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Foreword

ISO (the

International Organization for Standardization) and IEC (the

Internationa} Electrotechnical Commission) form the specialized system for

worldwide
ticipate in
committees
of technical
mutual inte
government.

In the field
technical co
joint technig

andardization. National bodies that are members of ISO or IEC par-
the development of International Standards through technical
established by the respective organization to deal with particular fields
activity. ISO and IEC technical committees collaborate in fields of
rest. Other international organizations, governmental and non-
1, in liaison with ISO and IEC, also take part in the work.

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

as an Internjational Standard requires approval by at least 75 % of the nafional

bodies casti

\g a vote.

Internationa] Standard ISO/IEC 13818-2 was prepared by Joint Technical

Committee

Coding of
collaboratio
Recommeng

ISO/IEC 13
technology
information

—  Part 1]
Part 2
Part 3
Part 4
Part 6.

Part 9:

ISO/IECJTC 1, Information technology, Subcomunittee SC 29,
audio, picture, multimedia and hypermedia ™ information, in
h with ITU-T. The identical text is ~published as ITU-T
ation H.262.

B18 consists of the following parts, under the general title Information
— Generic coding of moving “\pictures and associated audio

Systems

Video

Audio
Compliancestesting
Extensions for DSM-CC

Extension for real time interface for systems decoders

Annexes A to C form an integral part of this part of ISO/IEC 13818. Annexes D to

F are for info

rmation only.
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Introduction

Intro. 1 Purpose

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

Intro. 2 Application

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

Intro. 3 Profiles and levels

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

Considefing the pragticality of implementing the full syntax of this Specification, however, a limited numbgr of subsets
of the syntax are-also stipulated by means of “profile” and “level”. These and other related terms are formally defined in
clause 3

A “profic” Ts—adefimedsubsetof theentirebitstreant Symtax thatTsdefimed by this Spctiﬁhdtiun. Within the bounds
imposed by the syntax of a given profile it is still possible to require a very large variation in the performance of
encoders and decoders depending upon the values taken by parameters in the bitstream. For instance, it is possible to
specify frame sizes as large as (approximately) 214 samples wide by 214 lines high. It is currently neither practical nor
economic to implement a decoder capable of dealing with all possible frame sizes.

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

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

© ISO/IEC

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 synt

Intro. 4.1

The coded rg
image qualit)
image qualit
coding along
techniques is

random acce

A number
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picture from
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defined. Intr
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application.
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ax, or in some situations conform to the ISO/IEC 11172-2 syntax.

Overview of the non-scalable syntax

. The algorithm is not lossless as the exact sample values are not preserved during coding. Obtaini
y at the bitrates of interest demands very high compression, which is not achievable with)intra
. The need for random access, however, is best satisfied with pure intra picture coding,-Fhe choig

based on the need to balance a high image quality and compression ratio with the requirement
s to the coded bitstream.

f techniques are used to achieve high compression. The algorithm first\uses block-based
h to reduce the temporal redundancy. Motion compensation is used both for(causal prediction of the
a previous picture, and for non-causal, interpolative prediction from«past and future pictures.
efined for each 16-sample by 16-line region of the picture. The prediction error, is further compress
Cosine Transform (DCT) to remove spatial correlation before it is ‘quantised in an irreversible prog
ess important information. Finally, the motion vectors are combined with the quantised DCT info
using variable length codes.

Temporal processing

he conflicting requirements of random access and highly efficient compression, three main picture t
h Coded Pictures (I-Pictures) are coded without.reéference to other pictures. They provide access j
equence where decoding can begin, but are ‘eoded with only moderate compression. Predictive

ron-defined—mntt —scatabt i fried . owhit mg good

ng good
picture
e of the
0 make

motion
current
Motion
ed using
ess that
‘'mation,

ypes are
oints to
Coded

Pictures) are coded more efficiently using;motion compensated prediction from a past intra or p
e and are generally used as a reference for further prediction. Bidirectionally-predictive Coded

ting picture is used as a referenee in a spatially scalable enhancement layer). The organisation of
in a sequence is very flexible! The choice is left to the encoder and will depend on the requiremen
Figure Intro. 1 illustrates.an-example of the relationship among the three different picture types.

Bidirectional Interpolation

e
/.

T1516650-94/d01

rediction

Figure Intro. 1 — Example of temporal picture structure

edictive
ictures

provide the highest degree of compfession but require both past and future reference pictures for] motion
n. Bidirectionally-predictive coded. pictures are never used as references for prediction (except in the case

e three
Is of the
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Intro. 4.1.2 Coding interlaced video

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

Intro. 4.1.3 Motion representation — Macroblocks

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

It is the
this shou

esponsibility of the encoder to calculate appropriate motion vectors. This Specification does not
d be done.

specify how

Intro. 4.1.4 Spatial redundancy reduction

Both sou
method
interpola
they are
two-dimg

rce pictures and prediction errors have high spatial redundancy. This Specification uses a block{based DCT
with visually weighted quantisation and run-length coding;* After motion compensated prediction or
ion, the resulting prediction error is split into 8 by 8 blocks.<Phese are transformed into the DCT ddmain where
weighted before being quantised. After quantisation many/of the DCT coefficients are zero in vialue and so
nsional run-length and variable length coding is used.to éncode the remaining DCT coefficients efficiently.

Intro. 4.1.5 Chrominance formats

In additi
formats.

n to the 4:2:0 format supported in ISO/IE€\11172-2 this Specification supports 4:2:2 and 4:4:4 ghrominance

D

Intro. 4. Scalable extensions

The scal
video. Al

ibility tools in this Specification are designed to support applications beyond that supported by
mong the noteworthy applications areas addressed are video telecommunications, video on As

single layer
ynchronous

Transfer
temporal
HDTV,

transmisy

Mode networks (ATM); interworking of video standards, video service hierarchies with mult
and quality resolutions, HDTV with embedded TV, systems allowing migration to higher tempor3
etc. Although, a-simple solution to scalable video is the simulcast technique which is
ion/storage ofimultiple independently coded reproductions of video, a more efficient alternative]

ple spatial,
1 resolution
based on
is scalable

video codling, in which the bandwidth allocated to a given reproduction of video can be partially re-utilised in coding of
the next feproduction of video. In scalable video coding, it is assumed that given a coded bitstream, decoderf of various
complexifties Can'decode and display appropriate reproductions of coded video. A scalable video encoderl|is likely to
have incfeased complexity when compared to a single layer encoder. However, this Recommendation | Ihternational
Standard ‘provides several different forms of scalabilities that address non-overlapping applications with corresponding
complexities. The basic scalability tools offered are:

data partitioning;

SNR scalability;

spatial scalability; and

temporal scalability.

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

vil
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Table Intro. 1 - Applications of SNR scalability
Lower layer Enhancement layer Application
Recommendation Same resolution and format as | Two quality service for Standard TV (SDTV)
ITU-R BT.601 lower layer
High Definition Same resolution and format as | Two quality service for HDTV
lower layer
4:2:0 high definition 4:2:2 chroma simulcast Video production / distribution
Table Intro.2=Applications of spatial-scatability
Base Enhancement Application

Progressive (30 Hz) Progressive (30 Hz)

Interlace (30 Hz) Interlace (30 Hz) HDTV/SDTYV scalability
Progressive (30 Hz) Interlace (30 Hz) ISO/EC 11172-2/compatibility with this Specification
Intefrlace (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) Migration to high resolution progressive
HDTV

Intro. 4.2.1| Spatial scalable extension

Spatial scaldgbility is a tool intended for use in video applications involving telecommunications, interworking jof video
standards, vldeo database<browsing, interworking of HDTV and TV, etc., i.e. video systems with the primary fommon
feature that [a minimuni<of two layers of spatial resolution are necessary. Spatial scalability involves generafing two
spatial resolyition video-layers from a single video source such that the lower layer is coded by itself to provide the basic
spatial resollition‘and the enhancement layer employs the spatially interpolated lower layer and carries the full spatial
resolution of the input video source. The lower and the enhancement layers may either both use the coding toofs in this
Specificatio! e andard elower layer 2 i ecificati e_enha dnt layer.
The latter case achieves a further advantage by facilitating interworking between video coding standards. Moreover,
spatial scalability offers flexibility in choice of video formats to be employed in each layer. An additional advantage of
spatial scalability is its ability to provide resilience to transmission errors as the more important data of the lower layer
can be sent over channel with better error performance, while the less critical enhancement layer data can be sent over a
channel with poor error performance.

- S ndard a he 1o ng h D Qn 0 D NNANCEIN

Intro. 4.2.2 SNR scalable extension

SNR scalability is a tool intended for use in video applications involving telecommunications, video services with
multiple qualities, standard TV and HDTV, i.e. video systems with the primary common feature that a minimum of two
layers of video quality are necessary. SNR scalability involves generating two video layers of same spatial resolution but
different video qualities from a single video source such that the lower layer is coded by itself to provide the basic video
quality and the enhancement layer is coded to enhance the lower layer. The enhancement layer when added back to the

viil
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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 w,
resolutio
systems
interwor
resilienc
perform

Intro. 4

Data paj
video bi
partition
frequend
as highe
channel
decoded

en decoded and temporal mnltiplexed to yield full temporal resolution of the video source. The los
n systems may only decode the lower layer to provide basic temporal resolution, whereas mofe-s
of the future may decode both layers and provide high temporal resolution video while

king with earlier generation systems. An additional advantage of temporal scalability is .its. abilit
e to transmission errors as the more important data of the lower layer can be sent over channel witH
ince, while the less critical enhancement layer can be sent over a channel with poor esror performang

2.4 Data partitioning extension

titioning is a tool intended for use when two channels are available for_fransmission and/or

stream, as may be the case in ATM networks, terrestrial broadcast, \magnetic media, etc. The
ed between these channels such that more critical parts of the bitstréani (such as headers, motion
y DCT coefficients) are transmitted in the channel with the better error performance, and less critic
r frequency DCT coefficients) is transmitted in the channel with poor error performance. Thus, dd
prrors are minimised since the critical parts of a bitstream are better protected. Data from neither cha
on a decoder that is not intended for decoding data partitioned bitstreams.

/er temporal
ophisticated
maintaining
y to provide
better error
e.

storage of a
bitstream is
ivectors, low
hl data (such
gradation to
nnel may be
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INTERNATIONAL STANDARD

ITU-T RECOMMENDATION

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

1

Q
Scope

This Refommendation | International Standard specifies the coded representation of picture infofmnatiop for digital

storage media and digital video communication and specifies the decoding process. The representation supp

bitrate transmission, variable bitrate transmission, random access, channel hopping, scalable decodifg, bitstr
as well gs special functions such as fast forward playback, fast reverse playback, slow motion;-pause and §
This Regommendation | International Standard is forward compatible with ISO/IEC 11172¢2 and upward g

compatiple with EDTV, HDTV, SDTV formats.

This Re

busses, ILANSs, or telecommunications links.

2

The foll
constitu
were va|
Recomn
edition

currently
currently

Normative references

bwing Recommendations and International Standards contain provisions which through reference

provisions of this Recommendation | International*Standard. At the time of publication, the editidg
id. All Recommendations and Standards are(subject to revision, and parties to agreements bg
endation | International Standard are encouraged to investigate the possibility of applying the
pf the Recommendations and StandardsZindicated below. Members of IEC and ISO maintain
valid International Standards. The Telecommunication Standardization Bureau of the ITU maint.
valid ITU-T Recommendations.

Recommendations and-Reports of the CCIR, 1990, XVIIth Plenary Assembly, Dussg
Volume XI — Part 1(Broadcasting Service (Television) — Recommendation ITU-R BT.601
parameters of digital television for studios.

CCIR Yolume X and XI Part 3 — Report ITU-R 955-2 Satellite sound broadcasting to vehicu
and fixed receivers in the range 500 - 3000 MHz.

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

CCIR Volume X and XI Part 3 — Recommendation ITU-R BR.648 Recording of audio signaly.

brts constant
eam editing,
till pictures.
r downward

tommendation | International Standard is primarily applicable to digital<storage media, video bfoadcast and
communlication. The storage media may be directly connected to the decoder;or via communications mg

ans such as

in this text,
ns indicated
iIsed on this
most recent
registers of
hins a list of

ldorf 1990,

3 Encoding

ar, portable

bd audio for

ISOAEC 11172 21993 I

Part 2 : ideo.

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

For the purposes of this Recommendation | International Standard, the following definitions apply.

31 AC coefficient: Any DCT coefficient for which the frequency in one or both dimensions is non-zero.

3.2 big picture: A coded picture that would cause VBV buffer underflow as defined in C.7. Big pictures can only

occur in sequences where low_delay is equal to 1. “Skipped picture” is a term that is sometimes used to describe the
same concept.

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

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

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

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

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

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

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

3.1 bigrate: The rate at which the coded bitstream is delivered ffom the storage medium to the input of a d¢coder.
3.12 blgck: An 8-row by 8-column matrix of samples, or 64-DCT coefficients (source, quantised or dequantised).
313 boftom field: One of two fields that comprise‘a frame. Each line of a bottom field is spatially| located

immediately|below the corresponding line of the top field\

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

3.15 byte: Sequence of 8 bits.

3.16 channel: A digital medium _that stores or transports a bitstream constructed according to ITU-T Rec.|H.262 |
ISO/IEC 13418-2.

317 chrominance format:'Defines the number of chrominance blocks in a macroblock.
3.18 chroma simulcast: A type of scalability (which is a subset of SNR scalability) where the enhancement{layer(s)

contain only|coded.refirement data for the DC coefficients, and all the data for the AC coefficients, of the chrofninance
components,

3.19 chreminanee—eomponent—rmatrix; block-orsingle—sampteTepresentimg—omeofthe—twototour difference

. ) o
signals related to the primary colours in the manner defined in the bitstream. The symbols used for the chrominance

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

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

3.23 coded P-frame: A P-frame picture or a pair of P-field pictures.
3.24 coded picture: A coded picture is made of a picture header, the optional extensions immediately following it,

and the following picture data. A coded picture may be a coded frame or a coded field.
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3.25 coded video bitstream: A coded representation of a series of one or more pictures as defined in ITU-T
Rec. H.262 | ISO/IEC 13818-2.

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

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

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

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

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

331 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 codedbitstream

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/IEC11172-2.

3.36 DC coefficient: The DCT coefficient for which the frequency is‘zeto in both dimensions.
3.37 DCT coefficient: The amplitude of a specific cosine basis-finction.

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

3.40 decoding (process): The process defined_in ITU-T Rec. H.262 | ISO/IEC 13818-2 that reads an fnput coded
bitstrean] and produces decoded pictures.

341 dequantisation: The process of *tescaling the quantised DCT coefficients after their representation in the
bitstrean| 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 invefse discrete
cosine transform. The DCT is an invertible, discrete orthogonal transformation. The inverse DCT is defined [in Annex A
of ITU-T Rec. H.262 |ISO/IEC 13818-2.

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

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

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

347 dual-prime prediction: A prediction mode in which two forward field-based predictions are averaged. The
predicted block size is 16 x 16 luminance samples. Dual-prime prediction is only used in interlaced P-pictures.

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

3.49 encoder: An embodiment of an encoding process.

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

ITU-T Rec. H.262 (1995 E) 3
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3.51 enhancement layer: A relative reference to a layer (above the base layer) in a scalable hierarchy. For all forms
of scalability, its decoding process can be described by reference to the lower layer decoding process and the appropriate
additional decoding process for the enhancement layer itself.

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

3.53 fast reverse playback: The process of displaying the picture sequence in the reverse of display order faster
than real-time.

3.54 field: For an interlaced video signal, a “field” is the assembly of alternate lines of a frame. Therefore an
interlaced frame is composed of two fields, a top field and a bottom field.

3.55 field-based prediction: A prediction mode using only one field of the reference frame. The predicted block
size is 16 X 16 luminance samples. Field-based prediction is not used in progressive frames.

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

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

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

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

3.60 forced updating: The process by which macroblocks are intra-céded from time-to-time to ensure that
mismatch erfors between the inverse DCT processes in encoders and decoder$icannot build up excessively.

3.61 forward compatibility: A newer coding standard is forward‘compatible with an older coding standard if
decoders degigned to operate with the newer coding standard are ablefo'decode bitstreams of the older coding standard.

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

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

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

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

equal to “Frgme”.

3.68 frame rate: The rate at which frames are output from the decoding process.

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

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

re-ordering when decoding low delay bitstreams.

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

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

3.73 hybrid scalability: Hybrid scalability is the combination of two (or more) types of scalability.
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3.74 interlace: The property of conventional television frames where alternating lines of the frame represent
different instances in time. In an interlaced frame, one of the field is meant to be displayed first. This field is called the

first field. The first field can be the top field or the bottom field of the frame.

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

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

3.79 level: A defined set of constraints on the values which may be taken by the parameters of ITU-T Rec. H.262 |
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’)

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“Conjunctiorf with layer
qualifierg, e. g. “enhancement layer bitstream”).

3.82 lower layer: A relative reference to the layer immediately below a given énhancement layet (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 anf related to the primary colours in the manner defined in the bitstream. The symbol used for luminarce is Y.

3.84 Mbit: 1000000 bits.

3.85 macroblock: The four 8 by 8 blocks of luminance.data and the two (for 4:2:0 chrominance f¢rmat), four
(for 4:2:2 chrominance format) or eight (for 4:4:4 chrominance format) corresponding 8 by 8 blocks of dhrominance
data conI']ng from a 16 by 16 section of the luminance component of the picture. Macroblock is sometimes sed to refer
to the sarpple data and sometimes to the coded representation of the sample values and other data elements d¢fined in the

macrobldck header of the syntax defined in ITU-T Ret. H.262 1 ISO/IEC 13818-2. The usage is clear from the context.

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

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

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

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

3.90 opposite parity: The opposite parity of top is bottom, and vice versa.

391 P-field picture: A field structure P-Picture.
3.92 P-frame picture: A frame structure P-Picture.

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

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

3.95 parity (of field): The parity of a field can be top or bottom.
3.96 past reference frame (field): A past reference frame (field) is a reference frame (field) that occurs at an earlier

time than the current picture in display order.
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3.97 picture: Source, coded or reconstructed image data. A source or reconstructed picture consists of three
rectangular matrices of 8-bit numbers representing the luminance and two chrominance signals. A “coded picture” is
defined in 3.21 ¢f ITU-T Rec. H.262 | ISO/IEC 13818-2. For progressive video, a picture is identical to a frame, while

for interlaced video, a picture an refer to a frame, or the top field or the bottom field of the frame depending on the
context.

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

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

3.101  predictor: A linear combination of previously decoded sample values or data elements.

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

NQTE - 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 deffinitions of “profile” and in particular it does not have the meaning that is defined by JTC1/SGFS.

3.103  prpgressive: The property of film frames where all the samples of the franie represent the same ins{ances 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 repregentation
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
dequantisatipn.

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

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

3.109  refonstructed picture: A reConstructed picture is obtained by decoding a coded picture. A reconstructed
picture is eifther a reconstructed frame.(when decoding a frame picture), or one field of a reconstructed frame (when
decoding a field picture). If the Coded picture is a field picture, then the reconstructed picture is the top field or the
bottom field|of the reconstructed-frame.

3.110  reference field; A'reference field is one field of a reconstructed frame. Reference fields are used for{forward
and backwafd predictionr when P-pictures and B-pictures are decoded. Note that when field P-pictures are ¢lecoded,
prediction of the seeond field P-picture of a coded frame uses the first reconstructed field of the same coded frame as a
reference fidld,

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

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

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

3.114  sample aspect ratio: (abbreviated to SAR). This specifies the relative distance between samples. It is defined
(for the purposes of ITU-T Rec. H.262 | ISO/IEC 13818-2), as the vertical displacement of the lines of luminance
samples in a frame divided by the horizontal displacement of the luminance samples. Thus, its units are (metres per line)
+ (metres per sample).
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3.115  scalable hierarchy: Coded video data consisting of an ordered set of more than one video bitstream.

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

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

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

3.119  run: The number of zero coefficients preceding a non-zero coefficient, in the scan order. The absolute value of
the non-zero-coefficient iscalled‘level’”’

3.120 | saturation: Limiting a value that exceeds a defined range by setting its value to the maximum-or minimum of
the rangg 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 macgoblocks.

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

3.124 | source; input: Term used to describe the video material or soméof its attributes before encoding.

3.125 | spatial prediction: Prediction derived from a decoded~frame of the lower layer decoder usefd in spatial
scalabilify.

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
chromingnce 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 somie of the structures in the coding syntax.

3.128 | stuffing (bits); stuffing (bytes): Code-words that may be inserted into the coded bitstream that afe discarded
in the dgcoding process. Their purposé is to increase the bitrate of the stream which would otherwise be loywer than the
desired Hitrate.

3.129 | temporal prediction: Prediction derived from reference frames or fields other than those defingd as spatial
predictig

B

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

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

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

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

3.135  video buffering verifier; VBV: A hypothetical decoder that is conceptually connected to the output of the

encoder. Its purpose is to provide a constraint on the variability of the data rate that an encoder or editing process may
produce.
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3.136  video sequence: The highest syntactic structure of coded video bitstreams. It contains a series of one or more
coded frames.

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

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

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

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

4 Abbreviations and symbols

The mathemgtical operators used to describe this Specification are similar to those used in the C progfamming 1gnguage.
However, ifjteger divisions with truncation and rounding are specifically defined. Numbering)and countirlg loops
generally begin from zero.

4.1 Arithmetic operators
+ Addition
- Subtraction (as a binary operator) or negation (as a unary operator)

+4 Increment, i.e. x++ is equivalent to x =x + 1

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

X

* Multiplication

A Power

/ Integer division with truncation of‘the result toward zero. For example, 7/4 and —7/—4 are tfuncated
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 fijom 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 founded
to 1, and -3 DIV-2 is rounded to 2.

+ Used to denote division in mathematical equations where no truncation or rounding is intend¢d.

% Modualus operator. Defined only for positive numbers.

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

Abs()  Abs(x) = {X x>=0
X x<0

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

4.2 Logical operators
] Logical OR
&& Logical AND
! Logical NOT
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4.3 Relational operators
> Greater than
>= Greater than or equal to
< Less than
<= Less than or equal to
== Equal to

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

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

4.4 Bitwise operators
& AND
i OR

>>  Shift right with sign extension

<< Shift left with zero fill

4.5 Assignment

= Assignment operator

4.6 Mnemonics

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

bslbf  Bit string, left bit first, where “left” is¢he 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 converience, large
strings are occasionally wtitten in hexadecimal; in this case, conversion to a bipary in the
conventional manner will'yield the value of the bit string. Thus, the left most hexadecjmal digit is
first and in each hexadecimal digit the most significant of the four bits is first.

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

viclbf  Variable(length code, left bit first, where “left” refers to the order in which the VLT codes are
written. The byte order of multibyte words is the most significant byte first.

4.7 Constants
mt, (3,141 592 653 58...
e’ 2718281 828 45

5 Conventions

5.1 Method of describing bitstream syntax

The bitstream retrieved by the decoder is described in 6.2. Each data item in the bitstream is in bold type. It is described
by its name, its length in bits, and a mnemonic for its type and order of transmission.

The action caused by a decoded data element in a bitstream depends on the value of that data element and on data
elements previously decoded. The decoding of the data elements and definition of the state variables used in their
decoding are described in 6.3. The following constructs are used to express the conditions when data elements are
present, and are in normal type:
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}

while ( condition ) {

If the condition is true, then the group of data elements occurs

data_element next in the data stream. This repeats until the condition is not true.

}

do {

data_element The data element always occurs at least once.

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

if ( condition ) {

If the condition is true, then the first group of data elements occurs

data_element next in the data stream.

} else { If the condition is not true, then the second group of data elements
data_element occurs next in the data stream.
}
fQr (i=m;i<n;it++) { The group of data elements occurs (m — n) times. Conditional
data_element constructs within the group of data elements may depend on the
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 entirelyswithout in any
way altering the syntax.

This syntax
condition tha
many cases g

if (

In such cases
that “spatial

As noted, th
when only of

data_elemern

data_element [m][n]

data_element [1][m][n]

While the sy
procedure. I
for start cod
methods to id

ises the ‘C-code’ convention that a variable or expression evaluating to a non-zero value is equiva
t is true and a variable or expression evaluating to a zero value is equivalent to a condition that is
literal string is used in a condition. For example:

scalable_mode == “spatial scalability” ) ...

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

e group of data elements may contain-nested conditional constructs. For compactness, the {} are
e data element follows:

t [n] data_element [n]\is’the n + 1th element of an array of data.

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

of\data.

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

data—element [1][m][n] is the 1 + 1, m + 1, n + 1th element of a three-dimension

htax is expressed in procedural terms, it should not be assumed that 6.2 implements a satisfactory d|
particular, it defines a correct and error-free input bitstream. Actual decoders must include means
s in‘order to begin decoding correctly, and to identify errors, erasures or insertions while decodi

entto a
false. In

we see

omitted

al array

ecoding
to look

Ing. The

5.2 De

finition of functions

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

5.2.1

Definition of bytealigned() function

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

5.2.2

The function

10

Definition of nextbits() function

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

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

next_start_code() { No. of bits Mnemonic

while ( !bytealigned() )

zero_bit 1 ‘0’

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

zero_byte 8 ‘0000 0000’

This funftion checks whether the current position is byte aligned. If it is not, zero stuffing bits are present. Alfter that any
number pf zero stuffing bytes may be present before the start code. Therefore, start codes are always byte|aligned and
may be preceded by any number of zero stuffing bits.
53 Reserved, forbidden and marker_bit
The term}s “reserved” and “forbidden” are used in the description of some values ot$everal fields in the coded bitstream.
The term “reserved” indicates that the value may be used in the future for ITU-T ISO/IEC defined extensiofs.

The term “forbidden” indicates a value that shall never be used (usually inyorder to avoid emulation of start dodes).

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.

5.4 Arithmetic precision

In ordeq to reduce discrepancies between implementations of this Specification, the following rules fgr arithmetic
operatiops are specified:

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

b) Where ranges of valués 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 a but excluding b.

6 Video(bitstream syntax and semantics

6.1 Structure of coded video data

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

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

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

hierarchy.

See Rec. ITU-T H.222.0 | ISO/IEC 13818-1 for a description of the way layers may be multiplexed together.
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The base layer of a scalable hierarchy may conform to this Specification or to other standards such as ISO/IEC 11172-2.
See details in 7.7 to 7.11. Enhancement layers shall conform to this Specification.

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

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

“slice()” which in turn contains one or more of the structure “macroblock()”.

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

6.1.1

The highest

A video sequience commences with a sequence header which may optionally be followed by a group of picture

and then by
decoder pro
sequence_ern
repeat seque
of pictures h
header.)

6.1.1.1 Pr

This Specifi

The output
separated in
two fields m
single video

In progressi
decoding pr

6.1.1.2 Fr

A frame corn
and Cr).

The relation

E’'gand E’g
the bitstreani

6.1.1.3 Fi

A field cons

A frame is theunion of a top field and a bottom field. The top field is the field that contains the top-most line of

Vid

€0 sequence

vntactic structure of the coded video bitstream is the video sequence.

one or more coded frames. The order of the coded frames in the coded bitstream is the orderin w
esses them, but not necessarily in the correct order for display. The video sequence ‘i$ terminal
d_code. At various points in the video sequence, a particular coded frame may be‘preceded by
hce header or a group of pictures header or both. (In the case that both a repeat seqience header and|
pader immediately precede a particular picture, the group of pictures header shall follow the repeat §

pgressive and interlaced sequences

ation deals with coding of both progressive and interlaced sequences:

of the decoding process, for interlaced sequences, consists’ of a series of reconstructed fields
time by a field period. The two fields of a frame may be-coded separately (field-pictures). Alternati
ay be coded together as a frame (frame-pictures). Both frame pictures and field pictures may be u

sequence.

ve sequences each picture in the sequence shall 'be a frame picture. The sequence, at the outpu
cess, consists of a series of reconstructed frames that are separated in time by a frame period.

ame

sists of three rectangular matrices-of integers: a luminance matrix (Y), and two chrominance matr
hip between these Y, Cb and Cr components and the primary (analogue) Red, Green and Blue Sign
, the chromaticity of these primaries and the transfer characteristics of the source frame may be spe
(or specified by somie other means). This information does not affect the decoding process.

pld

sts of &very other line of samples in the three rectangular matrices of integers representing a frame.

5 header
hich the
ed by a
either a
a group
equence

that are
vely the
sed in a

t of the

ces (Cb

ls (E’R,
cified in

each of

the three matrices. The bottom field is the other one.

6.1.1.4 Picture

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

6.1.1.4.1 Field pictures
If field pictures are used, then they shall occur in pairs (one top field followed by one bottom field, or one bottom field

followed by one top field) and together constitute a coded frame. The two field pictures that comprise a coded frame
shall be encoded in the bitstream in the order in which they shall occur at the output of the decoding process.
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When the first picture of the coded frame is a P-field picture, then the second picture of the coded frame shall also be a
P- field picture. Similarly when the first picture of the coded frame is a B-field picture the second picture of the coded

frame shall also be a B-field picture.

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

6.1.1.4.2 Frame pictures

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

6.1.1.5 Picture types

There arg-th

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

compensated

6.1.1.6 | Sequence header

A video|sequence header commences with a sequence_header_code and js\followed by a series of data elements. In this

Specific
those u
ISO/IEQ

In reped

ation sequence_header() shall be followed by sequence_extension() which includes further param
sed by ISO/IEC 11172-2. When sequence_extension() i€, present, the syntax and semantics
11172-2 do not apply, and the present Specification applies,

t sequence headers all of the data elements with, the-permitted exception of those defining the

matrices
non_int

be redeﬂ?ned each time that a sequence header occurs in the bitstream (note that quantisation matrices

updated

All of th
as in the]

If a seq
followeg
sequenc
sequenc

If a seq
followeg
sequenc
sequenc

(load_intra_quantiser_matrix, load_non_intra_guantiser_matrix and optionally intra_quantiser
quantiser_matrix) shall have the same values'as in the first sequence header. The quantisation 1

using quant_matrix_extension()).

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

hence_scalable_extension() ‘eccurs after the first sequence_header() all subsequent sequence heag

by sequence_scalable extension() in which all data elements are the same as i
e_scalable_extensioni(),> Conversely if no sequence_scalable_extension() occurs between
e_header() and thé first picture_header(), then sequence_scalable_extension() shall not occur in the H

hence_display—extension() occurs after the first sequence_header() all subsequent sequence heag

by sequence_display_extension() in which all data elements are the same as
e_display_extension(). Conversely if no sequence_display_extension() occurs between
e_header() and the first picture_header(), then sequence_display_extension() shall not occur in the b

in

pters beyond
defined in

quantisation
| matrix and
hatrices may
may also be

same values

Jers shall be

n  the first
the first
itstream.

lers shall be
the first
the first
tstream.

