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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
respecfivé organizaiion t0 deal with particular fields of technical activity. ISO and IEC technical committees
collabdrate in fields of mutual interest. Other international organizations, governmental and non-governmiental, in
liaison with 1ISO and IEC, also take part in the work.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives; Part 3.
In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
Draft International Standards adopted by the joint technical committee are circulated to national bodies for voting.
Publicgtion as an International Standard requires approval by at least 75 % of the natienal bodies casting a|vote.

Attentipn is drawn to the possibility that some of the elements of this part of ISO/JEC 13818 may be the slibject of
patent fights. ISO and IEC shall not be held responsible for identifying any orall’such patent rights.

International Standard ISO/IEC 13818-2 was prepared by Joint Technical Committee ISO/IEC JTC 1, Infgrmation
technology, Subcommittee SC 29, Coding of audio, picture, nmultimedia and hypermedia informgtion, in
collabgration with ITU-T. The identical text is published as ITU-T Re¢. H.262.

This s¢cond edition cancels and replaces the first edition (ISO/IEC 13818-2:1996), which has been te¢hnically
revised.

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

— P43rt 1. Systems

— P4drt 2: Video

— P4drt 3: Audio

— P4drt 4. Conformance testing
— P4rt 5: Software simulation

— P4drt 6: Extensions for DSM-CC

— P4drt 7;, Advanced Audio Coding (AAC)

— 9 Ext i f | ti interf f t d d
P4 xtension for real time interface for systems decoders

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

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

© ISO/IEC 2000 — All rights reserved v
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Introduction

Intro. 1 Purpose

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

Intro. 2 Application

The dpplications of this Specification cover, but are not [imited to, such areas as Tisted 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, #ideophone, 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 (digitahVTR, etc.)

Intr¢. 3 Profiles and levels

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

Consjdering the practicality of implementing the full syntax of this Specification, however, a limited number of sybsets
of th¢ syntax are also stipulated by means of "profile" and "level". These and other related terms are formally defiped in
clausp 3.

A "p Fofile! is a defined subset of the entlre bltstream syntax that is deﬁned by this Spemﬁcatlon Within the bpunds
i e e Va ce of
encoders and decoders dependmg upon the values taken by parameters in the b1tstream For instance, it is p0s51ble to
specify frame sizes as large as (approximately) 214 samples wide by 2!4 lines high. It is currently neither practical nor
economic to implement a decoder capable of dealing with all possible frame sizes.

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

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

© ISO/IEC 2000 — All rights reserved
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Intro. 4 The scalable and the non-scalable syntax

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

Intro. 4.1 Overview of the non-scalable syntax

1mag B = V D veoau gcoumg.oota 24
imag¢ quality at the s not achievable with intra picture ¢
along. The need for random access, however, is best satisfied with pure intra picture coding. The choice of th€ techr

Intrd.
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ete Cosine Transform (DCT) to remove spatial correlation before it is quantised ‘in an irreversible proces|
Fds the less important information. Finally, the motion vectors are combinedGwith the quantised DCT inform|
ncoded using variable length codes.

4.1.1 Temporal processing

se of the conflicting requirements of random access and highly.efficient compression, three main picture typ
ed. Intra Coded Pictures (I-Pictures) are coded without reference’to other pictures. They provide access points
| sequence where decoding can begin, but are coded with ofily moderate compression. Predictive Coded Pictur
fes) are coded more efficiently using motion compensated prediction from a past intra or predictive coded p|
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Figure Intro. 1 — Example of temporal picture structure

© ISO/IEC 2000 — All rights reserved

Vi


https://standardsiso.com/api/?name=ca2142e785d276b7df795d4d3cb0c9e2

ISO/IEC 13818-2:2000(E)

Intro. 4.1.2 Coding interlaced video

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

Intro. 4.1.3 Motion representation — Macroblocks

As in ISO/IEC 11172-2, the choice of 16 by 16 macroblocks for the motion-compensation unit is a result of the trade-off
between the coding gain provided by using motion information and the overhead needed to represent it. Each macroblock
can He temporaily predicted i ofe Of @ MUmber Of diffeTent ways. For CXalmplc, 1M frame encoding, e predicton from
the pfevious reference frame can itself be either frame-based or field-based. Depending on the type of the maerobplock,
motign vector information and other side information is encoded with the compressed prediction ertor~in| each
macrpblock. The motion vectors are encoded differentially with respect to the last encoded motion vectors-using vafiable
length codes. The maximum length of the motion vectors that may be represented can be programmed,.on a pictufe-by-
pictufe basis, so that the most demanding applications can be met without compromising the performance of the system
in mqre normal situations.

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

Intrg. 4.1.4 Spatial redundancy reduction

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

Intrd. 4.1.5 Chrominance formats

In addition to the 4:2:0 format supported in ISO/IEC1172-2 this Specification supports 4:2:2 and 4:4:4 chromihance
formats.

Intrd. 4.2 Scalable extensions

The $calability tools in this Specification are designed to support applications beyond that supported by single|layer
vided. Among the noteworthy applications areas addressed are video telecommunications, video on Asynchrpnous
Trangfer Mode (ATM) networks,/ interworking of video standards, video service hierarchies with multiple spatial,
temppral and quality resolutions, HDTV with embedded TV, systems allowing migration to higher temporal resojution
HDTV, etc. Although a “simple solution to scalable video is the simulcast technique which is based on
transinission/storage of\multiple independently coded reproductions of video, a more efficient alternative is scalable
videq coding, in whichvthe bandwidth allocated to a given reproduction of video can be partially re-utilised in coding of
the ngxt reproduction of video. In scalable video coding, it is assumed that given a coded bitstream, decoders of various
compllexities cdn decode and display appropriate reproductions of coded video. A scalable video encoder is likely td have
increfised complexity when compared to a single layer encoder. However, this Recommendation | International Stahdard
provides”several different forms of scalabilities that address non-overlapping applications with correspopding
compleXities. The basic scalability tools offered are:

—  data partitioning;

SNR scalability;

spatial scalability; and

temporal scalability.

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

Viii © ISO/IEC 2000 — All rights reserved
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Table Intro. 1 — Applications of SNR scalability

Lower layer

Enhancement layer

Application

lower layer

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

4:2:0 high definition

4:2:2 chroma simulcast

Video production / distribution

Intrd.

Spati
stand|
featu
spatig
spatig
resol
Spec
latter

Table Intro. 2 — Applications of spatial scalability

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

4.2.1

Spatial scalable exténsion

h] scalability is a tool“ifitended for use in video applications involving telecommunications, interworking of
ards, video database browsing, interworking of HDTV and TV, etc., i.e. video systems with the primary cof
¢ that a minimny of two layers of spatial resolution are necessary. Spatial scalability involves generatin
1 resolution video layers from a single video source such that the lower layer is coded by itself to provide the
1 resolutién)and the enhancement layer employs the spatially interpolated lower layer and carries the full s
ition of'the input video source. The lower and the enhancement layers may either both use the coding tools i
fication, or the ISO/IEC 11172-2 Standard for the lower layer and this Specification for the enhancement laye
cdase achieves a further advantage by facilitating interworking between video coding standards. Moreover, s

video
nmon
b two
basic
patial
n this
. The
patial

scalal

0111ty Offers 1IeX1bility 1n choice€ O vide€o 1ormats to b€ €mployed 1 €ach Iayer. An additional advantage o1 spatial

scalability is its ability to provide resilience to transmission errors as the more important data of the lower layer can be
sent over channel with better error performance, while the less critical enhancement layer data can be sent over a channel

with poor error performance.

Intro. 4.2.2

SNR scalable extension

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

Intro. 4.2.3 Temporal scalable extension

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

Intrg. 4.2.4 Data partitioning extension

Data |partitioning is a tool intended for use when two channels are available fop-~transmission and/or storagel of a
vided bitstream, as may be the case in ATM networks, terrestrial broadcast, magnetic media, etc. The bitstrepm is
partifioned between these channels such that more critical parts of the bitstream (such as headers, motion vectorg, low
frequency DCT coefficients) are transmitted in the channel with the better errot_performance, and less critical data|(such
as higher frequency DCT coefficients) is transmitted in the channel with-pdor error performance. Thus, degradatjon to
channel errors are minimised since the critical parts of a bitstream are better protected. Data from neither channel nfay be
decodled on a decoder that is not intended for decoding data partitioned, bitstreams.
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INFORMATION TECHNOLOGY - GENERIC CODING OF MOVING
PICTURES AND ASSOCIATED AUDIO INFORMATION: VIDEO

Scope

Recommendation | International Standard specifies the coded representation of picture information for ¢
be media and digital video communication and specifies the decoding process. The representation supports co
E transmission, variable bitrate transmission, random access, channel hopping, scalable decoding, bitstream eg
11 as special functions such as fast forward playback, fast reverse playback, slow motion,spause and still pig

atible with EDTV, HDTV, SDTV formats.

Recommendation | International Standard is primarily applicable to digital“storage media, video broadcas
hunication. The storage media may be directly connected to the decoderior via communications means su
s, LANS, or telecommunications links.

Normative references
following Recommendations and International Standards(contain provisions which, through reference in this

valid. All Recommendations and Standards are Gubject to revision, and parties to agreements based of
lnmendation | International Standard are encouraged to investigate the possibility of applying the most 1
n of the Recommendations and Standards indicated below. Members of IEC and ISO maintain registers of cur]
International Standards. The Telecommunication Standardization Bureau of ITU maintains a list of currently
' Recommendations.

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

—  Report ITU-R955-2 (1990), Satellite sound broadcasting with portable receivers and receive
automobiles!

—  ISO/MEE~\M172-1:1993, Information technology — Coding of moving pictures and associated aud,
digital'storage media at up to about 1,5 Mbit/s — Part 1 : Systems.

—  JISOVIEC 11172-2:1993, Information technology — Coding of moving pictures and associated aud
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 aud,
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— IEEE 1180:1990, Standard Specifications for the Implementations of 8 by 8 Inverse Discrete Cosine

Transform.
— TEC 60908 (1999), Audio recording — Compact disc digital audio system.
— IEC 60461 (1986), Time and control code for video tape recorders.
—  ITU-T Recommendation H.261 (1993), Video codec for audiovisual services at p x 64 kbit/s.

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

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

compression and coding of continuous-tone still images: Requirements and guidelines. (JPEG.)
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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

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

3.6 backward compatibility: A newer coding standard is backward compatible with an older coding standard if
decodlers designed to operate with the older coding standard are able to continue to operate by decodingall or pait of a
bitstrpam produced according to the newer coding standard.

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

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

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

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

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

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

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

3.15 byte: Sequence of 8 bits.

3.16 channel: A digital medium that stotes or transports a bitstream constructed according to ITU-T Rec. H{262 |
ISO/JEC 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 lajer(s)
contain only coded refinement. data for the DC coefficients, and all the data for the AC coefficients, of the chromihance
components.

3.19 chrominangce component: A matrix, block or single sample representing one of the two colour diffdrence
signalls related tosthe primary colours in the manner defined in the bitstream. The symbols used for the chromihance
signals are Cr and)Cb.

3.20 coded B-frame: A B-frame picture or a pair of B-field pictures.

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

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

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

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

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

3.26 coded order: The order in which the pictures are transmitted and decoded. This order is not necessarily the
same as the display order.
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3.27 coded representation: A data element as represented in its encoded form.

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

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

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

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

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

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

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

The two bitstreams have to be recombined before decoding.

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

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

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

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

3.40 decoding (process): The process defined in ITU-T Rec. H.262 [FJSO/IEC 13818-2 that reads an input ¢oded
bitstrpam and produces decoded pictures.

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

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

3.43 discrete cosine transform (DCT): Either the' forward discrete cosine transform or the inverse dipcrete
cosing transform. The DCT is an invertible, discrete-orthogonal transformation. The inverse DCT is defined in Anfiex A
of ITU-T Rec. H.262 | ISO/IEC 13818-2.

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

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

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

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

3.48 editing)® The process by which one or more coded bitstreams are manipulated to produce a
new ¢oded bitstream. Conforming edited bitstreams must meet the requirements defined in ITU-T Rec. H.p62 |
ISO/NECA3818-2.

3 49 AREQ gee Aa apal o diaant o f oo o din g anze I
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3.50 encoding (process): A process, not specified in ITU-T Rec. H.262 | ISO/IEC 13818-2, that reads a
stream of input pictures and produces a valid coded bitstream as defined in ITU-T Rec. H.262 | ISO/IEC 13818-2.

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

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

3.53 fast reverse playback: The process of displaying the picture sequence in the reverse of display order faster
than real-time.
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3.54 field: For an interlaced video signal, a "field" is the assembly of alternate lines of a frame. Therefore an
interlaced frame is composed of two fields, a top field and a bottom field.

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

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

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

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

3.59 forbidden: The term "forbidden" when used in the clauses defining the coded bitstream indicates that the value
shall prever be Used. T his 15 Usuaily 10 avoid emuiation of Start codes.

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

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

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

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

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

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

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

3.69 future reference frame (field): A fiiture reference frame (field) is a reference frame (field) that occurf at a
later fime 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-ordéting 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
elem¢nts pertaining t0 the coded data that follow the header in the bitstream.

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

3.74 interlace: The property of conventional television frames where alternating lines of the frame repfesent
diffefent-instances in time. In an interlaced frame, one of the field is meant to be displayed first. This field is call¢d the
first field. The Tirst Tield can be the top field or the bottom lield of the frame.

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

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

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

3.79 level: A defined set of constraints on the values which may be taken by the parameters of ITU-T Rec. H.262 |
ISO/IEC 13818-2 within a particular profile. A profile may contain one or more levels. In a different context, level is the
absolute value of a non-zero coefficient (see "run").

4 ITU-T Rec. H.262 (2000 E)


https://standardsiso.com/api/?name=ca2142e785d276b7df795d4d3cb0c9e2

ISO/IEC 13818-2 : 2000 (E)

3.80 layer: In a scalable hierarchy denotes one out of the ordered set of bitstreams and (the result of) its associated
decoding process (implicitly including decoding of all layers below this layer).

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

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

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

3.84 Mbit: 1000 000 bits.

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

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

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

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

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

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

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

3.94 parameter: A variable within the syntax of ITU-T Rec. H.262 | ISO/IEC 13818-2 which may take ong¢ of a
rangd of values. A variable which can take orfe 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 darlier
time than the current picture-in-display order.

3.97 picture: Sourc€) coded or reconstructed image data. A source or reconstructed picture consists of |three
rectapgular matrices0f/8-bit numbers representing the luminance and two chrominance signals. A "coded pictuke" is
definpd in 3.21 oft FT'U-T Rec. H.262 | ISO/IEC 13818-2. For progressive video, a picture is identical to a frame, [while
for infterlaced ¥ideo, a picture can refer to a frame, or the top field or the bottom field of the frame depending dn the
context.

3.98 picture data: In the VBV operations, picture data is defined as all the bits of the coded picture,
headd . . o . )

following it, up to (but not including) the next start code, except in the case where the next start code is an end of
sequence code, in which case it is included in the picture data.

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

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

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

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

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

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

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

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

3.10§—reconstructed—frame—A—reconstructed—frame—conststs—of—three—rectangutar—rmatrices—of—8=bit—mmmbers

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

3.109 reconstructed picture: A reconstructed picture is obtained by decoding a coded picture. A ‘reconstqucted
pictute is either a reconstructed frame (when decoding a frame picture), or one field of a reconstructed frame (when
decodling a field picture). If the coded picture is a field picture, then the reconstructed picture is.the top field ¢r the
bottopn field of the reconstructed frame.

3.11¢ reference field: A reference field is one field of a reconstructed frame. Reference fields are used for fofward
and Packward prediction when P-pictures and B-pictures are decoded. Note that when field P-pictures are decoded,
prediftion of the second field P-picture of a coded frame uses the first reconstructed field"of the same coded framg as a
refergnce field.

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

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

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

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

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

3.116 scalability: Scalability iS the ability of a decoder to decode an ordered set of bitstreams to prodjice a
recor]structed sequence. Moreovér,juseful video is output when subsets are decoded. The minimum subset that cap thus
be ddcoded is the first bitstreamy in the set which is called the base layer. Each of the other bitstreams in the set is ¢alled
an ephancement layer. When addressing a specific enhancement layer, "lower layer" refer to the bitstream yhich
precddes the enhancemehtiayer.

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

3.11§ 16 X:8"prediction: A prediction mode similar to field-based prediction but where the predicted block dize is
16 x B luminance samples.

3.11 run: The number of zero coefficients pre(‘eding a non-zero coefficient in the scan order The absolute value of

the non-zero coefficient is called "level".

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

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

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

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

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

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

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

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

3.13( temporal scalability: A type of scalability where an enhancement layer also uses predictions ffom sampl¢ data
derivpd from a lower layer using motion vectors. The layers have identical frame size, and chrominance formats, bjit can
have different frame rates.

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

3.132 top layer: The topmost layer (with the highest layer id) of a scalable hierarghy:
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 ¢f the
encodler. Its purpose is to provide a constraint on the variability of the data rate that an encoder or editing proces$ may
produce.

3.13¢ 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
confdrms 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 pf the
xxx frofile.

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).

3.14( zigzag scanning-order: A specific sequential ordering of the DCT coefficients from (approximately) the
lowegt spatial frequency'to)the highest.

4 Abbreviations and symbols

The nathematical operators used to describe this Specification are similar to those used in the C programming language.
Howg¢vet) integer divisions with truncation and rounding are specifically defined. Numbering and counting [loops
generally begin from zero.

4.1 Arithmetic operators
+ Addition
- Subtraction (as a binary operator) or negation (as a unary operator)
++ Increment, i.e. x++ is equivalent to x =x + 1

— Decrement, i.e. x—— is equivalent to x =x — 1

X o
N } Multiplication

ITU-T Rec. H.262 (2000 E) 7
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n Power

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

1 and —7/4 and 7/—4 are truncated to —1.

// Integer division with rounding to the nearest integer. Half-integer values are rounded away from zero

unless otherwise specified. For example 3//2 is rounded to 2, and —3//2 is rounded to —2.

DIV Integer division with truncation of the result toward minus infinity. For example 3 DIV 2 is rounded

to 1, and -3 DIV 2 is rounded to 2.

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

% Modulus operator. Defined only for positive numbers.
[1 x>0
Sign() - S1gn(x) = 10 X==
-1 x<0
Abs()  Abs(x) = {X x>=0
—x x<0
i<b
z f(i) The summation of the f (i) with i taking integral values from « up to, but not ineluding b.
1=a
4.2 Logical operators
I Logical OR
&& Logical AND
! Logical NOT
4.3 Relational operators
> Greater than
>= Greater than or equal to
< Less than
<= Less than or equal to
== Equal to

= Not equal to
max [, ...,] The maximum\value in the argument list

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

4.4 Bitwise operators
& AND
|  OR

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

4.5 Assignment

= Assignment operator

4.6 Mnemonics

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

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

first and in each hexadecimal digit the most significant of the four bits is first.
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uimsbf Unsigned integer, most significant bit first.

simsbf Signed integer, in twos complement format, most significant (sign) bit first.

vlelbf  Variable length code, left bit first, where "left" refers to the order in which the VLC codes are

written. The byte order of multibyte words is the most significant byte first.

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

4.7 Constants
m 3,141 592 653 58...
e 2,718 281 82845...
5 Conventions
5.1 Method of describing bitstream syntax
The bitstream retrieved by the decoder is described in 6.2. Each data item in the bitstréam is in bold type. It is desg¢ribed
by it 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 o] data
elem¢nts previously decoded. The decoding of the data elements and)definition of the state variables used in| their
decodling are described in 6.3. The following constructs are used.to express the conditions when data elements are
present, and are in normal type:
while ( condition ) { If the condition-is true, then the group of data elements occurs
data_element next in the data-stream. This repeats until the condition is not true.
H
do
data_element The data element always occurs at least once.
} while ( condition ) The data element is repeated until the condition is not true.
if ( pondition ) { If the condition is true, then the first group of data elements occurs
data_element next in the data stream.
} elke { If the condition is not true, then the second group of data elements
data_element occurs next in the data stream.
H
for [ 1 =m; i Jayi++) { The group of data elements occurs (m — n) times. Conditional
data element constructs within the group of data elements may depend on the
value of the loop control variable i, which is set to zero for the
} first occurrence, incremented by one for the second occurrence, and so forth.
/* comment ... */ Explanatory comment that may be deleted entirely without in any
way altering the syntax.

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

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

In such cases the literal string is that used to describe the value of the bitstream element in 6.3. In this example, we see
that "spatial scalability" is defined in Table 6-10 to be represented by the two bit binary number '01'.

ITU-T Rec. H.262 (2000 E)
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As noted, the group of data elements may contain nested conditional constructs. For compactness, the {} are omitted
when only one data element follows:

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

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

While the syntax is expressed in procedural terms, it should not be assumed that 6.2 implements a satisfactory decoding
procedure. In particular, it defines a correct and error-free input bitstream. Actual decoders must include means to look
for sfart codes in order to begin decoding correctly, and to identify errors, erasures or insertions while decoding. The
methpds to identify these situations, and the actions to be taken, are not standardised.

5.2 Definition of functions
Sevetal 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 boundarythat’is the next bit in the bitstrgam is
the fifst bit in a byte. Otherwise it returns 0.

5.2.2 Definition of nextbits() function

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

5.23 Definition of next_start_code() function

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

nex} start code() { No. of bits Mnemonic

while ( !bytealigned() )

zero_bit 1 ‘0’
while ( nextbits() !="'0000 0000 6000 0000 0000 0001")
zero_byte 8 '0000 0000’

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

53 Reserved, forbidden and marker_bit

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

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

The term "marker bit" indicates a one bit integer in which the value zero is forbidden (and it therefore shall have the

value '1"). These marker bits are introduced at several points in the syntax to avoid start code emulation.
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Arithmetic precision

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

a) Where arithmetic precision is not specified, such as in the calculation of the IDCT, the precision shall be

sufficient so that significant errors do not occur in the final integer values.

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

to b, including @ but excluding b.
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Video bitstream syntax and semantics

Structure of coded video data

d video data consists of an ordered set of video bitstreams, called layers. If there is only one layer) the coded
s called non-scalable video bitstream. If there are two layers or more, the coded video data is called a sc
'chy.

First layer (of the ordered set) is called base layer, and it can always be decoded independently. See 7.1 {
.12 for a description of the decoding process for the base layer, except in the case*of Data partitioning, desq
0.

layers are called enhancement layers, and can only be decoded togetherwith all the lower layers (previous
b ordered set), starting with the base layer. See 7.7 to 7.11 for a description of the decoding process for sc
'chy.

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

ase layer of a scalable hierarchy may conform to this Specification or to other standards such as ISO/IEC 111
etails in 7.7 to 7.11. Enhancement layers shall conform, to.this Specification.

cases apart from Data partitioning, the base layei does not contain a sequence_scalable extension(). Enhanc
always contain sequence_scalable extension().

neral, the video bitstream can be thought-of as a syntactic hierarchy in which syntactic structures contain o
subordinate structures. For instance, thestructure "picture data()" contains one or more of the syntactic stry
()" which in turn contains one or mare*of the structure "macroblock()".

structure is very similar to thatused in ISO/IEC 11172-2.

Video sequence
ighest syntactic structuré of the coded video bitstream is the video sequence.

eo sequence ¢ommences with a sequence header which may optionally be followed by a group of pictures h
hen by one ormore coded frames. The order of the coded frames in the coded bitstream is the order in whid
ler processes them, but not necessarily in the correct order for display. The video sequence is terminated
nce _end:code. At various points in the video sequence, a particular coded frame may be preceded by eif
t sequence header or a group of pictures header or both. (In the case that both a repeat sequence header and a
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header.)

6.1.1.1 Progressive and interlaced sequences

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

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

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

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

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

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

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

6.1.1}4 Picture

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

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

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

A refponstructed picture is obtained by decoding a coded picture, 4dfe.)a picture header, the optional extersions
immgddiately following it, and the picture data. A coded picture may be alframe picture or a field picture. A reconstfucted
pictute is either a reconstructed frame (when decoding a frame picture), or one field of a reconstructed frame (when
decodling a field picture).

6.1.1{4.1 Field pictures

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

When the first picture of the coded frame is a.P-field picture, then the second picture of the coded frame shall als¢ be a
P-field picture. Similarly when the first picture of the coded frame is a B-field picture the second picture of the ¢oded
framg 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 anjother
and then the entiré frame is coded as a single frame-picture.

6.1.1{5 Picture types

Therg dare, three types of pictures that use different coding methods:

—  an Intra-coded (I) picture is coded using information only from itself;

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

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

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

6.1.1.6 Sequence header

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

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

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

If a pequence display extension() occurs after the first sequence header() all subsequent sequence header§shall be
followed by sequence display extension() in which all data eclements are the same as amJthe | first
sequjnce_display_extension(). Conversely if no sequence display extension() occurs between" the | first
sequgnce_header() and the first picture_header(), then sequence_display extension() shall not occur inthe bitstream

Repehting the sequence header allows the data elements of the initial sequence header to beyfepeated in ordef that
randgm access into the video sequence is possible.

In thp coded bitstream, the first picture following a sequence header or a repeated sequence header shall be pither
an I-picture or a P-picture, but not a B-picture. In the case that an interlaced frame is ¢oded as two separate field pidtures,
a repgat 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 sequénce headers is removed (or alternafively
randgm access is made to that sequence header), then the resulting bitstream<hall be a legal bitstream that complie$ with
this $pecification. In the case that the first picture of the resulting bitstteam is a P-picture, it is possible that it will
contdin non-intra macroblocks. Since the reference picture(s) required by the decoding process are not availablg, the
recorlstructed picture may not be fully defined. The time taken to.fully refresh the entire frame depends on the r¢fresh
technliques employed.

6.1.1{7 I-pictures and group of pictures header

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

I-picfures 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 fo the
decodler if the first consecutive B-pictures immediately following the coded I-frame can be reconstructed properly |n the
case pf a random access. In effeet,\if the preceding reference frame is not available, those B-pictures, if any, canjot be
recorlstructed properly unless,they’only use backward prediction or intra coding. This is more precisely defined |n the
clausp describing closed geptand broken link. A group of picture header also contains a time code information that is
not uped by the decoding-process.

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

6.1.1{8 4:2:0format

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

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

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

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

In each field of an interlaced frame, the chrominance samples do not lie (vertically) midway between the luminance
samples of the field, this is so that the spatial location of the chrominance samples in the frame is the same whether the
frame is represented as a single frame-picture or two field-pictures.
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Figure 6-1 — The position of luminance and chrominance
samples — 4:2:0 data
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Figure 6-2 — Vertical and temporal positions of samples
in an interlaced frame with top_field first =1
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Figure 6-3 — Vertical and temporal positions of samples
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Figure 6-4 — Vertical and temporal positions
of samples in a progressive frame
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6.1.1.9 4:2:2 format

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

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

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

In order to clarify the organisation, Figure 6-6 shows the (vertical) positioning of the samples when the frame is
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5 format the Cb and Cr matrices shall be the same size as the Y-matrix in the horizontal and the vertical dimers|

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

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

11 Frame re-ordering

oded frame after a sequence header shall not be a B-frame.

[uence may contain no coded P-frames. A sequence may also contain no ¢oded I-frames in which case some ¢
Fed at the start of the sequence and within the sequence to effect both random access and error recovery.

rder of the coded frames in the bitstream, also called coded order, is the order in which a decoder recons
The order of the reconstructed frames at the output of the decoding process, also called the display order,
s the same as the coded order and this subclause defines the Tules of frame re-ordering that shall happen with|
ling process.

ular always when low_delay is one.

| B-frames are present in the sequence, re-ordering is performed according to the following rules:

—  If the current frame in coded otder is a B-frame, the output frame is the frame reconstructed fron
B-frame.

from the previous I-frame or P-frame if one exists. If none exists, at the start of the sequence, no fra
output.

pded frame in the segquénce was removed from the VBV buffer.

following is anexample of frames taken from the beginning of a video sequence. In this example there ar
| B-frames_between successive coded P-frames and also two coded B-frames between successive coded ]
mes and all\pictures are frame-pictures. Frame '1I' is used to form a prediction for frame '4P'. Frames '4P' and '
psed to.form predictions for frames '2B' and '3B'. Therefore the order of coded frames in the coded sequence
', '4P, 2B', '3B'. However, the decoder shall display them in the order '11', 2B', '3B', '4P".

| the sequence contains coded B-frames, the number of consecutive coded B-frames is variable and unbounded.

ions.

have a
entire

The

are is

fructs
S not
in the

| the sequence contains no coded B-frames, the coded order is the same as the display order. This is tjue in

h that

—  If the current frame in ¢edéd order is a I-frame or P-frame, the output frame is the frame reconstqucted
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At the encoder output, in the coded bitstream, and at the decoder input:
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At the decoder output:
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Figure 6-5 — The position of luminance and chrominance samples — 4:2:2 data
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Figure 6-6 — Vertical positions of samples
with 4:2:2 and 4:4:4 data
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Slice
proce

order)).

6.1.2
In th
areas

pictu

If thg

XXX XK XK X
XXX XK XK X
XXX XK XK X
XXX XK XK X
KX X XK XK X
XXX XK XK X
XXX XK XK X
XXX XK XK X

>< Represents luminance samples

O Represents chrominance samples

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

Slice
be is a series of an arbitrary number of consecutive macroblocks. The first and last macroblocks of a slice sh

ipped macroblocks. Every slice shall contain atleast one macroblock. Slices shall not overlap. The position of
hange from picture to picture.

eding by raster-scan order (from left to right and top to bottom (illustrated in Figures 6-8 and 6-9 as alphab

1 The generalslice structure

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

).

11 not
slices

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

etical

[hose
ecific

form

slices do not cover the entire picture, then it is a requirement that if the picture is subsequently used to

predictions, then predictions shall only be made from those regions of the picture that were enclosed in slices. It is the
responsibility of the encoder to ensure this.

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

6.1.2.2 Restricted slice structure

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

Where a defined level of a defined profile requires that the slice structure obeys the restrictions detailed in this subclause,
the term "restricted slice structure" may be used.

18
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O
\

Figure 6-8 — The most general slice structure O

% Figure 6-9 — Restricted slice structure

6.1.3 Macroblock

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

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

Y Cb Cr

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

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

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

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

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

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

In frgme pictures, where both frameand field DCT coding may be used, the internal organisation within the macroplock
is different in each case.

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

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

In th¢ case of'chrominance blocks the structure depends upon the chrominance format that is being used. In thq case
of 4:2:2 and»4:4:4 formats (where there are two blocks in the vertical dimension of the macroblock) the chromipance
blocKs are“treated in exactly the same manner as the luminance blocks. However, in the 4:2:0 format the chromihance
block all always be organised i S PULPOSEs—o ould,—howewver—be-noted
that field based predictions may be made for these blocks which will, in the general case, require that predictions for
8 X 4 regions (after half-sample filtering) must be made.

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

6.1.4 Block

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

When "block" refers to source and reconstructed data it refers to an orthogonal section of a luminance or chrominance
component with the same number of lines and samples. There are 8 lines and 8 samples in the block.
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6.2

6.2.1
Start

Each
twent

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

~\J
k\

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

Video bitstreanmsyntax

Start codes
codes are §pecific bit patterns that do not otherwise occur in the video stream.

start ‘code consists of a start code prefix followed by a start code value. The start code prefix is a stri
ythree bits with the value zero followed by a single bit with the value one. The start code prefix is thus t

hg of
he bit

string

'0600 00000000 000000000001

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

the sl

ice_vertical position for the slice.

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

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

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

been

detected.

