance a high image quality and compression ratio with the requirement to m
random |access to the coded bitstream.

A numper of techniques are used to achieve high compression. The algorithm firsts uSes block-based mot

and encpded using variable length codes.

Intro. 4.1.1 Temporal processing

Becausg of the conflicting requirements of random access and highly efficient compression, three main picture types

defined| Intra Coded Pictures (I-Pictures) are coded without'reference to other pictures. They provide access pointg

the coded sequence where decoding can begin, but areneoded with only moderate compression. Predictive Co

compensation. Bidirectionally-predictive coded)pictures are never used as references for prediction (except in the ¢

that the|resulting picture is used as a reference in a spatially scalable enhancement layer). The organisation of the th|

picture fypes in a sequence is very flexible: The choice is left to the encoder and will depend on the requirements of
application. Figure Intro. 1 illustrates ‘an’example of the relationship among the three different picture types.

Bidirectional Interpolation

quality at the bitrates of interest demands very high compression, which is not achievable with intra pict

e defined for each 16-sample by 16-line region of the picture. The prediction error, is further compressed us
rete Cosine Transform (DCT) to remove spatial correlation before it is quantised in an irreversible process that
discardq the less important information. Finally, the motion vectors are combified with the quantised DCT informati
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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
mag gh—be poraly—predieted—ie fF—aramber-of—dt wavs—To . e e 'g,the
prediction from the previous reference frame can itself be either frame-based or field-based. Depending on-the [ype of
the fnacroblock, motion vector information and other side information is encoded with the compressed predictidn error
in epch macroblock. The motion vectors are encoded differentially with respect to the last encoded motion ‘vectors using
varipble length codes. The maximum length of the motion vectors that may be represented can be, programmefl, on a
pictpre-by-picture basis, so that the most demanding applications can be met without compromising‘the performance of
the $ystem 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-basefl DCT
method with visually weighted quantisation and run-length codifg) “After motion compensated predictjon or
intefpolation, the resulting prediction error is split into 8 by 8 blocks. These are transformed into the DCT domair| where
they are weighted before being quantised. After quantisation many-of the DCT coefficients are zero in value fand so
twotdimensional run-length and variable length coding is used to encode the remaining DCT coefficients efficient]y.

Intno. 4.1.5 Chrominance formats

In agdition to the 4:2:0 format supported in ISO/IEE\1172-2 this Specification supports 4:2:2 and 4:4:4 chronfinance
formpats.

Intno. 4.2 Scalable extensions

Thef scalability tools in this Specification are designed to support applications beyond that supported by singl¢ layer
viddo. Among the noteworthy applications areas addressed are video telecommunications, video on Asynchfonous
Tragsfer Mode networks (ATM), interworking of video standards, video service hierarchies with multiple $patial,
temporal and quality resolutions, HDTV with embedded TV, systems allowing migration to higher temporal resplution
HDTV, etc. Although «aJsimple solution to scalable video is the simulcast technique which is based on
tranpmission/storage ,of multiple independently coded reproductions of video, a more efficient alternative is s¢alable
viddo coding, in which’the bandwidth allocated to a given reproduction of video can be partially re-utilised in co ing of
the pext reproduction of video. In scalable video coding, it is assumed that given a coded bitstream, decoders of Yarious
lexities.6an decode and display appropriate reproductions of coded video. A scalable video encoder is likely to
increased complexity when compared to a single layer encoder. However, this Recommendation | Internhtional
Staridard.provides several different forms of scalabilities that address non-overlapping applications with corresp nding
leXities. 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.

vil
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Applications of SNR scalability

Lower layer

Enhancement layer Application

Recommendation
ITU-R BT.601

lower layer

Same resolution and format as | Two quality service for Standard TV (SDTV)

High Definition

lower layer

Same resolution and format as | Two quality service for HDTV

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)
Interlace (30 Hz) Interlace (30 Hz) HDTV/SDTYV scalability
Progressive (30 Hz) Interlace (30 Hz) ISO/EC 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
nterlace (30 Hz) Interlace (30 Hz) Rrogressive (60 Hz) Migration to high resolution progressive

HDTV

Intro. 4.2.1 Spatial scalable extension

Spatial [scalability is a tool intended for use in video applications involving telecommunications, interworking of vifeo
standar{ls, video database browsing, interworking of HDTV and TV, etc., i.e. video systems with the primary common

feature [that a minimunf-of two layers of spatial resolution are necessary. Spatial scalability involves generating

wOo

spatial fesolution video. Tayers from a single video source such that the lower layer is coded by itself to provide the basic
spatial fesolution¢and the enhancement layer employs the spatially interpolated lower layer and carries the full spgtial

resolution of the-input video source. The lower and the enhancement layers may either both use the coding tools in

this

Specifitation,‘or the ISO/IEC 11172-2 Standard for the lower layer and this Specification for the enhancement lajer.

The latter-case achieves a further advantage by fac111tatmg mterworkmg between video codmg standards Moreo!
spatial scalability ofiers 1lexibilily y v
spatial scalability is its ability to provide resilience to transmission errors as the more 1mp0rtant data of the lower layer

ver,
& of

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 HDTV, 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 added back to the

viil


https://standardsiso.com/api/?name=5cb5b84201fdd41802e36153b5f9c175

© ISO/IEC ISO/TEC 13818-2:1996(E)

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
basjc temporal rate and the enhancement layer is coded with temporal prediction with respect to the lower layefr, these
laygrs when decoded and temporal multiplexed to yield full temporal resolution of the video source. The lower tgmporal
reslution systems may only decode the lower layer to provide basic temporal resolution, whereas more_sophigticated
sysiems of the future may decode both layers and provide high temporal resolution video While maintaining
intgrworking 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 errop performance.

Intro. 4.2.4 Data partitioning extension

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

1X
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INTERNATIONAL STANDARD

ITU-T RECOMMENDATION

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

1 Scope

Thip Recommendation | International Standard specifies the coded representation of picture information for|
stoffage media and digital video communication and specifies the decoding process. The representation supports d
bitrpte transmission, variable bitrate transmission, random access, channel hopping, scalable dedoding, bitstream
as well as special functions such as fast forward playback, fast reverse playback, slow motien,’pause and still p
Thip Recommendation | International Standard is forward compatible with ISO/IEC 111722 and upward or doy
compatible with EDTV, HDTV, SDTV formats.

This Recommendation | International Standard is primarily applicable to digital storage media, video broadc
communication. The storage media may be directly connected to the decoder,“of via communications means
buspes, LANS, or telecommunications links.

2 Normative references

Thg following Recommendations and International Standards<¢ontain provisions which through reference in th

we

corrtitute provisions of this Recommendation | International-Standard. At the time of publication, the editions in
e valid. All Recommendations and Standards arg;subject to revision, and parties to agreements based

Redommendation | International Standard are encouraged to investigate the possibility of applying the most
edifion of the Recommendations and StandardsCindicated below. Members of IEC and ISO maintain regis
curfently valid International Standards. The TgleCommunication Standardization Bureau of the ITU maintains 4
curfently valid ITU-T Recommendations.

Recommendations and ‘Reports of the CCIR, 1990, XVIIth Plenary Assembly, Dusseldorf
Volume XI — Part 1«Broadcasting Service (Television) — Recommendation ITU-R BT.601-3 Ex
parameters of digitaltelevision for studios.

CCIR VolumeX-and XI Part 3 — Recommendation ITU-R BR.648 Recording of audio signals.

CCIR Volume X and XI Part 3 — Report ITU-R 955-2 Satellite sound broadcasting to vehicular, p
and fixedreceivers in the range 500 - 3000 MHz.

ISOAEC 11172-1:1993, Information technology — Coding of moving pictures and associated au
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 au

digital
onstant
editing,
ictures.
vnward

ast and
such as

is text,
dicated
on this
recent
ters of
list of

1990,

coding

ortable

dio for

dio for

digital storage media at up to about 1,5 Mbit/s — Part 2 : Video.

ISO/IEC 11172-3:1993, Information technology — Coding of moving pictures and associated audio for

digital storage media at up to about 1,5 Mbit/s — Part 3 : Audio.

IEEE Standard Specifications for the Implementations of 8 by 8 Inverse Discrete Cosine Transform, IEEE

Std 1180-1990, December 6, 1990.
IEC Publication 908:1987, Compact disc digital audio system.
IEC Publication 461:1986, 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.

CCITT Recommendation T.81 (1992) (JPEG) ISO/IEC 10918-1:1994, Information technology — Digital

compression and coding of continuous-tone still images — Requirements and guidelines.

ITU-T Rec. H.262 (1995 E)
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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

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

3.6 backward compatibility: A newer coding standard is backward compatible with an older coding standardl if
decodev]i designed to operate with the older coding standard are able to continue to operate by decoding-all or part qf a
bitstrean produced according to the newer coding standard.

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

38 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.

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

313 bottom field: One of two fields that comprise;a*frame. Each line of a bottom field is spatially located
immediptely 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 bif 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 layef(s)
containfonly coded fefinement data for the DC coefficients, and all the data for the AC coefficients, of the chrominapce
comporjents.

3.19 chrominance component: A matrix, block or single sample representing one of the two colour differepce
signals [rélated to the primary colours in the manner defined in the bitstream. The symbols used for the chrominapce
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 I-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.
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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.

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'cbitstreams for error redilience

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. 1M 72-2.

3.34 DC coefficient: The DCT coefficient for which the frequency js.zero in both dimensions.

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

3.34 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,

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

3.4 dequantisation: The process of\rescaling the quantised DCT coefficients after their representation|in the
bitsfream has been decoded and before they/are presented to the inverse DCT.

3.43 digital storage media; DPSM: 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 Afnex A
of ITU-T Rec. H.262 | ISO/IEC 13818-2.

3.44 display aspect ratio: The ratio height/width (in SI units) of the intended display.

3.41 display order: The order in which the decoded pictures are displayed. Normally this is the same grder in
whikh theyywere presented at the input of the encoder.

3.44 i : - i which reconstr frames are displayed.

347 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. Dual-prime prediction is only used in interlaced P-pictures.

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.
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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.

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 predictiom—Apredictiomr mode usingonty one fietdof the Teference frame.The predicted bipck

size is 16 X 16 luminance samples. Field-based prediction is not used in progressive frames.
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_structur¢ is
equal tq “Top field” or “Bottom field”.

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

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-codéd from time-to-time to ensure that
mismatgh errors between the inverse DCT processes in encoders and decoders ¢annot build up excessively.

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

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

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

3.64 frame: A frame contains lines of spatial-information of a video signal. For progressive video, these lihes
contain|samples starting from one time instant\and continuing through successive lines to the bottom of the frame. For
interlacpd video, a frame consists of two fields, a top field and a bottom field. One of these fields will commence dne
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_structurg is

equal td “Frame”.
3.68 frame rate: The rate at which frames are output from the decoding process.

3.69 fature reference frame (field): A future reference frame (field) is a reference frame (field) that occurs dt a
later timpe 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/IEC 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.
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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 I-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.

3.79 level: A defined set of constraints on the values which may be taken by the parameters of ITU-T Rec. H.262 |
ISOJTEC T3818-2 within a particular profile. A profile may contain one or more levels. In a different context, levdl is the
absqlute value of a non-zero coefficient (see “run”).

3.8 layer: In a scalable hierarchy denotes one out of the ordered set of bitstreams and (the resultof) its asspciated
dec¢ding process (implicitly including decoding of all layers below this layer).

3.8 layer bitstream: A single bitstream associated to a specific layer (always used if~conjunction with layer
qualifiers, e. g. “enhancement layer bitstream”).

3.82 lower layer: A relative reference to the layer immediately below a givén“€nhancement layer (implicitly
inclpding decoding of all layers below this enhancement layer).

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

3.84 Mbit: 1000000 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 chromjinance
datq coming from a 16 by 16 section of the luminance component of the picture. Macroblock is sometimes used {o refer
to the sample data and sometimes to the coded representation of the sample values and other data elements defineq in the
madroblock header of the syntax defined in ITU-T Re¢."H.262 1 ISO/IEC 13818-2. The usage is clear from the context.

3.84 motion compensation: The use of mation vectors to improve the efficiency of the prediction of sample yalues.
The| prediction uses motion vectors to provide offsets into the past and/or future reference frames or referencg fields
confaining 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.

3.8 motion vector: A-two-dimensional vector used for motion compensation that provides an offset frpm the
coofdinate position in the Cutrent 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
magroblocks and piCtures occurring at other times.

3.9( 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.

ITU-T Rec. H.262 (1995 E) 5


https://standardsiso.com/api/?name=5cb5b84201fdd41802e36153b5f9c175

ISO/IEC 13818-2:1996(E)

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 ¢f 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 an 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 confysed
with other definitions of “profile” and in particular it does not have the meaning that is defined by JTC1/SGFS.

3.103 | progressive: The property of film frames where all the samples of the frame represent the same instance$ 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 representafion
of quantised DCT coefficients is transmitted as part of the coded video bitstream.

3.106 | quantiser scale: A scale factor coded in the bitsfréam and used by the decoding process to scale |the
dequanfisation.

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
represepting the luminance and two chrominance'signals. A reconstructed frame is obtained by decoding a coded franje.

3.109 | reconstructed picture: A reconstructed picture is obtained by decoding a coded picture. A reconstrugted
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 bagkward prediction“when P-pictures and B-pictures are decoded. Note that when field P-pictures are decoded,
predictjon of the second field P-picture of a coded frame uses the first reconstructed field of the same coded frame s a
referenge field.

3.111 reference frame: A reference frame is a reconstructed frame that was coded in t

he form of a co
nce frames are ed for forward and backward pred on when i e

ded I-fram¢ or
B-pi es|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: (abbreviated to 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).
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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 hon-zero coefficient is called “level”.

3.120  saturation: Limiting a value that exceeds a defined range by setting its value to the maximum, or minifium of
the fange 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 hdrizontal row of macroblogks.

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 somé0f its attributes before encoding.

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 samgjle data
derived from a lower layer without using motion vectors. The layers can have different frame sizes, frame rates or
chr¢minance formats.

3.127  start codes (system and video): 32-bit'codes embedded in that coded bitstream that are unique. They afe used
for peveral purposes including identifying seme 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 digcarded
in the decoding process. Their purpose is to increase the bitrate of the stream which would otherwise be lower than the
des{red bitrate.

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

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

3.131- “top field: One of two fields that comprise a frame. Each line of a top field is spatially located immgdiately

abolvethe (‘nrrPcpnnding 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.
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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 A_p,a,ﬁal_ﬁ:eqnpn(‘y to-the highpct

4 Abbreviations and symbols

The mathematical operators used to describe this Specification are similar to those used in the C programming langudge.
However, integer divisions with truncation and rounding are specifically defined. Numbering)-and counting lopps
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 . . .
* Multiplication

A Power

/ Integer division with truncation 6f the result toward zero. For example, 7/4 and —7/—4 are truncated
to 1 and —7/4 and 7/—4 are trupcated to 1.

/ Integer division with rounding to the nearest integer. Half-integer values are rounded away from zgro
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 roungled
to 1, and -3 DIV_2 is rounded to -2.

+ Used to dénote division in mathematical equations where no truncation or rounding is intended.

% Modulus‘operator. Defined only for positive numbers.

1 x>0
Sign( )< Sign(x) =<0 x==
-1 x<0

Abs()  Ahsea=/X  x>=0
-=x x<0

i<b
2 f (i) The summation of the f (i) with i taking integral values from a up to, but not including b.
i=a

4.2 Logical operators
] Logical OR
&& Logical AND
! Logical NOT
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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
i 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” isithe order in which bit strings are written in this Specifjcation.
Bit strings are generally written as\a-$tring 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.

uimsbf Unsigned integer\most significant bit first.
simsbf Signed integer, ih twos complement format, most significant (sign) bit first.

viclbf  Variablg Tength code, left bit first, where “left” refers to the order in which the VLC codles are
writteh” The byte order of multibyte words is the most significant byte first.

4.7 Constants
nt 831141 592 653 58...
e~ 2,718 281 828 45...

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:
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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.
}
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 trne_then the second group of data elements
data_element occurs next in the data stream.
}
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 onthe
value of the loop control variable i, which is set to zero for'the
} first occurrence, incremented by one for the second océurrence,
and so forth.
/* comment ... */ Explanatory comment that may be deleted entirely, without in any
way altering the syntax.

This syptax uses the ‘C-code’ convention that a variable or expression evaliating to a non-zero value is equivalent t

conditig
many c3

In such
that “sp.

As note
when of

data_el
data_el

data_el

n that is true and a variable or expression evaluating to a zero valde is equivalent to a condition that is false
ses a literal string is used in a condition. For example:

if ( scalable_mode == “spatial scalability” ) ...

cases the literal string is that used to describe the value of the bitstream element in 6.3. In this example, we
htial scalability” is defined in Table 6-10 to be represented by the two bit binary number ‘01°.

d, the group of data elements may contain nested conditional constructs. For compactness, the {} are omit

ly one data element follows:
Ement [n] data_element [n]is the n + 1th element of an array of data.
ement [m][n] data_element/[m][n] is the m + 1, n + 1th element of a two-dimensional array of data.

pment [1][m][n] data. element [1][m][n] is the 1 + 1, m + 1, n + 1th element of a three-dimensional arj
of'data.

While t|

e syntax is exptessed in procedural terms, it should not be assumed that 6.2 implements a satisfactory decod

procedure. In particular, it defines a correct and error-free input bitstream. Actual decoders must include means to Id

for st

codes inorder to begin decoding correctly, and to identify errors, erasures or insertions while decoding. T

methodg to identify these situations, and the actions to be taken, are not standardised.

D a

bee

ed

ng
ok

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

5.2.2

bit in a byte. Otherwise it returns 0.

Definition of nextbits() function

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

10
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5.2.3 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.

5.3 Reserved, forbidden and marker_bit
Thg terms “reserved” and “forbidden” are used in the description of some values of'several fields in the coded bit
Thg term “reserved” indicates that the value may be used in the future for ITU=T | ISO/IEC defined extensions.

Thg term “forbidden” indicates a value that shall never be used (usually‘in)order to avoid emulation of start codes).

Thg

5.4 Arithmetic precision

In

opgrations are specified:

6.1

Co|

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’

prder to reduce discrepancies between implementations of this Specification, the following rules for ari

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

b) Where ranges of walues are given by a colon, the end points are included if a bracket is pres¢
excluded if the fless than’ (<) and ‘greater than’ (>) characters are used. For example, [a : b > mea
a to b, including'a but excluding b.

Video‘bitstream syntax and semantics

Structure of coded video data

Thip function checks whether the current position is byte aligned. If it is not, zero stuffing bits are present. After 1hat any
nurpber of zero stuffing bytes may be present before the start code. Therefore, start codes are always byte alig
may be preceded by any number of zero stuffing bits.

ed and

ftream.

term “marker_bit” indicates a one bit integer in which the value zero is forbidden (and it therefore shall have the
valpie ‘1°). These marker bits are introduced at several points in_the syntax to avoid start code emulation.

thmetic

thall be

nt, and
ns from

Hed video data consists of an ordered set of video bitstreams, called layers. If there is only one layer, the code

d 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.

ITU-T Rec. H.262 (1995 E)
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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 videq sequence commences with a sequence header which may optionally be followed by a group of pictures header
and thep by one or more coded frames. The order of the coded frames in the coded bitstream is the ordef in which [the
decodey processes them, but not necessarily in the correct order for display. The video sequencesis‘terminated bly a
sequende_end_code. At various points in the video sequence, a particular coded frame may be’ préceded by eithdr 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 fellow the repeat sequepce
header.

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

The oufput of the decoding process, for interlaced sequences, consists{of a series of reconstructed fields that [are
separat¢d 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
decodirng process, consists of a series of reconstructed frames that are separated in time by a frame period.

6.1.1.2| Frame

A framg consists of three rectangular matrices of integers: a luminance matrix (Y), and two chrominance matrices (Cb
and Cr

The relgtionship between these Y, Cbrand Cr components and the primary (analogue) Red, Green and Blue Signals (B'g,
E’G and E’p), the chromaticity of.these primaries and the transfer characteristics of the source frame may be specified in
the bitsjream (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 framg is the.union of a top field and a bottom field. The top field is the field that contains the top-most line of eaclf of
the threg miatrices. The bottom field is the other one.

6.1.1.4 Picture

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.

12 ITU-T Rec. H.262 (1995 E)
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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

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

-  aPredictive-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).

6.1j1.6 Sequence header

A Yideo sequence header commences with a sequence_header_code and is foHowed by a series of data elements| In this
Spgcification sequence_header() shall be followed by sequence_extension() which includes further parameters pbeyond
thope used by ISO/IEC 11172-2. When sequence_extension() is\/present, the syntax and semantics defined in
ISQ/IEC 11172-2 do not apply, and the present Specification applies;

In repeat sequence headers all of the data elements with.thé’permitted exception of those defining the quantisation
majrices (load_intra_quantiser_matrix, load_non_intra_quantiser_matrix and optionally intra_quantiser_matfix and
nor}_intra_quantiser_matrix) shall have the same values as in the first sequence header. The quantisation matri¢es may
be fredefined each time that a sequence header occurs in the bitstream (note that quantisation matrices may [also be
updated using quant_matrix_extension()).

Alljof the data elements in the sequence_extension() that follows a repeat sequence_header() shall have the samg values
in the first sequence_extension().

3 sequence_scalable_extension) occurs after the first sequence_header() all subsequent sequence headers shall be
owed by sequence_scalable~extension() in which all data elements are the same as in the first
ence_scalable_extension()..” Conversely if no sequence_scalable_extension() occurs between the first
ence_header() and the first picture_header(), then sequence_scalable_extension() shall not occur in the bitstr¢am.

3 sequence_display) €xtension() occurs after the first sequence_header() all subsequent sequence headers ghall be
followed by séquence_display_extension() in which all data elements are the same as in the first
ence_display_extension(). Conversely if no sequence_display_extension() occurs between th¢ first
ence_headeér() 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 ordler that
randef-aceessito-the-video-sequenee-tspossible

In the coded bitstream, a repeat sequence header may precede 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.

ITU-T Rec. H.262 (1995 E) 13
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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 c¢ded 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
dimensipns. 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 pictyres
shall have a Y-matrix with half the number of lines as the corresponding frame. Thus, the totakifumber of lines in the Y-matrix of an
entire frgme shall be divisible by four.

The lunjinance and chrominance samples are positioned as shown in Figur€6+1.

XOX
XOX
XOX

XOX
X X

XOX

XOX

X O X
X O X
X O X
X O X
X

T1515950-94/d02

>< Represents luminance samples

O Represents chrominance samples

Figure 6-1 — The position of luminance and chrominance
samples — 4:2:0 data
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urther 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

In each field of an interlaced frame, the chrominance samples do not lie (vertically) mid way 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.

Top Bottom
Field Field
N

~
O

X
X O

O X

v

Time
T1515960-94/d03

Figure.6-2 — Vertical and temporal positions of samples
in'an interlaced frame with top_field_first = 1
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Bottom Top
Field Field

X O

O X

»
Time

T1515970-94/d04

Figure 6-3 - Vertical and temporal positions of samples
in an interlaced frame with top:field_first = 0

Frame

XOX| XOX XOX XOX

| -
>
Time
T1515980-94/d05

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

b i |
Sepqrateu IO tWo TICIUsS.

XOX R X IR X’ X
-------- A A S
XOX IR X IR X IR X
-------- N oA Ny o\l
XX IR X IR X & X
-------- S S EAS o
RKOX IR X IR XIR X
-------- AN N\ A S
B OX IR X Xig X
-------- S AT i
KXEXiKXﬁ XEZXE ><i§§><

T1515990-94/d06

>< Represents. luminance samples

O Represents chrominance samples

Eigure 6-5 — The position of luminance and chrominance samples — 4:2:2 data
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Frame Top Bottom
Field Field

R R B KR
&

R

T1516000-94/d07

Figure 6-6 — Vertical positions of samples
with 4:2:2 and 4:4:4 data

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.
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luminance and chrominance samples are positioned as shown in Figures 6-6 and 6-7.
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T1516010-94/d08

>< Represents luminance samples

O Represents chrominance samples

Figure 6-7 — The position of luminance arid/chrominance samples — 4:4:4 data

.11 Frame re-ordering

n the sequence contains coded B-framies, the number of consecutive coded B-frames is variable and unbo
first coded frame after a sequence header shall not be a B-frame.

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

1. The order of the Teconstructed frames at the output of the decoding process, also called the display order
lys the same ag’the’‘coded order and this subclause defines the rules of frame re-ordering that shall happen witl
ding process;

en thersequence contains no coded B-frames, the coded order is the same as the display order. This is
cular always when low_delay is one.

unded.

care is

order of the coded frames in the bitstream, also called coded order, is the order in which a decoder recorstructs

is not
hin the

frue in

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 recons

tructed

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.

ITU-T Rec. H.262 (1995 E)
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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 ‘11’ is used to form a prediction for frame ‘4P’. Frames ‘4P’ and ‘1I’
are both used to form predictions for frames ‘2B’ and ‘3B’. Therefore the order of coded frames in the coded sequence
shall be “1I’, ‘4P’, ‘2B’, ‘3B’. However, the decoder shall display them in the order ‘1I’, ‘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:

At the decoder output:

6.1.2

A slicg is a series of an arbitrary number of consecutive macroblocks. The first and last macfoblocks of a slice shal
be skipped macroblocks. Every slice shall contain at least one macroblock. Slices shallisiot overlap. The positio

linag

The fi

Slices

proceefling by raster-scan order from left to right and top to bottom (illusfrated in Figures 6-8 and 6-9 as alphabe
order).

6.1.2.1 The general slice structure

In the
areas

picturd).

If the

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

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

Slice

ange Frnm snintiiaea $a calade

]ﬁ&y Chaugc Irom piCture to piciure.
st and last macroblock of a slice shall be in the same horizontal row of macroblecks.

shall occur in the bitstream in the order in which they are encounteredystarting at the upper-left of the picture

most general case it is not necessary for the slices to caVer the entire picture. Figure 6-8 shows this case. T
that are not enclosed in a slice are not encoded andvho information is encoded for such areas (in the spe

not
h of

and
tical

hose
Cific

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 madefrom those regions of the picture that were enclosed in slices. It if the

respongibility of the encoder to ensure this.

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

20

T1516020-94/d09

Figure 6-8 — The most general slice structure
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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.

T1516030-94/d10

Figure 6-9 — Restricted slice structure

6.1.3 Macroblock

A macroblock contains a sectionsof the luminance component and the spatially corresponding chromfinance
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 chromfinance
formats for a macroblock, maitiely, 4:2:0, 4:2:2 and 4:4:4 formats. The orders of blocks in a macroblock shall be different
for gach different chrominance format and are illustrated below.

A 412:0 Macrobloek consists of 6 blocks. This structure holds 4 Y, 1 Cb and 1 Cr Blocks and the block order is d¢picted
in Fjgure 6-10:

5 | 3 T1516040-94/d11

Y Cb Cr

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

T1516050-94/d12

Cb Cr

<

A 4:4:4
depicte}

In fram
is diffe

§ Macroblock consists of 12 blocks. This structure holds 4 Y, 4 Cb and 4 Cr Blocks and theblock orde
d in Figure 6-12.

T1516060-94/d13

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

e pictures, where both frame and field DCT codingmay be used, the internal organisation within the macrobl
Fent in each case.

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

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

& &

22
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SRR I SRS AR

T1520180-95/d14

Figure 6-13 — Luminance macroblock structure in frame DCT coding
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W,

X

NS
W

T1520190-957015

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

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 \thé.macroblock) the chronjinance
blogks are treated in exactly the same manner as the luminance blocks. However, in)the 4:2:0 format the chronfinance
blodks 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 predictigns for
8 X # 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 lineg 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 recansttucted data or to the DCT coefficients or to the corresppnding
codgd data elements.

When “block” refers to source and reconstructed data it refers to an orthogonal section of a luminance or chronjinance
conjponent with the same number of lines"and samples. There are 8 lines and 8 samples in the block.

6.2 Video bitstream syntax

6.2.11 Start codes
Starft 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 stfing of

twehty three ‘bits with the value zero followed by a single bit with the value one. The start code prefix is thus|the bit
string ‘00060000 0000 0000 0000 0001°.

Thel ode e is 2 g g Sta 0 s of sta
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.

cQde 2 e_is an eigh . |7-|- vhich 1 ‘l - Ne D QO [ Qde. VIOS pe 0 [] QOC NAVE

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 slice 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.
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Table 6-1 — Start code values

Name Start code.va]ue
(hexadecimal)

picture_start_code 00
slice_start_code 01 through AF
reserved BO
reserved Bl
user_data_start_code B2
seq'uence:heaﬁcn Toac B3
sequence_error_code B4
extension_start_code B5
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.
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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) Il
(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
}

ITU-T Rec. H.262 (1995 E)
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6.2.2.1

6.2.2.2

26

Sequence header

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 8 uimsbf
marker—bit t bsibf
vbv_buffer_size_value 10 uimsbf
constrained_parameters_flag 1 bslbf
load_intra_guantiser_matrix 1 uimsbf
if (load_intra_quantiser_matrix )

intra_quantiser_matrix[64] 8*64 dimsbf
load_non_intra_quantiser_matrix 1 uimsbf
if ( load_non_intra_quantiser_matrix )
non_intra_quantiser_matrix[64] 3%64 uimsbf

next_start_code()

}

Extension and user data

extension_and_user_data( i) { No. of bits Mnemonic

while ( ( nextbits()== extension_start_code-) Il

( nextbits()== user_data_gtart_code ) ) {

if ((i!=1) && ( nextbits()== extension_start_code ) )

extension_data( i)

if ( nextbits()==-usér”data_start_code )

user_data()
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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 (i==0) { /* follows sequence_extension() */

if ( nextbits()== “Sequence Display Extension ID” )

sequence_display_extension()

else

sequence—scalable—extensiond
| — T </

}

/* 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 ExtensionID” )

picture_spatial_scalable_extension()

else

picture_temporal_scalable_extension()

6.212.2.2 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()
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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()
}
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_herizontal_size 14 uimsbf
marker_bit 1 bslbf
display_vertical_size 14 uimsbf

next_start_code()
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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
tower_tayer_prediction_vertical_size 1% Uimsbt
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()
}
6.2.2.6 Group of pictures header
group_of_pictures_header() { No. of bits Mnemonic
group_start_code 32 bslbf
time_code 25 bslbf
closed-gop 1 uimsbf
broken_link 1 uimsbf
next_start_code()
}
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6.2.3

30

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 |l picture_coding_type == 3) {
full_pel_forward_vector 1 bslbf
forward—{—code 3 bsibt
}
if ( picture_coding_type ==3) {
full_pel_backward_vector 1 bslbf,
backward_f_code 3 bsibf
}
while ( nextbits() == ‘1") {
extra_bit_picture /* with the value ‘1’ */ 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 Z urmsbt
picture_structure 2 uimsbf
top_field_first 1 uimsbf:
frame_pred_frame_dct 1 uitmsbf
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 )

—Tmon_intra_quantiser _mratrix{64} 861 Timsht
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 (i=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| Pictiretemporal scalable extension
picture—temporal—sealable—extenston{ Noofbits Mrermonic
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()

}

6.2.3.6 Copyright extension

copyright_extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
copyright_flag 1 bslbf
copyright_identifier 8 uimsbf
original_or_copy 1 bslbf
reserved 7 uimsbf
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()

}
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6.2.3.7 Picture data
picture_data() { No. of bits Mnemonic
do {
slice()
} while ( nextbits() == slice_start_code )
next_start_code()
}
6.2.4 Slice
slice() { No. of bits Mremonic
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" {
intra_slice_flag 1 bslbf
intra_slice 1 uimsbf
reserved_bits 7 uimsbf
while ( nextbits() == ‘1") {
extra_bit_slice /* with'th¢ value ‘1’ */ 1 uimsbf
extra_information_slice 8 uimsbf
}
}
extra_bit_slice /* with the value ‘0’ */ 1 uimsbf
do {
macroblock()
1 _while ( nextbits() != ‘000 0000 0000 0000 0000 0000’ )
next_start_code()
}
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macroblock() {

Mnemonic

while ( nextbits() == ‘0000 0001 000’ )

5 uimsbf

# { macroblock—meotion forward4
—HACt —HoHoR—Torwaran

( 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

coded_block_pattern()

for (i=0;1i < 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 viclbf
if ( ( spatial_temporal_weight_code_flag ==1) &&
( spatial_temporal_weight_code_table_index != ‘00") ) {
spatial_temporal_weight_code 2 uimsbf
}
if ( macroblock_motion_forward Il
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 Il 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
motior_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] !=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
1T TTI_Coaefs][T]=T) && (U motion_code[r][s[[T] =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 39 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
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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.

This subclause does not adequately document the block layer syntax when data partitioning is used. See 7.10.

block(i) { No. of bits Mnemonic
if ( pattern_code[i] ) {

if ( macroblock_intra ) {

if(i<4){

dct_dc_size_luminance 2-9 vicibf

if(dct_dc_size_luminance 1= 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

}
while ( nextbits() '= End of block )

Subsequent DCT coefficients 3-24
End of block 2or4 viclbf
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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.

Bicture
Header

Group of
Pic. Hdr.

Picture
Data

Pic. Coding
Extension

) After a GOP, the first pecture shall be an I-picture.

T1516090-94/d16

E

Figure 6-15 — High level bitstream organisation

The following semantic rules apply:

* If the first sequence_header() of the sequence is not followed by sequence_extension(), then the| stream
shall conform toASO/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 subfequent
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_leader()
or a sequence_end_code. This implies that sequence_extension() shall not immediately prgcede a
sequence_end_code.

¥ — UES mediately
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.
s picture_coding_extension() shall only occur immediately following a picture_header().

e 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.
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6.3.2

sequence_end_code — The sequence_end. code is the bit string ‘000001B7’ in hexadecimal. It terminates a vi

sequen

6.3.3

sequenice_header_code — The) sequence_header_code is the bit string ‘000001B3’ in hexadecimal. It identifies

beginn}

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 Reserved
1100 Reserved
1111 Reserved

Video sequence

CE.

Sequence header

ng of a sequence header.

width of the dlsplayable part of the lummance component of pictures in samples The w1dth of the encoded lummance

ase that a decoder encounters an extension with an extension identification that is described as “reserved” in
Cation, the decoder shall discard all subsequent data until the next start code. This requirement allows fu
pn of compatible extensions to this Specification.

tal_size_value — This word forms the 12 least significant bits of horizontal_size.

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

this
ure

deo

the

in

sithe

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 ‘1’ the height of the encoded luminance component of frames in macroblocks,
mb_height, is (vertical_size + 15)/16.

40
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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.

- . .
Fable-6-3—aspeet—ratio—information

aspect_ratio_information Sam;;{l:tﬁ;spect DAR
0000 Forbidden Forbidden
0001 1.0 (Square Sample) -
0010 - 344
0011 - 916
0100 - 1+221
0101 - Reserved
1111 - Reserved

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).

o 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 - In this case horizontal_size and vertical_size are constrained by the SAR of the source and the DAR
selected,

» 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.

ITU-T Rec. H.262 (1995 E) 41


https://standardsiso.com/api/?name=5cb5b84201fdd41802e36153b5f9c175

ISO/IEC 13818-2:1996(E)

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 30 000 + 1001 (29.97...)
0101 30
0110 50
0111 60 000 + 1001 (59.94...)
1000 60
1001 Reserved
1111 Reserved

If progressive_sequence is ‘1’ the period between two successive frames at/the-output of the decoding process is|the

reciprofal of the frame_rate. See Figure 7-18.

