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

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives;|Part 3
of information technology, 1ISO and IEC have established a joint technical committee, 1S
as an International Standard requires approval by at least 75 % of the national bodies casti

drawn to the possibility that some of the elements of this part of ISOHEC 13818 may be t
5. 1ISO and IEC shall not be held responsible for identifying any or.alkSuch patent rights.

| Standard ISO/IEC 13818-2 was prepared by Joint Technical’Committee ISO/IEC JTC 1
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia inf
h with ITU-T. The identical text is published as ITU-T Rec. H.262.

H edition cancels and replaces the first edition.(ISO/IEC 13818-2:1996), which has bee

B18 consists of the following parts, undenrthe general title Information technology — Gens
Lires and associated audio information:
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Video
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Software simulation
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Part 7:

Advanced Audio Coding (AAC)

Part 9:

Extension for real time interface for systems decoders

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

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

Intro. 1 Purpose

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

Intro. 2 Application

The applications of this Specification cover, but are not limited to, such areas as listed below:

B35S Broadeastmg-Satette-Service(to-thetrormmey

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 Gathéring)
FSS Fixed Satellite Service (e.g. to head ends)

HTT Home Television Theatre

PC Interpersonal Communications (videoconferencing, videophone, etc.)
SM 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

BSM Serial Storage Media (digital VTR, etc.)

Intro. 3 Profiles and levels

This Specjfication 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 broaddasting and
communidations. In the course_of creating this Specification, various requirements from typical applications|have been
considered, necessary algorithmic elements have been developed, and they have been integrated into a single syntax.
Hence, thip Specificationtwill facilitate the bitstream interchange among different applications.

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

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

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

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

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

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

Intro. 4.1 Overview of the non-scalable syntax

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

A numbel of techniques are used to achieve high compression. The algorithm first uses.block-basgd motion
compensafion to reduce the temporal redundancy. Motion compensation is used both for causal\prediction of the current
picture frgm a previous picture, and for non-causal, interpolative prediction from past and future pictures. Motfon vectors
are definefl for each 16-sample by 16-line region of the picture. The prediction error, isMurther compressed using the
Discrete (osine Transform (DCT) to remove spatial correlation before it is quantised in an irreversible pfocess that
discards the less important information. Finally, the motion vectors are combined with the quantised DCT irfformation,
and encodpd using variable length codes.

Intro. 4.1]1 Temporal processing

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

Bidirectional Interpolation

yi—

)/

B B P B B B P

/ /I;’rediction

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

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

Intro. 4.1.3 Motion representation — Macroblocks

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

It is the r¢sponsibility of the encoder to calculate appropriate motion vectors. This Specifieation does not specify how
this should be done.

Intro. 4.114  Spatial redundancy reduction

Both sourpe pictures and prediction errors have high spatial redundancy. This Specification uses a block-Hased DCT
method with visually weighted quantisation and run-length codingyAfter motion compensated prefliction or
interpolatipn, the resulting prediction error is split into 8 by 8 blocks, These are transformed into the DCT dorhain where
they are weighted before being quantised. After quantisation many\of the DCT coefficients are zero in vajue and so
two-dimer]sional run-length and variable length coding is used tosencode the remaining DCT coefficients effici¢ntly.

Intro. 4.1{5 Chrominance formats

In additiop to the 4:2:0 format supported in ISO/IEC:}1172-2 this Specification supports 4:2:2 and 4:4:4 chrominance
formats.

Intro. 4.2 Scalable extensions

The scalability tools in this Specification are designed to support applications beyond that supported by sngle layer
video. Among the noteworthy applications areas addressed are video telecommunications, video on Asynchronous
Transfer Mode (ATM) networkss ‘interworking of video standards, video service hierarchies with multigle spatial,
temporal gnd quality resolutions, HDTV with embedded TV, systems allowing migration to higher temporal|resolution
HDTV, dtc. Although ¢ “simple solution to scalable video is the simulcast technique which is |based on
transmissipn/storage of; multiple independently coded reproductions of video, a more efficient alternative |s scalable
video cod]ng, in whicliithe bandwidth allocated to a given reproduction of video can be partially re-utilised ir] coding of
the next r¢production’of video. In scalable video coding, it is assumed that given a coded bitstream, decoders|of various
complexitfes can decode and display appropriate reproductions of coded video. A scalable video encoder is likply to have
increased pemplexity when compared to a single layer encoder. However, this Recommendation | Internationgl Standard
provides severat different forms of Scatabilitics that address Non-overiapping appiicatons witlh_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.

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

Lower layer

Enhancement layer

Application

lower layer

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

4:2:0 high definition

4:2:2 chroma simulcast

Video production / distribution

T'able Intro. 2 — Applications of spatial scalability

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

Intro. 4.2{1 Spatial scalable extension

Spatial scglability is a tool ‘intended for use in video applications involving telecommunications, interworking of video
standards,|video database-browsing, interworking of HDTV and TV, etc., i.e. video systems with the primarfy common
feature that a minimum of two layers of spatial resolution are necessary. Spatial scalability involves gendrating two
spatial resplution ¥ideo layers from a single video source such that the lower layer is coded by itself to providg the basic
spatial regolution,and the enhancement layer employs the spatially interpolated lower layer and carries the full spatial
resolution|ofithe input video source. The lower and the enhancement layers may either both use the coding tgols in this
Specificattem;-or-the 1SOAECHI72-2-Standardfor-thetowerdayer-and-this-Speeifieation-for-the-enhaneement layer. The
latter case achieves a further advantage by facilitating interworking between video coding standards. Moreover, spatial
scalability offers flexibility in choice of video formats to be employed in each layer. An additional advantage of spatial
scalability is its ability to provide resilience to transmission errors as the more important data of the lower layer can be
sent over channel with better error performance, while the less critical enhancement layer data can be sent over a channel
with poor error performance.

Intro. 4.2.2 SNR scalable extension

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

Intro. 4.2.3 Temporal scalable extension

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

Intro. 4.2]4 Data partitioning extension

Data partitioning is a tool intended for use when two channels are available for (transmission and/or stprage of a
video bitsfream, as may be the case in ATM networks, terrestrial broadcast, maghetic media, etc. The bjtstream is
partitioned between these channels such that more critical parts of the bitstream (such as headers, motion v¢ctors, low
frequency|DCT coefficients) are transmitted in the channel with the better error performance, and less critical|data (such
as higher frequency DCT coefficients) is transmitted in the channel with poor error performance. Thus, degfadation to
channel errors are minimised since the critical parts of a bitstream are better protected. Data from neither chanpel may be
decoded op a decoder that is not intended for decoding data partitioned\bitstreams.
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3 Definitions
For the purposes of this Recommendation | International Standard, the following definitions apply.
31 AC coefficient: Any DCT coefficient for which the frequency in one or both dimensions is non-zero.

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

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

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

3.6 packward compatibility: A newer coding standard is backward compatible with an older coding)ftandard if
decoders dlesigned to operate with the older coding standard are able to continue to operate by decoding\all dr part of a
bitstream produced according to the newer coding standard.

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

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

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

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

3.11 pitrate: The rate at which the coded bitstream is delivered from the storage medium to the input of a decoder.
3.12 block: An 8-row by 8-column matrix of samples, or 64 DCT coefficients (source, quantised or dequantised).
3.13 bottom field: One of two fields that comprise a ftame. Each line of a bottom field is spatially located

immediatdly below the corresponding line of the top field.

3.14 pyte aligned: A bit in a coded bitstream is bytg<aligned if its position is a multiple of 8 bits from thd first bit in
the stream

3.15 byte: Sequence of 8 bits.

3.16 thannel: A digital medium that stores or transports a bitstream constructed according to ITU-T R¢c. H.262 |
ISO/IEC 113818-2.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

The two bjtstreams have to be recombined before decoding.

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

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

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

3.38 ecoder input buffer: The First-In First-Out (FIFO) buffer specified in the-vidéo buffering verifier.

3.39 ecoder: An embodiment of a decoding process.

3.40 ecoding (process): The process defined in ITU-T Rec. H.262 { ISO/IEC 13818-2 that reads an ifput coded

bitstream §nd produces decoded pictures.

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

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

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

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

3.45 flisplay order: The order, in“which the decoded pictures are displayed. Normally this is the sanje order in
which they were presented at the input of the encoder.

3.46 Eisplay process: The-(nhon-normative) process by which reconstructed frames are displayed.

3.47 ual-prime prediction: A prediction mode in which two forward field-based predictions are avetaged. The
predicted block sizeis, 16 X 16 luminance samples.

3.48 pditing:> The process by which one or more coded bitstreams are manipulated to pgroduce a
new coded bitstream. Conforming edited bitstreams must meet the requirements defined in ITU-T Req. H.262 |
ISO/IEC 138482

3.49 encoder: An embodiment of an encoding process.

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

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

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

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

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

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

3.57 field picture; field structure picture: A field structure picture is a coded picture with picture structure is

equal to "Top field" or "Bottom field".
3.58 flag: A one bit integer variable which may take one of only two values (zero and one).

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

3.60 forced—updatimg—The—process—by—whichTmacrobtocks—are—mtra=coded—fromr—timre=to=tmme—to—onsure  that
mismatch prrors between the inverse DCT processes in encoders and decoders cannot build up excessively.

3.61 orward compatibility: A newer coding standard is forward compatible with an older Coding $tandard if
decoders designed to operate with the newer coding standard are able to decode bitstreams of the older,coding $tandard.
3.62 forward motion vector: A motion vector that is used for motion compensation front a referenc¢ frame or
reference field at an earlier time in display order.

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

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

3.65 ‘rame-based prediction: A prediction mode using both fields of the reference frame.

3.66 frame period: The reciprocal of the frame rate.

3.67 rame picture; frame structure picture: A frame, structure picture is a coded picture with picture gtructure is
equal to "fFrame".

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

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

3.70 ‘rame re-ordering: The proeess’ 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 fe-ordering
when decdding low delay bitstreams.

3.71 broup 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 bleck 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 ybridscalability: Hybrid scalability is the combination of two (or more) types of scalability.

3.74 ptertaee: ty—of-convention viston—frames—where—atternating—Hnes—ofthe—frame represent
different instances in time. In an interlaced frame, one of the field is meant to be displayed first. This field is called the

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

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

3.76 I-frame picture: A frame structure [-Picture.

3.77 I-picture; intra-coded picture: A picture coded using information only from itself.

3.78 intra coding: Coding of a macroblock or picture that uses information only from that macroblock or picture.
3.78.1 Inverse DCT, IDCT: Inverse discrete cosine transform, as defined in Annex A.

3.79 level: A defined set of constraints on the values which may be taken by the parameters of ITU-T Rec. H.262 |

ISO/IEC 13818-2 within a particular profile. A profile may contain one or more levels. In a different context, level is the
absolute value of a non-zero coefficient (see "run").
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3.80 layer: In a scalable hierarchy denotes one out of the ordered set of bitstreams and (the result of) its associated
decoding process (implicitly including decoding of all layers below this layer).

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

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

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

3.84 Mbit: 1000 000 bits.

3.85 macroblock: The four 8 by 8 blocks of luminance data and the two (for 4:2:0 chrominance format), four
(for 4:2:2 chrominance format) or eight (for 4:4:4 chrominance format) corresponding 8 by 8 blocks of chrominance data
coming fr¢m a 16 by 16 section of the luminance component of the picture. Macroblock is sometimes used to,fefer to the
sample ddta and sometimes to the coded representation of the sample values and other data elements\defined in the
macroblodk header of the syntax defined in ITU-T Rec. H.262 | ISO/IEC 13818-2. The usage is clear ffom’'the ¢ontext.

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

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

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

3.89 (]Lon-intra coding: Coding of a macroblock or picture that mses information both from itself{ and from
macroblodks and pictures occurring at other times.
3.90 ppposite parity: The opposite parity of top is bottom, anid’vice versa.

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

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

3.94 barameter: A variable within the syntax of ITU-T Rec. H.262 | ISO/IEC 13818-2 which may takk one of a
range of vhlues. 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 af an earlier
time than the current picture/in'display order.

3.97 picture: Source; coded or reconstructed image data. A source or reconstructed picture consists of three
rectangular matrices~0f 8-bit numbers representing the luminance and two chrominance signals. A "coded picture" is
defined in|3.21 of IFU-T Rec. H.262 | ISO/IEC 13818-2. For progressive video, a picture is identical to a frame, while
for interlaped, video, a picture can refer to a frame, or the top field or the bottom field of the frame depending on the
context.

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

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

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

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

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

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

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

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

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

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

3.109 reconstructed picture: A reconstructed picture is obtained by decoding a coded picture. A~redonstructed
picture is [either a reconstructed frame (when decoding a frame picture), or one field of a reconstrudted fragme (when
decoding p field picture). If the coded picture is a field picture, then the reconstructed picture is,the’top fleld 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 fpr forward
and backward prediction when P-pictures and B-pictures are decoded. Note that when\field P-pictures ar¢ decoded,
prediction| of the second field P-picture of a coded frame uses the first reconstructed field of the same coded [frame as a
reference field.

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

3.112 Fe-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 tha} the value
may be usgd in the future for ITU-T | ISO/IEC defined extensions.

3.114 ample aspect ratio (SAR): This specifies the relative distance between samples. It is defined (for the
purposes ¢f 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) + (jmetres per
sample).

3.115 calable hierarchy: Coded vide0 data consisting of an ordered set of more than one video bitstream.

3.116 calability: Scalability is- the ability of a decoder to decode an ordered set of bitstreams to [produce a
reconstrugted 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 sgt is called
an enhandement layer. When' addressing a specific enhancement layer, "lower layer" refer to the bitstrgam which
precedes the enhancement\layer.

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

3.118 | 6% 8/prediction: A prediction mode similar to field-based prediction but where the predicted blpck size is
16 x 8 luntinance samples

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

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

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

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

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

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

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

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

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

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

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

3.132 op layer: The topmost layer (with the highest layer id) of a scalable hierarchy,
3.133 yariable bitrate: Operation where the bitrate varies with time during thesdecoding of a coded bitstreqm.

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

3.135 yideo buffering verifier (VBV): A hypothetical decoder{that is conceptually connected to the oufput of the
encoder. Ifs purpose is to provide a constraint on the variability, of the data rate that an encoder or editing pfocess may
produce.

3.136 ideo sequence: The highest syntactic structure-6f’coded video bitstreams. It contains a series of ofie or more
coded frarpes.

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

3.138 kxx profile scalable hierarchy; Set of bitstreams of which the top layer conforms to the specificatjons of the
xxx profil¢.

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

3.140  rigzag scanning ‘erder: A specific sequential ordering of the DCT coefficients from (approximately) the
lowest spatial frequency‘testhe highest.

4 Abbréviations and symbols

The mathemmaticat operators used to describe s Specification are Simiar to tose used i the € programming language.
However, integer divisions with truncation and rounding are specifically defined. Numbering and counting loops
generally begin from zero.

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

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

X o
N } Multiplication
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A Power

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

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

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

DIV Integer division with truncation of the result toward minus infinity. For example 3 DIV 2 is rounded
to 1, and -3 DIV 2 is rounded to 2.

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

% Modulus operator. Defined only for positive numbers.
' ' I x>0
Sign() Sign(x)=<0 x==0
=1 x<0

hbs()  Abs(x) = {X x>=0
—x x<0

<b
z f(i) The summation of the /(i) with i taking integral values from « up to, but not,including b.