ITU-T Rec. H.262 (2000 E)
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Table 6-1 — Start code values

Name

Start code value

(hexadecimal)
picture_start code 00
slice_start_code 01 through AF
reserved BO
reserved B1
user_data_start _code B2
sequence_header code B3
SEUEIICE_CITOT_code BF
extension_start code BS5
reserved B6
sequence_end_code B7
group_start_code B8
system start codes (Note) B9 through FE
NOTE — System start codes are defined in Part 1 of this Specification.
6.2.2 Video Sequence
video_sequence() { No. of bits Mnemonic
next start code()
sequence_header()
if ( nextbits() == extension_start code ) {
sequence_extension()
do {
extension_and user data( 0)
do {
if (nextbits() == group" start code) {
group_of pictures_header()
extension” and_user data( 1)
}
picture_header()
picture coding_extension()
extensions_and user data(2)
picture_data()
} while ( (nextbits() == picture_start_code) ||
(nextbits() == group_start code) )
if ( nextbits() !=sequence end code) {
sequence_header()
sequence_extension()
}
}+ while ( nextbits() !=sequence end code )
} else {
/*ISO/IEC 11172-2 */
}
sequence_end_code 32 bslbf
}
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6.2.2.1 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 18 uimsbf
marker_bit 1 bslbf
vbv_buffer_size value 10 uimsbf
constrained_parameters_flag 1 bslbf
load_intra_quantiser_matrix 1 uimsbf
if (load_intra_quantiser matrix )
intra_quantiser_matrix|[64] 8*64 uimsbf
load_non_intra_quantiser_matrix 1 uimsbf
if (load_non_intra_quantiser matrix )
non_intra_quantiser_matrix[64] 8%64 uimsbf
next_start code()
}
6.2.2{2 Extension and user data
extension_and user data(i) { No. of bits Mnemonic
while ( ( nextbits()== extension\start code ) ||
( nextbits()== user~data_start code ) ) {
if ((i!=1) && (nextbits()== extension_start code ) )
extensiofindata( i)
if ( nextbits()==user data_start code )
usetr_data()
}
}
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6.2.2.2.1 Extension data

24

extension_data( i) { No. of bits Mnemonic
while ( nextbits()== extension_start code ) {
extension_start code 32 bslbf

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

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

sequence_display_extension()

il L thitc)
else-i{Hex 50

== "Sequence Scalable Extension ID" )

sequence_scalable extension()

}

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

never follows a group of pictures_header() */

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

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

quant_matrix_extension()

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

copyright_extension()

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

picture_display_extension()

else if ( nextbits()

== "Picture Spatial Scalable Extension ID" )

picture_spatial scalable extension()

else if ( nextbits()

== "Picture Temporal*Scalable Extension ID" )

picture_temporal $calable extension()

else if ( nextbits()

== ""Camera Parameters Extension ID" )

cameta parameters_extension()

else if (nextbits()

=="ITU-T Extension ID" )

ITU-T_extension()

ITU-T Rec. H.262 (2000 E)
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user_data() { No. of bits Mnemonic
user_data_start_code 32 bslbf
while( nextbits() !="'0000 0000 0000 0000 0000 0001") {
user_data 8 uimsbf
i
next_start_code()
:
3 Sequence extension
sequence_extension() { No. ofbits 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()
}

ITU-T Rec. H.262 (2000 E)
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6.2.2.4 Sequence display extension

sequence_display_extension() { No. of bits Mnemonic
extension_start code identifier 4 uimsbf
video_format 3 uimsbf
colour_description 1 uimsbf

if ( colour description ) {

colour_primaries 8 uimsbf
transfer_characteristics 8 uimsbf
matrix_coefficients 8 uimsbf
}
display_horizontal size 14 uimsbf]
marker_bit 1 bslbf
display_vertical_size 14 uimsbf

next_start code()

6.2.2{5 Sequence scalable extension

sequence_scalable extension() { No. of bits Mnemonic
extension_start code identifier 4 uimsbf
scalable_mode 2 uimsbf
layer_id 4 uimsbf

if (scalable_mode == "spatial scalability") {

lower_layer prediction .horizontal_ size 14 uimsbf
marker_bit 1 bslbf
lower_layer priediction_vertical size 14 uimsbf
horizontal. subsampling_factor_m 5 uimsbf
horizontal _subsampling_factor_n 5 uimsbf
vertical_subsampling_factor_m 5 uimsbf
vertical subsampling_factor n 5 uimsbf
}
if ( scalable_mode == "temporal scalability" ) {
pieture—mux—enable 1 wmsbf
if ( picture_mux_enable )
mux_to_progressive_sequence 1 uimsbf
picture_mux_order 3 uimsbf
picture_mux_factor 3 uimsbf

}

next start code()
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6.2.2.6 Group of pictures header
group_of pictures_header() { No. of bits Mnemonic
group_start _code 32 bslbf
time_code 25 uimsbf
closed_gop 1 uimsbf
broken_link 1 uimsbf
next_start_code()
!
6.2.3 Picture header
picture header() { No. of bits Mnemonic
picture_start_code 32 bslbf
temporal_reference 10 uimsbf
picture_coding_type 3 uimsbf
vbv_delay 16 uimsbf
if ( picture_coding_type == 2 || picture_coding_type == 3) {
full_pel_forward_vector 1 bslbf
forward_f code 3 bslbf
}
if ( picture_coding_type ==3) {
full_pel_backward_vector 1 bslbf
backward _f code 3 bslbf
}
while ( nextbits() =="1") {
extra_bit_picture( /¥ with the value '1' */ 1 uimsbf
extra_information_picture 8 uimsbf
}
extra_bit-pieture/* with the value '0' */ 1 uimsbf
next._start code()
}
ITU-T Rec. H.262 (2000 E) 27


https://standardsiso.com/api/?name=ca2142e785d276b7df795d4d3cb0c9e2

ISO/IEC 13818-2 : 2000 (E)

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 uimshf
intra_dc_precision 2 uimsbf
picture_structure 2 uimsbf
top_field_first 1 uimsbf
frame_pred_frame_dct 1 uimsbf
concealment_motion_vectors 1 uimsbf
q_scale_type 1 uimsbf
intra_vlc_format 1 uimsbf
alternate_scan 1 uimsbf
repeat_first_field 1 uimsbf
chroma_420 type 1 uimsbf
progressive_frame 1 uimsbf
composite_display_flag 1 uimsbf
if ( composite display flag) {
v_axis 1 uimsbf
field_sequence 3 uimsbf
sub_carrier 1 uimsbf
burst_amplitude 7 uimsbf
sub_carrier_phase 8 uimsbf
}
next_start code()
b
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6.2.3.2 Quant matrix extension
quant_matrix_extension() { No. of bits Mnemonic
extension_start code identifier 4 uimsbf
load_intra_quantiser_matrix 1 uimsbf
if (load_intra_quantiser matrix )
intra_quantiser_matrix[64] 8 * 64 uimsbf
load_non_intra_quantiser_matrix 1 uimsbf
if (load_non_intra_quantiser matrix )
non_intra_quantiser_matrix[64] 8 * 64 uimsbf
load_chroma_intra_quantiser matrix 1 uimsbf
if (load_chroma intra quantiser matrix )
chroma_intra_quantiser_matrix[64] 8 * 64 uimsbf
load_chroma non_intra_quantiser _matrix 1 uimsbf
if (load_chroma non_intra_quantiser matrix )
chroma_non_intra_quantiser_matrix[64] 8 %64 uimsbf
next_start code()
}
6.2.3|13 Picture display extension
picture display extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
for (1=0; i <number of frame centre offsets;i++) {
frame_centre_horizontal_offset 16 simsbf
marker_bit 1 bslbf
frame_centre_vertical_offset 16 simsbf
marker_bit 1 bslbf
}
next start cod€()
}
6.2.314 Picture temporal scalable extension
picture_temporal_scatabie_eXIensiont) { No-of bits Memonic
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()

ITU-T Rec. H.262 (2000 E)
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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
fower_Tayer_vertical offset T5 STmSbf
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 uimsbf
copyright_identifier 8 uimsbf
original_or_copy 1 uimsbf
reserved 7 bslbf
marker_bit 1 bslbf
copyright_number_1 20 uimsbf
marker_bit 1 bslbf
copyright_ number_2 22 uimsbf
marker_bit 1 bslbf
copyright number 3 22 uimsbf
next_statt gode()

}

6.2.37_~Picture data

picture data() { No. of bits Mnemonic

do {
slice()

} while ( nextbits() == slice_start code )

next start code()
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camera_parameters_extension() { No. of bits Mnemonic
extension_start code identifier 4 uimsbf
reserved 1 uimsbf
camera_id 7 simsbf
marker_bit 1 bslbf
height_of image device 22 uimsbf
marker_bit 1 bslbf
focal_length 22 uimsbf
marker_bit 1 bslbf
f_number 22 uimsbf]
marker_bit 1 bslbf
vertical angle of view 22 uimsbf
marker_bit 1 bslbf
camera_position_x_upper 16 simsbf
marker_bit 1 bslbf
camera_position_x_lower 16
marker_bit 1 bslbf
camera_position_y_upper 16 simsbf
marker_bit 1 bslbf
camera_position_y_lower 16
marker_bit 1 bslbf
camera_position_z_upper 16 simsbf
marker_bit 1 bslbf
camera_position_z_lower 16
marker_bit 1 bslbf
camera_direction_x 22 simsbf
marker_bit 1 bslbf
camera_direction-y 22 simsbf
marker_bit 1 bslbf
camera_direetion_z 22 simsbf
markex_bit 1 bslbf
image plane vertical x 22 simsbf
marker_bit 1 bslbf
image_plane_vertical y 22 simsbf
marker_bit 1 bslbf
image_plane_vertical_z 22 simsbf
marker_bit 1 bslbf
reserved 32 bslbf
next_start code()

}

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

values are reserved for future use by ITU-T | ISO/IEC.
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6.2.3.7.2 ITU-T extension

ITU-T extension() { No. of bits Mnemonic
extension_start code_identifier 4 uimsbf
while( nextbits() !="'0000 0000 0000 0000 0000 0001") {
ITU-T_data 1 uimsbf
}
[rext_start_ctode()
i
INOTE — The construct with the while-statement prevents start code emulation.
6.2.4 Slice
slice() { NO. of bits Mnemonic
slice_start code 32 bslbf
if (vertical size > 2800)
slice_vertical_position_extension 3 uimsbf
if (<sequence _scalable_extension() is present in the bitstream>).{
if (scalable_mode == 'data partitioning')
priority_breakpoint 7 uimsbf
}
quantiser_scale_code 5 uimsbf
if (nextbits() =="'1") {
slice_extension_flag 1 bslbf
intra_slice 1 uimsbf
slice_picture_id_enable 1 uimsbf
slice_picture_id 6 uimbsf
while (nextbits@=="1") {
extra_bit~slice /* with the value '1' */ 1 uimsbf
extra._information_slice 8 uimsbf
}
}
extra_bit_slice /* with the value '0' */ 1 uimsbf
do {
macroblock()

} while (nextbits() !='000 0000 0000 0000 0000 0000")

next_start _code()
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6.2.5 Macroblock

macroblock() { No. of bits Mnemonic

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

macroblock escape 11 bslbf

macroblock_address_increment 1-11 viclbf

macroblock modes()

if ( macroblock quant )

quantiser_scale_code 5 uimsbf

if ( macroblock motion forward ||

( macroblock_intra && concealment motion_vectors) )

motion_vectors( 0 )

if ( macroblock motion backward )

motion_vectors( 1)

if ( macroblock intra && concealment motion_vectors)

marker_bit 1 bslbf

if ( macroblock pattern )

coded block pattern()

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

block(i )
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6.2.5.

6.2.5

34

1 Macroblock modes

macroblock modes() { No. of bits Mnemonic
macroblock_type 1-9 vlclbf
if ( ( spatial_temporal weight code flag==1) &&
( spatial temporal weight code table index !="00")) {
spatial_temporal_weight_code 2 uimsbf
}
if ( macroblock motion forward ||
macroblock motion backward ) {
if ( picture_structure == 'frame' ) {
if ( frame pred frame dct==0)
frame_motion_type 2 uimsbf
} else {
field_motion_type 2 uimsbf
}
}
if ( ( picture_structure == "Frame picture" ) &&
(frame pred frame dct==0) &&
( macroblock intra || macoblock pattern) ){
dct_type 1 uimsbf
}
}
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
mation vector( 0, s )
Felse {
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

6.2.6

The
descr

.2.1 Motion vector
motion_vector (1, s ) { No. of bits Mnemonic
motion_code[r][s][0] 1-11 viclbf
if ((f code[s][0] !=1) && ( motion code[r][s][0] I=0))
motion_residual[r|[s][0] 1-8 uimsbf
if (dmv==1)
dmvector[0] 1-2 viclbf
motion_code|r][s][1] 1-11 viclbf
if ((f code[s][1] !=1) && ( motion_code[r][s][1] !=0))
motion_residual[r|[s][1] 1-8 uimsbf
if (dmv==1)
dmvector|1] 1-2 viclbf
}
3 Coded block pattern
coded block pattern () { No. of bits Mnemonic
coded_block_pattern_420 3-9 viclbf
if (chroma format==4:2:2)
coded_block_pattern_1 2 uimsbf
if (chroma_format == 4:4:4)
coded_block pattern 2 6 uimsbf
}
Block
letailed syntax for the terms-"First DCT coefficient", "Subsequent DCT coefficient" and "End of Block" is fully
ibed in 7.2.
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This subclause does not adequately document the block layer syntax when data partitioning is used. See 7.10.

block(1) { No. of bits Mnemonic

if ( pattern_code[i] ) {

if ( macroblock intra ) {

if(i<4){

dct_dc_size_luminance 2-9 viclbf

if(dct_dc size luminance !=0)

dct_dc_differential 1-11 uimsbf

} else {

dct_dc_size_chrominance 2-10 viclbf

if(dct_dc size chrominance !=0)

dct_dc_differential 1-11 uimsbf
}
} else {
First DCT coefficient 2-24 vlclbf
}
while ( nextbits() != End of block )
Subsequent DCT coefficients 3-24 vlclbf
End of block 2or4 vlclbf
}
}
6.3 Video bitstream semantics
6.3.1 Semantic rules for higher syntactic structures

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

Figure 6-15 illustrates the high level structure of the video bitstream.

ISO/IEC 11172-2

. Extension .
‘ and User ,

Picture
Header

Sequence
Extension

Sequence
Header

Group of
Pic. Hdr.

bined
bam.

Pic. Coding
Extension

Picture
Data

. Extension . Sequence
End

‘ and User '

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

Figure 6-15 — High level bitstream organisation
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The following semantic rules apply:

e If the first sequence header() of the sequence is not followed by sequence extension(), then the stream

shall conform to ISO/IEC 11172-2 and is not documented within this Specification.

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

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

quent

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

sequence_end_code.

e Ifsequence extension() occurs in the bitstream, then each picture header() shall be followed immed
by a picture_coding_extension().

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

e 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() afid)picture coding_extension().

set of allowed extensions is different at each different point in the syntax wheréjextensions are allowed. Tabl
definps a four bit extension_start code_identifier for each extension.

Table 6-2 — extension_start_code)identifier codes

iately

frame

The
e 6-2

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

At each point where extensions are allowed in the bitstream any number of the extensions from the defined allowable set

may be included. However, each type of extension shall not occur more than once.

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

definition of compatible extensions to this Specification.

ITU-T Rec. H.262 (2000 E)
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6.3.2

Video sequence

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

6.3.3

Sequence header

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

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

verti

horiZ
horiz
width
comp]
enco

In or
that 4

verti
verti(

the d

In th
mb |

In th
macr
pictu

The

In or
multi]

aspe(

bal_size value — This word forms the 12 least significant bits of vertical_size.

ontal_size — The horizontal size is a 14-bit unsigned integer, the 12 least significant bits are-defin
pbntal size value, the 2 most significant bits are defined in horizontal size extension. The horizontal size

of the displayable part of the luminance component of pictures in samples. The width of the.éncoded lumi
onent of pictures in macroblocks, mb_width, is (horizontal size + 15)/16. The displayable patbis left-aligned
led pictures.

er to avoid start code emulation horizontal size value shall not be zero. This precludes values of horizonta
re multiples of 4096.

pal_size — The vertical size is a 14-bit unsigned integer, the 12-Jeast significant bits are defing
al size value, the 2 most significant bits are defined in vertical sizecextension. The vertical size is the hei
splayable part of the luminance component of the frame in lines.

e case that progressive sequence is 'l' the height of the encoded Tuminance component of frames in macrob
eight, is (vertical_size + 15)/16.

e case that progressive sequence is '0' the height_of the encoded luminance component of frame pictui
bblocks, mb_height, is 2*((vertical size + 31)/32). The height of the encoded luminance component of]
Fes in macroblocks, mb_height, is ((vertical size +31)/32).

isplayable part is top-aligned in the encodéd pictures.

ler to avoid start code emulation vertical size value shall not be zero. This precludes values of vertical_size th
ples of 4096.

t_ratio_information — Fhisis a four-bit integer defined in Table 6-3.

Table 6-3 — aspect_ratio_information

bd in
s the
hance
in the

_size

bd  in
bht of

ocks,

es in

field

at are

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

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

horizontal size

SAR = DAR X - -
vertical_size

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

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

display horizontal size
display vertical size

SAR = DAR X
frame rate code — This is a four-bit integer used to define frame rate value as shown in Tablé6-4. frame_rate may be
derivpd 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) + (framevrtate 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 zdro. (frame_rate extension n + 1) and (frame rate extension_d + 1) shall not have a common divisor greatef than
one.

Table 6-4 — frame_rate)value

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

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

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

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

bit_rate_value — The lower 18 bits of bit _rate.

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

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

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

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

vbv_buffer_size value — the lower 10 bits of vbv_buffer size.

and the upﬁer 8 bit vt g r_size_extenon. The integer defines the size of the VBV_(Vide(; Buf‘ering
Veriffier, see Annex C) buffer needed to decode the sequence. It is defined as:

vbv_p byv—b e—is—3 value
s are in vbv_buffe
B =16 * 1024 * vbv_buffer size

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

consfrained_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_jintra_quantiser_matrix — See 6.3.11 "Quant matrix extension'

6.34 Extension and user data

exterjsion_start_code — The extension start code is the bit'string '000001B5' in hexadecimal. It identifies the begipning
of extensions beyond ISO/IEC 11172-2.

6.3.4]1 User data

user [data_start_code — The user data start:code is the bit string '000001B2' in hexadecimal. It identifies the begipning
of us¢r data. The user data continues until réceipt of another start code.

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

6.3.5 Sequence extenision

extersion_start_code-identifier — This is a 4-bit integer which identifies the extension. See Table 6-2.
profile_and_lével indication — This is an 8-bit integer used to signal the profile and level identification. The meaning
of th¢ bits is.given in clause 8.

NPZFE * In a scalable hierarchy the bitstreams of each layer may set profile and level indication to a different value as spg¢cified
in| clause 8.

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

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

vbv_buffer_size extension — This 8-bit integer is the 8 most significant bits from vbv_buffer_size.
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Table 6-5 — Meaning of chroma_format

chroma_format Meaning
00 Reserved
01 4:2:0
10 4:2:2
11 4:4:4

re-ordlering delay is not present in the VB g pictures", i.e. that)(.7 of

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 ratexSee frame rate code.

6.3.6 Sequence display extension

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

videq format — This is a three bit integer indicating the representation of the pictures before being coded in accorflance

with [this Specification. Its meaning is defined in Table 6=6. If the sequence display extension() is not present |n the
bitstrpam, 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
Ol SECAM
100 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 implicitly defined by the application.

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

Value Primaries

0 (Forbidden)

1 Recommendation ITU-R BT.709
primary X y
green 0.300  0.600
blue 0.150  0.060
red 0.640  0.330
white-D65 03127 93200

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.470-2<System B, G
primary X y
green 0.29 0.60
blue 0.15 0.06
red 0264 0.33
white D65 0313  0.329

6 SMPTE 170M
primary X y
green 0310  0.595
blue 0.155  0.070
red 0.630  0.340
white D65 0.3127 0.3290

7 SMPTE 240M (1987)
primary X y
green 0310  0.595
blue 0.155  0.070
red 0.630  0.340
white D65 0.3127 0.3291

8-255 Reserved
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Value

Transfer Characteristic

(Forbidden)

Recommendation ITU-R BT.709
V =1.099 L .94 - 0.099
for 1> L.,20.018

V=4500L,
for0.018>L1L, 20

2|

In th
charq

matr
signa)|

1L b ad N\
oHSPeeHtea—v1aco

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
for 1 2L >0.018
V=4500L,
for 0.018 >L >0

SMPTE 240M (1987)
V=1115L%-0.1415
for L, > 0:0228
V=40L,
£01'0.0228 > L,

Linear transfer characteristics

eV =L,

9-255

Reserved

b case that sequence “display extension() is not present in the bitstream or colour description is zero, the transfer
cteristics are assumed to be implicitly defined by the application.

ix_coefficients— This 8-bit integer describes the matrix coefficients used in deriving luminance and chromihance
s from the green, blue, and red primaries, and is defined in Table 6-9.
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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 B’
E'pp=-0.386 E'; +0.500 E"; —0.115 E'p
E'pr =—0.454 E'; - 0.046 E'5 + 0.500 E"
2 Unspecified Video
Lnage-characteristics-are-unlaiown

3 Reserved

4 FCC

E'y =059 E';+0.11 E'; +0.30 E'y
E’pp=-0.331E;+0.500 E"; —0.169 E'y
E’pg =—0.421 E'; - 0.079 E’; + 0.500 Ey
5 Recommendation ITU-R BT.470-2 System B, G
E’y =0.587 E';+0.114 E'5 +0.299 E',
E’pg =—0.331 E’; +0.500 E’; - 0.169 Ey
E'pg =—0.419 E' - 0.081 E’5 + 0.500 B,
6 SMPTE 170M

E’y =0.587 E'; +0.114 E'y +0)299 E’
E'pg =—0.331 E'; + 0.500 E% - 0.169 E'y
E'pg=—0.419E’'; - 008I'"E’; + 0.500 E"
7 SMPTE 240M (198%)

E’y =0.701 EfG+ 0.087 E'5 + 0.212 E'y
E'pg =—0.384 E'; +0.500 E’5; —0.116 E',
E'pp3—0.445 E' - 0.055 E’; + 0.500 Ey
8-255 Réserved

In T4ple 6-9:
—  E’y is analogue-with values between 0 and 1;
—  E’pg and-E’pR are analogue between the values —0.5 and 0.5;

—  E'mElg and E’g are analogue with values between 0 and 1;

Y Cb and Cr are related to E’y, E’pg and E’pg by the following formulae:

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

NOTE 1 — 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 implicitly defined by the application.

NOTE 2 — In applications which may have signals with more than one set of colour primaries, transfer characteristics, and/or
matrix coefficients, it is recommended to transmit a sequence display extension with colour description set to one, and to specify
the appropriate values for the colorimetry parameters.
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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

T dicadinthic Spnacifioati o
proce dised-n-this-Speeifieation:

6.3.7 Sequence scalable extension

It is|a syntactic restriction that if a sequence scalable extension() is present in the bitstream following a |given
sequgnce_extension(), then sequence scalable extension() shall follow every other occurrence of sedquence extengion().
Thus|a bitstream is either scalable or it is not scalable. It is not possible to mix scalable and non-scalable coding within a

sequgnce
scallle_mode — The scalable mode indicates the type of scalability used in,the/ video sequence. |f no
sequgnce_scalable extension() is present in the bitstream, then no scalability is used for\that sequence. scalable mode
also [indicates the macroblock type tables to be used. However, in the cdas¢' of spatial scalability {f no
pictufe spatial scalable extension() is present for a given picture, then that picturé€’shall be decoded in a non-scglable
manrfer (i.e. as if sequence_scalable extension() had not been present).

Table 6-10 — Definition of scalable ‘mode

scalable_mode Meaning picture__g;;z;i:ih_;(c)alable- macroblock type tables
equence_scalable extension() not present B-2, B-3 and B-4
0 Data partitioning B-2, B-3 and B-4
1 Spatial scalability Present B-5, B-6 and B-7
Not present B-2, B-3 and B-4
[0 SNR scalability B-8
[ 1 Temporal scalability B-2, B-3 and B-4

layen id — This is an integer‘which identifies the layers in a scalable hierarchy. The base layer always has layer i¢l = 0.
Howgver, the base layer.‘of-a scalable hierarchy does not carry a sequence scalable extension() and hence laypr id,
except in the case of datapartitioning. Each successive layer has a layer id which is one greater than the layer for which
it is gn enhancement:

In th¢ case 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
fram¢ which is used for prediction. This shall contain the value contained in horizontal size (horizontal size value and

hOriZ brfal c17a avtancina 10 thao 1auar lovar hatotraning
oita—SHZe—eXteRSioHtherowerayeroitStredih:

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.
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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 'l' 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.

pictdre_mux_factor — It denotes number of enhancement layer pictures between consecutive base layer pittures to
allow| correct re-multiplexing of base and enhancement layers for display. It also assists in re-multiplexing ef“pi¢tures
prior|to display as it contains information for inverting the temporal demultiplexing performed at the encoder. The [value
'000' s reserved.

6.3.8 Group of pictures header

group_start code — The group start code is the bit string '000001B8' in hexadecimal. It identifies the beginning of a
grouy of pictures header.

time | code — This is a 25-bit integer containing the following: drop frame flag, timie Jcode hours, time code miputes,
markpr bit, time code seconds and time_code pictures as shown in Table 6-11K The parameters correspond to [those
defingd in the IEC standard publication 60461 for "time and control codes for-video tape recorders" (see Bibliogtaphy,
Anngx F). The time code refers to the first picture after the group of pictdres header that has a temporal refererice of
zero.|The drop_frame flag can be set to either '0' or '1'. It may be set to<1")only if the frame rate is 29.97 Hz. If if is '0’
then pictures are counted assuming rounding to the nearest integral number of pictures per second, for example 29.97 Hz
woulfl be rounded to and counted as 30 Hz. If it is '1' then picture numbers 0 and 1 at the start of each minute, gxcept
minues 0, 10, 20, 30, 40, 50 are omitted from the count.

NPTE — The information carried by time_code plays no part in the decoding process.

Table 6-H1 — 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 sseconds 0-59 6 uimsbf
time_cdde) pictures 0-59 6 uimsbf

closefl_gop —This is a one-bit flag which indicates the nature of the predictions used in the first consecutive B-pi¢tures
(if anly) immediately following the first coded I-frame following the group of picture header.

closel_gop is set to '1' to indicate that these B-pictures have been encoded using only backward prediction o1 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 'l' 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 'l', 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 'l' 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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Picture header

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

temp

oral_reference — The temporal reference is a 10-bit unsigned integer associated with each coded picture.

The following simple specification applies only when low_delay is equal to zero.

When a coded frame is in the form of two field pictures, the temporal reference associated with each picture shall be the
same (it is called the temporal reference of the coded frame). 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. Among the frames coded after a group of pictures header, the temporal reference of the
coded frame that is displayed first, shall be set to zero.

The {

If pig
the V
folloy

ollowing more general specification applies when low_delay is equal to zero or one.

ture A is not a big picture, i.e. the VBV buffer is only examined once before the coded picture A is repioved,

ving picture A in display order is equal to:
e 0 if'there is a group of pictures header present between picture A and picture B (irf ¢oded order).
e  (N+1)% 1024 if picture B is a frame picture or is the first field of a pair of field pictures.

e Nif picture B is the second field of a pair of field pictures.

from

BV buffer and if N is the temporal reference of picture A, then the temporal reference of picture |B' immedjately

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 (referred to as a big picture) from the VBV buffer.
If pidture A is a big picture and if K is the number of times that the VBV buffer is re-examined as defined in C.7 (K|> 0),
if N s the temporal reference of picture A, then the temporal referencedof picture B immediately following pictur¢ A in
display order is equal to:
o K 9% 1024 if there is a group of pictures header present between picture A and picture B (in coded order).
o (N+K+1)% 1024 if picture B is a frame picture or is the first field of a pair of field pictures.
e  (N+K) % 1024 if picture B is the second field of a pair of field pictures.
NPTE 1 — If the big picture is the first field of a frame coded with field pictures, then the temporal reference of the tw¢ field
pictures of that coded frame are not identical.
picture_coding_type — The picture_coding’ type identifies whether a picture is an intra-coded picture(I), predigtive-
coded picture(P) or bidirectionally ptedictive-coded picture(B). The meaning of picture coding type is defined in
Tablg 6-12.
NPTE 2 — Intra-coded pictures with only DC coefficients (D-pictures) that may be used in ISO/IEC 11172-2 are not supported by
thiis Specification.
Table 6-12 — picture_coding_type
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
111 Reserved
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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.

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 3 — 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 thepjcture
start code) is calculated as the total delay less the delay of the corresponding picture start code in the enceder buffer
measpred in periods of a 90 kHz clock derived from the 27 MHz system clock.

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

vbv_delay, =90 000 * B,* /R

wherg:
n>0
B,"= VBV occupancy, measured in bits, immediately before reheving picture n from the buffer buf after
removing any header(s), user data and stuffing that immediately precedes the data elements of pfcture
n.
R= the actual bitrate (i.e. to full accuracy ratherthan the quantised value given by bit rate in the

sequence header).

An efjuivalent method of calculating vbv_delay for variable bitrate streams can be derived from the equation in (.3.1.
This will be in the form of a recurrence relation for the wbv_delay given the previous vbv_delay, the decoding tinpes of
the cprrent and previous pictures, and the number of bytes in the previous picture. This method can be applied if, pt the
time pbv_delay is encoded, the average bitrate of thé transfer of the picture data of the previous picture is known.

full_pel_forward_vector — This flag that is uged in ISO/IEC 11172-2 is not used by this Specification. It shall haye the
valug'0".

forwprd_f code — This 3 bit string (which is used in ISO/IEC 11172-2) is not used by this Specification. It shalll have
the value '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 vilue '0'.

backward_f code — This“3 bit string (which is used in ISO/IEC 11172-2) is not used by this Specification. It shall have
the vilue '111".

extra bit picture'— A bit indicates the presence of the following extra information. If extra_bit picture is set fo 'l',
extra| information_picture will follow it. If it is set to '0', there are no data following it. extra_bit_picture shall be [set to
value'l" is reserved for possible future extensions defined by ITU-T | ISO/IEC.

extra—i i i = - T 1 T 1 nters
extra_information_picture in a bitstream shall ignore it (i.e. remove from the bitstream and discard). A bitstream
conforming 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).
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See Table 7-7 for the meaning of the indices; s and t.

intra_dc_precision — This is a 2-bit integer defined in the Table 6-13.

Table 6-13 — Intra DC precision

ISO/IEC 13818-2 : 2000 (E)

intra_dc_precision

Precision (bits)

00 8
01 9
10 10
11 11

The i

hverse quantisation process for the Intra DC coefficients is modified by this parameter as explained in 74:1.

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

Whet
wher

The fiirst encoded field of a frame may be a top-field or a beftom field, and the next field must be of opposite parity.

Whet
each

top_1
reped

If pr
deco

Table 6-14 — Meaning of picture_structure

picture_structure Meaning
00 Reserved
01 Top Field
10 Bottom Field

Frame picture

lingrocess.

field picture.

| a frame is encoded in the form of two field pictures bothficlds must be of the same picture coding_type, gxcept
e the first encoded field is an [-picture in which case the second may be either an I-picture or a P-picture.

| a frame is encoded in the form of two field pictures, the following syntax elements may be set independently in
field picture:

e f code[0][0], f code[O][1];

e f code[1][0], f code[1][1];

e intra dc precision, cofieealment motion vectors, q scale type;

e intra vlc format, altgrhate scan;

e  vbv_delay;

e  temporal (feference.
ield_first — (The meaning of this element depends upon picture structure, progressive sequence| and
t first field.

gressive=sequence is equal to '0', this flag indicates what field of a reconstructed frame is output first Hy the

e¢oded

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 0 and repeat_first field is set to 'l', 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 'l', 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 'l', then only frame-DCT and frame prediction are used. In a field picture
it shall be '0'. frame pred frame dct shall be 'l' if progressive sequence is 'l'. This flag affects the syntax of the
bitstream.

concealment_motion_vectors — This flag has the value 'l' to indicate that motion vectors are coded in intra
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 in 7.2.2.1.

alterp cient data as deseribed in 7.3

repeat_first_field — This flag is applicable only in a frame picture; in a field picture it shall be set to zero and do¢s not
affect the decoding process.

If prqgressive sequence is equal to 0 and progressive frame is equal to 0, repeat first field shall be zero,-and the qutput
of th¢ decoding process corresponding to this reconstructed frame consists of two fields.

If pragressive_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 reconstructed ffame consists of two fields.
The first field (top or bottom field as identified by top field first) is followed by the other field.

If it i§ set to 1, the output of the decoding process corresponding to this reconstructed-frame consists of three fieldy. The
first field (top or bottom field as identified by top field first) is followed by the other field, then the first figld is
repedted.

If pragressive_sequence is equal to 1:
If thig flag is set to 0, the output of the decoding process corresponding.to this reconstructed frame consists of one frame.

If it 1s set to 1, the output of the decoding process corresponding*to this reconstructed frame consists of two or|three
framgs, depending on the value of top_field first.

chroma_420_type — If chroma_format is "4:2:0", the valuevof chroma_420_type shall be the same as progressive ffame;
else ¢dhroma 420 type has no meaning and shall be equalto zero. This flag exists for historical reasons.

progressive_frame — If progressive frame is set t6.0 it indicates that the two fields of the frame are interlaced fields in
which an interval of time of the field period exists-between (corresponding spatial samples) of the two fields. In thi$ case
the fgllowing restriction applies:

e repeat first field shall be zero (two field duration).

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

e  picture_ structure’shall be "Frame";

e if progresstveé sequence is equal to one, then frame pred frame dct shall be 1.

progiessive_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.

have |been.coded as (analogue) composite video prior to encoding into a bitstream that complies with this Specificption.
If it i s¢Dto 0, then these parameters do not occur in the bitstream.

com;Fsite_display_ﬂag — This flag is set to 1 to indicate that the following fields that are of use when the input pi¢tures

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).
NOTE 1 — The various syntactic elements that are included in the bitstream if composite display flag is '1' are not used in the
decoding process.

NOTE 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 0 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.
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Table 6-15 — Definition of field_sequence

Field sequence Frame Field

000 1 1
001 1
010
011
100
101

sub_|
the r¢

burs
sub-g

sub_|
datur]

6.3.1

Each
to th
quan

With
With

blocKs and for chrominance blocks. Note, however, that it is possible to download the same user defined matrix intd

the Iu
The

110
111

AN W|W NN
| Jlan|n ]l bW

barrier — This is a 1-bit integer. Set to 0 means the sub-carrier/line frequency relationship is correct. When sd
lationship is not correct.