=

If progfessive_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 frqme_rate signalled in the enhancement layer of temporal scalability is the combined frame rate after the temppral
re-multiplex operation if picture_mux_enable in the sequerice_scalable_extension() is set to *1°.

bit_rate_value — The lower 18 bits of bit_rate.

12

bit_rate — This is a 30-bit integer. The lowgr,18 bits of the integer are in bit_rate_value and the upper 12 bits arf in
bit_rat¢_extension. bit_rate is measured in units of 400 bits/second, rounded upwards. The value zero is forbidden.

The bitrate specified bounds the maximum rate of operation of the VBV as defined in C.3.

The VBV operates in one of'twe modes depending on the coded values in vbv_delay. In all cases (both constant jand
variablg bitrate operation) the bitrate specified shall be the upper bound of the rate at which the coded data is supplief to
the inppt of the VBV.

NOTE - Since constant bitrate operation is simply a special case of variable bitrate operation there is no requirement|that
the valye of bit_rdte js the actual bitrate at which the data is supplied. However it is recommended in the case of constant bifrate
operatidn that bitirate should represent the actual bitrate.

markef ‘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 VBYV buffer size in bits required to decode the sequence (see Annex C).
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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”

£ 2 A Bewtnamatnere amd szonwe And.
UeJ.r

exténsion_start_code — The extension_start_code is the bit string ‘000001B5’ in hexadecimal. It identif]
beg|nning of extensions beyond ISO/IEC 11172-2.

6.34.1 User data

jes the

usef_data_start_code — The user_data_start_code is the bit string ‘000001B2’ in hexadecimal. It identifies the

beglnning of user data. The user data continues until receipt of another start code.

usefr_data — This is an 8 bit integer, an arbitrary number of which may follow one another. User data is defined H
for [their specific applications. In the series of consecutive user_data bytes there shallvhot be a string of 23 @
conpecutive zero bits.

6.3 Sequence extension

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

ner
Pi

of the bits i

NOTE - In a scalable hierarchy the bitstreams of each.layer may set profile_and_level_indication to a different
spedified in clause 8.

progressive_sequence — When set to ‘1’ the coded‘video sequence contains only progressive frame-pictures
propressive_sequence is set to ‘0’ the coded videe sequence may contain both frame-pictures and field-pictur

frarpe-picture may be progressive or interlaced\frames.

chrpma_format — This is a two-bit integerindicating the chrominance format as defined in Table 6-5.

Table 6-5 — Meaning of chroma_format

chroma_format Meaning

00 Reserved
01 4:2:0
10 4:2:2

11 4:4:4

y users
r more

idantifinats T
igentiiication. 1nc meaning

value as

When
es, and

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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low_delay — This flag, when set to ‘1’, indicates that the sequence does not contain any B-pictures, that the frame
re-ordering delay is not present in the VBV description and that the bitstream may contain “big pictures”, i.e. that C.7 of
the VBV may apply.

When set to ‘0’, it indicates that the sequence may contain B-pictures, that the frame re-ordering delay is present in
the VBV description and that bitstream shall not contain big pictures, i.e. C.7 of the VBV does not apply.

This flag is not used during the decoding process and therefore can be ignored by decoders, but it is necessary to define
and verify the compliance of low-delay bitstreams.

frame_rate_extension_n — This is a 2-bit integer used to determine the frame_rate. See frame_rate_code.

frame |rate_extension_d — This is a 5-bit integer used to determine the frame_rate. See frame_rate_code.
6.3.6 Sequence display extension

This Specification does not define the display process. The information in this extension does naot)affect the decogling
proces$ and may be ignored by decoders that conform to this Specification.

video_fformat — This is a three bit integer indicating the representation of the pictures befare being coded in accordgnce
with this Specification. Its meaning is defined in Table 6-6. If the sequence_display_extension() is not present in| the
bitstregm, then the video format may be assumed to be “Unspecified video format”.

Table 6-6 — Meaning of video_format

video_format Meaning
000 Component
001 PAL
010 NTSC
011 SECAM
160 MAC
101 Unspecified video format
110 Reserved
111 Reserved

colour_description — A flag which if set to ‘1" indicates the presence of colour_primaries, transfer_characteristics and
matrix_coefficients in the bitstream.

colour_primaries — This 8-bit integer describes the chromaticity coordinates of the source primaries, and is defined
in Table 6-7.

In the case that sequence_display_extension() is not present in the bitstream or colour_description is zero the
chromaticity is assumed to be that corresponding to colour_primaries having the value 1.

transfer_characteristics — This 8-bit integer describes the opto-electronic transfer characteristic of the source picture,
and is defined in Table 6-8.
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Table 6-7 — Colour Primaries

ISO/MEC 13818-2:1996(E)

Dl enn
r

naricd

0 (Forbidden)

1 Recommendation ITU-R BT.709
primary X y
green 0.300  0.600
blue 0.150  0.060
red 0.640 0330
wiite D65 03127 03290

2 Unspecified Video
Image characteristics are unknown

3 Reserved

4 Recommendation ITU-R BT.470-2 System M
primary X y
green 0.21 0.71
blue 0.14 0.08
red 0.67 0.33
white C 0310 0.316

5 Recommendation ITU-R BT.470-2System B, G
primary X y
green 0.29 0.60
blue 0’s 0.06
red 0.64 0.33
white D65 0313  0.329

6 SMPTE70M
primary X y
green 0310  0.595
blue 0.155  0.070
red 0.630  0.340
white D65 03127 03290

7 SMPTE 240M (1987)
primary X y
green 0310 0595
blue 0.155  0.070
red 0.630  0.340
white D65 0.3127 0.3291

8-255 Reserved
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Table 6-8 — Transfer Characteristics

Value

Transfer Characteristic

(Forbidden)

Recommendation ITU-R BT.709
V =1.099 L% - 0.099
for12L, 20.018

V=4500L,
for 0.018>L_ 20

Unspecitied Video

Image characteristics are unknown

Reserved

Recommendation ITU-R BT.470-2 System M
Assumed display gamma 2.2

Recommendation ITU-R BT.470-2 System B, G
Assumed display gamma 2.8

SMPTE 170M
V =1.099 L %4 -0.099
for12L, 20018
V=4500L,
for 0.018 >L 20

SMPTE 240M (1987)
V=11115L2% -0.1105
for L, > 0.0228
V=40L,
for,0.0228 > L

Lineartransfer characteristics

ie N=L,

9-255

Reserved
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In the case that sequence_display_extension() is not present in the bitstream or colour_description is zero the transfer
characteristics are assumed to be those corresponding to transfer_characteristics having the value 1.

matrix_coefficients — This 8-bit integer describes the matrix coefficients used in deriving luminance and chrominance
signals from the green, blue, and red primaries, and is defined in Table 6-9.

Table 6-9 — Matrix Coefficients

Value Matrix

0 (Forbidden)

1 Recommendation ITU-R BT.709

E'y, =0.7154 E'; + 0.0721 E’'; + 0.2125 E’,,
E'pg =-0.386 E'; + 0.500 E'5 -0.115 E',
E'pr =-0.454 E'; - 0.046 E'; + 0.500 E'y

2 Unspecified Video

Image characteristics are unknown
3 Reserved
4 FCC

E'y =059 E'5+0.11 E); + 0.30 E'y

E'pg =-0.331 E’5 +0.500 E'; -0.169 E'y
E'pp =-0.421 E'; - 0.079 E’; + 0.500 E'p
5 Recommendation ITU-R BT.470-2System B, G
E’'y =0.587E'; +0.114 E'; +0299 E'y
E'pg =-0.331 E'g + 0.500-E%; ~0.169 E'p
E'pr =-0.419 E'; - 0.081°E’g + 0.500 E'y
6 SMPTE 170M

E’y =0.587 E/s%0.114 E'y + 0.299 E'g
E'pg =-0331 E'5 +0.500 E’'; -0.169 E'p
E'pr =<0.419 E'; - 0.081 E'; + 0.500 E'g
7 SMPTE 240M (1987)

E’y =0.701 E'G + 0.087 E'y + 0.212 E'g
E'pg =-0.384 E'; +0.500 E'; —0.116 E'y
E'pr =—-0.445 E'; - 0.055 E'g + 0.500 E'y
8-255 Reserved

In Tjabie 6-9:
- E'yis analogue with values between 0 and 1;
—<E’ppg and E’pR are analogue between the values —0.5 and 0.5;

~ E'R, E'g and E’g are analogue with values between 0 and 1;

— Y,Cband Cr are related to E'y, E'pg and E'pg by the 1ollowing tormulae:

Y=(219*Ey)+16
Cb=(224 *E'pg) + 128
Cr= (224 *E'pr ) + 128

NOTE - The decoding process given by this Specification limits output sample values for Y, Cr and Cb to the
range [0:255]. Thus, sample values outside the range implied by the above equations may occasionally occur at the output of the
decoding process. In particular the sample values 0 and 255 may occur.

In the case that sequence_display_extension() is not present in the bitstream or colour_description is zero, the matrix
coefficients are assumed to be those corresponding to matrix_coefficients having the value 1.
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display_horizontal_size — See display_vertical_size.

display_vertical_size — display_horizontal_size and display_vertical_size together define a rectangle which may be
considered as the “intended display’s” active region. If this rectangle is smaller than the encoded frame size, then the
display process may be expected to display only a portion of the encoded frame. Conversely if the display rectangle is
larger than the encoded frame size, then the display process may be expected to display the reconstructed frames on a
portion of the display device rather than on the whole display device.

display_horizontal_size shall be in the same units as horizontal_size (samples of the encoded frames).
display_vertical_size shall be in the same units as vertical_size (lines of the encoded frames).

display_horizontal_size and display_vertical_size do not affect the decoding process but may be used by the display
process that is not standardised in this Specification.

6.3.7 Sequence scalable extension

It is o syntactic restriction that if a sequence_scalable_extension() is present in the bitstream following a gjven
sequence_extension(), then sequence_scalable_extension() shall follow every other occurrence of sequence.extensign().
Thus a) bitstream is either scalable or it is not scalable. It is not possible to mix scalable and non-scalabl€ coding within a
sequerice.

scalable_mode - The scalable_mode indicates the type of scalability used in the- video sequence. Iff no
sequerifce_scalable_extension() is present in the bitstream, then no scalability is used for that'sequence. scalable_njode
also ipdicates the macroblock_type tables to be used. However, in the case'\'of spatial scalability if|] no
picturd_spatial_scalable_extension() is present for a given picture, then that picture-shall be decoded in a non-scalable
mannef (i.e. as if sequence_scalable_extension() had not been present).

Table 6-10 — Definition of scalable_mode

scalable_mode Meaning piduri;s)‘l::g;lo—:f)alabk' macroblock_type tables
sequence_scalable_extension() not present B-2, B-3 and B-4
00 Data partitioning B-2, B-3 and B-4
01 Spatial scalability Present B-5, B-6 and B-7
Not present B-2, B-3 and B-4
10 SNR scalability B-8
11 Temporal scalability B-2, B-3 and B-4

layer_jid — This is an integer which identifies the layers in a scalable hierarchy. The base layer always has layer_id|= 0.
Howeyer, the base layer of @scalable hierarchy does not carry a sequence_scalable_extension() and hence layef_id,

except|in the case of data partitioning. Each successive layer has a layer_id which is one greater than the layer for which
it is anf enhancement,

In the fase of data-partitioning layer_id shall be zero for partition zero and layer_id shall be one for partition one.

lower [layer_prediction_horizontal_size — This is a 14-bit integer indicating the horizontal size of the lower layer

frame [which is used for prediction. This shall contain the value contained in horizontal_size (horizontal_size_value|and
horizohtal’size_extension) in the lower layer bitstream

lower_layer_prediction_vertical_size — This is a 14-bit integer indicating the vertical size of the lower layer frame
which is used for prediction. This shall contain the value contained in vertical_size (vertical_size_value and
vertical_size_extension) in the lower layer bitstream.

horizontal_subsampling factor_m — This affects the spatial scalable upsampling process, as defined in 7.7.2. The
value zero is forbidden.

horizontal_subsampling_factor_n — This affects the spatial scalable upsampling process, as defined in 7.7.2. The value
zero is forbidden.

vertical_subsampling_factor_m - This affects the spatial scalable upsampling process, as defined in 7.7.2. The value
zero is forbidden.

48 ITU-T Rec. H.262 (1995 E)


https://standardsiso.com/api/?name=5cb5b84201fdd41802e36153b5f9c175

ISO/IEC 13818-2:1996(E)

vertical_subsampling_factor_n — This affects the spatial scalable upsampling process, as defined in 7.7.2. The value
zero is forbidden.

picture_mux_enable — If set to 1, picture_mux_order and picture_mux_factor are used for re-multiplexing prior to
display.

mux_to_progressive_sequence — This flag when set to ‘1’ indicates that the decoded pictures corresponding to the two
layers shall be temporally multiplexed to generate a progressive sequence for display. When the temporal multiplexing is
intended to generate an interlaced sequence this flag shall be ‘0’.

picture_mux_order — It denotes number of enhancement layer pictures prior to the first base layer picture. It thus

assists re-multiplexing of pictures prior to display as it contains information for inverting the demultiplexing performed
at the encoder.

allgw correct re-multiplexing of base and enhancement layers for display. It also assists in re-multiplexing)of [pictures
pripr to display as it contains information for inverting the temporal demultiplexing performed at the encoder. The value
‘04O’ is reserved.

pigture_mux_factor — It denotes number of enhancement layer pictures between consecutive base layer pnFures to

6.3.8 Group of pictures header

grqup_start_code — The group_start_code is the bit string ‘000001B8’ in hexadecimal. It identifies the beginniing of a
grdup of pictures header.

timle_code — This is a 25-bit integer containing the following: drop_frame_flag, time cCode_hours, time_code_ininutes,
marker_bit, time_code_seconds and time_code_pictures as shown in Table 6-11.\Phe parameters correspond fo those
defiined in the IEC standard publication 461 for “time and control codes for video tape recorders” (see Bibliggraphy,
Annex F). The time code refers to the first picture after the group of pictures header that has a temporal_refefence of
zerp. The drop_frame_flag can be set to either ‘0’ or ‘1’. It may be set to 4’ only if the frame rate is 29.97 Hz. I it is ‘0’
then pictures are counted assuming rounding to the nearest integral number of pictures per second, for example 29.97 Hz
wouuld be rounded to and counted as 30 Hz. If it is ‘1’ then picture.numbers O and 1 at the start of each minute|, except
mifutes 0, 10, 20, 30, 40, 50 are omitted from the count.

NOTE - The information carried by time_code plays no_part in the decoding process.

Table 6-11 - time_code

time_code Range of value No. of bits Mnemonic
drop_frame_flag 1 uimsbf
time_code_hours 0-23 5 uimsbf
time_code_minutes 0-59 6 uimsbf
marker_bit 1 1 bslbf
time_code _(seconds 0-59 6 uimsbf
time_code pictures 0-59 6 uimsbf

clgsed_gop ~This is a one-bit flag which indicates the nature of the predictions used in the first consecutive B{pictures
(iffany) ilhmediately following the first coded I-frame following the group of picture header.

clgsed)gop is set to ‘1’ to indicate that these B-pictures have been encoded using only backward prediction|or intra
coding.

This bit is provided for use during any editing which occurs after encoding. If the previous pictures have been removed
by editing, broken_link may be set to ‘1’ so that a decoder may avoid displaying these B-Pictures following the first
I-Picture following the group of picture header. However, if the closed_gop bit is set to ‘1°, then the editor may choose
not to set the broken_link bit as these B-Pictures can be correctly decoded.

broken_link — This is a one-bit flag which shall be set to ‘0’ during encoding. It is set to ‘1’ to indicate that the first
consecutive B-Pictures (if any) immediately following the first coded I-frame following the group of picture header may
not be correctly decoded because the reference frame which is used for prediction is not available (because of the action
of editing).

A decoder may use this flag to avoid displaying frames that cannot be correctly decoded.
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6.3.9

Picture header

picture_start_code — The picture_start_code is a string of 32 bits having the value 00000100 in hexadecimal.

temporal_reference — The temporal_reference is a 10-bit unsigned integer associated with each coded picture.

The following specification applies when low_delay is equal to zero.

When a frame is coded as two field pictures, the temporal_reference associated with each coded picture shall be the
same. The temporal_reference of each coded frame shall increment by one modulo 1024 when examined in display
order at the output of the decoding process, except when a group of pictures header occurs. After a group of pictures

header,

the temporal_reference of the first frame in display order shall be set to zero.

The fol

When
before

If there
tempor:
buffer

tempor:

The ten
when 1

field pig

owing specification applies when low_delay is equal to one.

ow_delay is equal to one, there may be situations where the VBV buffer shall be re-examined several tifnes

emoving a coded picture (referred to as a big picture) from the VBV buffer.

is a big picture, the temporal_reference of the picture immediately following the big picture(ghall be equal to
l_reference of the big picture incremented by N + 1 modulo 1024, where N is the number, of times that the V|
is re-examined (N > 0). If the big picture is immediately followed by a group jof pictures header,
hl_reference of the first coded picture after the group of pictures header shall be set\{a{N.

nporal_reference of a picture that does not immediately follow a big picture follows the specification for the ¢
w_delay is equal to zero.

NOTE 1 - If the big picture is the first field of a frame coded with field.pictures, then the temporal_reference of the
tures of that coded frame are not identical.

picturd_coding_type — The picture_coding_type identifies whether. a picture is an intra-coded picture(I), predict

coded
Table §

Supportg

picture(P) or bidirectionally predictive-coded picture(B).-The meaning of picture_coding_type is defined
-12.

NOTE 2 - Intra-coded pictures with only DC coeffjeients (D-pictures) that may be used in ISO/IEC 11172-2 are
d by this Specification.

Table 6-12 — picture_coding_type

the
BV
the

ase

two

mn

not

picture_coding_type coding method
000 Forbidden
001 intra-coded (I)
010 predictive-coded (P)
011 bidirectionally-predictive-coded (B)
100 Shall not be used

(dc intra-coded (D) in ISO/IEC11172-2)

101 Reserved
110 Reserved
TTT Reserved

vbv_delay — The vbv_delay is a 16-bit unsigned integer. In all cases other then when vbv_delay has the value
hexadecimal FFFF, the value of vbv_delay is the number of periods of a 90 kHz clock derived from the 27 MHz system
clock that the VBV shall wait after receiving the final byte of the picture start code before decoding the picture.
vbv_delay shall be coded to represent the delay as specified above or it shall be coded with the value hexadecimal FFFF.
If any vbv_delay field in a sequence is coded with hexadecimal FFFF, then all of them shall be coded with this value. If
vbv_delay takes the value hexadecimal FFFF, input of data to the VBV buffer is defined in C.3.2, otherwise input to the
VBYV buffer is defined in C.3.1.
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If low_delay is equal ‘1’ and if the bitstream contains big pictures, the vbv_delay values encoded in the picture_header()
of big pictures may be wrong if not equal to hexadecimal FFFF.

NOTE - There are several ways of calculating vbv_delay in an encoder.

In all cases it may be calculated by noting that the end-to-end delay through the encoder and decoder buffer is constant
for all pictures. The encoder is capable of knowing the delay experienced by the relevant picture start code in the
encoder buffer and the total end-to-end delay. Therefore, the value encoded in vbv_delay (the decoder buffer delay of
the picture start code) is calculated as the total delay less the delay of the corresponding picture start code in the encoder
buffer measured in periods of a 90 kHz clock derived from the 27 MHz system clock.

Alternatively, for constant bitrate operation only, vbv_delay may be calculated from the state of the VBV as follows:

PaV2NPY X _g

vbv_detay, =90000B; 7R

whefe:
n>0
B,"= VBV occupancy, measured in bits, immediately before removing picture m_from the buffer byt after
removing any header(s), user data and stuffing that immediately pfecedes the data elemdnts of
picture n.
R= the actual bitrate (i.e. to full accuracy rather than the quantised value given by bit_rate |in the

sequence header).

An gquivalent method of calculating vbv_delay for variable bitrate streams can be derived from the equation in|C.3.1.
This|will be in the form of a recurrence relation for the vbv_delay given‘the previous vbv_delay, the decoding times of
the qurrent and previous pictures, and the number of bytes in the prévious picture. This method can be applied if] at the
time|{vbv_delay is encoded, the average bitrate of the transfer of thé¢\picture data of the previous picture is known.

full Jpel_forward_vector — This flag that is used in ISO/IE€:11172-2 is not used by this Specification. It shall hgve the
valug ‘0’

forward_f_code — This 3 bit string (which is used-in ISO/IEC 11172-2) is not used by this Specification. It shall have
the yalue ‘111°,

full {pel_backward_vector — This flag that;is used in ISO/IEC 11172-2 is not used by this Specification. It shall have
the value ‘0’.

backward_f_code — This 3 bit string (which is used in ISO/IEC 11172-2) is not used by this Specification. It sha]l have
the yalue ‘1117,

extrp_bit_picture — A bit7indicates the presence of the following extra information. If extra_bit_picture is set fto ‘1°,
extra_information_pietute’ will follow it. If it is set to ‘0’, there are no data following it. extra_bit_picture shall|be set
to ‘q’, the value ‘1Zis'réserved for possible future extensions defined by ITU-T | ISO/IEC.

extrp_information_picture - Reserved. A decoder conforming to this Specification that encqunters
extrg_information_picture in a bitstream shall ignore it (i.e. remove from the bitstream and discard). A bitstream
confforming to this Specification shall not contain this syntax element.

6.3.10  Picture coding extension

f_code[s][t] — A 4 bit unsigned integer taking values 1 through 9, or 15. The value zero is forbidden and the values 10
through 14 are reserved. It is used in the decoding of motion vectors, see 7.6.3.1.

In an I-picture in which concealment_motion_vectors is zero f_code[s][t] is not used (since motion vectors are not used)
and shall take the value 15 (all ones).

Similarly, in an I-picture or a P-picture f_code[1][t] is not used in the decoding process (since it refers to backwards
motion vectors) and shall take the value 15 (all ones).

See Table 7-7 for the meaning of the indices; s and t.
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intra_dc_precision — This is a 2-bit integer defined in the Table 6-13.

Table 6-13 — Intra DC precision

intra_dc_precision

Precision (bits)

00 8
01 9
10 10

11

11

The inyerse quantisation process for the Intra DC coefficients is modified by this parameter as explained in 7.4.1.

picturg_structure — This is a 2-bit integer defined in the Table 6-14.

Table 6-14 — Meaning of picture_structure

picture_structure Meaning
00 Reserved
01 Top Field
10 Bottom Field

11

Frame picture

When fa frame is encoded in the form of two field pictures both tields must be of the same picture_coding_type, exicept

where [the first encoded field is an I-picture in which case the second may be either an I-picture or a P-picture.
The figst encoded field of a frame may be a top-field or.a\bottom field, and the next field must be of opposite parity.

When [a frame is encoded in the form of two field pictures, the following syntax elements may be set independent

each field picture:

top_figld_first — The “meaning of this element depends upon picture_structure, progressive_sequence

repeat] first_field.

If progressive_sequence is equal to ‘0’, this flag indicates what field of a reconstructed frame is output first by

decoding process.

In a figld-picture top_field_first shall have the value ‘0’, and the only field output by the decoding process is the dec

field picture

* f_code[0][0], f_code[0][1];
. f_code[1][0], f_code[1]{1];

. intra_vlc_format, alternate_scan.

*  intra_dc_precision,(Concealment_motion_vectors, q_scale_type;

y in

and

the

ded

In a frame picture top_field_first being set to ‘1’ indicates that the top field of the reconstructed frame is the first field
output by the decoding process. top_field_first being set to ‘0’ indicates that the bottom field of the reconstructed frame
is the first field output by decoding process.

If progressive_sequence is equal to ‘1’, this flag, combined with repeat_first_field, indicates how many times (one, two
or three) the reconstructed frame is output by the decoding process.

If repeat_first_field is set to 0, top_field_first shall be set to ‘0. In this case the output of the decoding process
corresponding to this reconstructed frame consists of one progressive frame.

If top_field_first is set to O and repeat_first_field is set to ‘1°, the output of the decoding process corresponding to this
reconstructed frame consists of two identical progressive frames.
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If top_field_first is set to 1 and repeat_first_field is set to ‘1°, the output of the decoding process corresponding to this
reconstructed frame consists of three identical progressive frames.

frame_pred_frame_dct — If this flag is set to ‘1°, then only frame-DCT and frame prediction are used. In a field picture
it shall be ‘0’. frame_pred_frame_dct shall be ‘1’ if progressive_frame is ‘1’. This flag affects the syntax of the

bitstream,

concealment_motion_vectors — This flag has the value ‘1’ to indicate that motion vectors are coded in intra

SR o b (72 LRV

macroblocks. This flag has the value ‘0’ to indicate that no motion vectors are coded in intra macroblocks.
q_scale_type — This flag affects the inverse quantisation process as described in 7.4.2.2.

intra_vlc format — This flag affects the decoding of transform coefficient data as described in7.2.1

repgat_first_field — This flag is applicable only in a frame picture; in a field picture it shall be set to‘zero and dpes not
affect the decoding process.

If progressive_sequence is equal to 0 and progressive_frame is equal to 0, repeat_first_field shall be zero, and thed output
of the decoding process corresponding to this reconstructed frame consists of two fields.

If pfogressive_sequence is equal to 0 and progressive_frame is equal to 1:

If this flag is set to 0, the output of the decoding process corresponding to this réconstructed frame consists of twq fields.
Thd first field (top or bottom field as identified by top_field_first) is followedby the other field.

If if is set to 1, the output of the decoding process corresponding to this\reconstructed frame consists of three fielfls. The
firs field (top or bottom field as identified by top_field_first) is.followed by the other field, then the first field is
rep¢ated.

If progressive_sequence is equal to 1:

If this flag is set to O, the output of the decoding procesg’corresponding to this reconstructed frame consists of one] frame.

If if is set to 1, the output of the decoding process corresponding to this reconstructed frame consists of two qr three
frarpes, depending on the value of top_field_first.

chroma_420_type - If chroma_format’ is “4:2:0”, the value of chroma_420_type shall be the same as
progressive_frame; else chroma_420.type has no meaning and shall be equal to zero. This flag exists for hiptorical
reagons.

prdgressive_frame — If progressive_frame is set to O it indicates that the two fields of the frame are interlaced fields in
which an interval of time ©f;the field period exists between (corresponding spatial samples) of the two fields. In this case
the ffollowing restriction-applies:

. repeat-first_field shall be zero (two field duration).

If progressiveNframe is set to 1 it indicates that the two fields (of the frame) are actually from the same time ingtant as
one{another-In this case a number of restrictions to other parameters and flags in the bitstream apply:

*  picture_structure shall be “Frame”;

. frame_pred_frame_dct shall be 1.

progressive_frame is used when the video sequence is used as the lower layer of a spatial scalable sequence. Here it
affects the up-sampling process used in forming a prediction in the enhancement layer from the lower layer.

composite_display_flag — This flag is set to 1 to indicate that the following fields that are of use when the input pictures
have been coded as (analogue) composite video prior to encoding into a bitstream that complies with this Specification.
If it is set to O, then these parameters do not occur in the bitstream.

The information relates to the picture that immediately follows the extension. In the case that this picture is a frame

picture, the information relates to the first field of that frame. The equivalent information for the second field may be
derived (there is no way to represent it in the bitstream).
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NOTES

1 The various syntactic elements that are included in the bitstream if composite_display_flag is ‘1’ are not used in the
decoding process.

2 repeat_first_field will cause a composite video field to be repeated out of the 4-field or 8-field sequence. It is
recommended that repeat_first_field and composite_display_flag are not both set simultaneously.

v_axis — A 1-bit integer used only when the bitstream represents a signal that had previously been encoded according to
PAL systems. v_axis is set to 1 on a positive sign, v_axis is set to O otherwise.

field_sequence — A 3-bit integer which defines the number of the field in the eight field sequence used in PAL systems
or the four field sequence used in NTSC systems as defined in the Table 6-15.

Table-6-15—Definition-of field—sequence
segiﬁ:lgce Frame Field
000 1 1
001 1 2
010 2 3
011 2 4
100 3 5
101 3 6
110 4 7
111 4 8

sub_cgrrier — This is a 1-bit integer. Set to 0 means the sub-carrier/line frequency relationship is correct. When set|to 1
the relationship is not correct.

burst_lamplitude — This is a 7-bit integer defining the, burst amplitude (for PAL and NTSC only). The amplitude of the
sub-cafrier burst is quantised as a Recommendation TTU-R BT.601 luminance signal, with the MSB omitted.

sub_carrier_phase — This is an 8-bit integerdefining the phase of the reference sub-carrier at the field-synchronisgtion
datum [with respect, to field start as defined in"Recommendation ITU-R BT.470 (see Table 6-16).

Table 6-16 — Definition of sub_carrier_phase

sub_carrier_phase Phase
0 ([360° + 256] * 0)
1 ([360° +256] * 1)
255 ([360° + 256] * 255)

6.3.11 Quant matrix extension

Each quantisation matrix has a default set of values. When a sequence_header_code is decoded all matrices shall be reset
to their default values. User defined matrices may be downloaded and this can occur in a sequence_header() or in a
quant_matrix_extension().

With 4:2:0 data only two matrices are used, one for intra blocks the other for non-intra blocks.

With 4:2:2 or 4:4:4 data four matrices are used. Both an intra and a non-intra matrix are provided for both luminance
blocks and for chrominance blocks. Note, however, that it is possible to download the same user defined matrix into
both the luminance and chrominance matrix at the same time.
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The default matrix for intra blocks (both luminance and chrominance) is:

8 16 19 22 26 27 29 34
16 16 22 24 27 29 34 37
19 22 26 27 29 34 34 38
22 22 26 27 29 34 37 40
2226 27 29 32 35 40 48
26 27 29 32 35 40 48 58
26 27 29 34 38 46 56 69
27 29 35 38 46 56 69 83

The |default matrix for non-intra blocks (both luminance and chrominance) is:

16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16, 6 a6
16 16 16 16 16 16 J6\\ 16
16 16 16 16 16 16 16 16

load_intra_quantiser_matrix — This is a one-bit flag which-is set to ‘1’ if intra_quantiser_matrix follows. If it i$ set to
‘0 t[nen there is no change in the values that shall be used:
r

intrp_quantiser_matrix — This is a list of sixty-feur 8-bit unsigned integers. The new values, encoded in the {lefault
zigzpg scanning order as described in 7.3.1, replace the previous values. The first value shall always be 8. For all of the
8-bif unsigned integers, the value zero is forbidden. With 4:2:2 and 4:4:4 data the new values shall be used for bpth the
lumjnance intra matrix and the chrominafce*intra matrix. However, the chrominance intra matrix may subsequently be
loaded with a different matrix.

load_non_intra_quantiser_matrix)— This is a one-bit flag which is set to ‘1’ if non_intra_quantiser_matrix follpws. If
itisfset to ‘0’ then there is no change in the values that shall be used.

non| intra_quantiser_matrix — This is a list of sixty-four 8-bit unsigned integers. The new values, encoded|in the
default zigzag scanning-order as described in 7.3.1, replace the previous values. For all the 8-bit unsigned integgrs, the
value zero is forbidden! With 4:2:2 and 4:4:4 data, the new values shall be used for both the luminance non-intrajmatrix
and [the chrominange non-intra matrix. However, the chrominance non-intra matrix may subsequently be loaded|with a
diffgrent matrix.

load_chroma_intra_quantiser_matrix — This is a one-bit flag which is set to ‘1’ if chroma_intra_quantiser |matrix
follpws., If it is set to ‘0’ then there is no change in the values that shall be used. If chroma_format is “4:2:0”, tlris flag

shalt-take-the—valte—6

chroma_intra_quantiser_matrix — This is a list of sixty-four 8-bit unsigned integers. The new values, encoded in the
default zigzag scanning order as described in 7.3.1, replace the previous values. The first value shall always be 8. For all
of the 8-bit unsigned integers, the value zero is forbidden.

load_chroma_non_intra_quantiser_matrix - This is a one-bit flag which is set to ‘I’ if
chroma_non_intra_quantiser_matrix follows. If it is set to ‘0’ then there is no change in the values that shall be used. If
chroma_format is ““4:2:0”, this flag shall take the value ‘0.

chroma_non_intra_quantiser_matrix — This is a list of sixty-four 8-bit unsigned integers. The new values, encoded in
the default zigzag scanning order as described in 7.3.1, replace the previous values. For all the 8-bit unsigned integers,
the value zero is forbidden.
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6.3.12  Picture display extension

This Specification does not define the display process. The information in this extension does not affect the decoding
process and may be ignored by decoders that conform to this Specification.

The picture display extension allows the position of the display rectangle whose size is specified in
sequence_display_extension() to be moved on a picture-by-picture basis. One application for this is the implementation
of pan-scan.

frame_centre_horizontal_offset — This is a 16-bit signed integer giving the horizontal offset in units of 1/16th sample.
A positive value shall indicate that the centre of the reconstructed frame lies to the right of the centre of the display
rectangle.

frame_centre_vertical_offset — This is a 16-bit signed integer giving the vertical offset in units of 1/16th sample. A
positie value shall indicate that the centre of the reconstructed frame lies below the centre of the display rectangle.

The dimensions of the display rectangular region are defined in the sequence_display_extension(). The coordinat¢s of
the region within the coded picture are defined in the picture_display_extension().

The centre of the reconstructed frame is the centre of the rectangle defined by horizontal_size and vertical_size.

Since |(in the case of an interlaced sequence) a coded picture may relate to one, two or three decoded fields| the
pictur¢_display_extension() may contain up to three offsets.

The nymber of frame centre offsets in the picture_display_extension() shall be defined as\fellows:

if ( progressive_sequence == 1) {
if (repeat_first_field == ‘1" ) {
if ( top_field_first==‘1")
number_of_frame_centre_offsets =3

else
number_of_frame_centre_offsets = 2
} else {
number_of frame_centre_offsets = 1
}
} else {

if (picture_structure == “field”) {
number_of_frame_centre_offsets = 1
} else {
if (repeat_first_field ==V )
number_of frame_centre_offsets = 3
else
number_of/ frame_centre_offsets = 2

}

A pi¢ture_display_extension() shall not occur unless a sequence_display_extension() followed the preyious
sequence_header();

In thecase that-a'given picture does not have a picture_display_extension(), then the most recently decoded frame cg¢ntre
offset[shall bé"used. Note that each of the missing frame centre offsets have the same value (even if two or three ffame
centrel Offsets would have been contained in the picture_display_extension() had been present). Following a

sequetrce_treadert)thevatue—zerostratt-beusedfor att-framecentre of fsetsuntita picture _disptay e xtensiont)defines
non-zero values.

Figure 6-16 illustrates the picture display parameters. As shown, the frame centre offsets contained in the

picture_display_extension() shall specify the position of the centre of the reconstructed frame from the centre of the
display rectangle.

NOTES
1 The display rectangle may also be larger than the reconstructed frame.

2 Evenin a field picture the frame_centre_vertical_offset still represents the offset of the centre of the frame in 1/16th
of a frame line (not a line in the field).

3 In the example of Figure 6-16 both frame_centre_horizontal_offset and frame_centre_vertical_offset have negative
values.
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frame_centre_horizontal_offset

frame_centre_

vertical_offset ’ . .
display_vertical_size

display_horizontal_size .‘ T1516100-94/d17

Figure 6-16 — Frame centre offset parameters

6.3.12.1 Pan-scan

The|frame centre offsets may be used to implement pan-scan in which a rectangular region is defined which may be
panned around the entire reconstructed frame.

By vay of example only; this facility may be used to identify a 3/4 aspect ratio window in a 9/16 coded picture format.
Thid would allow a decoder to produce usable pictures forca’conventional definition television set from an emcoded
format intended for enhanced definition. The 3/4 aspect ratio'region is intended to contain the “most interesting” [region
of the picture.