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

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

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

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

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

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

In the coded pitstream, the first coded frame following a group of pictures header shall be a coded I-frame.
6.1.1.8 4:2:0 format

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

NOTE -~ When interlaced frames are coded as field pictures, the picture reconstryctéd’ from each of these field pictures
shall have a Yimatrix 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 luminange and chrominance samples are positioned as shown in Figure 61,

XOX
XOX
XOX

XOX
X X

XOX

XOX

X O X
X O X
X O X

X O X
X

T1515950-94/d02

>< Represents luminance samples

O Represents chrominance samples

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

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


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

ISO/IEC 13818-2:1996(E)

I organisation, Figures 6-2 and 6-3 show the vertical and temporal positioning of the
amples in an interlaced frame. Figure 6-4 shows the vertical and temporal positioning of the samples in a progressive

In each field of an interlaced frame, the chrominance samples do not lie (vertically) mid way between the luminance
samples of the field, this is so that the spatial location of the chrominance samples in the frame is the same whether the
frame is represented as a single frame-picture or two field-pictures.

Top Bottom
Field Field
O

X O

O X

v

Time
T1515960-94/d03

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

X O

O X

»
Time

T1515970-94/004

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

Frame

XOX KOX XOX XOX

| -
|
Time
T1515980-94/d05

Figure 6-4 — Vertical and temporal positions
of samples in a progressive frame
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6.1.1.9 4:2:2 format

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

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

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

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

XOX R X IR X’ X
-------- S R S
XOX IR X IR OXi® X
-------- N S Nt o
XX IR X IR X X
-------- S T AR
RKOX IR X IR XIR X
-------- P NP Ol T
B OX IR XIiIg Xig X
-------- S AT S
KXEXiKXﬁ XEZXE ><i§§><

T1515990-94/d06

>< Represents-luminance samples

O Represents chrominance samples

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

oSO S S B Y S o2 B S
&

0%

T1516000:94/d07

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

6.1.1.10 4:4:4 format

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

NOTE - When interlaced frames are coded as field pictures, the picture reconstructed from each of these field pictures
shall have a Y-matrix with half the number of lines as the corresponding frame. Thus the total number of lines in the Y-matrix of an
entire frame shall be divisible by two.
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The luminance and chrominance samples are positioned as shown in Figures 6-6 and 6-7.

6.1.1.11

When th
The first

A sequer
required

The orde
them. Th
always tH
decoding

BRI &KX
DX RS S S SO
R &K QAR
BRI KRR X
02V R S R S S ¢
OV RS J 0Z J S S ¢
K XK &R

R R R X

&

T1516010-94/d08

>< Represents luminance samples

O Represents chrominance samples

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

Frame re-ordering

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

ce may contain no coded P-frames. A sequence may also contain no coded I-frames in which case §
ht the start of the sequence and within the sequence to effect both random access and error recovery.

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

e same ag-the coded order and this subclause defines the rules of frame re-ordering that shall happe
process.

When th

unbounded.

ome care is

feconstructs

e order of the'reconstructed frames at the output of the decoding process, also called the display ¢rder, is not

h within the

e seéquence contains no coded B-frames, the coded order is the same as the display order. Thi

s is true in

particular always when Tow_delay is one.

When B-

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

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

B-frame.

—  If the current frame in coded order is a I-frame or P-frame, the output frame is the frame reconstructed

from the previous I-frame or P-frame if one exists. If none exists, at the start of the sequence,
output.

no frame is

The frame reconstructed from the final I-frame or P-frame is output immediately after the frame reconstructed when the
last coded frame in the sequence was removed from the VBV buffer.
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The following is an example of frames taken from the beginning of a video sequence. In this example there are two
coded B-frames between successive coded P-frames and also two coded B-frames between successive coded I- and
P-frames and all pictures are frame-pictures. Frame ‘11’ is used to form a prediction for frame ‘4P’. Frames ‘4P’ and ‘1I’
are both used to form predictions for frames ‘2B’ and ‘3B’. Therefore the order of coded frames in the coded sequence
shall be “1I’, ‘4P’, ‘2B’, ‘3B’. However, the decoder shall display them in the order ‘1I’, ‘2B’, ‘3B’, ‘4P’.

At the encoder input:

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

I B B P B B P B B I B B P
At the encoder output, in the coded bitstream, and at the decoder input:

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

I P B B P B B I B P B B
At the decofler output:

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

A slice is a
be skipped

The first an

Slices shallfoccur in the bitstream in the order in which they are encountered, starting at the upper-left of the pi
proceeding |by raster-scan order from left to right and top to bottom (illustrated in Figures 6-8 and 6-9 as alp
order).

6.1.2.1 The general slice structure

In the most| general case it is not necessary for the slices to cover the entire picture. Figure 6-8 shows this caf
areas that dre not enclosed in a slice are not encoded and(ho information is encoded for such areas (in the
picture).

If the slice
predictions

responsibility of the encoder to ensure this.

This Specifi

20

series of an arbitrary number of consecutive macroblocks. The first and last maeroblocks of a slice
macroblocks. Every slice shall contain at least one macroblock. Slices shall ‘not overlap. The pq

ange Frnm snintiiaea $a calade

1. e
HailgC 1101 piciulc W piciuic.

[ last macroblock of a slice shall be in the same horizontal row of macreblocks.

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

cation does not define what actien a decoder shall take in the regions between the slices.

shall not
sition of

cture and
habetical

e. Those
specific

to form
It is the

T1516020-94/d09

Figure 6-8 — The most general slice structure
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6.1.2.2 Restricted slice structure

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

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

T1516030-94/d10

Figure 6-9 — Restricted slice structure

6.1.3 Macroblock

A macrpblock contains a section~0f the luminance component and the spatially corresponding chrominance
componehts. The term macroblogk 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 fpr a macroblock, namely, 4:2:0, 4:2:2 and 4:4:4 formats. The orders of blocks in a macroblock shall pe different
for each dlifferent 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,

5 | 3 T1516040-94/d11

Y Cb Cr

Figure 6-10 - 4:2:0 Macroblock structure
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A 4:2:2 Macroblock consists of 8 blocks. This structure holds 4 Y, 2 Cb and 2 Cr Blocks and the block order is depicted
in Figure 6-11.

T1516050-94/d12

Y 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

depicted in ]

In frame pid

Figure 6-12.

T1516060-94/d13

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

tures, where both frame and field DCT coding\may be used, the internal organisation within the ma

is different in each case.

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

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

& &

order is

croblock

ernately.

o fields.

T1520180-95/d14

Figure 6-13 — Luminance macroblock structure in frame DCT coding
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In the cape of chrominance blocks the structure depends upon the chrominance format that’is being used.

of 4:2:2

blocks a;r treated in exactly the same manner as the luminance blocks. However/in-the 4:2:0 format the ¢

blocks s
that field
8 X 4reg

In field g

from suc

6.1.4

The term)
coded da

When “b
compone

6.2

6.2.1

Start cod|

Each stal
twenty th
string ‘0900.0000 0000 0000 0000 0001°.

ISO/IEC 13818-2:1996(E)

W,

X

NS
W

T1520190-95/d15

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

ind 4:4:4 formats (where there are two blocks in the vertical dimension of-the ‘macroblock) the ¢
all always be organised in frame structure for the purposes of DCT\coding. It should, howeve
based predictions may be made for these blocks which will, in the‘general case, require that pre

ons (after half-sample filtering) must be made.

ictures, each picture only contains lines from one of the fi¢lds. In this case each block consists off
cessive lines in the picture as illustrated by Figure 6-13.

Block

“block” can refer either to source and reconstructed data or to the DCT coefficients or to the col
a elements.

lock™ refers to source and reconstructed data it refers to an orthogonal section of a luminance or ©
nt with the same number of lines and samples. There are 8 lines and 8 samples in the block.

Video bitstream syntax

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

rt codécconsists of a start code prefix followed by a start code value. The start code prefix is

ree bits with the value zero followed by a single bit with the value one. The start code prefix is

In the case
hrominance
hrominance
r, be noted
dictions for

lines taken

rresponding

hrominance

a string of
thus the bit

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

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

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

The use of the start codes is defined in the following syntax description with the exception of the sequence_error_code.
The sequence_error_code has been allocated for use by a media interface to indicate where uncorrectable errors have
been detected.
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Table 6-1 — Start code values

Name Start code.va]ue
(hexadecimal)

picture_start_code 00
slice_start_code 01 through AF
reserved BO
reserved Bl
user_data_start_code B2
sequence_header_code B3
sequence_error_code B4
extension_start_code B5
reserved B6
sequence_end_code B7
group_start_code B8
system start codes (Note) B9 through FF
NOTE - System start codes are defined in Part 1 of this Specification,
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6.2.2

Video Sequence

ISO/IEC 13818-2:1996(E)

video_sequence() { No. of bits Mnemonic
next_start_code()
sequence_header()
if ( nextbits() == extension_start_code ) {
sequence_extension()
do {
extension_and_user_data( 0)
do {
if (nextbits() == group_start_code) {
group_of_pictures_header()
extension_and_user_data( 1)
}
picture_header()
picture_coding_extension()
extensions_and_user_data( 2 )
picture_data()
} while ( (nextbits() == picture_start_code) Il
(nextbits() == group_start_code) )
if ( nextbits() != sequence_end_code ) {
sequence_header()
sequence_extension()
)
} while ( nextbits() != sequence_end_code")
} else {
/* ISO/IEC 11172-2 */
}
sequence_end_code 32 bslbf
}

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

Sequence header

sequence_header() { No. of bits Mnemonic
sequence_header_code 32 bslbf
horizontal_size_value 12 uimsbf
vertical_size_value 12 uimsbf
aspect_ratio_information 4 uimsbf
frame_rate_code 4 uimsbf
bit_rate_value 8 uimsbf
marker_bit 1 bslbf
_vbv_buffer size value 10 uimshf
constrained_parameters_flag 1 bslbf
load_intra_guantiser_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

26

while ( ( nextbits()== extension_start_code") Il

( nextbits()== user_data_sstart_code ) ) {

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

extension_data( i)

if ( nextbits()=="user_data_start_code )

user_data()
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6.2.2.2.1 Extension data

extension_data( i) { No. of bits Mnemonic

while ( nextbits()== extension_start_code ) {

extension_start_code 32 bslbf

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

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

sequence_display_extension()

else

sequence_scalable_extension()

}

/* NOTE - i never takes the value 1 because extension_data()

never follows a group_of_pictures_header() */

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

if ( nextbits() == “Quant Matrix Extension ID”)

quant_matrix_extension()

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

copyright_extension()

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

picture_display_extension()

else if ( nextbits()

== “Picture Spatial Scalable Extensiofi,AD” )

picture_spatial_scalable_extension()

else

picture_temporal_scalable_extension()

6.2.2.2.2 User data

user_dataQ)A4 No. of bits Mnemonijc

user_data_start_code 32 bslbf
while( nextbits() = ‘0000 0000 0000 0000 0000 0001° ) {

user_data 8 uimsbf

}

next_start_code()
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6.2.2.3 Sequence extension

sequence_extension() { No. of bits Mnemonic
extension_start_code 32 bslbf
extension_start_code_identifier 4 uimsbf
profile_and_level_indication 8 uimsbf
progressive_sequence 1 uimsbf
chroma_format 2 uimsbf
horizontal_size_extension 2 uimsbf
vertical_size_extension 2 uimsbf
Fbit_Tate_extension 12 Tmsbf
marker_bit 1 bslbf
vbv_buffer_size_extension 8 uimsbf
low_delay 1 uimisbf
frame_rate_extension_n 2 uimsbf
frame_rate_extension_d 5 uimsbf
next_start_code()
}
6.2.2.4 Segyuence display extension
seqpence_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

TIEXt_Start_codet)
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6.2.2.5 Sequence scalable extension

sequence_scalable_extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
scalable_mode 2 uimsbf
layer_id 4 uimsbf
if (scalable_mode == “spatial scalability) {
lower_layer_prediction_horizontal_size 14 uimsbf
marker_bit 1 bslbf
lower_layer_prediction_vertical_size 14 uimsbf
—horizontal subsampling factor_m 5 wimsbE
horizontal_subsampling factor_n 5 uimsbf
vertical_subsampling_factor_m 5 uimsbf
vertical_subsampling_factor_n 5 uimsbf
}
if ( scalable_mode == “temporal scalability” ) {
picture_mux_enable 1 uimsbf
if ( picture_mux_enable )
mux_to_progressive_sequence 1 uimsbf
picture_mux_order 3 uimsbf
picture_mux_factor 3 uimsbf
}
next_start_code()
}

6.2.2.6 | Group of pictures header

group_of_pictures_header(), { No. of bits Mnemonid
group_start_code 32 bslbf
time_code 25 bslbf
closed_gop 1 uimsbf
breken_link 1 uimsbf
next_start_code()

7
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6.2.3

30

Picture header

picture_header() { No. of bits Mnemonic
picture_start_code 32 bslbf
temporal_reference 10 uimsbf
picture_coding_type 3 uimsbf
vbv_delay 16 uimsbf
if ( picture_coding_type == 2 |l picture_coding_type == 3) {
full_pel_forward_vector 1 bslbf
forward_f_code 3 bsibf
}
if ( picture_coding_type ==3) {
full_pel_backward_vector 1 bslbf
backward_f_code 3 bsIbf.
}
while ( nextbits() == ‘1") {
extra_bit_picture /* with the value ‘1’ */ 1 uimsbf
extra_information_picture 8 uimsbf
}
extra_bit_picture/* with the value ‘0’ */ 1 uimsbf

next_start_code()
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6.2.3.1 Picture coding extension

picture_coding_extension() { No . of bits Mnemonic
extension_start_code 32 bslbf
extension_start_code_identifier 4 uimsbf
f_code[0][0] /* forward horizontal */ 4 uimsbf
f_code[0][1] /* forward vertical */ 4 uimsbf
f_code[1][0] /* backward horizontal */ 4 uimsbf
f_code[1]{1] /* backward vertical */ 4 uimsbf
intra_dc_precision 2 uimsbf
——picture_structure 2 HiRsbf—
top_field_first 1 uimsbf
frame_pred_frame_dct 1 uimsbf
concealment_motion_vectors 1 uimsbf
q_scale_type 1 uimsbf
intra_vlc_format 1 uimsbf
alternate_scan 1 uimsbf
repeat_first_field 1 uimsbf
chroma_420_type 1 uimsbf
progressive_frame 1 uimsbf
composite_display_flag 1 uimsbf
if ( composite_display_flag ) {
v_axis 1 uimsbf
field_sequence 3 uimsbf
sub_carrier 1 uimsbf
burst_amplitude 7 uimsbf
sub_carrier_phase 8 uimsbf
}
next_start_code()
}
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6.2.3.2 Quant matrix extension

quant_matrix_extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
load_intra_quantiser_matrix 1 uimsbf
if (load_intra_quantiser_matrix )
intra_quantiser_matrix[64] 8 * 64 uimsbf
load_non_intra_quantiser_matrix 1 uimsbf
if (load_non_intra_quantiser_matrix )
non_intra_quantiser_matrix[64] 8 * 64 uimsbf
load_cl . . trix 1 nimshf
if ( load_chroma_intra_quantiser_matrix )
chroma_intra_quantiser_matrix[64] 8 * 64 uimsbf
load_chroma_non_intra_quantiser_matrix 1 uimsbf
if (load_chroma_non_intra_quantiser_matrix )
chroma_non_intra_quantiser_matrix[64] 8 * 64 uimsbf
next_start_code()
}
6.2.3.3 Pirture display extension
picfure_display_extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
for (i=0;i < number_of_frame_centre_offsetsii++ ) {
frame_centre_horizontal_offset 16 simsbf
marker_bit 1 bslbf
frame_centre_vertical_offsét 16 simsbf
marker_bit 1 bslbf
}
next_start_code()
}
6.2.3.4 Pirtare temporal scalable extension
picture_temporal_scalable_extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
reference_select_code 2 uimsbf
forward_temporal_reference 10 uimsbf
marker_bit 1 bslbf
backward_temporal_reference 10 uimsbf

next_start_code()
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6.2.3.5 Picture spatial scalable extension

picture_spatial_scalable_extension() { No. of bits Mnemonic
extension_start_code_identifier 4 uimsbf
lower_layer_temporal_reference 10 uimsbf
marker_bit 1 bslbf
lower_layer_horizontal_offset 15 simsbf
marker_bit 1 bslbf
lower_layer_vertical_offset 15 simsbf
spatial_temporal_weight_code_table_index 2 uimsbf

[ tower_tayer_progressive_frame T uimsbt
lower_layer_deinterlaced_field_select 1 uimsbf
next_start_code()

}

6.2.3.6 |Copyright extension

copyright_extension() { No. of bits Mnemonig

extension_start_code_identifier 4 uimsbf
copyright_flag 1 bslbf
copyright_identifier 8 uimsbf
original_or_copy 1 bslbf
reserved 7 uimsbf
marker_bit 1 bslbf
copyright_number_1 20 uimsbf
marker_bit 1 bslbf
copyright_number_2 22 uimsbf
marker_bit 1 bslbf
copyright_number.3 22 uimsbf
next_start_code()
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6.2.3.7

6.2.4

34

Picture data
picture_data() { No. of bits Mnemonic
do {
slice()
} while ( nextbits() == slice_start_code )
next_start_code()
}
Slice
slige() { 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" {
intra_slice_flag 1 bslbf
intra_slice 1 uimsbf
reserved_bits 7 uimsbf
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 {
macreblock()
ywhile ( nextbits() != ‘000 0000 0000 0000 0000 0000’ )
npvr_crnrt_rndp()
}
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Macrobiock

ISO/IEC 13818-2:1996(E)

macroblock() {

Mnemonic

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

5 uimsbf

if ( macroblock_motion_forward i

(_ macroblock_intra && concealment_motion_vectors) )

motion_vectors( 0 )

if ( macroblock_motion_backward )

motion_vectors( 1)

if ( macroblock_intra && concealment_motion_vectors)

marker_bit

1 bslbf

coded_block_pattern()

for (i=0;1i < block_count;i++) {

block( i)
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6.2.5.1 Macroblock modes

macroblock_modes() { No. of bits Mnemonic
macroblock_type 1-9 viclbf
if ( ( spatial_temporal_weight_code_flag ==1) &&
( spatial_temporal_weight_code_table_index != ‘00") ) {
spatial_temporal_weight_code 2 uimsbf
}
if ( macroblock_motion_forward Il
macroblock_motion_backward ) {
Hf(preturestructure=="ranrc)¢
if ( frame_pred_frame_dct ==0)
frame_motion_type 2 uimsbf
} else {
field_motion_type 2 uimsbf
}
}
if ( ( picture_structure == “Frame picture” ) &&
( frame_pred_frame_dct==0) &&
( macroblock_intra Il macoblock_pattern) ){
dct_type 1 uimsbf
}
}
6.2.5.2 Mpotion vectors
motion_vectors (s ) { No. of bits Mnemonic
if ( motion_vector_counti=="1) {
if (( mv_format(== field ) && (dmv != 1))
motion_vertical_field_select[0][s] 1 uimsbf
motior_vector( 0, s )
} else {
motion_vertical_field_select[0][s] 1 uimsbf
mnﬁnn_upprnr( n, s )
motion_vertical_field_select[1][s] 1 uimsbf

motion_vector(1, s )
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6.2.5.2.1 Motion vector

motion_vector (1, s ) { No. of bits Mnemonic
motion_code[r][s][0] 1-11 viclbf
if ( (f_code[s][0] != 1) && ( motion_code[r][s][0] !=0))
motion_residual[r][s][0] 1-8 uimsbf
if (dmv==1)
dmvector[0] 1-2 viclbf
motion_code[r][s][1] 1-11 viclbf
if ( (f_code[s][1] != 1) && ( motion_code[r][s][1] !=0))
—motion_residuallr]{s]{1] 18 wimshbf
if (dmv==1)
dmvector[1] 1-2 viclbf

6.2.5.3 |Coded block pattern

coded_block_pattern () { No. of bits Mnemonid
coded_block_pattern_420 39 viclbf

if ( chroma_format == 4:2:2)

coded_block_pattern_1 2 uimsbf

if ( chroma_format == 4:4:4)

coded_block_pattern_2 6 uimsbf
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6.2.6 Block

The detailed syntax for the terms “First DCT coefficient”, “Subsequent DCT coefficient” and “End of Block” is fully
described in 7.2.

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

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

if ( macroblock_intra ) {

if(i<4){

dct_dc_size_luminance 2-9 vicibf

ACT_acC_SI1ZE_luminance '=U)

dct_dc_differential 1-11 uimsbf

} else {

dct_dc_size_chrominance 2-10 viclbf

if(dct_dc_size_chrominance != 0)

dct_dc_differential 1-11 uimsbf

}

} else {

First DCT coefficient 2-24

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

Subsequent DCT coefficients 3-24
End of block 2or4 viclbf
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6.3 Video bitstream semantics

6.3.1 Semantic rules for higher syntactic structures

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

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

(> ISO/IEC 11172-2
Sequence
Extension

PRicturd
Headef

Sequence Group of
Header Pic. Hdr.

Picture
Data

Pic. Coding
Extension

2 Aft¢r a GOP, the first pecture shall be an I-picture.

End

T1516090-94/d16

Figure 6-15 — High level bitstream organisation

The follpwing semantic rules apply:

e If the first sequence_header() of the sequence is not followed by sequence_extension(), thep the stream
shall conform to ESO/IEC 11172-2 and is not documented within this Specification.

o If the first sequence_header() of a sequence is followed by a sequence_extension(), then al| subsequent
occurrences Of sequence_header() shall also be immediately followed by a sequence_extension().

*  sequence_extension() shall only occur immediately following a sequence_header().

¢ Pollowing a sequence_header() there shall be at least one coded picture before a repeat sequepce_header()
or a sequence_end_code. This implies that sequence_extension() shall not immediately precede a

ceaquence—epnd—code.
SeéqHence—ena—coae-

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

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

s picture_coding_extension() shall only occur immediately following a picture_header().

e The first coded frame following a group_of_pictures_header() shall be a coded I-frame.
A number of different extensions are defined in addition to sequence_extension() and picture_coding_extension(). The

set of allowed extensions is different at each different point in the syntax where extensions are allowed. Table 6-2
defines a four bit extension_start_code_identifier for each extension.
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At each poir

Table 6-2 — extension_start_code_identifier codes

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

t where extensions are allowed in the bitstream any number of the extensions from the defined allo

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

In the case
Specificatio
definition of

compatible extensions to this Specification:

6.3.2 Video sequence

sequence_e
sequence.

6.3.3 Se

nd_code — The sequence_end(code is the bit string ‘000001B7 in hexadecimal. It terminates

quence header

vable set

at a decoder encounters an extension with an.extension identification that is described as “reserved” in this
1, the decoder shall discard all subsequent data until the next start code. This requirement allows future

a video

sequence_header_code — The/sequence_header_code is the bit string ‘000001B3’ in hexadecimal. It idenfifies the

beginning o

F a sequence hieader.

horizontal

ize_value ~ This word forms the 12 least significant bits of horizontal_size.

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

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

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

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

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

40 I

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


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

ISO/IEC 13818-2:1996(E)

In the case that progressive_sequence is ‘0’ the height of the encoded luminance component of frame pictures in
macroblocks, mb_height, is 2*((vertical_size + 31)/32). The height of the encoded luminance component of field
pictures in macroblocks, mb_height, is ((vertical_size + 31)/32).

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

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

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

Table 6-3 — aspect_ratio_information

aspect_ratio_information Sam;;{l:tﬁ;spect DAR
0000 Forbidden Forbidden
0001 1.0 (Square Sample) -
0010 - 3 ¥4
0011 - 9+16
0100 - 1+2.21
0101 - Reserved
1111 - Reserved

aspect_ratio_information either specifies that the “Sample Aspect Ratio” (SAR) of the reconstructed frame is 1,0 (square
samples) or alternatively it gives the “Display Aspect\Ratio” (DAR).

* If sequence_display_extension()-is' not present, then it is intended that the entire reconstrugted frame is
intended to be mapped tosthe entire active region of the display. The sample aspect rptio may be
calculated as follows:

horizontal_size

SAR = DAR X vertical_size

NOTE - In this case horizontal_size and vertical_size are constrained by the SAR of the source|and the DAR
selected:

» ~Ifsequence_display_extension() is present then the sample aspect ratio may be calculated as follows:

displtay_horizontal_size
display_vertical_size

SAR = DAR x

frame_rate_code — This is a four-bit integer used to define frame_rate_value as shown in Table 6-4. frame_rate may be
derived from frame_rate_value, frame_rate_extension_n and frame_rate_extension_d as follows:

frame_rate = frame_rate_value * (frame_rate_extension_n + 1) + (frame_rate_extension_d + 1)

When an entry for the frame rate exists directly in Table 6-4, frame_rate_extension_n and frame_rate_extension_d shall
be zero. (frame_rate_extension_n + 1) and (frame_rate_extension_d + 1) shall not have a common divisor greater than
one.
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If progressiy
reciprocal o

If progressi)
the reciproc

The frame_1

re-multiplex operation if picture_mux_enable in the sequence’_scalable_extension() is set to *1°.

bit_rate_vallue — The lower 18 bits of bit_rate.

bit_rate — ]
bit_rate_ext

The bitrate s

The VBV o
variable bitr
the input of

N
the value of

Table 6-4 — frame_rate_value

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

e_sequence is ‘1’ the period between two successive frames at the-output of the decoding proce
the frame_rate. See Figure 7-18.

e_sequence is ‘0’ the period between two successive fields/at the output of the decoding process
1l of the frame_rate. See Figure 7-20.

ate signalled in the enhancement layer of temporal scalability is the combined frame rate after the

[his is a 30-bit integer. The lower 18 bits of the integer are in bit_rate_value and the upper 12 b
ension. bit_rate is measured inainits of 400 bits/second, rounded upwards. The value zero is forbiddd

pecified bounds the maximum rate of operation of the VBV as defined in C.3.

perates in one of(two modes depending on the coded values in vbv_delay. In all cases (both con
ate operation)_the bitrate specified shall be the upper bound of the rate at which the coded data is su
the VBV.

DTE - Siric€ constant bitrate operation is simply a special case of variable bitrate operation there is no require
pit_rdte 1S the actual bitrate at which the data is supplied. However it is recommended in the case of const

operation thai

bit/rate should represent the actual bitrate.

ss is the

s half of

temporal

ts are in
n.

tant and

pplied to

ment that
nt bitrate

marker_bit

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

vbv_buffer_size_value — the lower 10 bits of vbv_buffer_size.

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

B =16 * 1024 * vbv_buffer_size

where B is the minimum VBYV buffer size in bits required to decode the sequence (see Annex C).
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constrained_parameters_flag — This flag (used in ISO/IEC 11172-2) has

have the

ISO/IEC 1381

no meaning in this Specificati
value ‘0’.

load_intra_quantiser_matrix — See 6.3.11 “Quant matrix extension”

intra_quantiser_matrix — See 6.3.11 “Quant matrix extension”

load_non_intra_quantiser_matrix — See 6.3.11 “Quant matrix extension”

non_intra_quantiser_matrix — See 6.3.11 “Quant matrix extension”

£2A4
VeJe™r

Lwtamcine amd

8-2:1996(E)

on and shall

extension_start_code — The extension_start_code is the bit string ‘000001B5’ in hexadecimal. It identifies the

beginnin
6.3.4.1

user_da
beginnin

user_da
for their

of extensions beyond ISO/IEC 11172-2

User data

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

la — This is an 8 bit integer, an arbitrary number of which may follow one another. ) User data is defi
specific applications. In the series of consecutive user_data bytes there shall hot be a string of

consecutiive zero bits.

6.3.5

extensio|

specified

Sequence extension

NOTE - In a scalable hierarchy the bitstreams of eachilayer may set profile_and_level_indication to a diff
n clause 8.

progresgive_sequence — When set to ‘1’ the coded\ video sequence contains only progressive frame-pic

progress
frame-pi

chroma

cture may be progressive or interlaced frames.

| format — This is a two-bit integer indicating the chrominance format as defined in Table 6-5.

Table 6-5 — Meaning of chroma_format

a_start_code — The user_data_start_code is the bit string ‘000001B2’ in hexadedimal. It ig

p_start_code_identifier — This is a 4-bit integer which identifies)the extension. See Table 6-2.
nd_level_indication — This is an 8-bit integer used to_sisphl the profile and level identification. ]
s is given in clause 8.

ve_sequence is set to ‘0’ the coded vidéé sequence may contain both frame-pictures and field-y

entifies the

hed by users
23 or more

'Tha manning
ne mlaiiing

trent value as

tures. When
ictures, and

chroma_format Meaning
00 Reserved
01 4:2:0
1) 47272
11 4:4:4

horizontal_size_extension — This 2-bit integer is the 2 most significant bits from horizontal_size.

vertical_size_extension — This 2-bit integer is the 2 most significant bits from vertical_size.

bit_rate_extension — This 12-bit integer is the 12 most significant bits from bit_rate.

vbv_buffer_size_extension — This 8-bit integer is the 8 most significant bits from vbv_buffer_size.
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low_delay — This flag, when set to ‘1’, indicates that the sequence does not contain any B-pictures, that the frame
re-ordering delay is not present in the VBV description and that the bitstream may contain “big pictures”, i.e. that C.7 of
the VBV may apply.

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

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

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

frame_rate_extension_d — This is a 5-bit integer used to determine the frame_rate. See frame_rate_code.

6.3.6 S¢quence display extension

This Specifjcation 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.

video_fornjat — This is a three bit integer indicating the representation of the pictures before being coded in adcordance
with this Sieciﬁcation. Its meaning is defined in Table 6-6. If the sequence_display_é€xtension() is not presgnt in the
bitstream, then the video format may be assumed to be “Unspecified video format”.

Table 6-6 — Meaning of video_format

video_format Meaning
000 Component
001 PAL
010 NTSC
011 SECAM
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 that corresponding to colour_primaries having the value 1.

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

ISO/MEC 13818-2:1996(E)

Dl enn
r

naricd

0 (Forbidden)

1 Recommendation ITU-R BT.709
primary X y
green 0.300  0.600
blue 0.150  0.060
red 0.640 0330
white D65 03127 0.3290

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 (IR 0.06
red 0.64 0.33
white D65 0313  0.329

6 SMPTEL70M
primary X y
green 0310 0595
blue 0.155  0.070
red 0.630  0.340
white D65 03127 03290

1 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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Table 6-8 — Transfer Characteristics

Value

Transfer Characteristic

(Forbidden)

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

V=4500L,
for 0.018>L_ 20

Unspecified Video

Imngg characteristics are unknown

Reserved

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

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

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

SMPTE 240M (1987)
V=11115L2% - 0.1135
for L, 2 00228
V=40L,
fof0.0228 > L

Linear transfer characteristics

ie V=L,

9-255

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

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

Table 6-9 — Matrix Coefficients

Value Matrix

0 (Forbidden)

1 Recommendation ITU-R BT.709

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

2 Unspecified Video

Image characteristics are unknown
3 Reserved
4 FCC

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

E’pg =-0.331 E’; + 0.500 E’; —0.169 E’p
E’pgr =-0.421 E'5 - 0.079 E’g + 0.500 E"y
5 Recommendation ITU-R BT.470-2 System B, G
E’'y=0.587E';+0.114 E'; +0.299 E'y
E'pg =-0.331 E'g + 0.500E‘5—0.169 E'p
E'pr =-0.419 E'; - 0,081 E'g + 0.500 E'y
6 SMPTE 170M

E’y =0.587 El{g:+0.114 E'y + 0.299 E'g
E'pg =-0331 E'5 +0.500 E’'; -0.169 E',
E'pr 20419 E' - 0.081 E'g +0.500 E'g
7 SMPTE 240M (1987)

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

In Tabie |6-9:
— _E“yis analogue with values between 0 and 1;

</ E’pg and E’pR are analogue between the values —0.5 and 0.5;

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

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

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

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

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

ITU-T Rec. H.262 (1995 E) 47


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

ISO/IEC 13818-2:1996(E)

display_horizontal_size — See display_vertical_size.