=a

4.2 [Logical operators
| Logical OR
K& Logical AND
Logical NOT
4.3 Relational operators
> Greater than
b= Greater than or equal to
3 Less than
= Less than or equal to
== Equal to

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

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

4.4 Bitwise operators
K AND
OR

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

4.5 Assignment

= Assignment operator

4.6 Mnemonics

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

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

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

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

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

4.7 Constants

359265358

b 2,718 281 828 45
5 Conventions
5.1 Method of describing bitstream syntax
The bitstr¢am retrieved by the decoder is described in 6.2. Each data item in the bitstr€am is in bold type. It i{ described
by its namg, its length in bits, and a mnemonic for its type and order of transmission.
The actiop caused by a decoded data element in a bitstream depends oricthe value of that data element afd on data
elements previously decoded. The decoding of the data elements and definition of the state variables us¢d in their
decoding pre described in 6.3. The following constructs are used te“express the conditions when data el¢gments are

present, apd are in normal type:

while ( cgndition ) { If the condition-is-true, then the group of data elements occurs
data] element next in the data'stream. This repeats until the condition is not true.
H
do {
data] element The data element always occurs at least once.
} while (fcondition ) The data element is repeated until the condition is not true.
if ( condifion ) { If the condition is true, then the first group of data elements occurs
data] element next in the data stream.
} else { If the condition is not true, then the second group of data elements
data] element occurs next in the data stream.
H
for (1=m; L NA++) { The group of data elements occurs (m — n) times. Conditional
datq_element constructs within the group of data elements may depend on the
cee vatue of The T00p COntrot variabic 1, WITICIT 1S Set 10 ZeTo 0T tie
} first occurrence, incremented by one for the second occurrence, and so forth.
/* comment ... */ Explanatory comment that may be deleted entirely without in any
way altering the syntax.

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

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

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

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

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

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

5.2 PDefinition of functions
Several utllity functions for picture coding algorithm are defined as follows.

5.2.1 PDefinition of bytealigned() function

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

5.2.2 Definition of nextbits() function

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

5.23 Definition of next_start_code() function

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

next_starf code() { No. of bits Mnenjonic

whill ( !bytealigned() )

zero_bit 1 ‘0’
whilp ( nextbits() !="'0000 0000.0000 0000 0000 0001")
[zero_byte 8 '0000 0000

This functien<dhecks whether the current position is byte aligned. If it is not, zero stuffing bits are present. After that any
number 0 ; ; ligned and

may be preceded by any number of zero stuffing bits.

53 Reserved, forbidden and marker_bit

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

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

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

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

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

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

6 Video bitstream syntax and semantics

6.1 Ntructure of coded video data

Coded video data consists of an ordered set of video bitstreams, called layers. If there is only one layerythe c¢pded 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 Jayer (of the ordered set) is called base layer, and it can always be decodedndependently. See|7.1 to 7.6
and 7.12 fpr a description of the decoding process for the base layer, except in the cdse, of Data partitioning] described
in 7.10.

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

See Rec. I[TU-T H.222.0 | ISO/IEC 13818-1 for a description of thesway layers may be multiplexed together.

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

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

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

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

6.1.1 Video sequence
The highejt syntactic struéture of the coded video bitstream is the video sequence.

A video sgquence ¢ommences with a sequence header which may optionally be followed by a group of pictyres header
and then By one-ersmore coded frames. The order of the coded frames in the coded bitstream is the order inf which the
decoder pfocesses them, but not necessarily in the correct order for display. The video sequence is termipated by a
sequence fehdvCode. At various points in the video sequence, a particular coded frame may be preceded I}y either a
repeat sequence header or a group of pictures header or both. (In the case that both a repeat sequence header and a group
of pictures header immediately precede a particular picture, the group of pictures header shall follow the repeat sequence
header.)

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

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

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

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

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

6.1.1.3 Field

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

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

6.1.1.4 Picture

A coded ficture is made of a picture header, the optional extensions immediately following it and the\follow|ng picture
data. A cofled picture may be a coded frame or a coded field.

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

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

A reconsfructed picture is obtained by decoding a coded picture, i.€)'a picture header, the optional jextensions
immediatdly following it, and the picture data. A coded picture may be&\d frame picture or a field picture. A redonstructed
picture is [either a reconstructed frame (when decoding a frame picture), or one field of a reconstructed frgme (when
decoding 4 field picture).

6.1.1.4.1 | Field pictures

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

When the|[first picture of the coded frame is a‘\P-field picture, then the second picture of the coded frame shall also be a
P-field pigture. Similarly when the first-picture of the coded frame is a B-field picture the second picture of| the coded
frame shalll 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 eithef an I-field
picture or p P-field picture. If theé)second picture is a P-field picture, then certain restrictions apply (see 7.6.3.5)

6.1.1.4.2 | Frame pictures

When codjing 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 icture types

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

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

— a Bidirectionally predictive-coded (B) picture is a picture which is coded using motion compensated
prediction from a past and/or future reference frame(s).

6.1.1.6 Sequence header

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

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

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

If a sequence_display_extension() occurs after the first sequence_header() all subsequent sequence headers shall be
followed | by sequence display extension() in which all data eclements are the same as in |the first
sequence_[display extension(). Conversely if no sequence display extension() occurs between ~ [the first
sequence_|header() and the first picture _header(), then sequence_display extension() shall not occur inthe-bitstfeam.

Repeating| the sequence header allows the data elements of the initial sequence header to be)répeated in|order that
random agcess into the video sequence is possible.

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

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

6.1.1.7 [-pictures and group of pictures header

I-pictures Jare intended to assist random access into.the sequence. Applications requiring random access, fgst-forward
playback, pr fast reverse playback may use I-pictutesirelatively frequently.

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

Group of picture header is an optionalsh¢ader that can be used immediately before a coded I-frame to indifate to the
decoder if|the first consecutive B-pictures immediately following the coded I-frame can be reconstructed progerly in the
case of a fandom access. In effecty, if the preceding reference frame is not available, those B-pictures, if any,| cannot be
reconstrugted properly unless they only use backward prediction or intra coding. This is more precisely defjned in the
clause degcribing closed gap and broken link. A group of picture header also contains a time code information that is
not used by the decoding process.

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

6.1.1.8 4:2:0.format

In this formmattheCb—amd—Crmmatrices shatt—beometatf the sizeof the—Y=mmatrix T bothhorizontat—and  vertical
dimensions. The Y-matrix shall have an even number of lines and samples.

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

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

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

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

ITU-T Rec. H.262 (2000 E) 13


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

ISO/IEC 13818-2 : 2000 (E)

X X IX XIX XIX X
o 10 10 |0
X XX XX XiX X
________ LI
X X IX XIX XIX X
o 1o Jo |0
XXX XX XX X
________ T~ T T T ro T T
X XX XIX XIX X
@) O O O
XXX XX XiX X

>< Represents luminance samples

Q Represents chrominance samples

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

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

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

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

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

6.1.1.10 4:4:4 format

In this for dimensions.

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

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

6.1.1.11 Frame re-ordering

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

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

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

When the| sequence contains no coded B-frames, the coded order is the same as the display order. This|is true in
particular plways when low_delay is one.

When B-ffames are present in the sequence, re-ordeting is performed according to the following rules:

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

- If the current frame in/coded order is a I-frame or P-frame, the output frame is the frame redonstructed
from the previous I-framie or P-frame if one exists. If none exists, at the start of the sequence, 1o frame is
output.

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

The folloying is amexample of frames taken from the beginning of a video sequence. In this example thefe are two
coded B-frames between successive coded P-frames and also two coded B-frames between successive codled I- and
P-frames gnd all pictures are frame-pictures. Frame '1T' is used to form a prediction for frame '4P'. Frames '4P' and '11' are
both used [to.fofm predictions for frames 2B' and '3B'. Therefore the order of coded frames in the coded seqyence shall
be '1T', '4P","2B", 3B". However, the decoder shall display them in the order 11, 2B, 3B', 4P

At the encoder input:
1 2 3 4 5 6 7 8 9 10 11 12 13
I B B P B B P B B I B B P

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

At the decoder output:
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>< Represents luminance samples

O Represents chrominance samples
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Figure 6-5 — The position of luminance and chrominance samples — 4:2:2 data

X X
X X
X X
X X
X X
X X
X X
X X

Figure 6-6 — Vertical positions of samples
with 4:2:2 and 4:4:4 data
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>< Represents luminance samples

O Represents chrominance samples

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

6.1.2 Blice

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

The first apd last macroblock of a slice shall'be in the same horizontal row of macroblocks.
Slices shall occur in the bitstream in the order in which they are encountered, starting at the upper-left of the picture and

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

6.1.2.1 The generalslice structure

In the mogt generdl ease it is not necessary for the slices to cover the entire picture. Figure 6-8 shows this chse. Those
areas that|are fiot*enclosed in a slice are not encoded and no information is encoded for such areas (in the specific
picture).

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

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

6.1.2.2 Restricted slice structure

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

Where a defined level of a defined profile requires that the slice structure obeys the restrictions detailed in this subclause,
the term "restricted slice structure" may be used.
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Figure 6-8 — The most general slice structureQ/C)
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Figure 6-9 — Restricted slice structure

6.1.3 Macroblock

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

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

Y Cb Cr

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

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

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

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

A 4:4:4 Macroblock consists of 12 blocks. This structure holds 4 Y, 4 Cb and4"Cr Blocks and the block order |s depicted
in Figure ¢-12.

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

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

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

»  In the-odse of field DCT coding, each block shall be composed of lines from only one of the fwo fields.
This is llustrated in Figure 6-14.

In the casp of chrominance blocks the structure depends upon the chrominance format that is being used. :l: the case
of 4:2:2 apnd“4i4:4 formats (where there are two blocks in the vertical dimension of the macroblock) the chrominance
blocks are treated in exactly the same manner as the luminance blocks. However, in the 4:2:0 format the chrominance
blocks shall always be organised in frame structure for the purposes of DCT coding. It should, however, be noted
that field based predictions may be made for these blocks which will, in the general case, require that predictions for
8 X 4 regions (after half-sample filtering) must be made.

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

6.1.4 Block

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

When "block" refers to source and reconstructed data it refers to an orthogonal section of a luminance or chrominance
component with the same number of lines and samples. There are 8 lines and 8 samples in the block.
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Figure 6-13 — Luminance macroblock structure in frame DCT coding
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Figure 6-14 ~ Lluminance macroblock structure in field DCT coding

6.2 Video bitstream-syntax

6.2.1 Ntart codes

Start codep arespecific bit patterns that do not otherwise occur in the video stream.

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

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

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

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

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

Name

Start code value

(hexadecimal)

picture_start code

00

slice_start_code

01 through AF

reserved BO
reserved B1
user_data_start _code B2
sequence_header code B3
sequence_error_code B4
extension start code BS
eserved B6
equence_end_code B7
broup_start_code B8
ystem start codes (Note) B9 through FE
NOTE — System start codes are defined in Part 1 of this Specification.
6.2.2 Video Sequence
ideo_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_ofspietures_header()
extension”and_user data( 1)
}
picture_header()
picture coding_extension()
extensions_and user data(2)
picture_data()
} while ( (nextbits() == picture_start_code) ||
{rextbitsO==grotp—start—eeode)
if ( nextbits() != sequence _end code ) {
sequence_header()
sequence_extension()
}
}+ while ( nextbits() !=sequence end code )
} else {
/*ISO/IEC 11172-2 */
}
sequence_end_code 32 bslbf

22
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6.2.2.1

6.2.2.2

Sequence header

ISO/IEC 13818-2 : 2000 (E)

sequence_header() { No. of bits Mnemonic
sequence_header_code 32 bslbf
horizontal_size_ value 12 uimsbf
vertical_size value 12 uimsbf
aspect_ratio_information 4 uimsbf
frame_rate_code 4 uimsbf
bit_rate_value 18 uimsbf
marker_bit 1 bslbf
vbv_buffer_size value 10 uimsbf
constrained_parameters_flag 1 bslbf
load_intra_quantiser_matrix 1 primsbf
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()
[ xtension and user data
pxtension_and user data(i) { No. of bits Mnemonic
while ( ( nextbits()== extension start_code ) ||
( nextbits()==us¢r data start code) ) {
if ((i!=1) && (wnextbits()== extension_start code ) )
extensiofi_data( i)
if ( nextbits®== user_data_start _code )
user_data()
}
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6.2.2.2.1 Extension data

24

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

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

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

sequence_display_extension()

else if ( nextbits()

== "Sequence Scalable Extension ID" )

sequence_scalable extension()

}

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

never follows a group of pictures_header() */

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

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

quant_matrix_extension()

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

copyright_extension()

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

picture_display_extension()

else if ( nextbits()

== "Picture Spatial Scalable Extension ID" )

picture_spatial scalable extension()

else if ( nextbits()

== "Picture Temporal*Scalable Extension ID" )

picture_temporal_scalable extension()

else if ( nextbits()

== "Camera Parameters Extension ID" )

camera)\ parameters_extension()

else if(‘nextbits()

=="ITU-T Extension ID" )

ITU-T_extension()
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6.2.2.2.2 User data

6.2.2.3

ISO/IEC 13818-2 : 2000 (E)

user_data() { No. of bits Mnemonic
user_data_start_code 32 bslbf
while( nextbits() !="'0000 0000 0000 0000 0000 0001") {

user_data 8 uimsbf

i
next_start_code()

}

Bequence extension

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

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

25


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

ISO/IEC 13818-2 : 2000 (E)

6.2.2.4 Sequence display extension

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

if ( colour description ) {

colour_primaries 8 uimsbf
transfer_characteristics 8 uimsbf
matrix_coefficients 8 uimsbf
}
display_horizontal_size 14 uimsbft
marker_bit 1 bslbf
display_vertical_size 14 uimsbf

next_start code()

6.2.2.5 Bequence scalable extension

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

if (scalable_mode == "spatial scalability") {

lower_layer_prediction_horizontal_size 14 uimsbf
marker_bit 1 bslbf
lower_layer prediction_vertical size 14 uimsbf
horizontal-subsampling_factor_m 5 uimsbf
horizontal: subsampling_factor_n 5 uimsbf
vertical_subsampling_factor_m 5 uimsbf
vertical subsampling_factor n 5 uimsbf
}
1T ( scalable_mode == "temporal scalability” ) {
picture_mux_enable 1 uimsbf
if ( picture_mux_enable )
mux_to_progressive_sequence 1 uimsbf
picture_mux_order 3 uimsbf
picture_mux_factor 3 uimsbf
}

next start code()
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6.2.2.6

6.2.3

ISO/IEC 13818-2 : 2000 (E)
Group of pictures header
group_of pictures_header() { No. of bits Mnemonic
group_start _code 32 bslbf
time_code 25 uimsbf
closed_gop 1 uimsbf
broken_link 1 uimsbf
next_start_code()
}
Picture header
bicture header() { No. of bits Mnemonic
picture_start_code 32 bslbf
temporal_reference 10 uimsbf
picture_coding_type 3 uimsbf
vbv_delay 16 uimsbf
if ( picture_coding_type == 2 || picture_coding_type == 3) {
full_pel_forward_vector 1 bslbf
forward_f code 3 bslbf
}
if ( picture_coding_type ==3) {
full_pel_backward_vector 1 bslbf
backward _f code 3 bslbf
}
while ( nextbits() =="'1") {
extra_bit_picture °/* with the value '1' */ 1 uimsbf
extra_information_picture 8 uimsbf
}
extra_bitypicture/* with the value '0' */ 1 uimsbf
nextsStart code()
ITU-T Rec. H.262 (2000 E) 27
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6.2.3.1 Picture coding extension

picture coding_extension() { No . of bits Mnemonic
extension_start_code 32 bslbf
extension_start code identifier 4 uimsbf
f _code[0][0] /* forward horizontal */ 4 uimsbf
f_code[0][1] /* forward vertical */ 4 uimsbf
f_code[1][0] /* backward horizontal */ 4 uimsbf
f _code[1][1] /* backward vertical */ 4 uimsbf
intra_dc_precision 2 uimsbf
picture_structure 2 uimsbf
top_field_first 1 uimsbf’
frame_pred_frame_dct 1 uimsbf
concealment_motion_vectors 1 uimsbf
q_scale_type 1 uimsbf
intra_vlc_format 1 uimsbf
alternate_scan 1 uimsbf
repeat_first_field 1 uimsbf
chroma_420 type 1 uimsbf
progressive_frame 1 uimsbf
composite_display_flag 1 uimsbf
if ( composite display flag) {
v_axis 1 uimsbf
field_sequence 3 uimsbf
sub_carrier 1 uimsbf
burst_amplitude 7 uimsbf
sub_carrier_phase 8 uimsbf
}
next_start_code()
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6.2.3.2