_amplitude — This is a 7-bit integer defining the burst amplitude (for PAL and NTS¢ only). The amplitude
arrier burst is quantised as a Recommendation ITU-R BT.601 luminance signal, with(the MSB omitted.

carrier_phase — This is an 8-bit integer defining the phase of the reference sub:catrier at the field-synchroni
h with respect, to field start as defined in Recommendation ITU-R BT.470 (see Table 6-16).

Table 6-16 — Definition of sub_carriet, phase

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

I Quant matrix extension

quantisation matrix has a default set of values. When a sequence header code is decoded all matrices shall bg
pir default values. User defined\matrices may be downloaded and this can occur in a sequence header() o
| _matrix_extension().

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

4:2:2 or 4:4:4 data-four matrices are used. Both an intra and a non-intra matrix are provided for both lumi

minance andsehlirominance matrix at the same time.

efault matrix for intra blocks (both luminance and chrominance) is:

t to 1

bf the

ation

reset
Fin a

hance
both

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

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

—

16 16 16 16 16 16 16 16

2 16 16 16 16 16 16 16 16
3 16 16 16 16 16 16 16 16
4 16 16 16 16 16 16 16 16

™o 1o 1o 16 1o 1o 10 10
6 16 16 16 16 16 16 16 16

load |intra_quantiser _matrix — This is a one-bit flag which is set to 'l"' if intra_quantiser matnix follows. If it is se{ to '0'
then there is no change in the values that shall be used.

intral quantiser_matrix — This is a list of sixty-four 8-bit unsigned integers. The new\Values, encoded in the default
zigzajg scanning order as described in 7.3.1, replace the previous values. The first yalue shall always be 8 (values | to 7
and 9 to 255 are reserved). For all of the 8-bit unsigned integers, the value zerq is, forbidden. With 4:2:2 and 4:4:4 data
the new values shall be used for both the luminance intra matrix and the chirominance intra matrix. Howeve}, the
chrorpinance intra matrix may subsequently be loaded with a different matrix,

load [non_intra_quantiser_matrix — This is a one-bit flag which is setd¢o '1" if non_intra quantiser matrix follows. If it
is set|to '0' then there is no change in the values that shall be used.

non_jintra_quantiser_matrix — This is a list of sixty-four §-bit unsigned integers. The new values, encoded fn the
defaylt zigzag scanning order as described in 7.3.1, replace, the previous values. For all the 8-bit unsigned integets, the
valug zero is forbidden. With 4:2:2 and 4:4:4 data, the new*values shall be used for both the luminance non-intra rhatrix
and the chrominance non-intra matrix. However, the .chrominance non-intra matrix may subsequently be loaded with a
diffegent matrix.

load |chroma_intra_quantiser matrix — Thissis a one-bit flag which is set to 'l' if chroma intra_quantiser rhatrix
folloys. If it is set to '0' then there is no ¢hange in the values that shall be used. If chroma_format is "4:2:0", this flag
shall ftake the value '0'".

chroma_intra_quantiser_matrix < _This is a list of sixty-four 8-bit unsigned integers. The new values, encoded |n the
defaylt zigzag scanning order as described in 7.3.1, replace the previous values. The first value shall always be 8 (Yalues
1 to ] and 9 to 255 are reserved). 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
chrotha non_intra_guantiser matrix follows. If it is set to '0' then there is no change in the values that shall be used. If
chrorha_format is'4:2:0", this flag shall take the value '0".

chroma_norntintra_quantiser_matrix — This is a list of sixty-four 8-bit unsigned integers. The new values, encoded in
the dpfault Zigzag scanning order as described in 7.3.1, replace the previous values. For all the 8-bit unsigned int¢gers,
the valuezero is forbidden.

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.
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frame_centre_vertical offset — This is a 16-bit signed integer giving the vertical offset in units of 1/16th sample. A
positive 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 coordinates 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
picture display extension() may contain up to three offsets.

The number of frame centre offsets in the picture display_extension() shall be defined as follows:

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

H
}else {
if (picture_structure == "field") {
number_of frame centre offsets =1
} else {
if (repeat_first field=="1")
number_of frame centre offsets =3
else
number_of frame centre offsets =2

}

A pjcture_display extension() shall not occur unl€ss a sequence display extension() followed the prgvious
sequgnce_header().

In th¢ case that a given picture does not have apicture display extension(), then the most recently decoded frame ¢entre
offsef shall be used. Note that each of the @hissing frame centre offsets have the same value (even if two or three frame
centrp offsets would have been contained in the picture display extension() had been present). Following a
sequgnce_header() the value zero shall'be used for all frame centre offsets until a picture display extension() dg¢fines
non-Zero values.

Figuge 6-16 illustrates the(picture display parameters. As shown, the frame centre offsets contained ip the
pictufe display extension()-Shall specify the position of the centre of the reconstructed frame from the centre ¢f the
display rectangle.

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

NPTE 2 — Even in a field picture the frame_centre vertical offset still represents the offset of the centre of the frame in 1/14" of a
frame line(iiot a line in the field).

NPTEN3 - In the example of Figure 6-16 both frame_centre_horizontal offset and frame centre_vertical offset have negative
values)

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 way of example only; this facility may be used to identify a 3/4 aspect ratio window in a 9/16 coded picture format.
This would allow a decoder to produce usable pictures for a conventional definition television set from an encoded
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 defined by
horizontal_size and vertical_size.
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Figure 6-16 — Frame centre offset parameters

B Picture temporal scalable extension
DTE — See also 7.9.

ence_select_code — This is a 2-bit code that identifies reference fraines or reference fields for prediction depe
P picture type.

to be used to provide the forward prediction. If the\lower layer indicates temporal reference with mord
s, the least significant bits are encoded here. If the lower layer indicates temporal reference with fewer than 1
s are encoded here and the more significant bits shallbe set to zero.

ward_temporal_reference — A 10 bit unsigned)integer value which indicates temporal reference of the lower

to be used to provide the backward prediction. If the lower layer indicates temporal reference with morg
s, the least significant bits are encoded-heré. If the lower layer indicates temporal reference with fewer than 1
s are encoded here and the more significant bits shall be set to zero.

4 Picture spatial scalable extension

" layer_temporal_reference’— A 10 bit unsigned integer value which indicates temporal reference of the
frame to be used to provide the prediction. If the lower layer indicates temporal reference with more than 1
ast significant bits are.eficoded here. If the lower layer indicates temporal reference with fewer than 10 bits, a
icoded here and the more significant bits shall be set to zero.

hhancement layer picture sample width. If the chrominance format is 4:2:0 or 4:2:2, then this parameter shall
number.

- layer horizontal offset — This 15 bit signed (twos complement) integer specifies the horizontal offset (of tl
and cornen), of the upsampled lower layer frame relative to the enhancement layer picture. It is expressed in ug

nding

layer
than
bits,

layer
than
bits,

lower
bits,
1 bits

e top
its of
be an

lower_layer_vertical_offset — This 15 bit signed (twos complement) integer specilies 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_layer_progressive_frame — This flag shall be set to 0 if the lower layer frame is interlaced and shall be set to 'l
if the lower layer frame is progressive. The use of this flag in the spatial scalable upsampling process is defined in 7.7.

lower_layer_deinterlaced field select — This flag affects the spatial scalable upsampling process, as defined in 7.7.
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6.3.15  Copyright extension
extension_start_code_identifier — This is a 4-bit integer which identifies the extension (see Table 6-2).

copyright flag — This is a one bit flag. When copyright flag is set to 'l', it indicates that the source video material
encoded in all the coded pictures following the copyright extension, in coding order, up to the next copyright extension
or end of sequence code, is copyrighted. The copyright identifier and copyright number identify the copyrighted work.
When copyright flag is set to '0', it does not indicate whether the source video material encoded in all the coded pictures
following the copyright extension, in coding order, is copyrighted or not.

copyright_identifier — This is an 8-bit integer given by a Registration Authority as designated by ISO/IEC JTC1/SC29.
Value zero indicates that this information is not available. The value of copyright number shall be zero when
copyright_identifier is equal to zero.

Whet copyright _flag is set to '0', copyright _identifier has no meaning and shall have the value 0.

origipal_or_copy — This is a one bit flag. It is set to '1' to indicate that the material is an original, and set to”'0!to inglicate
that if is a copy.

resenved — 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:
copyfight_number_2 — This is a 22-bit integer, representing bits 22 to 43 of copyright_ntuhber.
copyfight_number_3 — This is a 22-bit integer. representing bits 0 to 21 of copyright\number.

copyfright number — This is a 64-bit integer, derived from copyrighttnumber 1, copyright number 2 and
copyfight number 3 as follows:

copyfight number = (copyright number 1 << 44) + (copyright numbef\2 << 22) + copyright number 3.

The |meaning of copyright number is defined only when cop¥yiight flag is set to 'l'. In this case, the valje of
copyfight number identifies uniquely the copyrighted work marked by the copyrighted extension. The value [0 for
copyfright number indicates that the identification number of the copyrighted work is not available.

When copyright flag is set to '0', copyright number hasdo/meaning and shall have the value 0.

6.3.1p  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 1qst 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 givigg the
vertidal position in macroblock upits.ef the first macroblock in the slice.

In laﬂige pictures (when the yertical size of the frame is greater than 2800 lines) the slice vertical position is extended by
the sliice_vertical_position_extension.

The hacroblock 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.

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

slice_extension_flag — This flag shall be set to 'l' to indicate the presence of intra_slice, slice picture id enable,
slice_picture_id in the bitstream.
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intra_slice — This flag shall be set to '0" if any of the macroblocks in the slice are non-intra macroblocks. If all of the
macroblocks, are intra macroblocks, then intra_slice may be set to '1".

intra_slice may be omitted from the bitstream (by setting intra_slice flag to '0") in which case it shall be assumed to have
the value zero.

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

slice_picture_id_enable — This flag controls the semantics of slice picture id. If slice picture id enable is set to '0',
slice_picture_id is not used by this Specification and shall have the value zero. If slice_picture id enable is set to 'l’,
slice_picture_id may have a value different from zero.

slice I\i(‘tnre id enable must have the same value in all the slices of a pi(‘tnre <IiceJ1iot11rP id enable mavy be omitted

from [the bitstream (by setting slice_extension flag to '0") in which case it shall be assumed to have the value zero(
slice |picture_id_enable is not used by the decoding process.

slice [picture_id — This is a 6-bit integer. If slice picture id enable is set to '0', slice picture id is not used by this
Specification and shall have the value zero. If slice picture id enable is set to 'l', slice picture_id is\application d¢fined
and may have any value, with the constraint that slice_picture id shall have the same value in all théslices of a pictufre.

slice |picture id is not used by the decoding process. slice picture id is intended to aid gfécovery on severe burpts of
errory for certain types of applications. For example, the application may incremént, slice picture id with| each
transmitted picture, so that in case of severe burst error, when several slices are lost;-the decoder can know if thq slice
folloywing the burst error belongs to the current picture or to another picture, whichiandy be the case if at least a pjcture
headg¢r has been lost.

extra bit slice — This flag indicates the presence of the following extralinformation. If extra bit slice is set fo 'l',
extra| information_slice will follow it. If it is set to '0', there are no data following it. extra_bit_slice shall be set to '{)', the
valug'l" is reserved for possible future extensions defined by ITU-T | ISO/IEC.

extrd_information_slice — Reserved. A decoder conforming to this Specification that encoynters
extra| information_slice in a bitstream shall ignore it (i.es-témove from the bitstream and discard). A bitsfream
confgqrming to this Specification shall not contain this syntax,element.

6.3.1f Macroblock

NPTE — "macroblock stuffing” which is supported_in ISO/IEC 11172-2 shall not be used in a bitstream defined bly this
Specification.

macroblock escape — The macroblock escape is a fixed bit-string '0000 0001 000" which is used when the diffdrence
betwgen macroblock address and previous macroblock address is greater than 33. It causes the valye of
macrpblock address_increment to bex33* greater than the value that will be decoded by subsequent macroblock escape
and the macroblock address increment codewords.

For gxample, if there are tw@ macroblock escape codewords preceding the macroblock address_increment, then|66 is
added to the value indicatedby macroblock address increment.

mac:loblock_address_increment — This is a variable length coded integer coded as per Table B.1 which indicat¢s the
diffefence  between ~ macroblock address and previous macroblock address. The maximum valug of
macrpblock addreSs_increment is 33. Values greater than this can be encoded using the macroblock escape codewqrd.

The nacrobleck address is a variable defining the absolute position of the current macroblock. The macroblock address
of th¢ top-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

where mb_width is the number of macroblocks in one row of the picture.
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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) differs from the previous macroblock address by more than one then some
macroblocks have been skipped. It is a requirement that:

e 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".

e In a B-picture there shall be no skipped macroblocks immediately following a macroblock in which

macroblock_intra is one.

It should be noted that the syntax does not allow the first and last macroblock of a slice to be skipped.

6.3.

ma

1.1 Macroblock modes

ctjoblock_type — Variable length coded indicator which indicates the method of coding and content g

macrpblock according to the Tables B.2 through B.8, selected by picture coding type and scalable mode:-

ma
ind

ma

crjoblock _quant — Derived from macroblock type according to the Tables B.2 through B.8, This is set to
icpte that quantiser_scale code is present in the bitstream.

crjoblock_motion_forward — Derived from macroblock type according to the Tables-B.2" through B.8. Thi

affects the bitstream syntax and is used by the decoding process.

ma

crjoblock_motion_backward — Derived from macroblock type according to the( Tables B.2 through B.8. Thi

affects the bitstream syntax and is used by the decoding process.

ma
ind

ma

crjoblock pattern — Derived from macroblock type according to the Tables B.2 through B.8. This is set tg
icqite that coded_block pattern() is present in the bitstream.

crjoblock intra — Derived from macroblock type according to thé\Tables B.2 through B.8. This flag affec

bitstrpam syntax and is used by the decoding process.

spatipl _temporal_weight _code _flag — Derived from the’ macroblock type. This indicates whether
spatigl temporal weight code is present in the bitstream.

When spatial temporal weight code flag is '0" (indicating that spatial temporal weight code is not p
in thq bitstream) the  spatial temporal weight elass is derived from Tables B.5 to B.7.
spatigl temporal weight code flagis'l' spatial_temporal weight class is derived from Table 7-20.

spatipl _temporal weight code — This isa\two bit code which indicates, in the case of spatial scalability, ho
spatigl and temporal predictions shall be combined to form the prediction for the macroblock. A full description o

fra

to f:lm the spatial scalable prediction.iS\given in 7.7.

_motion_type — This is a two-bit code indicating the macroblock prediction type, defined in Table 6-17.

Table 6-17 — Meaning of frame_motion_type

f the

1 to

5 flag

5 flag

1 to

s the

the

esent
When

W the
f how

spatial temporal .. motion_vector
Code p_weig_ht_c?ass Prediction type " count mv_format dmv
00 Reserved
0L 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

per

formed as if frame_motion_type had indicated "Frame-based" (see 7.6.3.9).

field_motion_type — This is a two bit code indicating the macroblock prediction type, defined in Table 6-18.
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Table 6-18 — Meaning of field_motion_type

Code SP_ ztig{g—l:f_n;f;srsal Prediction type moti_ocl(l);\l/:ictor mv_format dmv
00 Reserved
01 0,1 Field-based 1 Field 0
10 0,1 16 X 8 MC 2 Field 0
11 0 Dual-Prime 1 Field 1

In th¢ case of intra macroblocks (in a field picture) when concealment motion vectors is equal to 1 field motion~type is
not present in the bitstream. In this case, motion vector decoding and update of the motion vector predictofs shall be
perfoymed as if field motion_type had indicated "Field-based" (see 7.6.3.9).

dct_type — This is a flag indicating whether the macroblock is frame DCT coded or field DCT coded:If this is setfto '1',
the njacroblock is field DCT coded.

In thg case that dct_type is not present in the bitstream, then the value of dct_type (used in the remainder of the decpding
procgss) shall be derived as shown in Table 6-19.

Table 6-19 — Value of dct_type if det_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 || macroblock_pattern) Unused — Macroblock is not coded
macroblock is skipped WUnused — Macroblock is not coded

6.3.1].2 Motion vectors
motign_vector count is derived from field (mgtion_type or frame motion_type as indicated in Tables 6-17 and 6-18

mv_fprmat is derived from field motion type or frame motion type as indicated in the Tables 6-17 and |6-18.
mv_fprmat indicates if the motion(vector is a field-motion vector or a frame-motion vector. mv_format is used |n the
syntai of the motion vectors and ‘inthe process of motion vector prediction.

dmv |s derived from field uhotion type or frame motion_type as indicated in Tables 6-17 and 6-18.

motipn_vertical_field_select[r][s] — This flag indicates which reference field shall be used to form the predictipn. If
motign_vertical field select[r][s] is zero, then the top reference field shall be used, if it is one then the bottom refgrence
field ghall be used.(See Table 7-7 for the meaning of the indices r and s.)

6.3.1].3 ,Motion vector

motion -code h a variable length code, as defined in
as described in 7.6.3.1. (See Table 7-7 for the meaning of the indices r, s and t.)

ecbding

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
described in 7.6.3.6. (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;1<12;i++) {
if (macroblock_intra)
pattern_code[i] = 1;
else
pattern_code[i] = 0;

if (macroblock pattern) {
for 1=0;1<6;i++)
if (cbp & (1<<(5 —1)) ) pattern_code[i] = 1;
if (chroma_format == "4:2:2")
for 1=6;1<8;i++)
if (coded block pattern 1 & (1<<(7 —1)) ) pattern_code[i] = 1;
if (chroma_format == "4:4:4")
for (1=6;1<12;i++)
if (coded block pattern 2 & (1<<(11 —1)) ) pattern_code[i] = 1;
H

If paftern_code[i] equals to 1, i = 0 to (block count-1), then the block number i defined in Figures 6-10, 6-11 and 612 is
contained in this macroblock.

The fumber "block count” which determines the number of blogks in the macroblock is derived from the chromipance
format as shown in Table 6-20.

Table 6-20 — block_countas a function of chroma_format

chroma_format block_count
4:2:0 6
4:2:2 8
4:4:4 12

6.3.18  Block

The §emantics of block() are described in clause 7.

6.3.1p Camera parameters extension

camdra.id - The number in camera_id identifies a camera.

height_of image device — This is a 22-bit unsigned integer which specifies the height of image device. Its value shall
be measured to a resolution of 0,001 millimeter and having a range of zero to 4 194,303 mm.

focal_length — This is a 22-bit unsigned integer which specifies the focal length. Its value shall be measured to a
resolution of 0,001 millimeter and having a range of zero to 4 194,303 mm.

f number — This is a 22-bit unsigned integer which specifies the F-number. F-number is defined by
(focal_length)/(effective aperture of lens). Its value shall be measured to a resolution of 0,001 and having a range of zero
to 4 194,303.

vertical_angle_of view — This is a 22-bit unsigned integer which specifies the vertical angle of the field of view as

determined between the top and bottom edges of the image device. Its value shall be measured to a resolution of 0,0001
degree and having a range of zero to 180 degrees.

ITU-T Rec. H.262 (2000 E) 59


https://standardsiso.com/api/?name=ca2142e785d276b7df795d4d3cb0c9e2

ISO/IEC 13818-2 : 2000 (E)

camera_position_x_upper, camera_position_y upper, camera_position_z upper — These words constitute the 16
most significant bits of camera_position_x, camera_position_y and camera_position_z respectively.

camera_position_x_lower, camera_position_y_lower, camera_position_z lower — These words constitute the 16
least significant bits of camera_position_x, camera_position_y and camera_position_z respectively.

camera_position_x, camera_position_y, camera_position_z — A set of these values specifies the position of the optical
principal point of the camera in a user-specified world coordinate system. Each of these values shall be measured to a
resolution of 0,001 millimeter and having a range of +2 147 483,647 mm to —2 147 483,648 mm. The camera_position_x
is a 32-bit signed (two's complement) integer, the 16 least significant bits are defined in camera position_x_lower, the 16
most significant bits are defined in camera position x upper. The camera position y is a 32-bit signed (two's
complement) integer, the 16 least significant bits are defined in camera_position_y lower, the 16 most significant bits
are defined in camera_position_y upper. The camera_position_z is a 32-bit signed (two's complement) integer, the 16
least [Significant bits are delined i camera position_z_lower, the 10 most signiticant bits are delingd in
camefa_position_z_upper.

camdra_direction_x, camera_direction_y, camera_direction_z — A set of these values specifies the djrection ¢f the
camefa. The direction of the camera is defined by using the vector from optical principal point to a point‘which is inf front
of th¢ camera and is on the optical axis of the camera. Each of these values is a 22-bit signed (two's complement) ifteger
and having a range of +2 097 151 to -2 097 152.

image plane_ vertical x, image plane vertical y, image plane vertical z — A set of these values specifies the ppper
direction of the camera. The upper direction of the camera is defined by using the vector'which is parallel to th¢ side
edge|of the image device and is from bottom edge to top edge. Each of these walues is a 22-bit signed (two's
complement) integer and is having a range of +2 097 151 to -2 097 152.

Figute 6-17 explains these terms pictorially.

image plane vertical
vertical angle of view

image plane

camera direction

(image device)

‘f

<
e
optical axis /

effective aperture of lens y

"\ height of
image device
4

lens optical principal point
( = camera position)

image plane vertical

N

Ny

camera direction ~ €amera position

Figure 6-17 -- Camera parameters

6.3.20 ITU-T extension

The use of this extension is defined in Annex
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7 The video decoding process
This clause specifies the decoding process that a decoder shall perform to reconstruct frames from the coded bitstream.
The IDCT function f]y][x] used in the decoding process may be any of several approximations of the saturated

mathematical integer-number IDCT defined in Annex A. Requirements on the accuracy of the IDCT function used in the
decoding process are specified 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
decoding process.

NPTE — 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.
QFSIn] QFV][u]
Variable
Coded
Data —»  Length Inverse Scan
Decoding Framestore Memory
Inverse Motion » Decoded
Quantisation Inverse, DCT Compensation " Pels
F M[u] fIx] d[yliv
Figure 7-1 — Simplified Video Decoding Process
7.1 Higher syntactic structures
The various parameters and flags in the bitstream for macroblock() and all syntactic structures above macroblock() shall
be inferpreted-as_indicated in clause 6. Many of these parameters and flags affect the decoding process described |n the
folloying subelauses. Once all of the macroblocks in a given picture have been processed, the entire picture willl have
been [reconstructed.

Reconstructed fields shall be associated together in pairs to form reconstructed frames. (See "picture structure”
in 6.3.10.)

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

If progressive_sequence == 1 the reconstructed frames shall be output from the decoding process at regular intervals of
the frame period as shown in Figure 7-19.

If progressive sequence == 0 the reconstructed frames shall be broken into a sequence of fields which shall be output
from the decoding process at regular intervals of the field period as shown in Figure 7-20. In the case that a frame picture
has repeat_first field == 1 the first field of the frame shall be repeated after the second field. (See "repeat_first field"
in 6.3.10.)
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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. (# is the index
of the coefficient in the appropriate zigzag scanning order.) Subclause 7.2.2 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.

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

7.2.1

DC ¢
Tablg
det_d
predi

If cc
det_d

Thred
intra
shall

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 2 2
6 1 1
7 2 2
8 o O 1
9 N 2
10 RN 1
1 \ 2

DC coefficients in intra blocks

oefficients in blocks in intra macroblocks are“ericoded as a variable length code denoting dct dc_size as defi
s B.12 and B.13. If dct _dc size is not,equal to zero, then this shall be followed by a fixed length
c_differential, of dct _dc_size bits. Acdifferential value is first recovered from the coded data which is adde
ctor in order to recover the final deceded coefficient.

is zero then Table B.12 shall\be used for dct dc_size. If cc is non-zero, then Table B.13 shall be usg
c size.

predictors are maintained, one for each of the colour components, cc. Each time a DC coefficient in a block
macroblock is decoded-the predictor is added to the differential to recover the actual coefficient. Then the pre
be set to the valug ofthe coefficient just decoded. At various times, as described below, the predictors shall be

The fleset value is dérived 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

ied in
code,
lto a

d for

in an
Hictor
reset.

intra_dc_precision Bits of precision reset value
0 8 128
1 9 256
2 10 512
3 11 1024

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

62

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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The predictors are denoted dct_dc_pred[cc].
QFS[0] shall be calculated from dct_dc_size and dct_dc_differential by any process equivalent to:

if (dct _dc size==0) {
det_diff = 0;
}else {
half range =2 " (dct_dc _size-1);
if (dct_dc_differential > = half range)
dct_diff = dct_dc_differential,
else
dcet_diff = (dct_dc_differential + 1) - (2 * half range);
H
QFS[0] =dct_dc_pred[cc] + dct_diff:
dct_dc_pred[cc] = QFS[0]
NPTE 1 — The symbol " denotes power (not XOR).
NPTE 2 —dct_diff and half range are temporary variables which are not used elsewhere in this Specification,

It is 4 requirement of the bitstream that QFS[0] shall lie in the range:

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

7.2.2 Other coefficients

All cpefficients with the exception of the DC intra coefficients shall be encoded sing Tables B.14, B.15 and B.16.
In allcases a variable length code shall first be decoded using either Table B4 or Table B.15. The decoded value ¢f this
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 remainder pf the
coefficients in the block (those for which no valué has yet been decoded) shall be set to zero. This is
denoted by "End of block" in the syntax specificafton of 6.2.6.

2) A "normal" coefficient in which a value of 7un and level is decoded followed by a single bit, s, giving the
sign of the coefficient signed level is computed from /evel and s as shown below. run coefficients shill be
set to zero and the subsequent coefficientishall have the value signed level.

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

3) An "Escape" codedceefficient. In which the values of run and signed level are fixed length coded as
described in 7.2.23.

7.2.2{1 Table selection
Tablg 7-3 indicates whichi_Table shall be used for decoding the DCT coefficients.

Table 7-3 — Selection of DCT coefficient VLC tables

intra_vlc_format 0 1

intra blocks B.14 B.15
(macroblock_intra =1)

non-intra blocks B.14 B.14
(macroblock_intra = 0)

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.
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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".

NOTE - In the case that Table B.14 is used for an intra block, the first coefficient shall be coded as specified in 7.2.1. Table B.14
shall therefore not be modified as the first coefficient that uses Table B.14 is the second coefficient in the block.

7.2.2.3 [Escape coding

Many possible combinations of run and level have no variable length code to represent them. In order to encode these
statistically rare combinations an Escape coding method is used.

Table B.16 defines the escape coding method. The Escape VLC is followed by a 6-bit fixed length code giving "run".
This is followed by a 12-bit fixed length code giving the values of "signed level".

Ni
1

7.2.2

To s
procq

7.3

Let t

This
of col

DTE — Attention is drawn to the fact that the escape coding method used in this Specification is different to that used ig\IS
172-2.

4 Summary

hmmarise 7.2.2. The variable length decoding process shall be equivalent to the followirigs) At the start o
ss 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 (7 < 64) {
QFS[n] =0;
n=n+1;

}
} else {

for (m=0; m < run; m++) {
QFS[n] =0;
n=n+1;
}
QFS/[n] = signed_level
n=n+1,

}

DTE — eob_not_read and m.aret€mporary variables that are not used elsewhere in this Specification.

Inverse scan
lc data at thetoutput of the variable length decoder be denoted by QFS[x]. n is in the range 0 to 63.

subclause Specifies the way in which the one-dimensional data, QFS[n], is converted into a two-dimensional
pfficients denoted by QF[v][u]. u and v both lie in the range 0 to 7.

D/IEC

f this

array

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.

Figure 7-2 defines scan[alternate scan][v][u]

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

The 1

N

64

nverse scan shall be any process equivalent to the following:

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

OTE — The scan patterns defined here are often referred to as "zigzag scanning order".
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4 10 19 23 32 39 45 52 54

5 20 22 33 38 46 51 55 60

Figure 7-2 — Definition of scan[0][v][u]

4 10017 26 30 42 46 56 60

5 14 16 27 31 43 47 57 61

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

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:

for v=0;v<8; v++)

for (u=0; u <8; u++)

Wiw]v][u] = Ww][scan[0][v][u]]
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7.4 Inverse quantisation

The two-dimensional array of coefficients, QF[v][u], is inverse quantised to produce the reconstructed DCT coefficients.
This process is essentially a multiplication by the quantiser step size. The quantiser step size is modified by two
mechanisms; a weighting matrix is used to modify the step size within a block and a scale factor is used in order that the
step size can be modified at the cost of only a few bits (as compared to encoding an entire new weighting matrix).

Figure 7-4 illustrates the overall inverse quantisation process. After the appropriate inverse quantisation arithmetic the
resulting coefficients, F'"[v][u], are saturated to yield F[v][u] and then a mismatch control operation is performed to give
the final reconstructed DCT coefficients, F[v][u].

NOTE — Attention is drawn to the fact that the method of achieving mismatch control in this Specification is different to that
employed by ISO/IEC 11172-2.

QFVI[] F7V[u] F Vil FIvVilu]
Inverse )
Quantisation Saturation Mismatch
Arithmetic Control
T quantiser_scale_code

Wwvi[u]

Figure 7-4 — Inverse quantisation process

7.4.1 Intra DC coefficient
The IPC coefficients of intra coded blocks shall be inverse quantised in a different manner to all other coefficients.

In infra blocks F'T0][0] shall be obtained by~multiplying QF[0][0] by a constant multiplier, intra_dc_mult, (consthnt in
the spnse that it is not modified by either-the weighting matrix or the scale factor). The multiplier is related fo the
pararpeter intra dc_precision that is eficoded in the picture coding extension. Table 7-4 specifies the relation befween
intra [dc_precision and intra_dc _mult,

Thus|  F"[0][0] = intra_dc_multx 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

7.4.2 Other coefficients

All coefficients other than the DC coefficient of an intra block shall be inverse quantised as specified in this subclause.

7.4.2.1 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-
intra 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 a default set of values which may be overwritten by down-loading a
user defined matrix as explained in 6.2.3.2.
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Let the weighting matrices be denoted by W[w][v][u] where w takes the values 0 to 3 indicating which of the matrices is
being used. Table 7-5 summarises the rules governing the selection of w.

Table 7-5 — Selection of w

7.4.2

The
quan

q_scs
and ¢

7.4.2

The
DCc

wherg:

N

7.4.3

The

4:2:0 4:2:2 and 4:4:4
Luminance Chrominance Luminance Chrominance
(cc=0) (cc#0) (cc=0) (cc#0)
intra blocks 0 0 0 2
(macroblock_intra =1)
non-intra blocks 1 1 1 3
(macroblock_intra = 0)

2 Quantiser scale factor

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

le type (encoded in the picture coding extension) indicates which of two mappings between quantiser_scale|
uantiser_scale shall apply. Table 7-6 shows the two mappings between quantisét scale code and quantiser sc

3 Reconstruction formulae

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

F"[v][u] = ((2 x QF[v][u] + k) X W{w][Vv][u] X quantizer scale / 32

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

R

DTE — The above equation uses'the"/" operator as defined in 4.1.

Saturation

oefficients resulting from the Inverse Quantisation Arithmetic are saturated to lie in the range [-2048:+2047].

2047 F'[v][u] > 2047
F'[v][u] —2048 < F"[v][u] < 2047
2048 F'[v][u] < 2048

Flv][u] =

priate
| code

nle.

intra

[hus:

7.4.4

Mismatch control

Mismatch control shall be performed by any process equivalent to the following. Firstly all of the reconstructed,
saturated coefficients, F'/v][u] in the block shall be summed. This value is then tested to determine whether it is odd or

cven.

If the sum is even then a correction shall be made to just one coefficient; F[7][7]. Thus:

v<8 u<8

> > Fvu]

v=0 u=0

sum
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F[v][u] = F'[v][u] for all u, v exceptu=v=7

F[7][7] = {F'[7][7] -1
F[7][7] + 1

F[7][7]

if F'[7][7] is odd
if F'[7][7] is even

if sum is odd

} if sum is even

NOTE 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".

NOTE 2 — Warning — Small non-zero inputs to the IDCT may result in zero output for compliant IDCTs. If this occurs in an

id this
cients
by the

f)ioblem’ and may do so by checking the output of its own IDCT. It should ensure that it never iﬁseﬂs any non-zero coeff}
into the bitstream when the block in question reconstructs to zero through its own IDCT function. If this action is not-taken
erfcoder, situations can arise where large and very visible mismatches between the state of the encoder and decoder ©ccur.
Table 7-6 — Relation between quantiser_scale and quantiser_scale_code
quantiser_scale[q_scale_type]
quantiser_scale_code q_scale_type =10 q_scale_type=-1
0 (Forbidden)
1 2 1
2 4 2
3 6 3
4 8 4
5 10 5
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
5 30 22
16 32 24
17 34 28
18 36 32
19 38 36
20 40 40
21 42 44
22 44 48
3 %46 5
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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7.4.5 Summary
In summary the inverse quantisation process is any process numerically equivalent to:

for (v=0; v < 8v++) {
for (u=0; u < 8;u++) {
if ((u==0) && (v==0) && (macroblock intra) ) {
F"[v][u] = intra_dc_mult * QF[v][u];
} else {
if ( macroblock intra ) {
F"[v][u] = ( QFv][u] * W[w][v][u] * quantiser_scale * 2) / 32,
} else {
F'Iv][u] = ((COFvI[u] * 2) + Sign(OFv][u]) ) * Wiw][v][u]

* quantiser_scale ) | 32;

H
H
H
}
sum = 0;
for (v=0; v < 8v++) {
for (u=0; u < 8;u++) {
if (F'"[v][u] >2047) {
F'v][u] = 2047,
}else {
if (F'"[v][u] <-2048) {
F'Tv][u] =-2048;
}else {
F'v][u] = F"[v][ul;
H
sum = sum + F'Tv][u];
1}‘" Vilu] = FTv][ul;
H

if ((sum & 1) ==0) {
if (FI71[7] & 1) 1 = 0) {
U710 = FT7]T)~ 15
} else {
FL7I07] =E7[7] + 1
}

7.5 Inverse DCT

Oncelthe DET coefficients, F[v][u] are reconstructed, an IDCT transform that conforms to the specifications of Anpex A
shall pe applied to obtain the inverse transformed values fly][x].