The| 3/4 region is defined by display_horizontal_size and display_vertical_size. The 9/16 frame size is defiged by
horigontal_size and vertical_size.

6.3.13  Picture temporal scalable extension

NOTE - See also 7.9.

reference_select_code — This-is a 2-bit code that identifies reference frames or reference fields for prediction deppnding
on the picture type.

forward_temporal_reference — A 10 bit unsigned integer value which indicates temporal reference of the lower layer
frame to be used to provide the forward prediction. If the lower layer indicates temporal reference with more than
its, the least’significant bits are encoded here. If the lower layer indicates temporal reference with fewer than 10 bits,
its are\éncoded here and the more significant bits shall be set to zero.

backward_temporal_teference — A 10 bit unsigned integer value which indicates temporal reference of the lower layer
frame to be used to provide the backward prediction. If the lower layer indicates temporal reference with more than
10 bits, the least significant bits are encoded here. If the lower layer indicates temporal reference with fewer than 10 bits,
all bits are encoded here and the more significant bits shall be set to zero.

6.3.14  Picture spatial scalable extension

lower_layer_temporal_reference — A 10 bit unsigned integer value which indicates temporal reference of the lower
layer frame to be used to provide the prediction. If the lower layer indicates temporal reference with more than 10 bits,
the least significant bits are encoded here. If the lower layer indicates temporal reference with fewer than 10 bits, all bits
are encoded here and the more significant bits shall be set to zero.
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lower_layer_horizontal_offset — This 15 bit signed (twos complement) integer specifies the horizontal offset (of the top
left hand corner) of the upsampled lower layer frame relative to the enhancement layer picture. It is expressed in units of
the enhancement layer picture sample width. If the chrominance format is 4:2:0 or 4:2:2, then this parameter shall be an
even number.

lower_layer_vertical_offset — This 15 bit signed (twos complement) integer specifies the vertical offset (of the top left
hand corner) of the upsampled lower layer picture relative to the enhancement layer picture. It is expressed in units of
the enhancement layer picture sample height. If the chrominance format is 4:2:0, then this parameter shall be an even
number.

spatial_temporal_weight_code_table_index — This 2-bit integer indicates which table of spatial temporal weight
codes is to be used as defined in 7.7. Permissible values of spatial_temporal_weight_code_table_index are defined in
Table 7-21.

lower_llayer_progressive_frame — This flag shall be set to 0 if the lower layer frame is interlaced and shall be set{q ‘1’
if the lgpwer layer frame is progressive. The use of this flag in the spatial scalable upsampling process is definedin7.7.

lower_llayer_deinterlaced_field_select — This flag affects the spatial scalable upsampling process, as defined in 7.7.
6.3.15| Copyright extension

extensjon_start_code_identifier — This is a 4-bit integer which identifies the extension (see Fable 6-2).

copyright_flag — This is a one bit flag. When copyright_flag is set to ‘1’, it indicates: that the source video matgrial
encoded in all the coded pictures following the copyright extension, in coding order, up to the next copyright extengion
or end fof sequence code, is copyrighted. The copyright_identifier and copyright_number identify the copyrighted wprk.
When [copyright_flag is set to ‘0’, it does not indicate whether the source video material encoded in all the cdded
pictures following the copyright extension, in coding order, is copyrighted ordiet.

copyright_identifier — This is an 8-bit integer which identifies a Registration Authority as designated by ISOAEC
JTC1/§C29. Value zero indicates that this information is not available: The value of copyright_number shall be rero
when dopyright_identifier is equal to zero.

When topyright_flag is set to ‘0’, copyright_identifier has no meaning and shall have the value 0.

original_or_copy — This is a one bit flag. It is set to “1l/to indicate that the material is an original, and set to ‘qQ’ to
indicatg that it is a copy.

reserved — This is a 7-bit integer, reserved for future extension. It shall have the value zero.

copyright_number_1 — This is a 20-bit integer, representing bits 44 to 63 of copyright_number.
copyright_number_2 — This is a 22-bit-integer, representing bits 22 to 43 of copyright_number.
copyright number_3 — This is a 22:bit integer. representing bits 0 to 21 of copyright_number.

copyright_number - This~1S” a 64-bit integer, derived from copyright_number_1, copyright_number_2, |and
copyright_number_3 as féllows:

copyright_number =(¢opyright_number_1 << 44) + (copyright_number_2 << 22) + copyright_number_3.

The nfeaning _of \copyright_number is defined only when copyright_flag is set to ‘1’. In this case, the valug of
copyright_ntamber identifies uniquely the copyrighted work marked by the copyrighted extension and is provided by the

Registration. Authority identified by copyright_identifier. The value O for copyright_number indicates that| the
identification number of the r‘npvrightpd work is not available

When copyright_flag is set to ‘0’, copyright_number has no meaning and shall have the value 0.
6.3.16  Slice

slice_start_code — The slice_start_code is a string of 32-bits. The first 24-bits have the value 000001 in hexadecimal
and the last 8-bits are the slice_vertical_position having a value in the range 01 through AF hexadecimal inclusive.

slice_vertical_position — This is given by the last eight bits of the slice_start_code. It is an unsigned integer giving the
vertical position in macroblock units of the first macroblock in the slice.

In large pictures (when the vertical size of the frame is greater than 2800 lines) the slice vertical position is extended by
the slice_vertical_position_extension.
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The macroblock row may be calculated as follows:

if ( vertical_size > 2800 )
mb_row = (slice_vertical_position_extension << 7) + slice_vertical_position —1;
else
mb_row = slice_vertical_position —1;

The slice_vertical_position of the first row of macroblocks is one. Some slices may have the same
slice_vertical_position, since slices may start and finish anywhere. The maximum value of slice_vertical_position is 175
unless slice_vertical_position_extension is present in which case slice_vertical_position shall be in the range [1:128].

priority_breakpoint — This is a 7-bit integer that indicates the point in the syntax where the bitstream shall be
partitioned. The allowed values and their semantic interpretation is given in Table 7-30 priority_breakpoint shall take the
value zero in partition 1.

quaLtiser_scale_code — A 5 bit unsigned integer in the range 1 to 31 . The decoder shall use this value until’another
quaptiser_scale_code is encountered either in slice() or macroblock(). The value zero is forbidden.

intI_slice_ﬂag — This flag shall be set to ‘1’ to indicate the presence of intra_slice and reserved_bits in (the bitstr¢am.

intrp_slice — This flag shall be set to ‘0’ if any of the macroblocks in the slice are non-intra macroblocks. If all of the
madroblocks, are intra macroblocks, then intra_slice may be set to ‘1°.

intrg_slice may be omitted from the bitstream (by setting intra_slice_flag to ‘0’) in whiChjcase it shall be assumed to
have the value zero.

intrg_slice is not used by the decoding process. intra_slice is intended to aid a PSM application in performing [FF/FR
(see|D.12).

res]rved_bits — This is a 7-bit integer, it shall have the value zero, other values are reserved.

extra_bit_slice — This flag indicates the presence of the following€xtra information. If extra_bit_slice is set|to ‘1°,
extrp_information_slice will follow it. If it is set to ‘0’ there are no.data following it. extra_bit_slice shall be set[to ‘0’,
the yalue ‘1’ is reserved for possible future extensions defined by<ITU-T | ISO/IEC.

extra_information_slice - Reserved. A decoder vtonforming to this Specification that encqunters
extrp_information_slice in a bitstream shall ignore it «(i.e. remove from the bitstream and discard). A bifstream
conforming to this Specification shall not contain this syntax element.

6.3.17 Macroblock

NOTE - “macroblock_stuffing” whichistsupported in ISO/IEC11172-2 shall not be used in a bitstream defined|by this
Spedification.

magroblock_escape — The macroblock’_escape is a fixed bit-string ‘0000 0001 000’ which is used when the difference
between macroblock_address and\:-previous_macroblock_address is greater than 33. It causes the value of
magroblock_address_increment to-be 33 greater than the value that will be decoded by subsequent macroblock_fescape
and [the macroblock_address_-increment codewords.

For|example, if there are.tWo macroblock_escape codewords preceding the macroblock_address_increment, theh 66 is
added to the value indicated by macroblock_address_increment.

ma¢roblock_addréss_increment — This is a variable length coded integer coded as per Table B.1 which indicdtes the
difference  be€tween macroblock_address and  previous_macroblock_address. The maximum valye of
madroblocksaddress_increment is 33. Values greater than this can be encoded using the macroblock_escape codeyword.

The|mdcroblock_address is a variable defining the absolute position of the current macroblock. The macroblock_address
of thie tep-left macroblock is zero

The previous_macroblock_address is a variable defining the absolute position of the last non-skipped macroblock (see
7.6.6 for the definition of skipped macroblocks) except at the start of a slice. At the start of a slice
previous_macroblock_address is reset as follows:

previous_macroblock_address = (mb_row * mb_width) —1

The horizontal spatial position in macroblock units of a macroblock in the picture (mb_column) can be computed from
the macroblock_address as follows:

mb_column = macroblock_address % mb_width
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where

mb_width is the number of macroblocks in one row of the picture.

Except at the start of a slice, if the value of macroblock_address recovered from macroblock_address_increment and the
macroblock_escape codes (if any) ditfers from the previous_macroblock_address by more than one then some
macroblocks have been skipped. It is a requirement that:

spatia]_temporal_weight_code_flag -~ Derived from \the macroblock_type. This indicates whether
spatial| temporal_weight_code is present in the bitstream.

When
in the

spatia]_temporal_weight_code — This_is a two bit code which indicates, in the case of spatial scalability, how
spatiall and temporal predictions shall be\combined to form the prediction for the macroblock. A full description of
to form the spatial scalable prediction is given in 7.7.

frame| motion_type — This is @ two bit code indicating the macroblock prediction type, defined in Table 6-17.

—  picture_spatial_scalable_extension() follows the picture_header() of the current picture; or

—  sequence_scalable_extension() is present in the bitstream and scalable_mode = “SNR scalability”.

*  The first and last macroblock of a slice shall not be skipped.

3

* In a B-picture there shall be no skipped macroblocks immediately following a macroblock in which
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lock_pattern — Derived from macroblock_type according to the/Tables B.2 through B.8. This is set to
that coded_block_pattern() is present in the bitstream.

Table 6-17 — Meaning of frame_motion_type

loc k ype — Variable length coded indicator which indicates the method of coding and content of| the

I to

flag

flag

lock_intra — Derived from macroblock_type according té. the Tables B.2 through B.8. This flag affectq the
bitstream syntax and is used by the decoding process.

the

spatial_temporal_weight_code_flag is ‘0 ((indicating that spatial_temporal_weight_code is not prgsent
bitstream)  the  spatial_temporal_weight_class is derived from Tables B.5 to B.7. When
spatial| temporal_weight_code_flag is ‘1’ spatial-temporal_weight_class is derived from Tabie 7-20.

the
how

Code Sl?‘:,i;{g—l:ffclﬁggal Prediction type mmi‘?:);mcmr mv_format dmv
00 Reserved
01 0,1 Field-based 2 Field 0
01 2,3 Field-based 1 Field 0
10 0,1,2,3 Frame-based 1 Frame 0
11 0,2,3 Dual-Prime 1 Field 1

If frame_pred_frame_dct is equal to 1 then frame_motion_type is omitted from the bitstream. In this case motion vector
decoding and prediction formation shall be performed as if frame_motion_type had indicated “Frame-based prediction”.

In the case of intra macroblocks (in a frame picture) when concealment_motion_vectors is equal to 1 frame_motion_type
is not present in the bitstream. In this case motion vector decoding and update of the motion vector predictors shall be
performed as if frame_motion_type had indicated “Frame-based” (see 7.6.3.9).
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field_motion_type — This is a two bit code indicating the macroblock prediction type, defined in Table 6-18.

In the case of intra macroblocks (in a field picture) when concealment_motion_vectors is equal to 1 field_motion
not [present in the bitstream. In this case, motion vector decoding and update of the motion vector predictors

Table 6-18 — Meaning of field_motion_type

Code SP_a;’i;lg_l:(tfilcha(; l;al Prediction type moti(;l(l)amctor myv_format dmv
00 Reserved
01 0,1 Field-based i Field 0
10 0,1 16 Xx 8 MC 2 Field 0
il 0 Duai-Prime 1 Field 1

performed as if field_motion_type had indicated “Fieid-based” (see 7.6.3.9).
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dct] type — This is a flag indicating whether the macroblock is frame DCT coded or field DCTregded. If this is sef to ‘17,

In the case that dct_type is not present in the bitstream, then the value of dct_type/(used in the remainder] of the
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Table 6-19 - Value of dct_type if dct_type is not in the bitstream
Condition dct_type
picture_structure == “field” Unused because there is no frame/field distinction in a
field.picture.

frame_pred_frame_dct == 1 0. ¢frame”)

!(macroblock_intra Il macroblock_pattern) Unused — Macroblock is not coded

macroblock is skipped Unused — Macroblock is not coded
6.3J17.2 Motion vectors

mofion_vector_count is derived from field_motion_type or frame_motion_type as indicated in Tables 6-17 and 6-]18.

synfax of the motion vectozs and in the process of motion vector prediction.

mo
fiel

6.3

is derived from/field_motion_type or frame_motion_type as indicated in Tables 6-17 and 6-18.

]ion_vertical_ﬁeld_select[r][s] is zero, then the top reference field shall be used, if it is one then the bottom re
shall be used. (See Table 7-7 for the meaning of the indices r and s.)

17.3 "Motion vector

{format is derived from field“motion_type or frame_motion_type as indicated in the Tables 6-17 and 6-18.
{format indicates if the motion vector is a field-motion vector or a frame-motion vector. mv_format is used in the

ion_vertical-field_select[r][s] — This flag indicates which reference field shall be used to form the prediction. If

ference

motion_code[r][s][t] — This is a variable length code, as defined in Table B.10, which is used in motion vector decoding
as described in 7.6.3.1. (See Table 7-7 for the meaning of the indices r, s and t.)

motion_residual[r][s][t] — This is an integer which is used in motion vector decoding as described in 7.6.3.1. (See
Table 7-7 for the meaning of the indices r, s and t.) The number of bits in the bitstream for motion_residual[r][s][t],
r_size, is derived from f_code[s][t] as follows:

r_size =f_code[s][t] -1

NOTE - The number of bits for both motion_residual[0][s][t] and motion_residual[1][s][t] is denoted by f_code[s][t].

dmvector([t] — This is a variable length code, as defined in Table B.11, which is used in motion vector decoding as

des

cribed in 7.6.3.1. (See Table 7-7 for the meaning of the index t.)
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6.3.17.4 Coded block pattern

coded_block_pattern_420 — A variable length code that is used to derive the variable cbp according to Table B.9.

coded_block_pattern_1

coded_block_pattern_2 — For 4:2:2 and 4:4:4 data the coded block pattern is extended by the addition of either a two
bit or six bit fixed length code, coded_block_pattern_1 or coded_block_pattern_2. Then the pattern_code[i] is derived
using the following:

for (i=0;i<12;i++) {
if (macroblock_intra)
pattern_code[i] = 1;

al

If patt
contai

The ny
format

6.3.18

The s¢

pattern_code[i] = 0;

}

if (macroblock_pattern) {
for (i=0;i<6; i++)
if (cbp & (1<<(5 —1)) ) pattern_code[i] = 1;
if (chroma_format == “4:2:2”")
for i=6;i<8;i++)
if ( coded_block_pattern_1 & (1<<(7 —1i)) ) pattern_code[i] = 1;
if (chroma_format == “4:4:4”)
for i=8;1<12; i++)
if ( coded_block_pattern_2 & (1<<(11 —1i)) ) pattern_code[i] = 1,
}

ern_code[i] equals to 1, i = 0 to (block_count-1), then the block number i defined in Figures 6-8, 6-9 and 6-
hed in this macroblock.

mber “block_count” which determines the number of bloegks in the macroblock is derived from the chromin
as shown in Table 6-20.

Table 6-20 — block_count as a function of chroma_format

chroma_format block_count
420 6
4:2:2 8
4:4:4 12

Block

mantics of-block() are described in clause 7.

7

01is

ANCe

The video decoding process

This clause specifies the decoding process that a decoder shall perform to reconstruct frames from the coded bitstream.

With the exception of the Inverse Discrete Cosine Transform (IDCT) the decoding process is defined such that all
decoders shall produce numerically identical results. Any decoding process that produces identical results to the process
described here, by definition, complies with this Specification.

The IDCT is defined statistically in order that different implementations for this function are allowed. The IDCT

specifi

cation is given in Annex A.

In 7.1 through 7.6 the simplest decoding process is specified in which no scalability features are used. Subclauses 7.7
to 7.11 specify the decoding process when scalable extensions are used. Subclause 7.12 defines the output of the

decodi

62

ng process.
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Figure 7-1 is a diagram of the Video Decoding Process without any scalability. The diagram is simplified for clarity.

7.1

Thg
be
foll
bee

Req
in ¢

Thg

If g
the

If g
fro
pic

NOTE - Throughout this Specification two dimensional arrays are represented as name[q][p] where ‘g’ is the index in the
vertical dimension and ‘p’ the index in the horizontal dimension.

QFS[n] QF[v][u]
Veriable
ggged____’ Length Inverse Scan

Decoding Framestore Memory

Inverse Motion Decoded
Quantisation Inverse DCT Compensation Pels

T1516110-94/d18

Flvi[u] flyllx] aiylix

Figure 7-1 — Simplified Video Decoding Process

Higher syntactic structures

nterpreted as indicated in clause 6. Many of‘these parameters and flags affect the decoding process describe
owing subclauses. Once all of the macroblocks in a given picture have been processed, the entire picture w|
n reconstructed.

3.10)
sequence of reconstructed frames shall be re-ordered as described in 6.1.1.11.

rogressive_sequénce’== 1 the reconstructed frames shall be output from the decoding process at regular inte|
frame period as'shown in Figure 7-19.

rogressive. sequence == 0 the reconstructed frames shall be broken into a sequence of fields which shall bg
m the 'decoding process at regular intervals of the field period as shown in Figure 7-20. In the case that
ure) has repeat_first_field = = 1 the first field of the frame shall be repeated after the second fiel

various parameters and flags in the bitstream for-macroblock() and all syntactic structures above macroblocK() shall

1 in the
111 have

onstructed fields shall be asseciated together in pairs to form reconstructed frames. (See “picture_stfucture”

rvals of

output
h frame
1. (See

“repeat_first_field” in 6.3.10.)

7.2 Variable length decoding

Subclause 7.2.1 specifies the decoding process used for the DC coefficient (n = 0) in an intra coded block. (n is the index
of the coefficient in the appropriate zigzag scanning order.) Subclause7.2.2 specifies the decoding process for all other
coefficients, AC coefficients (n > 0) and DC coefficients in non-intra coded blocks.

Let cc denote the colour component. It is related to the block number as specified in Table 7-1. Thus, cc is zero for the
Y component, one for the Cb component and two for the Cr component.
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7.2.1

DC coe

Tables

dc_dct_|

predict

If cc is

Table 7-1 — Definition of cc, colour component index

cc

Block Number 4:2:0 4:2:2 4:4:4
0 0 0 0
1 0 0 0
2 0 0 0
3 0 0 0
4 1 1 1
5 2
6 1
7 2
8 1
9 2
10 1
11 2

DC coefficients in intra blocks

r in order to recover the final decoded coefficient;

zero then Table B.12 shall be used for det.dc_size. If cc is non-zero, then Table B.13 shall be used

dct_dc_]size.

Three p

intra m

shall be

set to the value of the coeffieient just decoded. At various times, as described below, the predictors shall

reset. The reset value is derived from the parameter intra_dc_precision as specified in Table 7-2.

Table.7<2— Relation between intra_dc_precision and the predictor reset value

fficients in blocks in intra macroblocks are encoded as a variable length code denoting dct_dc_size as defined in
B.12 and B.13. If dct_dc_size is not equal to zeroy then this shall be followed by a fixed length code,
differential, of dct_dc_size bits. A differential value is, first recovered from the coded data which is added tp a

for

redictors are maintained, one for each.of the colour components, cc. Each time a DC coefficient in a block in| an
icroblock is decoded the predictonis added to the differential to recover the actual coefficient. Then the predidtor

be

intra_dc_precision Bits of precision reset value
0 8 128
1 9 256
2 TO 512
3 11 1024

The predictors shall be reset to the reset value at the following times:

64

o At the start of a slice.
*  Whenever a non-intra macroblock is decoded.

*  Whenever a macroblock is skipped. i.e. when macroblock_address_increment > 1.
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QFS[0] shall be calculated from dc_dct_size and dc_dct_differential by any process equivalent to:

if (dc_dct_size==0) {
det_diff =0;
} else {
half range =2 " (dc_dct_size - 1);
if (dc_dct_differential > = half range )
dct_diff = dc_dct_differential,
else

dct_diff = (dc_dct_differential + 1) - (2 * half_range);

It id

7.2

A

j

]

In ¢
this

7.2

Tak

¥
QFS[0] = dc_dct_pred[cc] + dct_diff,
dc_dct_pred|[cc] = QFS[0]

NOTE 1 — The symbol » denotes power (not XOR).

NOTE 2 - dct_diff and half_range are temporary variables which are not used elsewhere in this Spécification.

arequirement of the bitstream that QFS[0] shall lie in the range:

0 to ((2™(8 + intra_dc_precision)) - 1)

2 Other coefficients

coefficients with the exception of the DC intra coefficients shall be-en¢oded using Tables B.14, B.15 and B.16.

code denotes one of three courses of action:

1) End of Block — In this case there are no more coefficients in the block in which case the remainde
coefficients in the block (those for whichvno value has yet been decoded) shall be set to zero.
denoted by “End of block” in the syntax-specification of 6.2.6.

2) A “normal” coefficient in which a'value of run and level is decoded followed by a single bit, s, giy
sign of the coefficient signed_{epel is computed from level and s as shown below. run coefficients

11 cases a variable length code shall first be decoded using either Table B.14 or Table B.15. The decoded ¥

set to zero and the subsequent coefficient shall have the value signed_level.

if (s ==0)
signed_level = level,
else
signed_level = (-level);

3) An “Esedpe” coded coefficient. In which the values of run and signed_level are fixed length ¢

deseribed in 7.2.2.3.

2.1 Tableselection

le 7¢3‘indicates which Table shall be used for decoding the DCT coefficients.

alue of

r of the
This is

ing the
shall be

bded as

Table 7-3 — Selection of DCT coefficient VLC tables

(macroblock_intra = 0)

intra_vlc_format 0 1
intra blocks B.14 B.15
(macroblock_intra = 1)
non-intra blocks B.14 B.14
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7.2.2.2

First coefficient of a non-intra block

In the case of the first coefficient of a non-intra block (a block in a non-intra macroblock) Table B.14 is modified as
indicated by Notes 2 and 3 at the foot of that Table.

This modification only affects the entry that represents run = 0, level = + 1. Since it is not possible to encode an End of
block as the first coefficient of a block (the block would be “not coded” in this case) no possibility for ambiguity exists.

The positions in the syntax that use this modified Table are denoted by “First DCT coefficient” in the syntax
specification of 6.2.6. The remainder of the coefficients are denoted by “Subsequent DCT coefficients”.

Table B.

NOTE - In the case that Table B.14 is used for an intra block, the first coefficient shall be coded as specified in 7.
14 shall therefore not be modified as the first coefficient that uses Table B.14 is the second coefficient in the block.

2.1.

7.2.2.3

Many
statistig

Table H
This is

ISO/IEQ

7.2.24

To summarise 7.2.2. The variable length decoding process shall be equivalent to the following. At the start of

process

ally rare combinations an Escape coding method is used.

followed by a 12-bit fixed length code giving the values of “signed_level”.

Escape coding

ossible combinations of run and level have no variable length code to represent them. In order t6 gncode th

.16 defines the escape coding method. The Escape VLC is followed by a 6-bit fixed length code giving “ri

NOTE - Attention is drawn to the fact that the escape coding method used in this Specification is different to that use]
11172-2.

Summary

n shall take the value zero for non-intra blocks and one for intra blocks.

eob_not_read =1,
while ( eob_not_read )

{
<decode VLC, decode Escape coded coefficient if required>

if ( <decoded VLC indicates End of block>") {
eob_not_read = 0,
while (n < 64) {

QFS[n]=0;
n=n+1;
}
} else {
for (m = 0;@n'< run; m++) {
QFSin) =0;
n=n+1;

}
QFS[n] = signed_level
n=n+1;

}

cS€

d in

this

7.3

NOTE - eob_not_read and m are temporary variables that are not used elsewhere in this Specification.

Inverse scan

Let the data at the output of the variable length decoder be denoted by QFS[n]. n is in the range O to 63.

This subclause specifies the way in which the one-dimensional data, QFS[n], is converted into a two-dimensional array
of coefficients denoted by QF[v]{u]. u and v both lie in the range O to 7.

Two scan patterns are defined. The scan that shall be used shall be determined by alternate_scan which is encoded in the
picture coding extension.

66
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Figure 7-2 defines scanlalternate_scan][v][u] for the case that alternate_scan is zero. Figure 7-3 defines

scan(alternate_scan][v][u] for the case that alternate_scan is one.

u
0 1 2 3 4 5 6 7
0 0 1 5 6 14 156 27 28
1 2 4 7 13 16 26 29 42
2 3 8 12 17 25 30 41 43
3 9 11 18 24 31 40 44 53
4 10 19 23 32 39 45 52 54
5 20 22 33 38 46 51 55 60
6 21 3 37 47 50 56 59 61
v 7 35 36 48 49 57 58 62 63
Figure 7-2 - Definition of scan[0][v][«]
u
0 1 2 3 4 5 6 7
0 0 4 6 20 22 36 38 52
1 1 5 7 21 23 37 39 53
2 2 8 19 24 34 40 50 54
3 3 9 i8 25 35 41 51 55
4 10 17 26 30 42 46 56 60
5 11 16 27 31 43 47 57 61
6 12 15 28 32 44 48 58 62
v 7 13 14 29 33 45 49 59 63

Figure 7-3 — Definition of scan[1][v][u]

The inverse scan shall be any process equivalent to the following:

for (v=0;v <8; vi+)
for (u=0; u<8; u++)
QF[v][u] = QFS[scan[alternate_scan][v][u]]

NOTE - The scan patterns defined here are often referred to as “zigzag scanning order”.
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7.3.1

Inverse scan for matrix download

When the quantisation matrices are downloaded they are encoded in the bitstream in a scan order that is converted into
the two-dimensional matrix used in the inverse quantiser in an identical manner to that used for coefficients.

For matrix download the scan defined by Figure 7-2 (i.e. scan[0][v][u«]) shall always be used.

Let W[w][v][u] denote the weighting matrix in the inverse quantiser (see 7.4.2.1), and W’[w][n] denote the matrix as it is
encoded in the bitstream. The matrix download shall then be equivalent to the following:

7.4

The tw
mechar]

step siZ

Figure
resultin
the find

that emj

for (v=0; v <8; vi+)
for (u=0; u < 8; u++)
Wiwl[vl[u] = W [w][scan[0][v][u]]

Inverse quantisation

e can be modified at the cost of only a few bits (as compared to encodirig an entire new weighting matrix).

7-4 illustrates the overall inverse quantisation process. After the appropriate inverse quantisation arithmetic

1 reconstructed DCT coefficients, F[v][u].

loyed by ISO/IEC 11172-2.

b-dimensional array of coefficients, QF[v][u], is inverse quantised to produce the reconstructed DCT coefficients.
This piocess is essentially a multiplication by the quantiser step size. The quantiSer step size is modified by

wo

isms; a weighting matrix is used to modify the step size within a block and‘a scale factor is used in order that|the

the

g coefficients, F"[v][u], are saturated to yield F'[v][«] and thén'a mismatch control operation is performed to give

NOTE - Attention is drawn to the fact that the method/of achieving mismatch control in this Specification is differeqt to

68

QFl VI Frvilu] F[vilu] FlvIlu]
Inverse ]
Quantisation Saturation Mismatch
Arithmetic Control
T1516120-94/d19
T~ quant_scale_code
\
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Figure 7-4 — Inverse quantisation process
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7.4.1 Intra DC coefficient
The DC coefficients of intra coded blocks shall be inverse quantised in a different manner to all other coefficients.

In intra blocks F’’[0][0] shall be obtained by multiplying QF[0][0] by a constant multiplier, intra_dc_mult, (constant in

Ttinls latad ¢t~ th
the sense that it is not modified by either the weighting matrix or the scale factor). The multiplier is related to the

parameter intra_dc_precision that is encoded in the picture coding extension. Table 7-4 specifies the relation between
intra_dc_precision and intra_dc_mult.

Thus; F"[0][0] = intra_dc_mult x QF[0][0]

Table 7-4 — Relation between intra_dc_precision and intra_dc_mult
intra_dc_precision Bits of precision intra_dc_mult
0 8 8
1 9 4
2 10 2
3 11 1

7.402 Other coefficients

Allfcoefficients other than the DC coefficient of an intra block shall beinverse quantised as specified in this subclause.

7.42.1 Weighting matrices

When 4:2:0 data is used two weighting matrices are used;\One shall be used for intra macroblocks and the other for non-
intfa macroblocks. When 4:2:2 or 4:4:4 data is used, four matrices are used allowing different matrices to be used for
luminance and chrominance data. Each matrix has adefault set of values which may be overwritten by down-ldading a
usgr defined matrix as explained in 6.2.3.2.

Lef the weighting matrices be denoted by W{w][v][u] where w takes the values O to 3 indicating which of the mafrices is
beipg used. Table 7-5 summarises the rules governing the selection of w.

Table 7-5 — Selection of w

4:2:0 4:2:2 and 4:4:4

Luminance | Chrominance Luminance Chrominance

(cc=0) (cc#0) (cc=0) (cc#20)

intra blocks 0 0 0 2
(macroblock_intra=1)

-+
-+
[N
“w

2t 1
HNUIFFII a ‘lﬂubna

(macroblock_intra = 0)

7.4.2.2 Quantiser scale factor

The quantisation scale factor is encoded as a 5-bit fixed length code, quantiser_scale_code. This indicates the
appropriate quantiser_scale to apply in the inverse quantisation arithmetic.

q_scale_type (encoded in the picture coding extension) indicates which of two mappings between quantiser_scale_code
and quantiser_scale shall apply. Table 7-6 shows the two mappings between quantiser_scale_code and quantiser_scale.
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Table 7-6 — Relation between quantiser_scale and quantiser_scale_code

quantiser_scaie[q_scale_typej
quantiser_scale_code g_scale_type =0 q_scale_type =1

0 (Forbidden)
1 2 1
2 4 2
3 6 3
4 8 4
4 : 0 L~
6 12 6
7 14 7
8 16 8
9 18 10
10 20 12
11 22 14
12 24 16
13 26 18
14 28 20
15 30 22
16 32 24
17 34 28
18 36 32
19 38 36
20 40 40
21 42 44
22 44 48
23 46 52
24 48 56
25 50 64
26 52 72
27 54 80
28 56 88
29 58 96
30 60 104
31 62 112
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7.4.2.3 Reconstruction formulae

The following equation specifies the arithmetic to reconstruct F'[v][u] from QF[v][u] (for all coefficients except intra
DC coefficients).

F'[v][u] = (2 x QF[v][u] + k) x W[w][v][u] X quantizer_scale / 32

where:

v = | 0 intra blocks
| Sign(QF[v][u]) non - intra blocks

NOTE - The above equation uses the “/” operator as defined in 4.1.
7.4.8 Saturation

The| coefficients resulting from the Inverse Quantisation Arithmetic are saturated to li¢_in the range [-2048:12047].
Thus:

2047 F'[v[u] > 2047
Fvilu] = { F'[v][u] —2048 <F'[v}{u]'< 2047
2048 F'[v][uf<'-2048

744 Mismatch control

Migmatch control shall be performed by any processequivalent to the following. Firstly all of the reconsjructed,
satyrated coefficients, F'[v][u] in the block shall be summed. This value is then tested to determine whether it is|odd or
eveh. If the sum is even then a correction shall beimade to just one coefficient; F[7][7]. Thus:

v<8 u<§

sum = ., O, F[v][u]

v=0 u=0

F{v][u] = F[v][u] for all u, v exceptu=v =7

F [71[7] if sum is odd
FI71[7] = {F‘[7][7]—1 if F[7][7] is odd

F[71[71+ 1 if F[7][7]is even

} if sum is even

NOTES

1 It may be useful to note that the above correction for F[7][7] may simply be implemented by toggling the least
significant bit of the twos complement representation of the coefficient. Also since only the “oddness” or “evenness” of the sum is of
interest an exclusive OR (of just the least significant bit) may be used to calculate “sum”.

2 Warning — Small non-zero inputs to the IDCT may result in zero output for compliant IDCTs. If this occurs in an
encoder, mismatch may occur in some pictures in a decoder that uses a different compliant IDCT. An encoder should avoid this
problem and may do so by checking the output of its own IDCT. It should ensure that it never inserts any non-zero coefficients into
the bitstream when the block in question reconstructs to zero through its own IDCT function. If this action is not taken by the encoder,
situations can arise where large and very visible mismatches between the state of the encoder and decoder occur.
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7.4.5 Summary

In summary the inverse quantisation process is any process numerically equivalent to:

for (v=0; v <8 y++) {
for (u=0; u < 8;u++) {
if ((u==0) && (v==0) && (macroblock_intra) ) {
F"[v][u] = intra_dc_mult * QF[v][u];

1
J

——

if ( macroblock_intra ) {
F"[vlu] = ( QF[v][u] * Wiw][v][u] * quantiser_scale * 2) / 32;
} else {

PPRAVANE 3 1.7/ E9Ts [ YR 1 PR )
77 TTLTVILVILS]

* quantiser_scale ) / 32;

sum = 0;
for (v=0; v < 8;v++) {
for (u =0; u < 8;u++) {
if ( F'[v][u] >2047) {
F’[vl[u] =2047,
} else {
if ( F'[v][u] <2048 ) {
F’[v][u] =-2048;
} else {
F'[v][u] = F[v]{ul;
}
}
sum = sum + F’[v][u];,
Fvl[u] = F’[v][ul;
}

if ((sum & 1)==0) {
if (FITI7] & 1) 1 20) {
FINT =FN7] - 1;
} else {
FII}T}= F' 77 + 15
}

7.5 Inverse DCT

Once the DCT coetficients, Fv][4], are reconstructed, the inverse DCT transform defined in Annex A shall be applied to
obtain the inverse transformed values, f{y][x]. These values shall be saturated so that:

-256 < fly][x] £255, for all x, y

7.5.1 Non-coded blocks and skipped macroblocks

In a macroblock that is not skipped, if pattern_code[i] is one for a given block in the macroblock, then coefficient data is
included in the bitstream for that block. This is decoded using as specified in the preceding clauses.

However, if pattern_code[i] is zero, or if the macroblock is skipped, then that block contains no coefficient data. The
sample domain coefficients f{y][x] for such a block shall all take the value zero.
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7.6 Motion compensation

The motion compensation process forms predictions from previously decoded pictures which are combined with the
coefficient data (from the output of the IDCT) in order to recover the final decoded samples. Figure 7-5 shows a
simplified diagram of this process.

Prediction F t
Field/Frame jamestore .
Selection essing Framestores
vector [r][s][t]
Additional Scaling Half-pel
Dual-Prime for Colour Prediction
Arithmetic Components Filtering

vector’ [r][s]{t]

Half-Pel Info.
From > Vector Corpb_ine
Bitstream Decoding Predictions
plyllx
S
Vector § Decoded
Predictors % Pels
(%))
T1516130-94/d20
flyllx dlylixi

Figure 7-5 — Simplified motion compensation process

In peneral,up to four separate predictions are formed for each block which are combined together to form the final
prefliction'block p[y][x].