6.2.3.3

6.2.3.4

Quant matrix extension

ISO/IEC 13818-2 : 2000 (E)

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

next start code()

ITU-T Rec. H.262 (2000 E)
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6.2.3.5

6.2.3.6

6.2.3.7

30

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 nimshf
lower_layer_progressive_frame 1 uimsbf;
lower_layer_deinterlaced_field_select 1 uimsbf
next start code()

Copyright extension

opyright_extension() { No. of bits Mnemonic
extension_start code identifier 4 uimsbf
copyright flag 1 uimsbf
copyright_identifier 8 uimsbf
original_or_copy 1 uimsbf
reserved 7 bslbf
marker_bit 1 bslbf
copyright_number_1 20 uimsbf
marker_bit 1 bslbf
copyright number_2 22 uimsbf
marker_bit 1 bslbf
copyright numbeér 3 22 uimsbf
next_start/ code()

Picture data

picture data() { No. of bits Mnemonic
do {

slice()

} while ( nextbits() == slice_start code )

next start code()
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6.2.3.7.1 Camera parameters extension
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camera_parameters_extension() { No. of bits Mnemonic
extension_start code identifier 4 uimsbf
reserved 1 uimsbf
camera_id 7 simsbf
marker_bit 1 bslbf
height_of image device 22 uimsbf
marker_bit 1 bslbf
focal_length 22 uimsbf
marker_bit 1 bslbf
f_number 22 uimsbf
marker_bit 1 bslbf
vertical angle of view 22 uimsbf
marker_bit 1 bslbf
camera_position_x_upper 16 simsbf
marker_bit { bslbf
camera_position_x_lower 16
marker_bit 1 bslbf
camera_position_y_upper 16 simsbf
marker_bit 1 bslbf
camera_position_y_lower 16
marker_bit 1 bslbf
camera_position_z_upper 16 simsbf
marker_bit 1 bslbf
camera_position_z_lower 16
marker_bit 1 bslbf
camera_direction_x 22 simsbf
marker_bit 1 bslbf
camera_directiony 22 simsbf
marker_bit 1 bslbf
camera_direction_z 22 simsbf
marker_bit 1 bslbf
image_plane_vertical x 22 simsbf
marker_bit 1 bslbf
image_plane_vertical y 22 simsbf
marker_bit 1 bslbf
image_plane_vertical_z 22 simsbf
marker_bit 1 bslbf
reserved 32 bslbf
next_start code()

}

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

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

ITU-T extension() { No. of bits Mnemonic
extension_start code_identifier 4 uimsbf
while( nextbits() !="'0000 0000 0000 0000 0000 0001") {
ITU-T_data 1 uimsbf
}
next_start_code()
}
NOTE — The construct with the while-statement prevents start code emulation.
6.2.4 Blice
slice() { No. of bits Mnemonic
sllice_start_code 32 bslbf
if (vertical_size > 2800)
slice_vertical_position_extension 3 uimsbf
iif (<sequence_scalable_extension() is present in the bitstream>){
if (scalable_mode == 'data partitioning')
priority_breakpoint 7 uimsbf
quantiser_scale_code 5 uimsbf
iff (nextbits() =="1") {
slice_extension_flag 1 bslbf
intra_slice 1 uimsbf
slice_picture_id_enable 1 uimsbf
slice_picture_id 6 uimbsf
while (nextbits().=="1") {
extra_bit slice /* with the value '1"' */ 1 uimsbf
extras jnformation_slice 8 uimsbf
}
extra_bit_slice /* with the value '0' */ 1 uimsbf
do {
macroblock()
} while (nextbits() !="000 0000 0000 0000 0000 0000")
next_start _code()
}
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6.2.5 Macroblock

macroblock() { No. of bits Mnemonic

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

macroblock escape 11 bslbf

macroblock_address_increment 1-11 viclbf

macroblock modes()

if ( macroblock quant )

quantiser_scale_code 5 uimsbf

if ( macroblock motion forward ||

( macroblock_intra && concealment motion_vectors) )

motion_vectors( 0 )

if ( macroblock motion backward )

motion_vectors( 1)

if ( macroblock intra && concealment motion_vectors)

marker_bit 1 bslbf

if ( macroblock pattern )

coded block pattern()

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

block(i )
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6.2.5.1

6.2.5.2

34

Macroblock modes

macroblock modes() { No. of bits Mnemonic
macroblock_type 1-9 vlclbf
if ( ( spatial temporal weight code flag==1) &&
( spatial_temporal weight code table index !="'00")) {
spatial_temporal_weight_code 2 uimsbf
}
if ( macroblock motion forward ||
macroblock motion backward ) {
if ( picture_structure == 'frame' ) {
if ( frame pred frame dct==0)
frame_motion_type 2 uimsbt
} else {
field_motion_type 2 uimsbf
}
}
if ( ( picture_structure == "Frame picture" ) &&
(frame pred frame dct==0) &&
( macroblock intra || macoblock pattern) ){
dct_type 1 uimsbf
}
}
Motion vectors
motion_vectors (s ) { No. of bits Mnemonic
if ( motion_vectoroount==1) {
if (( mv_ format == field ) && ( dmv !=1))
motion_vertical field select[0]][s] 1 uimsbf
motion_vector( 0, s )
Helse {
motion vertical field select[0][s] 1 uimsbf
motion_vector( 0, s )
motion_vertical_field_select[1][s] 1 uimsbf

motion_vector(1, s)
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6.2.5.2.1 Motion vector
motion_vector (1, s ) { No. of bits Mnemonic
motion_code[r][s][0] 1-11 viclbf
if ((f code[s][0] !=1) && ( motion code[r][s][0] I=0))
motion_residual[r|[s][0] 1-8 uimsbf
if (dmv==1)
dmvector[0] 1-2 viclbf
motion_code|r][s][1] 1-11 viclbf
if ((f code[s][1] !=1) && ( motion_code[r][s][1] !=0))
motion_residual[r|[s][1] 1-8 uimsbf
if (dmv==1)
dmvector[1] 1-2 vi¢lbf
6.2.5.3 (oded block pattern
oded_block pattern () { No. of bits Mnemonic
coded_block_pattern_420 3-9 viclbf
if (chroma format==4:2:2)
coded_block_pattern_1 2 uimsbf
if (chroma_format == 4:4:4)
coded_block pattern 2 6 uimsbf
6.2.6 Block
The detailed syntax for the tems'First DCT coefficient", "Subsequent DCT coefficient" and "End of Blodk" is fully
described fn 7.2.
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This subclause does not adequately document the block layer syntax when data partitioning is used. See 7.10.

block(1) { No. of bits Mnemonic

if ( pattern_code[i] ) {

if ( macroblock intra ) {

if(i<4){

dct_dc_size_luminance 2-9 viclbf

if(dct_dc size luminance !=0)

dct_dc_differential 1-11 uimsbf

3 . R A f o
dret—dv—size_chromimance =19 victbf

if(dct_dc size chrominance !=0)

dct_dc_differential 1-11 uimsbf
}
} else {
First DCT coefficient 2-24 vlclbf
}
while ( nextbits() != End of block )
Subsequent DCT coefficients 3-24 vlclbf
End of block 2or4 vlclbf
}
6.3 Video bitstream semantics
6.3.1 bemantic 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 tq produce a legal bitstream. Subsequent clauses detail the semantic meaning of all fields in the video bitstream.

Figure 6-1J5 illustrates the high level strugture of the video bitstream.

ISOREC 11172-2

. Extension .
‘ and User ,

Picture
Header

Bequence
Header

Sequence
Extension

Group of
Pic. Hdr.

Beguénce
Header

Pic. Coding
Extension

. Extension . Picture
Data

‘ and User '

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

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

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

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

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

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

e If sequence_extension() occurs in the bitstream, then each picture header() shall be followed immediately
Dy a picture_coding_extension().

b 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.

b picture_coding_extension() shall only occur immediately following a picture header().
b The first coded frame following a group of pictures header() shall be a codedI-frame.
A number| of different extensions are defined in addition to sequence extension() ahd-picture coding_extengion(). The

set of allgwed extensions is different at each different point in the syntax where.€xtensions are allowed. [Table 6-2
defines a four bit extension_start code_identifier for each extension.

Table 6-2 — extension_start_code Videntifier 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
10U Camera Parameters Extension ID
I'T00 ITU-T extension ID
1101 Reserved
1111 Reserved

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

In the case that a decoder encounters an extension with an extension identification that is described as "reserved" in this

Specification, the decoder shall discard all subsequent data until the next start code. This requirement allows future
definition of compatible extensions to this Specification.
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6.3.2 Video sequence

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

sequence.

6.3.3 Sequence header

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

beginning

of a sequence header.

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

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

horizontal_size — The horizontal size is a 14-bit unsigned integer, the 12 least significant bits are

horizontal
width of t
componer
encoded p|

In order t
that are m

| size value, the 2 most significant bits are defined in horizontal size extension. The horizontal |
he displayable part of the luminance component of pictures in samples. The width of the, encoded
t of pictures in macroblocks, mb_width, is (horizontal size + 15)/16. The displayable part s left-alig
ctures.

avoid start code emulation horizontal size value shall not be zero. This precludes values of horiz
hitiples of 4096.

vertical_sjze — The vertical size is a 14-bit unsigned integer, the 12 \least significant bits are

vertical s
the display

In the cas
mb_heighi

In the ca
macroblod
pictures in

The displ4

In order td
multiples

ze value, the 2 most significant bits are defined in vertical size _eéxtension. The vertical size is th
rable part of the luminance component of the frame in lines.

e that progressive_sequence is 'l' the height of the encoded/luminance component of frames in mg
, is (vertical_size + 15)/16.

e that progressive sequence is '0' the height 6f; the encoded luminance component of frame |}
ks, mb_height, is 2*((vertical size + 31)/32). The height of the encoded luminance componel
macroblocks, mb_height, is ((vertical_size+31)/32).

yable part is top-aligned in the encoded pictures.

avoid start code emulation yertieal size value shall not be zero. This precludes values of vertical s
£4096.

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

Table 6-3 — aspect_ratio_information

defined in
size is the
luminance
rned in the

ontal size

lefined in
b height of

croblocks,

bictures in

it of field

ze that are

Sample Aspect

aspect_ratio_information Ratio . DAK
0000 Forbidden Forbidden
0001 1.0 (Square Sample) -
0010 - 3+4
0011 - 9+16
0100 - 1+2.21
0101 - Reserved
1111 - Reserved
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aspect_ratio_information either specifies that the "Sample Aspect Ratio" (SAR) of the reconstructed frame is 1,0 (square
samples) or alternatively it gives the "Display Aspect Ratio" (DAR).

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

horizontal size

SAR = DAR X - -
vertical_size

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

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

display horizontal size
display vertical size

SAR = DAR X
frame_rafe code — This is a four-bit integer used to define frame rate value as shown in Table6+4. frame_rate may be
derived fr¢m frame rate value, frame rate extension n and frame rate extension d as follows;

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

When an ¢ntry for the frame rate exists directly in Table 6-4, frame rate extension n and frame rate extensjon_d shall
be zero. (frame_rate_extension n + 1) and (frame rate extension_d + 1) shall’not have a common divisor gfeater than
one.

Table 6-4 — frame_rate walue

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

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

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

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

bit_rate_value — The lower 18 bits of bit _rate.

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

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

NOTE 2 — Since constant bitrate operation is simply a special case of variable bitrate operation there is no requirement that the

value of bit rate is the actual bitrate at which the data is supplied. However it is recommended in the case of constant bitrate
operation that bit_rate should represent the actual bitrate.

marker_bit — This is one bit that shall be set to '1'. This bit prevents emulation of start codes.
vbv_buffer_size value — the lower 10 bits of vbv_buffer size.

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

. A PN BT 1l 1 1 1 R LI T 3
Verlﬁer, SFTATIIITX T ) OUITTT TITTUTU 1O TTTUUT UIT STYUCTICT.  IT TS UTIIIICU dS?

B =16 * 1024 * vbv_buffer size

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

constraingd_parameters_flag — This flag (used in ISO/IEC 11172-2) has no meaningjin-this Specificatior] and shall
have the vplue '0'.

load_intra_quantiser _matrix — See 6.3.11 "Quant matrix extension".
intra_quantiser_matrix — See 6.3.11 "Quant matrix extension".
load_non] intra_quantiser_matrix — See 6.3.11 "Quant matrix extension".

non_intra quantiser_matrix — See 6.3.11 "Quant matrix extension;"

6.34 f.xtension and user data

extension) start_code — The extension start code is the:bit*string '000001B5' in hexadecimal. It identifies the| beginning
of extensi¢ns beyond ISO/IEC 11172-2.

6.3.4.1 ser data

user_data start_code — The user_data_start code is the bit string '000001B2' in hexadecimal. It identifies the] beginning
of user dafa. The user data continues until feceipt of another start code.

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

6.3.5 Bequence extension
extension| start_code, identifier — This is a 4-bit integer which identifies the extension. See Table 6-2.

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

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

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

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

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

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

low_delay — This flag, when set to 'l', 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 thay 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 1s 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_rafe_extension_n — This is a 2-bit integer used to determine the frame rate. Se€ frame rate code.

frame_rafe_extension_d — This is a 5-bit integer used to determine the frame_ratey'See frame rate code.

6.3.6 Bequence display extension

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

video_format — This is a three bit integer indicating the representation of the pictures before being coded in gdccordance

with this Bpecification. Its meaning is defined in Table 6%6. If the sequence display extension() is not prepent 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
11 Reserved

colour_description — A flag which if set to '1' indicates the presence of colour primaries, transfer characteristics and
matrix_coefficients in the bitstream.

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

In the case that sequence display extension() is not present in the bitstream or colour description is zero, the
chromaticity is assumed to be implicitly defined by the application.

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

Value Primaries

0 (Forbidden)

1 Recommendation ITU-R BT.709
primary X y
green 0.300  0.600
blue 0.150  0.060
red 0.640  0.330
white D65 0.3127 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 SMPTE 190M
primary, X y
green 0310  0.595
blue 0.155  0.070
red 0.630  0.340
white D65 0.3127 0.3290

7 SMPTE 240M (1987)
primary X y
green 0310  0.595
blue 0.155  0.070
red 0.630  0.340
white D65 634127053201

8-255 Reserved
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Value

Transfer Characteristic

(Forbidden)

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

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

Unspecified Video

Image characteristics are unknown

Reserved

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

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

SMPTE 170M
V =1.099 L %4 - 0.099
for 1 2L >0.018
V=4500L,
for 0.018 >L >0

SMPTE 240M (1987)
V=11115L 4 - 04415
for L, >0.0228
V=40L,
£31'0.0228 > L,

Linearransfer characteristics

LevV=_L,

9-255

Reserved

b that sequencendisplay_extension() is not present in the bitstream or colour_ description is zero, the transfer
tics are assumed to be implicitly defined by the application.

efficients-— This 8-bit integer describes the matrix coefficients used in deriving luminance and chrominance
m the green, blue, and red primaries, and is defined in Table 6-9.
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Table 6-9 — Matrix Coefficients

Value Matrix

0 (Forbidden)

1 Recommendation ITU-R BT.709

E’y =0.7154 E' + 0.0721 E’; + 0.2125 B’
E'pp=-0.386 E'; +0.500 E"; —0.115 E'p
E'pr =—0.454 E'; - 0.046 E'5 + 0.500 E"

2 Unspecified Video

Image characteristics are unknown
3 Reserved
4 FCC

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

E’y =0.587 E'; +0.114 E' $0.299 E',
E'pp=-0.331E'; +0.500/E"s —0.169 E'p
E'pr =—0.419 E'; — 008 I'"E’; + 0.500 E"
7 SMPTE 240M (1987

E’y, =0.701 EZ{ +0.087 E'; + 0.212 'y
E'pg =—0:384 E'; + 0.500 E’5; —0.116 E',
E'pgr =50.445 E'; - 0.055 E’'; + 0.500 Ey
8-255 Résetved

In Table 6}9:

- E’y is analogtie,with values between 0 and 1;

- E’pp and,E’pR are analogue between the values —0.5 and 0.5;
- E’r)E’G and E’pg are analogue with values between 0 and 1;

- /Y5 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'pg ) + 128

NOTE 1 — The decoding process given by this Specification limits output sample values for Y, Cr and Cb to the range [0:255].
Thus, sample values outside the range implied by the above equations may occasionally occur at the output of the decoding
process. In particular the sample values 0 and 255 may occur.