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.

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.
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In ggneral up to four separate predictions-are formed for each block which are combined together to form the]

predifktion block p[y][x].

In th¢ case of intra coded macroblocks no prediction is formed so that p[y][x] will be zero. The saturation sho
Figute 7-5 is still required incoxder to remove negative values from f]y][x]. Intra coded macroblocks may carry nf
vectdrs known as "concealmenit motion vectors". Despite this no prediction is formed in the normal course of e

Figure 7-5 — Simplified‘motion compensation process
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vector “ [r][s][t ]
Half-sample Info.
Combine
From ) Vectc_)r nol
Bitstream Decoding Predictions
Vector
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Saturation

final

wn in
otion
vents.

This motion vector infofmation 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
motign vectors is.that they shall have the correct syntax for motion vectors. A description of the way in which

motign vectorsaiiay be used can be found in 7.6.3.9.

In th¢ cage wWhere a block is not coded, either because the entire macroblock is skipped or the specific block is not
therelisTho coefficient data. In this case f]y][x] is zero and the decoded samples are simply the prediction, p[y][x].

these
these

oded

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.
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Within a field picture all predictions are field predictions. However, in a frame picture either field predictions or frame
predictions may be used (selected on a macroblock-by macroblock basis).

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

e ]6 x 8 motion compensation — In which two motion vectors are used for each macroblock. The first
motion vector is used for the upper 16 X 8 region, the second for the lower 16 X 8 region. In the case of a
bidirectionally predicted macroblock a total of four motion vectors will be used since there will be two for
the forward prediction and two for the backward prediction. In this Specification 16 X 8 motion

compensation shall only be used with field pictures.

o  Dual-prime — In which only one motion vector is encoded (in its full format) in the bitstream together

7.6.2

with a small differential motion vector. In the case of field pictures two motion vectors are then-dg
from this information. These are used to form predictions from two reference fields (one top, ene)bd
which are averaged to form the final prediction. In the case of frame pictures this process iS)repeats
the two fields so that a total of four field predictions are made. This mode shall only be u§e¢d-in P-pi
where there are no B-pictures between the predicted and reference fields or frames.

Prediction field and frame selection

The delection of which fields and frames shall be used to form predictions shall be made\as‘detailed in this clause.

7.6.211

Field prediction

In P-pictures, the two reference fields from which predictions shall madenare the most recently decoded referend
field pnd the most recently decoded reference bottom field. The simplest.case illustrated in Figure 7-6 shall be used
predipting the first picture of a coded frame or when using field prediction within a frame-picture. In these cases th
refergnce fields are part of the same reconstructed frame.

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

NPTE 2 —In the case of predicting a field picture, the field.being predicted may be either the top field or the bottom field.

v —

Top
Reference
Field

Bottom
Reference
Field

S s

Possible
Intervening
B-pictures
(Not yet decoded)

rived
ttom)
td for
rtures

e top
when
e two

Figure 7-6 — Prediction of the first field or field prediction
in a frame-picture

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 3 — The earlier reference field may itself have been reconstructed by decoding a field picture or a frame picture.
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Figure 7-7 — Prediction of the second field-picture when it is the bottom field
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Figure 7-8 — Prediction of the second field-picture when it is the top field

Field|prediction in B-pictures shall’lbe made from the two fields of the two most recently reconstructed reference fi]
Figure 7-9 illustrates this situation.

NPTE 4 — The reference-frames may themselves have been reconstructed from two coded field-pictures or a single coded
pilcture.

AMmeEs.

frame-
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e pee—— N e e e e
o P e ~
Bottom Bottom
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Figure 7-9 — Field-prediction of B-field pictures or B-frame pictures
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7.6.2.2 Frame prediction

In P-pictures prediction shall be made from the most recently reconstructed reference frame. This is illustrated in
Figure 7-10.

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

P e e e e,

Reference

Frame

N ] —

e o (e e

— — — — —

Possible
Intervening
B-pictures
(Not yet decoded)

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

Similarly frame prediction in B-pictures shall be made from the two most recently reconstructed reference framjes as
illustrated in Figure 7-11.

NPTE 2 — The reference frames themselves may each have been coded as either two field pictures or a single frame picture.

I ! ! I
Reference l I | 1 Reference
Frame I : : I Frame
l\—————..J, l\._____.v}
Possible Possible

Intervening Intervening

B-pictures B-pictures
(Already decoded) (Not yet decoded)

Figure 7-11 — Frame-prediction for B-pictures

7.6.3 Motion vectors

Motipn vectors are goded differentially with respect to previously decoded motion vectors in order to reduce the nymber
of bifs required torrepresent them. In order to decode the motion vectors the decoder shall maintain four motion yector
predictors (each with a horizontal and vertical component) denoted PMV|r|[s][f]. For each prediction, a motion vgctor,
vectoy'[r][sJ[#.1s first derived. This is then scaled depending on the sampling structure (4:2:0, 4:2:2 or 4:4:4) to give a
motign veéctor, vector[r|[s][#], for each colour component. The meanings associated with the dimensions in this arrgy are
definpd-in Table 7-7.

Table 7-7 — Meaning of indices in PMV|r|[s][#], vector[r][s][f] and vector'[r][s][t]

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 predictors.
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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

vectol

The
primg

that the motion vector predictors shall also be updated by this process.
r_size =f code[s][f] — 1
f=1<<r_size
high=(16*f)—1;
low = ((=16) * f);
range = (32 * f);

if ((f==1) || (motion_code[r][s][t] == 0) )

delta = maotion code[r][s]It]

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

}

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

vector'[r][s][{] = prediction + delta;
if (vectorTr][s][f] < low)

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

vector[r|[s][t] = vectorr][s][t] — range;

if ((mv_format == "field") && (¢ == 1) && (picturd(structure == "Frame picture") )
PMVr][s][{] = vectorTr][s][{] * 2;

else
PMVTr][s][{] = vectorTr][s][t];

arameters in the bitstream shall be such thaf-the reconstructed differential motion vector, delta, shall lie in the
high]. In addition the reconstructed metion vector, vector[r][s][¢], and the updated value of the motion Y
ctor PMV]r][s][£], shall also lie in the range [low : high].

b, 1, delta, high, low and range afe-témporary variables that are not used in the remainder of this Specification.

n_code[r][s][t] and motion\ residual[r][s][t] are fields recovered from the bitstream. mv_format is recovered|
tstream using Tables 6-17 and 6-18.

hd ¢ specify the particular motion vector component being processed as identified in Table 7-7.
- [r1[s1[¢] is the findl reconstructed motion vector for the luminance component of the macroblock.

rector'[r][s][t]' value considered in this subclause is the one obtained from the pseudo code above. In case of]
, this_restriction that vector'[r][s][t] shall be in the range [low:high] does not apply to the scaled motion v

vecto

are S]Peciﬁed in 7.6.3.8 and 8.3.

r'[2:3][0][0:1] defined in 7.6.3.6. Other restrictions on motion vectors, including scaled dual-prime motion v

range
rector

from

dual-
bCtors
bCtors

7.6.3.2 Motion vector restrictions

In frame pictures, the vertical component of field motion vectors shall be restricted so that they only cover half the range
that is supported by the f code that relates to those motion vectors. This restriction ensures that the motion vector
predictors 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.

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

Vertical components (¢ == 1) of
J_code[s][1] field vectors in frame pictures All other cases
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]
3 [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]
10-14 (Reserved)
15 (Used when a particular 1 code[s][¢] will not be used)

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

ector

DTE — It is possible for an implementation to optimise the updating (and resetting) of motion vector predictors depending pn the
cture type. For example in a P-picture the predictors for backwards-motion vectors are unused and need not be maintained.

Table 7-9 — Updating of motion vector predictors in frame pictures

frame_motion_- macroblock_tkgtion_- macroblock_-
type forward backward intra Predictors to Update

Frame-based? C - 1 PMV[1][0][1:0] = PMV]0][0][1:0]P

Frame-based 1 1 0 PMVT1][0][1:0] = PMVTO0][0][1:0]
PMVT1][1][1:0] = PMVTO][1][1:0]

Frame-based 1 0 0 PMVT1][0][1:0] = PMVTO][0][1:0]

Frame-based 0 1 0 PMVT1][1][1:0] = PMVTO][1][1:0]

Frame-based? 0 0 0 PMVIA[s][f] = 09

Fi€ld-based 1 1 0 (None)

Fretd=based t © © (Nore)

Field-based 0 1 0 (None)

Dual prime 1 0 0 PMVT1][0][1:0] = PMVTO0][0][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 7, s and f).

) (Only occurs in P-picture) PMV[r][s][] is set to zero (for all 7, s and 7). See 7.6.3.4.

NOTE — PMV[r][s][1:0] = PMV[u][v][1:0] means that:

PMVTr][s][1] = PMVTu][v][1] and PMV]r][s][0] = PMVTu][v][0]
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Table 7-10 — Updating of motion vector predictors in field pictures

frame_motion_- macroblock_motion_- macroblock -

type forward backward intra Predictors to Update
Field-based® - - 1 PMV[1][0][1:0] = PMV[0][0][1:0]P)
Field-based 1 1 0 PMVT1][0][1:0] = PMVTO][0][1:0]

PMVI1][1][1:0] = PMVTO][1][1:0]

Field-based 1 0 0 PMVT1][0][1:0] = PMVTO0][0][1:0]
Field-based 0 1 0 PMVI1][1][1:0] = PMVTO][1][1:0]
Fictd-based™ 0 0 0 PMVTASIT = 0%
16 x 8§ MC 1 1 0 (None)
16 x 8 MC 1 0 0 (None)
16 x 8 MC 0 1 0 (None)
Dual prime 1 0 0 PMVT1][0][1:0] = PMVT0][031:0]

2) 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'7).
o (Only occurs in P-picture) PMV[r][s][] is set to zero (for all r, s and 7). See 7.6.3.4-
NOTE — PMV[r][s][1:0] = PMV[u][v][1:0] means that:

PMVr][s][1] = PMVTu][v][1] and PMVTr][s][0] = PMVTu](v][0]

7.6.3
All g

7.6.3

In P-
are ef

If thi

4 Resetting motion vector predictors
otion vector predictors shall be reset to zero in the following cases:
e At the start of each slice.

e  Whenever an intra macroblock is decoded Which has no concealment motion vectors.

e Ina P-picture when a macroblock 1s skipped.

5 Prediction in P-pictures

e the prediction type'shall be "Field-based";

e the (field)metion vector shall be zero (0;0);

e the metion vector predictors shall be reset to zero;

e  predictions shall be made from the field of the same parity as the field being predicted.
occurstina P-frame picture the following apply:

o, ' the prediction type shall be "Frame-based";

e In a P-picture when a non-intra mactéblock is decoded in which macroblock motion_forward is zero

bictures, in the case that macreblock motion forward is zero and macroblock intra is also zero no motion v
icoded for the macroblock yet a-prediction must be formed. If this occurs in a P-field picture the following app

pctors

& e (fTame ) MOton Vector Shatt be Zero (070)]

e the motion vector predictors shall be reset to zero.

In the 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 series
of semantic restrictions apply. These ensure that prediction is only made from the I field picture. These restrictions are:
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e There shall be no macroblocks that are coded with macroblock motion forward zero and

macroblock_intra zero.

e Dual prime prediction shall not be used.

e  Field prediction in which motion_vertical field select indicates the same parity as the field being

predicted shall not be used.
e There shall be no skipped macroblocks.
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7.6.3.6 Dual prime additional arithmetic

In dual prime prediction one field motion vector (vectorT0][0][1:0]) will have been decoded by the process already
described. This represents the motion vector used to form predictions from the reference field (or reference fields in a
frame picture) of the same parity as the prediction being formed. Here the word "parity" is used to differentiate the two
fields. The top field has parity zero, the bottom field has parity one.

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 JOMponents of e differential motion vector shatl be decoded difectly using Tabie B- 11 and shailtake onty qne of
the values -1, 0, + 1.

m[payity ref][parity_pred| is the field distance between the predicted field and the reference field .as-defined in
Tablg 7-11. "parity ref" is the parity of the reference field for which the new motion vector is being computed.
"parify pred" is the parity of the field that shall be predicted.

-1 >< O Derived Vectors
050) 4 X
0>< -0.5
050

dmv

3 X
350 O
4.5@ 4><

450 O

Top Bottom Top Bottom

Field Vector
from bitstream

Reference Picture Picture Being Predicted

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

Table 7-11 — Delinition of m|parity_refl|parity_pred]

m|parity_ref]|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 (Bottom Field) - - 1
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e[parity_refl[parity_pred] is the adjustment necessary to reflect the vertical shift between the lines of top field and
bottom field as defined in Table 7-12.

Table 7-12 — Definition of e[parity_ref]|parity_pred]

parity_ref parity_pred e[parity_ref] [parity_pred]
0 1 +1
1 0 -1

The 1hotion 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'Tr][0][1] = ((vector'[O][0][1] * m[parity_refl[parity_pred])//2)

+ e[parity_refl[parity_pred] + dmyvector[1];

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

In the case of frame pictures two such motion vectors are required. Both, fields use the encoded motion yector
(vectprT0][0][1:0]) for predictions of the same parity. The top field shall wse vector2][0][1:0] for opposite parity
prediktion and the bottom field shall use vector[3][0][1:0] for opposite parityprediction.

7.6.3{7 Motion vectors for chrominance components

The 1hotion vectors calculated in the previous clauses refer to the Iuntinance component where:

vector[r][s][{] = vectorr][s][t] (for all r,'s"and t)

For epch of the two chrominance components the motion @ectors shall be scaled as follows:

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

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

vector|r|[s][0] = vectorTr][s][0] / 2;

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

vector[r][s][0] = vector'[r][s][0];

vector[r][s][1] = vector'[r][s][1];

7.6.3|8~_Semantic restrictions concerning predictions

It is a requirement on the bitstream that it shall only demand of a decoder that predictions shall be made from slices
actually encoded in a reference frame or reference field. This rule applies even for skipped macroblocks and macroblocks
in P-pictures in which a zero motion vector is assumed (as explained in 7.6.3.5).
NOTE — As explained in 6.1.2 it is, in general, not necessary for the slices to cover the entire picture. However, in many defined
levels of defined profiles the "restricted slice structure" is used in which case the slices do cover the entire picture. In this case the

semantic rule may be more simply stated: "it is a restriction on the bitstream that reconstructed motion vectors shall not refer to
samples outside the boundary of the coded picture."

7.6.3.9 Concealment motion vectors

Concealment motion vectors are motion vectors that may be carried by intra macroblocks for the purpose of concealing
errors if data errors preclude decoding the coefficient data. A concealment motion vector shall be present for all intra
macroblocks if (and only if) concealment motion vectors (in the picture_coding_extension() ) has the value one.
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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
following values:

e Inafield picture:  field motion_type = "Field-based";
e Ina frame 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.

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
woulfl 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 vectots)shoyld be
appropriate for use in the macroblock that lies vertically below the macroblock in which the:métion yector
occurs.

e When the motion vector is used with respect to the macroblock identified in the previous rule a defoder
must assume that the motion vector may refer to samples outside of the slices,encoded in the refdrence
frame or reference field.

e  For all macroblocks in the bottom row of macroblocks the reconstructed Cencealment motion vectors will
not be used. Therefore the motion vector (0;0) may be used to reduce ufinécessary overhead.

7.6.4 Forming predictions

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

A popitive value of the horizontal component of a motion vector indicates that the prediction is made from samples (in
the rdference field/frame) that lie to the right of the samples being predicted.

A popitive value of the vertical component of a motion vector‘indicates that the prediction is made from samples (jn the
refer¢nce field/frame) that lie below the samples being predicted.

All motion vectors are specified to an accuracy of one-half sample. Thus, if a component of the motion vector is odd, the
samplles will be read from mid-way between the,actual samples in the reference field/frame. These half-samplgs are
calculated by simple linear interpolation from thelactual samples.

In the case of field-based predictions it is(ngeessary to determine which of the two available fields to use to form the
prediftion. In the case of dual-prime this is specified in that a motion vector is derived for both of the fields pnd a
predigtion is formed from each, 9m\‘the case of field-based prediction and 16 x 8 MC an additiona] bit,
motign_vertical field select, is encaded to indicate which field to use.

If mation_vertical field select is zero, then the prediction is taken from the top reference field.
If mation_vertical field sselect is one, then the prediction is taken from the bottom reference field.

For dach prediction’block the integer sample motion vectors int vec[t] and the half sample flags half flag[t] shall be
form¢d as follows}
for((2=0; 1< 2; tH++) {
int_vec[f] = vector[r][s][t] DIV 2;
if ((vector[r][s][t] - (2 * int_vec[f]) !=0)
haly_jlaglr] =13

else
half flag[t] =0,
}

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

if (half flagl01&& half flagl1])
pel_pred[yl[x] = ( pel_ref[y + int_vec[1]][x + int_vec[0]] +

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

pel_refly +int_vec[1]][x + int_vec[0]+1])// 2;

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_ref{y][x] are samples in the reference field or frame.

7.6.5 Motion vector selection

Tablg 7-13 shows the prediction modes used in field pictures and Table 7-14 shows the predictions used™in
pictutes. In each table the motion vectors that are present in the bitstream are listed in the order in which they)app

the bjtstream.

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

frame
ear in

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

Fipld-based® - - 1 vectorT0][0][1:07) None (motion vector is for concealment)

Fipld-based 1 1 0 vectorT0][0]] 140] Whole field, forward
vectorTOJNI1:0] Whole field, backward

Fipld-based 1 0 0 vectorf0][0][1:0] Whole field, forward

Fipld-based 0 1 0 vectorTO][1][1:0] Whole field, backward

Fipld-based? 0 0 0 vectorT0][0][1:0]199 | Whole field, forward

1gx 8 MC 1 1 0 vector'T0][0][1:0] Upper 16 x 8 field, forward
vector[1][0][1:0] Lower 16 x 8 field, forward
vectorTO][1][1:0] Upper 16 x 8 field, backward
vector'[1][1][1:0] Lower 16 x 8 field, backward

14 x 8 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

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

Dyal prime 1 0 0 vector'[0][0][1:0] Whole field, from same parity, forwargl
vector[2][0][1:0]99) | Whole field, from opposite parity,

forward

d)

) L_“The metion-vectoris-only-presentif concealment_meotio

o These motion vectors are not present in the bitstream.

n—vaotorc 1o oo

2) field_motion_type is not present in the bitstream but is assumed to be Field-based.

OH—VeCtors150hHC-

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.

© 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 vectorT0][0][1:01?) None (motion vector is for concealment)

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

Frame-based 1 0 0 vectorT0][0][1:0] Frame, forward

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

Frhme-based? 0 0 0 vectorT0][0][1:0]9 9 | Frame, forward

Fipld-based 1 1 0 vectorT0][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

Figld-based 1 0 0 vector'[0][0][1:0] Top field{ forward
vector[1][0][1:0] Bottom,field, forward

Fipld-based 0 1 0 vectorTO][1][1:0] Taop-field, backward
vector'[1][1][1:0] Bottom field, backward

Dyal prime 1 0 0 vector'[0][0][1:0] Top field, from same parity, forward
vectorT0][0][ 130] Bottom field, from same parity, forwatd
vector[2][0][1:0]9©) | Top field, from opposite parity, forwatd
vector3][0][1:0]9¢ | Bottom field, from opposite parity,

forward

d)

°) These motion vectors are not present in thebitstfeam.

a) frame_motion_type is not present in the bitstream but’is assumed to be Frame-based.

b) The motion vector is only present if concealment, motion_vectors is one.

The motion vector is taken to be (0; 0).asiexplained in 7.6.3.5.
© These motion vectors are derived from Vector[0][0][1:0] as described in 7.6.3.6.

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

7.6.6 Skipped macroblocks

A skipped macroblock.is a macroblock for which no data is encoded, that is part of a coded slice. Except at the stat
slice,| if the numbet< (macroblock address - previous_macroblock address - 1) is larger than zero, then this ny
indicpites the mumber of macroblocks that have been skipped. The decoder shall form a prediction for sk

macrpblocksswhich 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 d

it of a
mber

ipped

iffers

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".

7.6.6.1 P field picture

e  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;

e motion vector predictors shall be reset to zero;

e the motion vector shall be zero.
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7.6.6.2 P frame picture

e the prediction shall be made as if frame_motion_type is "Frame-based";
e motion vector predictors shall be reset to zero;

e the motion vector shall be zero.

7.6.6.3 B field picture

e  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;

e the direction of the prediction forward/backward/bi-directional shall be the same as the previous

macroblock;

7.6.6

7.6.7

e motion vector predictors are unaffected;

e the motion vectors are taken from the appropriate motion vector predictors. Scaling of the motion v
for colour components shall be performed as described in 7.6.3.7.

4 B frame picture
e the prediction shall be made as if frame_motion_type is "Frame-based";

o the direction of the prediction forward/backward/bi-directional shall be| the same as the pre
macroblock;

e motion vector predictors are unaffected;

e the motion vectors are taken directly from the appropriate motionkyector predictors. Scaling of the 1
vectors for colour components shall be performed as described in-7.6.3.7.

Combining predictions

The final stage is to combine the various predictions together in ordefyto form the final prediction blocks.

It iS e
direc

Iso necessary to organise the data into blocks that are eitherfield organised or frame organised in order to be
ly to the decoded coefficients.

The transform data is either field organised or frame organised as specified by dct_type.

7.6.7

In th|
backy

pel_p

The

1 Simple frame predictions

b case of simple frame predictions the«0nly further processing that may be required is to average forwar
ward predictions in B-pictures. \Ifi" pel pred forward[y][x] is the forwards prediction sample
red_backward[y][x] is the corresponding backward prediction, then the final prediction sample shall be formeq

pel_pred[y][x] = (pel_préd forward[y][x] + pel pred backward[y][x])//2

predictions for chrominaficer components of 4:2:0, 4:2:2 and 4:4:4 formats shall be of size 8 samples by 8

8 sanfples by 16 lines and l6-samples by 16 lines respectively.

7.6.7

In th{
is to
predi

In thi

2 Simple field prédictions

case of simple-field predictions (i.e. neither 16 X 8 or dual prime) the only further processing that may be red
averagesforward and backward predictions in B-pictures. This shall be performed as specified for "J
ctionstin the previous subclause.

e (cage of simple field prediction in a frame picture the predictions for chrominance components of 4:2:0,

pctors

vious

otion

hdded

 and
and
as:

lines,

uired
rame

4:2:2

and
respe

Z—formats for cacit fictd shattbeof size 8 sampics by 2 tines, 8 sampics by 8 Hines and 16 sampics by 8
ctively.

lines

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

respe

ctively.

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.

82

ITU-T Rec. H.262 (2000 E)


https://standardsiso.com/api/?name=ca2142e785d276b7df795d4d3cb0c9e2

ISO/IEC 13818-2 : 2000 (E)

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
predictions in B-pictures. If pel pred same parity[y][x] is the prediction sample from the same parity field and
pel_pred _opposite_parity[y][x] is the corresponding sample from the opposite parity field then the final prediction
sample 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 components of each field 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.

In the case of dual prime prediction in a field picture, 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.

7.6.8 Adding prediction and coefficient data

The prediction blocks have been formed and reorganised into blocks of prediction samples p[y][*] Wwhich matdh the
field/frame structure used by the transform data blocks.

The transform data f[y][x] shall be added to the prediction data and saturated to form the final decoded samples d[y][x] as
folloyvs:
for(y=0; y < 8; y++) {
for (x=0; x < 8; x++) {
diyllx] = fv1[x] + py1lx];
if (d[y][x] < 0) dy][x] = 0;
if (d[y][x] > 255) d[y][x] = 255;

7.7 Spatial scalability
This pubclause specifies the additional decoding process required for the spatial scalable extensions.
Bothjthe lower layer and the enhancement layer shall use the "restricted slice structure" (no gaps between slices).

Figure 7-13 is a diagram of the videodecoding process with spatial scalability. The diagram is simplified for clarity.

7.7.1 Higher syntactic structures

In gdneral, the base layer. 0P a spatial scalable hierarchy can conform to any coding standard including Reconmmen-
datioh H.261, ISO/IEC-1D172-2 and this Specification. Note however, that within this Specification the decodgbility
of a gpatial scalable~hietarchy is only considered in the case that the base layer conforms to this Specificatipn or
ISO/JEC 11172-2f

Due fo the "leose coupling” of layers only one syntactic restriction is needed in the enhancement layer if both lowgr and
enhamcemient layer are interlaced. In that case picture structure has to take the same value as in the reference framq used
for pfediction from the lower layer. See 7.7.3.1 for how to identify this reference frame.

7.7.2 Prediction in the enhancement layer

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[V1[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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Figure 7-13 — Simplified motion compensation process for spatial scalability
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 1s done 1n the 1ollowing 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 decoding time stamps (DTS) in the PES headers.

NOTE - If group_of pictures_header() occurs often in the lower layer bitstream, then the temporal reference in the lower layer
may be ambiguous (because temporal reference is reset after a group of pictures_header()).
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The reconstructed picture from which the spatial prediction is made shall be one of the following:
e  The coincident or most recently decoded lower layer picture.
e  The coincident or most recently decoded lower layer I-picture or P-picture.

e The second most recently decoded lower layer I-picture or P-picture provided that the lower layer does
not have low_delay set to 'l'. 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.

7.7.3.2 Resampling process

The spatial prediction 1s made by resampllng the lower layer reconstructed frame to the same sample grid as the
enha " T = was
actually coded with a pair of field pictures.

This fesampling process is illustrated in Figure 7-14.

lower_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

P

Upsampled Lower Layer Picture

vertical_size

Lower Layer Picture

lower_layer_prediction-

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

Spatipl predictions shall-only be made for macroblocks in the enhancement layer that lie wholly within the upsafpled
lowet layer reconstructed frame.

The ppsampling~process depends on whether the lower layer reconstructed frame is interlaced or progressiye, as
indichted by<ewer layer progressive frame and whether the enhancement layer frame is interlaced or progressiye, as
indicpted by/progressive frame.

Whet a a
vertically as descrlbed in 7.7.3.4. The resulting frame is con51dered to be progresswe if progresswe frame is 'l' 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 lower layer progressive frame is '0' and progressive frame is '0', each lower layer reconstructed field is
deinterlaced as described in 7.7.3.4, to produce a progressive field (prog pic). This field is resampled vertically as
described in 7.7.3.5. The resulting field is resampled horizontally as described in 7.7.3.6. Finally the resulting field is
subsampled to produce an interlaced field. lower layer deinterlaced field select shall have the value '1".

When lower layer progressive frame is '0' and progressive frame is 'l', each lower layer reconstructed field is
deinterlaced as described in 7.7.3.4, to produce a progressive field (prog_pic). Only one of these fields is required. When
lower layer deinterlaced field select is '0' the top field is used, otherwise the bottom field is used. The one that is used
is resampled vertically as described in 7.7.3.5. The resulting frame is resampled horizontally as described in 7.7.3.6.
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For interlaced frames, if the current (and implicitly the lower-layer) frames are encoded as field pictures, the
deinterlacing process described in 7.7.3.5 is done within the field.

lower_layer vertical offset and lower layer horizontal offset, defining the position of the lower layer frame within the
current frame, shall be taken into account in the resampling definitions in 7.7.3.5 and 7.7.3.6 respectively. The lower
layer offsets are limited to even values when the chrominance in the enhancement layer is subsampled in that dimension
in order to align the chrominance samples between the two layers.

The upsampling process is summarised Table 7-15.

7.7.3
Due
take

form:

Tablg

Table 7-15 — Upsampling process

(li(::vi‘;lil;:;:z}c’za_ lower_layer_ progressive dAer;E?e/rlace Entity used
- progressive_frame frame for prediction
field_select process
0 0 1 Yes Top field
1 0 1 Yes Bogttom field
1 1 1 No Frame
1 1 0 No Frame
1 0 0 Yes Both fields

3  Colour component processing

o the different sampling grids of luminance and chromitiance components, some variables used in 7.7.3.4 to 7
different values for luminance and chrominance resampling. Furthermore it is permissible for the chromi
ts in the lower layer and the enhancement layer to\bé”different from one another.

7-16 defines the values for the variables used'in 7.7.3.4 t0 7.7.3.6

Table7-16 — Local variables used in 7.7.3.3 to 7.7.3.6

Variable Value for luminance processing Value for chrominance processing
1l h size lower_layer prediction_horizontal size lower layer prediction_horizontal size
/ chroma_ratio_horizontal[lower]
11 v size lower layer prediction_vertical size lower layer prediction_vertical size
/ chroma_ratio_vertical[lower]
1h offset lower_layer horizontal offset lower layer horizontal offset

/ chroma_ratio horizontal[enhance]

7.3.6
hance

86

H et
1TV UIISCUU

1 1 B | et
TUWUL _1dyCl _ vVUIutdal UIISUL
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ITUWUL _IdyCl  vVUItuvdal UILSTL

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

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
4:4:4 1 1

7.7.3

If de
renar]

First,
lowet
filter
pictu
using

Table 7-18 — Chrominance format ratios

Chrominance format Chrominance format format_ratio_ formab 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 g 1
4:4:4 4:4:4 1 1

4 Deinterlacing

ned to input_pic.

Table 7-19 — Deinterlacing Filter

nterlacing needs not to be done (according to Table 7-16), the lower layer reconstructed frame (djgwer[Y]]

each lower layer field is padded with zetes to form a progressive grid at a frame rate equal to the field rate
layer, and with the same number of'liries and samples per line as the lower layer frame. Table 7-19 specifi

to be applied next. The luminance component is filtered using the relevant two field aperture fil
fe_structure == "Frame-Picture' ot else using the one field aperture filter. The chrominance component is fi
the one field aperture filtery

Two field aperture

One field aperture

k]) is

bf the
bs the
ter if
Itered

TPemporal Vertical Filter for first field Filter for second field Filter (both fields)
-1 -2 0 -1 0
-1 0 0 2 0
-1 2 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
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The temporal and vertical columns of Table 7-19 indicate the relative spatial and temporal coordinates of the samples to
which the filter taps defined in the other two columns apply. An intermediate sum is formed by adding the multiplied
coefficients together.

The output of the filter (sum) is then scaled according to the following formula:

prog_pic[y][x] =sum// 16

and saturated to lie in the range [0:255].

The filter aperture can extend outside the coded picture size. In this case the samples of the lines outside the active
picture shall take the value of the closest neighbouring existing sample (below or above) of the same field as defined
belo}.

For all samples [y][x]:
if (y <0 && (y&1 ==1))
y=1
if (y <0 && (y&1 ==0))
y=0
if (y>=11_v_size &&
((y-ll_v_size)&1l == 1))
y=1l v size—1
if (y>=11_v_size &&
((y-1l_v_size)&1 == 0))

y=11 v size-2
7.7.3{5 Vertical resampling

The frame subject to vertical resampling, prog_pic,-is tesampled to the enhancement layer vertical sampling grid [using
lineaf interpolation between the sample sites according to the following formula, where vert pic is the resulting field:

vert_pic[yp + 1l_v_offset][x]=,(16 — phase) * prog_pic[yl][x] + phase * prog_pic[y2][x]

wherg
yh+ 1L v_offset = .‘output sample co-ordinate in vert_pic
yl = (yp=*Vv_subs m)/v_subs n
y2 = yl+1 ifyl<ll v size—1
yl otherwise
phase® = (16 * ((yp * v_subs m) % v _subs n))// v subs n

Samples-which lie outside the lower layer reconstructed frame which are required for upsampling are obtained by Horder

M £41 1 1 4 tad O
eXte IUIT UT IV TUWUIL 1a_yL/1 ITULVUILISUuLicu 1raliiv.

NOTE - The calculation of phase assumes that the sample position in the enhancement layer at y;, = 0 is spatially coincident with
the first sample position of the lower layer. It is recognised that this is an approximation for the chrominance component if the
chroma_format == 4:2:0.

7.7.3.6 Horizontal resampling

The frame subject to horizontal resampling, vert pic, is resampled to the enhancement layer horizontal sampling grid
using linear interpolation between the sample sites according to the following formula, where hor pic is the resulting
field:

hor pic[y][xn + 11_h_offset] = ((16 — phase) * vert pic[y][x1] + phase * vert pic[y][x2]) // 256
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where

xp+ 1L 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.