In the case of intra coded macroblocks no prediction is formed so that p[y][x] will be zero. The saturation shown in
Figure 7-5 is still required in order to remove negative values from f[y][x]. Intra coded macroblocks may carry motion
vectors known as “concealment motion vectors”. Despite this no prediction is formed in the normal course of events.
This motion vector information is intended for use in the case that bitstream errors preclude the decoding of coefficient
information. The way in which a decoder shall use this information is not specified. The only requirement for these
motion vectors is that they shall have the correct syntax for motion vectors. A description of the way in which these
motion vectors may be used can be found in 7.6.3.9.

In the case where a block is not coded, either because the entire macroblock is skipped or the specific block is not coded
there is no coefficient data. In this case f[y][x] is zero and the decoded samples are simply the prediction, p[y][x].
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7.6.1

Prediction modes

There are two major classifications of the prediction mode:

—  field prediction; and

—  frame prediction.

In field prediction, predictions are made independently for each field by using data from one or more previously
decoded fields. Frame prediction forms a prediction for the frame from one or more previously decoded frames. It must
be understood that the fields and frames from which predictions are made may themselves have been decoded as either
field pictures or frame pictures.

Within a field picture all predictions are field predictions. However, in a frame picture either field predictions or frame

predict

In addi

7.6.2
The sel

7.6.2.1

In P-pi
field a
when
the twq

OTS My De used (Setected o a macroblock-by macroblock basis).

ion to the major classification of field or frame prediction two special prediction modes are used:

* 16 X 8 motion compensation — In which two motion vectors are used for each macroblock. The
motion vector is used for the upper 16 x 8 region, the second for the lower 16 x 8 region:In the case
bidirectionally predicted macroblock a total of four motion vectors will be used since(there will be two
the forward prediction and two for the backward prediction. In this Specification 16 x 8 mo
compensation shall only be used with field pictures.

*  Dual-prime — In which only one motion vector is encoded (in its full format) in the bitstream toge
with a small differential motion vector. In the case of field pictures two.motion vectors are then deri
from this information. These are used to form predictions from two, reference fields (one top, one bott
which are averaged to form the final prediction. In the case of frame pictures this process is repeated|
the two fields so that a total of four field predictions are made <Phis mode shall only be used in P-pict
where there are no B-pictures between the predicted and reference fields or frames.

Prediction field and frame selection

ection of which fields and frames shall be used to form predictions shall be made as detailed in this clause.

Field prediction

ctures, the two reference fields from which predictions shall made are the most recently decoded reference
nd the most recently decoded reference bottom field. The simplest case illustrated in Figure 7-6 shall be
redicting the first picture of a coded frame or when using field prediction within a frame-picture. In these ¢
reference fields are part of the same reconstructed frame.

NOTES
1 The reference fields may.themselves have been reconstructed from two field-pictures or a single frame-picture.

2 Inthe case of predieting a field picture, the field being predicted may be either the top field or the bottom field.
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Figure 7-6 — Prediction of the first field or field prediction
in a frame-picture
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The case when predicting the second field picture of a coded frame is more complicated because the two most recently
decoded reference fields shall be used, and in this case, the most recent reference field was obtained from decoding the

first field picture of the coded frame. Figure 7-7 illustrates the situation when this second picture is the bottom field.
Figure 7-8 illustrates the situation when this second picture is the top field.

NOTE - The earlier reference field may itself have been reconstructed by decoding a field picture or a frame picture.

™ T Top
: H : H Reference
Field
) w____J L—J
Bottom \
Reference !
Field
N = —— —
Possible T1516150-94/d22
Intervening
B-pictures
(Not yet decoded)

Figure 7-7 — Prediction of the second field-picture when it is the bottom field

Top
Reference
Field

{ 1 ‘ ‘. Bottom
{ '\ J Reference
(S - L Field
Possible T1516160-94/d23
Intervening
B-pictures
(Not yet decoded)

Figure 7-8 — Prediction of the second field-picture when it is the top field

Field prediction in B-pictures shall be made from the two fields of the two most recently reconstructed reference frames.
Figure 7-9 illustrates this situation.

NOTE - The reference frames may themselves have been reconstructed from two coded field-pictures or a single coded
frame-picture.

ITU-T Rec. H.262 (1995 E) 75


https://standardsiso.com/api/?name=5cb5b84201fdd41802e36153b5f9c175

ISO/IEC 13818-2:1996(E)

Top ( ) Top
Reference Reference
Field Field
Bottom Bottom
Reference Reference
Field ) \ ) Field
s e = = v— — N ———— — ——

Possible Possible T1516170-94/d24
Intervening Intervening
B-pictures B-pictures

(Already decoded) (Not yet decoded)

7.6.2.2

In P-pig
Figure

Similar|
illustrat

picture.

Figure 7-9 — Field-prediction of B-field pictures or B-frame pictures

Frame prediction

tures prediction shall be made from the most recently reconstructed reference frame. This is illustrated
-10.

NOTE 1 — The reference frame may itself have been coded as two field pictures or a single frame picture.

g —  — — —

{ \
Reference : :
Frame ] T
i |
.}
T1516180-94/d25
Possible
intervening
B-pictures
{Notyet decoded)

Figure 7-10 — Frame-prediction for l-pictures and P-pictures

y frame prediction in B=pictures shall be made from the two most recently reconstructed reference frames
ed in Figure 7-11.

NOTE 2 — The reférence frames themselves may each have been coded as either two field pictures or a single fr:
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Figure 7-11 — Frame-prediction for B-pictures
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7.6.3 Motion vectors

Motion vectors are coded differentially with respect to previously decoded motion vectors in order to reduce the number
of bits required to represent them. In order to decode the motion vectors the decoder shall maintain four motion vector
predictors (each with a horizontal and vertical component) denoted PMV[r][s](¢]. For each prediction, a motion vector,
vector’[r][s][¢] is first derived. This is then scaled depending on the sampling structure (4:2:0, 4:2:2 or 4:4:4) to give a
motion vector, vector(r][s][z], for each colour component. The meanings associated with the dimensions in this array are
defined in Table 7-7.

Table 7-7 — Meaning of indices in PMV[r][s1(t], vector[rl(s1[t] and vector’[r][s][]

0 1
r First motion vector in Macroblock Second motion vector in Macroblock
K Forward motion Vector Backwards motion Vector
t Horizontal Component Vertical Component

NOTE - r also takes the values 2 and 3 for derived motion vectors used with dual-prime.prediction.
Since these motion vectors are derived they do not themselves have motion vector prédictors.

7.6.3.1 Decoding the motion vectors

Each motion vector component, vector’[r][s][#], shall be calculated\by any process that is equivalent to the following
one.|Note that the motion vector predictors shall also be updated by.this process.
r_size =f_code[s][t] - 1

f=1<<r_size

high=(16*f) - 1;

low = ((~16) * f);

range = (32 * f);

if ((f==1) Il (motion_code[r][s}{t] ==0) )
delta = motion_code[r][s][t] ;
else {
delta = ( ( Abs(motion_code[r][s][t]) — 1 ) * f ) + motion_residual[r][s][t] + 1;
if (motion_gode(r][s][t] < 0)
delta="- delta,

}

prediction = PMV[r][s][t];
if ((mv_format == “field”) && (r==1) && (picture_structure == “Frame picture”) )
prediction = PMV[r][s][{] DIV 2;

vector’[r][s][t] = prediction + delta,
if (vector’[r][s][t] < low )

vector’[r][s][f] = vector’[r][s][t] + range;
if (vector’[r][s][t] > high)

vector’[r][s][t] = vector’[r][s][t] — range;

if ( (mv_format == “field”) && (t == 1) && (picture_structure == “Frame picture”) )
PMV[r][s](t] = vector’[r][s][f] * 2;

else
PMVIr](s][t] = vector’[r][s][t];
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The parameters in the bitstream shall be such that the reconstructed differential motion vector, delta, shall lie in the
range [low:high]. In addition the reconstructed motion vector, vector’[r][s][t], and the updated value of the motion vector
predictor PMV[r][s][t], shall also lie in the range [low : high].

r_size, f, delta, high, low and range are temporary variables that are not used in the remainder of this Specification.

motion_code[r][s][t] and motion_residual[r][s][t] are fields recovered from the bitstream. mv_format is recovered from
the bitstream using Table 6-17 and Table 6-18.

r, s and ¢ specify the particular motion vector component being processed as identified in Table 7-7.

vector’[r][s][t] is the final reconstructed motion vector for the luminance component of the macroblock

7.6.3.1 Motion vector restrictions

In frame pictures, the vertical component of field motion vectors shall be restricted so that they only cover half the ringe
that is| supported by the f_code that relates to those motion vectors. This restriction ensures that“the motion vgctor
predicfors will always have values that are appropriate for decoding subsequent frame motion—-vectors. Table| 7-8
summarises the size of motion vectors that may be coded as a function of f_code.

Table 7-8 — Allowable motion vector range as a function.of f_code[s][t]

fcodesli | i vectors inframe picturog. | Allother ases

0 (Forbidden)

1 [4: +3,5] [-8: +7,5]

2 [-8: +7,5] [-16: +15,5]

3 [=16:+15,5] [-32: 431,5]

4 [+32: +31,5] [-64: +63,5]

5 [-64: +63,5] [-128: +127,5]
6 [-128: +127,5] [-256: +255,5]
7 [-256: +255,5] [-512: +511,5]
8 [-512: +511,5] [-1024: +1023,5]
9 [-1024: +1023,5] [-2048: +2047,5]
1014 (Reserved)

5 (Used when a particular f_code[s][t] will not be used)

7.6.3.3  Updating motion vector predictors

Once all of the motion vectors present in the macroblock have been decoded using the process defined in the previous
clause it is sometimes necessary to update other motion vector predictors. This is because in some prediction modes
fewer than the maximum possible number of motion vectors are used. The remainder of the predictors that might be used
in the picture must retain “sensible” values in case they are subsequently used.

The motion vector predictors shall be updated as specified in Table 7-9 and 7-10. The rules for updating motion vector
predictors in the case of skipped macroblocks are specified in 7.6.6.

NOTE - It is possible for an implementation to optimise the updating (and resetting) of motion vector predictors depending
on the picture type. For example in a P-picture the predictors for backwards motion vectors are unused and need not be maintained.
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Table 7-9 — Updating of motion vector predictors in frame pictures

frame_motion_- macroblock_motion_- macroblock_-

type forward backward intra Predictors to Update
Frame-based® - - 1 PMVI1][0][1:0] = PMV[0][0][1:0])
Frame-based 1 1 0 PMVI1][0][1:0] = PMVT0][0][1:0]

PMVI1][1][1:0] = PMVI0][1][1:0]
Frame-based 1 0 0 PMVI1][0][1:0] = PMVI0][0][1:0]
Frame-based 0 1 0 PMVI1][1][1:0] = PMVI0][1][1:0]
Frame-based? 0 0 0 PMVIr][s][1] = 09
Field-based 1 1 0 (None)
Field-based 1 0 0 (None)
Field-based 0 1 0 (None)
Dual prime 1 0 0 PMVI1][0][1:0] = PMV]0][01{1:0]
a) frame_motion_type is not present in the bitstream but is assumed to be Frame-based.
b) If concealment_motion_vectors is zero then PMV[r][s][¢] is set to zero (for all r, s and).
©) (Only occurs in P-picture) PMV[r][s][t] is set to zero (for all r, s and ). See 7.63.4.
NOTE - PMV[r][s][1:0] = PMV[u][v][1:0] means that:
PMVIr][s][1] = PMV[u][v][1] and PMV[r][s][0] = PMV[u][v][0]

Table 7-10 — Updating of motion vector predictors in field pictures

frame_motion_- macroblock_motion. - macroblock_-

type forward batkward intra Predictors to Update
Field-based? - - 1 PMV[1][0][1:0] = PMV0][0][1:0]®)
Field-based 1 1 0 PMVI1][0][1:0] = PMV[0][0][1:0]

PMVI1][1][1:0] = PMVIO][1][1:0]
Field-based 1 0 0 PMVI1][0][(1:0] = PMVIO][0][1:0]
Field-based 0 1 0 PMVI1][1][1:0] = PMVIO][1][1:0]
Field-based?) 0 0 0 PMVIr][s][] = 09
16 x 8 MC 1 1 0 (None)
16 X8 MC 1 0 0 (None)
T6 X8 MT 0 T 0 (None)
Dual prime 1 0 0 PMVI[1][0]{1:0] = PMV]0][0][1:0]
a) frame_motion_type is not present in the bitstream but is assumed to be Field-based.
b If concealment_motion_vectors is zero then PMV[r][s][¢] is set to zero (for all r, s and £).
°) (Only occurs in P-picture) PMV[r][s][t] is set to zero (for all r, s and ¢). See 7.6.3.4.
NOTE - PMVI[r][s][1:0] = PMV[u][v][1:0] means that:
PMVIr](sl[1]1 = PMVIu][v][1] and PMV[r][s][0] = PMVIu][v][0]
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7.6.3.4

Resetting motion vector predictors

All motion vector predictors shall be reset to zero in the following cases:

7.6.3.5

. At the start of each slice.
o Whenever an intra macroblock is decoded which has no concealment motion vectors.
o In a P-picture when a non-intra macroblock is decoded in which macroblock_motion_forward is zero.

e In aP-picture when a macroblock is skipped.

Prediction in P-pictures

In P-pi
are eng

If this

In the
of sem

7.6.3.4

oded for the macroblock yet a prediction must be formed. If this occurs in a P-field picture the following-appl
* the prediction type shall be “Field-based”;
e the (field) motion vector shall be zero (0;0);
* the motion vector predictors shall be reset to zero;
»  predictions shall be made from the field of the same parity as the field being predicted.
becurs in a P-frame picture the following apply:
* the prediction type shall be “Frame-based”;
. the (frame) motion vector shall be zero (0;0);

e the motion vector predictors shall be reset to zero.

Case that a P-field picture is used as the second field of a‘frame in which the first field is an I-field picture a s

. There shall be no macroblocks (hat are coded with macroblock_motion_forward zero
macroblock_intra zero.

*  Dual prime prediction shall not be used.

predicted shall not be(used.

e There shall be n0 skipped macroblocks.

Dual prime additional arithmetic

In du

| prime prediction one field motion vector (vector’[0][0][1:0]) will have been decoded by the process alr

described. This.represents the motion vector used to form predictions from the reference field (or reference fields
frame [picture) of the same parity as the prediction being formed. Here the word “parity” is used to differentiate the
fields.|Thetop field has parity zero, the bottom field has parity one.

antic restrictions apply. These ensure that prediction;is'only made from the I field picture. These restrictions afe:

ctures, in the case that macroblock_motion_forward is zero and macroblock_intra is also zero no motion/yegtors

=

Eries

and

. Field prediction in which. motion_vertical_field_select indicates the same parity as the field being

pady
in a
two

In order to form a motion vector for the opposite parity (vector’[r][0][1:0]) the existing motion vector is scaled to reflect
the different temporal distance between the fields. A correction is made to the vertical component (to reflect the vertical
shift between the lines of top field and bottom field) and then a small differential motion vector is added. This process is
illustrated in Figure 7-12 which shows the situation for a frame picture.

dmvector[0] is the horizontal component of the differential motion vector and dmvector{1] the vertical component. The
two components of the differential motion vector shall be decoded directly using Table B.11 and shall take only one of

the val

ues -1, 0, + 1.

m[parity_refl{parity_pred] is the field distance between the predicted field and the reference field as defined in
Table 7-11. “parity_ref’ is the parity of the reference field for which the new motion vector is being computed.
“parity_pred” is the parity of the field that shall be predicted.
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SD¢ O Derived Vectors

O

O

dmv

O

elp

arity_ref][parity_pred] is the adjustment necessary to reflect the vertical shift between the lines of top fi
bottom field.as defined in Table 7-12.

\ Field Vector

O from bitstream

45(0) O 1156200457

Top Bottom Top Bottom

Reference Picture Picture Being Predicted

Figure 7-12 - Scaling of motion vectors for dual;prime prediction

Table 7-11 - Definition of m[parity_ref][Table 7-11'- Definition of m[parity_refl[parity_pred]

mlparity_refl[parity_pred]

picture_structure top) field_first m[1][0] m[0][1]
11 (Frame) 1 1 3
11 (Frame) 0 3 1
01 (Top Field) - 1 -
10 (Bettom Field) - - 1

eld and

Table 7-12 — Definition of e[parity_refl[parity_pred)

parity_ref parity_pred e[parity_ref][parity_pred]
0 1 +1
1 0 -1
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The motion vector (or motion vectors) used for predictions of opposite parity shall be computed as follows:

vector’[r][0][0] = ((vector’[0][0][0] * m[parity_refl[parity_pred])//2) + dmvector[0];
vector’[r][0][1] = ((vector’[0][0](1] * m[parity_refl[parity_pred])//2)

+ e[parity_refl[parity_pred] + dmvector{1];

In the case of field pictures only one such motion vector is required and here r = 2. Thus, the (encoded) motion vector
used for the same parity prediction is vector’[0][0][1:0] and the motion vector used for the opposite parity prediction is

vector

[2][0][1:0].

In the case of frame pictures two such motion vectors are required. Both fields use the encoded motion vector
(vector’[0][0][1:0]) for predictions of the same parity. The top field shall use vector’[2][0][1:0] for opposite parity
predictfon and the bottom field shall use vector’[3][0][1:0] for opposite parity prediction.

7.6.3.7] Motion vectors for chrominance components

The m

tion vectors calculated in the previous clauses refer to the luminance component where:

vector[r][s][t] = vector’[r][s][t] (forallr, s and t)

For eagh of the two chrominance components the motion vectors shall be scaled as follows:

4:2:0 Both the horizontal and vertical components of the motion vector are scaled by dividing by two:
vector[r][s][0] = vector’[r][s][0] / 2;
vector[r][s][1] = vector’[r][s][1]/ 2;

4:2:2 The horizontal component of the motion vector is scaled by dividing by two, the vertical compo
is not altered:

vector[r][s][0] = vector’[r][s][0} / 2;

vector[r][s][1] = vector’[r][s][1];
4:4:4 The motion vector is unmodified:

vector[r][s][0] = vector’[r][s}O];

vector[r][s][1] = vector’[r]fs][1];

7.6.3.8 Semantic restrictions concerning predictions

Itis a

requirement on the bitstreamythat'it shall only demand of a decoder that predictions shall be made from s

actually encoded in a reference( frame or reference field. This rule applies even for skipped macroblocks

macro

locks in P-pictures in which a zero motion vector is assumed (as explained in 7.6.3.5).

defined| levels of defined profilgs the “restricted slice structure” is used in which case the slices do cover the entire picture. In this
the semjantic rule may be 'more simply stated: “it is a restriction on the bitstream that reconstructed motion vectors shall not refer to

sample:

outside the boundary of the coded picture.”

7.6.3.9 Conecealiment motion vectors

Conce
errors

hlment motion vectors are motion vectors that may be carried by intra macroblocks for the purpose of conces

hent

ices
and

NOTE - As explained.in 6.1.2 it is, in general, not necessary for the slices to cover the entire picture. However, in any

case

ling
ntra

f data errors prpr‘lndp dPr‘nding the coefficient data_ A concealment motion vector shall be present for all

macroblocks if (and only if) concealment_motion_vectors (in the picture_coding_extension() ) has the value one.

In the normal course of events no prediction shall be formed for such macroblocks (as would be expected since
macroblock_intra = 1). This Specification does not specify how error recovery shall be performed. However it is a
recommendation that concealment motion vectors are suitable for use by a decoder that performs concealment by
forming predictions as if field_motion_type and frame_motion_type (from which the prediction type is derived) have the

follow

82

ing values:
e Inafield picture:  field_motion_type = “Field-based”;

* Inaframe picture: frame_motion_type = “Frame-based”.

NOTE - If concealment is used in an I-picture then the decoder should perform prediction in a similar way to a P-picture.

ITU-T Rec. H.262 (1995 E)


https://standardsiso.com/api/?name=5cb5b84201fdd41802e36153b5f9c175

ISO/IEC 13818-2:1996(E)

Concealment motion vectors are intended for use in the case that a data error results in information being lost. There is
therefore little point in encoding the concealment motion vector in the macroblock for which it is intended to be used
since if the data error results in the need for error recovery it is very likely that the concealment motion vector itself
would be lost or corrupted. As a result the following semantic rules are appropriate:

e For all macroblocks except those in the bottom row of macroblocks concealment motion vectors should

be appropriate for use in the macroblock that lies vertically below the macroblock in which the motion
vector occurs.

*  When the motion vector is used with respect to the macroblock identified in the previous rule a decoder

must assume that the motion vector may refer to samples outside of the slices encoded in the reference
frame or reference field.

. For all macroblocks in the bottom row of macroblocks the reconstructed concealment motion vectors will
—___not be used. Therefore the motion vector (0;0) may be used 10 reduce unnecessary overhead.

7.64 Forming predictions

Predlictions are formed by reading prediction samples from the reference fields or frames. A given sample is predicted by
reading the corresponding sample in the reference field or frame offset by the motion vector.

A positive value of the horizontal component of a motion vector indicates that the prediction i$ made from samples (in
the reference field/frame) that lie to the right of the samples being predicted.

A positive value of the vertical component of a motion vector indicates that the prediction is made from sampleq (in the
refgrence field/frame) that lie below the samples being predicted.

Allfmotion vectors are specified to an accuracy of one half sample. Thus, if a component of the motion vector is ¢dd, the
sanjples will be read from mid-way between the actual samples in the seference field/frame. These half-samples are
caldulated by simple linear interpolation from the actual samples.

In the case of field-based predictions it is necessary to determinewhich of the two available fields to use to form the
predliction. In the case of dual-prime this is specified in that a<motion vector is derived for both of the fieldp and a
pregliction is formed from each. In the case of field-based prediction and 16 x 8 MC an additiopal bit,
motion_vertical_field_select, is encoded to indicate which, field to use.

If :Iotion_vertical_field_select is zero, then the prediction is taken from the top reference field.

If motion_vertical_field_select is one, then the prediction is taken from the bottom reference field.

Forj each prediction block the integer sample“motion vectors int_vec[t] and the half sample flags half_flag[t] $hall be
formed as follows;

for (t=0; 1< 2; t++) {
int_vec(t] = vector[r][s][t] DIV 2;
if ((vector[r](s][f] - (2 * int_vec[t]) !=0)
half ylag(r] = 1,

else
half_flag[t] = 0,
}

Th¢n for each sample in the prediction block the samples are read and the half sample prediction applied as follows;

if ((! half_flag[0] )&& (! half flag(1]) )
pel_pred[yl[x] = pel_ref{y + int_vec[1]][x + int_vec[0]];

if ((! half_flag(0] )&& half flag[1])
pel_pred[y][x] = ( pel_ref[y + int_vec[1]][x + int_vec[0]] +
pel_refly + int_vec[1]+1][x + int_vec[O]] ) // 2;

if (half flag[0)&& (! half flag[1]))
pel_pred[y][x] = ( pel_refly + int_vec[1]][x + int_vec[0]] +

pel_refly + int_vec[1]][x + int_vec[0]+1] ) // 2;
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if ( half_flag[0]&& half_flag(1])

pel_pred[yl[x] = ( pel_ref[y + int_vec[1]1[x + int_vec[0]] +

pel_refly + int_vec[1]][x + int_vec[0]+1] +

pel_refly + int_vec[1]+1][x + int_vec[0]] +

pel_refly + int_vec[11+1][x + int_vec[0]+1] ) // 4;

where pel_pred[y][x] is the prediction sample being formed and pel_refly}[x] are samples in the reference field or frame.

7.6.5

Motion vector selection

Table

7-13 shows the prediction modes used 1n lield pictures and lable /-14 shows the predictions used in_thame

picturep. In each table the motion vectors that are present in the bitstream are listed in the order in which they appegr in

the bitgtream.

Table 7-13 - Predictions and motion vectors in field pictures

field_ macro-
motion_ macroblock_motion_- block_-
type forward backward intra Motion vector Prediction formed for

Field-based?® - - 1 vectorT0][0][1:01" None (motion vector is for concealment

Field-based 1 1 0 vector'T0][0][1:0} Whole field, forward
vector0][4][1:0] Whole field, backward

Field-based 1 0 0 vectorT03[0][1:0] Whole field, forward

Field-based 0 1 0 vector'[0][1][1:0] Whole field, backward

Field-based? 0 0 0 vector[0][0][1:019 %9 | Whole field, forward

16 48 MC 1 1 0 vectorT0][0][1:0] Upper 16 x 8 field, forward
vector[1][0][1:0] Lower 16 x 8 field, forward
vector'[0][1][1:0] Upper 16 x 8 field, backward
vector[1][1][1:0] Lower 16 x 8 field, backward

16 48 MC 1 0 0 vector'[0][0][1:0] Upper 16 x 8 field, forward
vector'[1][0][1:0] Lower 16 x 8 field, forward

16 ¥ 8 MC 0 1 0 vector'[0][1][1:0] Upper 16 x 8 field, backward
vector[1][1][1:0] Lower 16 x 8 field, backward

Dual prime 1 0 0 vector[0][0][1:0] Whole field, from same parity, forward
vector[2][0][1:0]9® | Whole field, from opposite parity|,

forward

a) field_ ‘motion_type is not present in the bitstream but is assumed to be Field-based.

0 L The motonvectorisonly-presentifconcealment_motion_vectors s one.
) These motion vectors are not present in the bitstream.

9 The motion vector is taken to be (0; 0) as explained in 7.6.3.5.

NOTE - Motion vectors are listed in the order they appear in the bitstream.

e) These motion vectors are derived from vector’[0][0][1:0] as described in 7.6.3.6.
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Table 7-14 - Predictions and motion vectors in frame pictures

frame_- macro-
motion_- macroblock_motion_- block_-
type forward backward intra Motion vector Prediction formed for

Frame-based? - - 1 vector'0][0][1:0]Y) None (motion vector is for concealment)

Frame-based 1 1 0 vector'[01[0][1:0] Frame, forward
vector'[0][1][1:0] Frame, backward

Frame-based 1 (0] 0 vector' TOI0](1:0] Frame_forward

Frame-based 0 1 0 vector'[0][1][1:0] Frame, backward

Ffame-based? 0 0 0 vector [0][0][1:0199 | Frame, forward

Fleld-based 1 1 0 vector'T0][0][1:0] Top field, forward
vector'[1][0][1:0] Bottom field, forward
vector'[0][1][1:0] Top field, backward
vector[1][1][1:0] Bottom field,backward

Fjeld-based 1 0 0 vector'T0]{0][1:0] Top field, forward
vector'[1][0][1:0] Bottorn field, forward

Fjeld-based 0 1 0 vector'[0][1][1:0] Top field, backward
vector[1][1][1:0] Bottom field, backward

Dual prime 1 0 0 vector'[0][0][1:0] Top field, from same parity, forward
vector'[0][O][1:0] Bottom field, from same parity, forward
vectorJ21[0][1:0]9® | Top field, from opposite parity, forwgrd
veetor'[3][0][1:0]9¢) | Bottom field, from opposite pm]:y,

forward

These motion vectors are not present in the bitstream.

The motion vector is only present if concealment_motion_vectors is one.

The motion vector is taken to be (0; 0).as explained in 7.6.3.5.

NOTE - Motion vectors are listed in the order they appear in the bitstream.

frame_motion_type is not present in the bitstream'but is assumed to be Frame-based.

e) These motion vectors are derived\from vector’[0][0][1:0] as described in 7.6.3.6.

7.6.p

A skipped macroblock is a macroblock for which no data is encoded, that is part of a coded slice. Except at the st

Skipped macroblocks

art of a

slice, if the number (macroblock_address - previous_macroblock_address - 1) is larger than zero, then this number
indicates the number of macroblocks that have been skipped. The decoder shall form a prediction for skipped
macroblocks which shall then be used as the final decoded sample values.

The handling of skipped macroblocks is different between P-pictures and B-pictures. In addition, the process differs
between field pictures and frame pictures.

There shall be no skipped macroblocks in I-pictures except when either:

-  picture_spatial_scalable_extension() follows the picture_header() of the current picture; or

- sequence_scalable_extension() is present in the bitstream and scalable_mode = “SNR scalability”.
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7.6.6.1

7.6.6.2

P field picture

» the prediction shall be made as if field_motion_type is “Field-based”;

e the prediction shall be made from the field of the same parity as the field being predicted;
* motion vector predictors shall be reset to zero;

. the motion vector shall be zero.

P frame picture
* the prediction shall be made as if frame_motion_type is “Frame-based”;

* motion vector predictors shall be reset to zero;

7.6.6.3

7.6.6.4

7.6.7
The fin

It is als
directly

The tra

7.6.7.1

In the

. the motion vector shall be zero.

B field picture
*  the prediction shall be made as if field_motion_type is “Field-based”;
*  the prediction shall be made from the field of the same parity as the field being predicted;

* the direction of the prediction forward/backward/bi-directional shall be the "same as the previ
macroblock;

o motion vector predictors are unaffected;

*  the motion vectors are taken from the appropriate motion vector predictors. Scaling of the motion vec
for colour components shall be performed as described in 7.6.3.7.

B frame picture
* the prediction shall be made as if frame_motion_type is <Frame-based”;

» the direction of the prediction forward/backward/bi-directional shall be the same as the previ
macroblock;

* motion vector predictors are unaffected;

*  the motion vectors are taken directly from.the appropriate motion vector predictors. Scaling of the mo
vectors for colour components shall be performed as described in 7.6.3.7.

Combining predictions
h] stage is to combine the various predictions together in order to form the final prediction blocks.

D necessary to organise the data into blocks that are either field organised or frame organised in order to be ad
to the decoded coefficients:

hsform data is either field organised or frame organised as specified by dci_type.
Simple frame predictions

fase of simple frame predictions the only further processing that may be required is to average forward

backwdrd predictions in B-pictures. If pel_pred_forward[yl[x] is the forwards prediction sample

pel_pre

d_backward[y][x] is the corresponding backward prediction, then the final prediction sample shall be formed

ous

Ors

ous

ion

ded

and
and
hS:

pel predivxl = (pel pred forwardvUxl + pel pred backwardlxN//2
T =t ot e o — | a2 one | G = Lan 1 e 4

The predictions for chrominance components of 4:2:0, 4:2:2 and 4:4:4 formats shall be of size 8 samples by 8 lines,
8 samples by 16 lines and 16 samples by 16 lines respectively.

7.6.7.2

Simple field predictions

In the case of simple field predictions (i.e. neither 16 X 8 or dual prime) the only further processing that may be required
is to average forward and backward predictions in B-pictures. This shall be performed as specified for “Frame
predictions” in the previous subclause.

In the case of simple field prediction in a frame picture the predictions for chrominance components of 4:2:0, 4:2:2
and 4:4:4 formats for each field shall be of size 8 samples by 4 lines, 8 samples by 8 lines and 16 samples by 8 lines
respectively.
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In the case of simple field prediction in a field picture the predictions for chrominance components of 4:2:0, 4:2:2

and 4:4:4 formats for each field shall be of size 8 samples by 8 lines, 8 samples by 16 lines and 16 samples by 16 lines
respectively.

7.6.7.3 16 x 8 Motion compensation

In this prediction mode separate predictions are formed for the upper 16 x 8 region of the macroblock and the lower
16 X 8 region of the macroblock.

The predictions for chrominance components, for each 16 x 8 region, of 4:2:0, 4:2:2 and 4:4:4 formats shall be of
size 8 samples by 4 lines, 8 samples by 8 lines and 16 samples by 8 lines respectively.

7.6.7.4 _Dual prime

In dual prime mode two predictions are formed for each field in an analogous manner to the backward-and forward
predlictions in B-pictures. If pel_pred_same_parity[y][x] is the prediction sample from the same parity figld and
pellpred_opposite_parity[y][x] is the corresponding sample from the opposite parity field then the) final prddiction
sanjple shall be formed as:

pel_pred[yl[x] = (pel_pred_same_parity[y][x] + pel_pred_opposite_parity[y[x])//2;

In the case of dual prime prediction in a frame picture, the predictions for chrominance_¢omponents of each field of
4:210, 4:2:2 and 4:4:4 formats shall be of size 8 samples by 4 lines, 8 samples by 8.lifies and 16 samples by|8 lines
respectively.

In the case of dual prime prediction in a field picture, the predictions for ‘throminance components of 4:2:(), 4:2:2
and|4:4:4 formats shall be of size 8 samples by 8 lines, 8 samples by 16 lines and 16 samples by 16 lines respectively.

7.68 Adding prediction and coefficient data

Thq prediction blocks have been formed and reorganised into*blocks of prediction samples p[y][x] which m4tch the
fielfl/frame structure used by the transform data blocks.

Thgq transform data f[y][x] shall be added to the predictionidata and saturated to form the final decoded samples d[}][x] as
follpws:

for (y =0; y < 8; y++) {
for (x=0; x < 8; x++) {
dlyllx] = fIyllx] + plyHl;
if (dly]lx] < 0)d[yl[x] = 0;
if (d[y][x] >255) d[y][x] = 255;

7.7 Spatial'scalability

This subclausé-specifies the additional decoding process required for the spatial scalable extensions.

Bo‘h thelower layer and the enhancement layer shall use the “restricted slice structure” (no gaps between slices).

Figure 7-13 is a diagram of the video decoding process with spatial scalability. The diagram is simplified for clarity.

7.7.1 Higher syntactic structures

In general, the base layer of a spatial scalable hierarchy can conform to any coding standard including Recommen-
dation H.261, ISO/IEC 11172-2 and this Specification. Note however, that within this Specification the decodability
of a spatial scalable hierarchy is only considered in the case that the base layer conforms to this Specification or
ISO/IEC 11172-2.

Due to the “loose coupling” of layers only one syntactic restriction is needed in the enhancement layer if both lower and

enhancement layer are interlaced. In that case picture_structure has to take the same value as in the reference frame used
for prediction from the lower layer. See 7.7.3.1 for how to identify this reference frame.
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7.7.2

[
\
N /
. T ™
Lower Layer ]
Bitstream —D -——{>|1 > -
J
Lower Layer Decoder N
Prediction Framestore
FieldFrame .
Selection Addressing Framestores
d
vector[r][s][t] — | lower [YI1X]
Additional Scaling Half-pel
Dual-Prime for Colour Prediction Upsampler
Arithmetic Components Filtering
vector'[r][s][1] /
Half-Pel /
From Vector Info. Combine
Bitstream Decoding pel_pred_temp[y][X] Predictions
|_pred_s
p[y][X] pe_pr 2 pat[y][x]
8
Vector B Decoded
Predictors % Pels
(%]
T1516210-94/d28
flylix] dlyllx]

Figure 7-13 - Simplified motion compensation process for spatial scalability

Brediction in the enl |

A motion compensated temporal prediction is made from reference frames in the enhancement layer as described in 7.6.
In addition, a spatial prediction is formed from the lower layer decoded frame (djower[y1[X]), as described in 7.7.3. These

predictions are selected individually or combined to form the actual prediction.

In general, up to four separate predictions are formed for each macroblock which are combined together to form the final

prediction macroblock p[y][x].

In the case that a macroblock is not coded, either because the entire macroblock is skipped or the specific macroblock is
not coded, there is no coefficient data. In this case f[y][x] is zero and the decoded samples are simply the prediction,

plyllx].
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7.7.3 Formation of spatial prediction

Forming the spatial prediction requires identification of the correct reference frame and definition of the spatial
resampling process, which is done in the following subclauses.

The resampling process is defined for a whole frame, however, for decoding of a macroblock, only the 16 X 16 region in
the upsampled frame, which corresponds to the position of this macroblock, is needed.