In the case that sequence display extension() is not present in the bitstream or colour description is zero the matrix
coefficients are assumed to be implicitly defined by the application.

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

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

display horizontal size shall be in the same units as horizontal size (samples of the encoded frames).
display vertical size shall be in the same units as vertical size (lines of the encoded frames).

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

6.3.7 fequence scatable extension

It is a syntactic restriction that if a sequence scalable extension() is present in the bitstream followinlg a given
sequence_fextension(), then sequence scalable extension() shall follow every other occurrence of sequence extension().
Thus a bitptream is either scalable or it is not scalable. It is not possible to mix scalable and non-scalable codifg within a
sequence.

scalable_ mode — The scalable mode indicates the type of scalability used in ,the video sequenfe. If no
sequence_fscalable extension() is present in the bitstream, then no scalability is used for that sequence. scalfible mode
also indigates the macroblock type tables to be used. However, in the ase’ of spatial scalability if no
picture spatial scalable extension() is present for a given picture, then that picture.shall be decoded in a ngn-scalable
manner (i.p. as if sequence_scalable extension() had not been present).

Table 6-10 — Definition of scalabl¢)mode

scglable_mode Meaning picturiziﬂzggksgalable- macroblock type tables
sequepce_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 4 This is an integer- which identifies the layers in a scalable hierarchy. The base layer always has layer id = 0.
However, |the base layercof+a scalable hierarchy does not carry a sequence scalable extension() and hencg¢ layer id,
except in the case of data partitioning. Each successive layer has a layer id which is one greater than the layet for which
it is an enllancement:

In the casq of data‘partitioning layer id shall be zero for partition zero and layer_id shall be one for partition ore.

lower_layler~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 'l' indicates that the decoded pictures corresponding to the two
layers shall be temporally multiplexed to generate a progressive sequence for display. When the temporal multiplexing is
intended to generate an interlaced sequence this flag shall be '0'.

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

picture_mux_factor — It denotes number of enhancement layer pictures between consecutive base layer pictures to
allow corfecT Te-mUITipIexing of base and enhancement tayers Tor disptay. 1T alSo assists im Te-multplexing pf pictures
prior to display as it contains information for inverting the temporal demultiplexing performed at the encoder,| The value
'000" is regerved.

6.3.8 Group of pictures header

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

time_cod¢ — This is a 25-bit integer containing the following: drop frame flag, time code hours, time codp minutes,
marker bif, time code seconds and time_code pictures as shown in Table 6-11.\The parameters correspond to those
defined in|the IEC standard publication 60461 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 pictures“header that has a temporal rgference of
zero. The |drop_frame flag can be set to either '0' or '1'. It may be set to '1')only if the frame rate is 29.97 HZ. If it is '0’
then pictutes are counted assuming rounding to the nearest integral number of pictures per second, for exampl¢ 29.97 Hz
would be founded to and counted as 30 Hz. If it is '1' then picturesnumbers 0 and 1 at the start of each mingyite, 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 consecutive [B-pictures
(if any) ix?llr]_nediately following the first coded I-frame following the group of picture header.

closed gop is set to 'l' 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 'l' so that a decoder may avoid displaying these B-Pictures following the first
I-Picture following the group of picture header. However, if the closed gop bit is set to 'l', then the editor may choose
not to set the broken_link bit as these B-Pictures can be correctly decoded.

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

A decoder may use this flag to avoid displaying frames that cannot be correctly decoded.
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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 simple specification applies only when low_delay is equal to zero.

When a coded frame is in the form of two field pictures, the temporal reference associated with each picture shall be the
same (it is called the temporal reference of the coded frame). The temporal reference of each coded frame shall
increment by one modulo 1024 when examined in display order at the output of the decoding process, except when a
group of pictures header occurs. Among the frames coded after a group of pictures header, the temporal reference of the
coded frame that is displayed first, shall be set to zero.

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

If picture A is not a big picture, i.e. the VBV buffer is only examined once before the coded picture A is-temoved from
the VBV puffer and if N is the temporal _reference of picture A, then the temporal reference of pictufe’\B’ immediately
following picture A in display order is equal to:

p 0 if there is a group of pictures header present between picture A and picture B (in‘coded order).
b (N +1) % 1024 if picture B is a frame picture or is the first field of a pair of field pictures.

b N if picture B is the second field of a pair of field pictures.

When low delay is equal to one, there may be situations where the VBV buffer shall be re-examined seyeral times
before renmpoving a coded picture (referred to as a big picture) from the VBV bufter:

If picture A is a big picture and if K is the number of times that the VBV buffer is re-examined as defined in C}7 (K > 0),
if N is the|temporal reference of picture A, then the temporal reference’ of picture B immediately following pjcture A in
display orgler is equal to:

b K % 1024 if there is a group of pictures header, présent between picture A and picture B (in coddd order).
b (N+K+1)% 1024 if picture B is a frame picture or is the first field of a pair of field pictures.

b (N +K) % 1024 if picture B is the second field of a pair of field pictures.

NOTE |l — If the big picture is the first field of a frame coded with field pictures, then the temporal reference of tle two field
pictureg of that coded frame are not identical.

picture_cpding_type — The picture_coding type identifies whether a picture is an intra-coded picture(I), predictive-
coded picture(P) or bidirectionally predictive-coded picture(B). The meaning of picture coding type is [defined in
Table 6-12.

NOTE P — Intra-coded pictures.with only DC coefficients (D-pictures) that may be used in ISO/IEC 11172-2 are not sppported by
this Sp¢cification.

Table 6-12 — picture_coding_type

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

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

101 Reserved
110 Reserved
111 Reserved
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vbv_delay — The vbv_delay is a 16-bit unsigned integer. In all cases other then when vbv_delay has the value
hexadecimal FFFF, the value of vbv_delay is the number of periods of a 90 kHz clock derived from the 27 MHz system
clock that the VBV shall wait after receiving the final byte of the picture start code before decoding the picture.
vbv_delay shall be coded to represent the delay as specified above or it shall be coded with the value hexadecimal FFFF.
If any vbv_delay field in a sequence is coded with hexadecimal FFFF, then all of them shall be coded with this value. If
vbv_delay takes the value hexadecimal FFFF, input of data to the VBV buffer is defined in C.3.2, otherwise input to the
VBYV buffer is defined in C.3.1.

If low_delay is equal '1' and if the bitstream contains big pictures, the vbv_delay values encoded in the picture header()
of big pictures may be wrong if not equal to hexadecimal FFFF.

NOTE 3 — There are several ways of calculating vbv_delay in an encoder.

In all cases it may be calculated by noting that the end-to-end delay through the encoder and decoder buffer is constant
for all pictures. The encoder is capable of knowing the delay experienced by the relevant picture start code in the encoder
buffer and the total end-ta-end delay Therefore the valne encoded in vhv 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 eficqder buffer
measured |n periods of a 90 kHz clock derived from the 27 MHz system clock.

Alternativgly, 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:
h >0
B,"= VBV occupancy, measured in bits, immediately before reméving picture n from the buffgr but after
removing any header(s), user data and stuffing that immediately precedes the data elementq of picture
n.
R = the actual bitrate (i.e. to full accuracy rathef)than the quantised value given by bit fate in the

sequence header).

An equivdlent method of calculating vbv_delay for variable bitrate streams can be derived from the equation in C.3.1.
This will be in the form of a recurrence relation for the ¥bv_delay given the previous vbv_delay, the decodirlg times of
the curren} and previous pictures, and the number of bytes in the previous picture. This method can be appligd if, at the
time vbv_{lelay is encoded, the average bitrate of thétransfer of the picture data of the previous picture is knowpn.

full_pel_fprward_vector — This flag that is used in ISO/IEC 11172-2 is not used by this Specification. It shafll 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. It|shall have
the value 'L11".

full_pel hackward_vector —(This flag that is used in ISO/IEC 11172-2 is not used by this Specification. It|shall have
the value 'p'.

backward f code — This 3 bit string (which is used in ISO/IEC 11172-2) is not used by this Specification. It|shall have
the value 'L 11".

extra_bit|picture'— A bit indicates the presence of the following extra information. If extra_bit picture i set to 'l',
extra_infofniation_picture will follow it. If it is set to '0', there are no data following it. extra_bit_picture shal]l be set to
'0', the valtre"t s Teserved-for possibtefutureextensions defimed- by =T HSOAEE:

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).
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See Table 7-7 for the meaning of the indices; s and t.

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

Table 6-13 — Intra DC precision

intra_dc_precision Precision (bits)
00 8
01 9
10 10
11 11

The inverge quantisation process for the Intra DC coefficients is modified by this parameter as explained in-7.4{1.

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

Table 6-14 — Meaning of picture_structure

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

When a fipme is encoded in the form of two field pictures both\fields must be of the same picture coding_type, except
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 encoded field of a frame may be a top-field or a‘boftom field, and the next field must be of opposite pgrity.

When a fifame is encoded in the form of two field pictures, the following syntax elements may be set indepgndently in
each field ppicture:

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

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

p intra_dc precision, concealment motion vectors, q scale type;
b intra_vlc format,.alternate scan;

b vbv_delay;

b temporalreference.

top_field |first — (The meaning of this element depends upon picture structure, progressive seqyence and
repeat_firgt fields

If progrespive” sequence is equal to '0', this flag indicates what field of a reconstructed frame is output fijrst by the
decoding process-

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 0 and repeat_first field is set to 'l', the output of the decoding process corresponding to this
reconstructed frame consists of two identical progressive frames.
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If top_field first is set to 1 and repeat_first field is set to 'l', the output of the decoding process corresponding to this
reconstructed frame consists of three identical progressive frames.

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

concealment_motion_vectors — This flag has the value 'l' to indicate that motion vectors are coded in intra
macroblocks. This flag has the value '0' to indicate that no motion vectors are coded in intra macroblocks.

q_scale_type — This flag affects the inverse quantisation process as described in 7.4.2.2.
intra_vlc_format — This flag affects the decoding of transform coefficient data as described in 7.2.2.1.

alternate_scan — This flag affects the decoding of transform coefficient data as described in 7.3.

repeat_first field — This flag is applicable only in a frame picture: in a field picture it shall be set to zero and does not

affect the lec_oding process.

If progresgive sequence is equal to 0 and progressive frame is equal to 0, repeat first field shall be zero,)and|the output
of the decpding process corresponding to this reconstructed frame consists of two fields.

If progresgive sequence is equal to 0 and progressive frame is equal to 1:

If this flag is set to 0, the output of the decoding process corresponding to this reconstructed’frame consists of ftwo fields.
The first fleld (top or bottom field as identified by top field first) is followed by the other field.

If it is setfto 1, the output of the decoding process corresponding to this reconstructéd frame consists of three fields. The
first field |(top or bottom field as identified by top field first) is followed by~the other field, then the fifst field is
repeated.

If progresgive sequence is equal to 1:
If this flag]is set to 0, the output of the decoding process corresponditigito this reconstructed frame consists of dne frame.

If it is se| to 1, the output of the decoding process corresponding*to this reconstructed frame consists of two 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 chronpa 420 type has no meaning and shall be equal to zero. This flag exists for historical reasons.

progressiye frame — If progressive frame is set t00 it indicates that the two fields of the frame are interlacgd fields in
which an interval of time of the field period exists between (corresponding spatial samples) of the two fields. In this case
the followjng restriction applies:

b repeat first field shall beuzero (two field duration).

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

b picture_structure-shall be "Frame";

p if progressive sequence is equal to one, then frame pred frame dct shall be 1.

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

compositd diSplay_flag — This flag is set to 1 to indicate that the following fields that are of use when the input pictures
have been'toded as(amatogue) composite video prior toencoding mto—a bitstreanT that compties withr this-Specification.
If it is set to 0, 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).
NOTE 1 — The various syntactic elements that are included in the bitstream if composite display flag is '1' are not used in the
decoding process.

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

v_axis — A 1-bit integer used only when the bitstream represents a signal that had previously been encoded according to
PAL systems. v_axis is set to 1 on a positive sign, v_axis is set to 0 otherwise.

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

Field sequence Frame Field
000 1 1
001 1 2
010 2 3
011 2 4
100 3 5
101 3 6
110 4 7

: 2000 (E)

sub_carrier — This is a 1-bit integer. Set to 0 means the sub-carrier/line frequency relationship is correct. Wh

the relatio

burst_amplitude — This is a 7-bit integer defining the burst amplitude (for PAL and NTSE ‘enly). The ampli

sub-carrie

sub_carrier_phase — This is an 8-bit integer defining the phase of the reference sub-Catrier at the field-syncl

datum wit

6.3.11

Each quan
to their d

quant_mafrix_extension().

With 4:2:(

With 4:2:]
blocks ang
the luming

The defau

hship is not correct.

burst is quantised as a Recommendation ITU-R BT.601 luminance signal, with/the’MSB omitted.

h respect, to field start as defined in Recommendation ITU-R BT.470 (se¢, 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)

Quant matrix extension

tisation matrix has a default-set'of values. When a sequence _header code is decoded all matrices sh
pfault values. User defined matrices may be downloaded and this can occur in a sequence heade

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

P or 4:4:4 data-four matrices are used. Both an intra and a non-intra matrix are provided for both
for chrominafice blocks. Note, however, that it is possible to download the same user defined matri
nce and‘chrominance matrix at the same time.

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

en set to 1

tude of the

\ronisation

hll be reset
r() or in a

luminance
k into both

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

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

—

16 16 16 16 16 16 16 16
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 16

N PP AW

load_intra_quantiser _matrix — This is a one-bit flag which is set to 'l"' if intra_quantiser matrix follows. If itis set to '0'
then therelis no change in the values that shall be used.

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 yalu¢ shall always be 8 (vaJues 1 to 7
and 9 to 255 are reserved). For all of the 8-bit unsigned 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 chrominance intra matrix. However, the
chrominarjce intra matrix may subsequently be loaded with a different matrix.

load_non] intra_quantiser_matrix — This is a one-bit flag which is sét’to '1" if non_intra quantiser matrix fdllows. If it
is set to '0then there is no change in the values that shall be used.

non_intra quantiser_matrix — This is a list of sixty-four,8§*bit unsigned integers. The new values, encofded 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 zerd is forbidden. With 4:2:2 and 4:4:4 data, the new-values shall be used for both the luminance non-iptra matrix
and the chrominance non-intra matrix. However, the ghrominance non-intra matrix may subsequently be loafled with a
different matrix.

load_chrgma_intra_quantiser_matrix — This)is a one-bit flag which is set to 'l"' if chroma 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_iptra_quantiser_matrix.— This is a list of sixty-four 8-bit unsigned integers. The new values, encqded in the
default zigzag scanning order as described in 7.3.1, replace the previous values. The first value shall always b¢ 8 (values
1 to 7 and|9 to 255 are reseryed)! For all of the 8-bit unsigned integers, the value zero is forbidden.

load_chrdma_non_intra“quantiser_ matrix — This is a one-bit flag which is set tq 'lI' if
chroma n¢n_intra_guantiser matrix follows. If it is set to '0' then there is no change in the values that shall pe used. If
chroma_fqrmat is.*4:2:0", this flag shall take the value '0'".

chroma_rnoncintra_quantiser_matrix — This is a list of sixty-four 8-bit unsigned integers. The new values, ¢ncoded in

d | dhad 10 7 2 1 1 4o 1 E Hsla Q loit 3 1
the defaul ZrgZag svarnTs OTaCT— as— GUSCTTOCUTIIT 7.0+ 1, 1epTraClthCPIOvIOUS varats— 1 Ul dlr toC— O~ OTC UliSTEnT lntegers,

the value zero is forbidden.