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

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

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

6.3.7 Sequence scalable extension

It is a synlactic restriction that if a sequence_scalable_extension() is present in the bitstream following| a given
sequence_ektension(), then sequence_scalable_extension() shall follow every other occurrence of sequerice-exfension().
Thus a bitstream is either scalable or it is not scalable. It is not possible to mix scalable and non-scalable ‘coding within a
sequence.

scalable_miode — The scalable_mode indicates the type of scalability used in theCvideo sequencg¢. If no
sequence_s¢alable_extension() is present in the bitstream, then no scalability is used for that'sequence. scalable_mode
also indicdtes the macroblock_type tables to be used. However, in the case™ of spatial scalabilify if no
picture_spatial_scalable_extension() is present for a given picture, then that picture §hall be decoded in a noij-scalable
manner (i.e| as if sequence_scalable_extension() had not been present).

Table 6-10 — Definition of scalable_mode

scalgble_mode Meaning piduri;sxlizlt:;lo”sg)alabk' macroblock_type tables
sequencp_scalable_extension() not present B-2, B-3 and B-4
00 Data partitioning B-2, B-3 and B-4
01 Spatial scalability Present B-5, B-6 and B-7
Not present B-2, B-3 and B-4
10 SNR scalability B-8
11 Temporal scalability! B-2, B-3 and B-4

layer_id — [This is an integer which identifies the layers in a scalable hierarchy. The base layer always has lay¢r_id = 0.
However, the base layer of a-scalable hierarchy does not carry a sequence_scalable_extension() and hence|layer_id,

except in the case of data“partitioning. Each successive layer has a layer_id which is one greater than the layer for which
it is an enhgncement,

In the case pf data partitioning layer_id shall be zero for partition zero and layer_id shall be one for partition ong¢

L.

lower_layer ‘prediction_horizontal_size — This is a 14-bit integer indicating the horizontal size of the lower layer
frame which is used for prediction. This shall contain the value contained in horizontal_size (horizontal_size_value and
horizontal_size_extension) in the lower layer bitstream.

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

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

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

vertical_subsampling_factor_m - This affects the spatial scalable upsampling process, as defined in 7.7.2. The value
zero is forbidden.
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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 ‘1’ indicates that the decoded pictures corresponding to the two
layers shall be temporally multiplexed to generate a progressive sequence for display. When the temporal multiplexing is
intended to generate an interlaced sequence this flag shall be ‘0’.

picture_mux_order — It denotes number of enhancement layer pictures prior to the first base layer picture. It thus
assists re-multiplexing of pictures prior to display as it contains information for inverting the demultiplexing performed
at the encoder.

picture_mux_factor — It denotes number of enhancement layer pictures between consecutive base layer pictures to
allow correct re-multiplexing of base and enhancement lavers for display. It also assists in re-multiplexing of pictures
prior to display as it contains information for inverting the temporal demultiplexing performed at the encodpr. The value
‘000’ isfreserved.

6.3.8 Group of pictures header

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

time_cdde — This is a 25-bit integer containing the following: drop_frame_flag, time, code_hours, time_cpde_minutes,
marker_|bit, time_code_seconds and time_code_pictures as shown in Table 6-11/The parameters correspond to those
defined |in the IEC standard publication 461 for “time and control codes for~video tape recorders” (see Bibliography,
Annex F). The time code refers to the first picture after the group of pictares header that has a temporal | reference of
zero. THe drop_frame_flag can be set to either ‘0’ or ‘1’. It may be set tot 1™only if the frame rate is 29.97 Hz. If it is ‘0’
then picfures are counted assuming rounding to the nearest integral number of pictures per second, for example 29.97 Hz
would He rounded to and counted as 30 Hz. If it is ‘1’ then picturesnumbers O and 1 at the start of each miinute, except
minutes|0, 10, 20, 30, 40, 50 are omitted from the count.

NOTE - The information carried by time_code plays no part in the decoding process.

Table.6-11 - time_code

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

closed_[gop ~-This is a one-bit flag which indicates the nature of the predictions used in the first consecutiye B-pictures
(if any) [immediately following the first coded I-frame following the group of picture header.

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

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

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

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

picture_start_code — The picture_start_code is a string of 32 bits having the value 00000100 in hexadecimal.
temporal_reference — The temporal_reference is a 10-bit unsigned integer associated with each coded picture.

The following specification applies when low_delay is equal to zero.

When a frame is coded as two field pictures, the temporal_reference associated with each coded picture shall be the

same. The temporal_reference of each coded frame shall increment by one modulo 1024 when examined in display
order at the output of the decoding process, except when a group of pictures header occurs. After a group of pictures

header, the t

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

The following specification applies when low_delay is equal to one.

When low_‘llelay is equal to one, there may be situations where the VBV buffer shall be re-examined seve

before remo

If there is a
temporal_re
buffer is rej
temporal_re

The tempora
when low_d

N(
field pictures

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

coded pictu
Table 6-12.

N(

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

big picture, the temporal_reference of the picture immediately following the big picture shall be eqy
erence of the big picture incremented by N + 1 modulo 1024, where N is the number.of times that
-examined (N > 0). If the big picture is immediately followed by a group-‘of pictures hed
erence of the first coded picture after the group of pictures header shall be set to'N.

1_reference of a picture that does not immediately follow a big picture follows the specification for
elay is equal to zero.

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

re(P) or bidirectionally predictive-coded picture(B):The meaning of picture_coding_type is de

TE 2 — Intra-coded pictures with only DC coefficients (D-pictures) that may be used in ISO/IEC 11172

al times

al to the
he VBV
der, the

the case

f the two

edictive-
fined in

D are not

supported by fhis 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)
160 Shall not be used

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

101 Reserved
110 Reserved
111 Reserved

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

NOTE - There are several ways of calculating vbv_delay in an encoder.
In all cases it may be calculated by noting that the end-to-end delay through the encoder and decoder buffer is constant
for all pictures. The encoder is capable of knowing the delay experienced by the relevant picture start code in the

encoder buffer and the total end-to-end delay. Therefore, the value encoded in vbv_delay (the decoder buffer delay of

the picture start code) is calculated as the total delay less the delay of the corresponding picture start code in the encoder
buffer measured in periods of a 90 kHz clock derived from the 27 MHz system clock.

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

vbv_delay, =90 000 * B," /R

where:
n>0
B, = VBV occupancy, measured in bits, immediately before removing picture h-from the buffer but after
removing any header(s), user data and stuffing that immediately pre¢edes the data ¢lements of
picture n.
R = the actual bitrate (i.e. to full accuracy rather than the quantiSed value given by bitJrate in the

sequence header).

An equivplent method of calculating vbv_delay for variable bitrate strearhs can be derived from the equatign in C.3.1.
This will|be in the form of a recurrence relation for the vbv_delay given‘the previous vbv_delay, the decodipg times of
the current and previous pictures, and the number of bytes in the prévious picture. This method can be appligd if, at the
time vbv |delay is encoded, the average bitrate of the transfer of the picture data of the previous picture is known.

full_pel_forward_vector — This flag that is used in ISO/IEC.}¥1172-2 is not used by this Specification. It shall have the
value ‘0.

forward |f_code — This 3 bit string (which is used-in ISO/IEC 11172-2) is not used by this Specification. If shall have
the value|‘111°,

full_pel_packward_vector — This flag that 15 used in ISO/IEC 11172-2 is not used by this Specification. If shall have
the value|'0’.

backwarfl_f_code — This 3 bit string (which is used in ISO/IEC 11172-2) is not used by this Specification. I shall have
the value|'111".

extra_bif_picture — A bit'indicates the presence of the following extra information. If extra_bit_picture i$ set to ‘1°,
extra_infprmation_pieture will follow it. If it is set to ‘0’, there are no data following it. extra_bit_picture phall be set
to ‘0’, thg value ‘177isreserved for possible future extensions defined by ITU-T | ISO/IEC.

extra_information_picture - Reserved. A decoder conforming to this Specification that |encounters
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).

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

Table 6-13 — Intra DC precision

intra_dc_precision

Precision (bits)

00 8
01 9
10 10

11

11

The inverse

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

When a framne is encoded in the form of two field pictures both fields must be of the same picture_coding_typ
where the first encoded field is an I-picture in which case the second may be either an I-picture or a P-picture.
The first enfoded field of a frame may be a top-field or a bottom field, and the next field must be of opposite pa
When a frame is encoded in the form of two field pictures, the following syntax elements may be set indepen
each field plicture:

*| f_code[0][0], f_code[0][1];

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

*| intra_dc_precision, concealment_motion_vectors, q_scale_type;

. intra_vlc_format;-alternate_scan.
top_field_first — The Smeaning of this element depends upon picture_structure, progressive_seque

repeat_first

If progress
decoding p

Table 6-14 — Meaning of picture_structure

picture_structure Meaning
00 Reserved
01 Top Field
10 Bottom Field
11 Frame picture

| field.

ve_sequence is equal to ‘0’, this flag indicates what field of a reconstructed frame is output fir
0eEss:

quantisation process for the Intra DC coefficients is modified by this parameter as explained in 7:4.].

e, except

rity.

dently in

nce and

st by the

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

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

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

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

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

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


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

ISO/IEC 13818-2:1996(E)

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

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

bitstream,

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

(72 LRV

macroblocks. This flag has the value ‘0’ to indicate that no motion vectors are coded in intra macroblocks.

q_scale_type — This flag affects the inverse quantisation process as described in 7.4.2.2.

intra_vlc_format — This flag affects the decoding of transform coefficient data as described in 7.2.1.

repeat_{flirst_field — This flag is applicable only in a frame picture; in a field picture it shall be set to zéro and does not
affect th¢ decoding process.

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

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

If this flag is set to O, the output of the decoding process corresponding to this reconstructed frame consists df two fields.
The first|field (top or bottom field as identified by top_field_first) is followed:by’the other field.

If it is sqt to 1, the output of the decoding process corresponding to this téconstructed frame consists of threg fields. The
first field (top or bottom field as identified by top_field_first) is-followed by the other field, then the first field is
repeated

If progrdssive_sequence is equal to 1:
If this flag is set to O, the output of the decoding process'corresponding to this reconstructed frame consists of one frame.

If it is sgt to 1, the output of the decoding process corresponding to this reconstructed frame consists of {wo or three
frames, depending on the value of top_field_first:

chroma)|420_type — If chroma_format- is “4:2:0”, the value of chroma_420_type shall be the same as
progressjve_frame; else chroma_420_ type has no meaning and shall be equal to zero. This flag exists fpr historical
reasons.

progresrve_frame — If progressive_frame is set to O it indicates that the two fields of the frame are interlafed fields in
which ar interval of time of the field period exists between (corresponding spatial samples) of the two fields| In this case
the following restriction‘applies:

. repeat_first_field shall be zero (two field duration).

If progrdssive.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: IT

*  picture_structure shall be “Frame”;

. frame_pred_frame_dct shall be 1.

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

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

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

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

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

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

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

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

Table 6-15 — Definition of field_sequence

segiﬁ:lgce Frame Field
000 1 1
001 1 2
010 2 3
011 2 4
100 3 5
101 3 6
110 4 7
111 4 8

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

burst_amplitude — This is a 7-bit integer defining the-burst amplitude (for PAL and NTSC only). The amplityde of the
sub-carrier purst is quantised as a Recommendation\ITU-R BT.601 luminance signal, with the MSB omitted.

sub_carrief_phase — This is an 8-bit integer, defining the phase of the reference sub-carrier at the field-synchionisation
datum with|respect, to field start as definedin'Recommendation ITU-R BT.470 (see Table 6-16).

Table 6-16 — Definition of sub_carrier_phase

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

6.3.11 Quant matrix extension

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

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

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

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

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

16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 CI6
16 16 16 16 16 16 165 16
16 16 16 16 16 165,16 16

load_intya_quantiser_matrix — This is a one-bit flag which\is set to ‘1’ if intra_quantiser_matrix follows. If it is set to
‘0’ then there is no change in the values that shall be used:

intra_qujantiser_matrix — This is a list of sixty-four 8-bit unsigned integers. The new values, encoded in| the default
zigzag scpnning order as described in 7.3.1, replace the previous values. The first value shall always be 8. Fpr all of the
8-bit uns{gned integers, the value zero 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 chrominange intra matrix. However, the chrominance intra matrix may subspquently be
loaded wjth a different matrix.

load_non_intra_quantiser_matrix,— This is a one-bit flag which is set to ‘1’ if non_intra_quantiser_matri§ follows. If
it is set tq ‘0’ then there is no change in the values that shall be used.

non_intrfa_quantiser_matrix — This is a list of sixty-four 8-bit unsigned integers. The new values, encpded in the
default z]gzag scanning-order as described in 7.3.1, replace the previous values. For all the 8-bit unsigned integers, the
value zerp is forbidden:"With 4:2:2 and 4:4:4 data, the new values shall be used for both the luminance non-intra matrix
and the dhrominanee’ non-intra matrix. However, the chrominance non-intra matrix may subsequently be lopded with a
different matriX.

load_ch [iser_matrix

follows. If it ig set to ‘0’ then t};ere is no change in the values that shall be used. If chroma_forr_nat is “4:2:0”, this flag
shall take the value ‘0’.

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

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

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

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

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

frame_centre_horizontal_offset — This is a 16-bit signed integer giving the horizontal offset in units of 1/16th sample.

A positive value shall indicate that the centre of the reconstructed frame lies to the right of the centre of the display
rectangle.

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

The dimengions of the display rectangular region are defined in the sequence_display_extension(). The coordlinates of
the region ithin the coded picture are defined in the picture_display_extension().

The centre pf 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 fiields, the
picture_display_extension() may contain up to three offsets.

The numbef of frame centre offsets in the picture_display_extension() shall be defined as follows:

iff ( 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

}

Helse {
if (picture_structure == “field”) {
number_of_frame_centre_offséets = 1
} else {
if (repeat_first_field =="51" )
number_of frame_centre_offsets = 3
else
number—of: frame_centre_offsets = 2

}

A picture] display_exténsion() shall not occur unless a sequence_display_extension() followed the | previous

e centre

centre offsets would have been contamed in the picture dlsplay extens10n() had been present) Following a

sequence_header() the value zero shall be used for all frame centre offsets until a picture_display_extension() defines
non-zero values.

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

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

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

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

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

frame_centre_

vertical_offset ’ . .
display_vertical_size

Reconstructed frame

display_horizontal_size T1516100-94/d17

Figure 6-16 — Frame centre offset parameters

6.3.12.1 | Pan-scan

The framje centre offsets may be used to implement pan-scan in whichd.rectangular region is defined which may be
panned afound 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 picfure format.
This woild allow a decoder to produce usable pictures for.a,conventional definition television set from pn encoded
format intended for enhanced definition. The 3/4 aspect ratio region is intended to contain the “most interesfing” region
of the pidture.

The 3/4 [region is defined by display_horizontalsize and display_vertical_size. The 9/16 frame size is|defined by
horizontdl_size and vertical_size.

6.3.13 [Picture temporal scalable extension

NOTE - See also 7.9.

referencg_select_code — This-is a 2-bit code that identifies reference frames or reference fields for predictiop depending
on the pigture type.

forward| temporal_reference — A 10 bit unsigned integer value which indicates temporal reference of the [lower layer
frame to|be ysed to provide the forward prediction. If the lower layer indicates temporal reference with more than

10 bits, the deast’significant bits are encoded here. If the lower layer indicates temporal reference with fewer than 10 bits,
all bits ach encoded here and the mm.gm.ﬁ.c.am_bns.slmﬂ_huﬂ.m_mo—tl' i i

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

6.3.14  Picture spatial scalable extension

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

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

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

lower_layer_progressive_frame — This flag shall be set to 0 if the lower layer frame is interlaced and shall be set to ‘1’
if the lower [layer frame 1s progressive. The use of this flag in the spatial scalable upsampling process is defined |n 7.7.

lower_layer_deinterlaced_field_select — This flag affects the spatial scalable upsampling process, as defined iff 7.7.
6.3.15 Copyright extension
extension_gtart_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 ‘1’, it indicates-that the source video| material
encoded in fll the coded pictures following the copyright extension, in coding order,aip*to the next copyright ¢xtension
or end of sequence code, is copyrighted. The copyright_identifier and copyright_number identify the copyrighted work.
When copyfight_flag is set to ‘0’, it does not indicate whether the source yideo' material encoded in all the coded
pictures following the copyright extension, in coding order, is copyrighted or,not:

copyright_{dentifier — This is an 8-bit integer which identifies a Registration Authority as designated by [ISO/IEC
JTC1/SC29| Value zero indicates that this information is not available) The value of copyright_number shal| be zero
when copyrjght_identifier is equal to zero.

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

original_or _copy — This is a one bit flag. It is set to ‘I’ to indicate that the material is an original, and set|to ‘O’ to
indicate thaf it is a copy.

reserved — [This is a 7-bit integer, reserved for future extension. It shall have the value zero.
copyright_humber_1 — This is a 20-bit int€ger, representing bits 44 to 63 of copyright_number.
copyright_pumber_2 — This is a 22-bit integer, representing bits 22 to 43 of copyright_number.
copyright_pumber_3 — This is a22-bit integer. representing bits 0 to 21 of copyright_number.

copyright_pumber - This\_is a 64-bit integer, derived from copyright_number_1, copyright_numbe}_2, and
copyright_rjumber_3 as follows:

copyright_rfumber = (copyright_number_1 << 44) + (copyright_number_2 << 22) + copyright_number_3.

The meanipg of.copyright_number is defined only when copyright_flag is set to ‘1’. In this case, the |value of
copyright_r]umber identifies uniquely the copyrighted work marked by the copyrighted extension and is provided by the
Registration Authority identified by copyright_identifier. The value O for copyright_number indicates that the
identification number of the copyrighted work is not available.

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

6.3.16  Slice

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

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

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

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


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

ISO/IEC 13818-2:1996(E)

The macroblock row may be calculated as follows:

if ( vertical_size > 2800 )
mb_row = (slice_vertical_position_extension << 7) + slice_vertical_position —1;
else
mb_row = slice_vertical_position —1;
The slice_vertical_position of the first row of macroblocks is

one. Some slices may have

the same

slice_vertical_position, since slices may start and finish anywhere. The maximum value of slice_vertical_position is 175

unless slice_vertical_position_extension is present in which case slice_vertical_position shall be in the range

[1:128].

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

value zero in partition 1.

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.
intra_slice_flag — This flag shall be set to ‘1’ to indicate the presence of intra_slice and reserved_bits in'the t

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

intra_slide may be omitted from the bitstream (by setting intra_slice_flag to ‘0’) in which'case it shall be
have the [value zero.

itstream.

If all of the

assumed to

intra_slige is not used by the decoding process. intra_slice is intended to aid a DSM application in perforining FF/FR

extra_information_slice Reserved. A decoder “conforming to this Specification that
extra_information_slice in a bitstream shall ignore it @i;e. remove from the bitstream and discard). 4
conforming to this Specification shall not contain this syntax element.

6.3.17 |Macroblock

NOTE - “macroblock_stuffing” which.s supported in ISO/IEC11172-2 shall not be used in a bitstream de}
Specifica

on
;Lck_escape — The macroblockyescape is a fixed bit-string ‘0000 0001 000’ which is used when th
macroblock_address and\.previous_macroblock_address is greater than 33. It causes thg
ck_address_increment to be 33 greater than the value that will be decoded by subsequent macrob
:11acroblock_addressvincrement codewords.
For exal

added to

macrob
between
macrobld
and the

ple, if there are two macroblock_escape codewords preceding the macroblock_address_incremen
the value indicated by macroblock_address_increment.

macroblpck_address_increment — This is a variable length coded integer coded as per Table B.1 which i
difference  between macroblock_address and previous_macroblock_address. The maximum
macroblqckladdress_increment is 33. Values greater than this can be encoded using the macroblock_escape

set to ‘1,
e set to ‘0’

encounters
\ bitstream

fined by this

e difference
value of
ock_escape

, then 66 is

hdicates the
value of
rodeword.

The macroblock_address is a variable defining the absolute position of the current macroblock. The macroblock_address

of the 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
previous_macroblock_address is reset as follows:

previous_macroblock_address = (mb_row * mb_width) —1

of a slice

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

the macroblock_address as follows:

mb_column = macroblock_address % mb_width
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where mb_width is the number of macroblocks in one row of the picture.

Except at the start of a slice, if the value of macroblock_address recovered from macroblock_address_increment and the
macroblock_escape codes (if any) ditfers from the previous_macroblock_address by more than one then some

macroblocks have been skipped. It is a requirement that:

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

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

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

* In a B-picture there shall be no skipped macroblocks immediately following a macroblock
macroblock_intra is one.

in which
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macroblock_motion_backward — Derived from macroblock_type according to,the Tables B.2 through B.8.
affects the bitstream syntax and is used by the decoding process.

macroblock_pattern — Derived from macroblock_type according to the Tables B.2 through B.8. This is sq
indicate thaf coded_block_pattern() is present in the bitstream.

macroblock_intra — Derived from macroblock_type according té/thé Tables B.2 through B.8. This flag a
bitstream syntax and is used by the decoding process.

spatial_temporal_weight_code_flag —~ Derived from (the macroblock_type. This indicates whe
spatial_temporal_weight_code is present in the bitstream.

When spafial_temporal_weight_code_flag is ‘0’ ({indicating that spatial_temporal_weight_code is noft
in the bitstrekam)  the  spatial_temporal_weight-class is derived from Tables B.5 to B.7.
spatial_temjporal_weight_code_flag is ‘1’ spatial_temporal_weight_class is derived from Tabie 7-20.

spatial_temporal_weight_code — This is'a two bit code which indicates, in the case of spatial scalability,
spatial and ftemporal predictions shall be ¢ombined to form the prediction for the macroblock. A full descriptig
to form the|spatial scalable predictien is given in 7.7.

frame_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

macrobloc type ~ Variable length coded indicator which indicates the method of coding and conteft of the

tto 1 to

This flag

This flag

tto 1l to

Ffects the

her the

present
When

how the
n of how

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

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

In the case of intra macroblocks (in a frame picture) when concealment_motion_vectors is equal to 1 frame_motion_type
is not present in the bitstream. In this case motion vector decoding and update of the motion vector predictors shall be

performed as if frame_motion_type had indicated “Frame-based” (see 7.6.3.9).
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field_motion_type — This is a two bit code indicating the macroblock prediction type, defined in Table 6-18.

Table 6-18 — Meaning of field_motion_type

Code SP_a;’i;lg_l:(tfilcha(; l;al Prediction type moti(;l(l)amctor myv_format dmv
00 Reserved
01 0,1 Field-based i Fieid 0
10 0,1 16 Xx 8 MC 2 Field 0
il 0 Duai-Prime 1 Field 1
In the cape of intra macroblocks (in a field picture) when concealment_motion_vectors is equal to 1 field_ngtion_type is

not presq
performg

dct_type

lllC 1iacli

nt in the bitstream. In this case, motion vector decoding and update of the motion vector predicfors shall be

d as if field_motion_type had indicated “Field-based” (see 7.6.3.9).

— This is a flag indicating whether the macroblock is frame DCT coded or field DCT©eded. If thislis set to ‘1°,

LAl 20 £.1 3 VT 5. )

In the cgse that dct_type is not present in the bitstream, then the value of dct_type\(used in the remajnder of the
dacading nroceqg) ehall ha ,I,\.... ad T k1. £ 10
Utluuiliyg prutidd) diiail ue uclily €a as bllUWll lll 14vIC V-17.
Table 6-19 - Value of dct_type if dct_type is not in the bitstream
Condition dct_type
p|cture_structure == “field” Unused because there is no frame/field distinction |n a
field picture.

fnlame_pred_frame_dct ==] O\('frame”)

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

njacroblock is skipped Unused — Macroblock is not coded
6.3.17.2| Motion vectors
motion_yector_count is derived from field_motion_type or frame_motion_type as indicated in Tables 6-17 apd 6-18.

syntax o
dmv is d

motion_|
motion_
field shal

mv for:[at is derived from field ‘motion_type or frame_motion_type as indicated in the Tables 6-17 and 6-18.
mv_format indicates if the motion vector is a field-motion vector or a frame-motion vector. mv_format is| used in the

the motion vectdrsjand in the process of motion vector prediction.

erived fromfield_motion_type or frame_motion_type as indicated in Tables 6-17 and 6-18.

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

ertical, field_select[r][s] is zero, then the top reference field shall be used, if it is one then the bottdm reference

1.be used. (See Table 7-7 for the meaning of the indices r and s.)

6.3.17.3

Motion vector

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

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

r_size, is

derived from f_code[s][t] as follows:

r_size =f_code[s][t] -1

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

dmvector([t] — This is a variable length code, as defined in Table B.11, which is used in motion vector decoding as
described in 7.6.3.1. (See Table 7-7 for the meaning of the index t.)
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6.3.17.4 Coded block pattern

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

coded_block_pattern_1

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

for (i=0;i<12;i++) {

—
—

}

If pattern_o
contained iJ

The numbe]

if (macroblock_intra)
pattern_code[i] = 1;
else
pattern_code[i] = 0;

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

if (chroma_format == “4:4:4”)
for i=8;1<12; i++)

) this macroblock.

format as shown in Table 6-20.

if ( coded_block_pattern_1 & (1<<(7 —1i)) ) pattern_code[i] = 1;

if (coded_block_pattern_2 & (1<<(11 —1i)) ) pattern_code[i] = 1;

ode[i] equals to 1, i = 0 to (block_count-1), then the block number i defined in Figures 6-8, 6-9 ar

I “block_count” which determines the number of blocks 1n the macroblock is derived from the chr

Table 6-20 — block_count as a function of chroma_format

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

6.3.18 Tock
The semanfics of-bloek() are described in clause 7.

d 6-10 is

bminance

7 The video decoding process

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

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

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

specificatio

n is given in Annex A.

In 7.1 through 7.6 the simplest decoding process is specified in which no scalability features are used. Subclauses 7.7
to 7.11 specify the decoding process when scalable extensions are used. Subclause 7.12 defines the output of the
decoding process.
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Figure 7-1 is a diagram of the Video Decoding Process without any scalability. The diagram is simplified for clarity.

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

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

Decoding Framestore Memory

Inverse Motion Decgded
Quantisation Inverse DCT Compensation > Pels

T1516110-94/d18

Flvi{u] flyllx] diyliA

Figure 7-1 — Simplified Video Decoding Process
7.1 Higher syntactic structures

The varipus parameters and flags in the bitstream for‘'macroblock() and all syntactic structures above macroplock() shall
be interpreted as indicated in clause 6. Many of'these parameters and flags affect the decoding process desgribed in the
following subclauses. Once all of the macroblocks in a given picture have been processed, the entire pictyre will have
been recpnstructed.

Reconstfucted fields shall be associated together in pairs to form reconstructed frames. (See ‘“‘pictufe_structure”
in 6.3.10.)

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

If progr¢ssive_sequénce == 1 the reconstructed frames shall be output from the decoding process at regulay intervals of
the framge 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 thé-decodingprocess—atrecularintervals of the field period as-shownin Figure 720 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.)

7.2 Variable length decoding
Subclause 7.2.1 specifies the decoding process used for the DC coefficient (n = 0) in an intra coded block. (n is the index
of the coefficient in the appropriate zigzag scanning order.) Subclause7.2.2 specifies the decoding process for all other

coefficients, AC coefficients (n > 0) and DC coefficients in non-intra coded blocks.

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

ITU-T Rec. H.262 (1995 E) 63


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

ISO/IEC 13818-2:1996(E)

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

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

7.2.1 D( coefficients in intra blocks

DC coefficie
Tables B.12

dc_dct_diffeyential, of dct_dc_size bits. A differential value._is)first recovered from the coded data which is ad

predictor in

If cc is zer
dct_dc_size.

Three predid
intra macrob

shall be set
reset. The re

rder to recover the final decoded coefficient,

fo the value of the coefficient just decoded. At various times, as described below, the predictors
set value is derived fromithé parameter intra_dc_precision as specified in Table 7-2.

Table.7:2 - Relation between intra_dc_precision and the predictor reset value

nts in blocks in intra macroblocks are encoded as a variable length code denoting dct_dc_size as dgfined in
and B.13. If dct_dc_size is not equal to zero,<then this shall be followed by a fixed length code,

ded to a

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

tors are maintained, one for eachof the colour components, cc. Each time a DC coefficient in a block in an
lock is decoded the predictoris added to the differential to recover the actual coefficient. Then the gredictor

shall be

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:

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 dc_dct_pred[cc].

QFS[0] s

hall be calculated from dc_dct_size and dc_dct_differential by any process equivalent to:
if (dc_dct_size==0) {
det_diff = 0;
} else {

half range =2 " (dc_dct_size - 1);
if (dc_dct_differential > = half range )
dct_diff = dc_dct_differential,
else
dct_diff = (dc_dct_differential + 1) - (2 * half_range);

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

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

7.2.2
All coef

In all cal
this codg

7.2.2.1

dc_dct_pred|[cc] = QFS[0]
NOTE 1 — The symbol » denotes power (not XOR).

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

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

Other coefficients

denotes one of three courses of action:

denoted by “End of block™ in the syntax Specification of 6.2.6.

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

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

deseribed in 7.2.2.3.

Table selection

Table 7

IR PR M 4 baalk -Toll ballla 1€, = = H o IDNCT £acns 4
IO At WU IT T aUTC ST U USTU TUT UL COUUTITE UV DT T CUCTTICVIUIINS Y

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)

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

ficients with the exception of the DC intra coefficients shall be éncoded using Tables B.14, B.15 and B.16.

kes a variable length code shall first be decoded using gither Table B.14 or Table B.15. The decofled value of

1) End of Block — In this case there are no more‘coefficients in the block in which case the remjinder of the
coefficients in the block (those for which'no value has yet been decoded) shall be set to zero. This is

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

3) An “Escdpe” coded coefficient. In which the values of run and signed_level are fixed length coded as
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7.2.2.2 First coefficient of a non-intra block

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

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

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

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 Escapecoding

Many possifjle combinations of run and level have no variable length code to represent them. In order toyéncdde these
statistically fare 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 givinlg “run”.
This is follopwed by a 12-bit fixed length code giving the values of “signed_level”.