7.7.3.1 Selection of reference frame

The spatial prediction is made from the reconstructed frame of the lower layer referenced by the
lower_layer_temporal_reference. However, if lower and enhancement layer bitstreams are embedded in ITU-T
Rec. H.220.0 | ISO/IEC 13818-1 (Systems) multiplex, this information is overridden by the timing information given by

the acodinetira-ot (OO 2o Lo DOC L 4
CCOUTTIT S THC—Starmp s (o o) i e T o nCaacrs:

NOTE - If group_of_pictures_header() occurs often in the lower layer bitstream, then the temporal referencé in-the lower
laygr may be ambiguous (because temporal_reference is reset after a group_of_pictures_header()).

Thq reconstructed picture from which the spatial prediction is made shall be one of the following:
»  The coincident or most recently decoded lower layer picture.
*  The coincident or most recently decoded lower layer I-picture or P-picture.

*  The second most recently decoded lower layer I-picture or P-picture prdyided that the lower layer does
not have low_delay set to ‘1°. Note furthermore that spatial scalability will only work efficiently when
predictions are formed from frames in the lower layer which are also coincident (or very close) in|display
time with the predicted frame in the enhancement layer.

7.73.2 Resampling process
Theg spatial prediction is made by resampling the lower layer reconstructed frame to the same sample grid| as the
enhancement layer. This grid is defined in terms of frame céordinates, even if a lower-layer interlaced framne was

actpally coded with a pair of field pictures.

Thip resampling process is illustrated in Figure 7-14.

lewer_layer_prediction_vertical _size * vertical_sub-sampling_factor_n |
vertical_sub-sampling factor_m

lower_layer_prediction_horizontal_offset

lower_layer_prediction_vertical_offset Current Picture \
i A

5

3 A

jes

Ny

rap

8

g 7 _Y

2

T1516220-94/d29
lower_layer_prediction_horizontal_size lower_layer_prediction_horizontal_size *

horizontal_sub-sampling_factor_n |
horizontal_sub-sampling_factor_m

Figure 7-14 — Formation of the “spatial” prediction by interpolation of the lower layer picture
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Spatial predictions shall only be made for macroblocks in the enhancement layer that lie wholly within the upsampled
lower layer reconstructed frame.

The upsampling process depends on whether the lower layer reconstructed frame is interlaced or progressive, as
indicated by lower_layer_progressive_frame and whether the enhancement layer frame is interlaced or progressive, as
indicated by progressive_frame.

When lower_layer_progressive_frame is ‘1°, the lower layer reconstructed frame (renamed to prog_pic) is resampled
vertically as described in 7.7.3.4. The resulting frame is considered to be progressive if progressive_frame is ‘1" and
interlaced if progressive_frame is ‘0’. The resulting frame is resampled horizontally as described in 7.7.3.6.
lower_layer_deinterlaced_field_select shall have the value ‘1’.

When

deinter

When

deinter
lower_|

For inferlaced frames, if the current (and implicitly the lower-layer) frames .ar€) encoded as field pictures,
deinter|acing process described in 7.7.3.5 is done within the field.

lower_Jayer_vertical_offset and lower_layer_horizontal_offset, defining the, position of the lower layer frame within
current| frame, shall be taken into account in the resampling definitions‘in 7.7.3.5 and 7.7.3.6 respectively. The Iq
layer offsets are limited to even values when the chrominance in the enhancement layer is subsampled in that dimen
in ordef to align the chrominance samples between the two layers.

The uppampling process is summarised Table 7-15.

Table 7-15 — Upsampling process

52;‘;2;112{:3‘ lower_layer_ progressive_ dAgggrlace Entity used
field select progressive_frame frame process for prediction
0 0 1 Yes Top field
1 0 1 Yes Bottom field
1 1 1 No Frame
1 1 0 No Frame
1 0 0 Yes Both fields

ower_layer_progressive_frame is ‘0’ and progressive_frame is ‘0’, each lower layer reconstructed field is
aced as described in 7.7.3.4, to produce a progressive field (prog_pic). This field is resampled vertically as
describpd in 7.7.3.5. The resulting field is resampled horizontally as described in 7.7.3.6. Finally the resulting fiel
subsamjpled to produce an interlaced field. lower_layer_deinterlaced_field_select shall have the value ‘1°.

i is

ower_layer_progressive_frame is ‘0’ and progressive_frame is ‘1’, each lower layer régonstructed field is
aced as described in 7.7.3.4, to produce a progressive field (prog_pic). Only one of these fields is required. W|
ayer_deinterlaced_field_select is ‘0’ the top field is used, otherwise the bottom field is"used. The one that is 4
is resampipled vertically as described in 7.7.3.5. The resulting frame is resampled horizontally as'described in 7.7.3.6.

hen
sed

he

P

the
wWer
tion

7.7.3.3 Colour component processing

Due to the different sampling grids of luminance and chrominance components, some variables used in 7.7.3.4 t0 7.7.3.6
take different values for luminance and chrominance resampling. Furthermore it is permissible for the chrominance
formats in the lower layer and the enhancement layer to be different from one another.
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The Table 7-16 defines the values for the variables used in 7.7.3.4 to 7.7.3.6

Tali

Table 7-16 — Local variables used in 7.7.3.3 to 7.7.3.5

Variable Value for luminance processing Value for chrominance processing

11_h_size lower_layer_prediction_horizontal_size lower_layer_prediction_horizontal_size

/ chroma_ratio_horizontal[lower]
1l_v_size lower_layer_prediction_vertical_size lower_layer_prediction_vertical_size

/ chroma_ratio_vertical[lower]
11_h_offset lower_layer_horizontal_offset lower_layer_horizontal_offset

/ chroma_ratio_horizontal[enhance]
1I_v_offset lower_layer_vertical_offset lower_layer_vertical_offset

/ chroma_ratio_vertical[enhance]
h_subs_m horizontal_subsampling_factor_m horizontal_subsampling_factor_m
h_subs_n horizontal_subsampling_factor_n horizontal_subsampling_factor_n

* format_ratio_horizontal
v_subs_m vertical_subsampling_factor_m vertical_subsampling_factor_m
v_subs_n vertical_subsampling_factor_n vertical_subsampling _factor_n

* format_ratio( vertical

les 7-17 and 7-18 give additional definitions.

Table 7-17 — chrominance subsampling ratios for layer = {lower, enhance}

Chrominance format chroma_ratio_ chroma_ratio_
lower layer horizontal[layer] vertical[layer]
4:2:0 2 2
4:2:2 2 1
4344 1 1

Table 7-18 — Chrominance format ratios

Chrominance format Chrominance format format_ratio_ format_ratio_
lower layer enhancement layer horizontal vertical
4:2:0 4:2:0 1 1
4:2:0 4:2:2 1 2
4:2:0 4:4:4 2 2
4:2:2 4:2:2 1 1
4:2:2 4:4:4 2 1
4:4:4 4:4:4 1 |

ITU-T Rec. H.262 (1995 E)
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7.7.3.4 Deinterlacing

If deinterlacing needs not to be done (according to Table 7-16), the lower layer reconstructed frame (djower[Y1[X]) is

renamed to input_pic.

First, each lower layer field is padded with zeros to form a progressive grid at a frame rate equal to the field rate of the
lower layer, and with the same number of lines and samples per line as the lower layer frame. Table 7-19 specifies the
filters to be applied next. The luminance component is filtered using the relevant two field aperture filter if
picture_structure == “Frame-Picture” or else using the one field aperture filter. The chrominance component is filtered

using the one field aperture filter.

Table 7-19 — Deinterlacing Filter

Two field aperture One field aperturé

Temporal Vertical Filter for first field Filter for second field Filter (both fields)
-1 -2 0 -1 0
-1 0 0 2 0
-1 0 -1 0
0 -1 8 8 8
0 0 16 16 16
0 1 8 8 8
1 -2 -1 0 0
1 0 2 0 0
1 +2 -1 0 0

The temporal and vertical columns of Table 7-19 indicate the relative spatial and temporal coordinates of the sampl
which [the filter taps defined in the other two columns apply. An intermediate sum is formed by adding the multiy

coeffidients together.

The oytput of the filter (sum)-is-then scaled according to the following formula:

and sajurated.to lie in the range [0:255].

The fijteCaperture can extend outside the coded picture size. In this case the samples of the lines outside the a

prog_pic[y][x] =sum // 16

S 10
lied

tive

picture shall take the value of the closest neighbouring existing sample (below or above) of the same field as defined

below.
For all samples [y][x]:
if (y <0 && (y&1==1))
y=1
if (y <0 && (y&1==0))

y=0
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if (y >=11_v_size &&
((y-ll_v_size)&1 ==1))

y =1l_v_size - 1

if (y >=11_v_size &&
((y-Il_v_size)&1 == 0))

y=1l_v_size -2

7.7

The¢ frame subject to vertical resampling, prog_pic, is resampled to the enhancement layer vertical sampling gr
lingar interpolation between the sample sites according to the following formula, where vert_pic is thegsulting f]

wh|

Samples which lie outside the lower layer reconstructed/frame which are required for upsampling are obtained by
extension of the lower layer reconstructed frame.

coi

component if the chroma_format == 4:2:0.

7.13.6 Horizontal resampling

Th
usi
fie

wh

3.5 Vertical resampling

vert_pic[yp + ll_v_offset][x] = (16 — phase) * prog_pic[y1][x] + phase * prog}pic[y2][x]

Cre

yh + ll_v_offset

output sample co-ordinate in vert_pic

yl = (yp* v_subs_m)/v_subs_n
y2 = yl+1 ifyl<ll_v_size-1
yl otherwise
phase = (16 * ((yh * v_subs_m) % v_subsxh)) // v_subs_n

NOTE - The calculation of phase assumes that the sample position in the enhancement layer at y, = 0 is
ncident with the first sample position of thelower layer. It is recognised that this is an approximation for the chrqg

e frame subject to horizontal resampling, vert_pic, is resampled to the enhancement layer horizontal sampl
hg linear interpolation-between the sample sites according to the following formula, where hor_pic is the 1
d:

hor_piely][xp + 1I_h_offset] = ((16 — phase) * vert_pic[y][x1] + phase * vert_pic[y][x2]) // 256

cre

d using
eld:

border

spatially
minance

ng grid
psulting

xp+ 11_h_offset

output sample coordinate in hor_pic

x1 = (X * h_subs_m)/h_subs_n
X2 = x1+1 ifxl<Il_h_size-1
x1 otherwise
phase = (16 * (( Xy, * h_subs_m) % h_subs_n)) // h_subs_n

Samples which lie outside the lower layer reconstructed frame which are required for upsampling are obtained by border
extension of the lower layer reconstructed frame.
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7.7.3.7 Reinterlacing
If reinterlacing needs not to be done, the result of the resampling process, hor_pic, is renamed to spat_pred_pic.

If hor_pic was derived from the top field of a lower layer interlaced frame, the even lines of hor_pic are copied to the
even lines of spat_pred_pic.

If hor_pic was derived from the bottom field of a lower layer interlaced frame the odd lines of hor_pic are copied to the
odd lines of spat_pred_pic.

If hor_pic was derived from a lower layer progressive frame, hor_pic is copied to spat_pred_pic.

7.7.4 Selection and combination of spatial and temporal predictions

The sphtial and temporal predictions can be selected or combined to form the actual prediction. The macréblock_{ype
(see Tdbles B.5, B.6 and B.7) and the additional spatial_temporal_weight_code (see Table 7-21)_indicaté, by use off the
spatial |temporal_weight_class, whether the prediction is temporal-only, spatial-only or a weighted(tombinatio of
temporpl and spatial predictions. Classes are defined in the following way:

—  Class 0 indicates temporal-only prediction;

—  Class 1 indicates that neither field has spatial-only prediction;
-~ Class 2 indicates that the top field is spatial-only prediction;

- Class 3 indicates that the bottom field is spatial-only prediction;

—  Class 4 indicates spatial-only prediction.

In intr pictures, if spatial_temporal_weight_class is 0, normal intra coding is performed, otherwise the prediction
is spatipl-only. In predicted and interpolated pictures, if thespatial_temporal weight_class is 0, prediction is
temporpl-only, if the spatial_temporal_weight_class is 4, prediction is spatial-only, otherwise one or a pair of prediction
weights is used to combine the spatial and temporal predictions.

The pgssible spatial_temporal_weights are given in(a weight table which is selected in the picture spatial scalpble
extension. Up to four different weight tables are available for use depending on whether the current and lower layerq are
interlaged or progressive, as indicated in Table7-20 (allowed, yet not recommended values given in brackets).

Table 7-20 — Intended (allowed) spatial_temporal_weight_code_table_index values

L 1 f ¢ Enhancement spatial_temporal_weight_
Ower layer lorma layer format code_table_index
Progressive/or interlaced Progressive 00
Progressive coincident with enhancement layer top | Interlaced 10 (00; 01; 11)
fields
Progressive coincident with enhancement layer from | Interlaced 01 (00; 10; 11)
bottom fields
Interlaced (picture_structure == Frame-Picture) Interlaced 00 or 11 (01; 10)
Interlaced (picture_structure != Frame-Picture) Interlaced 00

In macroblock_modes(), a two bit code, spatial_temporal_weight_code, is used to describe the prediction for each field
(or frame), as shown in the Table 7-21. In this table spatial_temporal_integer_weight identifies those
spatial_temporal_weight_codes that can also be used with dual prime prediction (see Tables 7-22, 7-23).
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Table 7-21 - spatial_temporal_weights and spatial_temporal_weight_classes for the
spatial_temporal_weight_code_table_index and spatial_temporal_weight_codes

to B

Wh
the
fiel

Wh
wh

Thd

pel]
pell

app

spatial_temporal_ spatial_ spatial_ spatial_ spatial_
weight_code_table_ temporal _ temporal_ temporal _ temporal _
index weight_code weight (s) weight class integer_weight
002 - (0,5) 1 0
01 7 00 ©; 1) 3 1
01 (05 0,5) 1 0
10 0,5 1) 3 0
11 0,5;0,5) 1 0
10 00 (1;0) 2 1
01 0,5; 0) 1 0
10 (1;0,5) 2 0
11 (0,5; 0,5) 1 0
11 00 (1;0) 2 1
01 (1;0,5) 2 0
10 05;1) 3 0
11 0,5; 0,5) 1 0
2) For spatial_temporal_weight_code_table_index == 00 no spatial_temporal_weight_code is trans-
mitted.

7).

699

en the spatial_temporal_weight combination is given in the form (a; b), “a” gives the proportion of the predic
top field which is derived from the $patial prediction and “b” gives the proportion of the prediction for the
1 which is derived from the spatial prediction for that field.

(IRl

en the spatial_temporal\weight is given in the form (a), “a” gives the proportion of the prediction for the
ch is derived from the spatial prediction for that picture.

precise method for predictor calculation is as follows:

répriate samples, co-located with the current macroblock position, from spat_pred_pic.

NOTE - Spatial-only prediction (weight_cldss == 4) is signalled by different values of macroblock_type (see Taples B.5

lion for
bottom

picture

| pred_temp[y][x] is used to denote the temporal prediction (formed within the enhancement layer) as defiped for
[ pred[¥][x] in 7.6. pel_pred_spat[y][x] is used to denote the prediction formed from the lower layer by extracling the

If the spatial_temporal_weight is zero, then no prediction is made from the lower layer. Therefore:

pel_pred[y][x] = pel_pred_temp[y][x];

If the spatial_temporal_weight is one, then no prediction is made from the enhancement layer. Therefore:

pel_pred[y][x] = pel_pred_spat[y][x];
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If the weight is one half then the prediction is the average of the temporal and spatial predictions. Therefore:

pel_pred[y][x] = (pel_pred_temp[y][x] + pel_pred_spat[y][x])//2;

When progressive_frame == 0 chrominance is treated as interlaced, that is, the first weight is used for the top field

chrominance lines and the second weioht is used for the bottom field chrominance lines

LAAAVA2ANLLE 2NTS AN 10 SCLVRE WUISA 15 WOTU UL T VUL 20208 LR Riniiante ks,

Addition of prediction and coefficient data is then done as in 7.6.8.

7.7.5 Updating motion vector predictors and motion vector selection

In frampe pictures where field prediction is used the possibility exists that one of the fields is predicted using spatial-
prgdi(‘ ion. In this case no motion vector is present in the bitstream for the field which has cnatml-nnl\/ nrpr‘lmhnn

the cage where both fields of a frame have spatial-only prediction, the macroblock_type is such that'no motion ve

are prgsent in the bitstream for that macroblock.

Th

n
1

o

patial_temporal_weight_class also indicates the numbe of motion vectors which ar
)
1
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Table 7-22 — Updating of motion vector predictors in Field Pictures

frame_motion_type

macroblock_motion_forward

macroblock_motion_backward

macroblock_intra

spatial_temporal_weight_class

Predictors to update

Field-based? -1 =11 0 PMV[1][0][1:0] = PMVIO][0][1:0]®

Field-based 1 {110 0 PMVI1][0][1:0] = PMVI0][0][1:0]
PMVT1][1][1:0] = PMVIO][1][1:0]

pnly
For

tors

present in the coded bitstjeam

Field-based 1 L0 0 0,1 PMVI1][0][1:0] = PMVI0][0][1:0]
Field-based oO)11]o0 0,1 PMV[1][11[1:0] = PMVIO][1][1:0]
Field-based® 0)J]0]0 0,14 PMVIr[s][¢] = 09

6 x 8 MC 11110 0 (None)

6 x8 MC 11010 0,1 (None)

6 x8 MC 01110 0.1 (None)
Dual prime 11010 0 PMVI1][0][1:0] = PMV]0][0][1:0]

a)
b)

field_motion_type is not present in the bitstream but is assumed to be Field-based.

If concealment_motion_vectors is zero then PMV[r][s][¢] is set to zero (for all r, s and 7).
) PMVIr][s][t] is set to zero (for all r, s and ¢). See 7.6.3.4.

NOTE - PMV[r][s][1:0] = PMV[u][v][1:0] means that:

PMVIr](s][1] = PMVIu][v][1] and PMV]r][s][0] = PMVIu][v][0]
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Table 7-23 - Updating of motion vector predictors in Frame Pictures

frame_motion_type

macroblock_motion_forward

macroblock_motion_backward

macroblock_intra

spatial_temporal_weight_class

Predictors to update

Frame-based? - =11 0 PMV[1][0][1:0] = PMV[0][0][1:0]®

Erame-based 10 8 PO 0T =PMITOHOI 67
PMVI1][1][1:0] = PMV[O0][1][1:0]

Frame-based 110]0{ 0123 | PMV[1][0][1:0] = PMV[0]{0][1:0]

Frame-based 0|11]0]| 0123 | PMV[1][1][1:0] = PMV[0][1](1:0]

Frame-based® | 0 | 0 | 0 | 0,1,2,34 | PMVIr][s][t] = 09

Field-based 1 10 0 (None)

Field-based 11010 0,1 (None)

Field-based 110]0 2 PMVI1][0](1:0] = PMVIO][0][1:0]

Field-based 110]0 3 PMVI1][0][1:0] = PMV[0}[0][1:0]

Field-based 0}l11]0 0,1 (None)

Field-based 0|l1]0 2 PMVI1][1][1:0] = PMV[O][A}{£:0]

Field-based 0|10 3 PMV[1][1][1:0] = PMV[0]{1][1:0]

Dual prime® 1{ofo 02,3 PMVI1][0][1:0] = BMY{0][0][1:0]

a) frame_motion_type is not present in the bitstream butis-assumed to be Frame-based.

©) If concealment_motion_vectors is zero then PMV[r][s][1] is set to zero (for all r, s and f).

Dual prime can not be used when spatial_temporal_integer_weight = ‘0.

D PMVIF[s](r] is set to zero (for all r, s and £){See 7.6.3.4.
NOTE - PMVIr][s][1:0] = PMV]u][v][1:0] means that:
PMVIr][s1[1] = PMVIu][v][1]and PMV[r][s][0] = PMVIu][v][O]

7.7.5

.1." “Resetting motion vector predictors

In addition to the cases identified in 7.6.3.4, the motion vector predictors shall be reset in the following cases:

* InaP-picture when a macroblock is purely spatially predicted (spatial_temporal_weight_class == 4)

*  InaB-picture when a macroblock is purely spatially predicted (spatial_temporal_weight_class == 4)

NOTE - In case of spatial_temporal_weight_class == 2 in a frame picture when field-based prediction is
used, the transmitted vector is applied for the bottom field (see Table 7-25). However this vector[0][s][1:0] is
predicted from PMV[0][s][1:0] . PMV[1][s][1:0] is then updated as shown in Table 7-23.
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Table 7-24 - Predictions and motion vectors in field pictures

field_motion_type

macroblock_motion_forward

macroblock_motion_backward

macroblock_intra

spatial_temporal_weight_class

Motion vector

Prediction formed for

Field-based? -1 -11 0 vector0][0][1:01P None (motion vector is for concealment)

Field-based 1 110 0 vector10][0][1:0] Whole field. forward
vector[0][1]{1:0] Whole field. backward

Field-based 1{0]0 0.1 vector'[0][0][1:0] Whole tield. torward

Field-based 0Ol 110 0.1 vector[0][1](1:0] Whole field. backward

Field-based® ofo]o 0.1.4 vector [01[0](1:0]) 9 Whole field. forward

16 x § MC 1 1 {0 0 vectorT0][0][1:0] Upper 16 x 8 tield. forward
vectorT1]{0][1:0] Lower 16 x 8 field, forpard
vector [0][1][1:0] Upper 16 x 8 tiald,"backward
vector [1][11[1:0] Lower 16 X 8.field. backward

16 x 8 MC 11010 0.1 vector10][0][1:0] Upper 16, x 8 field. torward
vector [1][0][1:0] Lower 16 x 8 field. forward

16 x 8 MC 01110 0.1 vector[0]{1][1:0] Upper 16 x 8 tield. backward
vector [1][1][1:0] Lower 16 x 8 tield. backward

Dual prime 110]0 0 vecror[0][0][1:0] Whole field. same parity, forward

vectorT2][0][1:07¢)

Whole field. opposite parity. forward

d)

e)

These motion vectors are not present in the-bitstream.

The motion vector is taken to be (Q7UNas explained in 7.6.3.5.

field_motion_type is not present in the bitstreannBut is assumed to be Field-based.

The motion vector is only present if concealdient_motion_vectors is one.

These motion vectors are deriyed from vecror '[0][{0][1:0] as described in 7.6.3.6.

NOTE - Motion vectors are listedunthe order they appear in the bitstream.
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Table 7-25 - Predictions and motion vectors in frame pictures

frame_motion_type

macroblock_motion_forward

macroblock_motion_backward
macroblock_intra
spatial_temporal_weight_class
Motion vector Prediction formed for
Frame-based® -1 =11 0 vector [0][0][1:0]° None (motion vector is for concealment)
Frame-based 1 1|0 0 vectorT0][0][1:0] Frame. forward
vectorT0][1][1:0] Frame. backward
Frame-based 11010 0.1.2.3 vectorT0][0][1:0] Frame. forward
Frame-based 01 1t]0 0.1.2.3 vectorT0][1][1:0) Frame. backward
Frame-based® 010101 0.1.234 | vecror[0][0][1:0]9¢ Frame. forward
Field-based 1 110 0 vectorT0][0][1:0] Top field. forward
vectorT1]{0][1:0] Bottom field. forward
vectorT0][1][1:0] Top field. backward
vectorT1][11[1:0] Bottomrfield. backward
Field-based 1101]10 0.1 vecrorT0]{0][1:0] Topfield. forward
vectorT1][0][1:0] Bottom field. forward
Field-based 11010 2 Top field. spatial
vector[0}{0][1:0) Bottom field. forward
Field-based 1 010 3 vector10][0][ kO] Top field. forward
Bottom field. spatial
Field-based Ol 1|0 0.1 vecraf{0][1](1:0] Top field. backward
vecror [1][1][1:0] Bottom field. backward
Field-based 0Ol 140 2 Top field. spatial
vector[0][1][1:0] Bottom field. backward
Field-based 01 14]0 3 vecrorT0][1][1:0] Top field. backward
Bottom field. spatial
Dual prime®’ 1 LONO 0.2.3 vector [0]{0][1:0] Top field. same parity. forward
vecror'[0][0][1 :O]d’ Bottom tield. same parity. forward
vectorT2](0][1:0}9 D Top field. opposite parity. forward
vector[3][0][1:0]9D Bottom fld.. opposite parity. forward

frame_motion_type is not present in the bitstream but is assumed to be Frame-based.

b Dual prime cannot be used when spatial_temporal_integer_weight = *0".
! The motion vector is only present if concealment_motion_vectors is one.
9" These motion vectors are not present in the bitstream.

e} The motion vector is taken to be (0: 0) as explained in 7.6.3.5.

f

These motion vectors are derived from vecror [0][0][1:0] as described in 7.6.3.6.

NOTE - Motion vectors are listed in the order they appear in the bitstream.

ITU-T Rec. H.262 (1995 E)

99


https://standardsiso.com/api/?name=5cb5b84201fdd41802e36153b5f9c175

ISO/IEC 13818-2:1996(E)

7.7.6 Skipped macroblocks

In all cases, a skipped macroblock is the result of a prediction only, and all the DCT coefficients are considered to be
Zero.

If sequence_scalable_extension is present and scalable_mode = ‘“spatial scalability”, the following rules apply in
addition to those given in 7.6.6.

In I-pictures, skipped macroblocks are allowed. These are defined as spatial-only predicted.
In P-pictures and B-pictures, the skipped macroblock is temporal-only predicted.

In B-pictures a skipped macroblock shall not follow a spatial-only predicted macroblock.

7.1.7 VBY buffer underflow in the lower layer

In the ccase of spatial scalability, VBV buffer underflow in the lower layer may cause problems. This isnbecaus¢ of
possible uncertainty in precisely which frames will be repeated by a particular decoder.

7.8 SNR scalability
See Figure 7-15.
This clpuse describes the additional decoding process required for the SNR scalable extensions.

SNR stalability defines a mechanism to refine the DCT coefficients encoded in another (lower) layer of a scalpble
hierarchy. As illustrated in Figure 7-15 data from two bitstreams is combined aft€y the inverse quantisation processep by
adding|the DCT coefficients. Until the data is combined, the decoding procesSes of the two layers are independent of|one
anothef.

Subclapse 7.8.1 defines how to identify these bitstreams in a scalable hierarchy, however they can be classifiedl as
follows.

The lopver layer, derived from the first bitstream, can itself\be either non-scalable, or require the spatial or temporal
scalability decoding process (and hence the decoding of additional bitstreams) to be applied.

The enghancement layer, derived from the second, bitstream, contains mainly coded DCT coefficients and a snall
overhepd. The decoding process for this layer and\the combination of the two layers are described in this subclause.

NOTE - All information regarding prediction is contained in the lower layer bitstream only. Therefore it is not possibje to
reconstfuct an enhancement layer without decodingthe lower layer bitstream data in parallel.

Furthefmore prediction and reconstruetion of the pictures as described in 7.6, 7.7 and 7.9 for the combined lower|and
enhandement layer is identical to the respective steps for decoding of the lower layer bitstream only.

Semantics and decoding progess-described in this subclause include a mechanism for “chroma simulcast”. This may be
used (for instance) to enhanee’4:2:0 in the lower layer to 4:2:2 after processing the enhancement layer data. While| the
luminance data is processed as described before, in this case the chrominance information retrieved from the lower layer
bitstregm (with exception of intra-DC values, see 7.8.3.4) shall be discarded and replaced by the new information ith
higher chrominanee\tesolution decoded from the enhancement layer.

It is inherentsin SNR scalability that the two layers are very tightly coupled to one another. It is a requirement [that
corresponding pictures in each layer shall be decoded at the same time as one another.

In the case that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not this Specification), then two different
IDCT mismatch control schemes are being used in decoding. Care must be taken in the encoder to take account of this.

7.8.1 Higher syntactic structures

The two bitstream layers in this subclause are identified by their layer_id, decoded from the
sequence_scalable_extension.

The two bitstreams shall have consecutive layer ids, with enhancement layer bitstream having layer_id = ideppance and
the lower layer bitstream having layer_id = idephance—1-

The syntax and semantics of the enhancement layer are as defined in 6.2 and 6.3, respectively.
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In the case that the lower iayer bitstream conforms to ISO/IEC 11172-2 (and not this Specification), then both this lower
and the enhancement layer shall use the “restricted slice structure” defined in this Specification.

Semantic restrictions apply to several values in the headers and extensions of the enhancement layer as follows.

QFS[n] QF[v][u] F”lower [v][u]
Coded Variable // // inverse /
Data— P Length Inverse Scan Quantisation
Decoding Arithmetic \
Lower Layer h—
e o o e e o o e Z
Enhancement Layer QFS|[n) QF[v][u] }/ /
” /
Coded Variable Inverse F7{vilu]
Data —P Length Inverse Scan Quantisation
Decoding Arithmetic \
F” enhance[v][u]
Framestore MemoryJ
Flvifu] Flv]lu]
. Mismatch Motion Decoded
Saturation Control Inverse DCT Compensation > Samples
T1516230-94/d30
flyllx] dlylix]
Figure 7-15 - Illustration of decoding process for SNR scalability
Sequence-header

This header shall be identical to the one in the lower layer bitstream except for the values of bit_rate, vbv_buffer_size,
load_intra_quantiser_matrix, intra_quantiser_matrix, load_non_intra_quantiser_matrix and non_intra_quantiser_matrix.
These can be selected independently except for load_intra_quantiser_matrix which shall be zero.

Sequence extension

This extension shall be identical to the one in the lower layer bitstream except for the values of
profile_and_level_indication, chroma_format, bit_rate_extension and vbv_buffer_size_extension. Those can be selected
independently.
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A different value of chroma_format in each layer will cause the chroma_simulcast flag to be set as specified by
Table 7-26.

Table 7-26 — chroma_simulcast flag

chroma_format chroma_format chroma_simulcast
(lower layer) (enhancement layer)
4:2:0 4:2:0 0
4:2:0 4:2:2 1
4:2:0 4:4:4 1
4:2:2 4:2:2 0
4:2:2 4:4:4 1
4:4:4 4:4:4 0

The clfroma_format of the enhancement layer shall be higher or equal to the chroma_format of the)lower layer bitstr¢am.

In th¢ case that the lower layer bitstream conforms to ISO/IEC 11172-2 (and/ not This Specificatjon),
sequerjce_extension() is not present in the lower layer bitstream, and the following values shall be assumed fof the
decoding process.

progressive_sequence = 1

chroma_format = “4:2:0”
horizontal_size_extension =
vertical_size_extension =
bit_rate_extension =
vbv_buffer_size_extension =
low_delay =

frame_rate_extension_n =

o O O o o o O

frame_rate_extension_d =
The sgquence_extension() in the enhancement layer shall have the values shown above.

Sequence display extension

This ektension shall not be presentds there is no separate display process for the enhancement layer.
Sequence scalable extension

This ektension shall be present with scalable_mode = “SNR scalability”.

GOP header

This header shall be identical to the one in the lower layer bitstream.

NOTE 1 - The GOP header must be present in each layer in order that the temporal_reference in each layer are reset dn the
same flame

Picture header

This header shall be identical to the one in the lower layer bitstream except for the value of vbv_delay. This can be
selected independently.

Picture coding extension

This extension shall be identical to the one in the lower layer bitstream except for the value of q_scale_type and
alternate_scan. These can be selected independently.

chroma_420_type shall be set to ‘0’ if chroma_simulcast is set. Else it shall have the same value as in the lower layer
bitstream.
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In the case that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not this Specification), then

picture_coding_extension() is not present in the lower layer bitstream and the following values shall be assumed for the
decoding process:

Thgq picture_coding_extension() in the enhancement layer shall have the values’shown above.

For|the lower layer q_scale_type and alternate_scan shall be assumed.t9*have the value zero.

Qu

loa

Pi

C

Thi

acc
Slig

Sli
the|

7.8

Sul
low

This extension is optional. Semantics are described in 6.3.1 I

f_code[0][0] = forward_f_code in the lower layer bitstream or 15
f_code[0][1] = forward_f_code in the lower layer bitstream or 15

f _code[1][0] = backward_f_code in the lower layer bitstream or 15
f_code[1][1] = backward_f_code in the lower layer bitstream or 15
intra_dc_precision =0

picture_structure = “Frame Picture”

TOp_tietd_fiTst =0

frame_pred_frame_dct = 1

concealment_motion_vectors = 0

intra_vlc_format =0

repeat_first_field =0

chroma_420_type = 1

progressive_frame = 1

composite_display_flag = 0

NOTE 2 - q_scale_type and alternate_scan can be set independently in the enhancement layer.

hnt matrix extension

1_intra_quantiser_matrix and load_chroma_intra_quantiser_matrix shall both be zero.

NOTE 3 - Only the non-intra matrices will b€jused in the subsequent decoding process.
ture display extension

s extension shall not be present.

NOTE 4 - There is no separate display process for the enhancement layer. If pan-scan functionality is desired,
bmplished already by using the irfformation conveyed by the pan-scan extension of the lower layer bitstream.

te header

es shall be coincident with those in the lower layer. The value of quantiser_scale_code can be set independen
lower layer bitstream.

The

t can be

ly from

2 Macroblock
psequently>the “current macroblock™ denotes the currently processed macroblock. The current macroblock of the
er ldyer denotes the macroblock identified by having the same macroblock_address as the current macroblocK.
o semantics in 6.3.17
NOTE - Table B.8 which is used if scalable_mode = = “SNR scalability” will never set the macroblock_intra,

macroblock_motion_forward or macroblock_motion_backward flags, since a macroblock in the enhancement layer contains only
refinement data for the current macroblock of the lower layer.

However the corresponding syntax elements and flags of the current macroblock in the lower layer bitstream are

for the combined decoding process of lower and enhancement layer following the inverse DCT as described in 7.8.3.5.

7.8.2.1 dct_type

relevant

The syntax element dct_type may be present in none, one or both of the lower and enhancement layer
macroblock_modes(), as indicated by the semantics in 6.3.17.

If dct_type is present in the macroblock_modes() in both layers it shall have identical values.
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7.8.2.2

Skipped Macroblocks

Macroblocks can be skipped in the enhancement layer bitstream, meaning that no coefficient enhancement is done
(F" enhancelvllu] = 0, for all v, u). Regarding this, the decoding process detailed in 7.8.3 shall be applied.

When macroblocks are skipped in both, the lower and the enhancement layer bitstreams, the decoding process is exactly
as specified in 7.6.6.

Macroblocks can also be skipped in the lower layer bitstream, while still being coded in the enhancement layer
bitstream. In that case the decoding process detailed in the following has to be applied, but F"j,,,.,[v][u] = 0, for all v, u.

7.8.3

The fir,

The segond part of the decoding process of the enhancement layer block has to be done jointly with the decoding-process

of the

Two sgts of inverse quantised coefficients F"|gwer and F'ephance are added to form F" (see Figure 7-15).
F"loweq i derived from the lower layer bitstream exactly as defined in 7.1 to 7.4.2.3.

F"enhadce 1 derived as is defined in the clauses below.

The re

7.8.3.1

Block

oincident lower layer block.

ulting F" is further processed, starting with saturation, as defined in 7.4.3 to 7.6 (7:7; 7.9).

Variable length decoding

In an ¢nhancement layer block the VLC decoding shall be performed according to 7.2, as for a non-intra blocK (as

indicated by macroblock_intra = 0).

7.8.3.2

Inversg scan shall be done exactly as defined in 7.3.

7.8.3.3

In an gnhancement layer block the inverse quantisation)shall be performed according to 7.4.2 as for a non-intra block.