6.3.12  Picture display extension

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

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

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

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

The dimensions of the display rectangular region are defined in the sequence display extension(). The coordinates of the
region within the coded picture are defined in the picture display_extension().

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

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

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

if ( progressive_sequence == 1) {
i (repeatfirst field=="1") ¢
\ r — — VALY
if (top_field first=="1")
number_of frame centre offsets =3
else
number_of frame centre offsets =2

} else {
number_of frame centre offsets =1
H
else {

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

A picturg_display extension() shall not occur unless a sequence display extension() followed the| previous
sequence_|header().

In the cas¢ that a given picture does not have apicture_display extension(), then the most recently decoded frame centre
offset shall be used. Note that each of the.missing frame centre offsets have the same value (even if two or three frame
centre offsets would have been contdined in the picture display extension() had been present). Fdllowing a
sequence_|header() the value zero shadll jbe used for all frame centre offsets until a picture display extensiof() defines
non-zero Values.

Figure 6416 illustrates the.'picture display parameters. As shown, the frame centre offsets containpd in the
picture dipplay extension()“shall specify the position of the centre of the reconstructed frame from the ceptre of the
display re¢tangle.

NOTE | — The display rectangle may also be larger than the reconstructed frame.

NOTE P — Eyenvin a field picture the frame_centre_vertical offset still represents the offset of the centre of the frame ip 1/16% of a
frame line/(not a line in the field).

NOTE 3
values.

mave negative

6.3.12.1 Pan-scan

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

By way of example only; this facility may be used to identify a 3/4 aspect ratio window in a 9/16 coded picture format.
This would allow a decoder to produce usable pictures for a conventional definition television set from an encoded
format intended for enhanced definition. The 3/4 aspect ratio region is intended to contain the "most interesting" region
of the picture.

The 3/4 region is defined by display horizontal size and display vertical size. The 9/16 frame size is defined by
horizontal_size and vertical_size.
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Figure 6-16 — Frame centre offset parameters

Picture temporal scalable extension
- See also 7.9.

| select_code — This is a 2-bit code that identifies reference frames or reference fields for prediction

femporal_reference — A 10 bit unsigned integer value which indicates temporal reference of the |
be used to provide the forward prediction. If theilower layer indicates temporal reference with
b least significant bits are encoded here. If the lower layer indicates temporal reference with fewer th
encoded here and the more significant bits shall be set to zero.

_temporal_reference — A 10 bit unsigned;integer value which indicates temporal reference of the |
e used to provide the backward prediction. If the lower layer indicates temporal reference with
b least significant bits are encoded here. If the lower layer indicates temporal reference with fewer th
encoded here and the more signifieant bits shall be set to zero.

Picture spatial scalable extension

er_temporal_referenceé’— A 10 bit unsigned integer value which indicates temporal reference of
e to be used to provide the prediction. If the lower layer indicates temporal reference with more th
gnificant bits ate encoded here. If the lower layer indicates temporal reference with fewer than 10 b
d here and thie'more significant bits shall be set to zero.

er_horizontal_offset — This 15 bit signed (twos complement) integer specifies the horizontal offset
orner) of the upsampled lower layer frame relative to the enhancement layer picture. It is expressed
entent layer picture sample width. If the chrominance format is 4:2:0 or 4:2:2, then this parameter

depending

pwer layer
more than
an 10 bits,

ower layer
more than
an 10 bits,

the lower
an 10 bits,
its, all bits

(of the top
in units of
thall 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 'l
if the lower layer frame is progressive. The use of this flag in the spatial scalable upsampling process is defined in 7.7.

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

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

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

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

original_¢r_copy — This is a one bit flag. It is set to '1' to indicate that the material is an original, and set to(0}[to indicate
that it is a[copy.

reserved + This is a 7-bit integer, reserved for future extension. It shall have the value zero.
copyrightl number_1 — This is a 20-bit integer, representing bits 44 to 63 of copyright number.
copyrightl number_2 — This is a 22-bit integer, representing bits 22 to 43 of copyright number.
copyrightl number_3 — This is a 22-bit integer. representing bits 0 to 21 of copyright/number.

copyrightl number — This is a 64-bit integer, derived from copyright\number 1, copyright numbger 2, and
copyright [number 3 as follows:

copyright |number = (copyright number 1 << 44) + (copyright numbet 2 << 22) + copyright number 3.

The mearjing of copyright number is defined only when copyright flag is set to 'l'. In this case, th¢ value of
copyright [number identifies uniquely the copyrighted work marked by the copyrighted extension. The vplue 0 for
copyright |[number indicates that the identification number of the"copyrighted work is not available.

When copjright flag is set to '0', copyright number has no-meaning and shall have the value 0.

6.3.16  Blice

slice_starf code — The slice_start code is a string of 32-bits. The first 24-bits have the value 000001 in hexadgcimal and
the last 8-bits are the slice vertical positionthaving a value in the range 01 through AF hexadecimal inclusive.

slice_vertfcal_position — This is given.by the last eight bits of the slice start code. It is an unsigned integer|giving the
vertical pdsition in macroblock units of the first macroblock in the slice.

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

The macrgblock row-mmay be calculated as follows:

f ( verfical size > 2800 )
mb_row = (slice_vertical position_extension << 7) + slice_vertical position —1;

else

mb_row = slice_vertical position —1;

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

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

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

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

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

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

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

slice_picture_id_enable must have the same value in all the slices of a picture. slice_picture id enable may be omitted
from the bitstream (by setting slice_extension_flag to '0') in which case it shall be assumed to have the value zero.

slice_pictyre_id_enable is not used by the decoding process.

slice_picture_id — This is a 6-bit integer. If slice_picture id enable is set to '0', slice picture id isynot uded by this
Specificatjon and shall have the value zero. If slice picture id enable is set to 'l', slice picture_id ds ‘applicatipn defined
and may hpve any value, with the constraint that slice_picture id shall have the same value in all the’slices of a |picture.

slice_pictyre id is not used by the decoding process. slice picture id is intended to aid agcovery on sever¢ bursts of
errors for| certain types of applications. For example, the application may increment “sSlice picture id [with each
transmitteql picture, so that in case of severe burst error, when several slices are lost,(the decoder can know |f the slice
following [the burst error belongs to the current picture or to another picture, whichtnay be the case if at leagt a picture
header hag been lost.

extra_bit|slice — This flag indicates the presence of the following extra information. If extra bit slice is| set to 'l',
extra_infopmation_slice will follow it. If it is set to '0', there are no data, following it. extra bit_slice shall be sdt to '0', the
value '1" i reserved for possible future extensions defined by ITU-T | ISO/IEC.

extra_infgrmation_slice — Reserved. A decoder conforming to this Specification that pncounters
extra_infofmation_slice in a bitstream shall ignore it (i.e..r¢move from the bitstream and discard). Al bitstream
conforminjg to this Specification shall not contain this syntax-element.

6.3.17 Macroblock

NOTE |- "macroblock stuffing” which is supported”in ISO/IEC 11172-2 shall not be used in a bitstream defiped by this
Specifigation.

macroblofk escape — The macroblock esgape is a fixed bit-string '0000 0001 000" which is used when the|difference
between |macroblock address and previous macroblock address is greater than 33. It causes the | value of
macroblodk address_increment to be'33 greater than the value that will be decoded by subsequent macroblqck escape
and the macroblock address increment codewords.

For example, if there are two.umacroblock escape codewords preceding the macroblock address_increment, [then 66 is
added to the value indicated‘by macroblock address increment.

macroblotk_addressiincrement — This is a variable length coded integer coded as per Table B.1 which inflicates the
difference| between) macroblock address and previous macroblock address. The maximum palue of
macroblodk address_increment is 33. Values greater than this can be encoded using the macroblock escape cofleword.

The macrgbloek address is a variable defining the absolute position of the current macroblock. The macroblo¢k 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 of a slice
previous_macroblock address is reset as follows:

previous_macroblock address = (mb_row * mb_width) —1

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

mb_column = macroblock address % mb_width

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

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


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

ISO/IEC 13818-2 : 2000 (E)

Except at the start of a slice, if the value of macroblock address recovered from macroblock address_increment and the
macroblock escape codes (if any) differs from the previous macroblock address by more than one then some
macroblocks have been skipped. It is a requirement that:

e There shall be no skipped macroblocks in I-pictures except when either
—  picture_spatial_scalable extension() follows the picture header() of the current picture; or
— sequence_scalable_extension() is present in the bitstream and scalable_mode = "SNR scalability".

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

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

6.3.17.1 Macroblock modes

macroblotk_type — Variable length coded indicator which indicates the method of coding and cont¢nt of the
macroblodk according to the Tables B.2 through B.8, selected by picture coding type and scalable mode!

macroblofk quant — Derived from macroblock type according to the Tables B.2 through B.8. This is et to 1 to
indicate that quantiser_scale code is present in the bitstream.

macroblofk motion_forward — Derived from macroblock type according to the Tables B:2 through B.8] This flag
affects thebitstream syntax and is used by the decoding process.

macroblofk motion_backward — Derived from macroblock type according to the’ Fables B.2 through B.8[ This flag
affects the|bitstream syntax and is used by the decoding process.

macroblofk pattern — Derived from macroblock type according to the Tables B.2 through B.8. This is et to 1 to
indicate that coded block pattern() is present in the bitstream.

macroblofk intra — Derived from macroblock type according to th€ Tables B.2 through B.8. This flag pffects the
bitstream $yntax and is used by the decoding process.

spatial_temporal_weight_code_flag — Derived from .th¢:" macroblock type. This indicates whether the
spatial_temhporal weight code is present in the bitstream.

When spptial temporal weight code flag is '0' (indicating that spatial temporal weight code is n@t present
in the bitsll:eam) the spatial temporal weight glass is derived from Tables B.5 to B.]. When
spatial_temporal weight code flag is 'l' spatial témporal weight class is derived from Table 7-20.

spatial temporal weight code — This is a two bit code which indicates, in the case of spatial scalability, how the
spatial and temporal predictions shall be combined to form the prediction for the macroblock. A full descriptfon of how
to form th¢ spatial scalable predictionds given in 7.7.

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

Table 6-17 — Meaning of frame_motion_type

spatial temporal .. motion_vector
(ode p_weig_ht_c?ass Prediction type " count mv_format dmv
00 Reserved
01 0,1 Field-based 2 Field 0
01 2,3 Field-based 1 Field 0
10 0,1,2,3 Frame-based 1 Frame 0
11 0,2,3 Dual-Prime 1 Field 1

If frame pred frame dct is equal to 1 then frame motion_type is omitted from the bitstream. In this case motion vector
decoding and prediction formation shall be performed as if frame motion_type had indicated "Frame-based prediction".

In the case of intra macroblocks (in a frame picture) when concealment_motion_vectors is equal to 1 frame motion_type
is not present in the bitstream. In this case motion vector decoding and update of the motion vector predictors shall be
performed as if frame_motion_type had indicated "Frame-based" (see 7.6.3.9).

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

ITU-T Rec. H.262 (2000 E) 57


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

ISO/IEC 13818-2 : 2000 (E)

Table 6-18 — Meaning of field_motion_type

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

In the case of intra macroblocks (in a field picture) when concealment motion_vectors is equal to 1 field motion_type is

s shall be

not present in the bitstream In this case motion vector dP(‘nding and 111‘\{‘]21’9 of the motion vector prpdir‘fn

performed

as if field_motion_type had indicated "Field-based" (see 7.6.3.9).

dct_type 1 This is a flag indicating whether the macroblock is frame DCT coded or field DCT coded Tf-this 1
the macroblock is field DCT coded.

In the casq

that det_type is not present in the bitstream, then the value of dct_type (used in the, remainder of th

process) shall be derived as shown in Table 6-19.

Table 6-19 — Value of dct_type if dct_type is not in the bitstream

s set to '1',

e decoding

Condition dct_type
pi¢ture_structure == "field" Unused because, there is no frame/field distinction i a
field picture.
frgme pred frame dct==1 0 (“frame"’)
!(thacroblock_intra || macroblock_pattern) Uniised — Macroblock is not coded
mgcroblock is skipped Unused — Macroblock is not coded

6.3.17.2 Motion vectors

motion_vdctor_count is derived from field umotion_type or frame motion_type as indicated in Tables 6-17 and|

mv_formaf is derived from field niotion type or frame motion type as indicated in the Tables 6-17
mv_formaf indicates if the motion vector is a field-motion vector or a frame-motion vector. mv_format is
syntax of ]he motion vectors andsi the process of motion vector prediction.

i

dmv is de

ved from field_motion type or frame motion_type as indicated in Tables 6-17 and 6-18.

motion_vertical_field /select[r][s] — This flag indicates which reference field shall be used to form the prg
motion_vdrtical field Jselect[r][s] is zero, then the top reference field shall be used, if it is one then the botton]
field shall|be used..(See Table 7-7 for the meaning of the indices r and s.)

6.3.17.3 Motion vector

6-18.

and 6-18.
sed in the

diction. If
) reference

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 fro

m f code[s][t] as follows:

r_size =f code[s][t] -1

NOTE — The number of bits for both motion_residual[0][s][t] and motion_residual[1][s][t] is denoted by f code[s][t].

dmvector[t] — This is a variable length code, as defined in Table B.11, which is used in motion vector decoding as
described in 7.6.3.6. (See Table 7-7 for the meaning of the index t.)
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6.3.17.4 Coded block pattern
coded_block pattern_ 420 — A variable length code that is used to derive the variable cbp according to Table B.9.
coded_block pattern_1

coded_block pattern_2 — For 4:2:2 and 4:4:4 data the coded block pattern is extended by the addition of either a two bit
or six bit fixed length code, coded block pattern 1 or coded block pattern_2. Then the pattern code[i] is derived using
the following:

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

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

If pattern |code[i] equals to 1, i =0 to (block count-1), then the block npumber i defined in Figures 6-10, 6-11 gnd 6-12 is
contained [in this macroblock.

The numbger "block count” which determines the number of blgcks in the macroblock is derived from the chrominance
format as ghown in Table 6-20.

Table 6-20 — block_count'as a function of chroma_format

chroma_format block_count
4:2:0 6
41212 8
4:4:4 12

6.3.18 Block

The semarjtics of block() are described in clause 7.

6.3.19 (Camera parameters extension

camera_id — The number in camera_1d 1dentifies a camera.

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

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

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

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

determined between the top and bottom edges of the image device. Its value shall be measured to a resolution of 0,0001
degree and having a range of zero to 180 degrees.
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camera_position_x_upper, camera_position_y upper, camera_position_z upper — These words constitute the 16
most significant bits of camera_position_x, camera_position_y and camera_position_z respectively.

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

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

camera_(lirection_x, camera_direction_y, camera_direction_z — A set of these values specifies the direction of the
camera. The direction of the camera is defined by using the vector from optical principal point to a poinf whicH is in front
of the canjera and is on the optical axis of the camera. Each of these values is a 22-bit signed (two's.complemdnt) integer
and having a range of +2 097 151 to -2 097 152.

image plane vertical x, image plane vertical y, image plane vertical z — A set of thesg-values specifieg the upper
direction ¢f the camera. The upper direction of the camera is defined by using the vecter which is parallel fo the side
edge of the image device and is from bottom edge to top edge. Each of these (values is a 22-bit sighed (two's
complement) integer and is having a range of +2 097 151 to -2 097 152.