NQTE - Attention is drawn to the fact that the escape coding method used in this Specification is different to thfit used in
ISO/IEC 11172-2.

7.2.24 Summary

To summarise 7.2.2. The variable length decoding process shall be equivalent to the following. At the start of this
process n shpll take the value zero for non-intra blocks and one for intra blocks.

eop_not_read =1,
while ( eob_not_read )

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

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

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

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

}

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

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

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

Two scan patterns are defined. The scan that shall be used shall be determined by alternate_scan which is encoded in the
picture coding extension.
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Figure 7-2 defines scanlalternate_scan][v][u] for the case that alternate_scan is zero. Figure 7-3 defines

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

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

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

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

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

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

ITU-T Rec. H.262 (1995 E)
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7.3.1

Inverse scan for matrix download

When the quantisation matrices are downloaded they are encoded in the bitstream in a scan order that is converted into

the two-dimensional matrix used in the inverse quantiser in an identical manner to that used for coefficients.

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

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

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

7.4 In

The two-dinjensional array of coefficients, QF[v][u], is inverse quantised to produce the reconstructed DCT coe

This proces
mechanisms|
step size carl

Figure 7-4 ijlustrates the overall inverse quantisation process. After.the)appropriate inverse quantisation arithr
fficients, F"'[v][u], are saturated to yield F'[v][u] and then a mismatch control operation is performe
pnstructed DCT coefficients, F[v][u].

resulting cog
the final rec

N
that employe

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

verse quantisation

Fficients.

5 is essentially a multiplication by the quantiser step size. The quantiset step size is modified by two
a weighting matrix is used to modify the step size within a block and.a’scale factor is used in orde
be modified at the cost of only a few bits (as compared to encoding an entire new weighting matrix).

that the

hetic the
1 to give

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

QFL VI Frvilu] F[vilu] FlvIlu]
Inverse ]
Quantisation Saturation Mismatch
Arithmetic Control
T1516120-94/d19
T~ quant_scale_code
\
Wiw][vi[u]

Figure 7-4 — Inverse quantisation process
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7.4.1 Intra DC coefficient
The DC coefficients of intra coded blocks shall be inverse quantised in a different manner to all other coefficients.

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

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

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

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

Table 7-4 - Relation between intra_dc_precision and intra_dc_mult

intra_dc_precision Bits of precision intra_dc_mult
0 8 8
1 9 4
2 10 2
3 11 1

7.4.2 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 usedZOne shall be used for intra macroblocks and the other for non-
intra m4croblocks. When 4:2:2 or 4:4:4 data is used,four matrices are used allowing different matrices tq be used for
luminange 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.

Let the weighting matrices be denoted by W[w][v][u] where w takes the values O to 3 indicating which of the matrices is
being uged. Table 7-5 summarises the ruiles governing the selection of w.

Table 7-5 — Selection of w

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

Luminance | Chrominance Luminance Chrominance

(cc=0) (cc#0) (cc=0) (cc#20)
intra blocks 0 0 0 2
(macroblock_intra =1)
non-intra blocks 1 1 1 3

(macroblock_intra = 0)

7.4.2.2 Quantiser scale factor

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

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

quantiser_scaie[q_scale_typej
quantiser_scale_code g_scale_type =0 q_scale_type =1

0 (Forbidden)
1 2 1
2 4 2
3 6 3
4 8 4
5 10 5
6 12 6
7 14 7
8 16 8
9 18 10
10 20 12
i1 22 14
12 24 16
13 26 18
14 28 20.
15 30 22
16 32 24
17 34 28
18 36 32
19 38 36
20 40 40
21 42 44
22 44 48
23 46 52
24 48 56
25 50 64
26 52 72
27 54 80
28 56 88
29 58 96
30 60 104
31 62 112
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7.4.2.3 Reconstruction formulae

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

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

where:

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

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

The coefficients resulting from the Inverse Quantisation Arithmetic are saturated to li€-in’ the range [-2D48:+2047].
Thus:

2047 F'[v][u] > 2047
Fvilu] = { F'[v][u] —2048 <F"[v][u]< 2047
2048 F'[v][u] ©-2048

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 whethet it is odd or
even. If fhe sum is even then a correction shall beumade to just one coefficient; F[7][7]. Thus:

v<8 u<§

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

v=0 u=0

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

J F' [71[7] if sum is odd
FI71[7] = { (F[A71 -1 ifF[7][7]is odd )

[ 1F'[7][7] +1 ifF[7][7]1s evenf

if sum 1s even

NOTES

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

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

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

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

1
J

——

if ( macroblock_intra ) {

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

F'"[][ul = ((CQFv][u] * 2) + Sign(QFvlu]) ) * Wiw][v][«]

* quantiser_scale ) / 32;

sum = Q0;
for (v=0; v < 8;v++) {
for (u =0; u < 8;u++) {
if ( F'[v][u] >2047) {
F’v]{u] =2047,
} else {
if ( F'[v][u] <2048 ) {
F’v][u] =-2048,;
} else {
F'v]u] = F[v]ul;
}
}
sum = sum + F’[v][u];,
Fvl[u] = F’[v][ul];
}

if|((sum & 1) ==0) {
if ((FI7][7] & 1) ! =0) {
FINT =F¥U7] - 1,
} else {
FIIEF=F N7 + 15
}

7.5 Inverse DCT

Once the DCT coefficients, F[v][u], are reconstructed, the inverse DCT transform defined in Annex A shall be applied to

obtain the inverse transformed values, f{y][x]. These values shall be saturated so that:

-256 < fly][x] £255, for all x, y

7.5.1 Non-coded blocks and skipped macroblocks

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

However, if pattern_code[i] is zero, or if the macroblock is skipped, then that block contains no coefficient data. The

sample domain coefficients f{y][x] for such a block shall all take the value zero.
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7.6 Motion compensation

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

Prediction F N
Field/Frame A?dmes ore
Selection ressing Framestores

vector [r][s][t]

Additional Scaling Half-pel
Dual-Prime for Colour Prediction
Arithmetic Components Filtering

vector’ [r][s]{t]

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

Figure 7-5 — Simplified motion compensation process

In genefahup to four separate predictions are formed for each block which are combined together to form the final
prediction block p[y][x].

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

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

There are two major classifications of the prediction mode:
—  field prediction; and

—  frame prediction.

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

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

In addition tpthe major classirication oI Tield or frame prediction two special prediclion modes are used:

* | 16 X 8 motion compensation — In which two motion vectors are used for each macrobteck. [The first
motion vector is used for the upper 16 x 8 region, the second for the lower 16 x 8 region. In the fase of a
bidirectionally predicted macroblock a total of four motion vectors will be used since thefe will b¢ two for
the forward prediction and two for the backward prediction. In this Specification 16 X § motion
compensation shall only be used with field pictures.

* | Dual-prime — In which only one motion vector is encoded (in its full format) in the bitstream |together
with a small differential motion vector. In the case of field pictures twio’ miotion vectors are ther} derived
from this information. These are used to form predictions from two reference fields (one top, ong bottom)
which are averaged to form the final prediction. In the case of frame pictures this process is repgated for
the two fields so that a total of four field predictions are made¢. This mode shall only be used in P}pictures
where there are no B-pictures between the predicted and reference fields or frames.

7.6.2 Piediction field and frame selection

™

The selection of which fields and frames shall be used to form predictions shall be made as detailed in this claus

7.6.2.1 Figeld prediction

In P-pictures, the two reference fields from which .pcedictions shall made are the most recently decoded refefence top
field and the most recently decoded reference bottom field. The simplest case illustrated in Figure 7-6 shallf be used
when predidting the first picture of a coded frame or when using field prediction within a frame-picture. In th¢se cases
the two refefence fields are part of the same treeonstructed frame.

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

d.

2| Inthe case of predictinig a field picture, the field being predicted may be either the top field or the bottom fig

@ e e e
Top \
Reference I
Field \
e v e v —
f—— [ ————
T I — e, W
Reference I |
Field \
S e T1516140-94/d21
Possible
Intervening
B-pictures
(Not yet decoded)

Figure 7-6 — Prediction of the first field or field prediction
in a frame-picture
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The case when predicting the second field picture of a coded frame is more complicated because the two most recently
decoded reference fields shall be used, and in this case, the most recent reference field was obtained from decoding the
first field picture of the coded frame. Figure 7-7 illustrates the situation when this second picture is the bottom field.
Figure 7-8 illustrates the situation when this second picture is the top field.

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

R — 4 \
- — Top
{ ‘I { \I Reference
l‘ 'j {‘ ’l \ Field )

e —— — —

o s —
Bottom { \ (—JL\
Reference i
Field \
N —— —
Possible T1516150-94/d22
Intervening
B-pictures
(Not yet decoded)

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

Top
Reference
Field

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

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

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

NOTE - The reference frames may themselves have been reconstructed from two coded field-pictures or a single coded
frame-picture.
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7.6.2.2 Frame prediction
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In P-pictureg prediction shall be made from the most recently reconstructed reference frame, This is illustrated in

Figure 7-10.

NQTE 1 — The reference frame may itself have been coded as two field pictures or a single) frame picture.
Reference
Frame

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

o s e w— ——,
e el

— @
. T1516180-94/d25
Possible
intervening

B-pictures
{Not:yet decoded)

Similarly frgme prediction in Bépictures shall be made from the two most recently reconstructed reference fijames as

illustrated in| Figure 7-11.

NQTE 2 — The referénce frames themselves may each have been coded as either two field pictures or a single frame

picture.

e ——

\ P T e
{ \ ( \ ( \ / ~
] T } }
1 1 i H
Reference i I : ! Feferonce
rreme | : i ! Frame
\ ) \ )
—— e
Possible Possible T1516190-94/d26
Intervening Intervening
B-pictures B-pictures
(Already decoded) (Not yet decoded)

Figure 7-11 — Frame-prediction for B-pictures
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7.6.3 Motion vectors

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

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

0 1
-_——————————7
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 predibtors.

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 thg following
one. Notd that the motion vector predictors shall also be updated By tHis process.
r_size =f_code[s][t] - 1

f=1<<r_size

high=(16*f) - 1;

low = ((-16) * f);

range = (32 * f);

if ((f==1) Il (motion_code[r][s]t}==0) )
delta = motion_code[r][sNt] ;
else {
delta = ( ( Abs(metion_code[r][s][t]) — 1 ) * f ) + motion_residual[r][s][t] + 1;
if (motion_codefr][s][t] < 0)
delta’== delta,

}

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

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

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

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

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

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

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

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

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

vector’[r][s][¢] is the final reconstructed motion vector for the luminance component of the macroblock.

7.6.3.2 ofion vector restrictions

In frame pi¢tures, 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 motipn vector
predictors Will always have values that are appropriate for decoding subsequent frame motign” vectors. Table 7-8
summariseq the size of motion vectors that may be coded as a function of f_code.

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

Feodas | VeiaLcomponens (22 ) o | At ter cass
0 (Eorbidden)

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

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

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

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

5 [-64: +63,5] [-128: +127,5]
6 [-128: +127,5] [-256: +255,5]
7 [-256: +255,5] [-512: +511,5]
8 [-512: +511,5] [-1024: +1023,5]
9 [-1024: +1023,5] [-2048: +2047,5]
10-14 (Reserved)

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

7.6.3.3 Updating motion vector predictors

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

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

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

frame_motion_- macroblock_motion_- macroblock_-

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

PMVI1][1][1:0] = PMVI0][1][1:0]
Frame-based 1 0 0 PMVI1][0][1:0] = PMVI0][0][1:0]
Frame-based 0 1 0 PMVI1][1][1:0] = PMVI0][1][1:0]
Frame-based? 0 0 0 PMVIr][s][1] = 09
Field-based 1 1 0 (None)
Field-based 1 0 0 (None)
Field-based 0 1 0 (None)
Dual prime 1 0 0 PMVI1][0][1:0] = PMVI0}{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 r, s-and 7).
©) (Only occurs in P-picture) PMV[r][s][] is set to zero (for all r, s and ). See 7.6.34.
NOTE - PMV[r][s][1:0] = PMVI[u][v][1:0] means that:
PMVIr][s][1] = PMV[u][v][1] and PMV[r][s][0] = PMV[u][v][0]

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

frhme_motion_- macroblock_matiop_- macroblock_-

type forward backward intra Predictors to Update
Fiel¢i-based? - - 1 PMVI1][0][1:0] = PMV]0][0][1:0]°)
Field-based \ 1 0 PMVI[1]1[0][1:0] = PMV[0][0][1:0]

PMVI1][1][1:0] = PMVI0][1][1:0]
Fielgl-based 1 0 0 PMV[1][0][1:0] = PMVI0][0][1:0]
Fieldl-based 0 1 0 PMV[1][1][1:0] = PMVI0][1][1:0]
Fieldl-based®. 0 0 0 PMVIA[s][f] = 09
16 4 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 PMVI1][0]{1:0] = PMVIO][0][1:0]
a) frame_motion_type is not present in the bitstream but is assumed to be Field-based.
b If concealment_motion_vectors is zero then PMV[r][s][¢] is set to zero (for all r, s and £).
2 (Only occurs in P-picture) PMV[r][s][¢] is set to zero (for all , s and #). See 7.6.3.4.
NOTE - PMVIr][s][1:0] = PMV[u][v][1:0] means that:
PMVIr](sl[1]1 = PMVIu][v][1] and PMV[r][s][0] = PMVIu][v][0]
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7.6.3.4 Resetting motion vector predictors
All motion vector predictors shall be reset to zero in the following cases:
e At the start of each slice.
e Whenever an intra macroblock is decoded which has no concealment motion vectors.
o In a P-picture when a non-intra macroblock is decoded in which macroblock_motion_forward is zero.
e In aP-picture when a macroblock is skipped.
7.6.3.5 Prediction in P-pictures

In P-pictures,i
are encoded

ign vectors
apply;

* | the prediction type shall be “Field-based”;

the (field) motion vector shall be zero (0;0);

*| the motion vector predictors shall be reset to zero;

predictions shall be made from the field of the same parity as the field being predicted.

If this occufs in a P-frame picture the following apply:

the prediction type shall be “Frame-based”;

the (frame) motion vector shall be zero (0;0);

| the motion vector predictors shall be reset to zero.

In the case fhat 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 predictiofis only made from the I field picture. These restricti¢ns are:

. There shall be no macroblocks that are coded with macroblock_motion_forward 3zero and
macroblock_intra zero.

*| Dual prime prediction shall not bé used.

. Field prediction in which*motion_vertical_field_select indicates the same parity as the fi¢gld being
predicted shall not be used.

e| There shall be ng_skipped macroblocks.

7.6.3.6 ual prime additional arithmetic

In dual prijne prediction one field motion vector (vector’[0][0][1:0]) will have been decoded by the process already
described. Trhis represents the motion vector used to form predictions from the reference field (or reference fields in a
frame picture)<©f the same parity as the prediction being formed. Here the word “parity” is used to differentiate the two
fields. The top fietd a3 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 components of the differential motion vector shall be decoded directly using Table B.11 and shall take only one of
the values -1, 0, + 1.

m[parity_refl{parity_pred] is the field distance between the predicted field and the reference field as defined in
Table 7-11. “parity_ref’ is the parity of the reference field for which the new motion vector is being computed.
“parity_pred” is the parity of the field that shall be predicted.
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Figure 7-12 - Scaling of motion vectors for dual prime prediction

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

mlparity_refl[parity_pred]

picture_structure top. field_first m[1][0] m[0][1]
11 (Frame) 1 1 3
11 (Frame) 0 3 1
01 (Top Fi€ld) - 1 -
10 (Bottom Field) - - 1

e[parity] refl[painity’pred] is the adjustment necessary to reflect the vertical shift between the lines of tpp field and
bottom field @s defined in Table 7-12.

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

parity_ref parity_pred e[parity_ref][parity_pred]
0 1 +1
1 0 -1
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The motion vector (or motion vectors) used for predictions of opposite parity shall be computed as follows:
vector’[r][0][0] = ((vector’[0][0][0] * m[parity_refl[parity_pred])//2) + dmvector[0];
vector’[r][0][1] = ((vector’[0][0](1] * m[parity_refl[parity_pred])//2)

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

In the case of field pictures only one such motion vector is required and here r = 2. Thus, the (encoded) motion vector

used for the same parity prediction is vector’[0][0][1:0] and the motion vector used for the opposite parity prediction is
vector’[2][0][1:0].

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

7.6.3.7 Mbtion vectors for chrominance components

The motion [vectors calculated in the previous clauses refer to the luminance component where:

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

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

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

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

vector[r][s][0] = vector’[r][s][0} / 2;
vector[r][s][1] = vector’[r][s][1];
4:4:4 The motion vector is unmodified:
vector[r][s][0] = vector’[r][s O],

vector[r][s][1] = vector’[r][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 frpm slices
actually enfoded in a reference frame or reference field. This rule applies even for skipped macroblpcks and
macroblockss in P-pictures in which'a zero motion vector is assumed (as explained in 7.6.3.5).

NPTE - As explained-in 6.1.2 it is, in general, not necessary for the slices to cover the entire picture. Howevef, in many
defined levels of defined profiles the “restricted slice structure” is used in which case the slices do cover the entire picture. Ih this case
the semanticTrule may bemiore simply stated: “it is a restriction on the bitstream that reconstructed motion vectors shall njot refer to
samples outsjde the beundary 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.

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”;

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

NOTE - If concealment is used in an I-picture then the decoder should perform prediction in a similar way to a P-picture.
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Concealment motion vectors are intended for use in the case that a data error results in information being lost. There is
therefore little point in encoding the concealment motion vector in the macroblock for which it is intended to be used
since if the data error results in the need for error recovery it is very likely that the concealment motion vector itself
would be lost or corrupted. As a result the following semantic rules are appropriate:

e For all macroblocks except those in the bottom row of macroblocks concealment motion vectors should
be appropriate for use in the macroblock that lies vertically below the macroblock in which the motion

Vvector occurs.

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

*  For all macroblocks in the bottom row of macroblocks the reconstructed concealment motion
not be used. Therefore the motion vector (0;0) may be used to reduce unnecessary overhead.

le a decoder
he reference

vectors will

7.6.4

Predictid

reading fhe corresponding sample in the reference field or frame offset by the motion vector.

A positi
the refer

A positiy
referenc

All moti
samples
calculate

In the c:
predictid
predictid
motion_

If motio
If motio

For each
formed 4

Forming predictions

ns are formed by reading prediction samples from the reference fields or frames. A given samiplé’is

e value of the horizontal component of a motion vector indicates that the prediction_is’made from
ence field/frame) that lie to the right of the samples being predicted.

e field/frame) that lie below the samples being predicted.

will be read from mid-way between the actual samples in the, reference field/frame. These half:
d by simple linear interpolation from the actual samples.

se of field-based predictions it is necessary to determine/which of the two available fields to use
n. In the case of dual-prime this is specified in that adnotion vector is derived for both of the
n is formed from each. In the case of field-based prediction and 16 x 8 MC an ad
vertical_field_select, is encoded to indicate which field to use.

1_vertical_field_select is zero, then the prediction is taken from the top reference field.
n_vertical_field_select is one, then the prediction is taken from the bottom reference field.

prediction block the integer sample’motion vectors int_vec(t] and the half sample flags half_fla
s follows;
for (t=0; 1< 2; t++) {
int_vec(t] = vector{r][s][t] DIV 2;
if ((vector[r][s]lt] - (2 * int_vec(t]) 1= 0)
halfiflaglt] = 1,
else
half_flag[t] =0,

predicted by

samples (in

e value of the vertical component of a motion vector indicates that the prediction is made from samples (in the

bn vectors are specified to an accuracy of one half sample. Thus, if a.component of the motion vectgr is odd, the

samples are

to form the
fields and a
ditional bit,

o[t] shall be

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

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

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

ollows;
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if ( half_flag[0]&& half_flag(1] )
pel_pred[yl[x] = ( pel_ref[y + int_vec[1]1[x + int_vec[0]] +
pel_refly + int_vec[1]][x + int_vec[0]+1] +
pel_refly + int_vec[1]+1][x + int_vec[0]] +
pel_refly + int_vec[11+1][x + int_vec[0]+1] ) // 4;

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

7.6.5 Motion vector selection

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

the bitstrearp.
Table 7-13 - Predictions and motion vectors in field pictures
field| macro-
motion_ macroblock_motion_- block_-
typd forward backward intra Motion vector Prediction formed for

Field-basdd?® - - 1 vector[0][0][1:0]P None (motion vector is for conceajment)

Field-basgd 1 1 0 vector'T0][0][1:Q}) Whole field, forward
vector'[O][4][ 0] Whole field, backward

Field-basg¢d 1 0 0 vector TOJ[0][1:0] Whole field, forward

Field-basg¢d 0 1 0 veetor[0][1][1:0] Whole field, backward

Field-bas¢d® 0 0 0 vector[0][0][1:019 9 | Whole field, forward

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

16 x 8 M€ 1 0 0 vector'[0][0][1:0] Upper 16 x 8 field, forward
vector'[1][0][1:0] Lower 16 x 8 field, forward

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

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

forward

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

b) The motion vector is only present if concealment_motion_vectors is one.

<) These motion vectors are not present in the bitstream.

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

e) 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.
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Table 7-14 - Predictions and motion vectors in frame pictures

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

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

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

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

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

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

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

Field-based 1 0 0 vector'T0]{0][1:0] Top field, forward
vector'[1][0][1:0] Botftom field, forward

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

Dual pfime 1 0 0 vector'[0][0]{1:01 Top field, from same parity, forward
vector'[03[0][1:0] Bottom field, from same parity,|forward
vector{2][0][1:0]9® | Top field, from opposite parity,|forward
vector'[3][0][1:0]9¢) | Bottom field, from opposit¢ parity,

forward

DI
0 1
o7
]

e)

'hese motion vectors are not present in ¢hie)bitstream.

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

'he motion vector is only present if concealnient_motion_vectors is one.

'he motion vector is taken to be (0; @)as explained in 7.6.3.5.
'hese 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 start of a
slice, if the number (macroblock_address - previous_macroblock_address - 1) is larger than zero, then this number
indicates the number of macroblocks that have been skipped. The decoder shall form a prediction for skipped
macroblocks which shall then be used as the final decoded sample values.

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

There shall be no skipped macroblocks in I-pictures except when either:

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

- sequence_scalable_extension() is present in the bitstream and scalable_mode = “SNR scalability”.
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7.6.6.1 P field picture

the prediction shall be made as if field_motion_type is “Field-based”;
the prediction shall be made from the field of the same parity as the field being predicted;
motion vector predictors shall be reset to zero;

the motion vector shall be zero.

7.6.6.2 P frame picture

the prediction shall be made as if frame_motion_type is “Frame-based”;
motion vector predictors shall be reset to zero;

the motion vector shall be zero.

7.6.6.3 B field picture
* | the prediction shall be made as if field_motion_type is “Field-based”;
* | the prediction shall be made from the field of the same parity as the field being predicted;

* | the direction of the prediction forward/backward/bi-directional shall be the, Same as the previous
macroblock;

o motion vector predictors are unaffected;

e | the motion vectors are taken from the appropriate motion vector predictors. Scaling of the motion vectors
for colour components shall be performed as described in 7.6.3.7.

7.6.6.4 B frame picture
* | the prediction shall be made as if frame_motion_type is *Frame-based”;

* | the direction of the prediction forward/backward/bi-directional shall be the same as the previous
macroblock;

* | motion vector predictors are unaffected;

* | the motion vectors are taken directly fromthe appropriate motion vector predictors. Scaling of th¢ motion
vectors for colour components shall be performed as described in 7.6.3.7.

7.6.7 Combining predictions
The final stage is to combine the various predictions together in order to form the final prediction blocks.

It is also negessary to organise the data into blocks that are either field organised or frame organised in order to be added
directly to tHe decoded coefficients:

The transforpn data is either field organised or frame organised as specified by dct_type.

7.6.7.1 Simple framé predictions

In the case jof simple’ frame predictions the only further processing that may be required is to average forward and
backward predictions in B-pictures. If pel_pred_forward[yl[x] is the forwards prediction sample and
pel_pred_bdck is the e i kward prediction, the P edicti s P ed as:

pel_pred|y][x] = (pel_pred_forward[y][x] + pel_pred_backward[y][x])//2

The predictions for chrominance components of 4:2:0, 4:2:2 and 4:4:4 formats shall be of size 8 samples by 8 lines,
8 samples by 16 lines and 16 samples by 16 lines respectively.

7.6.7.2 Simple field predictions

In the case of simple field predictions (i.e. neither 16 X 8 or dual prime) the only further processing that may be required
is to average forward and backward predictions in B-pictures. This shall be performed as specified for “Frame
predictions” in the previous subclause.

In the case of simple field prediction in a frame picture the predictions for chrominance components of 4:2:0, 4:2:2
and 4:4:4 formats for each field shall be of size 8 samples by 4 lines, 8 samples by 8 lines and 16 samples by 8 lines
respectively.
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In the case of simple field prediction in a field picture the predictions for chrominance components of 4:2:0, 4:2:2

and 4:4:4 formats for each field shall be of size 8 samples by 8 lines, 8 samples by 16 lines and 16 samples by 16 lines
respectively.

7.6.7.3 16 x 8 Motion compensation

In this prediction mode separate predictions are formed for the upper 16 x 8 region of the macroblock and the lower
16 X 8 region of the macroblock.

The predictions for chrominance components, for each 16 x 8 region, of 4:2:0, 4:2:2 and 4:4:4 formats shall be of
size 8 samples by 4 lines, 8 samples by 8 lines and 16 samples by 8 lines respectively.

7.6.7.4 Dual prime

In dual prime mode two predictions are formed for each field in an analogous manner to the backward-and forward
predictiqns in B-pictures. If pel_pred_same_parity[y][x] is the prediction sample from the same pariy field and

pel_pred_opposite_parity[y][x] is the corresponding sample from the opposite parity field then thetindl 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 c3se of dual prime prediction in a frame picture, the predictions for chrominanée components of ¢ach 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
respectiyely.

In the cpse 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 linés 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][x] which match the
field/frame structure used by the transform data blocks.

The trangform data f[y][x] shall be added to the predictiondata and saturated to form the final decoded samples d[y][x] as
follows:

for (y =0; y < 8; y++) {
for (x=0; x < 8; x++) {
dlyllx] = fIyllx] + plydxl;
if (dly]l[x] < 0) dlylix] = 0;
if (d[y][x] >R55) d[y][x] = 255;

7.7 Spatial.scalability

This subclause-specifies the additional decoding process required for the spatial scalable extensions.

Both the lower layer and the enhancement layer shall use the “restricted slice structure” (no gaps between slices).

Figure 7-13 is a diagram of the video decoding process with spatial scalability. The diagram is simplified for clarity.

7.7.1 Higher syntactic structures

In general, the base layer of a spatial scalable hierarchy can conform to any coding standard including Recommen-
dation H.261, ISO/IEC 11172-2 and this Specification. Note however, that within this Specification the decodability
of a spatial scalable hierarchy is only considered in the case that the base layer conforms to this Specification or
ISO/IEC 11172-2.

Due to the “loose coupling” of layers only one syntactic restriction is needed in the enhancement layer if both lower and

enhancement layer are interlaced. In that case picture_structure has to take the same value as in the reference frame used
for prediction from the lower layer. See 7.7.3.1 for how to identify this reference frame.
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Figure 7-13 - Simplified motion compensation process for spatial scalability

)

7.7.2

A motion compensated temporal prediction is made from reference frames in the enhancement layer as described in 7.6.
In addition, a spatial prediction is formed from the lower layer decoded frame (djower[y1[X]), as described in 7.7.3. These

Prediction in the enhancement layer

predictions are selected individually or combined to form the actual prediction.

In general, up to four separate predictions are formed for each macroblock which are combined together to form the final

prediction macroblock p[y][x].

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

plyllx].
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7.7.3 Formation of spatial prediction

Forming the spatial prediction requires identification of the correct reference frame and definition of the spatial
resampling process, which is done in the following subclauses.

The resampling process is defined for a whole frame, however, for decoding of a macroblock, only the 16 X 16 region in
the upsampled frame, which corresponds to the position of this macroblock, is needed.

7.7.3.1 Selection of reference frame

The spatial prediction is made from the reconstructed frame of the lower layer referenced by the
lower_layer_temporal_reference. However, if lower and enhancement layer bitstreams are embedded in ITU-T
Rec. H.220.0 | ISO/IEC 13818-1 (Systems) multiplex, this information is overridden by the timing information given by
the decoding time stamps (DTS) in the PES headers.

NOTE - If group of pictures header i i e in the lower
layer may be ambiguous (because temporal_reference is reset after a group_of_pictures_header()).

The recqnstructed picture from which the spatial prediction is made shall be one of the following:
»  The coincident or most recently decoded lower layer picture.
*  The coincident or most recently decoded lower layer I-picture or P-picture.

*  The second most recently decoded lower layer I-picture or P-picture provided that the lowdr layer does
not have low_delay set to ‘1°. Note furthermore that spatial scalability’ will only work effi¢iently 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 spajial prediction is made by resampling the lower layer réconstructed frame to the same sample| grid as the
enhancenent layer. This grid is defined in terms of frame coéordinates, even if a lower-layer interlaced frame was
actually coded with a pair of field pictures.

This resampling 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 \
i A
3
5
S
28
i
it
@ ©
ﬁ i
g 1Y
3
T1516220-94/029

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

ITU-T Rec. H.262 (1995 E) 89


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

ISO/IEC 13818-2:1996(E)

Spatial predictions shall only be made for macroblocks in the enhancement layer that lie wholly within the upsampled

lower layer reconstructed frame.

The upsampling process depends on whether the lower layer reconstructed frame is interlaced or progressive, as
indicated by lower_layer_progressive_frame and whether the enhancement layer frame is interlaced or progressive, as

indicated by progressive_frame.

When lower_layer_progressive_frame is ‘1°, the lower layer reconstructed frame (renamed to prog_pic) is resampled
vertically as described in 7.7.3.4. The resulting frame is considered to be progressive if progressive_frame is ‘1" and
interlaced if progressive_frame is ‘0’. The resulting frame is resampled horizontally as described in 7.7.3.6.
lower_layer_deinterlaced_field_select shall have the value ‘1’.

When lower_layer_progressive_frame is ‘0’ and progressive_frame is ‘0’, each lower layer reconstructed field is

deinterlaced

as described in 7734 _to produce a progressive field (prog_pic). This field is resampled vertically as

described in|
subsampled

When lowe
deinterlaced
lower_layer
is resampled

For interlad
deinterlacin

lower_layer

7.7.3.5. The resulting field is resampled horizontally as described in 7.7.3.6. Finally the resulting field is
to produce an interlaced field. lower_layer_deinterlaced_field_select shall have the value ‘1°.