Inverse scan

Inverse quantisation

In the [case that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not this Specification), then the “inyerse

quanti

7.8.3.4

Corregponding coefficients from the blocks of each layer shall be added together to form F"” (see Figure 7-15).

If chrdma_simulcast = 1 is set only the luminance blocks are treated as described above.

ation arithmetic” used to derive FUjgyer[VI[u] (see Figure 7-14) shall include the IDCT mismatch coptrol
(oddiffcation) and saturation specified inJSO/IEC 11172-2.

Addition of coefficients-from the two layers

F"vI[u] = F"lowerlVI[u] + F" enhancelvI[ul, for all u, v

rominance blocks the DC coefficient of the base layer is used as a prediction of the DC coefficiert in

For ¢
the coTncident block in the enhancement layer, whereas the AC coefficients of the base layer are discarded|and

AC coefficients of the enhancement layer form F" in Figure 7-14 according to the following formulae:

F"[01[0] = F"iower[01[0] + F"enhance[01[0]

F"][u] = F" enhancelv1lu], for all u, v except u=v=0

NOTE - Chroma simulcast blocks are inverse quantised like non-intra blocks and use the chrominance non-intra matrix.

Table 7-27 gives the index of the chrominance block whose DC coefficient (F"j,,,,[0][0]) is to be used to predict the
DC coefficient in the coincident chrominance block of the enhancement layer (F" g 4nce[01[0]).
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Table 7-27 — Biock index used to predict DC coefficient

Block index

chroma_format 4 5 6 7
base: 4:2:0 4 5 4 5
upper: 4:2:2
base: 4:2:0 4 5 4 5
upper: 4:4:4
base: 4:2:2 4 5 6 7 4 5 6 7
upper: 4:4:4

In this process, the spatio/temporal prediction plylix] is derived according to the macroblock. type syntax elemgnts and
flags for the current macroblock known from the lower layer bitstream.

7.9 Temporal scalability

Temporal scalability involves two layers, a lower layer and an enhancementayer. Both the lower and the enharjcement
laygrs process the same spatial resolution. The enhancement layer enhanges the temporal resolution of the lowpr layer
and if temporally re-multiplexed with the lower layer provides full temporal rate. This is the frame rate indicatefl in the
enhancement layer. The decoding process for enhancement layer. pictures is similar to the normal decoding [process
described in 7.1 to 7.6. The only difference is in the “Prediction fi€id and frame selection” described in 7.6.2.

The reference frames for prediction are selected by reference’ select_code as described in Tables 7-28 and 7-29. In
P-pictures, the forward reference picture can be one of,the following three: most recent enhancement picture, most
recgnt lower layer frame, or next lower layer frame in-display order. Note that in the latter case, the reference ;fame in
lower layer used for prediction is backward in time.

Table 7-28 — Prediction references selection in P-pictures

reference_select_code Forward prediction reference
00 Most recent decoded enhancement picture(s)
01 Most recent lower layer frame in display order
10 Next lower layer frame in display order
11 Forbidden

Table 7-29 - Prediction references selection in B-pictures

Teference_ Forward prediction reference Backward prediction reference
select_
code
00 Forbidden Forbidden
01 Most recent decoded enhancement picture(s) Most recent lower layer picture in display
order
10 Most recent decoded enhancement picture(s) Next lower layer picture in display order
11 Most recent lower layer picture in display | Next lower layer picture in display order
order
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In B-pictures, the forward reference can be one of the following two: most recent the enhancement pictures or most
recent (or temporally coincident) lower layer frame whereas the backward reference can be one of the following two:
most recent lower layer picture including temporally coincident picture in display order or next lower layer frame in
display order. Note that in this case, the backward reference frame in lower layer used for prediction is forward in time.

Backward prediction cannot be made from a picture in the enhancement layer. This avoids the need for frame reordering
in the enhancement layer. Motion compensation process forms predictions using lower layer decoded pictures and/or
previous temporal prediction from the enhancement layer.

The enhancement layer can contain I-pictures, P-pictures or B-pictures, but B-pictures in enhancement layer behave
more like P-pictures in the sense that a decoded B-picture can be used to predict the following P-pictures or B-pictures
in the enhancement layer.

When the most recent frame in the lower layer is used as the reference, this includes the frame that is temporally

coinci . The prediction reiererjces
used fof P-picture and B-pictures are shown in Table 7-28 and Table 7-29 respectively.

The loyer and enhancement layers shall use the restricted slice structure.

Figure [/-16 shows a simplified diagram of the motion compensation process for the enhancement layep-tising tempgral
scalability.

I-pictures do not use prediction references; to indicate this, the reference_select_code for I-picturés shall be ‘11°.

Depending on picture_coding_type, when forward_temporal_reference or backward_temporal_reference do not injply
referenges to be used for prediction, they shall take the value 0.

7.9.1 Higher syntactic structures

The two bitstream layers in this subclause are identified by, theéir layer_id, decoded from [the
sequeng¢e_scalable_extension.

The twp bitstreams shall have consecutive layer ids, with enhancement.layer having layer_id = ideppance and the lower
layer hgving layer_id = ideppance—1-

The syItax and semantics of enhancement layers are as defined in°6.2 and 6.3 respectively.
ic restrictions apply to several values in the headers and extensions of the enhancement layer as follows.

Seman
The lower layer shall conform to this Specification (and not to ISO/IEC 11172-2).
Sequence header

The values in this header can be different from the lower layer except for horizontal_size_value, vertical_size_value and
aspect_Jratio_information.

Sequerjce extension

This extension shall be identical to the one in the lower layer except for values of profile_and_level_indicatjon,
bit_rat¢_extension, vbv_buffer_size_extension, low_delay, frame_rate_extension_n and frame_rate_extension_d. These
can be [selected independently"Note that progressive_sequence indicates the scanning format of the enhancement lgyer
frames [only rather than<©fjthe output frames after multiplexing. The latter is indicated by mux_to_progressive_sequence
(see sequence scalable®xtension).

This extension shall be present with scalable_mode = “Temporal scalability”.

When progressive_sequence = 0 and mux_to_progressive_sequence = 0, top_field_first and picture_mux_factor can be
selected.

When progressive_sequence = 0 and mux_to_progressive_sequence = 1, top_field_first shall contain a complement of
the value of top_field_first of the lower layer but picture_mux_factor shall be 1.

When progressive_sequence = 1 and mux_to_progressive_sequence = 1, top_field_first shall be zero but
picture_mux_factor can be selected.

The combination of progressive_sequence = 1 and mux_to_progressive_sequence = 0 shall not occur.
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Figure.7-16 — Simplified motion compensation process for the enhancement
layer using temporal scalability
GQP header

There is no restriction on GOP header (if present) to be the same as that for lower layer.
Picture header

There is no restriction on picture headers to be the same as in the lower layer.

Picture coding extension

The values in this extension can be different from the lower layer except for top_field_first,
concealment_motion_vectors, and chroma_420_type and progressive_frame. The top_field_first shall be based on
progressive_sequence and  mux_to_progressive_sequence (see  sequence_scalable_extension above) and
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concealment_motion_vectors shall be 0. Chroma_420_type shall be identical to the lower layer. Progressive_frame shall

always

have the same value as progressive_sequence.

Picture temporal scalable extension

This extension shall be present for each picture.

Quant

matrix extension

This extension may be present in the enhancement layer.

7.9.2

Restrictions on temporal prediction

Although temporal predictions can be made from decoded pictures referenced by forward_temporal_reference or both
forward_temporal_reference and backward temporal references,temporal scalability is efficientif predictions

formed

enhanc
predict

In casq

non-un

ons from most recent or next pictures as illustrated by Tables 7-28 and 7-29.

queness of temporal references (which are reset at each group_of_pictures_header). Thisyambiguity shal

resolvefl with help of systems layer timing information.

are

using decoded picture/pictures from lower layer and enhancement layer that are very close in time (fo|the
ement picture being predicted. It is a requirement on the bitstreams that P-pictures and B-pictures shall fprm

group_of_pictures_header occurs very often in lower_layer, ambiguity can occur due oy possibility of

be

7.10 Data partitioning
Data partitioning is a technique that splits a video bitstream into two layers, called-partitions. A priority breakppint
indicatg

The rerpainder of the bitstream is placed in partition 1 (which is also called low priority partition). Sequence, GOP,

picture
redund
extensi
sequen

headers are redundantly copied in partition 1 to facilitate error-reCovery. The sequence_end_code is

bns  allowed (and required) in partition 1 are sequence.extension(), picture_coding_extension()
be_scalable_extension().

extra_bit_slice.

The interpretation of priority_breakpoint is given in Table 7z30.

Table 7-30 - Priority breakpoint values and associated semantics

s which syntax elements are placed in partition 0, which is the base partition\(also called high priority partitipn).

and
h1so

intly copied into partition 1. All fields in the redundant headers niust’be identical to the original ones. The ¢nly

and

NOTE - The slice() syntax given in 6.2.4 is followed in.béth partitions up to (and including) the syntax elerpent

108

prlorll)to);_l_llt)reak Syntax elements included in partition zero
0 This value™\is reserved for partition 1. All slices in partition 1 shall have a
priority/breakpoint equal to 0.
1 All data at the sequence, GOP, picture and slice() down to extra_bit_slice in slice().
2 All” data included above, plus macroblock syntax elements up to and including
macroblock_address_increment.
3 All data included above, plus macroblock syntax elements up to but not including
coded_block_pattern().
4,063 Reserved.
64 All syntax elements up to and including coded_block_pattern() or DC coefficient
(dct_dc_differential), and the first (run, level) DCT coefficient pair (or EOB). (Note)
65 All syntax elements above, plus up to 2 (run, level) DCT coefficient pairs.
63+ All syntax elements above, plus up to j (run, level) DCT coefficient pairs.
127 All syntax elements above, plus up to 64 (run, level) DCT coefficient pairs.
NOTE - A priority_breakpoint immediately following the DC coefficient is disallowed since it might cause
start code emulation.
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Semantics of VBV remains unchanged, i.e. the VBV refers to the sum of two partitions, not any single one.

The bitstream parameters bit_rate (bit_rate_value and bit_rate_extension), vbv_buffer_size (vbv_buffer_size_value and
vbv_buffer_size_extension) and vbv_delay shall take the same value in the two partitions. These parameters refer to the
characteristics of the entire bitstream formed from the two partitions.

The decoding process is modified in the following manner:

7.11

Set current_partition to 0, and start decoding from bitstream that contains the
sequence_scalable_extension (partition 0).

If current_partition = 0, check to see if the current point in the bitstream is a priority breakpoint.

example is shown in Figure 7-17 where the priority breakpoint is set-at®4 [one (run, level) pair].

If yes, set current_partition to 1. Next item will be decoded from partition 1.
Otherwise, continue decoding from partition 0. Remove sequence, GOP, and picture he¢aders frgm both
If current_partition = 1, check the priority breakpoint to see if the next item to’be-decoded is expgcted in
partition 0.

If yes, set current_partition to 0. Next item will be decoded from partifion”0.

Otherwise, continue decoding from partition 1.

Quat | pc | DCT | DCT | D€
Scale coeff coeff 1 | coeff2

DC DCT
coeff coeff 1

Figure 7-17 — A segment from a bitstream with two partitions, with priority breakpoint set to 64

(:> > Quant DC DCT DC DCT "
Scale coeff coeff 1 coeff coeff 1 Partition O

Partition 1

T1516250-94/d32

(one (run, level) pair). The two partitions are shown, with arrows indicating how the decoder

needs to switch between partitions

Hybrid scalability

Hybrid scalability is the combination of two different types of scalability. The types of scalability that can be combined
are SNR scalability, spatial scalability and temporal scalability. When two types of scalability are combined, there are
three bitstreams that have to be decoded. The layers to which these bitstreams belong are named in Table 7-31.
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For thg scalability between the enhancement layers 1 and 2, the enhancement layer 1 is its lower layer,(and

Table 7-31 — Names of layers

layer_id Name

0 Base layer

1 Enhancement ]ayer 1

2 Enhancement layer 2

the

enhancgment layer 2 is its enhancement layer. No layer can be omitted from the hierarchical ladder. E.g. if there is §NR
scalability between enhancement layer 1 and enhancement layer 2, the prediction types in enhancement layer 1 are plso

valid fqr the combined decoding process for enhancement layers 1 and 2.
The copipling of layers is more loose with spatial and temporal scalability than with SNR scalability:-Therefore, in trl.tese
kinds g

layer. In SNR scalability, both layers are decoded simultaneously. The decoding order can be'summarised as follows

Case 1

First dgcode the base layer, and then decode both enhancement layers simultaneously.

Case 2

First d¢code the base layer and.the enhancement layer 1 simultaneously, and then decode the enhancement layer 2.

Case 3

+L e L2

VoS B i el
I

scalability, first the base layer has to be decoded and upconverted before it can be used in the enhance

base layer

<spatial or temporal scalability>
enhancement layer 1
<SNR scalability>

enhancement layer 2

base layer
<SNR scalability>
enhancement layer 1

<spatial or tempgralscalability>

enhancement layer 2

base layer

<spatial or temporal scalability>

enhancement layer 1

<spatial or temporal scalability>

enhancement layer 2

First decode the base layer, then decode the enhancement layer 1, and finally decode enhancement layer 2.

7.12

Output of the decoding process

ent

This subclause describes the output of the theoretical model of the decoding process that decodes bitstreams conforming
to this Specification.

The decoding process input is one or more coded video bitstreams (one for each of the layers). The video layers are
generally multiplexed by the means of a system stream that also contains timing information.

110
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The output of the decoding process is a series of fields or frames that are normally the input of a display process. The
order in which fields or frames are output by the decoding process is called the display order, and may be different from
the coded order (when B-pictures are used). The display process is responsible for the action of displaying the decoded
fields or frames on a display device. If the display device cannot display at the frame rate indicated in the bitstream, the
display process may perform frame rate conversion. This Specification does not describe a theoretical model of display
process nor the operation of the display process.

Since some of the syntax elements, such as progressive_frame, may be needed by the display process, in this theoretical
model of the decoding process, all the syntactic elements that are decoded by the decoding process are output by the
decoding process and may be accessed by the display process.

When the progressive sequence is decoded (progressive_sequence is equal to 1), the luminance and chronjinance
samjples of the reconstructed frames are output by decoding process in the form of progressive frames and the output rate
is the frame rate. Figure 7-18 illustrates this in the case of chroma_format equals to 4:2:0.

XO% XOX XOX XOX
XOX XOX.. XOX XOX
XOX XOX XOX XOX

XOX XOX XOX7XOX

Frame period l T1516260-94/d33

= 1/frame_rate

Figure 7-18 — progressive_sequence ==

The same reconstructed frame is output one time if repeat_first_field is equal to 0, and two or three consecutive times if
repeat_first_field is equal to 1, depending on the value of top_field_first. Figure 7-19 illustrates this in the case of
chroma_format equals to 4:2:0 and repeat_first_field equals 1.
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Frame period
= 1/frame_rate

1

XOX XOX KOX XOX

When decoding an interlaced sequence (progressive_sequence.is equal to 0), the luminance samples of the reconstru
frames| are output by the decoding process in the form<of interlaced fields at a rate that is twice the frame 1

Figure [7-20 illustrates this.

X X XX

top_field_first

XOX XOX KOX XOX

|
A{
|

X X X

X

XOX XOX KOX XOX

X X X X

XOX XOX KOX XOX

XOX XOX KOX XOX

X X X X

XOX XOX KOX XOX
XOX XOX KOX XOX

T1516270-94/d34

Figure 7-19 - progressive_sequence == 1, repeat first_field =1

X X X X

ted
ate.

Field period —W

— X
—f><>< X

Frame period

=1/frame_rate

T1516280-94/d35

Figure 7-20 - progressive_sequence ==
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It is a requirement on the bitstream that the fields at the output of the decoding process shall always be alternately top
and bottom (note that the very first field of a sequence may be either top or bottom).

If the reconstructed frame is interlaced (progressive_frame is equal to 0), the luminance samples and chrominance
samples are output by the decoding process in the form of two consecutive fields. The first field output by the decoding
process is the top field or the bottom field of the reconstructed frame, depending on the value of top_field_first.

Although all the samples of progressive frames represent the same instant in time, all the samples are not output at the
same time by the decoding process when the sequence is interlaced.

If the reconstructed frame is progressive (progressive_frame is equal to 1), the luminance samples are output by the
decoding process in the form of two or three consecutive fields, depending on the value of repeat_first_field.

NOTE - The information that these fields originate from the same progressive frame in the bitstream is conveyed to the
dispfay process:

All jof the chrominance samples of the reconstructed progressive frame are output by the decoding process;ab the same
tim¢ as the first field of luminance samples. This is illustrated in Figures 7-21 and 7-22.

X X %
@)

X X

OX OX OX OX
X

XO X0Ou. XO XO
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O
>< T1516290-94/d36
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1

progressive_frame: 0

Figure 7-21 — progressive_sequence == ( with 4:2:0 chrominance
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Figure 7-22 — progressive_sequence == 0 with 4:2:2 or 4:4:4 chrominance
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8 Profiles and levels

NOTE - In this Specification the word “profile” is used as defined below. 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.

Profiles and levels provide a means of defining subsets of the syntax and semantics of this Specification and thereby

the

decoder capabilities required to decode a particular bitstream. A profile is a defined subset of the entire bitstream syntax
that is defined by this Specification. A level is a defined set of constraints imposed on parameters in the bitstream.

Conformance tests will be carried out against defined profiles at defined levels.

The purpose of defining conformance points in the form of profiles and levels is+to facilitate bitstream interchange
among different applications. Implementers of this Specification are encouraged to produce decoders and bitstreams
which correspond to those defined conformance regions. The discretely defined profiles and levels are the means of

bitstredm 1nterchange between applications of this Specification.

In this flause the constrained parts of the defined profiles and levels are described. All syntactic elements and(parameter

values which are not explicitly constrained may take any of the possible values that are allowed by this Specificatior).

In

general, a decoder shall be deemed to be conformant to a given profile at a glven level if it is able to preperly decod¢ all

allowedl values of all syntactic elements as specified by that profile at that level. One exception to this. rule exists in

case off a Simple profile Main level decoder, which must also be able to decode Main profile, Low-level bitstreams.

bitstregm shall be deemed to be conformant if it does not exceed the allowed range of allowed values and does
includd disallowed syntactic elements.

the
A
not

Attentipn is drawn to 5.4 which defines the convention for specifying a range of numbers. This is used throughoyt to

specify] the range of values and parameters.

The profile_and_level_indication in the sequence_extension indicates the profile and level to which the bitstrgam

compligs. The meaning of the bits in this parameter is defined in Table 8-1.

Table 8-1 — Meaning of bits in profile “and_level_indication

Bits Field Size (bits) ' Meaning
[7:7] 1 Escape bit\* .

[6:4] 3 Profile-identification

[3:0] 4 Ievel identification

Table $-2 specifies the profile(identification codes and Table 8-3 the level identification codes. When the escapd

bit

equals [zero a profile with a“mumerically larger identification value will be a subset of a profile with a numericglly

smaller identification value.” Similarly, whenever the escape bit equals zero, a level with a numerically la
identification value will'bg a subset of a level with a numerically smaller identification value.

Table 8-2 — Profile identification

Profile identification Profile
110to 111 (Reserved)
101 Simple
100 Main
011 SNR Scalable
010 Spatially Scalable
001 High
000 (Reserved)
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Table 8-3 — Level identification

Level identification Level

1011 to 1111 (Reserved)
1010 Low

1001 (Reserved)
1000 Main

0111 (Reserved)
0110 "High 1440

6161 {Reserved)
0100 High

0000 to 0011 (Reserved)

Taple 8-4 describes profiles and levels when the escape bit equals 1. For these profiles and levels there is no|implied
higrarchy from the assignment of profile_and_level_indication and profiles and(leéyels are not necessarily sybsets of

others.

Atfention is drawn to Annex E, which describes in detail those parts of ISO/IEC 13818-2 that are used for a give

angl level.

Table 8-4 — Escape profile_and. level_indication identification

profile_and_level_indication

Name

10000000 to 11111111

(Reserved)

8.1 ISO/IEC 11172-2 compatibility

ISP/IEC 11172-2y%“constrained parameter” bitstreams shall be decodable by Simple, Main, SNR Scalable,

) profile

Spatially

Sdalable and High profile decoders at all levels. When a bitstream conforming to ISO/IEC 11172-2 copstrained
parameter cdding is generated, the constrained_parameters_flag shall be set.

D

Adlditionally Simple, Main, SNR Scalable, Spatially Scalable and High profile decoders shall be able tq
pictures-only bitstreams of ISO/IEC 11172-2 which are within the level constraints of the decoder.

decode

8.2 Relationship between defined profiles

The Simple, Main, SNR Scalable, Spatially Scalable and High profiles have a hierarchical relationship. Therefore the
syntax supported by a ‘higher’ profile includes all the syntactic elements of ‘lower’ profiles (e.g. for a given level, a
Main profile decoder shall be able to decode a bitstream conforming to Simple profile restrictions). For a given profile,

the same syntax set is supported regardless of level. The order of hierarchy is given in Table 8-2.

The syntactic differences between constraints of profiles are given in Table 8-5. This table describes the limits which
apply to a bitstream. Note that a Simple Profile conformant decoder must be able to fully decode both Simple profile,

Main level and Main profile, Low level bitstreams.
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Table 8-5 — Syntactic constraints of profiles

Profile
Syntactic Element Simple Main SNR Spatial High
chroma_format 4:2:0 4:2:0 4:2:0 4:2:0 4:2:2 or
4:2:0
frame_rate_extension_n 0 0 0 0
frame_rate_extension_d 0 0 0 0
aspect_ratio_information 0001, 0010, | 0001, 0010, | 0001,0010, | 0001,0010, | 0001, 0010,
0011 0011 0011 0011 0011
picfure_coding_type LP ILP,B LP,B ILP,B ILP,B
reqeat_first_ﬁeld Constrained Unconstrained
se*ence_scalable_extension() No No Yes Yes Yes
scajable_mode - - SNR SNR or SNR or
Spatial Spatial
picture_spatial_scalable_extension() No No No Yes Yes
intfa_dc_precision 8,9,10 8,9,10 8,9,10 8.9, 10 8,9,10, 11
Slige structure Restricted
(6.1.2.2)

For all |defined profiles, there is a semantic restriction on the bitstream that all of the data for a macroblock shall
represefited with not more than the number of bits indicated>by Table 8-6. However, a maximum of two macroblock

each hdrizontal row of macroblocks may exceed this limifation.

Table 8-6.— Maximum number of bits in a macroblock

chroma_format

Maximum number of bits

4:2:0
4:2:2
4:4:4

4608
6144
9216

be
in

In this context a macroblock is deemed to start with the first bit of the macroblock_address_increment (or
macroblock_escape, if any) and continues until the last bit of the “End of block” symbol of the last coded block (or the
last bit of the coded_block_pattern() if there are no coded blocks)macroblock() syntactic structure. The bits required to
represent any slice() that precedes (or follows) the macroblock are not counted as part of the macroblock.

The High profile is also distinguished by having different constraints on luminance sample rate, maximum bit rate, and

VBY buffer size. Refer to Tables 8-12, 8-13 and 8-14.

Decoders that are Simple profile @ Main level compliant shall be capable of decoding Main profile @ Low level

bitstreams.
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The use of repeat_first_field in Simple and Main profile bitstreams is constrained as specified in Table 8-7.

Table 8-7 — Constraints on use of repeat_first_field for Simple and Main Profiles

Repeat_first_field

frame_rate_code

frame_rate_value

progressive_
sequence==0

progressive_
sequence==1

0000 Forbidden
0001 24 000 + 1001 (23,976...) 0 0
0010 24 0 0
0011 25 Oorl 0
0100 30 000 = 1001 (29,97...) Oorl 0
0101 30 Oorl 0
0110 50 Oorl 0
0111 60 000 + 1001 (59,94...) Oorl Oorl
1000 60 Oor1l Oorl
Reserved
1111 Reserved

Additional constraints exist for Main'\profile @ Main level and Simple profile @ Main level only:

D if yertical_size > 480 lines frame_rate shall be “25Hz”

. if (vertical_size~> 480 lines) or (frame_rate is “25Hz”) then if picture_coding_type =[= 011
(i.e. B-picture), repeat_first_field shall be 0.

The High “profile is also distinguished by having different constraints on luminance sample rate, maximum pit rate,

ancr VBYV'buffer size. Refer to Tables 8-12, 8-13 and 8-14.

Decoders that are Simple profile @ Main level compliant shall be capable of decoding Main profile @ Low level

bitstreams.

8.3 Relationship between defined levels

The Low, Main, High-1440 and High levels have a hierarchical relationship. Therefore the parameter constraints of a
‘higher’ level equal or exceed the constraints of ‘lower’ levels (e.g. for a given profile, a Main level decoder shall be
able to decode a bitstream conforming to Low level restrictions). The order of hierarchy is given in Table 8-3.
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The different parameter constraints for levels are given in Table 8-8.

Table 8-8 — Parameter constraints for levels

Level
Syntactic Element Low Main High- 1440 High
f_code[0][0] (forward horizontal ) [1:7] [1:8] [1:9] [1:9]
f_code[1][0]» (backward horizontal) [1.7] [1:8] [1:9] [1-9]
Frame picture
f_code[0][1] (forward vertical) [1:4] [1:5] [1:5] [1:5]
f_code[1][1]® (backward vertical ) [1:4] [1:5] [1:5] [1:5]
Vertical vector range® [-64:63,5] | [-128:127,5] | [-128:127,5] | [-128:127.5)
Field picture
f_code[0][1] (forward vertical) [1:3] [1:4] [1:4] [1:4]
f_code[1][1]® (backward vertical ) [1:3] [1:4] [1:41 [1:4]
Vertical vector range® [-32:31,5] | [-64:63,5] | [-6463,5] | [-64:63,5]
frame_rate_code [1:5] [1:5] [1:8] [1:8]
Sample Density Table 8-11
Luminance Sample Rate Table 8-12
Maximum Bit Rate Table 8-13
Buffer Size Table 8-14
a) For Simple profile bitstreams which do not include B-pictures, f_code[1][0] and f_code[1][1] shall
be set to 15 (not used).
b) This restriction applies to the final reconstructed motion vector. In the case of dual prime motion
vectors it applies before scaling is performed, after scaling is performed and after the small
differential motion vector has been added.

8.4 Scalable layers

The SNR Scalabl€, Spatial Scalable and High profiles may use more than one bitstream to code the image. Thgse
differen{ bitstreams represent layers of coding, which when combined create a higher quality image than that obtainable
from ong layertalone (see Annex D). The maximum number of layers for a given profile is specified in Table 8-9. The
scalable|layers are named according to Table 7-31. The syntactic and parameter constraints for these profile / leyel
combinafions when coded using the maximum permitted number of layers are given in Tables 8-11, 8-12, 8-13 and 8-14.
When the number of layers is less than the maximum permitted, reference should also be made to Tables E.21 to E.46 as
appropriate.

It should be noted that the base layer of an SNR Scalable profile bitstream can always be decoded by a Main profile
decoder of equivalent level. Conversely, a Main profile bitstream shall be decodable by an SNR profile decoder of
equivalent level.
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Table 8-9 — Upper bounds for scalable layers in SNR Scalable, Spatially Scalable
and High profiles

Profile

Level Maximum Number of SNR Spatial High

High All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers

—— )

High-1440 All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers 1

._.
—_—

Main All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers

—_ O N
—_—

Low All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers

—OoN

Taple 8-10 is a summary of the permitted combinations, and is subje€t/to’the following rules:

—  SNR Scalable profile — maximum of 2 layers; Spatially Scalable & High profile — maximum of B layers.
(See Table 8-9.)

—  Only one SNR and one Spatial scale allowed in 3-layer combinations, either SNR/Spatial or Spafia/SNR
order is permitted. (See Table 8-9.)

—  Adding 4:2:2 chroma formatto.a 4:2:0 lower layer is considered an SNRpermitted for either |SNR or
Spatial scale.

— A 4:2:0layer is not permitted if the lower layer is 4:2:2. (See 7.7.3.3.)
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Table 8-10 — Permissible layer combinations

Scalable mode Profile/level of simplest
base layer decoder
Profile Base layer Enhancement layer 1 Enhancement layer 2 (level reference top layer) ¥
SNR 4:2:0 SNR, 4:2:0 - MP @same level
Spatial 4:2:0 SNR, 4:2:0 - MP@same level
Spatial 4:2:0 Spatial, 4:2:0 - MP@(level - 1)
Spatial 4:2:0 SNR, 4:2:0 Spatial, 4:2:0 MP@(level - 1)
Spatial 4:2:0 Spatial, 4:2:0 SNR, 4:2:0 MP@(level — 1)
High 4:2:0 - - HP@same level
High 4:2:2 - - HP@same level
High 4:2:0 SNR, 4:2:0 - HP@same level
High 4:2:0 SNR, 4:2:2 - HP@samelevel
High 4:2:2 SNR, 4:2:2 - HP@3same level
High 4:2:0 Spatial, 4:2:0 - HP@(level - 1)
High 4:2:0 Spatial, 4:2:2 - HP@(level - 1)
High 4:2:2 Spatial, 4:2:2 - HP@(level — 1) V)
High 4:2:0 SNR, 4:2:0 Spatial, 4:2:0 HP@(level — 1)
High 4:2:0 SNR, 4:2:0 Spatial, 4:2:2 HP@(level - 1)
High 4:2:0 SNR, 4:2:2 Spatialy4:2:2 HP@(level - 1) b)
High 4:2:2 SNR, 4:2:2 Spatial, 4:2:2 HP@(level - 1) ®
High 4:2:0 Spatial, 4:2:0 SNR, 4:2:0 HP@(level - 1)
High 4:2:0 Spatial, 4:2:0 SNR, 4:2:2 HP@(level - 1)
High 4:2:0 Spatial, 4:2:2 SNR, 4:2:2 HP@(level - 1)
High 4:2:2 Spatial, 4:2:2 SNR, 4:2:2 HP@(level — 1) ®
2) The simplest compliant decoder to decode .the ‘base layer is specified, assuming that bitstream may contain any
syntax and parameter value permitted for the stated profile @ level, except scalability. Note that for High profile @
Main level spatially scaled bitstreams, HP"@ (level — 1)’ becomes ‘MP @ (level - 1)’. In the event that a base layer
bitstream uses fewer syntactic elements or a reduced parameter range than permitted, profile_and_level_indication
may indicate a ‘simpler’ profile @ Jevel.
b) Note that 4:2:2 chroma fopmat/is not supported as a lower spatial layer of High profile @ Main level (see
Table 8-12).
Details |of the «différent parameter limits that may be applied in each layer of a bitstream and the correspond
approprjate profile_and_level_indication that should be used are given in Tables E.20 to E.45.
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8.5 Parameter values for defined profiles, levels and layers

See Table 8-11.

Table 8-11 — Upper bounds for sampling density

Spatial Profile
Level resolution
layer Simple Main SNR Spatial High
High Enhancement | Samples/line 1920 1920
Lines/frame 1152 1152
Frames/s 60 6p
Lower Samples/line 940
Lines/frame - 576
Frames/s 3p
High-1440 Enhancement | Samples/line 1440 1440 1440
Lines/frame 1152 1152 11p2
Frames/s 60 60 60
Lower Samples/line 720 720
Lines/frame - 576 576
Frames/s 30 3
Mdin Enhancement | Samples/line 720 720 720 720
Lines/frame 576 576 576 576
Frames/s 30 30 30 3
Lower Samples/line 352
Lines/frame - = - 288
Frames/s 30
Low Enhancement | Samples/line 352 352
Lines/frame 288 288
Frames/s 30 30
Lower Samples/line
Lines/frame - -
Frames/s
NQTE - In the case of single layer or SNR s€aled coding, the limits specified by ‘Enhancement layer’ apply.
The|syntactic elements(referenced by this table are as follows:
—  sample§/line: horizontal_size;
— _lines/frame: vertical_size;
-\ frames/sec: frame_rate.
The|upper bound for frame_rate is the same for both progressive_sequence == 0 and progressive_sequence == 1.
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Table 8-12 ~ Upper bounds for luminance sample rate (samples/s)

Spatial Profile
resolution
Level layer Simple Main SNR Spatial High
High Enhancement 62 668 800 62 668 800 (4:2:2)
83 558 400 (4:2:0)
Lower - 14 745 600 (4:2:2)
19 660 800 (4:2:0)
High-1440 Enhancement 47 001 600 47 001 600 47 001 600 (4:2:2)
62 668 800 (4:2:0)
Lower - 10 368 000 11 059 200 (4:2:2),
14 745 600 (4:2:0)
Main Enhancement 10 368 000 10 368 000 10 368 000 11 059 200 (4:2:2)
14 745 600 (4:2:0)
Lower - - - -
3041 280 (4:2:0)
Lpw Enhancement 3041280 3041 280
Lower - -
NOTE - In the case of single layer or SNR scaled coding, the limits specified by ‘Enhancement layer’ apply.

The lumninance sample rate P is defined as follows:
—  For progressive_sequence == 1:

P = (16 * ((horizontal_size + 13) /16)) x (16 * ((vertical_size + 15) / 16)) x frame_rate
—  For progressive_sequence ==0:

P = (16 * ((horizontal\size + 15) / 16)) x (32 * ((vertical_size + 31) / 32)) X frame_rate
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Table 8-13 — Upper bounds for bit rates (Mbit/s)
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Profile
Level Simple Main SNR Spatial High
High 100 all layers
80 80 middle + base layer
25 base layer
High-1440 60 all layers 80 all layers
60 40 middle + base layers 60 middle + base layers
15 base layer 20 base layer
Main = 20 all fayers
15 15 both layers 15 middle + base laye:
10 base layer 4 base layet
Low -
4 both layers
3 base layer
NOTES
1 This table defines the maximum rate of operation of the VBV for a coded bitstream of the ‘given profile and level.

This rate is indicated by bit_rate (see 6.3.3).

2 This table defines the maximum permissible data rate for all layers up to and including the stated layer. For multi-
layer coding applications, the data rate apportioned between layers is constrained only by the maximum rate permitted for a
given layer as stated in this table.

3 1 Mbit = 1 000 000 bits

Table 8-14 — VBV Biiffer size requirements (bits)

Profile
. Layer Simple Main SNR Spatial High
High Enhancement:2 12222 464
Enhancement 1 9 781 248
Base 9781 248 3047 424
High-1440 | Ephancement 2 7 340 032 9 781 248
Enhancement 1 4 882 432 7 340 032
Base 7 340 032 1835 008 2441216
Main Enhancement 2 - 2441 216
Enhancement 1 1835 008 1 835 008
Base 1835008 1 835008 1212416 475 136
Bow Enhancement 2 -
Enhancement 1 475 136
Base 475 136 360 448
NOTES
1 The buffer size is calculated to be proportional to the maximum allowable bit rate, rounded down to the
nearest multiple of 16 x 1024 bits. The reference value for scaling is the Main profile, Main level buffer size.
2 This table defines the total decoder buffer size required to decode all layers up to and including the
stated layer. For multi-layer coding applications, the allocation of buffer memory between layers is
constrained only by the maximum size permitted for a given layer as stated in this table.
3 The syntactic element corresponding to this table is vbv_buffer_size (see 6.3.3).