7.7.3

7 Reinterlacing

If rei

If ho
even

If ho
odd 1

If hot

7.7.4

The
(see
spati
temp

In in|
is spg
temp
weigl

The
exten
inter]|

hterlacing needs not to be done, the result of the resampling process, hor_pic, is renamed to spat_pred_picy

" pic was derived from the top field of a lower layer interlaced frame, the even lines of hor pic are'copied
lines of spat_pred pic.

~ pic was derived from the bottom field of a lower layer interlaced frame the odd lines of hor, pic are copied
nes of spat_pred_pic.

' pic was derived from a lower layer progressive frame, hor pic is copied to spat_pred (pic.

Selection and combination of spatial and temporal predictions

patial and temporal predictions can be selected or combined to form the acfual prediction. The macroblock
[ables B.5, B.6 and B.7) and the additional spatial temporal weight code\(see Table 7-21)_indicate, by use
1 temporal weight class, whether the prediction is temporal-only, patial-only or a weighted combinati
bral 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:

fra pictures, if spatial temporal weight class”is 0, normal intra coding is performed, otherwise the pred
tial-only. In predicted and interpolated) pictures, if the spatial temporal weight class is 0, predicti
bral-only, if the spatial temporal weight class is 4, prediction is spatial-only, otherwise one or a pair of pred|
its is used to combine the spatial and temporal predictions.

bossible spatial temporal weights are given in a weight table which is selected in the picture spatial sc
sion. Up to four different weight tables are available for use depending on whether the current and lower laye
hced or progressive, as ifidicated in Table 7-20 (allowed, yet not recommended values given in brackets).

Table 7-20 — Intended (allowed) spatial temporal weight code_table index values

o the

to the

| type
bf the
bn of

fction
bn  is
iction

hlable
s are

Enhancement layer | spatial _temporal weight
Lower layer format 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
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

N

the t
field

spatial _temporal spatial_ spatial_ spatial_ spatial_
weight_code_table_ temporal_ temporal_ temporal_ temporal_
index weight_code weight (s) weight class integer weight
00® - (0,5) 1 0
01 00 0; 1) 3 1
01 (0; 0,5) 1 0
10 0,5;1) 3 0
+ 6;5-6:5 : 6
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 0,5;1) 3 0
11 (0,5; 0,5) 1 0

a) For spatial temporal weight code table index == 00 no spatial temporal weight code is trans-
mitted.

DTE — Spatial-only prediction (weight class == 4) is signalled by different values of macroblock type (see Tables B.5 to B.7).

When the spatial temporal weight combination is given in the-form (a; b), "a" gives the proportion of the predicti
I patial_temporal_weig g g prop p

p field which is derived from the spatial predictionrand "b" gives the proportion of the prediction for the b
which is derived from the spatial prediction for that field.

When the spatial temporal weight is given in<the form (a), "a" gives the proportion of the prediction for the p

whicl

The {

pel 1
pel 1
apprq

If the

If the

1 is derived from the spatial prediction forthat picture.

recise method for predictor calculation is as follows:

red temp[y][x] is used to denote the temporal prediction (formed within the enhancement layer) as defing
red[y][x] in 7.6. pel_pred spat[y][x] is used to denote the prediction formed from the lower layer by extractir

priate samples, co-located with the current macroblock position, from spat_pred pic.

spatial temporal weight is zero, then no prediction is made from the lower layer. Therefore:

pel_pred[y][x] = pel_pred_temp[y][x];

spatial temporal weight is one, then no prediction is made from the enhancement layer. Therefore:

n for
bttom

cture

d for
1g the

If the

pel_pred[y][x] = pel_pred_spat[y][x];

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 weight is used for the bottom field chrominance lines.

Addition of prediction and coefficient data is then done as in 7.6.8.
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7.7.5 Updating motion vector predictors and motion vector selection

In frame pictures where field prediction is used the possibility exists that one of the fields is predicted using spatial-only
prediction. In this case no motion vector is present in the bitstream for the field which has spatial-only prediction. For the
case where both fields of a frame have spatial-only prediction, the macroblock type is such that no motion vectors are
present in the bitstream for that macroblock.

The spatial temporal weight class also indicates the number of motion vectors which are present in the coded bitstream
and how the motion vector predictors are updated as defined in Table 7-22 and Table 7-23.

frame_motion_type

macroblock motion_forward
macroblock_motion_backward
macroblock_intra
spatial_temporal_weight class
Predictors to update

Field-based? - -1 0 PMV[1][0][1:0] = PMVT0][0][1:0]Y)
Field-based 1{1]0 0 PMVT1][0][1:0] = PMVTO0][0][1:0]

PMVT1][1][1:0] = PMVTO][1][1:0]
Field-based 1{0]0 0,1 PMVT1][0][1:0] = PMVTO][Q]1:0]
Field-based of1]0 0,1 PMVT1][1][1:0] = PM¥FO][1][1:0]
Field-based? 00O 0,14 | PMVIr][s][#] = 0°
16 x 8§ MC 11110 0 (None)
16 x 8 MC 11701(0 0,1 (None)
16 x 8§ MC of1]0 0,1 (None)
Dual prime 11010 0 PMVT1][0][1:0] = PMVTO][0][1:0]

2) field_motion_type is not present in'the-bitstream but is assumed to be Field-based.
b) If concealment_motion_vectors isZero then PMV[r][s][{] is set to zero (for all r, s and ¢).
©) PMVTr][s][#] is set to zero (forall , s and ). See 7.6.3.4.

NOTE - PMV[r][s][1:0] = PM}{u][v][1:0] means that:

PMVTr][s][1] S PMV[u][v][1] and PMV[r][s][0] = PMV]u][v][0]

7.7.5{1 Resetting-motion vector predictors

In adflition to'the cases identified in 7.6.3.4, the motion vector predictors shall be reset in the following cases:

o Ina P-picture when a macroblock is purely spatially predicted (spatial temporal weight class == 4)

e In a B-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.

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.
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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? -1 -1 0 PMVI1][0][1:0] = PMV0][0][1:0]°)

Erarme-based 10 0 RPAAHOHH-0=RPAH4 0 04H-64
PMVTI][1][1:0] = PMVTO][1][1:0]

Frame-based 1{0]0 0,1,2,3 | PMVT1][0][1:0] = PMVTO][0][1:0]

Frame-based of17]0 0,1,2,3 | PMVT1][1][1:0] = PMVTO][1][1:0]

Frame-based® | 0 [ 0 | 0 | 0,1,2,3,4 | PMVr][s][t] = 09

Field-based 11110 0 (None)

Field-based 1 {00 0,1 (None)

Field-based 1{0]0 2 PMVT1][0][1:0] = PMVTO0][0][1:0]

Field-based 1{0]0 3 PMVT1][0][1:0] = PMVTO][0][1:0]

Field-based o110 0,1 (None)

Field-based of1]0 2 PMVT1][1][1:0] = PMVTO][H[1;0]

Field-based of1]0 3 PMVTI][1][1:0] = PMVTOJ[1][1:0]

Dual prime? 1{0]0 0,2,3 PMVT1][0][1:0] = RMI{0][0][1:0]

2) frame_motion_type is not present in the bitstream but-is~assumed to be Frame-based.
b) Dual prime can not be used when spatial temporal integer weight ='0'".
o If concealment_motion_vectors is zero then PMWr][s][¢] is set to zero (for all r, s and £).
9 PMVTA[s][{] is set to zero (for all , s and £)(See 7.6.3.4.
NOTE —PMVr][s][1:0] = PMV[u][v][1:0] means that:
PMVTr][s1[1] = PMVTu][v][1] @d-PMVTr][s][0] = PMVTu](v][0]

In I-fictures, skipped macroblecks-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.

7.7.7

In th
possi

O pam e

7.8 SNR scalability

See Figure 7-15.

VBM:buffer underflow in the lower layer

se of

case of spatial scalability, VBV buffer underflow in the lower layer may cause problems. This is becay

This clause describes the additional decoding process required for the SNR scalable extensions.

SNR scalability defines a mechanism to refine the DCT coefficients encoded in another (lower) layer of a scalable
hierarchy. As illustrated in Figure 7-15 data from two bitstreams is combined after the inverse quantisation processes by
adding the DCT coefficients. Until the data is combined, the decoding processes of the two layers are independent of one

another.
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Table 7-24 — Predictions and motion vectors in field pictures

field _motion_type

macroblock_motion_forward

macroblock_motion_backward

Subc
folloy

The
scalal

The

macroblock_intra
spatial_temporal_weight class
Motion vector Prediction formed for

Field-based® -1 —-11 0 vectorT0][0][1:0]® None (motion vector is for concealment)

Eield-based 1 1 0 0 veector OO0 Whele-field—forward
vectorT0][1][1:0] Whole field, backward

Field-based 1{0]0 0,1 vector'T0][0][1:0] Whole field, forward

Field-based 0110 0,1 vectorTO][1][1:0] Whole field, backward

Field-based? oflofo 0,1,4 vectorT0][0][1:0]9 D Whole field, forward

16 x 8 MC 11110 0 vector'T0][0][1:0] Upper 16 x 8 field, forward
vector'[1][0][1:0] Lower 16 x 8 field, forward
vectorTO][1][1:0] Upper 16 x-8 field, backward
vector[1][1][1:0] Lower J'67% 8 field, backward

16 x 8 MC 1]101(0 0,1 vector'T0][0][1:0] Upper™ 6 x 8 field, forward
vector[1][0][1:0] Lower 16 x 8 field, forward

16 x 8 MC 0110 0,1 vectorT0][1][1:0] Upper 16 x 8 field, backward
vector'[1][1][1:0] Lower 16 x 8 field, backward

Dual prime 110[0 0 vectorT0][0][4.6] Whole field, same parity, forward
vector[2][0][1:019 © Whole field, opposite parity, forward

b)

o These motion vectors are not present-tithe bitstream.

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

2) field_motion_type is not present in the bitstréam but is assumed to be Field-based.

The motion vector is only present if cone¢alment_motion_vectors is one.

© These motion vectors are detived from vectorT0][0][1:0] as described in 7.6.3.6.

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

VS.

ause 7.8.1 defines how to identify these bitstreams in a scalable hierarchy, however they can be classifi

ower layer, Jderived from the first bitstream, can itself be either non-scalable, or require the spatial or ten
bility decoding process (and hence the decoding of additional bitstreams) to be applied.

entiancement layer, derived from the second bitstream, contains mainly coded DCT coefficients and a

ed as

poral

small

overhead. 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 possible to
reconstruct an enhancement layer without decoding the lower layer bitstream data in parallel.

Furthermore prediction and reconstruction of the pictures as described in 7.6, 7.7 and 7.9 for the combined lower and
enhancement layer is identical to the respective steps for decoding of the lower layer bitstream only.

Semantics and decoding process described in this subclause include a mechanism for "chroma simulcast". This may be
used (for instance) to enhance 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
bitstream (with exception of intra-DC values, see 7.8.3.4) shall be discarded and replaced by the new information with
higher chrominance resolution decoded from the enhancement layer.
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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'T0][0][1:0]9) None (motion vector is for concealment)
Frame-based 1 110 0 vector'[0][0][1:0] Frame, forward
vector'[0][1][1:0] Frame, backward
Frame-based 11010 0,1,2,3 vector'[0][0][1:0] Frame, forward
Frame-based 01110 0,1,2,3 vectorTO][1][1:0] Frame, backward
Frame-based® [ 0 [ 0 | 0 | 0,1,2,3,4 | vector[0][0][1:0]9® Frame, forward
Field-based 1 {10 0 vector'[0][0][1:0] Top field, forward
vector[1][0][1:0] Bottom field, forward
vectorT0][1][1:0] Top field, backward
vector[1][1][1:0] Bottom field; backward
Field-based 1 {00 0,1 vector'[0][0][1:0] TopAield, forward
vector[1][0][1:0] Bottom field, forward
Field-based 1100 2 Top field, spatial
vector'[0][0][1:0] Bottom field, forward
Field-based 110[0 3 vector[0][0][ 1:0] Top field, forward
Bottom field, spatial
Field-based o110 0,1 vectop[O][1][1:0] Top field, backward
vector[1][1][1:0] Bottom field, backward
Field-based 01110 2 Top field, spatial
vector'[0][1][1:0] Bottom field, backward
Field-based o110 3 vector'[0][1][1:0] Top field, backward
Bottom field, spatial
Dual prime? 1100 0,2,3 vectorT0][0][1:0] Top field, same parity, forward
vectorT0][0][1:0]9 Bottom field, same parity, forward
vectorT2][0][1:0]9 D Top field, opposite parity, forward
vector[3][0][1:0]9 D Bottom field, opposite parity, forward
2) 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".
o) The motion vector is only present if concealment_motion_vectors is one.
d)

These motion vectors are not present in the bitstream.
© The motion vector is taken to be (0; 0) as explained in 7.6.3.5.
f These motion vectors are derived from vector[0][0][1:0] as described in 7.6.3.6.

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

It is inherent in 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.
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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 = idephance and
the lower layer bitstream having layer id = ideppance—1-

The syntax and semantics of the enhancement layer are as defined in 6.2 and 6.3, respectively.

In the case that the lower layer 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.

Semgntic 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 Inve_,rse_
Data »  Length Inverse Scan Quantisation
Decoding Arithmetic
Lower Layer
Enhancement Layer QFS [n] QF [V][u]
Coded Variable Inverse F7 V]
D(a)tae —P Length Inverse Scan Quantisation
Decoding Arithmetic
F” enhance [v][u]
Framestore Memory
F’ V[u] Fviu]
) Mismatch Motion » Decoded
Saturatiop Control Inverse DCT Compensation " Samples
Xl dyvlix]

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.
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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.

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 ¢hroma_format of the enhancement layer shall be higher or equal to the chroma~format of the lower layer bitstr¢am.

In the case that the lower layer bitstream conforms to ISO/IEC, 110172-2 (and not This Specificdtion),
sequgnce_extension() is not present in the lower layer bitstream, and the<following values shall be assumed f¢r the
decodling 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

S O L)oo © o o

frame rate extension d =
The gequence_extension() in.the’enhancement layer shall have the values shown above.

Sequience display extension

This pxtension shallnot be present as there is no separate display process for the enhancement layer.
Sequence scalable extension

This pxtendsion shall be present with scalable mode = "SNR scalability".

GOPLheader

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 on the same
frame.

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.
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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.

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:

The

For t}
N

Quant matrix extension

This
load |

N|
Picty

This

N
ad

Slice

Slice
the 1d

7.8.2

Subs
lowel

f code[0][0] = forward f code in the lower layer bitstream or 15

f code[O0][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
Htra—de—preetston S

picture_structure = “Frame Picture"

top_field first =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

icture_coding_extension() in the enhancement layer shall have the/Valdes shown above.

ne lower layer q scale type and alternate scan shall be assumed o have the value zero.

DTE 2 — q_scale_type and alternate_scan can be set independently’in the enhancement layer.

pxtension is optional. Semantics are described in 6:3:11.

intra_quantiser matrix and load chroma_intra>quantiser matrix shall both be zero.

DTE 3 — Only the non-intra matrices will be used-in the subsequent decoding process.
re display extension

bxtension shall not be present.

DTE 4 — There is no separate display process for the enhancement layer. If pan-scan functionality is desired, it dan be

complished already by using.the-information conveyed by the pan-scan extension of the lower layer bitstream.
header

5 shall be coincident with those in the lower layer. The value of quantiser scale code can be set independently
wer layer bitstréam.

Macroblock

bquently the "current macroblock” denotes the currently processed macroblock. The current macroblock
layer denotes the macroblock identified by having the same macroblock address as the current macroblock.

The decoding of the macroblock header information is done according to 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

e

finement data for the current macroblock of the lower layer.

from

f the

However the corresponding syntax elements and flags of the current macroblock in the lower layer bitstream are relevant 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

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 det_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" onhancelvl[u] = 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 Block

The fiirst part of the decoding process of the enhancement Tayer block 1s independent from the Tower Tayer.

The decond part of the decoding process of the enhancement layer block has to be done jointly with the decoding pfocess
of th¢ coincident lower layer block.

Two pets of inverse quantised coefficients F"|gwer and F"epnance are added to form F" (see Figure 7-185).
F"lowker 18 derived from the lower layer bitstream exactly as defined in 7.1 to 7.4.2.3.
F"enInce is derived as is defined in the clauses below.

The flesulting F" is further processed, starting with saturation, as defined in 7.4.3 to 7.6.(7.7, 7.9).

7.8.3]1 Variable length decoding

In an enhancement layer block the VLC decoding shall be performed @according to 7.2, as for a non-intra blogk (as
indicpted by macroblock intra = 0).

7.8.3]2 Inverse scan

Inverge scan shall be done exactly as defined in 7.3.

7.8.313 Inverse quantisation
In anfenhancement layer block the inverse quantisation shall be performed according to 7.4.2 as for a non-intra block.

In th¢ case that the lower layer bitstream copforms to ISO/IEC 11172-2 (and not this Specification), then the "ifjverse
quanfisation arithmetic" used to derive F"|gwer[VI[u] (see Figure 7-14) shall include the IDCT mismatch cntrol
(oddilfication) and saturation specifiedan\ISO/IEC 11172-2.

7.8.314 Addition of coefficients from the two layers

Corrgsponding coefficients from the blocks of each layer shall be added together to form F” (see Figure 7-15).

F"IVI[u] = F"lowerlVIu]l + F" ennancelv1[u], for all u, v

If chijoma_simulcast = 1 is set only the luminance blocks are treated as described above.

For ¢hreminance blocks the DC coefficient of the base layer is used as a prediction of the DC coefficignt in
the coimcidemt btock T the eniancement tayer, wiereas the AC COci{ICIets Of the base tayer are discarded and
AC coefficients of the enhancement layer form F" in Figure 7-14 according to the following formulae:

F"[0][0] = F"1ower[O1[0] + F"ennnancel 01[0]

F"Iv][u] = Feonnancel vl[ul, for all u, v exceptu=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 (£"},,,.[0][0]) is to be used to predict the DC
coefficient in the coincident chrominance block of the enhancement layer (F".,,54nc2[01[0]).
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Table 7-27 — Block index used to predict DC coefficient

Block index

chroma_format 4 5 6 7 8 9 10 11
base: 4:2:0 4 5 4 5
upper: 4:2:2
base: 4:2:0 4 5 4 5 4 5 4 5
upper: 4:4:4
base: 4:2:2 4 5 6 7 4 5 6 7
upper: 4:4:4

7.8.3
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5 Remaining macroblock decoding steps

addition of coefficients from the two layers, the remainder of the macroblock decoding steps is,exactly as desq
310 7.6 (7.7, 7.9, if applicable), since there is now only one data stream F"[v][u] to be processed.

s process, the spatio/temporal prediction p[y][x] is derived according to the macrobloek type syntax element
for the current macroblock known from the lower layer bitstream.
Temporal scalability

oral scalability involves two layers, a lower layer and an enhancement layer. Both the lower and the enhanc
process the same spatial resolution. The enhancement layer enharices' the temporal resolution of the lower
[ temporally re-multiplexed with the lower layer provides full temporal rate. This is the frame rate indicated

ibed in 7.1 to 7.6. The only difference is in the "Prediction fieldand frame selection”" described in 7.6.2.

reference frames for prediction are selected by reference select code as described in Tables 7-28 and 7-]
tures, the forward reference picture can be one of thefollowing three: most recent enhancement picture, most 1
layer frame, or next lower layer frame in display order. Note that in the latter case, the reference frame in

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

ribed

s and

ement
layer
n the

icement layer. The decoding process for enhancement layer pictures is similar to the normal decoding process

9. In
ecent
lower

reference_ 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 ans . a . LS. S—HSCH—ds SakiN STaTalN a that3s—t
coindident with the frame or the first field (in case of field pictures) in the enhancement layer. The prediction réferences

he_1most recen me—in the lowe Qver 1 ed he reference his in de he frame-th 1 grally

7-16 shows a simplified diagram of the motion compensation process for the enhancement layer using tenporal
scalapility.

I-pictures do not use prediction references; to indicate this, the reference_select code for I-pictures shall be '11'.

Depepding on picture coding type, when forward temporal reference or backward témporal reference do not jmply
refergnces 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 their layer id, decoded from| the
sequgnce_scalable extension.

The {wo bitstreams shall have consecutive layer ids, with enhancement layer having layer id = id.,p4nce and the Jower
layerfhaving layer id = idupance—1-

The gyntax and semantics of enhancement layers are as defined-in 6.2 and 6.3 respectively.

Semgntic restrictions apply to several values in the headers’and extensions of the enhancement layer as follows.
The lower layer shall conform to this Specificatiom(and not to ISO/IEC 11172-2).

Sequience header

The yalues in this header can be different from the lower layer except for horizontal size value, vertical size value and
aspedt_ratio_information.

Sequience extension

This |extension shall be identical to the one in the lower layer except for values of profile and level indicption,
bit rate extension, vbv buffer size extension, low_delay, frame rate extension n and frame rate extension_d. These
can He selected independently. Note that progressive sequence indicates the scanning format of the enhancement|layer
framgs only rather thanvof the output frames after multiplexing. The latter is indicated by mux_to_progressive seqpience
(see dequence scalable extension).

Sequience diSplay extension

This pxtension shall not be present as there is no separate display process for the enhancement layer.

Sequence scalable extension
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
GO 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 wvalues 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
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.
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Pictu

re 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 efficient if predictions are

forme
enha
predi

In ¢

non-\
resol

7.10

Data
indic

The gemainder of the bitstream is placed in partition 1 (which is also called lowypriority partition). Sequence, GO}

pictu
redur]
exten

sequgnce_scalable extension().

N

The i

icement picture being predicted. It is a requirement on the bitstreams that P-pictures and B-pictures shall
ctions from most recent or next pictures as illustrated by Tables 7-28 and 7-29.

bed with help of systems layer timing information.

Data partitioning

partitioning is a technique that splits a video bitstream into two layers, called partitions. A priority breal
hites which syntax elements are placed in partition 0, which is the base partition(also called high priority part

e headers are redundantly copied in partition 1 to facilitate errofaecovery. The sequence end code is

dantly copied into partition 1. All fields in the redundant headers-must be identical to the original ones. Thg
sions allowed (and required) in partition 1 are sequence extension(), picture coding extension()

DTE — The slice() syntax given in 6.2.4 is followed in both partition's up to (and including) the syntax element extra_bit sl

hterpretation of priority breakpoint is given in Table;7:30.

Table 7-30 — Priority’breakpoint values and associated semantics

pretare/peture om—lower—layer—and—en cere er—th e—very—close—m—time—0 the

se group of pictures header occurs very often in lower layer, ambiguity can occur due to|possibility of
niqueness of temporal references (which are reset at each group of pictures header). This, ambiguity shall be

point
tion).
, and
also
only
and

102

prlorlt){_break Syntax elements included in partition zero
point
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...63 Reserved.
o4 All syntax elements up to and including coded_block pattern() or DT coellicient
(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:

Set current partition to 0, and start decoding from bitstream that contains
sequence_scalable extension (partition 0).

If current_partition = 0, check to see if the current point in the bitstream is a priority breakpoint.

If yes, set current_partition to 1. Next item will be decoded from partition 1.

the

both

An example is shown in Figure 7-17 where the priority breakpoint is set at 64 [one (run, level) pair].

7.11 Hybrid scalability

Hybrjd Scalability is the combination of two different types of scalability. The types of scalability that can be com

Ol 1 41 2| s £ efata O_R COR d +at L d £
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partitions.

If current _partition = 1, check the priority breakpoint to see if the next item to be decoded as‘expec
partition 0.

If yes, set current_partition to 0. Next item will be decoded from partition 0.

Otherwise, continue decoding from partition 1.

Quant DC DCT DCT DCT DC DCT

Scale coeff coeff 1 | coeff2 | coeff3 EOB coeft coeff 1 EOB

Figure 7-17 — A segment from a bitstream with two partitions, with priority_breakpoint set to 64
(one (run, level)\pair). The two partitions are shown, with arrows indicating how the decoder

O ) Quant DC DCT DC DCT
Scale coeff coeffil coeff coeff 1

()
© @—

Partition 0

DCT DCT

coeft2)| coeff3 | EOB EOB | Partition 1

needs to switch between partitions

ed in

bined

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.

Table 7-31 — Names of layers

layer_id Name
0 Base layer
1 Enhancement layer 1
2 Enhancement layer 2
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For the scalability between the enhancement layers 1 and 2, the enhancement layer 1 is its lower layer, and the
enhancement layer 2 is its enhancement layer. No layer can be omitted from the hierarchical ladder. E.g. if there is SNR
scalability between enhancement layer 1 and enhancement layer 2, the prediction types in enhancement layer 1 are also
valid for the combined decoding process for enhancement layers 1 and 2.

The coupling of layers is more loose with spatial and temporal scalability than with SNR scalability. Therefore, in these
kinds of scalability, first the base layer has to be decoded and upconverted before it can be used in the enhancement
layer. In SNR scalability, both layers are decoded simultaneously. The decoding order can be summarised as follows:

Case 1
base layer

<spatial or temporal scalability>

enhancement layer 1

<SNR scalability>
enhancement layer 2
First decode the base layer, and then decode both enhancement layers simultaneously.
Case|2
base layer

<SNR scalability>
enhancement layer 1

<spatial or temporal scalability>
enhancement layer 2
First decode the base layer and the enhancement layer 1 simultanedusly, and then decode the enhancement layer 2.
Case|3
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-décoding process

This pubclause describes the output of the theoretical model of the decoding process that decodes bitstreams confofming
to thik Specification:

The dlecoding process input is one or more coded video bitstreams (one for each of the layers). The video layefs are
genetally mpltiplexed by the means of a system stream that also contains timing information.

The ¢utput of the decoding process is a series of fields or frames that are normally the input of a display procesy. 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 chrominance
samples 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.
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Figure 7-18 — progressive_sequence ==
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ame reconstructed frame is output one time if repeat first field\is equal to 0, and two or three consecutive tifnes if

t first field is equal to 1, depending on the value of top_field first. Figure 7-19 illustrates this in the c3

ha format equals to 4:2:0 and repeat_first_field equals 1:

Frame period
= 1/frame_rate
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Figure 7-19 — progressive_sequence = = "1’; repeat_first_field =="1"
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When decoding an interlaced sequence (progressive sequence is equal to 0), the luminance samples of the reconstructed
frames are output by the decoding process in the form of interlaced fields at a rate that is twice the frame rate.
Figure 7-20 illustrates this.

X X X
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Althd
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If thg
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N
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X1 X X
X X X X
X X X X

X

Field period }47

Frame period
= 1/frame_rate

Figure 7-20 — progressive_sequence/~:= 0

h requirement on the bitstream that the fields at the outputof the decoding process shall always be alternate
ottom (note that the very first field of a sequence may bhe‘€ither top or bottom).

reconstructed frame is interlaced (progressive ftame is equal to 0), the luminance samples and chromi
les are output by the decoding process in the ferm of two consecutive fields. The first field output by the dec
ss is the top field or the bottom field of the reconstructed frame, depending on the value of top_field_first.

ugh all the samples of progressive frames represent the same instant in time, all the samples are not output
time by the decoding process when the sequence is interlaced.

reconstructed frame is progressive (progressive frame is equal to 1), the luminance samples are output Y
ling process in the form of two or three consecutive fields, depending on the value of repeat_first field.

DTE — The information (thatthese fields originate from the same progressive frame in the bitstream is conveyed to the d
ocess.

All off the chrominance” samples of the reconstructed progressive frame are output by the decoding process at the

time

hs the first field of luminance samples. This is illustrated in Figures 7-21 and 7-22.
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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
bitstream interchange between applications of this Specification.
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Figure 7-21 — progressive_sequence == 0 with 4:2:0 chrominance

X X XX
L% R R K
(ORORORON
X %, X X

X XTx o X
(RORORORQ

X X X X
(R R X K

X X XX

N— o/ ) )
—Va Y NV TV
progressive_frame 0O 1 1 0

Figure 7-22 — progressive_sequence == 0 with 4:2:2 or 4:4:4 chrominance

In this clause the constrained parts of the defined profiles and levels are described. All syntactic elements and parameter
valugs @vhich are not explicitly constrained may take any of the possible values that are allowed by this Spemﬁcatl bn. In
gene a}, a db\zud\ul Dhall b\.« db\.«lll\.«d w b\.« bUllfUllllallL wa slku PlUﬁl\a aL a slVbll 11\4\/\411 lf IL1S5 abl\. W lJlUlJ\aJl_y db\z e all
allowed values of all syntactic elements as specified by that profile at that level. One exception to this rule exists in the
case of a Simple profile Main level decoder, which must also be able to decode Main profile, Low level bitstreams. A
bitstream shall be deemed to be conformant if it does not exceed the allowed range of allowed values and does not
include disallowed syntactic elements.

Attention is drawn to 5.4 which defines the convention for specifying a range of numbers. This is used throughout 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 bitstream
complies. The most significant bit of profile and level indication is called 'escape bit'. When the escape bit is set to
zero, the profile and level are derived from profile and level indication according to Tables 8-1, 8-2 and 8-3.
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Table 8-1 — Meaning of bits in profile_and_level indication

Bits Field Size (bits) Meaning
[7:7] 1 Escape bit

[6:4] Profile identification

[3:0 4 Level identification

Table 8-2 specifies the profile identification codes and Table 8-3 the level identification codes. When the escape bit
equals zero a profile with a numerically larger identification value will be a subset of a profile with a numerically smaller

ident.ﬁbaﬁuu valuc. Si111i1a11_y, w‘ucucv51 thc TscapcT ‘Ult C\.iua}b ZTTO, a icvci Wit}l a uuulcxivaﬂ_y 1a15€1 i\lcuﬁﬁbaﬁuu value
will e 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)

Table 8-3 — Levelidentification
Level identification Level

1011 to 1111 (Reserved)

1010 Low

1001 (Reserved)

1000 Main

0111 (Reserved)

0110 High 1440

0101 (Reserved)

0100 High

0000 to 0011 (Reserved)
Tablg 8=4 describes profiles and levels when the escape bit equals 1. For these profiles and levels there is no inpplied
hiera' H-O1 Rre—a :“"‘ O PO e ":' ":'3‘ ahe—PFo e aa Ve afFe—ho Rece ar tSOf
others.

Attention is drawn to Annex E, which describes in detail those parts of ISO/IEC 13818-2 that are used for a given profile

and level.

NOTE 1-0On 4:2:2 Profile: The ITU-T Rec. H.262 | ISO/IEC 13818-2 compression algorithm exploits temporal redundancy,
spatial redundancy, and human psycho-visual properties and is not a lossless algorithm. For sequences with substantial spatial and
temporal redundancies, or without many sharp lines/edges, the quality of the sequences obtained after decompression will be
higher than that obtained for sequences with lower redundancy, or with a large number of sharp lines/edges.

The 4:2:2 profile can provide higher video quality, better chroma resolution and allows a higher bit rate (at Main level, up to
50 Mbit/s) than MP@ML. It also provides the capability to encode all active lines of video.

Although it is not part of the hierarchy of profiles and levels, the 4:2:2 profile @ Main level decoder is required to decode all the
bit streams decodable by MP@ML decoders.
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The 4:2:2 profile does not support scalability. This allows implementation architectures to be similar to those of MP@ML.

This profile can be used for applications requiring multiple generations of encoding and decoding. In the case of multiple
generations without picture manipulation or change in picture coding type between generations, the quality remains nearly
constant after the first generation. Use of picture manipulation or change in picture coding type between generations causes some
degradation in quality. Nevertheless, the resulting quality is acceptable for a broad range of applications.

The 4:2:2 profile permits all I-picture encoding. This enables fast recovery from transmission errors and can simplify editing
applications. This profile allows the high bit rates required to maintain high quality while using only I-picture coding. The 4:2:2
profile also allows the use of P- and B-picture coding types which can further improve quality or reduce bit rate for the same
quality.

See Annex J for more information on the picture quality of the 4:2:2 profile.

NOTE 2 — On Multi-view Profile: The Multi-view Profile (MVP) is envisioned to be a profile appropriate for applications that
require multiple viewpoints within the context of ITU-T Rec. H.262 | ISO/IEC 13818-2. MVP supports stereoscopic pictures as its
source images for a wide range of picture resolution and quality as requested by the applications to be used. A base layer of MVP
is[assigned fo a lelt view and an enhancement layer 1s assigned to a rignt view.

—

Table 8-4 — Escape profile_and_level indication identification

profile_and_level indication Name
10001111 to 11111111 (Reserved)
10001110 Multi-view profile @ Low level
10001101 Multi-view profile @ Main level
10001100 (Reserved)
10001011 Multi-view profile @ High1440 level
10001010 Multi-view profile\@ High level
10000110 to 10001001 (Reserved)
10000101 4:2:2 profile @ Main level
10000011 to 10000100 (Reserved)
10000010 4:2:2 profile @ High level
10000000 to 10000001 (Reserved)

A mdnoscopic coding with the same teols as Main Profile (MP), including ISO/IEC 11172-2, is applied to the base Jayer.
An ephancement layer is coded usihg)Temporal Scalability tools and a hybrid prediction of motions and disparity dan be
utilizpd in the enhanced layer.