- layer_progressive_frame is ‘0’ and progressive_frame is ‘1°, each lower layer reconmstructed| field is
as described in 7.7.3.4, to produce a progressive field (prog_pic). Only one of these fi€lds is requirgd. When
| deinterlaced_field_select is ‘0’ the top field is used, otherwise the bottom field is,used. The one thgt is used
vertically as described in 7.7.3.5. The resulting frame is resampled horizontally*as’described in 7.7.B.6.

led frames, if the current (and implicitly the lower-layer) frames arevencoded as field pictyres, the
b process described in 7.7.3.5 is done within the field.

| vertical_offset and lower_layer_horizontal_offset, defining the(position of the lower layer frame within the

current franje, shall be taken into account in the resampling definition$dn 7.7.3.5 and 7.7.3.6 respectively. The lower

layer offsets

in order to align the chrominance samples between the two layers.

The upsamp

ling process is summarised Table 7-15.

Table 7-15 — Upsampling process

are limited to even values when the chrominance in therenhancement layer is subsampled in that d{mension

4112;:32?113:3‘ lower_layer_ progressive_ dAgggrlace Entity used
field select progressive_frame frame process for prediction
0 0 1 Yes Top field
1 0 1 Yes Bottom field
1 1 1 No Frame
1 1 0 No Frame
1 0 [§) Yes Both fields

7.7.3.3 Colour component processing

Due to the different sampling grids of luminance and chrominance components, some variables used in 7.7.3.4 t0 7.7.3.6
take different values for luminance and chrominance resampling. Furthermore it is permissible for the chrominance

formats in the lower layer and the enhancement layer to be different from one another.
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The Table 7-16 defines the values for the variables used in 7.7.3.4 to 7.7.3.6

Table 7-16 — Local variables used in 7.7.3.3 to 7.7.3.5

Variable Value for luminance processing Value for chrominance processing

11_h_size lower_layer_prediction_horizontal_size lower_layer_prediction_horizontal_size

/ chroma_ratio_horizontal[lower]
1l_v_size lower_layer_prediction_vertical_size lower_layer_prediction_vertical_size

/ chroma_ratio_vertical[lower]
11_h_offset lower_layer_horizontal_offset lower_layer_horizontal_offset

/ chroma_ratio_horizontal[enhance]
1I_v_offset lower_layer_vertical_offset lower_layer_vertical_offset

7chroma_Tatio_verticatfentance ]
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

Tables 7]

-17 and 7-18 give additional definitions.

Table 7-17 — chrominance subsampling ratios for layer = {lower, enhance}

Chrominance format

chroma_ratio_

chroma_ratio_

lower layer horizontal[layer] vertical[layer]
4:2:0 2 2
4:2:2 2 1
4:4:4 1 1

Table 7-18 — Chrominance format ratios

Chrominance format Chrominance format format_ratio_ format_ratio_
lower layer enhancement layer horizontal vertical
4:2:0 4:2:0 1 1
4:2:0 4:2:2 1 2
4:2:0 4:4:4 2 2
4:2:2 4:2:2 1 1
4:2:2 4:4:4 2 1
4:4:4 4:4:4 1 |

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

91


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

ISO/IEC 13818-2:1996(E)

7.7.3.4 Deinterlacing

If deinterlacing needs not to be done (according to Table 7-16), the lower layer reconstructed frame (djower[Y1[X]) is

renamed to input_pic.

First, each lower layer field is padded with zeros to form a progressive grid at a frame rate equal to the field rate of the
lower layer, and with the same number of lines and samples per line as the lower layer frame. Table 7-19 specifies the
filters to be applied next. The luminance component is filtered using the relevant two field aperture filter if
picture_structure == “Frame-Picture” or else using the one field aperture filter. The chrominance component is filtered

using the one field aperture filter.

Table 7-19 — Deinterlacing Filter

Two field aperture One field aperture

Tlemporal Vertical Filter for first field Filter for second field Filter (both'fields)
-1 -2 0 -1 0
-1 0 0 2 0
-1 0 -1 0
0 -1 8 8 8
0 0 16 16 16
0 1 8 8 8
1 -2 -1 0 0
1 0 2 0 0
1 +2 -1 0 0

The temportfal and vertical columns of Table-7-19 indicate the relative spatial and temporal coordinates of the s
which the flilter taps defined in the other/two columns apply. An intermediate sum is formed by adding the 1

coefficientq together.

The output pf the filter (sum)(is,then scaled according to the following formula:

and saturat¢d.t die in the range [0:255].

prog_pic[y][x] =sum // 16

hmples to
hultiplied

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

below.
For all samples [y][x]:
if (y <0 && (y&1==1))
y=1
if (y <0 && (y&1==0))

y=0
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if (y >=11_v_size &&
((y-ll_v_size)&1 ==1))

y =1l_v_size - 1

if (y >=11_v_size &&
((y-Il_v_size)&1 == 0))

y=1l_v_size -2

Vertical resampling

The frampe subject to vertical resampling, prog_pic, is resampled to the enhancement layer vertical sampliig grid using
linear ingerpolation between the sample sites according to the following formula, where vert_pic is the-resul

vert_pic[yp + ll_v_offset][x] = (16 — phase) * prog_pic[y1][x] + phase * prog_pic[y2][x]

ing field:

where
yp+1l_v_offset =  output sample co-ordinate in vert_pic
yl = (yp* v_subs_m)/v_subs_n
y2 = yl+1 ifyl<ll_v_size-1
yl otherwise
phase = (16 * ((yh * v_subs_m) % v_subs%n)) // v_subs_n
Sampleq which lie outside the lower layer reconstructed frame which are required for upsampling are obtairfed by border

extensign of the lower layer reconstructed frame.

coincide

NOTE - The calculation of phase assumes that the sample position in the enhancement layer at y;, =

compongnt if the chroma_format == 4:2:0.

7.7.3.6

Horizontal resampling

The frame subject to horizéntal resampling, vert_pic, is resampled to the enhancement layer horizontal s

using li
field:

where

hear interpolation\bétween the sample sites according to the following formula, where hor_pic is

hor_piely][xp + 1I_h_offset] = ((16 — phase) * vert_pic[y][x1] + phase * vert_pic[y][x2]) //

0 is spatially

it with the first sample position of the-lower layer. It is recognised that this is an approximation for thg chrominance

hmpling grid
the resulting

256

xp+ 11_h_offset output sample coordinate in hor_pic

x1 = (X * h_subs_m)/h_subs_n
X2 = x1+1 ifxl<Il_h_size-1
x1 otherwise
phase = (16 * (( Xy, * h_subs_m) % h_subs_n)) // h_subs_n

Samples which lie outside the lower layer reconstructed frame which are required for upsampling are obtained by border
extension of the lower layer reconstructed frame.
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7.7.3.7 Reinterlacing

If reinterlacing needs not to be done, the result of the resampling process, hor_pic, is renamed to spat_pred_pic.

If hor_pic was derived from the top field of a lower layer interlaced frame, the even lines of hor_pic are copied to the
even lines of spat_pred_pic.

If hor_pic was derived from the bottom field of a lower layer interlaced frame the odd lines of hor_pic are copied to the

odd lines of

spat_pred_pic.

If hor_pic was derived from a lower layer progressive frame, hor_pic is copied to spat_pred_pic.

7.7.4 Selection and combination of spatial and temporal predictions

The spatial pnd temporal predictions can be selected or combined to form the actual prediction. The macrobl

(see Tables
spatial_tem
temporal an

In intra pic

bck_type

.5, B.6 and B.7) and the additional spatial_temporal_weight_code (see Table 7-21)_indicat€)\by yse of the

is spatial-o
temporal-o

weights is u

The possibl
extension. {§
interlaced o

Class 0 indicates temporal-only prediction;

Class 4 indicates spatial-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;

e spatial_temporal_weights are given ina weight table which is selected in the picture spatial
Ip to four different weight tables are available for use depending on whether the current and lower 1
progressive, as indicated in Table 7:20 (allowed, yet not recommended values given in brackets).

Table 7-20 — Intended (allowed) spatial_temporal_weight_code_table_index values

Lower layer format

Enhancement
layer format

spatial_temporal_weight_
code_table_index

oral_weight_class, whether the prediction is temporal-only, spatial-only or a weighted tombination of
I spatial predictions. Classes are defined in the following way:

fures, if spatial_temporal_weight_class is 0, normal.intra coding is performed, otherwise the prediction
y. In predicted and interpolated pictures, if the\spatial_temporal weight_class is 0, pred
y, if the spatial_temporal_weight_class is 4, prediction is spatial-only, otherwise one or a pair of prediction
ed to combine the spatial and temporal predictions.

jction is

scalable
pyers are

Prlogressive or interlaced Progressive 00

tl?il)(%ressive coincident with enhancement layer top | Interlaced 10 (00; 01; 11)
idlds

Progressive coincident with enhancement layer from | Interlaced 01 (00; 10; 11)

bottom fields

Interlaced (picture_structure == Frame-Picture) Interlaced 00 or 11 (01; 10)

Interlaced (picture_structure != Frame-Picture) Interlaced 00

In macroblock_modes(), a two bit code, spatial_temporal_weight_code, is used to describe the prediction for each field
(or frame), as shown in the Table 7-21. In this table spatial_temporal_integer_weight identifies those
spatial_temporal_weight_codes that can also be used with dual prime prediction (see Tables 7-22, 7-23).
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Table 7-21 - spatial_temporal_weights and spatial_temporal_weight_classes for the
spatial_temporal_weight_code_table_index and spatial_temporal_weight_codes

8-2:1996(E)

to B.7).

When th

spatial_temporal_ spatial_ spatial_ spatial_ spatial_
weight_code_table_ temporal _ temporal_ temporal _ temporal _
index weight_code weight (s) weight class integer_weight
002 - (0,5) 1 0
01 7 00 ©; 1) 3 1
01 (05 0,5) 1 0
10 0,5 1) 3 0
11 0,5;0,5) 1 0
10 00 (1;0) 2 1
01 0,5; 0) 1 0
10 (1;0,5) 2 0
11 (0,5; 0,5) 1 0
11 00 (1;0) 2 1
01 (1;0,5) 2 0
10 05;1) 3 0
11 0,5; 0,5) 1 0
2) For spatial_temporal_weight_code_table_index == 00 no spatial_temporal_weight_code is trans-
mitted.

NOTE - Spatial-only prediction (weight_cldss == 4) is signalled by different values of macroblock_type (s

699

e spatial_temporal_weight combination is given in the form (a; b), “a” gives the proportion of the p|

the top flield which is derived fromthe spatial prediction and “b” gives the proportion of the prediction fo

field wh

When th
which is

The preq

pel_pred

ch is derived from the spatial prediction for that field.

(IRl

e spatial_temporal ‘weight is given in the form (a), “a

derived from the $patial prediction for that picture.

gives the proportion of the prediction fo

ise methdd for predictor calculation is as follows:

]

pel_predfy
appropriate samples

_temply

spat_pred_pic.

, co-located with the current macroblock position, from

If the spatial_temporal_weight is zero, then no prediction is made from the lower layer. Therefore:

pel_pred[y][x] = pel_pred_temp[y][x];

If the spatial_temporal_weight is one, then no prediction is made from the enhancement layer. Therefore:

pel_pred[y][x] = pel_pred_spat[y][x];

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

[x] is used to denote the temporal prediction (formed within the enhancement layer) as

te Tables B.5

rediction for
- the bottom

- the picture

defined for
Xtracting the
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If the weight is one half then the prediction is the average of the temporal and spatial predictions. Therefore:

pel_pred[y][x] = (pel_pred_temp[y][x] + pel_pred_spat[y][x])//2;

When progressive_frame ==

chrominance lines and the second weioht is used for the bottom field chrominance lines

LAAAVA2ANLLE 2NTS AN 10 SCLVRE WUISA 15 WOTU UL T VUL 20208 LR Riniiante ks,

Addition of prediction and coefficient data is then done as in 7.6.8.

7.7.5 Updating motion vector predictors and motion vector selection

0 chrominance is treated as interlaced, that is, the first weight is used for the top field

In frame pi¢tures where field prediction is used the possibility exists that one of the fields is predicted using\spptial-only

nrgdlcuon. [n this case no motion vector is present in the bitstream for the field which has cnatml-nnl\/ nrpr‘h

tion. For

the case where both fields of a frame have spatial-only prediction, the macroblock_type is such thatjno motign vectors

are present

n the bitstream for that macroblock.

re present in the coded

Table 7-22 — Updating of motion vector predictors in Field Pictures

bitstream

b)
c)

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

If concealment_motion_vectors is zero then PMV[r][s][¢] is set to zero (for all r, s and 7).

PMVIr][s][t] is set to zero (for all r, s and ¢). See 7.6.3.4.

NOTE - PMVIr][s][1:0] = PMV[u][v][1:0] means that:

framg_motion_type
macroblock_motion_forward
macroblock_motion_backward
macroblock_intra
spatial_temporal_weight_class
Predictors to update

Field-pased? -1 =11 0 PMV[1][0][1:0] = PMV0][0][1:0]®
Field-pased 11110 0 PMVI1][0][1:0] = PMVI0][0][1:0]

PMVI1][1][1:0] = PMV[0][1][1:0]
Field-pased 1 [v0 70 0,1 PMVI1][0][1:0] = PMV]0][0][1:0]
Field-pased o<1 {0 0,1 PMVI11[1][1:0] = PMVI0][1][1:0]
Field-based? 0(0foO 0,1,4 PMVIr[s](t] = 09)
16 x § MC 111]0 0 (None)
16 x 8ME +——6—6 6:1 None}
16 x 8 MC of11}o0 0,1 (None)
Dual prime 110140 0 PMVI[1][0][1:0] = PMV]0][0][1:0]
a)

PMVIr][s][1] = PMVIu][v][1] and PMVIr][s]{0] = PMV]u][v][0]
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Table 7-23 - Updating of motion vector predictors in Frame Pictures

frame_motion_type

macroblock_motion_forward

macroblock_motion_backward

macroblock_intra

spatial_temporal_weight_class

Predictors to update

Frame-based? - =11 0 PMV[1][0][1:0] = PMV[0][0][1:0]®

Frame-based I1{11]0 0 PMV[1][0][1:0] = PMVI0][0][1:0]
PMVI1][1][1:0] = PMVIO][1][1:0]

Frame-based 1{0]O0 0,1,2,3 | PMVI1][0][1:0] = PMV[0][0][1:0]

Frane-based of1}o 0,1,2,3 | PMVI1][1][1:0] = PMVIO0][1][1:0]

Frame-based® | 0 [ 0 | 0 | 0,1,2,34 | PMVIr][s][t] = 09

Field-based 1 10 0 (None)

Field-based 11010 0,1 (None)

Field-based 1{o]o 2 PMVI1][0][1:0] = PMV[0][0][1:0]

Field-based 10O 3 PMV[1][0]{1:0] = PMVI0][0][1:0]

Field-based 0}l11]0 0,1 (None)

Field-based 0j]11/0 2 PMV[1][1]{1:0] = PMVIO][LI[1:0]

Field-based oj11]o0 3 PMVI1][1][1:0] = PMV]0Q1[1][1:0]

Dugl prime® 1{0]0 02,3 | PMV[1][0][1:0] = PMVIO][0][1:0]

a) 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’.

©) If concealment_motion_vectors is zero then PMV[r][s][1] is set to zero (for all r, s and f).

d)

PMVTr][s]lz] is set to zero (for all r, s and £)(:See 7.6.3.4.
NO[E — PMVIr][s][1:0] = PMV]u][v][1:0] means that:
PMVIr][s1[1] = PMVIu][v][1]ahd PMV]r][s][0] = PMVIu][v][0]

7.7.5.1

Resetting motion vector predictors

In addition to the cases identified in 7.6.3.4, the motion vector predictors shall be reset in the following cases:

* InaP-picture when a macroblock is purely spatially predicted (spatial_temporal_weight_class == 4)

*  InaB-picture when a macroblock is purely spatially predicted (spatial_temporal_weight_class == 4)

NOTE - In case of spatial_temporal_weight_class == 2 in a frame picture when field-based prediction is
used, the transmitted vector is applied for the bottom field (see Table 7-25). However this vector[0][s][1:0] is
predicted from PMV[0][s][1:0] . PMV[1][s][1:0] is then updated as shown in Table 7-23.
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Table 7-24 - Predictions and motion vectors in field pictures

field_motion_type

macroblock_motion_forward

macroblock_motion_backward

macroblock_intra

spatial_temporal_weight_class

Motion vector

Prediction formed for

Field-based? -1 -11 0 vector0][0][1:01P None (motion vector is for concealment)
Field-based 1 110 0 vector10][0][1:0) Whole field. forward

vector[0][1]{1:0] Whole field. backward
Field-based 1{0]0 0.1 vector'[0][0][1:0] Whole tield. torward

Field-based

Whole field. backward

o O
[ew]

0.1 vector10][1][1:0]
Field-based® ]

00| 014 | vecror[0)[0][1:019

Whole field. forward

16 x|8 MC 1lifo 0 vectorT0][0][1:0]

Upper 16 x 8 field. torward

vector1][0][1:0]

Lower 16 x 8 field. forward

vector [0][1][1:0]

Upper 16 x 8 tield. backward

vector [1][1][1:0]

Lower 16 x&tield. backward

16 x[8 MC 1lolo 0.1 vector [0][0](1:0]

Upper-16.x 8 tield. torward

vector [1][0][1:0]

Lawer 16 x 8 tield. forward

16 x|8 MC oft1]o 0.1 vector [0][1][1:0]

Upper 16 x 8 field. backward

vecror [11[1]{1:0]

Lower 16 x 8 field. backward

Dual prime 110]0 0 vectorT0]{0][1:0]

Whole field. same parity, forward

vecror[2][0]H:019¢)

Whole field. opposite parity. forward

2 field_motion_type is not present in the bitstream but is assumed to be Field-based.
0 The motion vector is only present if concealfent_motion_vectors is one.

o These motion vectors are not present inthe bitstream.

4| The motion vector is taken to be (0:/0)as explained in 7.6.3.5.

e)

These motion vectors are deriyedufrom vecror '[0][{0][1:0] as described in 7.6.3.6.

NOTE - Motion vectors are listed inrthe order they appear in the bitstream.
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Table 7-25 - Predictions and motion vectors in frame pictures

frame_motion_type

macroblock_motion_forward

macroblock_motion_backward
macroblock_intra
spatial_temporal_weight_class
Motion vector Prediction formed for
Frame-based® -1 =11 0 vector [0][0][1:0]° None (motion vector is for concealment)
Frame-based 1 1 {0 0 vectorT0][0][1:0] Frame. forward
vectorT0][1][1:0] Frame. backward
Hrame-based 11010 0.1.2.3 vectorT0][0][1:0] Frame. forward
Hrame-based 01 1t]0 0.1.2.3 vectorT0][1][1:0) Frame. backward
Hrame-based®’ 010101 0.1.234 | vecror[0][0][1:0]9¢ Frame. forward
Hield-based 1 110 0 vectorT0][0][1:0] Top field. forward
vectorT1]{0][1:0] Bottom field. forward
vectorT0][1][1:0] Top field. backward
vecror T1][1][1:0] Bottom.fi€ld. backward
Hield-based 1101]10 0.1 vecrorT0]{0][1:0] Top\field. forward
vectorT1][0][1:0] Boftom field. forward
Hield-based 11010 2 Top field. spatial
vector[0}{0][1:0) Bottom field. forward
Hield-based 1 010 3 vector10][0][(1Q] Top field. forward
Bottom field. spatial
Hield-based Ol 1|0 0.1 vectorJ0][1](1:0] Top field. backward
recror [1][1][1:0] Bottom field. backward
Hield-based 0Ol 140 2 Top field. spatial
vector[0][1][1:0] Bottom field. backward
Hield-based 01 14]0 3 vecrorT0][1][1:0] Top field. backward
Bottom field. spatial
pual prime® 1 | AANP0 0.2.3 vector [0]{0][1:0] Top field. same parity. forward
vecror'[0][0][1 :O]d’ Bottom tield. same parity. forward
vectorT2](0][1:0}9 D Top field. opposite parity. forward
vector[3][0][1:0]9D Bottom fld.. opposite parity. forward

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

T Dual prime cannot be used when spatial_temporal_integer_weight = '0".
) The motion vector is only present if concealment_motion_vectors is one.
4" These motion vectors are not present in the bitstream.

e} The motion vector is taken to be (0: 0) as explained in 7.6.3.5.

f

These motion vectors are derived from vecror [0][0][1:0] as described in 7.6.3.6.

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

addition to those given in 7.6.6.

In I-pictures, skipped macroblocks are allowed. These are defined as spatial-only predicted.

In P-picture:

s 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 \Y%

In the case

possible und

7.8

See Figure

This clause

SNR scalab
hierarchy. A
adding the I
another.

Subclause 7}
follows.

The lower
scalability d

The enhang
overhead. Tj

N
reconstruct a

Furthermor
enhancemer

Semantics 4§
used (for in
luminance
bitstream (V
higher chro

SI

BV buffer underflow in the lower layer

of spatial scalability, VBV buffer underflow in the lower layer may cause problems. This is(bg
ertainty in precisely which frames will be repeated by a particular decoder.

NR scalability

15.

1

describes the additional decoding process required for the SNR scalable extensions.

ility defines a mechanism to refine the DCT coefficients encoded jmanother (lower) layer of a
s illustrated in Figure 7-15 data from two bitstreams is combined afterthe inverse quantisation pro
DCT coefficients. Until the data is combined, the decoding processes*of the two layers are independe

.8.1 defines how to identify these bitstreams in a scalablé hierarchy, however they can be clas

ayer, derived from the first bitstream, can itself>be’ either non-scalable, or require the spatial or
ecoding process (and hence the decoding of additional bitstreams) to be applied.

ement layer, derived from the second bitstream, contains mainly coded DCT coefficients and|

DTE — All information regarding prediction is contained in the lower layer bitstream only. Therefore it is not f
h enhancement layer without decoding the lower layer bitstream data in parallel.

e prediction and reconstruction of the pictures as described in 7.6, 7.7 and 7.9 for the combined 1
it layer is identical to theérespective steps for decoding of the lower layer bitstream only.

nd decoding progéss-described in this subclause include a mechanism for “chroma simulcast”. Thi
stance) to enhance 4:2:0 in the lower layer to 4:2:2 after processing the enhancement layer data.
ata is processed as described before, in this case the chrominance information retrieved from the lo
ith exception of intra-DC values, see 7.8.3.4) shall be discarded and replaced by the new informa
minance resolution decoded from the enhancement layer.

It is inhere

correspondi

ng pictures in each layer shall be decoded at the same time as one another.

“spatial scalability”, the following rules apply in

cause of

scalable
esses by

nt of one

sified as

temporal

a small

he decoding process for this layer and the combination of the two layers are described in this subclapise.

ossible to

wer and

5 may be
Vhile the
ver layer
tion with

pt\in“SNR scalability that the two layers are very tightly coupled to one another. It is a requiremnent that

In the case that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not this Specification), then two different
IDCT mismatch control schemes are being used in decoding. Care must be taken in the encoder to take account of this.

7.8.1 H

The two

igher syntactic structures

bitstream layers in this subclause are identified by their layer_id,

sequence_scalable_extension.

decoded from

the

The two bitstreams shall have consecutive layer ids, with enhancement layer bitstream having layer_id = ideppance and

the lower la

yer bitstream having layer_id = idephance—1-

The syntax and semantics of the enhancement layer are as defined in 6.2 and 6.3, respectively.
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In the case that the lower iayer bitstream conforms to ISO/IEC 11172-2 (and not this Specification), then both this lower
and the enhancement layer shall use the “restricted slice structure” defined in this Specification.

Semantic restrictions apply to several values in the headers and extensions of the enhancement layer as follows.

QFS[n] QF[v][u] F”lower [v][u]

Coded Variable // // inverse /
Data— P Length Inverse Scan Quantisation
Decoding Arithmetic

 ower Layer h_
R Z
Enhancement Layer QFS|[n) QF[v][u] >\/ /
” /
Coded Variable Inverse Frlvilu]
Data —P Length Inverse Scan Quantisation
Decoding Arithmetic \
F” enhance v][u]
Framestore MemoryJ
Flvi{u] Flv][u]
: Mismatch Motion Decpded
Saturation Control Inverse DCT Compensation > Samples
T1516230-94/d30
flyllx] dlylix]
Figure 7-15 - Illustration of decoding process for SNR scalability

Sequence header

This header shall be identical to the one in the lower layer bitstream except for the values of bit_rate, vbv_buffer_size,
load_intra_quantiser_matrix, intra_quantiser_matrix, load_non_intra_quantiser_matrix and non_intra_quantiser_matrix.
These can be selected independently except for load_intra_quantiser_matrix which shall be zero.

Sequence extension

This extension shall be identical to the one in the lower layer bitstream except for the values of
profile_and_level_indication, chroma_format, bit_rate_extension and vbv_buffer_size_extension. Those can be selected
independently.
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A different value of chroma_format in each layer will cause the chroma_simulcast flag to be set as specified by

Table 7-26.
Table 7-26 — chroma_simulcast flag
chroma_format chroma_format chroma_simulcast
(lower layer) (enhancement layer)
4:2:0 4:2:0 0
4:2:0 4:2:2 1
4:2:0 4:4:4 1
4:2:2 4:2:2 0
4:2:2 4:4:4 1
4.4:4 4:4:4 0
The chromg_format of the enhancement layer shall be higher or equal to the chroma_format of the lgwer layer §

In the ca
sequence_e
decoding pi

p

h
v
b

v

—_—

f

The sequen|

f]ame_rate_extension_n

0CESS.

ogressive_sequence =

chroma_format =

brizontal_size_extension =
prtical_size_extension =
t_rate_extension =
bv_buffer_size_extension =

w_delay =

I

o O O o o o O

ame_rate_extension_d =

Sequence display extension

This extens

Sequence qcalable extension

This extens

GOP headpr

This heade

“4:2:0”

ion shall be présent with scalable_mode = “SNR scalability”.

shall be identical to the one in the lower layer bitstream.

be that the lower layer bitstream conforms to ISO/IEC 11172-2 (andy.not This Spec
ktension() is not present in the lower layer bitstream, and the following values shall be assume

ce_extension() in the enhancement layer shall have the values shown above.

ion shall not be presentuas there is no separate display process for the enhancement layer.

itstream.

fication),
d for the

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.

chroma_420_type shall be set to ‘0’ if chroma_simulcast is set. Else it shall have the same value as in the lower layer

bitstream.
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In the case that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not this Specification), then

picture_coding_extension() is not present in the lower layer bitstream and the following values shall be assumed for the
decoding process:

f_code[0][0] = forward_f_code in the lower layer bitstream or 15
f_code[0][1] = forward_f_code in the lower layer bitstream or 15

f _code[1][0] = backward_f_code in the lower layer bitstream or 15
f_code[1][1] = backward_f_code in the lower layer bitstream or 15
intra_dc_precision =0

picture_structure = “Frame Picture”

top_field_first =0

frame—pred—frame—det —1

concealment_motion_vectors = 0

intra_vlc_format =0

repeat_first_field =0

chroma_420_type = 1

progressive_frame = 1

composite_display_flag = 0

The picthire_coding_extension() in the enhancement layer shall have the valu€s shown above.

For the lower layer q_scale_type and alternate_scan shall be assumed,to‘have the value zero.
NOTE 2 - q_scale_type and alternate_scan can be set independently in the enhancement layer.

Quant matrix extension
This extgnsion is optional. Semantics are described in 6.311.

load_intfa_quantiser_matrix and load_chroma_intra_quantiser_matrix shall both be zero.

NOTE 3 - Only the non-intra matrices will be used in the subsequent decoding process.
Picture display extension

This extension shall not be present.

NOTE 4 - There is no sepafate ‘display process for the enhancement layer. If pan-scan functionality is desjred, it can be
accomplished already by using the information conveyed by the pan-scan extension of the lower layer bitstream.

Slice hepder

Slices shall be coincident with those in the lower layer. The value of quantiser_scale_code can be set indepepdently from

block of the
block.

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
refinement data for the current macroblock of the lower layer.

However the corresponding syntax elements and flags of the current macroblock in the lower layer bitstream are 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 dct_type is present in the macroblock_modes() in both layers it shall have identical values.
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7.8.2.2 Skipped Macroblocks

Macroblocks can be skipped in the enhancement layer bitstream, meaning that no coefficient enhancement is done
(F" enhancelvllu] = 0, for all v, u). Regarding this, the decoding process detailed in 7.8.3 shall be applied.

When macroblocks are skipped in both, the lower and the enhancement layer bitstreams, the decoding process is exactly
as specified in 7.6.6.

Macroblocks can also be skipped in the lower layer bitstream, while still being coded in the enhancement layer
bitstream. In that case the decoding process detailed in the following has to be applied, but F"j,,,.,[v][u] = 0, for all v, u.

7.8.3 Block

The first part of the decoding process of the enhancement layer block is independent from the lower layer.

The second pa £ DG
of the coincjident lower layer block.

Two sets ofjinverse quantised coefficients F"gyer and F'enhance are added to form F" (see Figure 7-15).
F"lower 1S dgrived from the lower layer bitstream exactly as defined in 7.1 to 7.4.2.3.
F"enhance 1S [derived as is defined in the clauses below.

The resultirlg F" is further processed, starting with saturation, as defined in 7.4.3 to 7.6,(7.7, 7.9).

7.8.3.1 Vhariable length decoding

In an enhapcement layer block the VLC decoding shall be performed according to 7.2, as for a non-intra plock (as
indicated by macroblock_intra = 0).

7.8.3.2 IIverse scan

Inverse scap shall be done exactly as defined in 7.3.

7.8.3.3 Inverse quantisation
In an enhancement layer block the inverse quantisation;shall be performed according to 7.4.2 as for a non-intra plock.

In the case[that the lower layer bitstream confotms to ISO/IEC 11172-2 (and not this Specification), then thg “inverse
quantisation arithmetic” used to derive F¥jower[VI[u] (see Figure 7-14) shall include the IDCT mismatch control
(oddificatign) and saturation specified in ISO/IEC 11172-2.
7.8.3.4 dition of coefficients from the two layers

Corresponding coefficients from-the blocks of each layer shall be added together to form F"” (see Figure 7-15).

F"vI[u] = F"lowerlVI[u] + F" enhancelvI[ul, for all u, v

If chroma_gimulcast = 1 is set only the luminance blocks are treated as described above.

For chrominance blocks the DC coefficient of the base layer is used as a prediction of the DC coefficient in
the coincident block in the enhancement layer, whereas the AC coefficients of the base layer are discarded and
AC coefficients of the enhancement layer form F" in Figure 7-14 according to the following formulae:

F"[01[0] = F"iower[01[0] + F"enhance[01[0]

F"][u] = F" enhancelv1lu], for all u, v except u=v=0

NOTE - Chroma simulcast blocks are inverse quantised like non-intra blocks and use the chrominance non-intra matrix.