ITU-T Rec. H.262 (1995 E)

123


https://standardsiso.com/api/?name=5cb5b84201fdd41802e36153b5f9c175

ISO/IEC 13818-2:1996(E)

contain

values

124

Table 8-15 — Forward compatibility between different profiles and levels

Decoder
Profile & Level HP | HP | HP | Spatial | SNR | SNR | MP | MP | MP | MP | sP
dication | @ | @ | @ @ @ | e | e | e | e | e | e
HL | H14 | ML | H14 | ML | LL | HL | Ha4 | ML | LL | ML
HP@HL X
HP@H-14 X X
HP@ML X X | x
Spatial@H-14 X X X
sirR emL X X X X X
SNR @LL X X | x X X X
MP@HL X X
MP@H-14 X X X X X
MpeML X X | x X X X X X
MP@LL X X X X X X | x X X x | x»
sp@ML X X | x X X X X X X
1$O/IEC 11172 X X | x X X | x | x | % X X X

X indicates the decoder shall be able to decode the bitstream including all relevant lower layers.

a Note that SP @ ML decoders are required to decode MP @ LL bitstreams.

NOTE - For Profiles and Levels which obey a hierarchical structure, it is recommended that each layer of the bitst
the profile_and_level_indication of the “simplest” decoder which is capable of successfully decoding that layer of
bitstrean. In the case where the profile_and_level_indication Escape, bit == 0, this will be the numerically largest of the possible
f profile_and_level_indication.
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Annex A

Discrete cosine transform
(This annex forms an integral part of this Recommendation | International Standard)

The N x N two dimensional DCT is defined as:

N-1 N-1
2 2x + Dur 2y + Dve
F(u,v) = % C)C) X, D, f(x, y)cos N C0s o
x=0 y=0
with uv,Xx,y=0,1,2,... N-1
whgre X, y are spatial coordinates in the sample domain

Thd

The
repl

The
Inv

peri
bef
exc
indi

IDC
W
errg

are coordinates in the transform domain

1
—+— foruv =20

C(w), C(v) = 2

1  otherwise

inverse DCT (IDCT) is defined as:

N-1 N-1
2 2x+ Dun 2y + Dvr
fix,y) = N Z Z C(u)C(v)F(u, v)cos N cos N
u=0 v=0

input to the forward transform and output from the inverse transform is represented with 9 bits. The coeffici
resented in 12 bits. The dynamic range of the DCT coefficients is [-2048: +2047].

N X N inverse discrete transform shalleonform to IEEE Standard Specification for the Implementations o
brse Discrete Cosine Transform, Standard 1180-1990, December 6, 1990.

NOTES

pdic intra-picture coding in-erdeér to control the accumulation of mismatch errors. Every macroblock is required to be r
re it is coded 132 times_ as’predictive macroblocks. Macroblocks in B-pictures (and skipped macroblocks in P-picty
uded from the counting -because they do not lead to the accumulation of mismatch errors. This requirement is the
cated in 1180-1990-f0rvisual telephony according to Recommendation H.261.

2 Whilstthe IEEE IDCT Standard mentioned above is a necessary condition for the satisfactory implementatid
T function it should be understood that this is not sufficient. In particular, attention is drawn to the following sentence fi
here arithmetic precision is not specified, such as the calculation of the IDCT, the precision shall be sufficient so that sig
rs do not'occur in the final integer values.”

ents are

f8x8

1 Clause 2.3 Standard ,1180-1990 “Considerations of Specifying IDCT Mismatch Errors” requires the specifidation of

tfreshed
res) are
same as

n of the
om 5.4:
rnificant
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B.1 Macroblock addressing
See Table B.1.
Table B.1 — Variable length codes for macroblock_address increment
macroblock_address_ I t val macroblock_address_ I t val
increment VLC code ncrement value increment VLC code nerement value
1 1 0000 0101 01 18
011 2 0000 0101 00 19
010 3 0000 0100 11 20
0011 4 0000 0100 10 21
0010 5 0000 0100 011 22
0001 1 6 0000 0100 010 23
0001 0 7 0000 0100 001 24
0000 111 8 0000 0100 000. 25
0000 110 9 0000 0011~M.1 26
0000 1011 10 0000 00117110 27
0000 1010 11 0000,0011 101 28
0000 1001 12 0000 0011 100 29
0000 1000 13 0000 0011 011 30
0000 0111 14 0000 0011 010 31
00000110 15 0000 0011 001 32
0000 0101 11 I6 0000 0011 000 33
0000 0101 10 17 0000 0001 000 macroblock_escape
NOTE - The,“macroblock stuffing” entry that is available in ISO/IEC11172-2 is not available in this Specification.
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B.2 Macroblock type

ISO/IEC 13818-2:1996(E)

The properties of the macroblock are determined by the macroblock type VLC according to Tables B.2 to B.8.

Table B.2 - Variable length codes for macroblock_type in I-pictures

macroblock_type VLC code

macroblock_quant

macroblock_meotion_forward

macroblock_motion_backward

macroblock_pattern

macroblock_intra

spatial_temporal_weight_code_flag

permitted spatial_temporal_weight_classes

Description
1 ojofofofj1]0 Intra 0
01 11000110 Intra, Quant 0

Table B.3 — Variable length-codes for macroblock_type in P-pictures

macroblock_type VLC code

macroblock_quant

macroblock_motion_forward

macroblock_motion_backward

macroblock_pattern

macroblock_intra

spatial_temporal_weight_code_flag

permitted spatial_temporal_weight_classes

Description
1 ol1]0}]1]07})0 MC, Coded 0
[ OJO0O1TOTTTO}O No MC, Coded 0
001 of1f{ofofofo MC, Not Coded 0
0001 1 010]0]0]1]0 Intra 0
00010 1]1]0[1[0fO MC, Coded, Quant 0
0000 1 l11]o0ofO0Oj1]01}]0 No MC, Coded, Quant 0
0000 01 I1jfofojJoj1|o0 Intra, Quant 0
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Table B.4 — Variable length codes for macroblock_type in B-pictures

macroblock_type VLC code

macroblock_quant

macroblock_motion_forward

macroblock_motion_backward
macroblock_pattern
macroblock_intra
spatial_temporal_weight_code_flag
permitted spatial_temporal_weight_classes
Description
10 011 1101010 Interp, Not Coded 0
11 ofrfrfrfofo Interp, Coded 0
010 ofofryfojofo Bwd, Not Coded 0
011 ojoflt1f{1]0f|O Bwd, Coded 0
0010 of1|{ofofofo Fwd, Not Coded 0
0011 oj1fo0j1]10]0O0 Fwd, Coded 0
0001 1 ofofofofl11]o Intra 0
0001 0 1{1}1}11{0]0 Interp, Coded, Quant 0
0000 11 11110111010 Fwd, Ceded, Quant 0
0000 10 110|110} 0 Bwd, Coded, Quant 0
0000 01 1{0)J0]JO0Oj11{0O Intra, Quant 0

Table B.5 — Variable length codes for macroblock_type in I-pictures with spatial scalability

macroblock_type VLC ¢ode

thacroblock_quant

macroblock_motion_forward

macroblock_motion_backward

macroblock_pattern

macroblock_intra

spatial_temporal_weight_code_flag

Description
1 0]0j0(1]0]0 Coded, Compatible 4
01 110(0]1}0/{0O Coded, Compatible, Quant 4
0011 0jojofo|1]0 Intra 0
0010 110j]0fo0|1]0 Intra, Quant 0
0001 ojojolof[O0]0O Not Coded, Compatible 4
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Table B.6 — Variable length codes for macroblock_type in P-pictures with spatial scalability

macroblock_type VLC code
macroblock_quant
macroblock_motion_forward
macroblock_motion_backward
macroblock_pattern
macroblock_intra
spatial_temporal_weight_code_flag
permitted spatial_temporal_weight_classes
Description

10 ofrjofrfoyfo MC, Coded 0
011 oOj1}J]0f1]0]|1 MC, Coded, Compatible 1,2,3
0000 100 ojojofrjofo No MC, Coded 0
0001 11 0j0]J0f[1]0{1 No MC, Coded, Compatible 1,2,3
0010 ofryofofofo MC, Not Coded 0
0000 111 ofojojoj1f|o Intra 0
0011 ofr|loflofjo|1 MC, Not coded, Cemmpatible 1,2,3
010 1f1rjo0fl1|1o0}o MC, Coded,-Quant 0
0001 00 1fo0jo|l1]0}0 No M€,‘Coded, Quant 0
0000 110 1fojofof1¢to Intra, Quant 0
11 1|11 {0f[1}]0¢{1 MG, Coded, Compatible, Quant 1,23
0001 01 1{0jO0|1]0]1 No'MC, Coded, Compatible,Quant 1,23
0001 10 01]0]0]0]0]1 No MC, Not Coded, Compatible 1,23
0000 101 0100 1] 0O Coded, Compatible 4
0000 010 1]1]0[0[ 140 (O Coded, Compatible, Quant 4
0000 011 0[0]|0.f0J0fO0 Not Coded, Compatible 4
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Table B.7 — Variable length codes for macroblock_type in B-pictures with spatial scalability

macroblock_type VLC code
macroblock_quant
macroblock_motion_forward
macroblock_motion_backward
macroblock_pattern
macroblock_intra
spatial_temporal_weight_code_flag
permitted spatial_temporal_weight_classes
Description

10 0Oj1]1{0]107(0 Interp, Not coded 0
11 ofrf{rf{rfyojo Interp, Coded 0
010 oOojoj1fojofo Back, Not coded 0
011 ojofl1f{1]10f{O0 Back, Coded 0
0010 oO|j1j0(0]0¢}O For, Not coded 0
0011 011]1]011]01]0 For, Coded 0
0001 10 ofofr1|oO0fOfT1 Back, Not Coded, Conipatible 1,23
0001 11 oOjo|J1f{1]0]|1 Back, Coded, Compatible 1,2,3
0001 00 0)1]1]1]010]01]1 For, Not Coded, Compatible 1,23
0001 01 Ol1]0]11]0]1 For, Céded, Compatible 1,23
0000 110 ojojojoj1f{o Intra 0
0000 111 I{1]1{1}10(0 Interp, Coded, Quant 0
0000 100 1 1{0f(1]0fO For, Coded, Quant 0
0000 101 1]1]0]1 1[0} O0 Back, Coded, Quant 0
0000 0100 1{0]0]0]| L0 Intra, Quant 0
0000 0101 1110} 1 NO |1 For, Coded, Compatible, Quant 1,2,3
000001100 rjoj1qorjogl Back, Coded, Compatible, Quant 1,2,3
00000111 0 0{0NO O[O} O Not Coded, Compatible 4
00000110 1 10011010 Coded, Compatible, Quant 4
00000111 1 010]011[{0}]0O Coded, Compatible 4
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Table B.8 — Variable length codes for macroblock_type in I-pictures, P-pictures and
B-pictures with SNR scalability

macroblock_type VLC code

macroblock_quant

macroblock_motion_forward

macroblock_motion_backward

macroblock_pattern

macroblock_intra

spatial_temporal_weight_code_flag

permitted spatial_temporal_weight_classes
Description
1 ofojof1j0f{oO Coded 0
01 l1fojoftryofo Coded, Quant 0
001 0jojJofojofoO Not Coded 0

NOTE - There is no differentiation between picture types, since macroblocks are progessed identically in
I-, P- and B-pictures. The “Not coded” type is needed, since skipped macroblogks“afe not allowed at
beginning and end of a slice.
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B.3 Macroblock pattern

See Table B.9.

Table B.9 — Variable length codes for coded_block_pattern

coded_block_pattern coded_block_pattern

VLC code cbp VLC code cbp
111 60 0001 1100 35
1101 4 0001 1011 13
1100 8 0001 1010 49
1011 16 0001 1001 21
1010 32 0001 1000 41
1001 1 12 0001 0111 14
1001 0 48 0001 0110 50
1000 1 20 0001 0101 22
1000 0 40 0001 0100 42
01111 28 0001 0011 15
01110 44 0001 0010 51
01101 52 0001 0001 23
01100 56 0001 0000 43
0101 1 1 0000 1111 25
01010 61 0000,1110 37
01001 2 0000 1161 26
01000 62 0000 1100 38
0011 11 24 0000 1011 29
0011 10 36 0000 1010 45
0011 01 3 0000 1001 53
0011 00 63 0000 1000 57
0010 111 5 0000 0111 30
0010110 9 0000 0110 46
0010 101 17 0000 0101 54
0010 100 33 0000 0100 58
0010011 6 0000 0011 1 31
0010010 10 00000011 0 47
0010 001 18 0000 0010 1 55
0010 000 34 0000 0010 0 59
0001 1111 7 0000 0001 1 27
0001 1110 11 0000 0001 O 39
0001 1101 19 0000 0000 1 0 (Note)
NOTE - This entry shall not be used with 4:2:0 chrominance structure.
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B.4 Motion vectors

See Tables B.10 and B.11.
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Table B.10 — Variable length codes for motion_code

Variable length code motion_code[r][s][t]
0000 0011 001 -16
0000 0011 011 -15
0000 0011 101 -14
0000 0011 111 -13
0000 0100 001 -12
0000 0100 011 -11
0000 0100 11 -10
0000 0101 01 -9
0000 0101 11 -8
00000111 -7
0000 1001 -6
0000 1011 25
0000 111 -4
0001 1 -3
0011 -2
011 -1
1 0
010 1
0010 2
0001 0 3
0000 110 4
0000 1010 5
0000 1000 6
0000 0110 7
0000 0101 10 8
0000 0101 00 9
0000 0100 10 10
0000 0100 010 11
0000 0100 000 12
0000 0011 110 13
0000 0011 100 14
0000 0011 010 15
0000 0011 000 16
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B.S

Table B.11 — Variable length codes for dmvector[t]

Code Value
11 -1
0 0
10 1

DCT coefficients

See Tabjes B.12 to B.16.

134

Table B.12 — Variable length codes for dct_dc_size_luminance

Variable length code dct_dc_size_luminance
100 0
00 1
01 2
101 3
110 4
1110 5
11110 6
1111 10 7
1111110 8
11111110 9
111111110 10
111111111 11

Table B.13=\Variable length codes for dct_dc_size_chrominance

Variable length code dct_dc_size_chrominance
00 0
01 1
10 2
110 3
1110 4
ITIT 0 p)
111110 6
1111110 7
11111110 8
111111110 9
1111111110 10
111t 1t 11
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Table B.14 - DCT coefficients Table zero

Variable length code (Note 1) Run Level

10 (Note 2) End of Block

1 s (Note 3) 0 1
11 s (Note 4) 0 1
011s 1 1
0100 s 0 2
0101 s 2 1
0610+ Y 3
0011 1s 3 1
0011 0s 4 1
0001 10's 1 2
0001 11s 5 1
0001 01 s 6 1
0001 00 s 7 1
0000 110's 0 4
0000 100 s 2 2
0000 111 s 8 1
0000 101 s 9 1
0000 01 Escape

00100110 s 0 5
0010 0001 s 0 6
00100101 s 1 3
00100100 s 3 2
00100111 s 10 1
00100011 s 11 1
00100010 s 12 1
0010 0000 s 13 1
0000 0010 10 0 7
0000 0011 0Q’s 1 4
0000 0010, s 2 3
00000011 11's 4 2
0000 0010 01 s 5 2
0000 0011 10's 14 1
0000 0011 01 s 15 1
0000 001000 s 16 ]
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Table B.14 - DCT coefficients Table zero (continued)

Variable length code (Note 1) Run Level
0000 0001 1101 s 0 8
0000 0001 1000 s 0 9
0000 0001 0011 s 0 10
0000 0001 0000 s 0 11
0000 0001 1011 s 1 5
0000 0001 0100 s 2 4
0000 0001 1100 s 3 3
0000 0001 0010 s 4 3
0000 0001 11105 6 2
00000001 0101 s 7 2
0000 00010001 s 8 2
0000 0001 111T's 17 1
0000 0001 1010's 18 1
0000 0001 1001 s 19 1
0000 0001 0111 s 20 1
0000 0001 0110s 21 1
0000 0000 1101 0's 0 12
0000 0000 1100 1 s 0 13
0000 0000 11000 s 0 14
0000 0000 1011 1's 0 15
0000 0000 1011 0's 1 6
0000 0000 1010 1 s 1 7
0000 0000 10100 s 2 5
0000 0000 1001 1s 3 4
0000 0000 1001 0s 5 3
0000 0000 1000 1 s 9 2
0000 0000 10000 's 10 2
00000000 1111 1s 22 I
00000000 1111 0s 23 1
00000000 11101 s 24 1
0000 0000 11100s 25 1
0000 0000 1101 15 26 1
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Table B.14 — DCT coefficients Table zero (continued)

Variable length code (Note 1) Run Level
0000 0000 0111 11 s 0 16
00000000 0111 10 s 0 17
000000000111 01 s 0 18
0000 0000 0111 00 s 0 19
0000 0000 0110 11 s 0 20
0000 0000 0110 10°s 0 21
0000 0000 011001 s 0 22
0000 0000 011000 s 0 23
0000 0000 0101 11 s 0 24
0000 0000 0101 10 s 0 25
0000 0000 0101 01 s 0 26
0000 0000 0101 00 s 0 29
0000 0000 0100 11 s 0 28
0000 0000 0100 10 s 0 29
0000 0000 0100 01 s 0 30
0000 0000 0100 00 s 0 31
0000 0000 0011 000 s 0 32
0000 0000 0010 111 s 0 33
0000 0000 0010 110 s 0 34
0000 0000 0010 101 s 0 35
0000 0000 0010 100 s 0 36
0000 0000 0010 011 s 0 37
0000 0000 0010010 s 0 38
0000 0000 0010 001 s 0 39
0000 0000 0010 000 s 0 40
0000 0000 0011 11}-s 1 8
0000 0000 0011 110's 1 9
0000 0000,0011'101 s 1 10
0000 00000011 100 s 1 11
00006000 0011 011 s 1 12
0000 0000 0011 010 s 1 13
0000 0000 0011 001 s 1 14
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Table B.14 — DCT coefficients Table zero (concluded)

Variable length code (Note 1) Run Level
0000 0000 0001 0011 s 1 15
0000 0000 0001 0010 s 1 16
0000 0000 0001 0001 s 1 17
0000 0000 0001 0000 s 1 18
0000 0000 0001 0100 s 6 3
0000 0000 0001 1010 s 11 2
8666-6600-000+1006+= 12 2
0000 0000 0001 1000 s 13 2
0000 0000 0001 0111 s 14 2
0000 0000 0001 0110 s 15 2
0000 0000 0001 0101 s 16 2
0000 0000 0001 1111 s 27 1
0000 0000 0001 1110 s 28 1
0000 0000 0001 1101 s 29 1
0000 0000 0001 1100 s 30 1
0000 0000 0001 1011 s 31 1
NOTES
1 The last bit ‘s’ denotes the sign of the level: ‘0 for positive, ‘1’ for negative.
2 “End of Block” shall not be tﬁe only code of the bloek:

3 This code shall be used for the first (DC) coefficierit in the block.
4 This code shall be used for all other coefficients.
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Table B.15 - DCT coefficients Table one

Variable length code (Note 1) Run Level

0110 (Note 2) End of Block

10s 0 1
010s 1 1
110s 0 2
00101s 2 1
Ollls 0 3
001l 1ls 3 1
0001 10's 4 1
0011 0s 1 2
0001 11s 5 1
0000 110's 6 1
0000 100 s 7 1
111005 0 4
0000 111s 2 2
0000 101 s 8 1
1111000 9 1
0000 01 Escape

1110 1s 0 5
0001 01 s 0 6
1111001 s 1 3
00100110 s 3 2
1111 010s 10 1
00100001 s 11 1
00100101 s 12 1
00100100 s 13 1
0001 00 s 0 7
00100111s 1 4
1111 1100 s 2 3
1111 110§ 4 2
000000100 s 5 2
000000101 s 14 1
00000011 1s 15 1
00000011 01 s 16 1
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Table B.15 - DCT coefficients Table one (continued)

Variable length code (Note 1) Run Level
1111011s 0 8
1111 100's 0 9
00100011 s 0 10
00100010 s 0 11
0010 0000 s 1 5
00000011 00 s 2 4
0000 0001 1100 s 3 3
0000 0001 0010 s 4 3
0000 0001 1110's 6 2
0000 0001 0101 s 7 2
0000 0001 0001 s 8 2
0000 0001 1111 s 17 1
0000 0001 1010 s 18 1
0000 0001 1001 s 19 1
0000 0001 0111 s 20 1
0000 0001 0110 s 21 1
1111 1010's 0 12
1111 1011 s 0 13
1111 1110s 0 14
11111111 0 15
0000 0000 1011 0's 1 6
0000 0000 1010 1 s 1 7
0000 0000 10100's 2 5
0000 0000 1001 1 s 3 4
0000 0000 1001 0's 5 3
0000 0000 1000 1 s 9 2
0000 0000 1000 0 s 10 2
0000 0000 11115 22 1
0000 0000-11110's 23 1
000020000 1110 1 s 24 1
0000 0000 11100's 25 1
0000 0000 1101 1's 26 1
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Table B.15 — DCT coefficients Table one (continued)

Variable length code (Note 1) Run Level
0000 00000111 115 0 16
000000000111 10 s 0 17
0000 0000 0111 01 s 0 18
0000 0000 0111 00 s 0 19
0000 0000 0110 11 s 0 20
0000 0000 0110 10 s 0 21
0000 0000 011001 s 0 22
0000 0000 011000 s 0 23
0000 0000 0101 11 s 0 24
0000 0000 0101 10 s 0 25
0000 0000 0101 01 s 0 26
0000 0000 0101 00 s 0 27
0000 0000 0100 11 s 0 28
0000 0000 0100 10's 0 29
0000 0000 0100 01 s 0 30
0000 0000 0100 00 s 0 31
0000 0000 0011 000 s 0 32
0000 0000 0010 111 s 0 33
0000 0000 0010 110's 0 34
0000 0000 0010 101 s 0 35
0000 0000 0010 100 s 0 36
0000 0000 0010 011 s 0 37
0000 0000 0010 010 s 0 38
0000 0000 0010 001 s 0 39
0000 0000 0010 000 s 0 40
0000 0000 0011 111-s 1 8
0000 0000 00114110 s 1 9
0000 00000011 101 s 1 10
0000 00000011 100 s 1 11
00000000 0011 011 s 1 12
(000 0000 0011 010 s 1 13
0000 0000 0011 001 s 1 14
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Table B.15 — DCT coefficients Table one (concluded)

Variable length code (Note 1) Run Level
0000 0000 0001 0011 s 1 15
0000 0000 0001 0010 s 1 16
0000 0000 0001 0001 s 1 17
0000 0000 0001 0000 s 1 18
0000 0000 0001 0100 s 6 3
0000 0000 0001 1010 s 11 2
0000 0000 0001 1001 s 12 2
0000 0000 0001 1000 s 13 2
0000 0000 0001 0111 s 14 2
0000 0000 0001 0110 s 15 2
0000 0000 0001 0101 s 16 2
0000 0000 0001 1111 s 27 1
0000 0000 0001 1110 s 28 {
0000 0000 0001 1101 s 29 1
0000 0000 0001 1100 s 30 1
0000 0000 0001 1011 s 31 1
NOTES
1 The last bit ‘s’ denotes the sign of the level: ‘0’ for positive, ‘1’ for negative.
2 “End of Block” shall not be the only code of the block.

Table B.16 — Encoding of run and level following an ESCAPE code

Fixed length code Run Fixed length code signed_level
0000 00 0 1000 0000 0001 -2047
0000 01 1 1000 0000 0010 -2046
0000 10 2

1111 1111 1111 -1

0000 0000 0000 Forbidden

0000 0000 0001 +1
1111 11 63 orrr 1111 1111 +2047
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Annex C

Video buffering verifier
(This annex forms an integral part of this Recommendation | International Standard)

Coded video bitstreams shall meet constraints imposed through a Video Buffering Verifier (VBV) defined in this annex.
Each bitstream in a scalable hierarchy shall not violate the VBV constraints defined in this annex.

The VBV is a hypothetical decoder, which is conceptually connected to the output of an encoder. It has an input buffer
known as the VBV buffer. Coded data is placed in the buffer as defined below in C.3 and is removed from the buffer as
defiped+r-C5; 3 . £ qitred-thuat-a-bitstreat-thatcontormstothrsSpecificatio A osetie VBV
buffer to overflow. When low_delay equals zero, the bitstream shall not cause the VBV buffer to underflo®)| When
low|delay equals one, decoding a picture at the normally expected time might cause the VBV buffer to Gnderflow. If
this lis the case, the picture is not decoded and the VBV buffer is re-examined at a sequence of later times specified in
C.7 pnd C.8 until it is all present in the VBV buffer.

O3 > gieo B A y O a

All the arithmetic in this annex is done with real-values, so that no rounding errors can propagate. For example, the
numpber of bits in the VBV buffer is not necessarily an integer.

C.1 The VBV and the video encoder have the same clock frequency as well ds’the same frame rate, and are
opetated synchronously.

C.2 The VBV buffer is of size B, where B is the vbv_buffer_size coded\in the sequence header and sefjuence
extepsion if present.

C3 This subclause defines the input of data to the VBV buffer. Fio/mutually exclusive cases are defined in C.3.1
and [C.3.2. In both cases the VBV buffer is initially empty. Let Ryax.bé the bitrate specified in the bit_rate field.

C.3{1  In the case where vbv_delay is coded with a value not equal to hexadecimal FFFF, the picture data of the n-th
codgd picture enters the buffer at a rate R(n) where:

R(n) = d*n /(t(n)&<t(n+ 1) +tn+ 1) —t(n) )

Whgre

-  R(n) is the rate, in bits/s,/that the picture data for the n-th coded picture enters the VBV.

- d*n is the number.0f bits after the final bit of the n-th picture start code and before and including the
final bit-of-the (n + 1)-th picture start code.

- t(n) is the decoding delay coded in vbv_delay for the n-th coded picture, measured in seconds

- t(n) Is'the time, measured in seconds, when the n-th coded picture is removed from VBV buffpr. t(n)

1s defined in C.9, C.10, C.11, and C.12.
For the bits preceding the first picture start code and following the final picture start code R(n) = Ry

Aftgr filling-the VBV buffer with all the data that precedes the first picture start code of the sequence and the picture
star{ code-itself, the VBV bulffer is filled from the bitstream for the time specified by the vbv_delay field in the picture

A

head

For all bitstreams R(n) <= Ry« for all picture data.

NOTE - For constant rate video the sequence of values R(n) are constant throughout the sequence to within the accuracy
permitted by the quantisation of vbv_delay.

C.3.2  In the case where vbv_delay is coded with the value hexadecimal FFFF, data enters the VBV buffer as
specified in this subclause.

If the VBV buffer is not full, data enters the buffer at Ry,

If the VBV buffer becomes full after filling at Rmax for some time, no more data enters the buffer until some data is
removed from the buffer.
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After filling the VBV buffer with all the data that precedes the first picture start code of the sequence and the picture
start code itself, the VBV buffer is filled from the bitstream until it is full. At this time decoding begins. The data input
continues at the rate specified in this subclause.

C4 Starting at the time defined in C.3, the VBV buffer is examined at successive times defined in C.9 to C.12. C.5

to C.8 defines the actions to be taken at each time the VBV buffer is examined.

Ccs This subclause defines a requirement on all video bitstreams.

At the time the VBV buffer is examined before removing any picture data, the number of bits in the buffer shall lie
between zero bits and B bits where B is the size of the VBV buffer indicated by vbv_buffer_size.

For the] purpose of this annex, picture data is defined as all the bits of the coded picture, all the header(s) and usér’flata
immedjately preceding it if any (including any stuffing between them) and all the stuffing following it, up, to’\(but|not
includihg) 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.

sequence_header(), sequence_extension(), extension_and_user_data(0),
group_of_pictures_header() and extension_and_user_data(1) and picture_start_code

/

‘ 0 1 [2 I In [n+1 1 | Tt
<4 ——vbyv_delay S T1516310-94/d38

Figure C(1 - VBV Buffer Occupancy — Constant bit-rate operation

C.6 This subclause defines a requirement on the video bitstreams when the low_delay flag is equal to zero.

At each time.the VBV buffer is examined and before any bits are removed, all of the data for the picture which (at|that

time) has“been in the buffer longest shall be present in the VBV buffer. This picture data shall be remqved
instantan€ously at this time.

VBV buffer underflow shall not occur when the low_delay flag is equal to 0. This requires that all picture data for the
n-th picture shall be present in the VBV buffer at the decoding time, t,.

C.7 This subclause only applies when the low_delay flag is equal to one.

When low_delay is equal to one, there may be situations where the VBV buffer shall be re-examined several times
before removing a coded picture from the VBV buffer. It is possible to know if the VBV buffer has to be re-examined
and how many times by looking at the temporal_reference of the next picture (the one that follows the picture currently

to be decoded), see 6.3.10. If the VBV buffer has to be re-examined, the picture currently to be decoded is referred to as
a big picture.
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If picture currently to be decoded is a big picture, the VBV buffer is re-examined at intervals of 2 field-periods before
removing the big picture, and no picture data is removed until the final re-examination.

At this time, the number of bits the VBV buffer immediately before removing the big picture shall be less than B, all the
picture data for the picture that has been in the buffer longest (the big picture) shall be present in the buffer and shall be
removed instantaneously. Then, normal operation of the VBV resumes, and C.5 applies.

The last coded picture of a sequence shall not be a big picture.

C.8 This subclause is informative only.

The situation where the VBV buffer would underflow (see C.7) can happen when low-delay applications transmit
occasionally large pictures, for example in case of scene-cuts

Decpding such bitstreams will cause the display process associated with a decoder to repeat a previously déeodgd field
or frame until normal operation of the VBV can resume. This process is sometimes referred to as the™occ¢urrgnce of
“skipped pictures”. Note that this situation should normally not occur except occasionally. It shall not occuf when
low/|delay is equal to 0.

CYI This subclause defines the time intervals between successive examination of the VBV buffer in the case where
progressive_sequence equals to 1 and low_delay equals to 0. In this case, the frame re-ordering delay always exipts and

B-pjctures can occur.

The[time interval t, 4+ | — t, between two successive examinations of the VBV buffer’is a multiple of T, where T is the
inverse of the frame rate.

If the n-th picture is a B-picture with repeat_first_field equals to 0, then t,$q — t, is equal to T.

If the n-th picture is a B-Picture with repeat_first_field equal to 1.and top_field_first equals 0, then t, ; | — t, i} equal
to 2¢T.

If the n-th picture is a B-Picture with repeat_first_field equal.to 1 and top_field_first equals 1, then t, , | — t, i§ equal
to 3¢T.

If the n-th picture is a P-Picture or I-Picture and if the previous P-Picture or I-Picture has repeat_first_field equil to 0,
then|t, . | —t, is equal to T.

If the n-th picture is a P-Picture or I-Pictur¢.and if the previous P-Picture or I-Picture has repeat_first_field equial to 1
and op_field_first equal to O, then t, , ;— t is equal to 2*T.

If the n-th picture is a P-Picture ¢r I-Picture and if the previous P-Picture or I-Picture has repeat_first_field equil to 1
and ftop_field_first equal to 1, then't, , | —t, is equal to 3*T.

If tyf4 1 — t, cannot be determined with any of the previous paragraphs because the previous P- or I-Picture does n¢t exist
(which can occur at the béginning of a sequence), then the time interval is arbitrary with the following restrictions

The timeinterval between removing one frame (or the first field of a frame) and removing the next frae can
be afbitrarily defined equal to T, 2*T or 3*T. In this case the delivery rate of the data for the first filame is
ambiguous. Therefore the VBV buffer status until after this data has been removed from the VBV buffer may
have more than one value. At least one of the valid choices for the decoding time shall lead to a set of VBV
buffer states that meet the requirements of this annex on overflow and underflow. If the bitstr¢am is
multiplexed as part of a systems bitstream according to ITU-T Rec. H.220.0 T ISO/IEC 13818-1, then
information in the systems bitstream may be used to determine unambiguously the VBV buffer state after
removing the first picture.

C.10 This subclause defines the time intervals between successive examination of the VBV buffer in the case where
progressive_sequence equals to 1 and low_delay equals to 1. In this case the sequence contains no B-Pictures and there
is no frame re-ordering delay.

The time interval t, , | — t, between two successive examinations of the VBV buffer is a multiple of T, where T is the
inverse of the frame rate.

If the n-th picture is a P-Picture or I-Picture with repeat_first_field equal to 0, then t, 4 | —t,, is equal to T.
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If the n-th picture is a P-Picture or I-Picture with repeat_first_field equal to 1 and top_field_first equal to O,
then t, 4 | — t, is equal to 2*T.

If the n-th picture is a P-Picture or I-Picture with repeat_first_field equal to 1 and top_field_first equal to 1,
then t; ;. | — t, is equal to 3*T.

C.11

This subclause defines the time intervals between successive examination of the VBV buffer in the case where
progressive_sequence equals to 0 and low_delay equals to 0. In this case, the frame re-ordering delay always exists and
B-pictures can occur.

The time interval t, ;. | — t, between two successive examinations of the VBV input buffer is a multiple of T, where T is
the inverse of two times the frame rate.

If the n-th picture is a frame-structure coded B-frame with repeat first field equal to O, then t, ., ; —t, is equal to 2*T.

If the n-th picture is a frame-structure coded B-frame with repeat_first_field equal to 1, then t, , | — t; is equal t0)3*T.

If the p-th picture is a field-structure B-picture (B-field picture), then t, ; | —t, is equal to T.

If the |n-th picture is a frame-structure coded P-frame or coded I-Frame and if the previous coded\P-Frame or cpded
I-Franje has repeat_first_field equal to O, then t, , | —t; is equal to 2*T.

If the n-th picture is a frame-structure coded P-Frame or coded I-Frame and if the previous coded P-Frame or cpded
I-FranLe has repeat_first_field equal to 1, then t, , | — t, is equal to 3*T.

If the p-th picture is the first field of a field-structure coded P-frame or coded I-Frame,\then t, ;. | — t, is equal to T.

If the|n-th picture is the second field of a field-structure coded P-Frame of. coded I-Frame and if the previous
coded[P-Frame or coded I-Frame is using field-structure or has repeat_first.field equal to O, then t, 4 | — t, is gqual
to 2*T - T).

If the
coded
to (3*

exist (
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the first field of a frame) can be arbitrarily defined equal to 2*T or 3*T. Therefore the VBV buffer status
after this data has been removed fronithe VBV buffer may have more than one value. At least one of the
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C.12 This clause defines the time intervals between successive examination of the VBV buffer in the case where

progressive_sequence equals to 0 and low_delay equals to 1. In this case the sequence contains no B-Pictures and there
is no frame re-ordering delay.

The time interval t, 4 | — t, between two successive examinations of the VBV input buffer is a multiple of T, where T is
the inverse of two times the frame rate.

If the n-th picture is a frame-structure coded P-Frame or coded I-Frame with repeat_first_field equal to 0, then t
is equal to 2*T.

n+1—1In
If the n-th picture is a frame-structure coded P-Frame or coded I-Frame with repeat_first_field equal to 1, then t, , | — t,
is equal to 3*T.

If the_n-th picture is a field-structure coded P-Frame or caoded L pramP’ then f" t“ is nqlla] to-T-

T I

Figyre C.3 shows the VBV in a simple case with only frame-pictures. Frames Iy, P, and P4 have repeat_first.fielfl equal
to1

Buffer fullness
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D.1

Annex D

Features supported by the algorithm

v
v
(This annex does not form an integral part of this Recommendation | International Standard)

Overview

The following non-exhaustive list of features is included in this Specification:

D.2

D.2.1

This Jpecification video coding supports both-interlaced and progressive video. The respective indication is proy
with alprogressive_sequence flag transmitted in the Sequence Extension code.

Allowgd raster sizes are between 1 dnd (2”14 — 1) luminance samples each of the horizontal and vertical directions

video
sampl

flexib

1) Different chrominance sampling formats (i.e. 4:2:0, 4:2:2 and 4:4:4) can be represented.