Figure 6-1]7 explains these terms pictorially.

image plane vertical
vertical angle ‘of view

image plane

camera direction

(image device)

‘f

<
e
optical axis /

effective aperture of lens y

"\ height of
image device
4

lens optical principal point
( = camera position)

image plane vertical

N4

N

camera direction ~ €amera position

Figure 6-17 -- Camera parameters

6.3.20 ITU-T extension

The use of this extension is defined in Annex
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7 The video decoding process

This clause specifies the decoding process that a decoder shall perform to reconstruct frames from the coded bitstream.
The IDCT function f]y][x] used in the decoding process may be any of several approximations of the saturated
mathematical integer-number IDCT defined in Annex A. Requirements on the accuracy of the IDCT function used in the
decoding process are specified in Annex A.

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

decoding process.

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

NOTE hroushout-this-Speetfteation-two-dimensiona #the vertical
dimensjon and 'p' the index in the horizontal dimension.
QFS[n]
Cdded Variable
Data Length Inverse Scan
Decoding Framestore Memory
Inverse Motion » Decoded
Quantisation Inverse@CT Compensation " Pels
F ] fIx] d[ylix
Figure 7-1 — Simplified Video Decoding Process
7.1 Higher syntactic structures
The variofis parametérs and flags in the bitstream for macroblock() and all syntactic structures above macroblpck() shall
be interpr¢ted as indicated in clause 6. Many of these parameters and flags affect the decoding process descrjbed in the
following [subclauses. Once all of the macroblocks in a given picture have been processed, the entire picturg will have

been reconstructed.

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

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

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

If progressive sequence == 0 the reconstructed frames shall be broken into a sequence of fields which shall be output
from the decoding process at regular intervals of the field period as shown in Figure 7-20. In the case that a frame picture
has repeat_first field == 1 the first field of the frame shall be repeated after the second field. (See "repeat_first field"
in 6.3.10.)
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7.2 Variable length decoding

Subclause 7.2.1 specifies the decoding process used for the DC coefficient (n = 0) in an intra coded block. (# is the index
of the coefficient in the appropriate zigzag scanning order.) Subclause 7.2.2 specifies the decoding process for all other
coefficients, AC coefficients (n > 0) and DC coefficients in non-intra coded blocks.

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

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

7.2.1

DC coeffi
Tables B,
dct_dc di

cc

Block Number 4:2:0 4:2:2 4:4:4
Y Y Y Y
1 0 0 0
2 0 0 0
3 0 0 0
4 1 1 1
5 2 2 2
6 1 1
7 2 2
8 N2 1
9 2 o 2
10 o) 1
1 AN 2

DC coefficients in intra blocks

Cients in blocks in intra macroblocks are'enicoded as a variable length code denoting dct _dc_size as
12 and B.13. If dct dc size is notyequal to zero, then this shall be followed by a fixed lej
ferential, of dct dc_size bits. A differential value is first recovered from the coded data which is

predictor in order to recover the final decdded coefficient.

If cc is z
dct_dc_siz

Three pre
intra macij
shall be sd
The reset

ero then Table B.12 shall b¢ used for det dc size. If cc is non-zero, then Table B.13 shall b
€.

lictors are maintaified; one for each of the colour components, cc. Each time a DC coefficient in a |
pblock is decoded.the predictor is added to the differential to recover the actual coefficient. Then thi
t to the valu€)of the coefficient just decoded. At various times, as described below, the predictors shg
Falue is dériyed from the parameter intra_dc_precision as specified in Table 7-2.

defined in
ngth code,
ndded to a

t used for

lock in an
e predictor
11 be reset.

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

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:

e At the start of a slice.

e  Whenever a non-intra macroblock is decoded.

e Whenever a macroblock is skipped. i.e. when macroblock address_increment > 1.
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The predictors are denoted dct_dc_pred[cc].
QFS[0] shall be calculated from dct_dc_size and dct_dc_differential by any process equivalent to:

if (dct _dc size==0) {
det_diff = 0;
}else {
half range =2 " (dct_dc _size-1);
if (dct_dc_differential > = half range)
dct_diff = dct_dc_differential,
else
dcet_diff = (dct_dc_differential + 1) - (2 * half range);
H
QFS[0] =dct_dc_pred[cc] + dct_diff:
et—dde—prectfeet = OLSH0]

NOTE [l — The symbol " denotes power (not XOR).
NOTE P —dct_diff and half range are temporary variables which are not used elsewhere in this Specification,

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

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

7.2.2 Dther coefficients
All coeffigients with the exception of the DC intra coefficients shall be encoded using Tables B.14, B.15 and BJ16.

In all casef a variable length code shall first be decoded using either Table B.14 or Table B.15. The decoded vilue of this
code denofes one of three courses of action:

|) End of Block — In this case there are no more coefficients in the block in which case the remainder of the
coefficients in the block (those for which no valuechas yet been decoded) shall be set to zefo. This is
denoted by "End of block" in the syntax specification of 6.2.6.

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

if (s ==0)
signed_level = level,
else
signed_level ={+level);

B)  An "Escape" coded coefficient. In which the values of run and signed level are fixed length coded as
described in 7.2.2.3\

7.2.2.1 Table selection
Table 7-3 [indicates which Table shall be used for decoding the DCT coefficients.

Table 7-3 — Selection of DCT coefficient VLC tables

intra_vlc_format 0 1

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

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

7.2.2.2 First coefficient of a non-intra block

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

This modification only affects the entry that represents run = 0, level = = 1. Since it is not possible to encode an End of
block as the first coefficient of a block (the block would be "not coded" in this case) no possibility for ambiguity exists.
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The positions in the syntax that use this modified Table are denoted by "First DCT coefficient" in the syntax
specification of 6.2.6. The remainder of the coefficients are denoted by "Subsequent DCT coefficients".

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

7.2.2.3 [Escape coding

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

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

NOTE — Attention is drawn to the fact that the escape coding method used in this Specification is different to that used in ISO/IEC

11172-¢=

7.2.2.4

To summ:
process n

NOTE

7.3

Let the da

This subc

Summary

wrise 7.2.2. The variable length decoding process shall be equivalent to the following: ‘At the st
thall take the value zero for non-intra blocks and one for intra blocks.

bob_not_read =1,
hile (eob_not _read)

<decode VLC, decode Escape coded coefficient if required>
if ( <decoded VLC indicates End of block>) {

eob_not _read = 0;

while (7 < 64) {

OFS[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,

- eob_not_read and myaretemporary variables that are not used elsewhere in this Specification.

[nverse scan
a at the-output of the variable length decoder be denoted by QFS[x]. n is in the range 0 to 63.

ausespecifies the way in which the one-dimensional data, QFS[#], is converted into a two-dimens

art of this

onal array

of coeffici

s denoted by OF [vifrr]—rand v botr e i the Tange 010 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.

Figure 7-2 defines scan[alternate 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.

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

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

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

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

5 20 22 33 38 46 51 55 60

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

4 10 ~47 26 30 42 46 56 60

5 11 16 27 31 43 47 57 61

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

7.3.1 Mverse scan for matrix download

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

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

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

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

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

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

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

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

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

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

Wwvi[u]

Figure 7-4 — Inverse quantisation process

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

In intra blpcks F'T0][0] shall be obtained by multiplying QF[0][0] by a constant multiplier, intra_dc_mult, (¢onstant in
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 relatign between
intra_dc_precision and intra_dc_mult.

Thus; F"[0][0] = intra_dc_mmultx 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
T 9 4
2 10 2
3 11 1

7.4.2 Other coefficients

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

7.4.2.1 Weighting matrices

When 4:2:0 data is used two weighting matrices are used. One shall be used for intra macroblocks and the other for non-
intra macroblocks. When 4:2:2 or 4:4:4 data is used, four matrices are used allowing different matrices to be used for
luminance and chrominance data. Each matrix has a default set of values which may be overwritten by down-loading a
user defined matrix as explained in 6.2.3.2.
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Let the weighting matrices be denoted by W[w][v][u] where w takes the values 0 to 3 indicating which of the matrices is
being used. Table 7-5 summarises the rules governing the selection of w.

Table 7-5 — Selection of w

7.4.2.2

The quant
quantiser |

q_scale ty
and quant

7.4.2.3

The folloy
DC coeffi

where:

NOTE

7.4.3

The coeff]

4:2:0 4:2:2 and 4:4:4
Luminance Chrominance Luminance Chrominance
(cc=0) (cc#0) (cc=0) (cc#0)
intra blocks 0 0 0 2
(macroblock_intra=1)
:lon-intra bloc'ks \ 1 1 1 3

Duantiser scale factor

sation scale factor is encoded as a 5-bit fixed length code, quantiser scale code. Ahis indicates the 4
scale to apply in the inverse quantisation arithmetic.

pe (encoded in the picture coding extension) indicates which of two mappings between quantiser
ser_scale shall apply. Table 7-6 shows the two mappings between quantiser_scale code and quantis

Reconstruction formulae

ving equation specifies the arithmetic to reconstruct F'viful]s from QF[v][u] (for all coefficients e
ients).

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

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

o

- The above equation uses'the "'/" operator as defined in 4.1.
Baturation

cients resulting from the Inverse Quantisation Arithmetic are saturated to lie in the range [-2048:+20

2047 F'[v][u] > 2047

ppropriate
cale code

br_scale.

kcept intra

17]. Thus:

F'[v][u] = J F'[v][u] —2048 <F"[v][u] <2047

7.4.4

[ —2048 F'[v][u] < —2048

Mismatch control

Mismatch control shall be performed by any process equivalent to the following. Firstly all of the reconstructed,
saturated coefficients, F'/v][u] in the block shall be summed. This value is then tested to determine whether it is odd or
even. If the sum is even then a correction shall be made to just one coefficient; F[7][7]. Thus:

v<8 u<8

> > Fvu]

v=0 u=0

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

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

F[7][7]

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

if sum is odd

} if sum is even

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

NOTE 2 — Warning — Small non-zero inputs to the IDCT may result in zero output for compliant IDCTs. If this occurs in an
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 thgqbitstreamrwhenthe-block-inquestionrreconstruetstozero-thronghttsownrIBEFfunettonr—Hthis-aettontsot{aken by the
encodet, situations can arise where large and very visible mismatches between the state of the encoder and decoder oce)r.
Table 7-6 — Relation between quantiser_scale and quantiser_scale_code
quantiser_scale[q_scale_type]
quantiser_scale_code q_scale_type =10 q_scale_type ='1

0 (Forbidden)

1 2 1

2 4 2

3 6 3

4 8 4

5 10 5

6 12 6

7 14 7

8 16 8

9 18 10

10 20 12

11 22 14

12 24 16

13 26 18

14 28 20

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

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

* quantiser_scale ) | 32;

um = 0;
for (v=0; v < 8v++) {
for (u=0; u < 8;u++) {
if (F'"[v][u] >2047) {
F'v][u] = 2047,
}else {
if (F'"[v][u] <-2048) {
F'Tv][u] =-2048;
}else {
F'v][u] = F"[v][ul;

}

sum = sum + F'Tv][u];
1}’ Vilu] = FTv][ul;

f((sum & 1)==0) {
i ((FI771 & 1) 1= 0) ¢
FU7107 = FT7)[7] =15
} else {
FU7I0 = EN[7] + 1,
}

7.5 [nverse DCT

Once the DE€T coefficients, F[v][u] are reconstructed, an IDCT transform that conforms to the specifications off Annex A
shall be applied to obtain the inverse transformed values I[y][X]-

7.5.1 Non-coded blocks and skipped macroblocks

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

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

7.6 Motion compensation

The motion compensation process forms predictions from previously decoded pictures which are combined with the
coefficient data (from the output of the IDCT) in order to recover the final decoded samples. Figure 7-5 shows a
simplified diagram of this process.
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Prediction E t
Field/Frame ramestore
Selection Addressing Framestores
vector [r][s][f]
Additional Scaling Half-sample
Dual-Prime for Colour Prediction
Arithmetic Components Filtering
vector * [r][s][t ] /
Half-sample Info.
> Combine
Flom Vector nol
Bltstream Decoding Predictions
pIX]
c
o
Vector © Decoded
Predictors % Pels
n
fIVilx] d [VIx]
Figure 7-5 — Simplifiedimotion compensation process
In general up to four separate predictions;are formed for each block which are combined together to formh the final
prediction|block p[y][x].
In the casp of intra coded macroblocks no prediction is formed so that p[y][x] will be zero. The saturatior] shown in
Figure 7-9 is still required in (order to remove negative values from f]y][x]. Intra coded macroblocks may cafry motion
vectors krjlown as "concealment motion vectors". Despite this no prediction is formed in the normal course|of events.
This moti¢pn vector information is intended for use in the case that bitstream errors preclude the decoding of foefficient
informatign. 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 vegtors/may be used can be found in 7.6.3.9.
In the cas¢_where a block is not coded either becanse the entire macroblock is Qkipped or the QpP{‘iﬁ(‘ block isinot 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].

7.6.1

Prediction modes

There are two major classifications of the prediction mode:

—  field prediction; and

—  frame prediction.

In field prediction, predictions are made independently for each field by using data from one or more previously decoded
fields. Frame prediction forms a prediction for the frame from one or more previously decoded frames. It must be
understood that the fields and frames from which predictions are made may themselves have been decoded as either field
pictures or frame pictures.
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Within a field picture all predictions are field predictions. However, in a frame picture either field predictions or frame
predictions may be used (selected on a macroblock-by macroblock basis).

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

e [6 x 8 motion compensation — In which two motion vectors are used for each macroblock
motion vector is used for the upper 16 X 8 region, the second for the lower 16 X 8 region. In the case of a

7.6.2

The select]

7.6.2.1

In P-pictyl
field and ¢
predicting]
reference

NOTE

NOTE

bidirectionally predicted macroblock a total of four motion vectors will be used since there will
the forward prediction and two for the backward prediction. In this Specification 16 X
compensation shall only be used with field pictures.

. The first

be two for
8 motion

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 two motion vectors are then derived

the two fields so that a total of four field predictions are made. This mode shall only be used’in
where there are no B-pictures between the predicted and reference fields or frames.

Prediction field and frame selection

on of which fields and frames shall be used to form predictions shall be madg-as detailed in this clau

Field prediction

res, the two reference fields from which predictions shall madgare the most recently decoded ref
he most recently decoded reference bottom field. The simplest case illustrated in Figure 7-6 shall be
the first picture of a coded frame or when using field prediction within a frame-picture. In these caj
ields are part of the same reconstructed frame.

| — The reference fields may themselves have been reconsteiicted from two field-pictures or a single frame-pictul

D —In the case of predicting a field picture, the field'being predicted may be either the top field or the bottom fie

Top
Refefence
Field
Bottom
Reference
Field
S s
Possible
Intervening
B-pictures
(Not yet decoded)

om-th piorm a%a hese eused-to-lorm-pred on om o-reference elds-(one-top *lebottom)

peated for
P-pictures

5C.

crence top
used when
es the two

Ic.

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

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

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

o e
Reference ] ,
Field \‘______/ . J
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1 { 1 Bottom )
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&\_____..J s e e e e e Field
Possible
Intervening
B-pictures
(Not yet decoded)

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

Field predjction in B-pictures shall be made from the two fields of the two most recently reconstructed referer]

Figure 7-9 illustrates this situation.

ce frames.

ded frame-

NOTE § — The reference frames may themselves have been reconstructed from two coded field-pictures or a single ¢
picture
I ————— P ————" "~
Top ) ( \ ( |\
[ Reference | |
Field
{\_____..J \_____4}
o —— e e ~
Bottom Bottom
Reference 1 I I 1 Reference
Field L ) Field
e e e e e N e e e e e
Possible Possible
Intervening Intervening
B-pictures B-pictures
(Already decoded) (Not yet decoded)

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

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

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

P e e e e,

Reference

Frame

N ] —

e o (e e

— — — — —

Possible
Intervening
B-pictures
(Not yet decoded)

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

Similarly fframe prediction in B-pictures shall be made from the two most recently,reconstructed reference| frames as
illustrated|in Figure 7-11.