Table 7-27 gives the index of the chrominance block whose DC coefficient (F"j,,,,[0][0]) is to be used to predict the
DC coefficient in the coincident chrominance block of the enhancement layer (F" g 4nce[01[0]).
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Table 7-27 — Biock index used to predict DC coefficient

focess the same spatial resolution. The enhancement layer enhances the temporal resolution of thg

ment layer. The decoding process for enhancement layer-pictures is similar to the normal deco

rence frames for prediction are selected by reference’ select_code as described in Tables 7-28

wer layer frame, or next lower layer frame in‘display order. Note that in the latter case, the refere
er used for prediction is backward in time.

Table 7-28 — Prediction references selection in P-pictures

d in 7.1 to 7.6. The only difference is in the “Prediction figld’and frame selection” described in 7.6.2.

Block index
chroma_format 4 5 6 7
base: 4:2:0 4 5 4 5
upper: 4:2:2
base: 4:2:0 4 5 4 5
upper: 4:4:4
base: 4:2:2 4 5 6 7 4 5 6 7
unner: 4:4-4
upper: 4:4:4
Remaining macroblock decoding steps
dition of coefficients from the two layers, the remainder of the macroblock decoding’steps is exactly as
din 7.4.3t07.6 (7.7, 7.9, if applicable), since there is now only one data stream F"[v][u]‘t0,be procgssed
rocess, the spatio/temporal prediction ply]{x] is derived according to the macrobleck-\type syntax ¢lements and
the current macroblock known from the lower layer bitstream.
Temporal scalability
1l scalability involves two layers, a lower layer and an enhancement-layer. Both the lower and the ¢nhancement

lower layer

mporally re-multiplexed with the lower layer provides full temporal rate. This is the frame rate indicated in the

ling process

and 7-29. In

s, the forward reference picture can be one of-the following three: most recent enhancement picture, most

nce frame in

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
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

Most recent lower layer picture in display
order

Next lower layer picture in display order
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In B-pictures, the forward reference can be one of the following two: most recent the enhancement pictures or most
recent (or temporally coincident) lower layer frame whereas the backward reference can be one of the following two:
most recent lower layer picture including temporally coincident picture in display order or next lower layer frame in
display order. Note that in this case, the backward reference frame in lower layer used for prediction is forward in time.

Backward prediction cannot be made from a picture in the enhancement layer. This avoids the need for frame reordering
in the enhancement layer. Motion compensation process forms predictions using lower layer decoded pictures and/or
previous temporal prediction from the enhancement layer.

The enhancement layer can contain I-pictures, P-pictures or B-pictures, but B-pictures in enhancement layer behave
more like P-pictures in the sense that a decoded B-picture can be used to predict the following P-pictures or B-pictures
in the enhancement layer.

When the most recent frame in the lower layer is used as the reference, this includes the frame that is temporally
coincident with the frame or the first field (in case of field pictures) in the enhancement layer. The prediction references
used for P-picture and B-pictures are shown in Table 7-28 and Table 7-29 respectively.

The lower ajld enhancement layers shall use the restricted slice structure.

Figure 7-16 |shows a simplified diagram of the motion compensation process for the enhancement layerusing femporal
scalability.

I-pictures dq not use prediction references; to indicate this, the reference_select_code for I-pictures.shall be ‘11’
Depending ¢n picture_coding_type, when forward_temporal_reference or backward_temperal_reference do npt imply
references tq 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 frpm the
sequence_sdalable_extension.

The two bitgtreams shall have consecutive layer ids, with enhancement\layer having layer_id = ideppance and the lower
layer having|layer_id = ideppance—1-

The syntax 4nd semantics of enhancement layers are as defined«n 6.2 and 6.3 respectively.

Semantic regtrictions apply to several values in the headers.and extensions of the enhancement layer as follows.

The lower 1gyer shall conform to this Specification (and‘not to ISO/IEC 11172-2).

Sequence header

The values in this header can be different from the lower layer except for horizontal_size_value, vertical_size_value and
aspect_ratio| information.

Sequence extension

This extensfon shall be identicalto the one in the lower layer except for values of profile_and_level_indication,
bit_rate_extgnsion, vbv_buffer_size_extension, low_delay, frame_rate_extension_n and frame_rate_extension_{d. These
can be seledted independently: Note that progressive_sequence indicates the scanning format of the enhancemgnt layer
frames only [rather than<f.-the output frames after multiplexing. The latter is indicated by mux_to_progressive_sequence
(see sequenge scalable extension).

Sequence djsplay extension

This extensiba-s

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

When progressive_sequence

top_field_first of the lower layer but picture_mux_factor shall be 1.

1 and mux_to_progressive_sequence

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

GOP header

There is no restriction on GOP header (if present) to be the same as that for lower layer.
Picture header

There is no restriction on picture headers to be the same as in the lower layer.

Picture coding extension

The values in this extension can be different from the lower layer except for top_field_first,
concealment_motion_vectors, and chroma_420_type and progressive_frame. The top_field_first shall be based on
progressive_sequence and  mux_to_progressive_sequence (see  sequence_scalable_extension above) and
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concealment_motion_vectors shall be 0. Chroma_420_type shall be identical to the lower layer. Progressive_frame shall

always have

the same value as progressive_sequence.

Picture temporal scalable extension

This extension shall be present for each picture.

Quant matrix extension

This extension may be present in the enhancement layer.

7.9.2

Restrictions on temporal prediction

Although temporal predictions can be made from decoded pictures referenced by forward_temporal_reference or both
forward_temporal_reference and backward_temporal_references, temporal scalability is efficient if predictions are
formed using decoded picture/pictures from lower layer and enhancement layer that are very close in time to the

enhanceme
predictions

In case grg
non-uniquer

resolved with help of systems layer timing information.

7.10

Data partiti
indicates wh
The remaing

picture headers are redundantly copied in partition 1 to facilitate error fecovery. The sequence_end_cods

redundantly
extensions
sequence_sd

N
extra_bit_slig

The interprg

Data partitioning

rom most recent or next pictures as illustrated by Tables 7-28 and 7-29.

up_of_pictures_header occurs very often in lower_layer, ambiguity can occur due to. possi
ess of temporal references (which are reset at each group_of_pictures_header). This ‘ambiguity

ich syntax elements are placed in partition 0, which is the base partition,(also called high priority p
er of the bitstream is placed in partition 1 (which is also called low-priority partition). Sequence, C

copied into partition 1. All fields in the redundant headers must’be identical to the original ones.
allowed (and required) in partition 1 are sequenceyextension(), picture_coding_extensio
alable_extension().

DTE — The slice() syntax given in 6.2.4 is followed in\both partitions up to (and including) the syntaj
.

tation of priority_breakpoint is given in Table*7-30.

Table 7-30 - Priority breakpoint values and associated semantics

all form

bility of
shall be

ning is a technique that splits a video bitstream into two layers, called<partitions. A priority breakpoint

artition).
fOP, and
is also
[he only
n() and

element
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P lorll)to);_l_llt)reak Syntax elements included in partition zero
0 This value 15~ 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.
64 All syntax elements up to and including coded_block_pattern() or DC coefficient
(dct_dc_differential), and the first (run, level) DCT coefficient pair (or EOB). (Note)
65 All syntax elements above, plus up to 2 (run, level) DCT coefficient pairs.
63+ All syntax elements above, plus up to j (run, level) DCT coefficient pairs.
127 All syntax elements above, plus up to 64 (run, level) DCT coefficient pairs.
NOTE - A priority_breakpoint immediately following the DC coefficient is disallowed since it might cause
start code emulation.
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Semantics of VBV remains unchanged, i.e. the VBV refers to the sum of two partitions, not any single one.

The bitstream parameters bit_rate (bit_rate_value and bit_rate_extension), vbv_buffer_size (vbv_buffer_size_value and
vbv_buffer_size_extension) and vbv_delay shall take the same value in the two partitions. These parameters refer to the

characteristics of the entire bitstream formed from the two partitions.

The decoding process is modified in the following manner:

— Set current_partition to 0, and start decoding from bitstream that contains the

sequence_scalable_extension (partition 0).

—  If current_partition = 0, check to see if the current point in the bitstream is a priority breakpoint.

If yes, set current_partition to 1. Next item will be decoded from partition 1.

partition 0.
If yes, set current_partition to 0. Next item will be decoded from partition 0.

Otherwise, continue decoding from partition 1.

An example is shown in Figure 7-17 where the priority breakpoint is set at 64 [one (run, level) pair].

Quat | DCc | DCT | DCT |
Scale coeff | coeff 1 | coeff2

DC DCT
coeff coeff 1

(:> > Quant DC DCT DC DCT "
Scale coeff coeff 1 coeff coeff 1 Partition O

Partition 1

T1516250-94/d32

Otherwise, continue decoding from partition 0. Remove sequence, GOP, and picture headefs from both

—  If current_partition = 1, check the priority breakpoint to see if the next item to‘be decoded i3 expected in

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

needs to switch between partitions

7.11 Hybrid scalability

Hybrid scalability is the combination of two different types of scalability. The types of scalability that can be combined
are SNR scalability, spatial scalability and temporal scalability. When two types of scalability are combined, there are
three bitstreams that have to be decoded. The layers to which these bitstreams belong are named in Table 7-31.
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Case 3
b4

Table 7-31 — Names of layers
layer_id Name
0 Base layer
1 Enhancement layer 1
2 Enhancement layer 2

and the
e is SNR
are also

in these

hgncement

scalability, both layers are decoded simultaneously. The decoding order can be' summarised as fol

se layer

<spatial or temporal scalability>
hancement layer 1

<SNR scalability>

the base layer, and then decode both enhancement,layers simultaneously.

se layer

<SNR scalability>
<spatial or temporal scalability>
hancement layer 2

the base layer and-the enhancement layer 1 simultaneously, and then decode the enhancement layer

se layer

<spatial or temporal scalability>

OWS!

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.

712 O

utput of the decoding process

This subclause describes the output of the theoretical model of the decoding process that decodes bitstreams conforming
to this Specification.

The decoding process input is one or more coded video bitstreams (one for each of the layers). The video layers are

generally mu

110

ltiplexed by the means of a system stream that also contains timing information.
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The output of the decoding process is a series of fields or frames that are normally the input of a display process. The
order in which fields or frames are output by the decoding process is called the display order, and may be different from
the coded order (when B-pictures are used). The display process is responsible for the action of displaying the decoded
fields or frames on a display device. If the display device cannot display at the frame rate indicated in the bitstream, the
display process may perform frame rate conversion. This Specification does not describe a theoretical model of display
process nor the operation of the display process.

Since some of the syntax elements, such as progressive_frame, may be needed by the display process, in this theoretical
model of the decoding process, all the syntactic elements that are decoded by the decoding process are output by the
decoding process and may be accessed by the display process.

When the progressive sequence is decoded (progressive_sequence is equal to 1), the luminance and-ghrominance
samples pf the reconstructed frames are output by decoding process in the form of progressive frames and th¢ output rate
is the frame rate. Figure 7-18 illustrates this in the case of chroma_format equals to 4:2:0.

XOX, XOX XOX XOX
XOX XOX XOX XOX
XOX XOX XOX XOX

XOX XOX XOXOXOX

Frame period l T1516260-94/d33

= 1/frame_rate

Figure 7-18 — progressive_sequence ==

The same reconstructed frame is output one time if repeat_first_field is equal to 0, and two or three consecutive times if
repeat_first_field is equal to 1, depending on the value of top_field_first. Figure 7-19 illustrates this in the case of
chroma_format equals to 4:2:0 and repeat_first_field equals 1.
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Frame period
= 1/frame_rate

1
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X X X X X X X
o O O O O O O
X X X X X X X
X X X X X X X
o O O O O O O
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e, g’ *1,_/ \T/
0
top_field_first T1516270-94/d34

Figure 7-19 - progressive_sequence == 1, repeat_ first_field = 1

When decoding an interlaced sequence (progressive_sequende’is equal to 0), the luminance samples of the reco

frames are putput by the decoding process in the formivof interlaced fields at a rate that is twice the fra
Figure 7-20|illustrates this.

X
X

X X X
X X X

X

X X Xz X
X X X X
X X X X
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/
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>/
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Field period
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= 1/frame_rate

Figure 7-20 - progressive_sequence ==
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It is a requirement on the bitstream that the fields at the output of the decoding process shall always be alternately top
and bottom (note that the very first field of a sequence may be either top or bottom).

If the reconstructed frame is interlaced (progressive_frame is equal to 0), the luminance samples and chrominance
samples are output by the decoding process in the form of two consecutive fields. The first field output by the decoding
process is the top field or the bottom field of the reconstructed frame, depending on the value of top_field_first.

Although all the samples of progressive frames represent the same instant in time, all the samples are not output at the
same time by the decoding process when the sequence is interlaced.

If the reconstructed frame is progressive (progressive_frame is equal to 1), the luminance samples are output by the
decoding process in the form of two or three consecutive fields, depending on the value of repeat_first_field.

NOTE - The information that these fields originate from the same progressive frame in the bitstream is conveyed to the
display process.

All of the

a amp O O » dprogressty ame—are—o . v e-decodiftg—proeess at the same
time as the first field of lumi

nance samples. This is illustrted in Figures 7-21 and 7-22.
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progressive_frame: 0

Figure 7-21 — progressive_sequence == ( with 4:2:0 chrominance
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Figure 7-22 — progressive_sequence == 0 with 4:2:2 or 4:4:4 chrominance
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8 Profiles and levels

NOTE - In this Specification the word “profile” is used as defined below. It should not be confused with other definitions
of “profile” and in particular it does not have the meaning that is defined by JTC1/SGFS.

Profiles and levels provide a means of defining subsets of the syntax and semantics of this Specification and thereby the
decoder capabilities required to decode a particular bitstream. A profile is a defined subset of the entire bitstream syntax
that is defined by this Specification. A level is a defined set of constraints imposed on parameters in the bitstream.
Conformance tests will be carried out against defined profiles at defined levels.

The purpose of defining conformance points in the form of profiles and levels is+to facilitate bitstream interchange
among different applications. Implementers of this Specification are encouraged to produce decoders and bitstreams
which correspond to those defined conformance regions. The discretely defined profiles and levels are the means of
bitstream interchange between applications of this Specification.

In this clausg The constrained parts of the defined profiles and levels are described. All syntactic elements and s
values which are not explicitly constrained may take any of the possible values that are allowed by this Spegific
coder shall be deemed to be conformant to a given profile at a given level if it is able to properly d
allowed valges of all syntactic elements as specified by that profile at that level. One exception to this rule exi
ple profile Main level decoder, which must also be able to decode Main profile, Low’lével bitst
all be deemed to be conformant if it does not exceed the allowed range of allowed values and

general, a d

case of a Si
bitstream sh

include disajlowed syntactic elements.

Attention is

The profile
complies. T

Table 8-2 s
equals zero
smaller ide
identificatio|

drawn to 5.4 which defines the convention for specifying a range of numbers. This is used throd
specify the fange of values and parameters.

 and_level_indication in the sequence_extension indicates the profil€ and level to which the
e meaning of the bits in this parameter is defined in Table 8-1.

Table 8-1 — Meaning of bits in profile ‘and_level_indication

Bits Field Size (bits) Meaning
[7:7] 1 Escape bit, -

[6:4] Profile-identification

[3:0] 4 ILevel identification

Table 8-2 - Profile identification

pecifies the profile (dentification codes and Table 8-3 the level identification codes. When the e
a profile with a‘numerically larger identification value will be a subset of a profile with a numerically
ntification value> Similarly, whenever the escape bit equals zero, a level with a numericall
h value will\be-a subset of a level with a numerically smaller identification value.

arameter
ation. In
ecode all
5ts in the
feams. A
does not

ghout to

bitstream

cape bit

y larger

Profile identification Profile
110to 111 (Reserved)
101 Simple
100 Main
011 SNR Scalable
010 Spatially Scalable
001 High
000 (Reserved)
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Table 8-3 — Level identification

Level identification Level

1011to 1111 (Reserved)
1010 Low

1001 (Reserved)
1000 Main

0111 (Reserved)
0110 "High 1440

0101 (Reserved)
0100 High

0000 to 0011 (Reserved)

Table 814 describes profiles and levels when the escape bit equals 1. For these profiles and levels there

s no implied

hierarclly from the assignment of profile_and_level_indication and profiles and’ levels are not necessarily subsets of

others.

Attentign is drawn to Annex E, which describes in detail those parts of ISO/TEC 13818-2 that are used for a|given profile

and lev¢l.

Table 8-4 — Escape profile_and-level_indication identification

profile_and_level_indication

Name

10000000 to 11111111

(Reserved)

8.1 ISO/IEC 11172-2 compatibility

ISO/IE[C 11172-2-%constrained parameter” bitstreams shall be decodable by Simple, Main, SNR Scala
Scalable and High profile decoders at all levels. When a bitstream conforming to ISO/IEC 11172-

paramefer c¢ding is generated, the constrained_parameters_flag shall be set.

ple, Spatially
P constrained

L 11 Qe 1 A A QN b W | Q +aH Q I1alal d4 I ol £21 1 Jd ball 1
Additiomatty—Simpte;Maim,—SNR—Scatabte;—Spattally—Sealable—and—High—profile—decoders—shaltbe—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.

The syntactic differences between constraints of profiles are given in Table 8-5. This table describes the limits which
apply to a bitstream. Note that a Simple Profile conformant decoder must be able to fully decode both Simple profile,

Main level and Main profile, Low level bitstreams.
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Table 8-5 — Syntactic constraints of profiles

Profile
Syntactic Element Simple Main SNR Spatial High
chroma_format 4:2:0 4:2:0 4:2:0 4:2:0 4:2:2 or
4:2:0
frame_rate_extension_n 0 0 0 0 0
frame_rate_extension_d 0 0 0 0 0
aspect_ratio_information 0001, 0010, | 0001, 0010, | 0001,0010, | 0001,0010, | 0001, 0010,
0011 0011 0011 0011 0011
picture_coding_type I, P ILP,B ILLP,B ILP,B ILP,B
repeat_lirst_ﬁeld Constrained Unconstrained
sequence_scalable_extension() No No Yes Yes Yes
scalable| mode - - SNR SNR or SNR or
Spatial Spatial
picture_spatial_scalable_extension() No No No Yes Yes
intra_dd_precision 8,9,10 8,9,10 8,9,10 89,10 8,9,10, 11
Slice strjicture Restricted
6.1.2.2)

For all definjed profiles, there is a semantic restriction on the bitstream that all of the data for a macroblock [shall be
represented pvith not more than the number of bits indicated by Table 8-6. However, a maximum of two macrobllocks in
each horizorftal 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
4:4:4 9216

In this context a macroblock is deemed to start with the first bit of the macroblock_address_increment (or
macroblock_escape, if any) and continues until the last bit of the “End of block” symbol of the last coded block (or the
last bit of the coded_block_pattern() if there are no coded blocks)macroblock() syntactic structure. The bits required to
represent any slice() that precedes (or follows) the macroblock are not counted as part of the macroblock.

The High profile is also distinguished by having different constraints on luminance sample rate, maximum bit rate, and
VBY buffer size. Refer to Tables 8-12, 8-13 and 8-14.

Decoders that are Simple profile @ Main level compliant shall be capable of decoding Main profile @ Low level
bitstreams.
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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.
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_
mllbc——c seq'uencc=1'
0000 Forbidden
0091 24 000 + 1001 (23,976...) 0 0
00]0 24 0 0
00)1 25 Oor1l 0
0190 30 000 + 1001 (29,97...) Oorl 0
01091 30 Oorl 0
0110 50 Oorl 0
o111 60 000 = 1001 (59,94...) Oorl Qorl
10p0 60 Oorl Oorl
Reserved
11¢1 Reserved
Additiopal constraints exist for Maifi profile @ Main level and Simple profile @ Main level only:
. if (vertical_gsize- > 480 lines) or (frame_rate is “25Hz”) then if picture_coding_tyge = = 011
(i.e. B-picture), repeat_first_field shall be 0.
D if verfical_size > 480 lines frame_rate shall be “25Hz”
The High‘ptofile is also distinguished by having different constraints on luminance sample rate, maxinum bit rate,
and VBW buffol oibc. RUfCl to—Tables 8-'12, 813 aud 814

Decoders that are Simple profile @ Main level compliant shall be capable of decoding Main profile @ Low level
bitstreams.

8.3

Relationship between defined levels

The Low, Main, High-1440 and High levels have a hierarchical relationship. Therefore the parameter constraints of a
‘higher’ level equal or exceed the constraints of ‘lower’ levels (e.g. for a given profile, a Main level decoder shall be

able to decode a bitstream conforming to Low level restrictions). The order of hierarchy is given in Table 8-3.
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The different parameter constraints for levels are given in Table 8-8.

Table 8-8 — Parameter constraints for levels

Level
Syntactic Element Low Main High- 1440 High
f_code[0][0] (forward horizontal ) [1:7] [1:8] [1:9] [1:9]
f_code[1][0]? (backward horizontal) [1:7] [1:8] [1:9] [1:9]
Frame picture
fl 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)
Hield 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] [1:4]
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]
Spmple Density Table 8-11
Luminance Sample Rate Table 8-12
Maximum Bit Rate Table 8-13
Buffer Size Table 8-14
a) For Simple profile bitstreams which do not include B-pictures, f_code[1][0] and f_code[1][1] shall
be set to 15 (not used).
b This restriction applies to the final reconstructed motion vector. In the case of dual prime motion
vectors it applies before scaling is performed, after scaling is performed and after the small
differential motion vector has been added.

8.4 Scjlable layers

The SNR Scalable, Spatial Scalable and High profiles may use more than one bitstream to code the image| These

different bitsfreams represent layers of coding, which when combined create a higher quality image than that obfainable
from one laytf—&bﬁ&@eﬁ*m&ﬁmmmmmm& 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 the base layer of an SNR Scalable profile bitstream can always be decoded by a Main profile
decoder of equivalent level. Conversely, a Main profile bitstream shall be decodable by an SNR profile decoder of
equivalent level.
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Table 8-9 — Upper bounds for scalable layers in SNR Scalable, Spatially Scalable

and High profiles

Level

Maximum Number of

Profile

SNR

Spatial High

High

All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers

—— )

High-1440

All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers

._.
—_—

Main

All layers (base + enhancement)
Spatial enhancement layers

SNR enhancement layers

ol (=2 S

—_|— w

Low

All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers

—OoN

Permissible layer combinations

10 is a summary of the permitted combinations, and is subject to the following rules:

—  SNR Scalable profile — maximum of 2 layers; Spatially Scalable & High profile — maximur]

(See Table 8-9.)

h of 3 layers.

—  Only one SNR and one Spatial scale allowed in 3-layer combinations, either SNR/Spatial o1f Spatial/SNR
order is permitted. (See Table 8-9.)

—  Adding 4:2:2 chroma format to“a 4:2:0 lower layer is considered an SNRpermitted for e

Spatial scale.

— A 4:2:0layer is not permitted if the lower layer is 4:2:2. (See 7.7.3.3.)
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Table 8-10 — Permissible layer combinations

Scalable mode

Profile/level of simplest
base layer decoder
(level reference top layer) 2

Profile Base layer Enhancement layer 1 Enhancement layer 2
SNR 4:2:0 SNR, 4:2:0 - MP @same level
Spatial 4:2:0 SNR, 4:2:0 - MP@same level
Spatial 4:2:0 Spatial, 4:2:0 - MP@(level - 1)
Spatial 4:2:0 SNR, 4:2:0 Spatial, 4:2:0 MP@(level - 1)
Spatial 4:2:0 Spatial, 4:2:0 SNR, 4:2:0 MP@(level - 1)
High 4:2:0 - - HP@same level
High 4:2:2 - - HP@same level
High 4:2:0 SNR, 4:2:0 - HP@same level
High 4:2:0 SNR, 4:2:2 - HP @sdame-level
High 4:2:2 SNR, 4:2:2 - HP@same level
High 4:2:0 Spatial, 4:2:0 - HP@(level - 1)
High 4:2:0 Spatial, 4:2:2 - HP@(level - 1)
High 4:2:2 Spatial, 4:2:2 - HP@(level — 1) V)
High 4:2:0 SNR, 4:2:0 Spatial, 4:2:0 HP@(level — 1)
High 4:2:0 SNR, 4:2:0 Spatial, 4:2:2 HP@(level - 1)
High 4:2:0 SNR, 4:2:2 Spatial;4:2:2 HP@(level - 1) ®
High 4:2:2 SNR, 4:2:2 Spatial, 4:2:2 HP@(level - 1) ®
High 4:2:0 Spatial, 4:2:0 SNR, 4:2:0 HP@(level - 1)
High 4:2:0 Spatial, 4:2:0 SNR, 4:2:2 HP@(level - 1)
High 4:2:0 Spatial, 4:2:2 SNR, 4:2:2 HP@(level - 1)
High 4:2:2 Spatial, 4:2;2 SNR, 4:2:2 HP@(level — 1) ®

2) The simplest compliant decoder to decode the, base layer is specified, assuming that bitstream may contain dny
syrftax and parameter value permitted for the)stated profile @ level, except scalability. Note that for High profile| @
Mgdin level spatially scaled bitstreams, <HP @ (level - 1)’ becomes ‘MP @ (level - 1)’. In the event that a base layer
bi%ream uses fewer syntactic elemerits or a reduced parameter range than permitted, profile_and_level_indicat{on
indicate a ‘simpler’ profile @ level.

ma|

b) Nofe that 4:2:2 chroma format-is not supported as a lower spatial layer of High profile @ Main level (fee
Table 8-12).

Details of tIe different parameter limits that may be applied in each layer of a bitstream and the corresponding

appropriate profi
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8.5 Parameter values for defined profiles, levels and layers

See Table 8-11.

Table 8-11 — Upper bounds for sampling density

Spatial Profile
Level resolution
layer Simple Main SNR Spatial High
High Enhancement | Samples/line 1920 1920
Lines/frame 1152 1152
Frames/s 60 60
Lower Samples/line 960
Lines/frame - 576
Frames/s 30
High-1440 Enhancement | Samples/line 1440 1440 1440
Lines/frame 1152 1152 1152
Frames/s 60 60 60
Lower Samples/line 720 720
Lines/frame - 576 576
Frames/s 30 30
Main Enhancement | Samples/line 720 720 720 720
Lines/frame 576 576 576 576
Frames/s 30 30 30 30
Lower Samples/line 352
Lines/frame - - - 288
Frames/s 30
Low Enhancement | Samples/line 352 352
Lines/frame 288 288
Frames/s 30 30
Lower Samples/line
Lines/frame - -
Frames/s
NOTE - In the case of single layer or SNR scaled coding, the limits specified by ‘Enhancement layer’ apply.
The synthctic elementsireferenced by this table are as follows:
—  samiples/line: horizontal_size;
— lines/frame: vertical_size;
-/ Mrames/sec: frame_rate.

The upper bound for frame_rate is the same for both progressive_sequence == 0 and progressive_sequence == 1.
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The luminance sample rate P is defined as follows:

122

Table 8-12 ~ Upper bounds for luminance sample rate (samples/s)

Spatial Profile
resolution
Level layer Simple Main SNR Spatial High
High Enhancement 62 668 800 62 668 800 (4:2:2)
83 558 400 (4:2:0)
Lower - 14 745 600 (4:2:2)
19 660 800 (4:2:0)
High-1440 Enhancement 47 001 600 47 001 600 47 001 600 (4:2:2)
62 668 800 (4:2:0)
Tower - 10 368 000 11059 200 (4:2:2
14 745 600 (4:2:0
Main Enhancement 10 368 000 10 368 000 10 368 000 11 059 200 (4:2:2
14 7451600 (4:2:0
Lower - - - -
3041 280 (4:2:0
Low Enhancement 3041280 3041 280
Lower - -

NOTE[- In the case of single layer or SNR scaled coding, the limits specified by “Enhancement layer’ apply.

—| 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
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Table 8-13 — Upper bounds for bit rates (Mbit/s)

Profile
Level Simple Main SNR Spatial High
High 100 all layers
80 80 middle + base layer
25 base layer
High-1440 60 all layers 80 all layers
60 40 middle + base layers 60 middle + base layers
15 base layer 20 base layer
Main - 20 all layers
15 15 15 both layers 15 middle + base layer
10 base layer 4 base layer
Low -
4 4 both layers
3 base layer
NOTES
1 This table defines the maximum rate of operation of the VBV for a coded bitstream of the given profile apd level.
This fate is indicated by bit_rate (see 6.3.3).
2 This table defines the maximum permissible data rate for all layers up to and including the stated layer. Fqr multi-
layer| coding applications, the data rate apportioned between layers is constrained onlydy the maximum rate permitfed for a
given layer as stated in this table.
3 1 Mbit = 1 000 000 bits

Table 8-14 — VBV Buffer size requirements (bits)

Profile
. Layer Simple Main SNR Spatial High
High Enhancement'2 12 222 464
Enhancement 1 9 781 248
Base 9781 248 3047 424
High-1440 | Enhancement 2 7 340 032 9 781 248
Enhancement 1 4 882 432 7 340 032
Base 7 340 032 1835 008 2441216
Main Enhancement 2 - 2441 216
Enhancement 1 1835 008 1 835 008
Base 1835008 1 835008 1212416 475 136
Low Enhancement 2 -
Enhancement 1 475 136
Base 475 136 360 448
NOTES
1 The buffer size is calculated to be proportional to the maximum allowable bit rate, rounded down to the
nearest multiple of 16 x 1024 bits. The reference value for scaling is the Main profile, Main level buffer size.
2 This table defines the total decoder buffer size required to decode all layers up to and including the
stated layer. For multi-layer coding applications, the allocation of buffer memory between layers is
constrained only by the maximum size permitted for a given layer as stated in this table.
3 The syntactic element corresponding to this table is vbv_buffer_size (see 6.3.3).
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contain the
bitstream. In
values of pro
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Table 8-15 — Forward compatibility between different profiles and levels

Decoder
Profile & Level HP | HP | HP | Spatial | SNR | SNR | MP | MP | MP | MP | sP
bitstream @ @ @ @ @ @ @ @ @ @ @
HL H-14 | ML H-14 ML LL HL H-14 | ML LL ML

HP@HL X
HP@H-14 X X
HP@ML X X X
Spatial@H-14 X X X
SNR @ML X X X X X
SNR @LL X X X X X X
MP@HL X X
MP@H-14 X X X X X
MP@MIL X X X X X X X X
MP@IfL X X X X X X X X X X Xp
SP@ML X X X X X X X X
ISO/IEC 11172 X X X X X X X X X X
X indicates the decoder shall be able to decode the bitstream including all relevant lower layers.
a) INote that SP @ ML decoders are required to decode MP @ LL bitstreams.

NPTE - For Profiles and Levels which obey a hierarchical structure, it is recommended that each layer of the] bitstream
profile_and_level_indication of the “simplest” decoder¢which is capable of successfully decoding that layer of the
the case where the profile_and_level_indication Escape;bit == 0, this will be the numerically largest of the pospible valid
file_and_level_indication.
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Annex A

Discrete cosine transform
(This annex forms an integral part of this Recommendation | International Standard)

N two dimensional DCT is defined as:
N-1 N-1
2 2x + Dur Ry + 1)vr
F(u,v) = 5 CC) D, D, f(x, y)eos "o cos “o
x=0 y=0

uv,Xx,y=0,1,2,... N-1
X, y are spatial coordinates in the sample domain

are coordinates in the transform domain

1
—+— foruv =20

C(w), C(v) = 2

1  otherwise

N-1 N-1
2 2x+ Dun 2y + Dvr
fix,y) = N Z Z C(u)C(v)F(u,v)cos N cos N
u=0 v=0

fed in 12 bits. The dynamic range of the\DCT coefficients is [-2048: +2047].