MVH, viewed as one of thé-scalable profiles in terms of multiple viewpoint layers, is expected to have the same type of
complatibility features othes scalable profiles have, such as compatibility with MP. For example:

1) decoders/compliant to MVP at a certain Level are capable of decoding the bitstreams compliant to MP at
the'corresponding Level (i.e. forward compatibility);

2) «decoders compliant to MP at a certain Level are capable of decoding the bitstream in the base layer of
MVP (i.e. backward compatibility).

8.1 ISO/IEC 11172-2 compatibility

ISO/IEC 11172-2 "constrained parameter” bitstreams shall be decodable by Simple, Main, SNR Scalable, Spatially
Scalable and High profile decoders at all levels. Additionally Simple, Main, SNR Scalable, Spatially Scalable and High
profile decoders shall be able to decode D-pictures-only bitstreams of ISO/IEC 11172-2 which are within the level
constraints of the decoder.

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.
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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.

Table 8-5 — Syntactic constraints of profiles

Profile
Syntactic Element Simple Main SNR Spatial High 4:2:2 Multi-view
chroma_format 4:2:0 4:2:0 4:2:0 4:2:0 4:2:2 or 4:2:0(4:2:2 or 4:2:0 4:2:0
frame_rate_extension_n 0 0 0 0 0 0 0
frame rate_extension_d 0 0 0 0 0 0 0
aspedt_ratio_information | 0001, 0010, | 0001, 0010, [ 0001, 0010, | 0001, 0010, | 0001, 0010, | 0001, 0010, | 0QQ.D, 0010,
0011 0011 0011 0011 0011 0011 0011

pictufe_coding_type I,P ILP,B LP,B ILP,B LP,B ILP,B ILP,B
repedt_first_field Constrained Unconstrained Constrained [Unconstfained
sequIlce_scalable_ No No Yes Yes Yes No Yes
extension()
scalable_mode - - SNR SNR or SNR-0Ox - Tempgral

Spatial Spatial
pictlle_spatial_scalable_ No No No Yes Xes No No|
extension()
pictufe_temporal_scalable No No No No No No Yes
extension()
intral dc_precision 8,9,10 8,9,10 8,9,10 8,9, 10 8,9,10,11 | 8,9,10, 11 8,9,10
Slice ptructure Restricted

6.1.2.2

For dll defined profiles, there is a semantic restriction on the bitstream that all of the data for a macroblock shall be
reprepented with not more than the number of bits indicated by Table 8-6. However, a maximum of two macroblo¢ks in
each horizontal row of macroblocks may exceed this limitation.

Table 8-6 — Maximum number of bits in a macroblock

chroma_format Maximum number of bits
4:2:0 4608

4:2:2 6144

4:2:2)(in 4:2:2 Profile) Unconstrained

4:4:4 9216

In tHis”context, a macroblock is deemed to start with the first bit of the macroblock address incremert (or
macrobtock—escape;fany)amdcontmuesunti-thetast-bitof themacrobtock—syntacticstructure—TFrebitsrequited 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
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.

8.2.1 Use of repeat_first_field

The use of repeat_first field in Simple and Main profile bitstreams is constrained as specified in Table 8-7.
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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 progressive
sequence== sequence==

0000 Forbidden
0001 24 000 = 1001 (23,976...) 0 0
0010 24 0 0
0011 25 Oorl 0
6166 36-066—1061+(29%:97 6-or-t ©
0101 30 Oorl 0
0110 50 Oorl 0
0111 60 000 = 1001 (59,94...) Oorl Oorl
1000 60 Oorl Oorl

Reserved
1111 Reserved

Addi

Addi

8.3
The
'high
to de

The

8.4

ional constraints exist for Main profile @ Main level and Simple profile @ Main level only:

o if(vertical size > 480 lines) or (frame_rate is "25Hz") then.ifipicture coding_type == 011 (i.e. B-pig
repeat_first field shall be 0.

e ifvertical size >480 lines frame rate shall be "25Hz"
ionally, the following constraints exist for 4:2:2 profile, @ Main level only:
e ifvertical size > 512 lines,
then if picture_coding_type=011 (i.exB-picture), repeat_first field shall be 0;

e ifvertical size > 512 lines frame rate shall be "25Hz".

Relationship between/defined levels
Low, Main, High-1440 and -High levels have a hierarchical relationship. Therefore the parameter constraint:
er' level equal or exceédhthe constraints of lower' levels (e.g. for a given profile, a Main level decoder shall b

Code a bitstream cofiferming to Low level restrictions). The order of hierarchy is given in Table 8-3.

ifferent paramefer constraints for levels are given in Table 8-8.

Scalable layers

The

ture),

of a
b able

BNR” Scalable, Qpnfia] Scalable T—Tigh and Multi-view prnﬁlpc mav use more than one bitstream to code the i

nage.

These different bitstreams represent layers of coding, which when combined create a higher quality image than that
obtainable from one layer alone (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/level combinations 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 a bitstream of the base layer of SNR Scalable and Multi-view profiles can always be decoded by a
Main profile decoder of equivalent level. Conversely, a Main profile bitstream shall be decodable by either SNR Scalable
or Multi-view profile decoder of equivalent level.
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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] [1:4] [134]
Vertical vector range? [-32:31,5] [-64:63,5] [-64:63,5] [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-pictdresyf 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, this restriction applies to all the following.values:
vector'[0][0][ 1]
((vector'[0][0][1] * m[parity_ref][parity pred})//2)
((vector'[0][0][1] * m[parity_ref][parity_pred])//2")" + e[parity_ref][parity pred]
((vector'[0][0][1] * m[parity ref][parity, pred])//2")" + dmvector[1]
((vector'[0][0][1] * m[parity ref][parity pred])//2")" + e[parity_ref][parity pred] + dmvector[1]

Table 8-9 — Upper(bounds for scalable layers in SNR Scalable, Spatial Scalable, High
and Multi-view profiles

ILevel

Profile

Maximum Number of

SNR Spatial High

Multi-y

iew

Higl

All\layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers
Temporal auxiliary layers

— o oN

Higlh- 1440

All layers (base + enhancement)

Spatial enhancement layers
SNR enhancement layers
Temporal auxiliary layers

— o g

Main

All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers
Temporal auxiliary layers

o = —w
O —— W O = =W O ——_ W

— oo N

Low

All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers
Temporal auxiliary layers

OSO— O | O—ON

— o OoON
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8.4.1 Permissible layer combinations

Table 8-10 is a summary of the permitted combinations, and is subject to the following rules:

e SNR Scalable and Multi-view profile: maximum of 2 layers; Spatial Scalable and High profile: maximum
of 3 layers. (See Table 8-9.)

e Only one SNR and one Spatial scale allowed in 3-layer combinations, either SNR/Spatial or Spatial/SNR
order is permitted. (See Table 8-9.)

e  Chroma simulcast, which allows to add 4:2:2 chroma information to a 4:2:0 base layer and defined in 7.8
is implemented with SNR scalability.

e A 4:2:0 layer is not permitted if the lower layer is 4:2:2. (See 7.7.3.3.)

& (level— 1) 1s detined as 10llows:
— iflevel is Main, (level — 1) is Low;
— iflevel is High — 1440, (level — 1) is Main;
— iflevel is High, (level — 1) is High — 1440.
Table 8-10 — Permissible layer combinations
Scalable mode Profile/level
of simplest base layer decoddr
a)
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
Spa$a1 4:2:0 Spatial, 4:2:0 — MP@(level — 1)
Spaj:al 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)
Higl 4:2:0 - - HP@same level
Higl 4:2:2 - — HP@same level
Higl 4:2:0 SNR, 4:2:0 - HP@same level
Higl 4:2:0 SNR, 4:2:2 - HP@same level
Higl 4:2:2 SNR,4:2:2 - HP@same level
Higl 4:2:0 Spatial; 4:2:0 - HP@(level — 1)
Higl 4:2:0 Spatial, 4:2:2 - HP@(level — 1)
Higl 4:2:2 Spatial, 4:2:2 - HP@(level — 1) ®
Higl 4:2:0 SNR, 4:2:0 Spatial, 4:2:0 HP@(level — 1)
Higl 4:2:0 SNR, 4:2:0 Spatial, 4:2:2 HP@(level — 1)
Higl 4:2:0 SNR, 4:2:2 Spatial, 4:2:2 HP@(level — 1) ®
Higl 4:292 SNR, 4:2:2 Spatial, 4:2:2 HP@(level — 1) ®
Higl 4:2:0 Spatial, 4:2:0 SNR, 4:2:0 HP@(level — 1)
Higl 4:2:0 Spatial, 4:2:0 SNR, 4:2:2 HP@(level — 1)
Higl 4:2:0 Spatial, 4:2:2 SNR, 4:2:2 HP@(level — 1)
Higl 4:2:2 Spatial, 4:2:2 SNR, 4:2:2 HP@(level — 1) ®
Mulfi-view, 4:2:0 Temporal, 4:2:0 — MP@same level
a) 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 @ level.
b) Note that 4:2:2 chroma format is not supported as a lower spatial layer of High profile @ Main level (see Table 8-12).

Details of the different parameter limits that may be applied in each layer of a bitstream and the corresponding
appropriate profile_and_level indication that should be used are given in Tables E.20 to E.45.

8.4.2 Multi-view Profile specific constraints
Both the enhancement and base layers have the same frame rate.

The picture_mux_enable, picture_mux_order and picture_mux_factor are not used in this profile and shall be ignored.
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The reference_select code should be "00" or "01" for the P-frames in the enhancement layer. The reference select code
should be "01" for B-frames in the enhancement layer.

If the base layer coded frame is the first frame of the Group Of Pictures then the corresponding frame in the enhancement
layer should be either I-frame or P-frame with the reference select code value of "01".

In a P-field picture with reference select code = "01" and which is the first field of a frame, the following restriction

applies:

Dual prime prediction shall not be used.

Field prediction in which motion_vertical field select indicates the second field of the base layer frame
shall not be used.

If base and enhancemen e do he me 2 Jue o ob eld here

macroblocks that are coded with macroblock motion_forward zero and magroblo_ck_intra zero.

If base and enhancement layer do not have the same value for top field first, there shall be\no skiipped

macroblocks.

In a B-field picture which is the first field of a frame, the prediction shall not make reference to the second field
correpponding base layer frame.

It is fnherent in the Multi-view Profile that the two layers are tightly coupled to one another: It is a requirement th|
pictufes in enhancement layer shall be decoded immediately after their corresponding ¢equired reference picturg

decodled unless this requirement makes one to decode the enhancement layer pictures-out of display order. In that

the pictures in the enhancement layer should be decoded in the display order.

8.5

Parameter values for defined profiles, levels and layers

See Table 8-11.

Table 8-11 - Upper bounds forsampling density

bf the

at the
S are
case,

Spatial Profile
Leyel resolution
layer Simple Main SNR Spatial High 4:2:2 Multi
Enhancement | Samples/line 1920 1920 1920 1920
Lines/frame 1088 1088 1088 1088
Frames/sec 60 60 60 60
High .
Lower Samples/line 960 1920
Lines/frame - 576 - 1088
Frames/sce 30 60
High- | Enhancement | Samplés/line 1440 1440 1440 1440
1440 Lin€siframe 1088 1088 1088 - 1088
Ftames/sec 60 60 60 60
Lower Samples/line 720 720 1440
Lines/frame - 576 576 - 1088
Frames/sec 30 30 60
Enhancement | Samples/line 720 720 720 720 720 720
Majn Lines/frame 576 576 576 576 608 2 576
Frames/sec 30 30 30 30 30 30
Lower Samples/line 352 720
Tines/frame = = = 2388 = 576
Frames/sec 30 30
Enhancement | Samples/line 352 352 352
Low Lines/frame 288 288 - 288
Frames/sec 30 30 30
Lower Samples/line 352
Lines/frame — — - 288
Frames/sec 30
In the case of single layer or SNR scaled coding, the limits specified by 'Enhancement layer' apply.
) 512 lines/frame for 525/60, 608 lines/frame for 625/50
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The syntactic elements referenced by this table are as follows:

— samples/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.

Table 8-12 — Upper bounds for luminance sample rate (samples/s)

Spatial Profile
Level resolution
layer Simple Main SNR Spatial High 4:2:2 Multi-view
High Enhancement 62 668 800 62 668 800 (4:2:2) 62 668 800 62668 BOO

83 558400 (4:2:0)

Lower - 14745 600 (4:2:2) . 62 668 800

19 660 800 (4:2:0)

Hight |Enhancement 47001600 47001600 | 47001600 (4:2:2) - 47001 p00
1440
62 668 800+(4:2:0)

Lower - 10368000 | 11059200 (4:2:2) - 47001 p00

14945 600 (4:2:0)

Mairn Enhancement | 10368 000 | 10368 000 | 10368 000 11059200 (4:2:2) 11059200 1036800

14745 600 (4:2:0)

Lower - — — - - 1036800

3041280 (4:2:0)

Low Enhancement 3041280 3041 280 - 3041p8&0

Lower — — - 3041p80

NOTIE — In the case of single layer or SNRuscaled coding, the limits specified by "Enhancement layer" apply.

The luminance sample rate P.is-defined as follows:
—  For progressive_sequence == 1:
P'= (16 * ((horizontal_size + 15)/ 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

8.6 Compatibility requirements on decoders

Table 8-15 defines the requirements on compatibility for decoders. There is a requirement that a decoder of a profile and
level represented by a column in Table 8-15 be capable of decoding correctly all bitstreams with profile and level
indication marked by an X in the column. In case of scalable hierarchy of bitstreams, the profile and level indication are
that of the upper layer.

NOTE — For Profiles and Levels which obey a hierarchical structure, it is recommended that each layer of the bitstream contain
the profile and level indication of the "simplest" decoder which is capable of successfully decoding that layer of the bitstream. In
the case where the profile and level indication Escape bit == 0, this will be the numerically largest of the possible valid values of
profile and level indication.
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Table 8-13 — Upper bounds for bit rates (Mbit/s)

Profile
Level
Simple Main SNR Spatial High 4:2:2 Multi-view
High 100 all layers 300 -
80 80 middle + base layer 130 both layers
25 base layer 80 base layer
High- 60 all layers 80 all layers -
1440 60 40 middle + base layers | 60 middle + base layers - 100 both layers
15 base layer 20 baselayer 60-basedayer
Main - 20 all layers =
15 15 15 both layers 15 middle + base layer 50 25\both layers
10 base layer 4 base layer 15 base layer
Low - -
4 4 both layers Yy 8 both Igyers
3 base layer 4 base lgyer

NOTE 1 — This table defines the maximum rate of operation of the VBV for a coded bitstream of the/given profile and level

rate i indicated by bit _rate (see 6.3.3).

This

NOTIE 2 — This table defines the maximum permissible data rate for all layers up to and including the stated layer. For multitlayer
coding applications, the data rate apportioned between layers is constrained only by the maXimum rate permitted for a given layer as
statedl in this table.

NOTE 3 — 1 Mbit=1 000 000 bits

Table 8-14 — VBV huffer size requirements (bits)

Profile
Level Layer

Simple Main SNR Spatial High 4:2:2 Multi{view

High Enhancement 2 12 222 464 —
Enhancement 1 9 781 248 15 898 480
Base 9 781 248 3047424 | 47 185920 | 9 787248

Hight | Enhancement 2 7340032 | 9781248 —
1440 Enhancement I 4 882 432 7 340 032 - 12 222 464
Base 7 340 032 1 835008 2441 216 7 34( 032

Main Enhan¢ement 2 - 2441216 -
Enhangcement 1 1 835008 1 835008 3047424
Base 1835008 | 1835008 | 1212416 475136 | 9437184 | 1833008

Low Enhancement 2 - - —
Enhancement | 475136 950 272
Base 475136 360 448 475136

NOTE 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.

NOTE 2 — This table defines the tofal 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.

NOTE 3 — The syntactic element corresponding to this table is vbv_buffer size (see 6.3.3).
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Table 8-15 — Forward compatibility between different profiles and levels

Decoder

Profile and Level | HP | HP | HP |Spatial| SNR [ SNR | MP | MP | MP | MP | SP |4:2:2P | 4:2:2P | MVP | MVP | MVP | MVP
indicationin | @ | @ | @ | @ |@ | @ | @ |@|@|@|@| @ | @ |e@|e|e@|a

bitstream HL |H-14| ML | H-14 | ML | LL | HL |H-14| ML | LL | ML | ML | HL | HL |H-14| ML | LL
HP@HL X

HP@H-14 X | x

HP@ML X | x| X

Spatifl@i-14 X | X X

SNR@ML X | x| x| x | x

SNR{ZLL X | x| x| x | x| x

MP@HL X X X9 X

MP@H-14 X | X X X | X XINTx | x
MP@ML X | x| X X | X X | x| X MG | x | x| x
MP@LL X | x| X X | X | x| x| x| x| x |[xdFExY | x| x| x| x |[|x
SP@ML X | x| x| x | x X | X | x XN xP | x9 | x| X | x

ISOAEC 111722 | X | X | X X X | x| x| x| x| & x| x| x| x| x| x || x

4:2:20@ML X | x9

4:2:2@HL X

MVH@HL X

MVH@H-14 X | X
MVH@ML X | x| x
MVH@LL X | x| x |[ x

X injdicates that the decoder shall be able to decode the bit stream including all relevant lower layers.
a) g P@ML decoders are required to decodeMP@LL bitstreams.

) Ala22 profile@Main level decodet shall be able to decode Main profile@Main level, Main profile@Low level and Simple profile@Maip level
itstreams, as well as ISO/IEC f1472-2 constrained system parameter bitstreams.

) al4:22 profile@High level.decoder shall be able to decode 4:2:2P@ML, MP@HL, MP@HL-1440, MP@ML, MP@LL and SP@ML, as yvell as
ISO/IEC 11172-2 constrdined system parameter bitstreams.

9 Registration of Copyright Identifiers

9.1 General

Parts 1, 2, and 3 of ISO/IEC 13818 provide support for the management of audiovisual works copyrighting. In
ITU-T Rec. H.222.0 | ISO/IEC 13818-1 this is by means of a copyright descriptor, while ITU-T Rec. H.262 |
ISO/IEC 13818-2 and ISO/IEC 13818-3 contain fields for identifying copyright holders through syntax fields in the
elementary stream syntax. This Recommendation | International Standard presents the method of obtaining and
registering copyright identifiers in ITU-T Rec. H.262 | ISO/IEC 13818-2.

ITU-T Rec. H.262 | ISO/IEC 13818-2 specifies a unique 32-bit copyright identifier which is a work type code identifier
(such as ISBN, ISSN, ISRC, etc.) carried in the copyright descriptor. The copyright identifier enables identification of a
wide number of Copyright Registration Authorities. Each Copyright Registration Authority may specify a syntax and
semantic for identifying the audiovisual works or other copyrighted works within that particular copyright organization
through appropriate use of the variable length additional copyright info field which contains the copyright number.
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In the following subclause and Annexes G, H and I, the benefits and responsibilities of all parties to the registration of
copyright_identifier are outlined.

9.2 Implementation of a Registration Authority (RA)

ISO/IEC JTC 1 shall call for nominations for an international organization which will serve as the Registration Authority
for the copyright_identifier as defined in ITU-T Rec. H.262 | ISO/IEC 13818-2. The selected organization shall serve as
the Registration Authority. The so-named Registration Authority shall execute its duties in compliance with Annex H of
the JTC 1 Directives. The registered copyright identifier is hereafter referred to as the Registered Identifier (RID).

Upon selection of the Registration Authority, JTC 1 shall require the creation of a Registration Management Group
(RMG) which will review appeals filed by organizations whose request for an RID to be used in conjunction with

Anngxes G, H and I to this Specification provide information on the procedures for registering.\a) unique
copyfight identifier.
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Annex A

Inverse discrete 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
Fu,v) =3 C(u)C(V) Z Z f(x, y)cos (2x +I\%)un cos 2y ;I\%)Vﬁ

x=0 y=0

0 (E)

with

wher¢

The
proce

The 1

f(x, ]
The 1

wher¢

satur

The {

wher¢

uv,x,y=0,1,2,... N-1
X, y are spatial coordinates in the sample domain

u, v are coordinates in the transform domain

foruv =20

1
C(w), C(v) = {2

1  otherwise

lefinition of the DCT (also called forward DCT) is purely informative. Forward DCT is not used by the dec
ss described by this Specification.

hathematical real-number IDCT is defined as:

N-1 N-1
Ry =5 > 2 COCMmF@Tcos SEINE oo BYLIVE

u=0 v=0

) is a real number.
hathematical integer-number IDCT is defined as:
f'(x, y) = round(f(x, y))

round() is the rounding to thie\nearest integer, with half-integer values rounded away from zero. No clampi
ition is performed.

aturated mathematicalinteger-number IDCT is defined as:

f"(x, y) = saturate(f '(x, y))

pding

ng or

saturate() is.th¢ saturation in the range [-256, 255], defined as:
—-256 x<-256
saturate (x) = 255 x >255
X —256<x <258

C

The IDCT function f]y][x] used in the decoding process may be any of several approximations of the saturated
mathematical integer-number IDCT f "(x, y), provided that it meets all of the following requirements:

1) The IDCT function f[y][x] used in the decoding process shall have values always in the range [-256, 255].

2) The IDCT function f]y][x] used in the decoding process shall conform to the IEEE Standard Specification
for the implementation of 8 by 8 Inverse Discrete Cosine Transform, IEEE Std. 1180-1990, 6 December

1990.

3) This item applies only when input blocks of DCT coefficients cause all the 64 values output of the
mathematical integer-number IDCT f'(x, y) to be in the range [-384, 383]. When f '(x, y) > 256, f]y][x]

shall be equal to 255 and when f'(x, y) <-257, f[y][x] shall be equal to —256. For all values of f'(x,

the range [-257, 256] the absolute difference between fy][x] and f "(x, y) shall not be larger than 2.
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4) LetF be the set of 4096 blocks Bi[y][x] (1=0 ... 4095) defined as follows:
a) Bi[0][0] =1i—2048.
b) Bi[7][7] =1 if Bi[0][0] is even, Bi[7][7] = 0 if Bi[0][0] is odd.
¢) All other coefficients Bi[y][x] other than Bi[0][0] and Bi[7][7] are equal to 0.

For each block Bi[y][x] that belongs to set F defined above, an IDCT that conforms to this specification
(see Annex A) shall output a block f[y][x] that has a peak error of 1 or less compared to the reference
saturated mathematical integer-number IDCT f "(x, y). In other words, | fTy][x] —f "(x, y) | shall be <=1
for all x and y.

In addition to these requirements, the following is a recommendation on the accuracy of the IDCT function f]y][x].

J) ‘V‘VrllUll ilUlll 3} dUCb ot appl_y, i.C. fUl iupuL blUbl\b Uf DCT bUCfﬁbiClllb bdubillg lllC ouiput g f the
mathematical integer-number IDCT f'(x, y) to contain one or more values out of the range [-384,.383], it
is desirable that fTy][x] be as close as possible to f "(x, y) for all bitstreams produced by reasénably|well-
designed encoders.

NPTE — Clause 2.3 IEEE Standard 1180-1990 "Considerations of Specifying IDCT Mismatch Errors" requires.th€ specification of
pgriodic intra-picture coding in order to control the accumulation of mismatch errors. Every macroblock is required to be reffeshed
bg¢fore it is coded 132 times as predictive macroblocks. Macroblocks in B-pictures (and skipped macroblocks in P-picturgs) are
ejcluded from the counting because they do not lead to the accumulation of mismatch errors. This\requirement is the sgme as
n(dicated in 1180-1990 for visual telephony according to Recommendation H.261.

—
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Annex B

Variable length code tables

(This annex forms an integral part of this Recommendation | International Standard)

B.1 Macroblock addressing
See Table B.1.

Table B.1 — Variable lpngj;h_m,d_gq_fnr_ma_m;nh]ﬂgk:a_d_d_];m_inchmpnt

Ipacroblock_address_ Increment value lpacroblock_address_ Increment value
increment VLC code increment VLC code
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
00010 7 0000 0100 001 24
0000 111 8 0000 0100 000 25
0000 110 9 0000 001 I\(11 26
0000 1011 10 0000:00F+1 110 27
0000 1010 11 00000011 101 28
0000 1001 12 0000 0011 100 29
0000 1000 13 0000 0011 011 30
0000 0111 14 0000 0011 010 31
0000 0110 15 0000 0011 001 32
00000101 11 16 0000 0011 000 33
0000 0101 10 17 0000 0001 000 macroblock escape
NPTE — The "macroblock stuffing" entry that is available in ISO/IEC 11172-2 is not available in this Specification.
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B.2 Macroblock type

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_motion_forward

macroblock _motion_backward

macroblock_pattern

macroblock_intra

spatial_temporal_weight_code_flag

permitted spatial temporal_weight classes

Description
1 ofojJofoj1]oO Intra 0
01 1{0f[O0fO0]1 0 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 ofrjofrjofo MC, Coded 0
01 ofoJolr]o]oO No MC, Coded 0
001 ofrj]ofo0ojo0]oO MC, Not Coded 0
0001 1 ojofo]joO]|]1]|oO Intra 0
0001 0 r{1]of1]0foO MC, Coded, Quant 0
0000 1 I1{ojJof1]0foO No MC, Coded, Quant 0
0000 01 1{o0jO0O]J0O]1]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 O)j1{1]0f0]0 Interp, Not Coded 0
11 011 1 110(0 Interp, Coded 0
010 ofojJ1f{0]0]O Bwd, Not Coded 0
011 ofojJ1|{1]0O0]O Bwd, Coded 0
0010 oj1|10]0]0OfoO Fwd, Not Coded 0
0011 ofrjof1rjofo Fwd, Coded 0
0001 1 ojofo]joO]|]1]|oO Intra 0
0001 0 1 1 1 1{0(O Interp, Codedy. Quant 0
0000 11 Ir{1]o0f1]0f0O Fwd,.Caded, Quant 0
0000 10 1rj{o|1f{1]0foO Bwd, Coded, Quant 0
0000 01 r{ojJofo]1foO Intra, Quant 0

Table B.5 — Variable length codes for macroblock type in I-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
1 0jJ]ofo]1f[0]O0 Coded, Compatible 4
01 110f[f0]1[0]0O0 Coded, Compatible, Quant 4
0011 olologlglylg Intra 0
0010 r{ojJofo]1fo Intra, Quant 0
0001 0OJ]0[O0O]JOfO]O 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 ofrjofrjofo MC, Coded 0
011 o1 ]0|1]O0][]1 MC, Coded, Compatible 1,2,3
0000 100 ojojofj1]0foO No MC, Coded 0
0001 11 ojofOo]1]0]1 No MC, Coded, Compatible 1,2,3
0010 oj1|10[0]0OfoO MC, Not Coded 0
0000 111 oOjofO0]O]1][O Intra 0
0011 O|l1[0]0fO0]1 MC, Not coded, Compatible 1,2,3
010 r{1]of1]0fo MC, Coded, Quant 0
0001 00 1{ojJof1]0fO No MC, €oded, Quant 0
0000 110 r{ojJofo]1foO Intra, Quant 0
11 1 110101 MC, €oded, Compatible, Quant 1,2,3
0001 01 1r1ofo]1f[o0]1 No’MC, Coded, Compatible,Quant 1,2,3
0001 10 0O1O0]O0O[O]O][1 No MC, Not Coded, Compatible 1,2,3
0000 101 0]0|O0]1]0 [0 Coded, Compatible 4
0000 010 110[0]|1 L0yl O Coded, Compatible, Quant 4
0000 011 0100|0010 Not Coded, Compatible 4
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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
10 011 110[0]0 Interp, Not coded 0
11 011 1 110(0 Interp, Coded 0
010 0OjJ]o0of1]0([O0]O0 Back, Not coded 0
011 ofojJ1|{1]0O0]O Back, Coded 0
0010 oj]1[0]0O0f[O0]O0 For, Not coded 0
0011 ofrjofrjofo For, Coded 0
0001 10 0Oj]0]1]0]0]T1 Back, Not Coded, Compatible 1,2,3
0001 11 01011 1101 Back, Coded, Compatible 1,2,3
0001 00 Ol1]0[O0]O0][1 For, Not Coded, Compatible 1,2,3
0001 01 oj1[0]1]0](1 For{Coded, Compatible 1,2,3
0000 110 ofofofofrL|oO Intra 0
0000 111 1 1 1 110(O0 Interp, Coded, Quant 0
0000 100 r{1]of1]0foO For, Coded, Quant 0
0000 101 10| 1 [1]0 [0 Back, Coded, Quant 0
0000 0100 L{fofofoO0{f{dmfoO Intra, Quant 0
0000 0101 1 110 ([0 |1 For, Coded, Compatible, Quant 1,2,3
000001100 110 (1 110711 Back, Coded, Compatible, Quant 1,2,3
000001110 01000 O0]O Not Coded, Compatible 4
00000110 1 Lpojo|l1]0]0 Coded, Compatible, Quant 4
00000111 1 ojo|lO0O|1]0foO 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 ofojJof1r]O0]oO Coded 0
01 Irj{ojof1])0foO Coded, Quant 0
001 ofojJofojo]|oO Not Coded 0

NOTE - There is no differentiation between picture types, since macroblocks are prgcessed identically
in I-, P- and B-pictures. The "Not coded" type is needed, since skipped macroblocKs’are not allowed at

beginning and end of a slice.
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B.3 Macroblock pattern

See Table B.9.

ISO/IEC 13818-2 : 2000 (E)

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 000T 1011 I3
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 H 1 25
01010 61 0000 1110 37
0100 1 2 0000 1101 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
0010 110 9 0000 0110 46
0010 104 17 0000 0101 54
00106,100 33 0000 0100 58
0010 011 6 0000 0011 1 31
0010010 10 0000 0011 0 47
0010 001 18 0000 0010 1 55
0010000 34 000000100 59
0001 1111 7 0000 0001 1 27
0001 1110 11 0000 0001 0 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.

128

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
0000 0111 =7
0000 1001 -6
0000 1011 =5
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

6000 0101 10 8

0000 0101 00 9

0000 0100 10 10
0000 0100 010 11
0000 0100 000 12
0600001t 116 3
0000 0011 100 14
0000 0011 010 15
0000 0011 000 16
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Code Value
11 -1
0 0
10 1

B.S

See 1

h aValaal ££5 2 4
U 1 CUUIIIVITIIT

ables B.12 to B.16.

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
111110 7
1111110 8
11111110 9
11111110 10
I 11111 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
11110 S
111110 6
1111110 7
11111110 8
111111110 9
1111111 10 10
1111 1111 11 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
OUI0 T's 0 3
00111s 3 1
00110s 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
0010 0101 s 1 3
0010 0100 s 3 2
00100111 s 10 1
0010 0011 s 11 1
0010 0010 s 12 1
0010 0000 s 13 1
0000 0010 10 s 0 7
0000 0011 00:s 1 4
0000 0040 T's 2 3
00000011 11s 4 2
0000 0010 01 s 5 2
0000 0011 10 s 14 1
0000 0011 01 s 15 1
0000001000 16 1
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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
UUUU UUUT TTUU'S J J
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
0000 0000 1101 0s 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 0s 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 073 10 2
0000 0000 110 1)I"s 22 1
0000 0000\ 111 0 s 23 1
00000000 1110 1's 24 1
0000 0000 11100s 25 1
0000 0000 1101 I's 26 1
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Table B.14 — DCT coefficients Table zero (continued)

Variable length code (Note 1) Run Level
0000 00000111 11's 0 16
0000 00000111 10 s 0 17
0000 00000111 01 s 0 18
0000 00000111 00 s 0 19
0000 00000110 11's 0 20
0000 00000110 10 s 0 21
UUUU UUUU UTIU UL S Y
0000 0000 0110 00 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 0011 ¥10's 1 9
0000 0000 001 1)101 s 1 10
0000 00000011 100 s 1 11
00000000 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
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 1111s 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
NOTE 1 — The last bit 's' denotes the sign of the level: '0' for peSitive, 'l' for negative.
NOTE 2 — "End of Block" shall not be the only code of the block.