NOTE P — The reference frames themselves may each have been coded as either two-field pictures or a single frame pidure.

W - m o h
Relz:ference Reference
rame J Frame
[ ——— L ——-

P S
S ——
e e e e e

N e e S e

Possible Possible
Intervening Intervening
B-pictures B-pictures

(Already decoded) (Not yet decoded)

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

7.6.3 Motion vectors

Motion vectors are goded differentially with respect to previously decoded motion vectors in order to reduce the number
of bits required torepresent them. In order to decode the motion vectors the decoder shall maintain four mofion vector
predictors|(each with a horizontal and vertical component) denoted PMV|r|[s][¢]. For each prediction, a motjon 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 vettor; vecrorfrifsifrt; for eachtotour compoment—Fhe meanmgs-assocrated with thedimenstoms 1 this array are

defined in Table 7-7.

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

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

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

Each motion vector component, vector'[r][s][¢], shall be calculated by any process that is equivalent to the following one.
Note that the motion vector predictors shall also be updated by this process.

r_size =f code[s][f] — 1

f=1<<r_size

The paran
[low:high]
predictor /

r_size, f, d

motion_cd

the bitstre

r,sand ¢

vectorr]]|

The vecto
prime, thi

high=(16*f)—1;
low = ((=16) * f);
range = (32 * f);

if ((f==1) || (motion_code[r][s][t] == 0) )
delta = motion_code[r][s][t] ;
else {

detra =" Abs(motion_codefTifsift)— 1))+ moton Tesiduat{rifsift=+13
if (motion_code([r][s][t] < 0)
delta = — delta,

prediction = PMV[r][s][t];

f ( (mv_format == "field") && (t==1) && (picture_structure == "Frame picture'")))
prediction = PMV[r][s][{] DIV 2;

ector'[r][s][t] = prediction + delta;
f (vectorTr][s][f] < low)

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

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

f ( (mv_format == "field") && (t == 1) && (picturesstructure == "Frame picture") )
PMVr][s][{] = vectorTr][s][{] * 2;

lse

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

PMV]r][s][£], shall also lie in thetange [low : high].

m using Tables 6-17 and 6-18.
pecify the particular motion vector component being processed as identified in Table 7-7.
1[¢] is the"final reconstructed motion vector for the luminance component of the macroblock.

'[r][s][t} value considered in this subclause is the one obtained from the pseudo code above. In ca

vector'[2:3

are specified in 7.6.3.8 and 8.3.

a a a
S SSHHcHORS—0O Sa2as aaaceash SC

restriction that vector'[r][s][t] shall be in the range [low:high] does not apply to the scaled moti

7.6.3.2 Motion vector restrictions

eters in the bitstream shall be such that'the reconstructed differential motion vector, delta, shall lie if
. In addition the reconstructed motien vector, vector|r][s][f], and the updated value of the motion vector

de[r][s][t] and motion:residual[r][s][t] are fields recovered from the bitstream. mv_format is recoy

h the range

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

rered from

be of dual-
on vectors

on vectors

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

7.6.3.3 Updating motion vector predictors

Once all of the motion vectors present in the macroblock have been decoded using the process defined in the previous
clause it is sometimes necessary to update other motion vector predictors. This is because in some prediction modes
fewer than the maximum possible number of motion vectors are used. The remainder of the predictors that might be used
in the picture must retain "sensible" values in case they are subsequently used.
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Table 7-8 — Allowable motion vector range as a function of f code][s]|[t]

Vertical components (¢ == 1) of
J_code[s][1] field vectors in frame pictures All other cases
0 (Forbidden)
1 [4: +3.5] [-8: +7.5]
2 [-8: +7.5] [-16: +15.5]
3 [-16: +15.5] [-32: 431.5]
4 [-32: +31.5] [-64: +63.5]
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 1 code[s][¢] will not be used)

The motidgn 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 deperding on the

picture ftype. For example in a P-picture the predictors for backwards'motion vectors are unused and need not be maintgined.

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

frame_motion_- macroblock ahigtion_- macroblock_-
type forward backward intra Predictors to Update

Franfe-based? - - 1 PMV[1][0][1:0] = PMV]0][0][1:0]P

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

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

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

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

Field-based 1 1 0 (None)

Field-based 1 0 0 (None)

Field-based 0 1 0 (None)

Dual prime 1 0 0 PMVT1][0][1:0] = PMVTO0][0][1:0]

a) frame_motion_type is not present in the bitstream but is assumed to be Frame-based.
b) If concealment_motion_vectors is zero then PMV[r][s][{] is set to zero (for all 7, s and f).
) (Only occurs in P-picture) PMV[r][s][] is set to zero (for all 7, s and 7). See 7.6.3.4.
NOTE — PMV]r][s][1:0] = PMVu][v][1:0] means that:

PMVIA[sI[1] = PMVIu]l[vI[1] and PMV]F[s][0] = PMVTu][v][0]
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Table 7-10 — Updating of motion vector predictors in field pictures

frame_motion_- macroblock_motion_- macroblock -
type forward backward intra Predictors to Update

Field-based® - - 1 PMV[1][0][1:0] = PMV[0][0][1:0]P)

Field-based 1 1 0 PMVT1][0][1:0] = PMVTO][0][1:0]
PMVI1][1][1:0] = PMVIO][1][1:0]

Field-based 1 0 0 PMVT1][0][1:0] = PMVTO0][0][1:0]

Field-based 0 1 0 PMVI1][1][1:0] = PMVIO][1][1:0]

Field-based? 0 0 0 PMVIF[s][f] = 09

16 x,8MC 1 1 0 MNone)

16 x|8 MC 1 0 0 (None)

16 x|8 MC 0 1 0 (None)

Dual[prime 1 0 0 PMVT1][0][1:0] = PMVT0][0][ 1+0]

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

b) If concealment_motion_vectors is zero then PMV[r][s][{] is set to zero (for all r, s and}).

©) (Only occurs in P-picture) PMV]r][s][] is set to zero (for all , s and #). See 7.6.3 .4/

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

PMVIr][s][1] = PMVu][v][1] and PMV]r][s][0] = PMVTu][v][0]

7.6.3.4 Resetting motion vector predictors

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

b At the start of each slice.

b Whenever an intra macroblock is decoded which has no concealment motion vectors.
b In a P-picture when a non-intra mactéblock is decoded in which macroblock motion forward is|zero.

b In a P-picture when a macroblockyis skipped.

7.6.3.5 Prediction in P-pictures

In P-pictufes, in the case that macroblock _motion_forward is zero and macroblock_intra is also zero no motjon vectors
are encodgd for the macroblock yét.a prediction must be formed. If this occurs in a P-field picture the following apply;

b the predictiontype shall be "Field-based";
»  the (field) motion vector shall be zero (0;0);
b the motiOn vector predictors shall be reset to zero;

b predictions shall be made from the field of the same parity as the field being predicted.

If this occisiifiya P-frame picture the following apply:

e the prediction type shall be "Frame-based";
e the (frame) motion vector shall be zero (0;0);

e the motion vector predictors shall be reset to zero.

In the case that a P-field picture is used as the second field of a frame in which the first field is an I-field picture a series
of semantic restrictions apply. These ensure that prediction is only made from the I field picture. These restrictions are:

e There shall be no macroblocks that are coded with macroblock motion forward zero and
macroblock_intra zero.

e Dual prime prediction shall not be used.

e  Field prediction in which motion_vertical field select indicates the same parity as the field being
predicted shall not be used.

e There shall be no skipped macroblocks.
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7.6.3.6 Dual prime additional arithmetic

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

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

dmvector[0] is the horizontal component of the differential motion vector and dmvector[1] the vertical component. The
two 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_tefl[parity_pred] is the field distance between the predicted field and the reference fieldas’[efined in
Table 7-1]. "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.

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

dmv

3 X
35() O
4.5@ 4><

4.5@ Q

Top Bottom Top Bottom

Field Vector
from bitstream

Reference Picture Picture Being Predicted

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

Table 7-11 — Definition of m|parity_ref]|parity _pred]

m|parity_ref]|parity_pred)]

picture_structure top_field_first m|[1][0] m[0][1]
11 (Frame) 1 1 3
11 (Frame) 0 3 1
01 (Top Field) - 1 -
10 (Bottom Field) - - 1
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e[parity_refl[parity_pred] is the adjustment necessary to reflect the vertical shift between the

bottom field as defined in Table 7-12.

The moti

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

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

vector (or motion vectors) used for predictions of opposite parity shall be computed as follows:

lines of top field and

In the cas
used for tl
vector'[2]

In the ca:
(vector[0]
prediction|

7.6.3.7

The motio

For each g

ector'[r][0][0] = ((vectorT0][0][0] * m[parity_refl[parity_pred])//2) + dmvector[0];
ector'[r][0][1] = ((vector0][0][1] * m[parity_refl[parity_pred])//2)
+ e[parity_refl[parity_pred] + dmveéctor[1];

e of field pictures only one such motion vector is required and here r = 2. Thusthe’ (encoded) mo

0][1:0].

e of frame pictures two such motion vectors are required. Both Afiglds use the encoded mot
[0][1:0]) for predictions of the same parity. The top field shall @ise“vector2][0][1:0] for oppo
and the bottom field shall use vector'[3][0][1:0] for opposite parity prediction.

Motion vectors for chrominance components

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

ector[r][s][t] = vector'[r][s][{] (for all ry.8’and t)

f the two chrominance components the motion<vectors shall be scaled as follows:

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

vector[r][s][1] = veetorTr][s][1] / 2;

1:2:2 The horizontal component of the motion vector is scaled by dividing by two, the vertical
is not altered:

vector[r]s][0] = vectorTr][s][0] / 2;
vector[r][s][1] = vectorr][s][1];
:4:4 Theumotion vector is unmodified:
vector[r][s][0] = vector'[r][s][0];

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

ion vector

e same parity prediction is vector0][0][1:0] and the motion vector used for the opposite parity prediction is

jon vector
site parity

two:

omponent

7.6.3.8 Semantic restrictions concerning predictions

It is a requirement on the bitstream that it shall only demand of a decoder that predictions shall be made from slices
actually encoded in a reference frame or reference field. This rule applies even for skipped macroblocks and macroblocks
in P-pictures in which a zero motion vector is assumed (as explained in 7.6.3.5).

NOTE — As explained in 6.1.2 it is, in general, not necessary for the slices to cover the entire picture. However, in many defined
levels of defined profiles the "restricted slice structure" is used in which case the slices do cover the entire picture. In this case the
semantic rule may be more simply stated: "it is a restriction on the bitstream that reconstructed motion vectors shall not refer to
samples outside the boundary of the coded picture."

7.6.3.9 Concealment motion vectors

Concealment motion vectors are motion vectors that may be carried by intra macroblocks for the purpose of concealing
errors if data errors preclude decoding the coefficient data. A concealment motion vector shall be present for all intra
macroblocks if (and only if) concealment motion vectors (in the picture_coding_extension() ) has the value one.
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In the normal course of events no prediction shall be formed for such macroblocks (as would be expected since
macroblock _intra = 1). This Specification does not specify how error recovery shall be performed. However it is a
recommendation that concealment motion vectors are suitable for use by a decoder that performs concealment by
forming predictions as if field motion_type and frame motion_type (from which the prediction type is derived) have the
following values:

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

e Ina frame picture: frame motion_type = "Frame-based".

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

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

b For all macroblocks except those in the bottom row of macroblocks concealment motion vecterg should be
appropriate for use in the macroblock that lies vertically below the macroblock in which th€ mofion vector
occurs.

b When the motion vector is used with respect to the macroblock identified in the previous rule[a decoder
must assume that the motion vector may refer to samples outside of the slices)encoded in th¢ reference
frame or reference field.

b For all macroblocks in the bottom row of macroblocks the reconstructed conhcealment motion viectors will
not be used. Therefore the motion vector (0;0) may be used to reduce unnetessary overhead.

7.6.4 Forming predictions

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

A positivg value of the horizontal component of a motion vector indigates that the prediction is made from spmples (in
the refererjce field/frame) that lie to the right of the samples being predicted.

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

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

In the casp of field-based predictions it is.necessary to determine which of the two available fields to use tp form the
prediction| In the case of dual-prime this.is specified in that a motion vector is derived for both of the fiflds and a
prediction| is formed from each. InJ)the case of field-based prediction and 16 x 8 MC an addifional bit,
motion_vdrtical field select, is encoded to indicate which field to use.

If motion |vertical field select is zero, then the prediction is taken from the top reference field.
If motion |vertical field_select is one, then the prediction is taken from the bottom reference field.

For each prediction~bleck the integer sample motion vectors int vec[t] and the half sample flags half flag[jt] shall be
formed as|follows;
for/( =0; 1< 2; tH+) {
int vec[f] = vector[#][<][#] DIV 2;
if ((vector[r][s][t] - (2 * int_vec[f]) !=0)
half flag[1] = 1;

else
half flag[t] =0,
}

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

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

if ( (! half flag[0] )&& half flag[1])
pel_pred[yl[x] = (pel_ref[y + int_vec[1]][x + int_vec[0]] +
pel_refly +int_vec[1]+1][x + int_vec[0]]) /] 2;
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if ( half flag[01&& (! half flag[1]))
pel_pred[yl[x] = ( pel_ref[y + int_vec[1]][x + int_vec[0]] +
pel_refly +int_vec[1]][x + int_vec[0]+1])// 2;
if (half flagl01&& half flagl1])
pel_pred[yl[x] = ( pel_ref[y + int_vec[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_ref{y][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. Ih each table the motion vectors that are present in the bitstream are listed in the order in which they appear in
the bitstregm.
Table 7-13 — Predictions and motion vectors in field pictures
fidld_ macro-
motion_ macroblock_motion_- block_-
type forward backward intra Motion vector Prediction formed for

Field-bgsed® - - 1 vector'[0][0][1:0]?) None (motion vector is for concgalment)

Field-bgsed 1 1 0 vectorT0][0][1£0] Whole field, forward
vectorTO]P11[1:0] Whole field, backward

Field-bgsed 1 0 0 vector![0][0][1:0] Whole field, forward

Field-bgsed 0 1 0 vectorT0][1][1:0] Whole field, backward

Field-bgsed? 0 0 0 vectorT0][0][1:0]99 | Whole field, forward

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

16 x 8 MC 1 0 0 vectorT0][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 prime 1 0 0 vector'[0][0][1:0] Whole field, from same parity, f¢grward
vector[2][0][1:0]99) | Whole field, from opposite| parity,

forward

2) 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.

o 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.

© 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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frame - macro-
motion_- macroblock_motion_- block_-
type forward backward intra Motion vector Prediction formed for
Frame-based? - - 1 vector0][0][1:0]) None (motion vector is for concealment)
Frame-based 1 1 0 vectorTO][0][1:0] Frame, forward
vectorTO][1][1:0] Frame, backward
Frame-based 1 0 0 vectorT0][0][1:0] Frame, forward
Frame-based 0 1 0 vector'[0][1][1:0] Frame, backward
Frame-ljased® Y Y Y VecTor OO 70T Framme; forward
Field-bgsed 1 1 0 vectorT0][0][1:0] Top field, forward
vector[1][0][1:0] Bottom field, forward
vector'[0][1][1:0] Top field, backwazd
vector[1][1][1:0] Bottom field,cbackward
Field-bgsed 1 0 0 vector'[0][0][1:0] Top field,Morward
vector[1][0][1:0] Bottem field, forward
Field-bgsed 0 1 0 vectorTO][1][1:0] TopHfield, backward
vector'[1][1][1:0] Bottom field, backward
Dual prjme 1 0 0 vector'[0][0][1:0} Top field, from same parity, forward
vectorT0][0JL1:0] Bottom field, from same parity, forward
vector'[2][0][1:0]19) | Top field, from opposite parity, forward
vector[3][0][1:0]9¢ | Bottom field, from opposite| parity,
forward
a) filame_motion_type is not present in the bitstream but'is assumed to be Frame-based.
b) The motion vector is only present if concealment -motion_vectors is one.
°) 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.
© These motion vectors are derived fromyvector[0][0][1:0] as described in 7.6.3.6.
NOTE + Motion vectors are listed in the drder they appear in the bitstream.
7.6.6 Skipped macroblocks
A skipped| macroblockds-a macroblock for which no data is encoded, that is part of a coded slice. Except at the start of a
slice, if tlhe number_(macroblock address - previous_macroblock address - 1) is larger than zero, then tHis number
indicates the nmumber of macroblocks that have been skipped. The decoder shall form a prediction f¢r skipped

macroblodkséwhich 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".