N inverse discrete transform shall*‘eonform to IEEE Standard Specification for the Implementati
Discrete Cosine Transform, Staridard 1180-1990, December 6, 1990.

NOTES

in 1180-1990-or visual telephony according to Recommendation H.261.

ction itsshould be understood that this is not sufficient. In particular, attention is drawn to the following sente

“Where drithmetic precision is not specified, such as the calculation of the IDCT, the precision shall be sufficient so t
errors do1not occur in the final integer values.”

t to the forward transform and output from the inverse transform is represented with 9 bits. The cogfficients are

ns of 8 X 8

1 Clause 2.3 Standard\ 180-1990 “Considerations of Specifying IDCT Mismatch Errors” requires the specification of
ntra-picture coding in“order to control the accumulation of mismatch errors. Every macroblock is required tg be refreshed
is coded 132 time§ as predictive macroblocks. Macroblocks in B-pictures (and skipped macroblocks in Pppictures) are
from the countig .because they do not lead to the accumulation of mismatch errors. This requirement if the same as

2 WHilst the IEEE IDCT Standard mentioned above is a necessary condition for the satisfactory implemgntation of the

nce from 5.4:
nat significant
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B.1 Macroblock addressing

Annex B

Variable length code tables

(This annex forms an integral part of this Recommendation | International Standard)

See Table B.1.
Table B.1 - Variable length codes for macroblock_address_increment
mafroblock_address_ Increment value l{lacroblock_address_ Increment value
ingrement 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
000111 6 0000 0100 010 23
000110 7 0000 0100 001 24
0000]111 8 0000 0100 000 25
0000]110 9 0000 001 kTi1 26
0000]1011 10 00000011 110 27
0000/1010 11 00600011 101 28
0000]1001 12 0000 0011 100 29
0000]1000 13 0000 0011 011 30
0000J0111 14 0000 0011 010 31
000010110 15 0000 0011 001 32
0000/0101 11 16 0000 0011 000 33
0000j0101 10 17 0000 0001 000 macroblock_escape
NQTE - The “macroblock stuffing” entry that is available in ISO/IEC11172-2 is not available in this Specification.
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B.2 Macroblock type

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 ojfofofoj1]0 Intra 0
01 11000110 Intral 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 0]1]0(1 T-O MC, Coded 0
01 ofofojrjoto No MC, Coded 0
001 0]1]0[0]0(O0 MC, Not Coded 0
0001 1 ofofofjof1r|o Intra 0
00010 1]1]0[1[0fO MC, Coded, Quant 0
0000 1 l11]o0ofO0Oj1]01}]0 No MC, Coded, Quant 0
0000 01 I1{fofofofrfo 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
Deseription
0 011 1101010 Interp, Not Coded 0
1 oj1|1f1j01}o0 Interp, Coded 0
10 ofofryfojofo Bwd, Not Coded 0
D11 ojoflt1f{1]0f|O Bwd, Coded 0
010 of1|{ofofofo Fwd, Not Coded 0
011 oj1{ofj1f{ojo Fwd, Coded 0
001 1 ofofofofl11]o Intra 0
001 0 1{1}1}11{0]0 Interp, Coded;.Quant 0
D000 11 11110111010 Fwd, Céded, Quant 0
D000 10 110|110} 0 B#wd, Coded, Quant 0
D000 01 1{0)J0]JO0Oj11{0O Intra, Quant 0

Table B.S — 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 0]0j0(1]0]0 Coded, Compatible 4
01 110(0]1}0/{0O Coded, Compatible, Quant 4
0011 0jojofo|1]0 Intra 0
0010 110j]0fo0|1]0 Intra, Quant 0
0001 ojojolof[O0]0O Not Coded, Compatible 4
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Table B.6 — Variable length codes for macroblock_type in P-pictures with spatial scalability

macroblock_type VLC code

macroblock_quant
macroblock_motion_forward
macroblock_motion_backward
macroblock_pattern
macroblock_intra
spatial_temporal_weight_code_flag
permitted spatial_temporal_weight_classes
Description

10 ofrjofrfoyfo MC, Coded 051
011 oOj1}J]0f1]0]|1 MC, Coded, Compatible 1,2,3
0000 100 ofofof1fofo No MC, Coded 0
0001 11 0j0]J0f[1]0{1 No MC, Coded, Compatible 1,2,3
0010 ofryofofofo MC, Not Coded 0
0000 111 ofojojoj1f|o Intra 0
0011 0Of1]0f[0]0]|1 MC, Not coded, Compatible 1,2,3
010 1f1rjo0fl1|1o0}o MC, Coded;-Quant 0
0001 00 1fo0jo|l1]0}0 No MC;.Coded, Quant 0
0000 110 1fojofof1¢to Intra, Quant 0
11 1|11 {0f[1}]0¢{1 MG, €oded, Compatible, Quant 1,23
0001 01 1{0jO0|1]0]1 No'MC, Coded, Compatible,Quant 1,23
0001 10 01]0]0]0]0]1 No MC, Not Coded, Compatible 1,23
0000 101 0j]0|O0f1]00 Coded, Compatible 4
0000 010 100 14O (O Coded, Compatible, Quant 4
0000 011 0|0]|O0FO]O0OfO Not Coded, Compatible 4
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Table B.7 — Variable length codes for macroblock_type in B-pictures with spatial scalability

macroblock_type VLC code
macroblock_quant
macroblock_motion_forward
macroblock_motion_backward
macroblock_pattern
macroblock_intra
spatial_temporal_weight_code_flag
permitted spatial_temporal_weight_classes
Description

0 0Oj1]1{0]107(0 Interp, Not coded 0

1 oj1|1y1]1040 Interp, Coded 0

10 ojoj1{ofofoO Back, Not coded 0
D11 ojofl1f{1]10f{O0 Back, Coded 0
D010 oO|j1j0(0]0¢}O For, Not coded 0
DO1 1 011]1]011]01]0 For, Coded 0
D001 10 ofofr1|oO0fOfT1 Back, Not Coded, Conipatible 1,23
D001 11 oOjo|J1f{1]0]|1 Back, Coded, Compatible 1,2,3
D001 00 0)1]1]1]010]01]1 For, Not Coded, Compatible 1,23
D001 01 Ol1]0]11]0]1 For, Coded, Compatible 1,23
D000 110 ojojojoj1f{o Intra 0

000 111 I{1]1{1}10(0 Interp, Coded, Quant 0

000 100 1 1{0f(1]0fO For, Coded, Quant 0
D000 101 1]1]0]1 1 ({00 Back, Coded, Quant 0
D000 0100 1{0]0]0]| 1,0 Intra, Quant 0
D000 0101 1111011 40¢f1 For, Coded, Compatible, Quant 1,23
D000 01100 110 1l 0]1 Back, Coded, Compatible, Quant 1,2,3
D000 0111 0 0{0AN]10(0]0 Not Coded, Compatible 4
D000 0110 1 1Jojo0f1]0}0 Coded, Compatible, Quant 4
D000 0111 1 ONfOJO|l1[O0]O 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

Y saats
DCSCITPTIon

1 0 11010 Coded 0
01 1 110 Coded, Quant 0
001 0[{0]J]0f0]O Not Coded 0

NOTE - There is no differentiation between picture types, since macroblocks are procéssed 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.

Table B.9 — Variable length codes for coded_block_pattern

coded_block_pattern coded_block_pattern

VLC code cbp VLC code cbp
111 60 0001 1100 35
1101 4 0001 1011 13
1100 8 0001 1010 49
1011 16 0001 1001 21
1010 32 0001 1000 41
1001 1 12 0001 0111 14
1001 0 48 0001 0110 50
1000 1 20 0001 0101 22
1000 0 40 0001 0100 42
01111 28 0001 0011 15
01110 44 0001 0010 51
01101 52 0001 0001 23
01100 56 0001 0000 43
0101 1 1 0000 1111 25
01010 61 0000,1110 37
01001 2 00001101 26
01000 62 0000 1100 38
0011 11 24 0000 1011 29
0011 10 36 0000 1010 45
0011 01 3 0000 1001 53
0011 00 63 0000 1000 57
0010 111 5 0000 0111 30
0010110 9 0000 0110 46
0010 101 17 0000 0101 54
0010 100 33 0000 0100 58
0010011 6 0000 0011 1 31
0010010 10 00000011 0 47
0010 001 18 0000 0010 1 55
0010 000 34 0000 0010 0 59
0001 1111 7 0000 0001 1 27
0001 1110 11 0000 0001 O 39
0001 1101 19 0000 0000 1 0 (Note)
NOTE - This entry shall not be used with 4:2:0 chrominance structure.
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B.4 Motion vectors

See Tables B.10 and B.11.

ISO/IEC 13818-2:1996(E)

Table B.10 — Variable length codes for motion_code

Variable length code motion_code[r][s][t]
0000 0011 001 -16
0000 0011 011 -15
0000 0011 101 -14
0000 0011 111 -13
0000 0100 001 -12
0000 0100 011 -11
0000 0100 11 -10
0000 0101 01 -9
0000 0101 11 -8
00000111 -7
0000 1001 -6
0000 1011 =5
0000 111 -4
0001 1 -3
0011 -2
011 -1
1 0
010 1
0010 2
00010 3
0000 110 4
0000 1010 5
0000 1000 6
0000 0110 7
0000 0101 10 8
0000 0101 00 9
0000 0100 10 10
0000 0100 010 11
0000 0100 000 12
0000 0011 110 13
0000 0011 100 14
0000 0011 010 15
0000 0011 000 16
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B.S

Table B.11 — Variable length codes for dmvector[t]

Code Value
11 -1
0 0
10 1

DCT coefficients

See Tables B.12 to B.16.

134

Table B.12 — Variable length codes for dct_dc_size_luminance

Variable length code dct_dc_size_luminance
100 0
00 1
01 2
101 3
110 4
1110 5
11110 6
1111 10 7
1111110 8
11111110 9
111111110 10
111111111 11

Table B.13 ~ Variable length codes for dct_dc_size_chrominance

Variable length code dct_dc_size_chrominance
00 0
01 1
10 2
110 3
1110 4
11110 5
111110 6
1111110 7
11111110 8
111111110 9
1111111110 10
111t 1t 11
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Table B.14 - DCT coefficients Table zero

Variable length code (Note 1) Run Level

10 (Note 2) End of Block

1 s (Note 3) 0 1
11 s (Note 4) 0 1
011s 1 1
0100 s 0 2
0101 s 2 1
0010 1s 0 3
00111s 3 1
0011 0s 4 1
0001 10's 1 2
0001 11s 5 1
0001 01 s 6 1
0001 00 s 7 1
0000 110's 0 4
0000 100 s 2 2
0000 111 s 8 1
0000 101 s 9 1
0000 01 Escape

00100110 s 0 5
0010 0001 s 0 6
00100101 s 1 3
00100100 s 3 2
00100111 s 10 1
00100011 s 11 1
00100010 s 12 1
0010 0000 s 13 1
0000 0010 10 0 7
0000 0011 00(s 1 4
0000 001Q_[1"s 2 3
000000011 11 s 4 2
00000010 01 s 5 2
0000 0011 10's 14 1
0066-06H-0+=5 +5 t
0000 001000 s 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
0000 0001 1100 s 3 3
0000 0001 0010 s 4 3
0000 0001 1110's 6 2
00000001 0101 s 7 2
0000 0001-0001 s 8 2
0000 0001 111Ts 17 1
0000 0001 1010% 18 1
0000 0001 1001 s 19 1
0000 0001 0111 s 20 1
0000 0001 0110s 21 1
0000 0000 1101 0's 0 12
0000 0000 1100 1 s 0 13
0000 0000 11000 s 0 14
0000 0000 1011 1's 0 15
0000 0000 1011 0's 1 6
0000 0000 1010 1 s 1 7
0000 0000 10100 s 2 5
0000 0000 1001 1s 3 4
0000 0000 1001 0s 5 3
0000 0000 1000 1 s 9 2
0000 0000 10000 's 10 2
00000000 1111 1s 22 |
00000000 1111 0s 23 1
00000000 11101 s 24 1
0000 0000 11100s 25 1
0000 0000 1101 15 26 1
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Table B.14 — DCT coefficients Table zero (continued)

Variable length code (Note 1) Run Level
0000 0000 0111 11 s 0 16
00000000 0111 10 s 0 17
000000000111 01 s 0 18
0000 0000 0111 00 s 0 19
0000 0000 0110 11 s 0 20
0000 0000 0110 10°s 0 21
0000 0000 011001 s 0 22
00000000 0TTO00°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 0010010 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 0011110 s 1 9
0000 0000 PO147101 s 1 10
0000 0800~0011 100 s 1 11
0000,6000 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 1001 s 12 2
0000 0000 0001 1000 s 13 2
0000 0000 0001 0111 s 14 2
0000 0000 0001 0110 s 15 2
0000 0000 0001 0101 s 16 2
0000 0000 0001 1111 s 27 1
0000 0000 0001 1110 s 28 1
0000 0000 0001 1101 s 29 1
0000 0000 0001 1100 s 30 1
0000 0000 0001 1011 s 31 1
NOTES
1 The last bit ‘s’ denotes the sign of the level: ‘0 for positige, ‘1’ for negative.
2 “End of Block” shall not be tﬁe only code of the block:

3 This code shall be used for the first (DC) coefficient in the block.
4 This code shall be used for all other coefficients.
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Table B.15 - DCT coefficients Table one

Variable length code (Note 1) Run Level

0110 (Note 2) End of Block

10s 0 1
010s 1 1
110s 0 2
00101s 2 1
Ollls 0 3
0011 1s 3 1
0001 10's 4 1
0011 0s 1 2
0001 11s 5 1
0000 110's 6 1
0000 100 s 7 1
11100s 0 4
0000 111s 2 2
0000 101 s 8 1
1111000 9 1
0000 01 Escape

11101s 0 5
0001 01 s 0 6
1111001 s 1 3
00100110 s 3 2
1111010 10 1
0010 0001 s 11 1
00100101 s 12 1
00100100 s 13 1
0001 00 s 0 7
00100111s 1 4
1111 1100 s 2 3
1111 1101 4 2
00000010 0's 5 2
000000101 s 14 1
00000011 1s 15 1
00000011 01 s 16 1
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Table B.15 - DCT coefficients Table one (continued)

Variable length code (Note 1) Run Level
1111011s 0 8
1111 100's 0 9
00100011 s 0 10
00100010 s 0 11
0010 0000 s 1 5
00000011 00 s 2 4
0000 0001 1100 s 3 3
0000 0001 0010 s 4 3
0000 0001 1110's 6 2
0000 0001 0101 s 7 2
0000 0001 0001 s 8 2
0000 0001 1111 s 17 1
0000 0001 1010 s 18 1
0000 0001 1001 s 19 1
0000 0001 0111 s 20 1
0000 0001 0110 s 21 1
1111 1010's 0 12
1111 1011 s 0 13
1111 1110s 0 14
11111111 Q 15
0000 0000 1011 0's 1 6
0000 0000 1010 1 s 1 7
0000 0000 10100's 2 5
0000 0000 1001 1 s 3 4
0000 0000 1001 0's 5 3
0000 0000 1000 1 s 9 2
0000 0000 1000 0.8 10 2
0000 0000 1117 IS 22 1
0000 0000 1NM1 0's 23 1
000070000 1110 1 s 24 1
60600000 11100s 25 1
0000 0000 1101 1's 26 1
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Table B.15 — DCT coefficients Table one (continued)

Variable length code (Note 1) Run Level
0000 00000111 115 0 16
000000000111 10 s 0 17
0000 0000 0111 01 s 0 18
0000 0000 0111 00 s 0 19
0000 0000 0110 11 s 0 20
0000 0000 0110 10 s 0 21
0000 0000 011001 s 0 22
U000 0000 0TT0 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 0011110 s 1 9
0000 00000031101 s 1 10
0000 0000-0011 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)

Variable length code (Note 1) Run Level
0000 0000 0001 0011 s 1 15
0000 0000 0001 0010 s 1 16
0000 0000 0001 0001 s 1 17
0000 0000 0001 0000 s 1 18
0000 0000 0001 0100 s 6 3
0000 0000 0001 1010 s 11 2
0000 0000 0001 1001 s 12 2
6606-6000-00011066 3 2
0000 0000 0001 0111 s 14 2
0000 0000 0001 0110 s 15 2
0000 0000 0001 0101 s 16 2
0000 0000 0001 1111 s 27 1
0000 0000 0001 1110 s 28 1
0000 0000 0001 1101 s 29 1
0000 0000 0001 1100 s 30 1
0000 0000 0001 1011 s 31 1
NOTES
1 The last bit ‘s’ denotes the sign of the level: ‘0’ for paSitive, ‘1’ for negative.
2 “End of Block” shall not be the only code of the block.

Table B.16 — Encoding of run and level following an ESCAPE code

Fixed length code Run Fixed length code signed_level
0000 00 0 1000 0000 0001 -2047
0000 01 1 1000 0000 0010 -2046
0000 10 2

1111 1111 1111 -1

0000 0000 0000 Forbidden

0000 0000 0001 +1
1111 11 63 orrr 1111 1111 +2047
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Annex C

Video buffering verifier
(This annex forms an integral part of this Recommendation | International Standard)

Coded video bitstreams shall meet constraints imposed through a Video Buffering Verifier (VBV) defined in this annex.
Each bitstream in a scalable hierarchy shall not violate the VBV constraints defined in this annex.

The VBV is a hypothetical decoder, which is conceptually connected to the output of an encoder. It has an input buffer
known as the VBV buffer. Coded data is placed in the buffer as defined below in C.3 and is removed from the buffer as
defined in C.5, C.6, and C.7. It is required that a bitstream that conforms to this Specification shall not cause the VBV
buffer to overflow. When low_delay equals zero, the bitstream shall not cause the VBV buffer to underflow. When
low_delafyequals one, decoding a picture at the normally expected time might cause the VBV bulfer to-uhderflow. If
this is th¢ case, the picture is not decoded and the VBV buffer is re-examined at a sequence of later tiiés'specified in
C.7 and .8 until it is all present in the VBV buffer.

All the arithmetic in this annex is done with real-values, so that no rounding errors can propagate. For ekample, the
number qf 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\the same frame rgte, and are
operated fynchronously.

C.2 The VBV buffer is of size B, where B is the vbv_buffer_size coded,in the sequence header arjd sequence
extensior] if present.

C3 This subclause defines the input of data to the VBV buffer. Two mutually exclusive cases are defifed in C.3.1
and C.3.2. In both cases the VBV buffer is initially empty. Let Rpax-be the bitrate specified in the bit_rate fi¢ld.

C.3.1 |In the case where vbv_delay is coded with a value not equal to hexadecimal FFFF, the picture datq of the n-th
coded pidture enters the buffer at a rate R(n) where:

R(n) = d*n /(t(n)=t(n+ 1) +tn+1)—t(n))

Where

-  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 the
final bitwf 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 secpnds.

- t(n) Is the time, measured in seconds, when the n-th coded picture is removed from VBV|buffer. t(n)

is defined in C.9, C.10, C.11, and C.12.

For the bjts preceding the first picture start code and following the final picture start code R(n) = Ry

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 bulffer 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) <= Ry« for all picture data.

NOTE - For constant rate video the sequence of values R(n) are constant throughout the sequence to within the accuracy
permitted by the quantisation of vbv_delay.

C.3.2  In the case where vbv_delay is coded with the value hexadecimal FFFF, data enters the VBV buffer as
specified in this subclause.

If the VBV buffer is not full, data enters the buffer at Ry,

If the VBV buffer becomes full after filling at Rmax for some time, no more data enters the buffer until some data is
removed from the buffer.
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After filling the VBV buffer with all the data that precedes the first picture start code of the sequence and the picture
start code itself, the VBV buffer is filled from the bitstream until it is full. At this time decoding begins. The data input
continues at the rate specified in this subclause.

C4 Starting at the time defined in C.3, the VBV buffer is examined at successive times defined in C.9 to C.12. C.5
to C.8 defines the actions to be taken at each time the VBV buffer is examined.

Ccs This subclause defines a requirement on all video bitstreams.

At the time the VBV buffer is examined before removing any picture data, the number of bits in the buffer shall lie
between zero bits and B bits where B is the size of the VBV buffer indicated by vbv_buffer_size.

For the purpose of this annex, picture data is defined as all the bits of the coded picture, all the header(s) and user data
immediately] preceding it if any (including any stuffing between them) and all the stuffing following it, up-to| (but not
including) tie 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.

spquence_header(), sequence_extension(), extension_and_user_data(0),
group_of_pictures_header() and extension_and_user_data(1) and picture_start_code

/

‘ 0 1 [2 I In [n+1 1 | Tt
< ——vbv. delay S T1516310-94/d38

Figure C:1\> VBV Buffer Occupancy — Constant bit-rate operation

C.6 This subclause defines a requirement on the video bitstreams when the low_delay flag is equal to zero

At each time.the-VBYV buffer is examined and before any bits are removed, all of the data for the picture which (at that

time) has beemr T the buffer tongest shatt—be present 1 the VBV —buffer—This picture data—strati—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 currently

to be decoded), see 6.3.10. If the VBV buffer has to be re-examined, the picture currently to be decoded is referred to as
a big picture.
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If picture currently to be decoded is a big picture, the VBV buffer is re-examined at intervals of 2 field-periods before
removing the big picture, and no picture data is removed until the final re-examination.

At this time, the number of bits the VBV buffer immediately before removing the big picture shall be less than B, all the
picture data for the picture that has been in the buffer longest (the big picture) shall be present in the buffer and shall be

removed

instantaneously. Then, normal operation of the VBV resumes, and C.5 applies.

The last coded picture of a sequence shall not be a big picture.

C38

This subclause is informative only.

The situation where the VBV buffer would underflow (see C.7) can happen when low-delay applications transmit
occasionally large pictures, for example in case of scene-cuts.

Decoding

or frame
“skipped
low_dela

C.9
progressil
B-picturg

The time]
inverse o

until normal operation of the VBV can resume. This process is sometimes referred to as thelod
pictures”. Note that this situation should normally not occur except occasionally. It shallnot
ly is equal to O.

This subclause defines the time intervals between successive examination of the VBV buffer in the
[ve_sequence equals to 1 and low_delay equals to 0. In this case, the frame re-ordéring delay alway
S can occur.

interval t, 4 | — t, between two successive examinations of the VBV buffér is a multiple of T, wh
f 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.

decoded field

currence of
bccur when

case where
s exists and

ere T is the

If the n-th picture is a B-Picture with repeat_first_field equal to 1,and top_field_first equals O, then t, ; | + t, is equal
to 2*T.
If the n-th picture is a B-Picture with repeat_first_field equal-to 1 and top_field_first equals 1, then t, 4 1 + t, is equal
to 3*T.
If the n-th picture is a P-Picture or I-Picture and if-the previous P-Picture or I-Picture has repeat_first_field equal to O,

then t,

If the n-
and top_1{

—tyis equal to T.

ield_first equal to O, then t,, ,.3.£ t; is equal to 2*T.

h picture is a P-Picture or I-Picture*and if the previous P-Picture or I-Picture has repeat_first_field equal to 1

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_{ield_first equal to 1, then't, , | —t, is equal to 3*T.
If t, 4+ 1 —{t, cannot be determined with any of the previous paragraphs because the previous P- or I-Picture dges not exist
(which can occur at the'beginning of a sequence), then the time interval is arbitrary with the following restrictions:

C.10

The time-interval between removing one frame (or the first field of a frame) and removing the nex
be afbitrarily defined equal to T, 2*T or 3*T. In this case the delivery rate of the data for the fi
ambiguous. Therefore the VBV buffer status until after this data has been removed from the VBV

t frame can
rst frame is

buffer may
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et of VBV

buffer states that meet the requirements of this annex on overflow and underflow. If the bitstream is
multiplexed as part of a systems bitstream according to ITU-T Rec. H.220.0 | ISO/IEC 13818-1, then
information in the systems bitstream may be used to determine unambiguously the VBV buffer state after

removing the first picture.

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 o

f the frame rate.

If the n-th picture is a P-Picture or I-Picture with repeat_first_field equal to 0, then t, 4 | —t,, is equal to T.
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If the n-th picture is a P-Picture or I-Picture with repeat_first_field equal to 1 and top_field_first equal to O,
then t, 4 | — t, is equal to 2*T.

If the n-th picture is a P-Picture or I-Picture with repeat_first_field equal to 1 and top_field_first equal to 1,
then t; ;. | — t, is equal to 3*T.

C.11

This subclause defines the time intervals between successive examination of the VBV buffer in the case where

progressive_sequence equals to 0 and low_delay equals to 0. In this case, the frame re-ordering delay always exists and
B-pictures can occur.

The time interval t, ;. | — t, between two successive examinations of the VBV input buffer is a multiple of T, where T is
the inverse of two times the frame rate.

If the n-th picture is a frame-structure coded B-frame with repeat_first_field equal to O, then t, , | — t,, is equal to 2*T.

If the n-th p
If the n-th gicture is a field-structure B-picture (B-field picture), then t, ; | —t, is equal to T.

If the n-th picture is a frame-structure coded P-frame or coded I-Frame and if the previous coded,P-Frame
I-Frame hag repeat_first_field equal to O, then t, , | —t, is equal to 2*T.

If the n-th picture is a frame-structure coded P-Frame or coded I-Frame and if the previous(coded P-Frame
I-Frame hag 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 t

If the n-th| picture is the second field of a field-structure coded P-Frame-or_coded I-Frame and if the
coded P-Frame or coded I-Frame is using field-structure or has repeat_first:\field equal to O, then t, + | — t
to (2*T - T)).

If the n-th| picture is the second field of a field-structure coded{P;Frame or coded I-Frame and if the
coded P-Frame or coded I-Frame is using frame-structure and has ‘vepeat_first_field equal to 1, then t, , | —
to (3*T - T)).

If t, + 1 — ty cannot be determined with any of the previous paragraphs because the previous coded P- or I-fram
exist (whic

icture is a frame-structure coded B-frame with repeat first field equal to 1, then t, . ; —t, is equal to 3*T.

Tihe time interval between removing one frame (or the first field of a frame) and removing the next
e first field of a frame) can be arbitrarily defined equal to 2*T or 3*T. Therefore the VBV buffer s
after this data has been removed from.the VBV buffer may have more than one value. At least one o

f=3

or coded
or coded
T.

previous

L is equal

previous
L, is equal

does not

h can occur at the beginning of a sequence), then the time interval is arbitrary with the following resfrictions:

frame (or
atus until
the valid

choices for the decoding time shall‘lead to a set of VBV buffer states that meet the requirements of this annex

op overflow and underflow. If the bitstream is multiplexed as part of a systems bitstream according
ec. H.220.0 | ISO/IEC 13818-1, then information in the systems bitstream may be used to
upambiguously the VB buffer state.

to ITU-T
Hetermine

duration

Figure C.2|shows the VBV (in)a simple case with only frame-pictures. Frames Py, B, and B4 have a display
of 3 fields.
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Figure C.2
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C.12 This clause defines the time intervals between successive examination of the VBV buffer in the case where

progressive_sequence equals to 0 and low_delay equals to 1. In this case the sequence contains no B-Pictures and there
is no frame re-ordering delay.

The time interval t, 4 | — t, between two successive examinations of the VBV input buffer is a multiple of T, where T is
the inverse of two times the frame rate.

If the n-th picture is a frame-structure coded P-Frame or coded I-Frame with repeat_first_field equal to 0, then t
is equal to 2*T.

n+1—t

If the n-th picture is a frame-structure coded P-Frame or coded I-Frame with repeat_first_field equal to 1, then t, , | — t,
is equal to 3*T.

If the n-th picture is a field-structure coded P-Frame or coded I-Frame, then t, , | — t, is equal to T.

1 H 1nanl ith 1o £ H hw) LD 1D 1 — -
Figure Ci3-shows-the-VBV—n-a-simple-case-with onty-frame-pretures—Framesig PrandPrhaverepeat—firsy_field equal

to 1.
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ITU-T Rec. H.262 (1995 E) 147


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

ISO/IEC 13818-2:1996(E)
Annex D

Features supported by the algorithm

v
v
(This annex does not form an integral part of this Recommendation | International Standard)

D.1 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.

The decoder can use 3:2 pull down to represent a ~24 1ps film as ~30 1ps video.
The displayed video can be selected by a movable pan-scan window within a larger raster.
A wide range of picture qualities can be used.

Both constant and variable bitrate channels are supported.

94 o v b oW

A low delay mode for face-to-face applications is available.

Random access (for DSM, channel acquisition, and channel hopping) is- available.

\O o0

ISO/IEC 11172-2 constrained parameter bitstreams are decodable.

—

D) Bitstreams for high and low (hardware) complexity decoders can be generated.
1]) Editing of encoded video is supported.
i2) Fast-forward and fast-reverse playback recorded bitstreams can be implemented.

1B) The encoded bitstream is resilient to errors.

D.2 Video formats

D.2.1  Spmpling formats and colour

This Specification video coding supports both interlaced and progressive video. The respective indication is| provided
with a progressive_sequence flag transmittéd in the Sequence Extension code.

Allowed rabter sizes are between 1 and (2214 — 1) luminance samples each of the horizontal and vertical directions. The
video is regresented in a luminance/chrominance colour space with selectable colour primaries. The chrominarjce can be
sampled in|either the 4:2:0 (half as many samples in the horizontal and vertical directions), 4:2:2 (half as many samples
in the horigontal direction, only). Furthermore, application specific sample aspect ratios and image aspect fratios are
flexibly supported. A chroma_format parameter is contained in the Sequence Extension code.

Sample pect _ratio information is provided by means of aspect_ratio_information and (optional)
display_horizonfal,'size and display_vertical_size in the sequence_display_extension(). Examples of approprigte values
for signals pampled in accordance with Recommendation ITU-R BT. 601 are given in Table D.1.

This Specification implements tools to support 4:4:4 chrominance, for possible future use. However, this is currently not
supported in any profile.

Table D.1 - Example display size values

Signal Format display_horizontal_size display_vertical_size
525-line 711 483
625-line 702 575
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D.2.2  Movie timing

A decoder can implement 3:2 pull down when a sequence of progressive pictures is encoded. Each encoded movie
picture can independently specify whether it is displayed for two or three video field periods, so “irregular” 3:2 pull
down source material can be transmitted as progressive video. Two flags, top_field_first and repeat_first_field, are
transmitted with the Picture Coding Extensions and adequately describe the necessary display timing.