NOTE 3 — This code shall be used for the first (DC) coeffieient in the block.
NOTE 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
0010 1s 2 1
0111s 0 3
001113 3 T
0001 10's 4 1
00110s 1 2
0001 11s 5 1
0000 110°s 6 1
0000 100 s 7 1
11100 0 4
0000 111 s 2 2
0000 101 s 8 1
1111 000 s 9 1
0000 01 Escape

11101s 0 5
0001 01 s 0 6
1111001 s I 3
00100110 s 3 2
1111010 10 1
0010 0001 s 11 1
00100101 s 12 1
0010 0100 s 13 1
0001 00 s 0 7
00100111 s 1 4
1111 1100 2 3
1111 1101s 4 2
000070010 0 s 5 2
0000 0010 1 s 14 1
0000 0011 1's 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
1111 011s 0 8
1111 100 s 0 9
0010 0011 s 0 10
0010 0010 s 0 11
0010 0000 s 1 5
0000 0011 00 s 2 4
UUUU UUUT TTUU'S J J
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
11111010 s 0 12
11111011 s 0 13
1111 11108 0 14
1111 1111 s 0 15
0000 0000 1011 0s 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 073 10 2
0000 0000 110 1)I"s 22 1
0000 0000\ 111 0 s 23 1
00000000 1110 1's 24 1
0000 0000 11100s 25 1
0000 0000 1101 I's 26 1
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Table B.15 — DCT coefficients Table one (continued)

Variable length code (Note 1) Run Level
0000 00000111 11's 0 16
0000 00000111 10 s 0 17
0000 00000111 01 s 0 18
0000 00000111 00 s 0 19
0000 00000110 11's 0 20
0000 00000110 10 s 0 21
UUUU UUUU UTIU UL S Y
0000 0000 0110 00 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 0011 ¥10's 1 9
0000 0000 001 1)101 s 1 10
0000 00000011 100 s 1 11
00000000 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.15 — DCT coefficients Table one (concluded)
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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 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

NOTE 1 —The last bit 's' denotes the sign of the level: '0' for positiye, '1' for negative.
NOTE 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
0000 00 0
0000 01 1
0000 10 2
1111 11 63

Fixed length code signed_level
1000 0000 0000 reserved
1000 0000 0001 -2047
1000 0000 0010 -2046
1111 1111 1111 -1
0000 0000 0000 Forbidden
0000 0000 0001 +1
0111 11111111 +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
defin . ) )

buffer to overflow. When low_delay equals zero, the bitstream shall not cause the VBV buffer to underflow:When
low_{lelay equals one, decoding a picture at the normally expected time might cause the VBV buffer to underflow. [f this
is the case, the picture is not decoded and the VBV buffer is re-examined at a sequence of later times specifiedin CJ7 and
C.8 until it is all present in the VBV buffer.

di andg 1 d ed th D cam th oniorm o_th D on n no 8 VBV

All the arithmetic in this annex is done with real-values, so that no rounding errors can propagate. For examplp, the
number 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 as thejsame frame rate, and are
opergted synchronously.

C.2 The VBV buffer is of size B, where B is the vbv_buffer size coded in_the sequence header and seqpence
extension if present.

C3 This subclause defines the input of data to the VBV buffer. Two smutually exclusive cases are defined in|C.3.1
and (.3.2. In both cases the VBV buffer is initially empty. Let Ripax be the bitrate specified in the bit_rate field.

C.3.1 In the case where vbv_delay is coded with a value not equalto hexadecimal FFFF, the picture data of th¢ n-th
codedl picture enters the buffer at a rate R(n) where:

R(n)=d*,/ (t(n) -t $]) + tth + 1) — t(n) )

Whete
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 of bits after-the final bit of the n-th picture start code and before and including thg 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.

ttn) Is the time, méasured in seconds, when the n-th coded picture is removed from VBV buffer. §{n) is
defined in G793 €.10, C.11, and C.12.

Amb]guity at the beginning\of a sequence:

The interval of timet,f — t, between removal of two consecutive pictures can normally be derived from the bitstrepm as
described in C.9, €10, C.11 and C.12.

When random-access is made in a sequence, t,,; — t, cannot be determined from the video bitstream alone for the first
picture(s)after the sequence header since the previous coded P- or I-frame does not exist in the decoded sequence. [If the
bitstrpai, 18 multiplexed as part of a systems bitstream according to ITU-T Rec. H.222.0 | ISO/IEC 13818-1, then it is
possibletbutmotcertam)-that mformatromr i thesystems bitstreamrmay-beused-todetermimeumambrguousty-thrsmterval

of time. This information is available if Decoding Time Stamps (DTS) are transmitted for pictures n and n+1.

If the rate R(n) cannot be determined unambiguously, it is not possible for the VBV to precisely determine the fullness in
trajectories in the VBV buffer during a limited period (always less than the maximum value for vbv_delay, which is
approximately 0.73 seconds), therefore strict VBV verification of the entire bitstream is not always possible. Note that an
encoder always knows the values of t,,| — t, after each repeated sequence headers and therefore knows how to generate a
bitstream that does not violate the VBV constraints at those points.

The ambiguity may become a problem when the video bitstream is remultiplexed and delivered at a rate different from
the intended piecewise constant rate R(n).

It should also be noted that the input rate for the bits preceding the first picture header cannot be determined from the
bitstream.
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Ambiguity at the end of a sequence:

The input of all the bits following the picture start code of the picture preceding an end of sequence code cannot be
determined from the bitstream. There shall exist an input rate for these bits that does not lead to an overflow or, if
low_delay is equal to 1, an underflow of the VBV buffer. This rate shall be less than the maximum rate specified in the
sequence header.

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 for the time specified by the vbv_delay field in the picture header.
At this time decoding begins. The data input continues at the rates specified in this subclause.

For all bitstreams R(n) <= R;,,,x for all picture data.

C.3.2
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In the case where vbv_delay is coded with the value hexadecimal FFFF, data enters the VBV buf
fied in this subclause.
VBYV buffer is not full, data enters the buffer at Ry,

VBYV buffer becomes full after filling at Ry, for some time, no more data enters the buffer until some d
ved from the buffer.

filling the VBV buffer with all the data that precedes the first picture start code efthe sequence and the pictur
itself, the VBV buffer is filled from the bitstream until it is full. At this ‘time decoding begins. The data
hues at the rate specified in this subclause.

B defines the actions to be taken at each time the VBV buffer is examined.

This subclause defines a requirement on all video bitstreams.

e time the VBV buffer is examined before removing, any picture data, the number of bits in the buffer sh
ben zero bits and B bits where B is the size of the VBV buffer indicated by vbv_buffer size.

he purpose of this annex, picture data is defined as all the bits of the coded picture, all the header(s) and use
diately preceding it if any (including any. stuffing between them) and all the stuffing following it, up to (bt
ing) the next start code, except in the case)where the next start code is an end of sequence code, in which cas
led 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

Starting at the time defined in C.3, the VBV buffer is examined{at)successive times defined in C.9 to C.12.
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Figure C.1 — VBV Buffer Occupancy — Constant bit-rate operation
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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 removed
instantaneously 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 curfently
to be|decoded), see 6.3.10. If the VBV buffer has to be re-examined, the picture currently to be decoded is reférred to as
a big|picture.

If pidture currently to be decoded is a big picture, the VBV buffer is re-examined at intervals of 2 field“periods hefore
remo}ving the big picture, and no picture data is removed until the final re-examination.

At thjs time, the number of bits the VBV buffer immediately before removing the big picture shall be less than B, gll the
picture data for the picture that has been in the buffer longest (the big picture) shall be present in the buffer and shhll be
remofed 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 pituation where the VBV buffer would underflow (see C.7) camyhappen when low-delay applications transmit
occagdionally large pictures, for example in case of scene-cuts.

Decogding such bitstreams will cause the display process associated with a decoder to repeat a previously decoded figld or
fram¢ until normal operation of the VBV can resume. This process is sometimes referred to as the occurrence of
"skipped pictures". Note that this situation should normally not occur except occasionally. It shall not occur [when
low_{lelay is equal to 0.

C9 This subclause defines the time intervals<between successive examination of the VBV buffer in the case where
progiessive_sequence equals to 1 and low_delaylequals to 0. In this case, the frame re-ordering delay always exis{s and
B-pidtures can occur.

The fime interval t, . | — t, between two successive examinations of the VBV buffer is a multiple of T, where T [is the
inverpe of the frame rate.

If the n-th picture is a B-picture.with repeat_first field equals to 0, then t, ;. | —t, is equal to T.

If thg n-th picture is a B-Pieture with repeat_first field equal to 1 and top_field first equals O, then t, , | — t, is [equal
to 2*[[.

If thq n-th picturelis-a B-Picture with repeat_first field equal to 1 and top_field first equals 1, then t, . | — t, is [equal
to 3*[.

If thg n-th picture is a P-Picture or I-Picture and if the previous P-Picture or I-Picture has repeat first field equal to 0,
then {,'¢p — t, is equal to 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 equal to 1 and
top_field first equal to O, then t, , | —t, is equal to 2*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 equal to 1 and
top_field first equal to 1, then t, , | —t, is equal to 3*T.

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.
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If the n-th picture is a P-Picture or I-Picture with repeat_first field equal to 0, then t, , | —t, is equal to 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 O, thent, , | —
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, thent, , | —
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 iffverse of two times the frame rate.

=

If the n-th picture is a frame-structure coded B-frame with repeat_first field equal to 0, then t,, , | —t, is equal\to 2*

=

If the n-th picture is a frame-structure coded B-frame with repeat_first field equal to 1, then t,, , | — t,ds.€qual to 3*
If the n-th picture is a field-structure B-picture (B-field picture), then t, , | —t, is equal to T.

If thg n-th picture is a frame-structure coded P-frame or coded I-Frame and if the preyieus coded P-Frame or ¢oded
I-Frame has repeat_first field equal to O, then t, , | —t, is equal to 2*T.

If thq n-th picture is a frame-structure coded P-Frame or coded I-Frame and if .the)previous coded P-Frame or ¢oded
I-Frame has repeat_first field equal to 1, then t, , | —t, is equal to 3*T.

If the| n-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 th¢ n-th picture is the second field of a field-structure coded P-Frame or coded I-Frame and if the prdvious
codedl P-Frame or coded I-Frame is using field-structure or has ¥eépeat first field equal to O, then t, , | — t, is jequal
to 2T - T).

If th¢ n-th picture is the second field of a field-structire coded P-Frame or coded I-Frame and if the prdvious
codedl P-Frame or coded I-Frame is using frame-structur€’and has repeat first field equal to 1, then t, . | — t, is jequal
to 3TT - T).

Figuze C.2 shows the VBV in a simple case with only frame-pictures. Frames P, B, and B4 have a display duration
of 3 fiields.

Buffer fullness

A

Py Pe Bs
l" B1 e
A B, ‘
e / By
| | | | | | | | | >
G T, Tt T, e T
Figure C.2
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, , | — 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.
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If the n-th picture is a frame-structure coded P-Frame or coded I-Frame with repeat_first field equal to 0, thent, , | — t,

is equal to 2*T.

If the n-th picture is a frame-structure coded P-Frame or coded [-Frame with repeat_first field equal to 1, thent, y | — t,

is equal to 3*T.

If the n-th picture is a field-structure coded P-Frame or coded I-Frame, then t, . | —t, is equal to T.

Figure C.3 shows the VBV in a simple case with only frame-pictures. Frames I, P, and P4 have repeat_first field equal

to 1.
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Annex D

Features supported by the algorithm

(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:

1) Different chrominance sampling formats (i.e. 4:2:0, 4:2:2 and 4:4:4) can be represented.

2) Video in both the progressive and interlaced scan formats can be encoded.

D.2

D.2.1

This
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samp
in th
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accorldance with Recommendation ITU-R BT. 601 are given in Table D.1.

This
supp

53) The decoder can use 3:2 pull down to represent a ~24 ips t1lm as ~30 ips 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) A low delay mode for face-to-face applications is available.

8) Random access (for DSM, channel acquisition, and channel hopping) is available.

9) ISO/IEC 11172-2 constrained parameter bitstreams are decodable.

10) Bitstreams for high and low (hardware) complexity decoders can be gefierated.

11) Editing of encoded video is supported.

12) Fast-forward and fast-reverse playback recorded bitstreams can be’‘implemented.

13) The encoded bitstream is resilient to errors.

Video formats

Sampling formats and colour

Specification video coding supports both interlacedjand progressive video. The respective indication is pro|
h progressive_sequence flag transmitted in the Sequence Extension code.

ed raster sizes are between 1 and (2°14 — 1) luminance samples each of the horizontal and vertical directions
is represented in a luminance/chrominange colour space with selectable colour primaries. The chrominance ¢
led in either the 4:2:0 (half as many samples in the horizontal and vertical directions), 4:2:2 (half as many sa
b horizontal direction only). Furthermore, application specific sample aspect ratios and image aspect ratig
ly supported. A chroma_format.parameter is contained in the Sequence Extension code.

le aspect ratio information is_provided by means of aspect ratio_information and (optional) display horizonta
lisplay_vertical size in. the sequence display extension(). Examples of appropriate values for signals samp

Specification implements tools to support 4:4:4 chrominance, for possible future use. However, this is current
rted in any profile.

Table D.1 — Example display size values

vided

. The
an be
mples
s are

_size
ed in

y not

Signal Format display_horizontal_size display_vertical_size
525-line 711 483
625-line 702 575

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.
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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 Recommendation | International 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 value of gamma) and the RGB-to-luminance/chrominance conversion matrix.

Moreover, a display window within the encoded raster may be defined as, e.g. in the case of pan and scan. Alternatively
the encoded raster may be defined as a window on a large area display device. In the case of pan-scan the position of the
window representing the displayed region of a larger picture can be specified on a field-by-field basis. It is specified 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
displyy: . . . . . . .

D.2.

Decoding from PAL/NTSC before transmission and re-coding to PAL/NTSC after transmission of cOmposite source
signals in non-low quality applications, such as contribution and distribution, requires a precise reCefistruction ¢f the
carrigr amplitude and phase reference signal (and v-axis switch for PAL).

Transparent coding of composite video

The input format can be indicated in the sequence header using the video format bits. Possible'sotrce formats are: [PAL,
NTS¢, SECAM and MAC. Reconstruction of the carrier signal is possible by using the earrier parameters: v| axis,
field |sequence, sub_carrier, burst amplitude and sub carrier phase that ar¢’{enabled by setting| the
complosite_display flag in the picture_coding_extension().

D.3 Picture quality

High| picture quality is provided according to the bitrate used. Provision®for very high picture quality is magle by
suffidiently high bitrate limits relating to a certain level in a particulat/profile. High chrominance band quality cpn be
achieved by using 4:2:2 chrominance

Quangtiser matrices can be downloaded and used with a small a quantiser_scale code to achieve near lossless coding

Morgover, scalable coding with flexible bitrate allows for\setvice or quality hierarchy and graceful degradation| E.g.
decogling a subset of the bitstream carrying a lower resolution picture allows for decoding this signal in a low-cost
receiyer with related quality; decoding the complete bitstream allows to obtain the high overall quality.

Furthermore, operation at low bitrates can be accommodated by using low frame rates (by either pre-processing hefore
codirlg or frame skipping indicated by the temporal reference in the picture header) and low spatial resolution.

D.4 Data rate control

The pumber of transmitted bits perunit time, which is selectable in a wide range, may be controlled in two ways, which
are bpth supported by this Specifieation. A bit_rate description is transmitted with the Sequence Header Code.

For (Constant Bitrate (CBRY ¢oding, the number of transmitted bits per unit time is constant on the channel. Singe the
encodler output rate genérally varies depending on the picture content, it shall regulate the rate constant by buffering, etc.
In CBR, picture qualify may vary depending on its content.

The ¢ther mode~is(the Variable Bitrate (VBR) coding, in which case the number of transmitted bits per unit tim¢ may
vary lon the .channel under some constriction. VBR is meant to provide constant quality coding. A model for [VBR
applifation‘isshear-constant-quality coding over B-ISDN channels subject to Usage Parameter Control (UPC).

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 can be accommodated.
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In case of exceeding, for low delay operation, the desired number of bits per frame the encoder can skip one or more
frames. This action is indicated by a discontinuity in the value of temporal reference for the next picture (see the
semantic definition in 6.3.9) and may cause C.7 of the VBV to apply, i.e. the decoder buffer would underflow if some
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/channel hopping
functionality is possible by encoding suitable random access points into the bitstream without significant loss of image
quality.

Random access is an essential feature for video on a storage medium. It requires that any picture can be accessed and
decoded in a limited amount of time. It implies the existence of access points in the bitstream — that is segments of
information that are identifiable and can be decoded without reference to other segments of data. In this Specifi¢ation
accegs points are provided by sequence_header() and this is then followed by intra information (picture data-that dan be
decodled without access to previously decoded pictures). A spacing of two random access points per second chn be
achieved without significant loss of picture quality.

Chanhel hopping is the similar situation in transmission applications such as broadcasting. As soon as a new channgl has
been [selected and the bitstream of the selected channel is available to the decoder, the next data enfry, i.e. random gccess
pointfhas to be found to start decoding the new program in the manner outlined in the previous paragraph.

D.7 Scalability

The dyntax of this Specification supports bitstream scalability. To accommodate the<diverse functionality requiremepts of
the applications envisaged by this Specification, a number of bitstream scalability‘tools have been developed:

e SNR scalability mainly targets for applications which requirégraceful degradation.
o  Chroma simulcast targets at applications with high chrominance quality requirements.
e  Data partitioning is primarily targeted for cell lossgesilience in ATM networks.

e  Temporal scalability is a method suitable for.ifuterworking of services using high temporal resolution
progressive video formats. Also suitable for high quality graceful degradation in the presence of channel
errors.

e  Spatial scalability allows multiresolution coding technique suitable for video service interwdrking
applications. This tool can also provide coding modes to achieve compatibility with existing cpding
standards, i.e. ISO/IEC 11172-2 at-the lower layer.

D.7.1 Use of SNR scalability at a single spatial resolution

The 3im 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
diffefent 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 ¢alled
lowet and enhancement layerbitstreams. The lower layer bitstream can be decoded independently from the enhanc¢ment
layer| bitstream. The Aower layer, at 3 to 4 Mbit/s, would provide a picture quality equivalent to the cprrent
NTSC/PAL/SECAM)quality. Then, by using both the lower and the enhancement layer bitstreams, an enhanced decoder
can deliver a pictute-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.7.1.1.2 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
mechanism for simultaneous distribution of services with the same luminance resolution but different chrominance
sampling format (e.g. 4:2:0 in the lower layer and 4:2:2, when adding the enhancement layer and the simulcast
chrominance components) for applications which would require such a feature. The SNR scalable enhancement layer
contains some luminance refinement. The 4:2:2 chrominance is sent in simulcast. Only chrominance DC is predicted
from the lower layer. The combination of both layer luminance and of the 4:2:2 chrominance constitutes the high quality
level.
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D.7.1.2 SNR scalable encoding process

D.7.1.2.1 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 required side
information (macroblock type, motion vectors, coded block pattern()).

In parallel, the quantised DCT coefficients coming from the lower layer, are dequantised. The residual error between the
coefficients and the dequantised coefficients is then re-quantised, using a second finer quantiser. The resulting
refinement coefficients are VLC coded and form the additional enhancement layer, together with a marginal amount of
side information (quantiser scale code, coded block pattern() ...). The non-intra VLC table is used for all the
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D.7.1.2.2 A few important remarks

Sincq the prediction is the same for both layers, it is recommended to use the refined images in the motien estinpation
loop [e.g. the images obtained by the conjunction of the lower and the enhancement layer). Thus, ther@-$ a drift befween
the prediction used at the encoder side and what the low level decoder can get as a prediction. Thigydrift does accunpulate
from|P-picture to P-picture and is reset to zero at each I-Picture. However, the drift has been féund to have little yisual
effect when there is an I- picture every 15 pictures or so.

Sincq the enhancement layer only contains refinement coefficients, the needed overhead(is quite reduced: most ¢f the
information about the macroblocks (macroblock types, motion vectors ...) are includédyin the lower layer. Therefore the
syntai of this stream is very much simplified:

— the macroblock type table only indicates if the quantiser scale code in the enhancement layer has
changed and if the macroblock is NOT-CODED (for first,and last macroblock of the slices), which
amounts to three VLC words.

— quantiser_scale code in the enhancement layer is sent ifithe value has changed.

— coded_block pattern() is transmitted for all coded macroblocks.

All NON-CODED macroblocks that are not at the beginhing or end of a slice are skipped, since the overhead
information can be deduced from the lower layer.

It is fecommended to use different weighting matrices~for the lower and the enhancement layer. Some better results are
obtaihed when the first quantisation is steeper than-the second one. However, it is recommended not to quantide too
coarsely the DCT coefficient that corresponds to'the interlace motion, to avoid juddering effects.

D.7.2 Multiple resolution scalability bitstreams using SNR scalability

The aim of resolution scalability is_te~decode the base layer video suitable for display at reduced spatial resolutipn. In
additfon, it is desirable to implement.a decoder with reduced complexity for this purpose. This functionality is useful for
appliations 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 us¢s 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 outlifed in
Figue 7-14. The bifstream generated on both layers is compatible with the HIGH profile. However, the base|layer
decogler could be implemented differently with reduced implementation complexity suitable to software decoding.

D.7.2.1 Decoder implementation

In defoding to a smaller spatial resolution, an inverse DCT of reduced size could be used when decoding the base [ayer.
‘,,,_,,4,,. s cdan casad -0 A\A e a d olco o adasand oo o o

If the bitstream of the two SNR Scalability layers was generated with only one MC loop at the encoder the base video
will be subject to drift. This drift may or may not be acceptable depending on the application. Image quality will, to a
large extent, depend on the sub-sample accuracy used for motion compensation in the decoder. It is possible to use the
full precision motion vector as transmitted in the base layer for motion compensation with a sub-sample accuracy
comparable to that of the higher layer. Drift can be minimised by using advanced sub-sample interpolation filters (see
[12], [13] and [16] in the Bibliography of Annex F).

D.7.2.2 Encoder implementation

It is possible to tailor the base layer SNR Scalability bitstream to the particular requirements of the resolution scaled
decoder. A smaller DCT size can be more easily supported by only transmitting the appropriate DCT-coefficients
belonging to the appropriate subset in the base layer bitstream.
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Finally it is possible to support a drift-free decoding at lower resolution scale by incorporating more than one MC loop in
the encoder scheme. An identical reconstruction process 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 error
performance are available. It is often required to constrain the bitrate of each partition. This can be achieved at the
encoder by adaptively changing priority breakpoint at each slice.

The encoder can use two virtual buffers for the two bitstreams, and implement feedback rate control by picking a priority
breakpoint that approximately meets the target rate for each channel. Difference between target and actual rates is used to
revise the target for the next frame in a feedback loop.

It is desirable to varv the bitrate qp]if from frame to frame for highpr error resilience. Tvpir‘n”‘ T_pir‘ﬁlrpq benefit from

havirlg more of the data in partition 0 than the P-pictures while B-pictures could be placed entirely in partition 1,

D.7.4 Temporal scalability

A twp layer temporally scalable coding structure consisting of a base and an enhancement layer is shown’in Figur¢ D.1.
Consjder video input at full temporal rate to temporal demultiplexer; in our example it is temporally demultipleqed to
formjtwo video sequences, one input to the base layer encoder and the other input to the enhancement layer encodef. The
base Jayer encoder is a non-hierarchical encoder operating at half temporal rate, the enhancement layer encoder is [ike a
MAIN profile encoder and also operates at half temporal rate except that it uses base layet.decoded pictures for motion
complensated prediction. The encoded bitstreams of base and enhancement layers are multiplexed as a single strepm in
the systems multiplexer. The systems demultiplexer extracts two bitstreams and inpuits corresponding bitstreams tq base
and gnhancement layer decoders. The output of the base layer decoder can be shewn’ standalone at half temporal rate or
after multiplexing with enhancement layer decoded frames and shown at full temporal rate.

Enhancement Enhancement
"] Encoder d T\ Decoder
TDMX 5 y TRMX
X 3
In R Temporal 3 aE> Temporal pOut
demux 2 _22_> % remux Enhance
s &
Lower Lower o Out
"1 Encoder i "|  Decoder " Lower

Figure D.1.—A two-layer codec structure for temporal scalability

The following forms of temporal scalability are supported and are expressed as higher layer: base layer-to-enhanc¢ment
layer|picture formats.

1) ProgreSsiye: progressive-to-progressive Temporal Scalability.
2) Progressive: interlace-to-interlace Temporal Scalability.

3) «lnterlace: interlace-to-interlace Temporal Scalability.

D.7.4.1~_Progressive — Progressive-to-progressive temporal scalability

Assuming progressive video input, if it is necessary to code progressive- format video in base and enhancement layers,
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).

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.2 — Temporal demultiplexer and remultiplexer for
progressive — Progressive-to-progressive temporal scalability
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Figure D.3 — Progressive to two-interlace conversion
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Figure D.S — Temporal demultiplexer and remultiplexer for
progressive — Interface-to-interface temporal scalability

D.7.4.3 Interlace — Interlace-to-interlace temporal scalability

Assuming interlaced video input, if it is necessary to code interlaced- format video in baserand enhancement layers, the
opergtion of temporal demux may be relatively simple and involve temporal demultipléxing of input frames int
interlaced sequences. The operation of femporal remux is inverse, i.e. it performs-te-multiplexing of two intef
sequgnces to generate full temporal rate interlaced output. The demultiplexing and re-multiplexing is similar to t|
Figute D.2.

D.7.9

Hybrids of the spatial, the SNR and the temporal scalable exténSions

This |Recommendation | International Standard also allows combinations of scalability tools to produce more t
vided layers as may be useful and practical to support more demanding applications. Taken two at a time, 3 e
comlinations result. Moreover, within each combination, the order in which each scalability is applied,
inter¢hanged, results in distinct applications. In the hybrid scalabilities involving three layers, the layers are referred
base |ayer, enhancement layer 1 and enhancement layer 2.

D.7.3.1

Spatial and SNR hybrid scalability applications

a)

b)

HDTV with standard TV at two qualities:

Base layer provides standard-TV resolution at basic quality, enhancement layer 1 helps generate sta|
TV resolution but at higher-quality by SNR scalability and the enhancement layer 2 employs H
resolution and format which is coded with spatial scalability with respect to high quality standar
resolution generated(by using enhancement layer 1.

Standard TV at-two-qualities and low definition TV/videophone:

Base layersprovides videophone/low definition quality, using spatial scalability enhancement laj
provides-standard TV resolution at a basic quality and enhancement layer 2 uses SNR scalability tq
generatehigh quality standard TV.

HDTV at two qualities and standard TV:

Base layer provides standard TV resolution, using spatial scalability enhancement layer 1 provides
quality HDTV and enhancement layer 2 uses SNR scalability to help generate high quality HDTV.

D two
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Spatial and temporal hybrid scalability applications

a)

b)

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 full

temporal resolution progressive HDTV.

High resolution progressive HDTV with enhanced progressive HDTV and basic progressive HDTV:

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

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).

D.7.5.3 Temporal and SNR hybrid scalability applications

D.8

This
comy]

D.8.1

This
spatig

a) Enhanced progressive HDTV with basic progressive HDTV at two qualities:

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

temporal resolution).

b) Enhanced progressive HDTV with basic interlaced HDTV at two qualities:
Base layer provides interlaced HDTV of basic quality, using SNR scalability enhancement layer 1

generate progressive HDTV at full temporal resolution (at high quality).

Compatibility

Recommendation | International Standard supports compatibility between different resolution formats as w
atibility with ISO/IEC 11172-2 (and Recommendation H.261).

Compatibility with higher and lower resolution formats

Specification supports compatibility between different resolution videé_formats. Compatibility is providg
1 and temporal resolutions with the Spatial Scalability and Temporal Scalability tools. The video is encode

helps

generate interlaced HDTV at high quality and enhancement layer 2 uses temporal scalability to help

ell as

d for
i into

two fesolution layers. A decoder only capable or willing to display a‘lower resolution video accepts and decod¢s the
lowet layer bitstream. The full resolution video can be reconstructed\by accepting and decoding both resolution layers
provided.

D.8.2 Compatibility with ISO/IEC 11172-2 (and Recommmeéndation H.261)

The pyntax of this Specification supports both backwatd, and forward compatibility with ISO/IEC 11172-2. Forward
complatibility with ISO/IEC 11172-2 is provided ~since the syntax of this Specification is a superset of the
ISO/IEC 11172-2 syntax. The Spatial Scalabilityxtool provided by this Specification allows using ISO/IEC 11[172-2
coding in the lower resolution, i.e. base layer, thus-achieving backward compatibility.

The yideo syntax contains tools that are needed to implement H.261 compatibility that may be needed for possible future
use, However, this is currently not supperted by any profile.

Simufcast serves as a simple alternative method to provide backward compatibility with both Recommendation H.261
and IBO/IEC 11172-2.

D.9 Differences between this Specification and ISO/IEC 11172-2

This pubclause lists¢he-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 mpstiinstances, MPEG-2 represents a super-set of MPEG-1. For example, the MPEG-1 coefficient zigzag scapning
Ordcl ib UIIT Uf tllC tWU bUCfﬁbiCllt bbdlulillg lllUdCb Uf }V{PEG"‘. HUWCVUl, ill SUILIT LadTs, tllClC alT bylltd)& C‘lClllCl LS (OI‘

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 thi

D.9.1

s subclause, MPEG-1 refers to ISO/IEC 11172-2 whilst MPEG-2 refers to this Specification.

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 ISO/IEC 11172-2 (MPEG-1).
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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 inserting
zero bytes before a start-code. This is described in 5.2.3 of MPEG-2.

D.9.3 Run-level escape syntax

MPEG-=1 — Run-level values that cannot be coded with a VI.C are coded by the escape code '0000 01" followed by either

a 14-pit FLC (-127 <= level <= 127), or a 22-bit FLC (=255 <= level <= 255). This is described in Annex B,(25B5 of
MPEG-1.

MPE|G-2 — Run-level values that cannot be coded with a VLC are coded by the escape code '0000 01 followed by a
18-bit FLC (—2047 <= level <= 2047). This is described in 7.2.2.3 of MPEG-2.

D.94 Chrominance samples horizontal position

MPEG-1 — The horizontal position of chrominance samples is half the way between (luminance samples. This is
descijibed in 2.4.1 of MPEG-1.

MPE|G-2 — The horizontal position of chrominance samples is co-located with laminance samples. This is desqribed
in 6.1.1.8 of MPEG-2.

D.9.3 Slices

MPE(G-1 — Slices do not have to start and end on the same horizontal row of macroblocks. Consequently it is possiple to
have jall the macroblocks of a picture in a single slice. This is described'in 2.4.1 of MPEG-1.

MPE[G-2 — Slices always start and end on the same horizontal row of macroblocks. This is described in|6.1.2
of MPEG-2.

D.9.4 D-Pictures

MPE[G-1 — A special syntax is defined for D-pictures (picture coding_type = 4). D-pictures are like I-pictures with only
Intra{DC coefficients, no End of Block, and a.special end of macroblock code '1'.

MPE[G-2 — D-pictures (picture_coding_type-= 4) are not permitted. This is described in 6.3.9 of MPEG-2.

D.9.7 Full-pel motion vectors

MPE|G-1 — The syntax elements full pel forward vector and full pel backward vector can be set to '1'. When this|is the
case,| the motion vectors that/are coded are in integer-sample units instead of half-sample units. Motion Yector
coordinates must be multiplicd by two before being used for the prediction. This is described in 2.4.4.2 and 2.4.4.3 of
MPEG-1.

MPE|G-2 — The syntax elements full pel forward vector and full pel backward vector must be equal to '0'. Motion
vectdrs are always coded in half-sample units.

D.9.8 Aspect ratio information

MPE T Tl 4 Jost 1 4 4 1 dad - 4+lo 1 q £ 41 1 4 4 ol Py 1
=1 — 110U T7UIL P\zl aDP\A./I, 1Idauv varucv COUUCU 11T UIv D\.z\.lblbll\/k/ julvreivivg DP\/\/ILI\/D e Dalllplb abl)b\./l, ratro—11nisS 1S

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
sample aspect ratio is derived from this and from the frame size and display size. This is described in 6.3.3 of MPEG-2.

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.
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D.9.10 constrained_parameter_flag and maximum horizontal_size

MPEG-1 — When the constrained parameter flag is set to 'l', 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 luminance samples. 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 mechanism. However,
it should be noted that MP @ ML bitstreams cannot have horizontal size larger than 720 luminance samples. This is
described 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 indicate variable bitrate. Other
valugs are for constant bitrate.

MPE|G-2 — The semantics for bit_rate are changed. In variable bitrate operation, vbv_delay may be set to FEEE)(hex), but
a different value does not necessarily mean that the bitrate is constant. Constant bitrate operation is simply a'Special case
of variable bitrate operation. There is no way to tell that a bitstream is constant bitrate without examining all ¢f the
vbv_flelay values and making complicated computations.

Even|if the bitrate is constant the value of bit_rate may not be the actual bitrate since bit_rate-ieed only be an ppper
boun(l to the actual bitrate.

D.I.1J2 VBV

MPEG-1 — VBV is only defined for constant bitrate operation. The STD supersedes.the VBV model for variable hitrate
opergtion.

MPE|G-2 — VBV is only defined for variable bitrate operation. Constant bitfate operation is viewed as a special cgse of
variaple bitrate operation.

D.9.13 temporal_reference

MPE[G-1 — Temporal reference is incremented by one modulo1024 for each coded picture, and reset to zero af each
grouy of pictures header.

MPE[G-2 — If there are no big pictures, temporal refereniee is incremented by one modulo 1024 for each coded pifture,
and rpset to zero at each group of pictures header (as-in MPEG-1). If there are big pictures (in low delay bitstreams), then
tempgpral reference follows different rules.

D.9.14 MPEG-2 syntax versus MPEG-1 syntax

It is possible to make MPEG-2 bitstreams that have a syntax very close to MPEG-1, by using particular values fpr the
variops MPEG-2 syntax elements that do not exist in the MPEG-1 syntax.

In other words, the MPEG-1 _deeoding process is the same (except for the particular points mentioned earlier) 3s the
MPE[G-2 decoding process when :

progressive_sequence = 'l' (progressive sequence)

chroma_fotmat ='01" (4:2:0)

frame-rafe 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)
concealment_motion_vectors ='0' (no concealment motion vectors)
q_scale_type ='0' (linear quantiser_scale)

intra_vlc_format ='0' (MPEG-1 VLC table 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")

progressive frame ='1' (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/low
complexity decoders. This is accommodated by MPEG-2 with the Profiles and Levels definitions which introduce new
sets of tool and functionality with every new profile. It is thus possible to trade-off performance of the MPEG-2 coding
schemes by decreasing implementation complexity.