2) Video 1n both the progressive and interlaced scan formats can be encoded.

3) The decoder can use 3:2 pull down to represent a ~24 fps film as ~30 fps video.
4) The displayed video can be selected by a movable pan-scan window within a larger raster.
5) A wide range of picture qualities can be used.

6) Both constant and variable bitrate channels are supported.

7)  Alow delay mode for face-to-face applications is available.

8) Random access (for DSM, channel acquisition, and channel hopping) is(availabie.
9) ISO/IEC 11172-2 constrained parameter bitstreams are decodable.

10) Bitstreams for high and low (hardware) complexity decoders c¢an be generated.
11) Editing of encoded video is supported.

i2) Fast-forward and fast-reverse piayback recorded bitstreams can be impiemented.

13) The encoded bitstream is resilient to errors.

Yideo formats

Sampling formats and colour

is represented in a luminance/chrominance colour space with selectable colour primaries. The chrominance c4

y supported. A chroima_format parameter is contained in the Sequence Extension code.

ided

The
In be

ed in either the 4:2:0 (hdlf a§ many samples in the horizontal and vertical directions), 4:2:2 (half as many samples
in the| horizontal directionnonly). Furthermore, application specific sample aspect ratios and image aspect ratio

b are

Sample aspect sfatio information is provided by means of aspect_ratio_information and (optipnal)
display_horizontal) size and display_vertical_size in the sequence_display_extension(). Examples of appropriate vilues

for signals sampled in accordance with Recommendation ITU-R BT. 601 are given in Table D.1.

This §péeification implements tools to support 4:4:4 chrominance, for possible future use. However, this is currently not

supported fmany profile:
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Table D.1 - Example display size values

Signal Format display_horizontal_size display_vertical_size
525-line 711 483
625-line 702 575
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D.2.2  Movie timing

A decoder can implement 3:2 pull down when a sequence of progressive pictures is encoded. Each encoded movie
picture can independently specify whether it is displayed for two or three video field periods, so “irregular” 3:2 pull
down source material can be transmitted as progressive video. Two flags, top_field_first and repeat_first_field, are
transmitted with the Picture Coding Extensions and adequately describe the necessary display timing.

D.2.3  Display format control

The display process converts a sequence of digital frames (in the case of progressive video) or fields (in the case of
interlaced video) to output video. It is not a normative part of this Standard. The video syntax of this Specification does
communicate certain display parameters for use in reconstructing the video. Optional information (in the sequence
display extension) specifies the chromaticities, the display primaries, the opto-electronic transfer characteristics (e.g. the
valye of gamma) and the RGB-to-luminance/chrominance conversion matrix.

Moteover, a display window within the encoded raster may be defined as, e.g. in the case of pan and scan., Alterpatively
the pncoded raster may be defined as a window on a large area display device. In the case of pan-scan'the positiop of the
window representing the displayed region of a larger picture can be specified on a field-by-field pasis. It is spedified in
the [Picture display extension described in 6.3.12. A typical use for the pan-scan window is to describe the “important”
4:3 |aspect ratio rectangle within a 16:9 video sequence. Similarly, in the case of small encoded pictures on|a large
display, the size of the display and the position of the window within that display may be specified.

D.2l4  Transparent coding of composite video

Dedoding from PAL/NTSC before transmission and re-coding to PAL/NTSE after transmission of composite source
signals in non-low quality applications, such as contribution and distribution, requires a precise reconstruction of the
cartlier amplitude and phase reference signal (and v-axis switch for PALZ).

Thq input format can be indicated in the sequence header using the.video_format bits. Possible source formats arg: PAL,
NTPC, SECAM and MAC. Reconstruction of the carrier signalis possible by using the carrier parameters: |v_axis,
field_sequence, sub_carrier, burst_amplitude and sub.Carrier_phase that are enabled by setting the
composite_display_flag in the picture_coding_extension().

Picture quality

h picture quality is provided according:to the bitrate used. Provision for very high picture quality is made by
sufficiently high bitrate limits relating to.a’ certain level in a particular profile. High chrominance band quality| can be
achjeved by using 4:2:2 chrominance

Quantiser matrices can be downloaded and used with a small a quantiser_scale_code to achieve near lossless coding.
Mogeover, scalable codirig-with flexible bitrate allows for service or quality hierarchy and graceful degradatipn. E.g.
decpding a subset of the"bitstream carrying a lower resolution picture allows for decoding this signal in a lpw-cost

rec¢iver with related\gnality; decoding the complete bitstream allows to obtain the high overall quality.

Furthermore,peration at low bitrates can be accommodated by using low frame rates (by either pre-processing before
coding or_frame skipping indicated by the temporal_reference in the picture header) and low spatial resolution.

D. ratecomntrot
The number of transmitted bits per unit time, which is selectable in a wide range, may be controlled in two ways, which
are both supported by this Specification. A bit_rate description is transmitted with the Sequence Header Code.

For Constant Bitrate (CBR) coding, the number of transmitted bits per unit time is constant on the channel. Since the
encoder output rate generally varies depending on the picture content, it shall regulate the rate constant by buffering, etc.
In CBR, picture quality may vary depending on its content.

The other mode is the Variable Bitrate (VBR) coding, in which case the number of transmitted bits per unit time may

vary on the channel under some constriction. VBR is meant to provide constant quality coding. A model for VBR
application is near-constant-quality coding over B-ISDN channels subject to Usage Parameter Control (UPC).
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D.5 Low delay mode

A low encoding and decoding delay mode is accommodated for real-time video communications such as visual
telephony, video-conferencing, monitoring. Total encoding and decoding delay of less than 150 milliseconds can be
achieved for low delay mode operation of this Specification. Setting the low_delay flag in the Sequence Header code
defines a low delay bitstream.

The total encoding and decoding delay can be kept low by generating a bitstream which does not contain B-pictures.
This prevents frame re-ordering delay. By using dual-prime prediction for coded P-frames, the picture quality can still be
high.

A low buffer occupancy for both encoder and decoder is needed for low delay. Large coded pictures should be avoided
by the encoder. By using intra update on the basis of one or more slices per frame (intra slices) instead of intra frames
this cap be accommodated.

In casq of exceeding, for low delay operation, the desired number of bits per frame the encoder can skip ene’or more
frames| This action is indicated by a discontinuity in the value of temporal_reference for the next picture (seq the
semantic definition in 6.3.9) and may cause C.7 of the VBV to apply, i.e. the decoder buffer would @nderflow if Jome
frames|are not repeated by the decoder.

D.6 Random access/channel hopping

The syntax of this Specification supports random access and channel hopping,-Sufficient random access/chgnnel
hopping functionality is possible by encoding suitable random access points into the bitstream without significant lops of
image [quality.

Random access is an essential feature for video on a storage medium. Itsrequires that any picture can be accessed and
decodgd in a limited amount of time. It implies the existence of acges$. points in the bitstream — that is segmenfs of
informlation that are identifiable and can be decoded without reference to other segments of data. In this Specificption
access|points are provided by sequence_header() and this is then followed by intra information (picture data that cqn be
decodgd without access to previously decoded pictures). A spacing of two random access points per second can be
achievged without significant loss of picture quality.

Channgl hopping is the similar situation in transmission applications such as broadcasting. As soon as a new channej has
been s‘rlected and the bitstream of the selected channel'is available to the decoder, the next data entry, i.e. random agcess
point has to be found to start decoding the new, program in the manner outlined in the previous paragraph.

D.7 Scalability

The syntax of this Specification supports bitstream scalability. To accommodate the diverse functionality requirements
of the fapplications envisaged By this Specification, a number of bitstream scalability tools have been developed:

¢ SNR scalability mainly targets for applications which require graceful degradation.
*  Chromasimulcast targets at applications with high chrominance quality requirements.
« _Data partitioning is primarily targeted for cell loss resilience in ATM networks.

*\.' Temporal scalability is a method suitable for interworking of services using high temporal resoljition
progressive video formats. Also suitable for high quality graceful degradation in the presence of channel
erTors.

¢ Spatial scalability allows multiresolution coding technique suitable for video service interworking
applications. This tool can also provide coding modes to achieve compatibility with existing coding
standards, i.e. ISO/IEC 11172-2, at the lower layer.

D.7.1  Use of SNR scalability at a single spatial resolution

The aim of SNR scalability is primarily to provide a mechanism for transmission of a two layer service, these two layers
providing the same picture resolution but different quality level. For example, the transmission of service with two
different quality levels is expected to become useful in the future for some TV broadcast applications, especially when
very good picture quality is needed for large size display receivers. The sequence is encoded into two bitstreams called
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lower and enhancement layer bitstreams. The lower layer bitstream can be decoded independently from the enhancement
layer bitstream. The lower layer, at 3 to 4 Mbit/s, would provide a picture quality equivalent to the current
NTSC/PAL/SECAM quality. Then, by using both the lower and the enhancement layer bitstreams, an enhanced decoder
can deliver a picture quality subjectively close to the studio quality, with a total bitrate of 7 to 12 Mbit/s.

D.7.1.1 Additional features

D.7.1.1.1 Error resilience

As described in D.13, the SNR scalable scheme can be used as a mechanism for error resilience. If the two layer
bitstreams are received with different error rate, the lower layer, better protected, stands as a good substitute to fall back
on, if the enhancement layer is damaged.

D.7[T.1.2 Chroma simulcast

The SNR scalable syntax can be used in a chroma simulcast system. The goal of such a scheme would be’to provide a
meghanism for simultaneous distribution of services with the same luminance resolution but differént chrorhinance
sampling format (e.g. 4:2:0 in the lower layer and 4:2:2, when adding the enhancement layer ard the sifnulcast
chrgminance components) for applications which would require such a feature. The SNR scalable enhancemenpt layer
confains some luminance refinement. The 4:2:2 chrominance is sent in simulcast. Only chrominance DC is pfedicted

frorp the lower layer. The combination of both layer luminance and of the 4:2:2 chrominance constitutes the high|quality
levgl.

D.711.2 SNR scalable encoding process

D.711.2.1 Description

In the lower layer, the encoding is similar to the non scalable situation in terms of decisions, adaptive quantisation,
buffer regulation. The intra or error prediction macroblocks are DCT transformed. The coefficients are then quantised
using a first rather coarse quantiser. The quantised coefficients are\then VLC coded and sent together with the fequired
sid¢ information (macroblock_type, motion vectors, coded_block “pattern()).

In parallel, the quantised DCT coefficients coming from the Tower layer, are dequantised. The residual error between the
coefficients and the dequantised coefficients is them,re-quantised, using a second finer quantiser. The rgsulting
refinement coefficients are VLC coded and form the‘additional enhancement layer, together with a marginal anjount of
sid¢ information (quantiser_scale_code, coded<block_pattern() ...). The non-intra VLC table is used for|all the
coefficients in the enhancement layer, since it-is-of differential nature.

D.7.1.2.2 A few important remarks

Sinfe the prediction is the same (for'both layers, it is recommended to use the refined images in the motion esfimation
loop (e.g. the images obtained by)the conjunction of the lower and the enhancement layer). Thus, there is a drift petween
the|prediction used at the ericoder side and what the low level decoder can get as a prediction. This drift does accpmulate
from P-picture to P-picturéland is reset to zero at each I-Picture. However, the drift has been found to have little visual
eff¢ct when there is an-I> picture every 15 pictures or so.

Since the enhaneement layer only contains refinement coefficients, the needed overhead is quite reduced: mogt of the
information about the macroblocks (macroblock types, motion vectors ...) are included in the lower layer. Therdfore the
syntax of.this stream is very much simplified:

— the macroblock type table only indicates if the quantiser_scale_code in the enhancement ldyer has
Tlhranged—amd—if the mmacrobiock s NOT-CODED(for firstandtast macroblock of the stices), which
amounts to three VLC words.

— quantiser_scale_code in the enhancement layer is sent if the value has changed.

—  coded_block_pattern() is transmitted for all coded macroblocks.

All NON-CODED macroblocks that are not at the beginning or end of a slice are skipped, since the overhead
information can be deduced from the lower layer.

It is recommended to use different weighting matrices for the lower and the enhancement layer. Some better results are

obtained when the first quantisation is steeper than the second one. However, it is recommended not to quantise too
coarsely the DCT coefficient that corresponds to the interlace motion, to avoid juddering effects.
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D.7.2  Muitiple resolution scaiability bitstreams using SNR scalability

The aim of resolution scalability is to decode the base layer video suitable for display at reduced spatial resolution. In
addition, it is desirable to implement a decoder with reduced complexity for this purpose. This functionality is useful for
applications where the receiver display is either not capable or willing to display the full spatial resolution supported by
both layers and for applications where software decoding is targeted. The method described in this subclause uses the

SNR Scalability syntax outlined in clause 7 to transmit the video in two layers. Note that none of the options suggested
in this subclause changes the structure of the highest resolution decoder, which remains identical to the one outlined in
Figure 7-14. The bitstream generated on both layers is compatible with the HIGH profile. However, the base layer

decoder could be implemented differently with reduced implementation complexity suitable to software decoding.

D.7.2.1 Decoder implementation

In decgding to a smalier spatial resolution, an inverse DCT of reduced size could be used when decoding the(base layer.
The frgme memory requirement in the decoder MC loop would also be reduced accordingly.

If the bitstream of the two SNR Scalability layers was generated with only one MC loop at the encoder the base yideo
will bg subject to drift. This drift may or may not be acceptable depending on the application. Image quality will|to a
large gxtent, depend on the sub-sample accuracy used for motion compensation in the decoder. It is possible to usg¢ the
full pIcision motion vector as transmitted in the base layer for motion compensation’with a sub-sample accyracy
comparable to that of the higher layer. Drift can be minimised by using advanced sub-sample interpolation filters| (see
[12], [[t3] and [16] in the Bibliography of Annex F).

D.7.2.2 Encoder implementation

It is ppssible to tailor the base layer SNR Scalability bitstream to the _particular requirements of the resolution s¢aled

decod¢r. A smaller DCT size can be more easily supported byconly transmitting the appropriate DCT-coeffidients
belonging to the appropriate subset in the base layer bitstream.

Finally it is possible to support a drift-free decoding at lower resolution scale by incorporating more than one MC|loop
in the pncoder scheme. An identical reconstruction procéss is used in the encoder and decoder.

D.7.3| Bitrate allocation in data partitioning

Data partitioning allows splitting a bitstream for increased error resilience when two channels with different jerror
performance are available. It is often téquired to constrain the bitrate of each partition. This can be achieved gt the
encodpr by adaptively changing priority breakpoint at each slice.

The epcoder can use two'wirtual buffers for the two bitstreams, and implement feedback rate control by picking a
priorify breakpoint that-approximately meets the target rate for each channel. Difference between target and actual |rates
is useql to revise the target for the next frame in a feedback loop.

It is desirableto.Vary the bitrate split from frame to frame for higher error resilience. Typically, I-pictures benefit [from
having more6f the data in partition O than the P-pictures while B-pictures could be placed entirely in partition 1.

D.7.4  Temporal scalability

A two layer temporally scalable coding structure consisting of a base and an enhancement layer is shown in Figure D.1.
Consider video input at full temporal rate to temporal demultiplexer; in our example it is temporally demultiplexed to
form two video sequences, one input to the base layer encoder and the other input to the enhancement layer encoder. The
base layer encoder is a non-hierarchical encoder operating at half temporal rate, the enhancement layer encoder is like a
MAIN profile encoder and also operates at half temporal rate except that it uses base layer decoded pictures for motion
compensated prediction. The encoded bitstreams of base and enhancement layers are multiplexed as a single stream in
the systems multiplexer. The systems demultiplexer extracts two bitstreams and inputs corresponding bitstreams to base
and enhancement layer decoders. The output of the base layer decoder can be shown standalone at half temporal rate or
after multiplexing with enhancement layer decoded frames and shown at full temporal rate.
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Figure D.1 - A two layer codec structure for temporal scalability

Thq following forms of temporal scalability are supported and are expressed as higher layer: base layer-to-enhafcement
lay¢r picture formats.

1) Progressive: progressive-to-progressive Temporal Scalability.
2) Progressive: interlace-to-interlace Temporal Scalability.

3) Interlace: interlace-to-interlace Temporal Scalability.

D.7.4.1 Progressive — Progressive-to-progressive temporal scalability

Asquming progressive video input, if it is necessary to code progressive- format video in base and enhancement iayers,
the(operation of temporal demux may be relatively simple and-involve temporal demultiplexing of input frames into two
progressive sequences. The operation of temporal remux is{inverse, i.e. it performs re-multiplexing of two progressive

sequences to generate full temporal rate progressive output (see Figure D.2).

w

prog prog
A
TDMX TRMX
prog 2 rog 2

Temporal g prog Temporal

Splitter g Combiner
T1516350-94/d42
v

prog 1 prog 1

Figure D.2 — Temporal demultiplexer and remultiplexer for
. L . itity

D.7.4.2 Progressive — Interlace-to-interlace temporal scalability

Again, assuming full temporal rate progressive video input, if it is necessary to code interlaced format video in base
layer, the operation of temporal demux may involve progressive to two interlace conversion; this process involves
extraction of a normal interlaced- and a complementary interlaced sequence from progressive input video. The operation
of temporal remux is inverse, i.e. it performs two interlace to progressive conversion to generate full temporal rate
progressive output. Figures D.3 and D.4 show operations required in progressive to two interlace and two interlace to
progressive conversion.
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Figure D.3 - Progressive to two interlace conversion
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Figure D.4 — Two interlace to progressive conversion
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Figure D.5 — Temporal demultiplexer and remultiplexer for
progressive — Interface-to-interface temporal scalability

Interlace - Interlace-to-interlace temporal scalability

Assumifing interlaced video input, if it is necessary to code interlaced- format video in base and enhancement layers, the
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on of temporal demux may be relatively simple and involve temporal demultiplexing/of input frames into
ed sequences. The operation of temporal remux is inverse, i.e. it performs re:multiplexing of two interl

D.2.

Hybrids of the spatial, the SNR and the temporal scalable extenSions

tandard also allows combinations of scalability tools to produce more than 2 video layers as may be useful
al to support more demanding applications. Taken two at a time;.3 explicit combinations result. Moreover, wj
bmbination, the order in which each scalability is applied, when interchanged, results in distinct application
brid scalabilities involving three layers, the layers are~feferred to as base layer, enhancement layer 1

ement layer 2.
I Spatial and SNR hybrid scalability applications
a) HDTV with standard TV at two qualities:

Base layer provides standard T'V-resolution at basic quality, enhancement layer 1 helps generate stan
TV resolution but at higher ‘quality by SNR scalability and the enhancement layer 2 employs H
resolution and format whichr is coded with spatial scalability with respect to high quality standarg
resolution generated by using enhancement layer 1.

b) Standard TV at two qualities and low definition TV/videophone:

Base layer proyides videophone/low definition quality, using spatial scalability enhancement lay
provides standard TV resolution at a basic quality and enhancement layer 2 uses SNR scalability to
generatehigh quality standard TV.

¢) HDTVattwo qualities and standard TV:

quality HDTV and enhancement layer 2 uses SNR scalability to help generate high quality HDTV.

two
ced

ces to generate full temporal rate interlaced output. The demultiplexing and re-niultiplexing is similar to that in

and
ithin
S. In
and

dard

er 1
help

Base layer provides standard TV resolution, using spatial scalability enhancement layer 1 provides pasic

D.7.5.2 Spatial and temporal hybrid scalability applications

156

a) High temporal resolution progressive HDTV with basic interlaced HDTV and standard TV:

Base layer provides standard TV resolution, using spatial scalability enhancement layer 1 provides basic

HDTV of interlaced format and enhancement layer 2 uses temporal scalability to help generate
temporal resolution progressive HDTV.

b)  High resolution progressive HDTV with enhanced progressive HDTV and basic progressive HDTV:

full

Base layer provides basic progressive HDTV format at temporal resolution, using temporal scalability
enhancement layer 1 helps generate progressive HDTV at full temporal resolution and enhancement
layer 2 uses spatial scalability to provide high spatial resolution progressive HDTV (at full temporal

resolution).
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c) High resolution progressive HDTV with enhanced progressive HDTV and basic interlaced HDTV:

Base layer provides basic interlaced HDTV format, using temporal scalability enhancement layer 1
generate progressive HDTV at full temporal resolution and enhancement layer 2 uses spatial scalabil
provide high spatial resolution progressive HDTV (at full temporal resolution).

D.7.5.3 Temporal and SNR hybrid scalability applications

D.8

This

ISO/[EC 11172-2 (and Recommendation H.261).

D.8.] Compatibility with higher and lower resolution formats

This
spati
two

a) Enhanced progressive HDTV with basic progressive HDTV at two qualities:

helps
ity to

Base layer provides basic progressive HDTV at lower temporal rate, using temporal scalability
enhancement layer 1 helps generate progressive HDTV at full temporal rate but with basic quality and
enhancement layer 2 uses SNR scalability to help generate progressive HDTV with high quality (at full

tamaneal oo oliaes A0
T poOTarreSoTutiot).

b) Enhanced progressive HDTV with basic interlaced HDTV at two qualities:

Base layer provides interlaced HDTV of basic quality, using SNR scalability enhancement: layer |
generate interlaced HDTV at high quality and enhancement layer 2 uses temporal sCalability tp
generate progressive HDTV at full temporal resolution (at high quality).

Compatibility

Standard supports compatibility between different resolution formats( as' well as compatibility

helps
help

with

Specification supports compatibility between different resolution video formats. Compatibility is provided for
il and temporal resolutions with the Spatial Scalability and Témporal Scalability tools. The video is encoddd into
resolution layers. A decoder only capable or willing to display a lower resolution video accepts and decodes the

lower layer bitstream. The full resolution video can be reconstructed by accepting and decoding both resolution [layers

prov

D.8.2  Compatibility with ISO/IEC 11172-2 (and Recommendation H.261)

The

ded.

syntax of this Specification supports both;backward and forward compatibility with ISO/IEC 11172-2. Fqrward

compatibility with ISO/IEC 11172-2 is~provided since the syntax of this Specification is a superset ¢f the

ISO

The
use,

however, this is current]y not supported by any profile.

[EC 11172-2 syntax. The Spatial Scalability tool provided by this Specification allows using ISO/IEC 11[172-2
coding in the lower resolution, i.e. base\layer, thus achieving backward compatibility.

video syntax contains tools that are needed to implement H.261 compatibility that may be needed for possible [future

Simylcast serves as a.simple alternative method to provide backward compatibility with both Recommendation [H.261

and }

D.9

This

SO/IEC 11172<2:

Differences between this Specification and ISO/IEC 11172-2

stibglause lists the differences between MPEG-1 Video and MPEG-2 Video.

All MPEG-2 Video decoders that comply with currently defined profiles and levels are required to decode MPEG-1
constrained bitstreams.

In most instances, MPEG-2 represents a super-set of MPEG-1. For example, the MPEG-1 coefficient zigzag scanning
order is one of the two coefficient scanning modes of MPEG-2. However, in some cases, there are syntax elements (or
semantics) of MPEG-1 that does not have a direct equivalent in MPEG-2. This Specification lists all those elements.

This Specification may help implementers identify those elements of the MPEG-1 video syntax (or semantics) that do
not have their direct equivalent in MPEG-2, and therefore require a special care in order to have guarantee MPEG-1
compatibility.

In this subclause, MPEG-1 refers to ISO/IEC 11172-2 whilst MPEG-2 refers to this Specification.
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D.J9.1 IDCT mismatch
MPEG-1 — The IDCT mismatch control consists in adding (or removing) one to each non-zero coefficient that would
have been even after inverse quantisation. This is described as part of the inverse quantisation process, in 2.4.4.1,2.4.4.2

and 2.4.4.3 of MPEG-1.

MPEG-2 — The IDCT mismatch control consists in adding (or removing) one to coefficient [7] [7] if the sum of all
coefficients is even after inverse quantisation. This is described in 7.4.4 of MPEG-2.

D.9.2  Macroblock stuffing

MPEG-1 - The VLC code ‘0000 0001 111’ (macroblock_stuffing) can be inserted any number of times before each
macroblock_address_increment. This code must be discarded by the decoder. This is described in 2.4.2.7 of MPEG-1.

MPEG!2 — This VLC code is reserved and not used in MPEG-2. In MPEG-2, stuffing can be generated only by inSefting
zero bytes before a start-code. This is described in 5.2.3 of MPEG-2.

D.9.3 | Run-level escape syntax
MPEGH-1 - Run-level values that cannot be coded with a VLC are coded by the escape code ‘0000 01’ followedl by
either & 14-bit FLC (~127 <= level <= 127), or a 22-bit FLC (255 <= level <= 255). This is described in Annex B, 2-B5
of MPEG-1.

MPEQ-2 — Run-level values that cannot be coded with a VLC are coded by the escape\code ‘0000 01” followed py a
18-bit [FLC (-2047 <= level <=2047). This is described in 7.2.2.3 of MPEG-2.

D.9.4| Chrominance samples horizontal position

MPE({-1 — The horizontal position of chrominance samples is half the Wway between luminance samples. This is
described in 2.4.1 of MPEG-1.

MPEQ-2 - The horizontal position of chrominance samples is go-located with luminance samples. This is descfibed
in 6.1.]1.8 of MPEG-2.

D.9.5 Slices

MPEG-1 - Slices do not have to start and end on the‘same horizontal row of macroblocks. Consequently it is possiljle to
have 41l the macroblocks of a picture in a single sliee. This is described in 2.4.1 of MPEG-1.

6.1.2

only

his is
esimust

be multlphed by two before bemg used for the predxctlon ThlS is descrlbed in 2 4 4 2 and 2.4. 4 3 of MPEG 1

MPEG-2 — The syntax elements full_pel_forward_vector and full_pel_backward_vector must be equal to ‘0’. Motion
vectors are always coded in half-pel units.

D.9.8  Aspect ratio information

MPEG-1 — The 4-bit pel_aspect_ratio value coded in the sequence header specifies the pel aspect ratio. This is described
in 2.4.3.2 of MPEG-1.

MPEG-2 — The 4-bit aspect_ratio_information value coded in the sequence header specifies the display aspect ratio. The
pel aspect ratio is derived from this and from the frame size and display size. This is described in 6.3.3 of MPEG-2.
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D.9.9 forward_f_code and backward_f_code

MPEG-1 — The f_code values used for decoding the motion vectors are forward_f_code and backward_f_code, located
in the picture_header().

MPEG-2 - The f_code values used for decoding the motion vectors are f_code[s][t], located in the
picture_coding_extension(). The values of forward_f_code and backward_f_code must be ‘111’ and are ignored. This is
described in 6.3.9 of MPEG-2.

D.9.10 constrained_parameter_flag and maximum horizontal_size

MPEG-1 — When the constrained_parameter_flag is set to ‘1°, this indicates that a certain number of constraints are
verified. One of those constraints is that horizontal_size <= 768. It should be noted that a constrained MPEG-1 video
bitstream can have pictures with an horizontal size of up to 768 pels. This is described in 2.4.3.2 of MPEG-1.

MPEG-2 - The constrained_parameter_flag mechanism has been replaced by the profile and level mechanisniyHqwever,

ould be noted that MP @ ML bitstreams cannot have horizontal size larger than 720 pels. This-is depcribed
in 8|2.3.1 of MPEG-2.

D.9]11 Bit_rate and vbv_delay

MPEG-1 - Bit_rate and vbv_delay are set to 3FFFF and FFFF (hex) respectively to indicaté variable bitrate] Other
valyes are for constant bitrate.

MPEG-2 — The semantics for bit_rate are changed. In variable bitrate operation, ybv\delay may be set to FFFK (hex),
but [a different value does not necessarily mean that the bitrate is constant. Constant bitrate operation is simply a|special
casg of variable bitrate operation. There is no way to tell that a bitstream is constant bitrate without examining alll of the
vbv| delay values and making complicated computations.

Evdn if the bitrate is constant the value of bit_rate may not be the actual bitrate since bit_rate need only be ap upper
boulnd to the actual bitrate.

D912 VBV

MPEG-1 - VBV is only defined for constant bitrate operation. The STD supersedes the VBV model for variablg bitrate
operation.

MPEG-2 — VBV is only defined for variable bitraté operation. Constant bitrate operation is viewed as a special[case of
varjable bitrate operation.

D.9.13 temporal_reference

MHEG-1 — Temporal_reference js-jiiecremented by one modulo 1024 for each coded picture, and reset to zero |at each
grojp of pictures header.

MHEG-2 - If there are np-big' pictures, temporal_reference is incremented by one modulo 1024 for each coded picture,
and reset to zero at eaehrgroup of pictures header (as in MPEG-1). If there are big pictures (in low delay bitsfreams),
thep temporal_refereénce follows different rules.

D.9.14 MPEG-2 syntax versus MPEG-1 syntax

It ip possible to make MPEG-2 bitstreams that have a syntax very close to MPEG-1, by using particular valueg for the
ous' MPEG-2 syntax elements that do not exist in the MPEG-1 syntax.

In other words, the MPEG-1 decoding process is the same (except for the particular points mentioned earlier) as the
MPEG-2 decoding process when :

progressive_sequence = ‘1’ (progressive sequence).

chroma_format = ‘01’ (4:2:0)

frame_rate_extension_n = 0 and frame_rate_extension_d = 0 (MPEG-1 frame-rate)
intra_dc_precision = ‘00’ (8-bit Intra-DC precision)

picture_structure = ‘11’ (frame-picture, because progressive_sequence = ‘1’)

frame_pred_frame_dct = 1 (only frame-based prediction and frame DCT)
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concealment_motion_vectors = ‘0’ (no concealment motion vectors).
q_scale_type = ‘0’ (linear quantiser_scale)

intra_vic_format = ‘0° (MPEG-1 VLC tabie for Intra MBs).
alternate_scan = ‘0’ (MPEG-1 zigzag scanning order)
repeat_first_field = ‘0’ (because progressive_sequence = ‘1)
chroma_420_type = ‘1’ (chrominance is “frame-based”, because
progressive_sequence = ‘1’)
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D.10 | Complexity

The MPEG-2 Standard supports combinations of high performance/high complexity and low performance/

ow

complexity decoders. This is accommodated by MPEG-2 with the Profiles and Levels definitions which introduce new

sets of fool and functionality with every new profile. It is thus possible to trade-off performance of the MPEG-2 cod
schemep by decreasing implementation complexity.

Moreover, certain restrictions could allow reducing decoder implementation cost.

D.11 | Editing encoded bitstreams
Many gperations on the encoded bitstream are supported to avoid the expense and ‘quality costs of re-coding. Edit

and corfcatenation of encoded bitstreams with no re-coding and no disruption of the decoded image sequence is possi

There i} a conflict between the requirement for high compression and easy-editing. The coding structure and syntax h

not been designed with the primary aim of simplifying editing at any.picture. Nevertheless, a number of features H
been influded that enable editing of coded data.

ing

ng,
ble.

ave
ave

Editing| of encoded MPEG-2 bitstreams is supported due to the‘syntactic hierarchy of the encoded video bitstream.
Unique|start codes are encoded with different level in the hierarchy (i.e. video sequence, group of pictures, etc.). Video
can be pncoded with Intra-picture/intra-slices access points’in the bitstream. This enables the identification, access jand

editing jof parts of the bitstream without the necessity to decode the entire video.

D.12 Trick modes

Certain| Digital Storage Media (DSM) providethe capability of trick modes, such as Fast Forward/Fast Reverse (FF/FR).
The MPEG-2 syntax supports all special access, search and scan modes of ISO/IEC 11172-2. This functionality is

quence. It can be assisted'by MPEG-2 tools which provide bitstream scalability to limit the access bitrate

providgd by a DSM.

ed with the syntactic hierarchy of the video bitstream which enables the identification of relevant parts withjn a

ie.

itioning and the general slice structure). This subclause provides some guideline for decoding a bitstrgam

The defoder is informed.by means of a 1-bit flag (DSM_trick_mode_flag) in the PES packet header. This flag indicptes

that th¢ bitstream is-reconstructed by DSM in trick mode, and the bitstream is valid from syntax point of view,

but

invalid|from semantics point of view. When this bit is set, an 8-bit field (DSM_trick_modes) follows. The semanticp of

DSM_trick_modes are in the ITU-T Rec. H.220.0 | ISO/IEC 13818-1.

D.12.1| CPecoder

While the decoder is decoding PES Packet whose DSM_trick_mode_flag is set to 1, the decoder is recommended to:
—  Decode bitstream and display according to DSM_trick_modes.

Pre-processing

When the decoder encounters PES Packet whose DSM_trick_mode_flag is set to 1, the decoder is recommended to:
—  Clear non trick mode bitstream from buffer.

Post-processing

When the decoder encounters PES Packet whose DSM_trick_mode_flag is set to 0, the decoder is recommended to:

—  Clear trick mode bitstream from buffer.
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Video Part
While the decoder is decoding PES Packet whose DSM_trick_mode_flag is set to 1, the decoder is recommended to:
—  Neglect vbv_delay and temporal_reference value.

—  Decode one picture and display it until next picture is decoded.

The bitstream in trick mode may have a gap between slices. When the decoder encounters a gap between slices, the
decoder is recommended to:

—  Decode the slice and display it according to the slice vertical position in slice header.

—  Fill up the gap with co-sited part of the last displayed picture.
D.12.2 Encoder

The encoder is recommended to: ‘

—  Encode with short size of slice with intra macroblocks.

—  Encode with short periodic refreshment by intra picture or intra slice.
DSM
DSM is recommended to provide the bitstream in trick mode with perfect syntax.
Prerprocessing

DSM is recommended to:

- Complete “normal” bitstream at picture_header() and higher syntactic structures.
System Part

DSM is recommended to:
—  Set DSM_trick_mode_flag to 1 in a PES Packet header.
—  Set DSM_trick_modes(8-bit) according to the trick'mode.

Video Part

DSM is recommended to:
— Insert a sequence_header() with thesame parameters as a normal bitstream.
— Insert a sequence_extension() with the same parameters as a normal bitstream.

—  Insert a picture_header() with'the same parameters as a normal bitstream except that it may be preferable
to indicate variable bit rate operation. One way to achieve this is to set vbv_delay to FFFF (hex).

NOTE - Inmost cases temporal_reference and vbv_delay are ignored in a decoder, therefore the DSM
may not need to set-temporal_reference and vbv_delay to correct values.

—  Concatenate slices which consists of intra coded macroblocks. The concatenated slices should have slice
vertical positions in increasing order.

D.13 Error resilience

Mot digital storage media and communication channels are not error-free. Appropriate channel coding schemes|should
be ysed and:are beyond the scope of this Specification. Nevertheless the MPEG-2 syntax supports error resilient| modes
relevantcto(cell loss in ATM networks and bit errors (isolated and in bursts) in transmissions. The slice structurg of the
com|ptession scheme defined in this Specification allows a decoder to recover after a residual data error |and to
re-syncnronise s decoding. Therefore, bit errors in the coded data will cause errors in the decoded pictures to be limited
in area. Decoders may be able to use concealment strategies to disguise these errors. Error resilience includes graceful
degradation in proportion to bit error rate (BER) and graceful recovery in the face of missing video bits or data packets.
It has to be noted that all items may require additional support at the system level.

Being an example of a packet-based system, B-ISDN with its Asynchronous Transfer Mode (ATM) is addressed in some
detail in the following. Similar statements can be made for other systems where certain packets of data are protected
individually by means of forward error-correcting coding.

ATM uses short, fixed length packets, called cells, consisting of a 5 byte header containing routing information, and a
user payload of 48 bytes. The nature of errors on ATM is such that some cells may be lost, and the user payload of some
cells may contain bit errors. Depending on AAL (ATM Adaptation layer) functionality, indications of lost cells and cells
containing bit errors may be available.
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