D.2.3  Display format control

The display process converts a sequence of digital frames (in the case of progressive video) or fields (in the case of
interlaced video) to output video. It is not a normative part of this Standard. The video syntax of this Specification does
communicate certain display parameters for use in reconstructing the video. Optional information (in the sequence
display extension) specifies the chromaticities, the display primaries, the opto-electronic transfer characteristics (e.g. the
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 scanDAlternatively
the encogled raster may be defined as a window on a large area display device. In the case of pan-scarthe pgsition of the
window frepresenting the displayed region of a larger picture can be specified on a field-by-field basis. It iy 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 aspert ratio rectangle within a 16:9 video sequence. Similarly, in the case of small enceded pictures on a large
display, the size of the display and the position of the window within that display may be specified.

D.2.4 | Transparent coding of composite video

Decoding from PAL/NTSC before transmission and re-coding to PAL/NTSC Jafter transmission of composite source
signals in non-low quality applications, such as contribution and distribution, requires a precise reconstriiction of the
carrier apnplitude and phase reference signal (and v-axis switch for PAL):

The inpyt format can be indicated in the sequence header using thé.video_format bits. Possible source formats are: PAL,
NTSC, $ECAM and MAC. Reconstruction of the carrier signal is possible by using the carrier paramefers: v_axis,
field_sequence, sub_carrier, burst_amplitude and subycarrier_phase that are enabled by [setting the
composite_display_flag in the picture_coding_extension():

D.3 Picture quality

High pi¢ture quality is provided according\to the bitrate used. Provision for very high picture quality|is made by
sufficierjtly high bitrate limits relating te'a certain level in a particular profile. High chrominance band qyality can be
achieved by using 4:2:2 chrominance

Quantisgr matrices can be downloaded and used with a small a quantiser_scale_code to achieve near losslesq coding.
Moreovgr, scalable coding_with flexible bitrate allows for service or quality hierarchy and graceful degrpdation. E.g.
decoding a subset of «the bitstream carrying a lower resolution picture allows for decoding this signal ih a low-cost

receiver [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-procgssing before
coding dr.frame skipping indicated by the temporal_reference in the picture header) and low spatial resolutign.

D.4 Data rate control

The number of transmitted bits per unit time, which is selectable in a wide range, may be controlled in two ways, which
are both supported by this Specification. A bit_rate description is transmitted with the Sequence Header Code.

For Constant Bitrate (CBR) coding, the number of transmitted bits per unit time is constant on the channel. Since the
encoder output rate generally varies depending on the picture content, it shall regulate the rate constant by buffering, etc.
In CBR, picture quality may vary depending on its content.

The other mode is the Variable Bitrate (VBR) coding, in which case the number of transmitted bits per unit time may

vary on the channel under some constriction. VBR is meant to provide constant quality coding. A model for VBR
application is near-constant-quality coding over B-ISDN channels subject to Usage Parameter Control (UPC).
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D.5 Low delay mode

A low encoding and decoding delay mode is accommodated for real-time video communications such as visual
telephony, video-conferencing, monitoring. Total encoding and decoding delay of less than 150 milliseconds can be
achieved for low delay mode operation of this Specification. Setting the low_delay flag in the Sequence Header code
defines a low delay bitstream.

The total encoding and decoding delay can be kept low by generating a bitstream which does not contain B-pictures.

This prevents frame re-ordering delay. By using dual-prime prediction for coded P-frames, the picture quality can still be
high.

A low buffer occupancy for both encoder and decoder is needed for low delay. Large coded pictures should be avoided
by the encoder. By using intra update on the basis of one or more slices per frame (intra slices) instead of intra frames
this can be accommodated.

In case of gxceeding, for low delay operation, the desired number of bits per frame the encoder can skip ong or more
frames. This action is indicated by a discontinuity in the value of temporal_reference for the next picturd (see the
semantic deffinition in 6.3.9) and may cause C.7 of the VBV to apply, i.e. the decoder buffer would underfloy if some
frames are rjot repeated by the decoder.

D.6 ndom access/channel hopping

The syntax| of this Specification supports random access and channel hopping,<Sufficient random accegs/channel
hopping furctionality is possible by encoding suitable random access points into the\bitstream without significdnt loss of
image quality.

Random acfess is an essential feature for video on a storage medium. It requires that any picture can be accgssed and
decoded in|a limited amount of time. It implies the existence of acces§ points in the bitstream — that is segments of
informatior that are identifiable and can be decoded without reference’ to other segments of data. In this Spdcification
access poin}s are provided by sequence_header() and this is thenfollowed by intra information (picture data that can be
decoded without access to previously decoded pictures). A §pacing of two random access points per second can be
achieved without significant loss of picture quality.

Channel hopping is the similar situation in transmissionapplications such as broadcasting. As soon as a new channel has
been selected and the bitstream of the selected channél is available to the decoder, the next data entry, i.e. randpm access
point has td be found to start decoding the new program in the manner outlined in the previous paragraph.

D.7 Scalability

The syntax]|of this Specification supports bitstream scalability. To accommodate the diverse functionality requirements
of the applications envisaged by this Specification, a number of bitstream scalability tools have been developed

*|  SNR scalability mainly targets for applications which require graceful degradation.
*| Chroma simulcast targets at applications with high chrominance quality requirements.

*| /Data partitioning is primarily targeted for cell loss resilience in ATM networks.

¢ Temporal scalability is a method suitable for interworking of services using high temporal resolution

progressive video formats. Also suitable for high quality graceful degradation in the presence of channel
€ITors.

¢ Spatial scalability allows multiresolution coding technique suitable for video service interworking
applications. This tool can also provide coding modes to achieve compatibility with existing coding
standards, i.e. ISO/IEC 11172-2, at the lower layer.

D.7.1  Use of SNR scalability at a single spatial resolution

The aim of SNR scalability is primarily to provide a mechanism for transmission of a two layer service, these two layers
providing the same picture resolution but different quality level. For example, the transmission of service with two
different quality levels is expected to become useful in the future for some TV broadcast applications, especially when
very good picture quality is needed for large size display receivers. The sequence is encoded into two bitstreams called
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lower and enhancement layer bitstreams. The lower layer bitstream can be decoded independently from the enhancement
layer bitstream. The lower layer, at 3 to 4 Mbit/s, would provide a picture quality equivalent to the current
NTSC/PAL/SECAM quality. Then, by using both the lower and the enhancement layer bitstreams, an enhanced decoder
can deliver a picture quality subjectively close to the studio quality, with a total bitrate of 7 to 12 Mbit/s.

D.7.1.1 Additional features

D.7.1.1.1 Error resilience

As described in D.13, the SNR scalable scheme can be used as a mechanism for error resilience. If the two layer
bitstreams are received with different error rate, the lower layer, better protected, stands as a good substitute to fall back

on, if the enhancement layer is damaged.
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Chroma simulcast

 scalable syntax can be used in a chroma simulcast system. The goal of such a scheme would be
sm for simultaneous distribution of services with the same luminance resolution but diffefent

some luminance refinement. The 4:2:2 chrominance is sent in simulcast. Only chréminance DC
lower layer. The combination of both layer luminance and of the 4:2:2 chrominance.Constitutes the

SNR scalable encoding process

! Description

wer layer, the encoding is similar to the non scalable situationin terms of decisions, adaptive
gulation. The intra or error prediction macroblocks are DCT transformed. The coefficients are th
irst rather coarse quantiser. The quantised coefficients arg\then VLC coded and sent together with
rmation (macroblock_type, motion vectors, coded_block >pattern()).

el, the quantised DCT coefficients coming from the lower layer, are dequantised. The residual error
nts and the dequantised coefficients is then re-quantised, using a second finer quantiser. T|
nt coefficients are VLC coded and form the\additional enhancement layer, together with a margin
brmation (quantiser_scale_code, codedsblock_pattern() ...). The non-intra VLC table is used
nts in the enhancement layer, since it-is of differential nature.
D

4

A few important remarks

e prediction is the same for both layers, it is recommended to use the refined images in the motid
. the images obtainedsby the conjunction of the lower and the enhancement layer). Thus, there is a
ction used at the encoder side and what the low level decoder can get as a prediction. This drift doe
icture to P-picture-and is reset to zero at each I-Picture. However, the drift has been found to hav
hen there is afil= picture every 15 pictures or so.

e enhancement layer only contains refinement coefficients, the needed overhead is quite reduced
ion dbout the macroblocks (macroblock types, motion vectors ...) are included in the lower layer. ]
fthis’stream is very much simplified:

to provide a
throminance

format (e.g. 4:2:0 in the lower layer and 4:2:2, when adding the enhancement layer.and the simulcast
ince components) for applications which would require such a feature. The SNR scaldble: enhang

ement layer
is predicted
high quality

quantisation,
en quantised
the required

between the
he resulting
hl amount of
for all the

n estimation
irift between
5 accumulate
e little visual

most of the
[herefore the

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 if the value has changed.

coded_block_pattern() is transmitted for all coded macroblocks.

All NON-CODED macroblocks that are not at the beginning or end of a slice are skipped, since the overhead
information can be deduced from the lower layer.

It is recommended to use different weighting matrices for the lower and the enhancement layer. Some better results are
obtained when the first quantisation is steeper than the second one. However, it is recommended not to quantise too
coarsely the DCT coefficient that corresponds to the interlace motion, to avoid juddering effects.
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D.7.2  Muitiple resolution scaiability bitstreams using SNR scalability

The aim of resolution scalability is to decode the base layer video suitable for display at reduced spatial resolution. In
addition, it is desirable to implement a decoder with reduced complexity for this purpose. This functionality is useful for
applications where the receiver display is either not capable or willing to display the full spatial resolution supported by
both layers and for applications where software decoding is targeted. The method described in this subclause uses the

SNR Scalability syntax outlined in clause 7 to transmit the video in two layers. Note that none of the options suggested
in this subclause changes the structure of the highest resolution decoder, which remains identical to the one outlined in
Figure 7-14. The bitstream generated on both layers is compatible with the HIGH profile. However, the base layer

decoder could be implemented differently with reduced implementation complexity suitable to software decoding.

D.7.2.1 Decoder implementation

In decodinWWfWMWﬁﬂWoasma €T spatial resolution, an inverse of redu W ing the bjase layer.
The frame memory requirement in the decoder MC loop would also be reduced accordingly.

If the bitstram of the two SNR Scalability layers was generated with only one MC loop at the encoder the base video
will be sublect 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 {o use the
full precisipn motion vector as transmitted in the base layer for motion compensation)with a sub-sample|accuracy
comparablg to that of the higher layer. Drift can be minimised by using advanced sub=sample interpolation fjlters (see
[12], [13] apd [16] in the Bibliography of Annex F).

D.7.2.2 Hncoder implementation

It is possiblle to tailor the base layer SNR Scalability bitstream to the particular requirements of the resolution scaled

decoder. Al smaller DCT size can be more easily supported by<only transmitting the appropriate DCT-cqefficients
belonging to the appropriate subset in the base layer bitstream.

Finally it i§ possible to support a drift-free decoding at lower resolution scale by incorporating more than onel MC loop
in the encofler scheme. An identical reconstruction processis used in the encoder and decoder.

D.7.3  Bitrate allocation in data partitioning

Data partifjoning allows splitting a bitstteam for increased error resilience when two channels with diffefent error
performande are available. It is often required to constrain the bitrate of each partition. This can be achieyed at the
encoder by|adaptively changing priority breakpoint at each slice.

The encodpr can use twoyvirtual buffers for the two bitstreams, and implement feedback rate control by [picking a
priority brgakpoint that-approximately meets the target rate for each channel. Difference between target and aftual rates
is used to revise the target for the next frame in a feedback loop.

It is desirable’to vary the brtrate split from frame to frame for hrgher error resilience. Typlcally, I- plctures bepefit from
having mote atz ? 2 .

D.7.4  Temporal scalability

A two layer temporally scalable coding structure consisting of a base and an enhancement layer is shown in Figure D.1.
Consider video input at full temporal rate to temporal demultiplexer; in our example it is temporally demultiplexed to
form two video sequences, one input to the base layer encoder and the other input to the enhancement layer encoder. The
base layer encoder is a non-hierarchical encoder operating at half temporal rate, the enhancement layer encoder is like a
MAIN profile encoder and also operates at half temporal rate except that it uses base layer decoded pictures for motion
compensated prediction. The encoded bitstreams of base and enhancement layers are multiplexed as a single stream in
the systems multiplexer. The systems demultiplexer extracts two bitstreams and inputs corresponding bitstreams to base
and enhancement layer decoders. The output of the base layer decoder can be shown standalone at half temporal rate or
after multiplexing with enhancement layer decoded frames and shown at full temporal rate.
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Figure D.1 - A two layer codec structure for temporal scalability

The follpwing forms of temporal scalability are supported and are expressed as higher layer: base|layer-to-¢nhancement
layer pidture formats.

1) Progressive: progressive-to-progressive Temporal Scalability.

2) Progressive: interlace-to-interlace Temporal Scalability.

3) Interlace: interlace-to-interlace Temporal Scalability.
D.7.4.1 | Progressive — Progressive-to-progressive temporal scalability
Assumirlg progressive video input, if it is necessary to code progressive- format video in base and enhancgment iayers,
the operition of temporal demux may be relatively simple andinvolve temporal demultiplexing of input frames into two
progressive sequences. The operation of temporal remux is:inverse, i.e. it performs re-multiplexing of twq progressive

sequenc

s to generate full temporal rate progressive output;(see Figure D.2).

A
TDMX TRMX
prog 2 rog 2
Témporal o prog Temporal
Splitter g Combiner
T1516350-94/d42
v
prog 1 prog 1

D.7.4.2

Figure D.2 — Temporal demultiplexer and remultiplexer for
progressive — Progressive-to-progressive temporal scalability

Progressive — Interlace-to-interlace temporal scalability

Again, assuming full temporal rate progressive video input, if it is necessary to code interlaced format video in base
layer, the operation of temporal demux may involve progressive to two interlace conversion; this process involves
extraction of a normal interlaced- and a complementary interlaced sequence from progressive input video. The operation
of temporal remux is inverse, i.e. it performs two interlace to progressive conversion to generate full temporal rate
progressive output. Figures D.3 and D.4 show operations required in progressive to two interlace and two interlace to
progressive conversion.
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Figure D.3 - Progressive to two interlace conversion
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Figure D.4 — Two interlace to progressive conversion
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Figure D.5 — Temporal demultiplexer and remultiplexer for
. InterE interf Fseatability

D.7.4.3 Interlace - Interlace-to-interlace temporal scalability

Assuming ipterlaced video input, if it is necessary to code interlaced- format video in base and-enhancement lpyers, the
operation of temporal demux may be relatively simple and involve temporal demultiplexing) of input frames| into two
interlaced sequences. The operation of temporal remux is inverse, i.e. it performs re=multiplexing of two Interlaced
sequences to generate full temporal rate interlaced output. The demultiplexing and ré-multiplexing is similar [to that in
Figure D.2.

D.7.5  Hybrids of the spatial, the SNR and the temporal scalable extensions

This Standgrd also allows combinations of scalability tools to produce{more than 2 video layers as may be yseful and
practical to[support more demanding applications. Taken two at a timfe, 3 explicit combinations result. Moreover, within
each combination, the order in which each scalability is applied,when interchanged, results in distinct applidations. In

the hybrid [scalabilities involving three layers, the layers are‘referred to as base layer, enhancement layer 1 and
enhancemeft layer 2.

D.7.5.1 Spatial and SNR hybrid scalability applications
al HDTV with standard TV at two qualities:

Base layer provides standard TV resolution at basic quality, enhancement layer 1 helps generat¢ standard
TV resolution but at higher-quality by SNR scalability and the enhancement layer 2 employs HDTV
resolution and format which is coded with spatial scalability with respect to high quality stapdard TV
resolution generated by using enhancement layer 1.

b) Standard TV at two'qualities and low definition TV/videophone:

Base layer provides videophone/low definition quality, using spatial scalability enhancemeqt layer 1
provides standard TV resolution at a basic quality and enhancement layer 2 uses SNR scalabilifty to help
generate high quality standard TV.

c) HDTIV at two qualities and standard TV:

Base layer provides standard TV resolution, using spatial scalability enhancement layer 1 provides basic

{Ud y a1V dnd d CITIC dy U N K d1dD y 10 D €CNera 190 qud Y A

D.7.5.2 Spatial and temporal hybrid scalability applications
a) High temporal resolution progressive HDTV with basic interlaced HDTV and standard TV:

Base layer provides standard TV resolution, using spatial scalability enhancement layer 1 provides basic
HDTV of interlaced format and enhancement layer 2 uses temporal scalability to help generate full
temporal resolution progressive HDTV.

b)  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
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).
WO ul’l:ll.C.).
Base layer provides interlaced HDTV of basic quality, using SNR scalability enhancement layer 1 helps
generate interlaced HDTV at high quality and enhancement layer 2 uses temporal 'scalability to help
generate progressive HDTV at full temporal resolution (at high quality).
D.8 Compatibility
This Stapdard supports compatibility between different resolution formats’,as’ well as compatibility with
ISO/IEC 11172-2 (and Recommendation H.261).
D.8.1 Compatibility with higher and lower resolution formats
This Spegification supports compatibility between different resolutien video formats. Compatibility is pfovided for
spatial anfl temporal resolutions with the Spatial Scalability and Temporal Scalability tools. The video is efcoded into

two resolpition layers. A decoder only capable or willing to display a lower resolution video accepts and decodes the

lower lay
provided.

D.8.2

Compatibility with ISO/IEC 11172-2 (and Recommendation H.261)

pr bitstream. The full resolution video can be reconstructed by accepting and decoding both resolgtion layers

The syntgx of this Specification supports both, backward and forward compatibility with ISO/IEC 11172-R. Forward
compatibility with ISO/IEC 11172-2 is provided since the syntax of this Specification is a superset of the

ISO/MEC
coding in

the lower resolution, i.e. base layer, thus achieving backward compatibility.

The videq syntax contains tools'that are needed to implement H.261 compatibility that may be needed for pos
use, howgver, this is currently\not supported by any profile.

1172-2 syntax. The Spatial S€alability tool provided by this Specification allows using ISO/IEC 11172-2

sible future

Simulcasy serves as a.simple alternative method to provide backward compatibility with both Recommenddtion H.261
and ISO/IEC 11172<2;

D.9

This subc

Il)ifferences between this Specification and ISO/IEC 11172-2

lause lists the differences between MPEG-1 Video and MPEG-2 Video.

All MPEG-2 Video decoders that comply with currently defined profiles and levels are required to decode MPEG-1
constrained bitstreams.

In most instances, MPEG-2 represents a super-set of MPEG-1. For example, the MPEG-1 coefficient zigzag scanning
order is one of the two coefficient scanning modes of MPEG-2. However, in some cases, there are syntax elements (or
semantics) of MPEG-1 that does not have a direct equivalent in MPEG-2. This Specification lists all those elements.

This Specification may help implementers identify those elements of the MPEG-1 video syntax (or semantics) that do
not have their direct equivalent in MPEG-2, and therefore require a special care in order to have guarantee MPEG-1
compatibility.

In this subclause, MPEG-1 refers to ISO/IEC 11172-2 whilst MPEG-2 refers to this Specification.
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D.J9.1 IDCT mismatch

MPEG-1 — The IDCT mismatch control consists in adding (or removing) one to each non-zero coefficient that would
have been even after inverse quantisation. This is described as part of the inverse quantisation process, in 2.4.4.1,2.4.4.2
and 2.4.4.3 of MPEG-1.

MPEG-2 — The IDCT mismatch control consists in adding (or removing) one to coefficient [7] [7] if the sum of all
coefficients is even after inverse quantisation. This is described in 7.4.4 of MPEG-2.

D.9.2  Macroblock stuffing

MPEG-1 - The VLC code ‘0000 0001 111’ (macroblock_stuffing) can be inserted any number of times before each
macroblock_address_increment. This code must be discarded by the decoder. This is described in 2.4.2.7 of MPEG-1.

MPEG-2 — This VLC code is reserved and not used in MPEG-2. In MPEG-2, stuffing can be generated only by inserting

1 £ 1 La nl FLS - -1 +} 3 892 £
Zero bthS foreastart-code—This s described- i 5:2-3of MPEG=2:

D.9.3  Rpn-level escape syntax

MPEG-1 —|Run-level values that cannot be coded with a VLC are coded by the escape code ‘000001’ followed by
either a 14-bit FLC (127 <= level <= 127), or a 22-bit FLC (-255 <= level <= 255). This is deseribed in Annex B, 2-B5
of MPEG-1}{

MPEG-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.9.4  Chrominance samples horizontal position

MPEG-1 | The horizontal position of chrominance samples is half thé way between luminance sample§. This is
described if 2.4.1 of MPEG-1.

MPEG-2 —|The horizontal position of chrominance samples is-co-located with luminance samples. This is described
in 6.1.1.8 of MPEG-2.

D.9.5 Slices

MPEG-1 —|[Slices do not have to start and end on the‘same horizontal row of macroblocks. Consequently it is gossible to
have all thd macroblocks of a picture in a single slice. This is described in 2.4.1 of MPEG-1.

MPEG-2 + Slices always start and end -on- the same horizontal row of macroblocks. This is described in 6.1.2
of MPEG-1.

D.9.6 D-Pictures

MPEG-1 —|A special syntax(is defined for D-pictures (picture_coding_type = 4). D-pictures are like I-pictures|with only
Intra-DC cpefficients, no:End of Block, and a special end_of_macroblock code ‘1.

MPEG-2 —|D-pictures (picture_coding_type = 4) are not permitted. This is described in 6.3.9 of MPEG-2.

D.9.7  Kull-pel motion vectors

MPEG-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 full-pel units instead of half-pel units. Motion vector coordinates must
be multiplied by two before being used for the prediction. This is described in 2.4.4.2 and 2.4.4.3 of MPEG-1.

MPEG-2 — The syntax elements full_pel_forward_vector and full_pel_backward_vector must be equal to ‘0’. Motion
vectors are always coded in half-pel units.

D.9.8  Aspect ratio information

MPEG-1 — The 4-bit pel_aspect_ratio value coded in the sequence header specifies the pel aspect ratio. This is described
in 2.4.3.2 of MPEG-1.

MPEG-2 — The 4-bit aspect_ratio_information value coded in the sequence header specifies the display aspect ratio. The
pel aspect ratio is derived from this and from the frame size and display size. This is described in 6.3.3 of MPEG-2.
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D.9.9 forward_f_code and backward_f_code

MPEG-1 — The f_code values used for decoding the motion vectors are forward_f_code and backward_f_code, located
in the picture_header().

MPEG-2 - The f_code values used for decoding the motion vectors are f_code[s][t], located in the
picture_coding_extension(). The values of forward_f_code and backward_f_code must be ‘111’ and are ignored. This is
described in 6.3.9 of MPEG-2.

D.9.10 constrained_parameter_flag and maximum horizontal_size

MPEG-1 — When the constrained_parameter_flag is set to ‘1°, this indicates that a certain number of constraints are
verified. One of those constraints is that horizontal_size <= 768. It should be noted that a constrained MPEG-1 video
bitstream can have pictures with an horizontal size of up to 768 pels. This is described in 2.4.3.2 of MPEG-1.

MPEG-2 — The constrained parameter flag mechanism has been replaced by the profile and level mechanism. However,
it should be noted that MP @ ML bitstreams cannot have horizontal size larger than 720 pels. This.|s 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 bjtrate. Other
values ar for constant bitrate.

MPEG-2 — The semantics for bit_rate are changed. In variable bitrate operation, ybv )delay may be set to FFFF (hex),
but a different value does not necessarily mean that the bitrate is constant. Constantbitrate 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 of the
vbv_deldy values and making complicated computations.

Even if fhe bitrate is constant the value of bit_rate may not be the actual bitrate since bit_rate need only [be an upper
bound to| the actual bitrate.

D.9.12 | VBV

MPEG-1 - VBV is only defined for constant bitrate operation. The STD supersedes the VBV model for vafiable bitrate
operatiof.

MPEG-3 — VBV is only defined for variable bitrate operation. Constant bitrate operation is viewed as a spgcial case of
variable |bitrate operation.

D.9.13 | temporal_reference

MPEG-] — Temporal_reference is ineremented by one modulo 1024 for each coded picture, and reset to [zero at each
group of| pictures header.

MPEG-1? - If there are no big’pictures, temporal_reference is incremented by one modulo 1024 for each cgded picture,
and reset to zero at each, group of pictures header (as in MPEG-1). If there are big pictures (in low delay| bitstreams),
then temfporal_referénce follows different rules.

D.9.14 | MPEG-2 syntax versus MPEG-1 syntax

It is poskibleto make MPEG-2 bitstreams that have a syntax very close to MPEG-1, by using particular vialues for the
various MPEG-2 syntax elements that do not exist in the MPEG-T syntax.

In other words, the MPEG-1 decoding process is the same (except for the particular points mentioned earlier) as the
MPEG-2 decoding process when :

progressive_sequence = ‘1’ (progressive sequence).

chroma_format = ‘01’ (4:2:0)

frame_rate_extension_n = 0 and frame_rate_extension_d = 0 (MPEG-1 frame-rate)
intra_dc_precision = ‘00’ (8-bit Intra-DC precision)

picture_structure = ‘11’ (frame-picture, because progressive_sequence = ‘1’)

frame_pred_frame_dct = 1 (only frame-based prediction and frame DCT)
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concealment_motion_vectors = ‘0’ (no concealment motion vectors).

q_scale_type = ‘0’ (linear quantiser_scale)

int

ra_vic_format = ‘0" (MPEG-1 VLC tabie for Intra MBs).

alternate_scan = ‘0’ (MPEG-1 zigzag scanning order)

repeat_first_field = ‘0’ (because progressive_sequence = ‘1)

chroma_420_type = ‘1’ (chrominance is “frame-based”, because

progressive_sequence = ‘1’)

D.10
The MPEG

complexity ¢
sets of tool 3

€1
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Complexity

2 Standard supports combinations of high performance/high complexity and low perform

schemes by dlecreasing implementation complexity.

Moreover, ¢

D.11

Many opera
and concate

There is a cqnflict between the requirement for high compression and easy editing. The coding structure and sy

rtain restrictions could allow reducing decoder implementation cost.

Editing encoded bitstreams

ions on the encoded bitstream are supported to avoid the expense and)quality costs of re-coding.

ecoders. This is accommodated by MPEG-2 with the Profiles and Levels definitions whichGntrod
nd functionality with every new profile. It is thus possible to trade-off performance of the MPEG-

ance/low
uce new
P coding

Editing,

ation of encoded bitstreams with no re-coding and no disruption of the decoded image sequence is possible.

tax have

not been degigned with the primary aim of simplifying editing at any picture. Nevertheless, a number of features have

been inciud

Editing of gncoded MPEG-2 bitstreams is supported due to théysyntactic hierarchy of the encoded video b

The MPEG
supported W
video seque
Data Partiti
provided by

The decoder
that the bits
invalid from
DSM_trick |

d that enable editing of coded data.

ital Storage Media (DSM) provide the capability of trick modes, such as Fast Forward/Fast Reverse
2 syntax supports all spedial‘access, search and scan modes of ISO/IEC 11172-2. This functig

ith the syntactic hierarchy of the video bitstream which enables the identification of relevant parts
hce. It can be assistediby' MPEG-2 tools which provide bitstream scalability to limit the access bi

bning and the geperal slice structure). This subclause provides some guideline for decoding a
a DSM.

is informeddby means of a 1-bit flag (DSM_trick_mode_flag) in the PES packet header. This flag
tream is\reconstructed by DSM in trick mode, and the bitstream is valid from syntax point of v
semantics point of view. When this bit is set, an 8-bit field (DSM_trick_modes) follows. The sem)
modes are in the ITU-T Rec. H.220.0 | ISO/IEC 13818-1.

itstream.
). Video
cess and

FF/FR).
nality is
within a
rate (i.e.
bitstream

indicates
iew, but
antics of

D.12.1

Decoder

While the decoder is decoding PES Packet whose DSM_trick_mode_flag is set to 1, the decoder is recommended to:

Pre-process

Decode bitstream and display according to DSM_trick_modes.

ing

When the decoder encounters PES Packet whose DSM_trick_mode_flag is set to 1, the decoder is recommended to:

Clear non trick mode bitstream from buffer.

Post-processing

When the decoder encounters PES Packet whose DSM_trick_mode_flag is set to 0, the decoder is recommended to:

160

Clear trick mode bitstream from buffer.
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Video Part

While the decoder is decoding PES Packet whose DSM_trick_mode_flag is set to 1, the decoder is recommended to:
—  Neglect vbv_delay and temporal_reference value.

—  Decode one picture and display it until next picture is decoded.

The bitstream in trick mode may have a gap between slices. When the decoder encounters a gap between slices, the
decoder is recommended to:

—  Decode the slice and display it according to the slice vertical position in slice header.

—  Fill up the gap with co-sited part of the last displayed picture.

D.12.2 Encoder

The encoder is recommended to:

——Encode wititshortsize of stice with intta macroblocks.

—  Encode with short periodic refreshment by intra picture or intra slice.
DSM
DSM is fecommended to provide the bitstream in trick mode with perfect syntax.
Pre-progessing

DSM is fecommended to:

- Complete “normal” bitstream at picture_header() and higher syntactic structures.
System Part

DSM is fecommended to:
—  Set DSM_trick_mode_flag to 1 in a PES Packet header.
—  Set DSM_trick_modes(8-bit) according to the trick‘mode.

Video P]:rt

DSM is fecommended 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 as a normal bitstream except that it may He preferable
to indicate variable bit rate.operation. One way to achieve this is to set vbv_delay to FFFF (hek).

NOTE - In most cases temporal_reference and vbv_delay are ignored in a decoder, thereflore the DSM
may not need to setitemporal_reference and vbv_delay to correct values.

—  Concatenate slices which consists of intra coded macroblocks. The concatenated slices should have slice
vertical positions in increasing order.

D.13 Error resilience

Most digital storage media and communication channels are not error-free. Appropriate channel coding sch¢mes should
be used gand are beyond the scope of this Specification. Nevertheless the MPEG-2 syntax supports error res{lient modes
relevant kocell-lossin-ATM networks-and-bit-errors-(solated-and-in-bursts)transmissions fce-structure of the
compression scheme defined in this Specification allows a decoder to recover after a residual data error and to
re-synchronise its decoding. Therefore, bit errors in the coded data will cause errors in the decoded pictures to be limited
in area. Decoders may be able to use concealment strategies to disguise these errors. Error resilience includes graceful
degradation in proportion to bit error rate (BER) and graceful recovery in the face of missing video bits or data packets.
It has to be noted that all items may require additional support at the system level.

Being an example of a packet-based system, B-ISDN with its Asynchronous Transfer Mode (ATM) is addressed in some
detail in the following. Similar statements can be made for other systems where certain packets of data are protected
individually by means of forward error-correcting coding.

ATM uses short, fixed length packets, called cells, consisting of a 5 byte header containing routing information, and a
user payload of 48 bytes. The nature of errors on ATM is such that some cells may be lost, and the user payload of some
cells may contain bit errors. Depending on AAL (ATM Adaptation layer) functionality, indications of lost cells and cells
containing bit errors may be available.
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