Moreover, certain restrictions could allow reducing decoder implementation cost.

D.11

Editing encoded bitstreams

Many operations on the encoded bitstream are supported to avoid the expense and quality costs of re-coding. Editing,
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is a conflict between the requirement for high compression and easy editing. The coding structure and syntax have
een designed with the primary aim of simplifying editing at any picture. Nevertheless, a number of(features have

included that enable editing of coded data.

g of encoded MPEG-2 bitstreams is supported due to the syntactic hierarchy of the enceded video bitstyeam.
he start codes are encoded with different level in the hierarchy (i.e. video sequence, group/éf-pictures, etc.). Video
e encoded with Intra-picture/intra-slices access points in the bitstream. This enables the identification, acceds and

g of parts of the bitstream without the necessity to decode the entire video.

Trick modes

in Digital Storage Media (DSM) provide the capability of trick modes, such ‘as Fast Forward/Fast Reverse (FH/FR).
MPEG-2 syntax supports all special access, search and scan modes«<of ISO/IEC 11172-2. This functionality is

rted with the syntactic hierarchy of the video bitstream which enables the identification of relevant parts wi
sequence. It can be assisted by MPEG-2 tools which provide.bitstream scalability to limit the access bitrat;
Partitioning and the general slice structure). This subclause.provides some guideline for decoding a bits
ded by a DSM.

hin a
b (i.ce.
fream

lecoder is informed by means of a 1-bit flag (DSM_trick mode_flag) in the PES packet header. This flag indjcates
that fhe bitstream is reconstructed by DSM in trick méde, and the bitstream is valid from syntax point of viewy, but
d from semantics point of view. When this bit is-set, an 8-bit field (DSM_trick_modes) follows. The semantjics of

| trick_modes are in the ITU-T Rec. H.220.0 kISO/IEC 13818-1.

1 Decoder

b 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

Whel

Post-

Whel

| the decoder encounters PES Packet whose DSM_trick_mode_flag is set to 1, the decoder is recommended to:

—  Clearnon trick mode bitstream from buffer.
[processing

| theodecoder encounters PES Packet whose DSM_trick_mode_flag is set to 0, the decoder is recommended to:

—  Clear trick mode bitstream from buffer.

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:
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—  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.
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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.

Pre-processing

DSMstecommended-to:
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—  Complete "normal" bitstream at picture_header() and higher syntactic structures.
m Part

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.

b Part

is recommended to:
— Insert a sequence_header() with the same 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 asiaxnormal bitstream except that it may be prefq
to indicate variable bit rate operation. One way to achieve this is to set vbv_delay to FFFF (hex).

NOTE — In most cases temporal_reference and@wbv_delay are ignored in a decoder, therefore the DSM m
need to set temporal_reference and vbv_delay to correct values.

—  Concatenate slices which consists of intrdééoded macroblocks. The concatenated slices should have
vertical positions in increasing order.

Error resilience

digital storage media and communication channels are not error-free. Appropriate channel coding schemes s
ed and are beyond the scope of this Specification. Nevertheless the MPEG-2 syntax supports error resilient 1
int to cell loss in ATM networks and bit errors (isolated and in bursts) in transmissions. The slice structure

ression scheme defined~in this Specification allows a decoder to recover after a residual data error a
hchronise its decodinggsTherefore, bit errors in the coded data will cause errors in the decoded pictures to be i
a. Decoders may be able to use concealment strategies to disguise these errors. Error resilience includes gr
dation in proportion-to bit error rate (BER) and graceful recovery in the face of missing video bits or data pa
to be noted that-all items may require additional support at the system level.

b an example of a packet-based system, B-ISDN with its Asynchronous Transfer Mode (ATM) is addressed in
in the following. Similar statements can be made for other systems where certain packets of data are pro
dudlly'by means of forward error-correcting coding.
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uses short, fixed Iength packets, called cells, consisting ol 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.

As an indication of the impact of cell loss in an ATM environment Table D.2 summarises the average interval between
cell losses for a range of CLR and service bitrates based on simple statistical modelling. (A cell payload must be
assumed for this. Allowing 1 byte/cell for AAL functions leaves 376 bits = 47 bytes). Note, however, that this summary

ignor

es cell loss bursts and other shorter term temporal statistics.

Bit Error Ratios (BER) corresponding to the above mean times between errors can be calculated easily for the case of
isolated bit errors. The BER that would cause the same incidence rate of errors is found by dividing by the cell payload
size, i.e. BER = CLR/376.
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Table D.2 — Average interval between cell losses for a range of CLR and service bitrates
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[previous-picture” must be interpreted with care due to the use of bi-directional prediction and a difference be

Average interval time of error
5 Mbit/s 10 Mbit/s 50 Mbit/s 100 Mbit/s
102 7,52 ms 3,76 ms 0,752 ms 0,376 ms
1073 75,2 ms 37,6 ms 7,52 ms 3,76 ms
104 752 ms 376 ms 75,2 ms 37,6 ms
10°3 7,52 s 3,76 s 752 ms 376 ms
1076 1,25m 37,6 s 7,52's 3,76 s
1077 12,5m 6,27 m 1,25m 37,6 s
108 2,09 h 1,04 h 12,5m 6,27 m

ollowing techniques of minimising the impact of lost cells and other error/loss effects are prowided for refe

Fesence of those errors. Note that the techniques described may be applicable in the cases of packets of other
[_LANs or certain storage media) or video data with uncorrected errors of different characteristics, in addition
[t may be appropriate to treat a known erasure [uncorrected bit error(s) known to ¢€xist somewhere in a data b

ssion that follows refers generally to "transport packets" where appropriate;_fo emphasise the applicability
y of transport and storage systems. However, specific examples will referto Cell Loss Ratios (CLR) becaus
port is the most completely defined at the time of preparing this Specifigation.

rror resilience techniques are summarised in three categories, cov€ring methods of concealing the error once

).
1 Concealment possibilities

ealment techniques hide the effect of losses/errors-once they have occurred. Some concealment methods ¢
mented using any encoded bitstream, while others are reliant on the encoder to structure the data or p
onal information to enable enhanced performance.

1.1 Temporal predictive concealment

ler uses information which has ‘been successfully received to make an informed estimate of what shou
yed in place of the lost/errorédydata, under the assumption that the picture characteristics are fairly similar 3
ent blocks (in both the spatial)and temporal dimensions). In the temporal case, this means estimation of errot
ata from nearby fields or frames.

1.1.1 Substitution*from previous frame

implest possiblg-approach is to replace a lost macroblock with the macroblock in the same location in the pre
re. This approach is suitable for relatively static picture areas but block displacement is noticeable for moving a

e caded order and picture display order. When a macroblock is lost in a P- or I-picture, it can be conceal
ng-the data corresponding to the same macroblock in the previous P-picture or I-picture. This ensures th

ost data block, since the impact of bit errors cannot be predicted. However, this should be a decoder option.

coder can provide concealment of the“etrors by estimating the lost data from spatio-temporally adjacent data.

ence,

hdicate example methods of using the various tools available in this Specification to provide-good performamce in
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last displayed picture, of any type, or from a future I- or P-picture held in memory but not yet displayed.

D.13.1.1.2 Motion compensated concealment

the

The concealment from neighbouring pictures can be improved by estimating the motion vectors for the lost macroblock,
based on the motion vectors of neighbouring macroblocks in the affected picture (provided these are not also lost). This
improves the concealment in moving picture areas, but there is an obvious problem with errors in macroblocks whose
neighbouring macroblocks are coded intra, because there are ordinarily no motion vectors. Encoder assistance to get
around this problem is discussed in D.13.1.1.3.

Sophisticated motion vector estimation might involve storage of adjacent macroblock motion vectors from above and
below the lost macroblock, for predictions both forward and backward (for B-pictures) in time. The motion vectors from
above and below (if available) could then be averaged.
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Less complex decoders could use, for example, only forward prediction and/or only the motion vector from the
macroblock above the lost macroblock. This would save on storage and interpolation.

D.13.1.1.3 Use of Intra MVs

The motion compensated concealment technique outlined in D.13.1.1.2 could not ordinarily be applied when the
macroblocks above and below the lost/errored macroblock are Intra-coded, since there is no motion vector associated
with Intra-coded macroblocks. In particular, in I-pictures, this type of concealment would not be possible with the
normal calculation and use of motion vectors.

The encoding process can be extended to include motion vectors for intra macroblocks. Of course, the motion vector and
coded information for a particular macroblock must be transmitted separately (e.g. in different packets) so that the
motion vector is still available in the event that the image data is lost.

When "concealment motion vectors" = 1, motion vectors are transmitted with Intra macroblocks, allowing impfoved
conc¢alment performance of the decoders. The concealment motion vector associated with an Intra-coded maéroblpck is
intenfled to be used only for concealment (if necessary) of the macroblock located immediately below the Intra-¢oded
macrpblock.

For gimplicity, concealment motion vectors associated with Intra-coded macroblocks are always forward, and are
considered as frame motion-vectors in Frame pictures and field motion-vectors in field pictures.

Thergfore, encoders that choose to generate concealment motion vectors should transmit, for a given Intra-¢oded
macrpblock, the frame- or field-motion vector that should be used to conceal (i.e. to_predict, with forward franpe- or
field{based prediction respectively) the macroblock located immediately below the Intra-coded macroblock.

Concpalment motion vectors are intended primarily for I- and P-pictures, but the syntax allows their use in B-pidtures.
Concfalment in B-pictures is not critical, since B-pictures are not used as predictors and so errors do not propagpte to
other|pictures. Therefore, it may be wasteful to transmit concealment motion/yectors in B-pictures.

Conclalment motion vectors transmitted with Intra macroblocks located in' the bottom row of a picture cannot bg used
for ¢oncealment. However, if "concealment motion vectors" =31, ‘those concealment motion vectors mupt be
transmitted. Encoders can use the (0, 0) motion vector to minimise‘the'coding overhead.

When concealment motion vectors are used, it is a good idéa~fo have one slice contain one row of macroblocks (or
smaller), so that concealment can be limited to less than ong row of macroblocks when a slice, or part of a slice, i$ lost.
This [means that the loss of macroblocks in two succéssive rows is much less likely, and therefore the chandes of
achieving effective concealment using concealment motion vectors is improved.

NPTE — When "concealment motion vectors" ="I;”Predictors for Motion Vectors (PMV) are NOT reset when an Intra
croblock is transmitted. Ordinarily, an Intra macroblock would reset the PMVs.

D.13]1.2 Spatial predictive concealment

The generation of predicted, concealment macroblocks is also possible by interpolation from neighbouring macroflocks
withip the one picture (see Annex\F, Bibliography, reference [17]). This is best suited to areas of high motion, where
temppral prediction is not successful, or as an alternative means of concealment for Intra macroblocks when concealment
motign vectors (see D.13.1.1.8) are not available. It also could be particularly useful for cell loss after scene changes.

Ther¢ are several possibleyapproaches to spatial interpolation, and it could be carried out in the spatial or DCT domain,
but nprmally it is only.feasible and useful to predict the broad features of a lost macroblock, such as the DC coeffiicient
and gerhaps the lewest AC coefficients. Spatial prediction of fine detail (high frequencies) is likely to be unsuccpssful
and i$ of little valye in fast-moving pictures anyway.

Spatipl predietive macroblock concealment may also be useful in combination with layered coding methods (i.e.| Data
Partifioning 'or SNR scalablhty, see D.13. 1 3) If in the event of cell loss some DCT coefﬁ01ents in a macroblock are
same
macroblock from the lower layer and all DCT coefﬁ01ents received in the adjacent macroblocks) for error concealment.
This is especially useful if the lower layer only contains DC coefficients due to bandwidth constraints.

D.13.1.3 Layered coding to facilitate concealment

It is possible to assist the concealment process further by arranging the coded video information such that the most
important information is most likely to be received. The loss of the less important information can then be more
effectively concealed. This approach can gain from use of a transmission medium or storage device with different
priority levels (such as priority-controlled cell-based transmission in the B-ISDN, or where different error protection or
correction is provided on different channels). The components produced by the coding process can be placed in a
hierarchy of importance according to the effect of loss on the reconstructed image. By indicating the priority of bitstream
components and treating the individual components with due importance, superior error concealment performance may
be possible.
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Strategies available for producing hierarchically ordered bitstreams, or layers, include:
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—  Data partitioning — The coded macroblock data is partitioned into multiple layers such that partition zero
contains address and control information and lower order DCT coefficients, while partition one contains

high frequency DCT coefficients.

—  SNR scalability — Two sets of coefficients are dequantised and then added together at the receiver before

decoding. One set of coefficients could be a refinement of the quantisation error of the other, but
combinations (including an emulation of data partitioning) are possible.

—  Spatial scalability — The lower layer may be coded without regard for the enhancement layer, and

other

could

use other standard coding methods (ISO/IEC 11172-2, etc.). The enhancement layer contains the coded

prediction error from a prediction based on the lower layer.

_ 5 scatabititv—TFte—ert , ot titiommii - S

with the base layer, provides a combined picture sequence of greater picture rate.

nce. While some of these source coding techniques may result in a bitrate increase compared to the system w
ng, the performance of the layered systems, when subjected to channel errors, may be greater.

dering error resilience alone, the hierarchically ordered layers should be handled with du¢ ‘quality, such that
on (such as picture quality for a given total bitrate) is optimised. The bitstream ,ecomponents may be ti

e Encoder — Different channel coding might be used.

e Channel — The channel may be able to provide different «cell/packet loss probabilities or
characteristics to the different bitstream components.

e Decoder — Error concealment could be performed differently within each bitstream.

1.3.1 Use of data partitioning

partitioning allows a straightforward division of macroblogk data into two layers. The Priority Break Point

he low frequency DCT coefficients, while data partition™l contains the high frequency DCT coefficients.

e encoder the value of the PBP pointer may be-different for each slice such that the distribution of bits betwe
hyers may be controlled (e.g. maintained constant). The distribution may be different for I-, P-, and B-frames
cement of rate between the layers could jmean that, for some macroblocks, data partition 0 contains no
cients or motion vectors.

issumed that errors can be detected at the decoder, so that actions can be taken to prevent errored data from
yed. For data partition l;-errored data is simply not displayed (i.e. only data partition 0 is used). Losses or err|
partition 0 should be minimised through use of high reliability transport. Decoder concealment actions may a
sary.

1.3.2 Use of SNR scalable coding

scalable“ceding provides two layers with the same spatial resolution but different image quality, dependi
her onesor both layers are decoded. This technique is mainly intended to provide a lower-quality layer that is

tolerance to errors can be achieyéd, if channel errors are distributed so that data partition 1 receives most errors.

lexed

strategies produce layers which, when added progressively, produce increasing quality of the 'reconstqucted
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when, the enhancement layer is absent. However, it also provides good error resilience if the errors can be rTainly

In case of errors in the enhancement layer, the lower layer can be used alone for the affected image area. Especially in
the case of frequent errors, temporary loss or permanent unavailability of the enhancement layer this concealment is very
effective, since the displayed signal can be made relatively free of non-linear distortions like blocking or motion
jerkiness.

If the enhancement layer is permanently unavailable and so only the lower layer is decoded, a small drift may occur in
the case where only one MC prediction loop is implemented in the encoder. However, this drift is likely to be invisible in

most

configurations (e.g. M = 3, N = 12 would normally provide correction often enough).

The lower-layer of an SNR Scalable system is well suited to concealment in the case of a very high error rate, temporary
or permanent loss of the enhancement-layer signal. However, the enhancement-layer quality in the error-free case does
not achieve that of a sub-band like layered scheme (e.g. data partitioning).
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D.13.1.3.3 Use of spatial scalable coding

Spatial scalable coding allows the lower layer to be coded without regard for the enhancement layer, and other standard
coding methods (ISO/IEC 11172-2, etc.) could be used. The enhancement layer contains the coded prediction error from
a prediction based on the lower layer. In case of errors in the enhancement layer, the upconverted lower layer can be used
directly as concealment information for the affected image area. Especially in case of frequent errors or temporary loss of
the enhancement layer, this concealment data is relatively free of non-linear distortions like blocking (which could arise
if high frequency DCT coefficients are completely absent from the lower layer) or motion jerkiness (if the motion
information is omitted from the high priority layer).

In the error-free case the upconverted lower layer is used as an additional source of predictions in a macroblock-adaptive
way to improve the enhancement-layer coding performance. The enhancement layer bitstream therefore consists of the

. 1. 1 1 1 1ot
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Spatipl scalable coding provides a lower layer that is very suitable for concealment in case of a high értor rgte or
tempgprary loss of the enhancement layer. However, the quality of the enhanced picture when both layers are avalilable
will fjot, in general, be as good as other layered coding approaches.

D.13]1.3.4 Use of temporal scalable coding

Temporal scalability is a coding technique that allows layering of video frames. The spatialresolution of frames in] each
layer|is the same but the temporal rates of each layer are lower than that of the source: however the combined temporal
rate qf the two layers results in full temporal rate of the source. In case of errors in the ¢nhancement layer, the base|layer
of full spatial resolution can be easily used for concealment. Especially in case of fiequent errors or temporary loss pf the
enhamcement layer, the base layer offers good concealment properties.

In some telecommunications applications a high degree of error resiliencéumight be achieved with temporal scalabiljty by
encodling the base layer using the same spatial resolution but only half the temporal resolution of the sourc¢; the
remajning frames corresponding to the other half of the temporal resolution are coded in the enhancement [ayer.
Typigally, the enhancement layer data may be assigned lower priority and when lost, the base layer decoded framgs can
be uded for concealment by frame repetition. This type of conieealment leads to only a temporary loss of full tenjporal
resolfition while maintaining full spatial quality and full spatial tesolution.

In HDTYV applications such as those using high tempotal resolution progressive video format as source, high degfee of
error|resilience can be achieved with temporal scalability. Such an application is envisaged to require 2 layers, 4 base
layer|and an enhancement layer, each of which precess same picture formats (either both progressive or both interfaced)
but a} half the temporal rates. Temporal re-multiplexing of the base and enhancement layers irrespective of their chosen
formats always results in full progressive temporal resolution of the source. In HDTV transmission, if the lower pfiority
enhaficement layer is corrupted, the base layer can be used for concealment, either directly, as in case of progr¢ssive
format base layer or after reversal of parity of fields for interlaced format base layer.

Typigally, the enhancement ldyer data may be assigned lower priority and when lost, the base layer decoded framgs can
be uged for concealment.by)either frame repetition or frame averaging. This type of concealment leads to only a
tempprary indistinguishdble loss in temporal resolution while maintaining full spatial quality and full spatial resolutipn.

D.13]2  Spatial localisation

Spatipl localisation encompasses those methods aimed at minimising the extent to which errors propagate within a
picture, by providing early resynchronisation of the elements in the bitstream that are coded differentially befween
macrpblocks.

Isolated bit errors may be detected through invalid codewords and so a decoder designer may choose to allow an errored
sequence to be decoded. However, the effect on the picture is difficult to predict (legal, but incorrect, codewords could
be generated) and it may be preferable to control the error through concealment of the entire affected slice(s) even when
only one bit is known to be in error somewhere in a block of data.

When long consecutive errors occur (e.g. packet or cell loss), virtually the only option is to discard data until the next
resynchronisation point is located (a start code at the next slice or picture header). By providing more resynchronisation
points, the area of the screen affected by a loss or error can be reduced, in turn reducing the demands on the concealment
techniques and making the errors less visible at the expense of coding efficiency. Spatial localisation of errors is
therefore dependent on controlling the slice size since this is the smallest coded unit with resynchronisation points (start
codes).
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D.13.2.1 Small slices

The most basic method for achieving spatial localisation of errors is to reduce the (fixed) number of macroblocks in a
slice. The increased frequency of resynchronisation points will reduce the affected picture area in the event of a loss. It is
effective in any transport or storage media, and in any profile since the slice structure is always present in MPEG coded
video.

The method results in a small loss of coding efficiency due to the increase of overhead information. The loss is about 3%
for 11 Macroblocks per slice and 12% for 4 Macroblocks per slice based on Recommendation ITU-R BT.601 picture
format at 4 Mbit/s, (percentages calculated relative to a system using 44 Macroblocks, or one picture width, per slice).
The efficiency loss results in degradation of picture quality up to about 1 dB with 4 Macroblocks per slice and 0,2 dB
with 11 Macroblocks per slice without errors at 4 Mbit/s. However, the method performs approximately 1 to 5 dB better
at CLR = 1072, depending on the concealment method used (simple macroblock replacement or motion compensated
conc¢alment).

From the view point of perceived picture quality, the performance of this method is generally dependent on(the’reflative
size ¢f slice size and picture. Therefore, the slice size should be decided by considering the picture size (in macroblocks)
and the trade-off between coding efficiency and visual degradation due to errors.

D.13{2.2 Adaptive slice size

Therg¢ is a significant variation in the number of bits required to code a picture slice, depending on the coding fnode,
picture activity, etc. If slices contain only a few macroblocks, it will be possible that ong transport packet, even a|short
packgt or cell, could contain several slices. Offering multiple resynchronisation pointsin the same transport packet
servep no purpose. Another problem with the simplistic short slice approach is that,\because no account is taken ¢f the
transport packet structure, the first valid transport packet after a loss could contajn\mest of the information for a slice, but
it is ynusable because the start code was lost.

An improvement over the small slice method may be to use adaptive slice sizes. As the encoder is producing the
bitstrpam, it keeps track of the data contents within transport packets. The start of a slice is placed at the first opporfunity
in every transport packet (or in every second, third, ...). This approachircan achieve about the same spatial localisatjon of
errors as small, fixed size slices, but with a greater efficiency.

Howgver, this method ONLY gives an advantage for cell or*packet based transmission, or where error detection dccurs
over p large block of data. The frequent resynchronisationoints of small slice localisation are only wasteful if mor¢ than
one is lost in the event of an error. If isolated bit errofs affect just one slice anyway, then there is no advantdge in
adapting the slice size.

Furthermore, the adaptive slice size technique requires an intimate connection between encoder and packetiser, to fallow
a nev slice for a new packet or cell. As sughyit may not be appropriate for some applications (e.g. stored video intgnded
to bel|distributed by multiple means) because-only one transport packet structure would be assumed during encoding

D.13j3 Temporal localisation

Temporal localisation encompasses those methods aimed at minimising the extent to which errors propagate from pjcture
to pi¢ture in the temporal sequence, by providing early resynchronisation of pictures that are coded differentially. An
obvidus way to do this is-toumake use of intra mode coding.

D.13]3.1 Intra pictukes

By use of intralpictures a single error will not stay in the decoded picture longer than (N + M —1) pictures if every Nth
pictufe is coded"intra and (M-1) B-pictures are displayed before each I-picture.

Whilg the intra pictures, normally used as "anchors" for synchronising the video decoding part way through a seqyence,
cafid]l for + 11 Licatian +a ol 1d ba tolean a0 dda % 1atraaaiotiienc (2 +ad 1 UANE 520

are Usefulfer—temperalJoenlisation,—eareshouldbe—taken—in—-adding—extra—intra—pretures{re—redueing Ny-Hor error
resilience. Intra pictures require a large number of bits to code, take up a relatively large proportion of the encoded
bitstream and, as a result, are more likely to be affected by losses or errors themselves.

D.13.3.2 Intra slices

To avoid the additional delay caused by intra pictures, some applications requiring low delay may want to update the
picture by coding only parts of the picture intra. This may provide the same kind of error resilience as intra pictures. As
an example assume that a constant number of slices per picture from top to bottom are intra coded so that the whole
picture is updated every P-pictures. Three aspects of this kind of updating should be kept in mind:

e  While an errored portion of the scene will ordinarily be erased within P-pictures (with an average duration
of about P/2), it is possible that motion compensation will allow the disturbance to bypass the intra refresh
and it may persist as long as 2P-pictures.
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e To ensure that errors are not propagating into the updated region of the picture, restrictions could be put
on motion vectors, limiting the vertical vector components to ensure that predictions are not made from
the "oldest" parts of the picture.

e The visual effect of clearing errors can be similar to a windscreen wiper clearing water. This windscreen
wiper effect can become noticeable in some cases in the error free sequence, unless the rate control

mechanism ensures that the quality of the intra slice is close to that of the surrounding non-intra
macroblocks.

D.13.4 Summary

Table D.3 summarises the above error resilience technigues, with a guide to their applicability

Table D.3 — Summary of error concealment techniques

Category Technique Profile/Applicability.

Corfcealment Temporal predictive— Substitution | Any profile. Most suited to static pictires:
from previous picture
Temporal predictive — Motion Any profile. Choice of sgphistication in motion vgctor
compensated estimation.
Temporal predictive — Using Any profile, but calculafion’of Intra MVs is an encoder opfiion.
concealment MVs
Spatial predictive Any profile. Not suitable for static, complex pictures.
Data Partitioning Not currently) used in a profile, but may be added as

post/pre-processing. Minimal overhead and compleKity.
Depending on bitrate allocation, lower layer may not projvide
usable\pictures by itself.

SNR Scalability SNR SCALABLE, SPATIALLY SCALABLE, HIGH profiles.
Suitable for very high error rates or temporary unavailabilify of
the enhancement layer. Relatively simple to implement.

Spatial Scalability SPATIALLY SCALABLE and HIGH profiles. Suitablq for
very high error rates or temporary unavailability of| the
enhancement layer.

Temporal Scalability. Not currently used in a profile. Suitable for very high ¢rror
rates or temporary unavailability of the enhancement layer.
Spatial Localisation Small Sliges Any profile
Adaptiveslice sizes Any profile, but requires knowledge of transmigsion
characteristics when packet size is decided.
Tenjporal Localisation Iitra pictures Any profile, but has delay implications.
Intra slices Any profile, but errors may persist longer than for Intra pigture
method.

It is gotpossible to provide a concise indication of error resilience performance, because assessments must necessatjly be
subjaetive < ot . aguide b is 4
different approaches to error resilience are likely to be used in combination. However, the following descriptions are
provided as some guidance to performance. They are the results of cell loss experiments, looking only at cell-based
transmission of video information.

A simple macroblock substitution from a previous frame combined with the small-slice method (4 macroblocks per slice)
will provide adequate picture quality for most sequences in the presence of rather low error rates of around CLR = 103
(in a reference 4 Mbit/s, Main Profile, Main Level system).

Including sophisticated motion compensated concealment (with full spatial and temporal interpolation of motion vectors

for lost macroblocks, and concealing losses in P-pictures that use intra slice updating, i.e. N = infinity, M = 1) provides
adequate picture quality at CLR = 103 (again, in a reference 4 Mbit/s, Main Profile, Main Level system).
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Operation in environments with greater loss may require use of one of the layered coding methods. With adequate
protection of the high priority information, these schemes can provide adequate performance in the face of CLRs as high
as 1072 or even 101, Data partitioning, implemented as a post-processing function to a 4 Mbit/s Main Profile, Main
Level system, with 50% of the rate allocated to each partition and no loss in the base layer, has been shown in one
example to give approximately 0,5 dB loss in SNR at a CLR of 1073, about 1,5 dB loss at 102, and with almost no
visible degradation in either case.

Given the range of different layered coding approaches that are possible, some general comments may be useful. In
general, it is not expected that inclusion of the most complex layered coding methods could be justified purely on the
basis of error resilience. Instead, they could be utilised for error resilience if they were required to satisfy other system
requirements. Data partitioning is very simple to implement and is likely to provide error resilience very nearly the same
as any of the other methods except in the case of extremely high error rates (> 10% loss) or where the enhancement layer
an data
partiioning, but it is easier to produce lower layers of a usable quahty when the enhancement layer is absent~Spatial
scalapility is more complex again, but provides a good lower layer picture quality at the expense of overall-(two |ayer)
efficiency.

D.14  Concatenated sequences

Sequgnce concatenation occurs when an elementary stream contains a sequence ending with a sequence end code that is
folloyed by another sequence starting with a sequence_start code. Any parameter includifig, but not limited to pfofile,
level] VBV buffer size, frame rate, horizontal size, vertical size, or bitrate, which is not allowed to change within a $ingle
sequgnce may change from sequence to sequence.

The behaviour of the decoding process and display process for concatenated sequences is not within the scope df this
Recommendation | International Standard. An application that needs to usecooncatenated sequences must ensure by
privafe arrangement that the decoder will be able to decode and play concaténated sequences.

Applications should ensure that decoders will have an acceptable behaviour when parameters change. For example
changes to the

—  frame size;
—  frame rate;

—  field parity of the first displayed field of'the new sequence versus the field parity of the final displayed
field of the previous sequence;

—  Dbuffer status,

amorjgst others may cause problems.
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Annex E

Profile and level restrictions

(This annex does not form an integral part of this Recommendation | International Standard)

E.1 Syntax element restrictions in profiles

This annex tabulates all of the syntactic elements defined in this Specification. Each is classified to indicate whether it is

required to be supported by a decoder compliant to a particular profile and level. Note that normative specifications for
comph i inISOAEC 138184

If] because of an error in the preparation of this text, a discrepancy exists between clause 8 and Annex E, the normative

cl

use 8 shall always take precedence.

In thg Tables E.2 to E.19 a number of abbreviations are used as shown in Table E.1.

Table E.1 — Abbreviations used in the Tables of Annex E

Abbreviation Used in Meaning
X Status Must be supported by the decoder:
o Status Need not be supported by/the decoder.
D Type Item with Level-dependent parameters.
I Type Item independent of the Level in the Profile.
P Type Item for post-processing after decoding; the decoder must be

capable of-décoding bitstreams which contain these items, but
their us&is beyond the scope of this Recommendation |
International Standard.

NOTE - "Status" is kept blank if an entry is not a synfactic element.
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Table E.2 — Sequence header

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
SIMPLE
# Syntactic elements Commients
01 | horizontal_size value X X X X x | D | Table 8-
02 | vertical_size value X X X X x | D | Table 8-}1
03 | aspect_ratio_information X X X X X P
04 | frame rate code X X X X X D( [)Table 8-11
05 | (sample rate) D7 | Table 8-12. Sample rate is a
NOTE - This is not a syntactic element product of samples/line,
lines/frame and frames/sec.
06 | bit_rate_value X X X X x | D | Table 8-13
07 | vbv_buffer_size value X X X X X D | Table 8-14
08 | constrained_parameters_flag X X X X X I Set to "1" if ISO/IEC 11172-2
constrained,
Set to "0" if ITU-T Rec. H.262 |
ISO/IEC 13818-2
09 | load_intra_quantiser_matrix X X X X X 1
10 | intra_quantiser matrix[64] X X X X X I
11 | load_non_intra_quantiser_matrix X X X X X I
12 | non_intra_quantiser_matrix[64] X X X X X 1
13 | sequence_extension() X X X X X I | Always present if [ITU-T
Rec. H.262 | ISO/IEC 13818-%
14 | sequence display extensien() X X X X X P
15 | sequence_scalable extefision() X X X 0 X I | Table 8-9 for maximum number
of scalable layers
16 | user_data() X X X X X I | Decoder may skip this data
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Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Commerits
01 | profile_and_level_indication X X X X X x | D | Profile: one of 8 values
Level: one of\] 6-values
Escape bit*one of 2 values
02 | progressive_sequence X X X X X X I
03 | chroma_format X X X X X X I | Table8-5
04 | horizontal_size_ extension X X X X X X X D( [\Input picture size related
05 | vertical size extension X X X X X x , [N/ | Input picture size related
06 | bit_rate extension X X X X X X D | Input picture size related
07 | vbv_buffer_size_extension X X X X X X X D | Input picture size related
08 | low_delay X X X X X X X 1
09 | frame_rate extension_n X X X X X X I | Setto "0" for all defined profijes
10 | frame_rate_extension_d X X X X X X X 1 | Setto"0" for all defined profifes
Table E.4 — Sequence display extension elements
Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | video_format X X X X X X X P
02 | colour_description X X X X X X X P | Input format related
03 colour_primaries X X X X X X P
04 transfer_characteristics X X X X X X X P
05 matrix_coefficients X X X X X X X P
06 | display_horizontal_size X X X X X X P | Input format related
07 | display_vertical size X X X X X X P | Input format related
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Table E.5 — Sequence scalable extension

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | scalable_mode o o X X X o X I | SNR ProfilexSNR Scalability

Spatial,and)High Profile: SNR
and/or Spatial Scalability
Multi-view Profile: Temporal

Scalability
02 | layer_id o o X X X o X 1
if (spatial scalable)
03 lower_layer_prediction_ o o o X X o o D | Table 8-12 for luminance
horizontal_size sampling density
04 lower _layer prediction o 0 o X X o o D | Table 8-12 for luminance
vertical_size sampling density
05 horizontal_subsampling_ o o o X X o o 1
factor m
06 horizontal_subsampling_ 0 o 0 X X o o I
factor n
07 vertical_subsampling_ o 0 o X X o o I
factor_m
08 vertical_subsampling_ o. o o X X o o I
factor_n

if (temporal scalable)

09 picture_mux_enable o o o o o o X I
10 mux_to_progressive (séquence o o o o o o X I
11 picture_mux_order o o o o o o X 1
12 picture_mux< factor o o o o o o X 1
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