7.6.6.1 P field picture

e  the prediction shall be made as if field_motion_type is "Field-based";

e the prediction shall be made from the field of the same parity as the field being predicted;

e motion vector predictors shall be reset to zero;

e the motion vector shall be zero.
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7.6.6.2 P frame picture
e the prediction shall be made as if frame_motion_type is "Frame-based";
e motion vector predictors shall be reset to zero;

e the motion vector shall be zero.

7.6.6.3 B field picture
e  the prediction shall be made as if field_motion_type is "Field-based";
e the prediction shall be made from the field of the same parity as the field being predicted;

e the direction of the prediction forward/backward/bi-directional shall be the same as the previous
macroblock;

e motion vector predictors are unaffected;

b the motion vectors are taken from the appropriate motion vector predictors. Scaling of the niotfon vectors
for colour components shall be performed as described in 7.6.3.7.

7.6.6.4 B frame picture
b the prediction shall be made as if frame_motion_type is "Frame-based";

p the direction of the prediction forward/backward/bi-directional shall bé’the same as th¢ previous
macroblock;

P motion vector predictors are unaffected;

p the motion vectors are taken directly from the appropriate motion vector predictors. Scaling of fhe motion
vectors for colour components shall be performed as describeduin7.6.3.7.

7.6.7 Combining predictions
The final gtage is to combine the various predictions together in order\to form the final prediction blocks.

It is also rfecessary to organise the data into blocks that are either-field organised or frame organised in order tp be added
directly to|the decoded coefficients.

The transfprm data is either field organised or frame organised as specified by dct_type.

7.6.7.1 Bimple frame predictions

In the cage of simple frame predictions thexénly further processing that may be required is to average forward and
backward| predictions in B-pictures. NIt pel pred forward[y][x] is the forwards prediction sample and
pel_pred packward[y][x] is the corresponding backward prediction, then the final prediction sample shall be fdrmed as:

pel _pred[y][x] = (pel_pred forward[y][x] + pel pred backward[y][x])//2

The predigtions for chrominafice ‘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 Bimple field predictions

In the cas¢ of simple field predictions (i.e. neither 16 X 8 or dual prime) the only further processing that may Qe required
is to avefage ‘forward and backward predictions in B-pictures. This shall be performed as specified fpr "Frame
predictionls" ifvthe 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.

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.
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7.6.7.4 Dual prime

In dual prime mode two predictions are formed for each field in an analogous manner to the backward and forward
predictions in B-pictures. If pel pred same parity[y][x] is the prediction sample from the same parity field and
pel_pred _opposite_parity[y][x] is the corresponding sample from the opposite parity field then the final prediction
sample shall be formed as:

pel_pred[yl[x] = (pel_pred same_parity[y][x] + pel pred_opposite_parity[y][x])//2;

In the case of dual prime prediction in a frame picture, the predictions for chrominance components of each field of
4:2:0, 4:2:2 and 4:4:4 formats shall be of size 8 samples by 4 lines, 8 samples by 8 lines and 16 samples by 8 lines
respectively.

In the case of dual prime prediction in a field picture, the predictions for chrominance components of 4:2:0, 4:2:2
and 4:4:4 formats shall be of size 8 samples by 8 lines. 8 samples by 16 lines and 16 samples by 16 lines respectively.

7.6.8 Adding prediction and coefficient data

The prediftion blocks have been formed and reorganised into blocks of prediction samples p[y][x] Which [match the
field/fram¢ structure used by the transform data blocks.

The transfprm data f[y][x] shall be added to the prediction data and saturated to form the finalkdecoded sampleg d[y][x] as
follows:

for (y =0; y < 8; y++) {
for (x=0; x < 8; x++) {
dlyllx] = fyllx] + pv1lx];
if (d[y][x] < 0) dy][x] = 0;
if (d[y][x] > 255) d[y][x] = 255;

7.7 Spatial scalability
This subclpuse specifies the additional decoding process required for the spatial scalable extensions.
Both the lpwer layer and the enhancement layer shall use the "restricted slice structure” (no gaps between slicey).

Figure 7-1]3 is a diagram of the video decoding process with spatial scalability. The diagram is simplified for clgrity.

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,1:}172-2 and this Specification. Note however, that within this Specification the dg¢codability
of a spatia] scalable~hierarchy is only considered in the case that the base layer conforms to this Specification or
ISO/IEC 111172-2.

Due to thq “le0se coupling" of layers only one syntactic restriction is needed in the enhancement layer if both{lower and

s | 13t ozl A T 4ot 1ot £ 4 Lhoaetatal +]a 1 13a—+1o £ ™
enhancement TayCr-arcmtcracCa T tnat casepreture —structarenastotarxe—me—Same—varacasmcrererenee1rame used

for prediction from the lower layer. See 7.7.3.1 for how to identify this reference frame.

7.7.2 Prediction in the enhancement layer

A motion compensated temporal prediction is made from reference frames in the enhancement layer as described in 7.6.
In addition, a spatial prediction is formed from the lower layer decoded frame (djower[V1[X]), as described in 7.7.3. These
predictions are selected individually or combined to form the actual prediction.

In general, up to four separate predictions are formed for each macroblock which are combined together to form the final
prediction macroblock p[y][x].

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

plyllx].
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Figure 7-13 — Simplified motion compensation process for spatial scalability

7.7.3 Formation of spatial prediction

Forming the spatial prediction requires identification of the correct reference frame and definition of the spatial
resampling process, which 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() occurs often in the lower layer bitstream, then the temporal reference in the lower layer
may be ambiguous (because temporal reference is reset after a group of pictures_header()).
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The reconstructed picture from which the spatial prediction is made shall be one of the following:
e  The coincident or most recently decoded lower layer picture.
e  The coincident or most recently decoded lower layer I-picture or P-picture.

e The second most recently decoded lower layer I-picture or P-picture provided that the lower layer does
not have low_delay set to 'l'. Note furthermore that spatial scalability will only work efficiently when
predictions are formed from frames in the lower layer which are also coincident (or very close) in display
time with the predicted frame in the enhancement layer.

7.7.3.2 Resampling process

The spatial prediction is made by resampling the lower layer reconstructed frame to the same sample grid as the
enhancement layer. This grid is defined in terms of frame coordinates, 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

P

Upsampled Lower Layer Picture

vertical_size

Lower Layer Picture

lower_layer_prediction-

lower_layer_prediction_horizontal_sizé 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

Spatial pre¢dictions shallvenly be made for macroblocks in the enhancement layer that lie wholly within the ppsampled
lower layerr reconstrueted frame.

The upsampling ‘process depends on whether the lower layer reconstructed frame is interlaced or progfessive, as
indicated pydlower layer progressive frame and whether the enhancement layer frame is interlaced or progressive, as
indicated by progressive frame

When lower layer progressive frame is 'l', 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 'l' and
interlaced if progressive frame is '0'. The resulting frame is resampled horizontally as described in 7.7.3.6.
lower_layer deinterlaced field select shall have the value '1".

When lower layer progressive frame is '0' and progressive frame is '0', each lower layer reconstructed field is
deinterlaced as described in 7.7.3.4, to produce a progressive field (prog pic). This field is resampled vertically as
described in 7.7.3.5. The resulting field is resampled horizontally as described in 7.7.3.6. Finally the resulting field is
subsampled to produce an interlaced field. lower layer deinterlaced field select shall have the value '1".

When lower layer progressive frame is '0' and progressive frame is 'l', each lower layer reconstructed field is
deinterlaced as described in 7.7.3.4, to produce a progressive field (prog_pic). Only one of these fields is required. When
lower layer deinterlaced field select is '0' the top field is used, otherwise the bottom field is used. The one that is used
is resampled vertically as described in 7.7.3.5. The resulting frame is resampled horizontally as described in 7.7.3.6.
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For interlaced frames, if the current (and implicitly the lower-layer) frames are encoded as field pictures, the
deinterlacing process described in 7.7.3.5 is done within the field.

lower_layer vertical offset and lower layer horizontal offset, defining the position of the lower layer frame within the
current frame, shall be taken into account in the resampling definitions in 7.7.3.5 and 7.7.3.6 respectively. The lower
layer offsets are limited to even values when the chrominance in the enhancement layer is subsampled in that dimension
in order to align the chrominance samples between the two layers.

The upsampling process is summarised Table 7-15.

Table 7-15 — Upsampling process

(li(::vi‘;lil;:;:z}c’za_ lower_layer progressive dAer;E?e/rlace Entity used
field select progressive_frame frame process for prediction
0 0 1 Yes Top field
1 0 1 Yes Bottomn field

1 1 1 No Frame
1 1 0 No Frame
1 0 0 Yes Both fields

to 7.7.3.6
rominance

7.7.3.3 (Colour component processing
Due to thq different sampling grids of luminance and chrominance components, some variables used in 7.7.3.4
take diffefent values for luminance and chrominance resampling. Furthermore it is permissible for the ch
formats in|the lower layer and the enhancement layer to be-different from one another.
Table 7-1¢ 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 7.7.3.6
Variable Value for luminance processing Value for chrominance processing
1l h size lower_layer prediction_horizontal size lower layer prediction_horizontal size
/ chroma_ratio_horizontal[lower]
1l v size lower layer prediction_vertical size lower layer prediction_vertical size
/ chroma_ratio_vertical[lower]
11 v offset lower layer horizontal offset lower layer horizontal offset
/ chroma_ratio horizontal[enhance]
1l v offset lower layer vertical offset lower layer vertical offset
/ chroma_ratio vertical[enhance]
h _subs m horizontal subsampling_ factor m horizontal subsampling factor m
h subs n horizontal subsampling factor n horizontal subsampling factor n
* format ratio_horizontal
v_subs m vertical _subsampling_factor m vertical subsampling_factor m
v_subs n vertical _subsampling factor n vertical subsampling factor n
* format_ratio_vertical
86 ITU-T Rec. H.262 (2000 E)


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

Tables 7-17 and 7-18 give additional definitions.

ISO/IEC 13818-2 : 2000 (E)

Table 7-17 — chrominance subsampling ratios for layer = {lower, enhance}

Chrominance format

chroma ratio

chroma ratio

lower layer horizontal[layer] vertical[layer]
4:2:0 2 2
4:2:2 2 1
4:4:4 1 1

Table 7-18 — Chrominance format ratios

7.7.3.4

If deinter]
renamed t

First, each
lower layd
filters to
picture_sti
using the

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 1
PDeinterlacing

hcing needs not to be done (according to.TFable 7-16), the lower layer reconstructed frame (djoyw
input_pic.

lower layer field is padded with zeres to form a progressive grid at a frame rate equal to the field
r, and with the same number of-lines and samples per line as the lower layer frame. Table 7-19 sy

ucture == "Frame-Picture" ‘of else using the one field aperture filter. The chrominance component
ne field aperture filter.

Table 7-19 — Deinterlacing Filter

[ Y][X]) s

rate of the
ecifies the

be applied next. The lumihance component is filtered using the relevant two field apertuge filter if

is filtered

Two field aperture One field aperture

Temporal Vertical Filter for first field Filter for second field Filter (both fields)
-1 -2 0 -1 0
-1 0 0 2 0
-1 2 0 -1 0
0 -1 8 8 8
0 0 16 16 16
0 1 8 8 8
1 -2 -1 0 0
1 0 2 0 0
1 +2 -1 0 0
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The temporal and vertical columns of Table 7-19 indicate the relative spatial and temporal coordinates of the samples to
which the filter taps defined in the other two columns apply. An intermediate sum is formed by adding the multiplied
coefficients together.

The output of the filter (sum) is then scaled according to the following formula:

prog_pic[y][x] =sum// 16

and saturated to lie in the range [0:255].

The filter aperture can extend outside the coded picture size. In this case the samples of the lines outside the active
picture shall take the value of the closest neighbouring existing sample (below or above) of the same field as defined
below.

For all sapiples [y][x]:
f(y<0&& (y&l ==1))
y=1
f(y<0&& (y&1 ==0))
y=0
f(y>=1 v _size &&
((y-ll_v_size)&1l == 1))
y=1l v size—1
f(y>=11_v_size &&
((y-1l_v_size)&1 == 0))

y=11 v size-2
7.7.3.5 Vertical resampling

The framg subject to vertical resampling, prog_pic,.isitesampled to the enhancement layer vertical sampling|grid using
linear intefpolation between the sample sites according to the following formula, where vert pic is the resulting field:

vert_pic[yp + 1l_v_offset][x}.= (16 — phase) * prog_pic[yl][x] + phase * prog_pic[y2][x]

where
bh + 11 v_offset  # \“output sample co-ordinate in vert_pic
1 = (yp*V_subs m)/v_subs n
2 = yl+1 ifyl<ll v size—1
yl otherwise
phasee = (16 * ((yn * v_subs m) % v_subs n))//v_subs n

Samples which lie outside the lower layer reconstructed frame which are required for upsampling are obtained by border
extension of the lower layer reconstructed frame.

NOTE - The calculation of phase assumes that the sample position in the enhancement layer at y;, = 0 is spatially coincident with
the first sample position of the lower layer. It is recognised that this is an approximation for the chrominance component if the
chroma_format == 4:2:0.

7.7.3.6 Horizontal resampling

The frame subject to horizontal resampling, vert pic, is resampled to the enhancement layer horizontal sampling grid
using linear interpolation between the sample sites according to the following formula, where hor pic is the resulting
field:

hor pic[y][xn + 11_h_offset] = ((16 — phase) * vert pic[y][x1] + phase * vert pic[y][x2]) // 256
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where
xp+ 1L h offset = output sample coordinate in hor pic
x1 = (X, *h_subs m)/h subs n
x2 = x1+1 ifxl<Il h size-1
x1 otherwise
phase = (16 * ((xy *h _subs m) % h subs n))//h subs n

: 2000 (E)

Samples which lie outside the lower layer reconstructed frame which are required for upsampling are obtained by border
extension of the lower layer reconstructed frame.

7.7.3.7 Reinterlacing

If reinterlacing needs not to be done, the result of the resampling process, hor pic, is renamed to spat pred pic.

If hor_pic
even lines

If hor_pic
odd lines

If hor_pic

7.7.4

The spatig
(see Tablg
spatial_ter
temporal 4

In intra p
is spatial-
temporal-
weights is

The possi
extension.
interlaced

was derived from the top field of a lower layer interlaced frame, the even lines of hor pic are.co
of spat_pred_pic.

was derived from the bottom field of a lower layer interlaced frame the odd lines of hor! pic are co
f spat_pred pic.

was derived from a lower layer progressive frame, hor pic is copied to spat_pred(pie.

Belection and combination of spatial and temporal predictions

1 and temporal predictions can be selected or combined to form the actual prediction. The macrol
s B.5, B.6 and B.7) and the additional spatial temporal weight codeMsee Table 7-21)_indicate, by
nporal weight class, whether the prediction is temporal-only,¢spatial-only or a weighted comj
nd spatial predictions. Classes are defined in the following way:

- Class 0 indicates temporal-only prediction;

- Class 1 indicates that neither field has spatial-only.prediction;

- Class 2 indicates that the top field is spatial-onlyprediction;

- Class 3 indicates that the bottom field is spatial-only prediction;

- Class 4 indicates spatial-only prediction;

ictures, if spatial temporal weight class' is 0, normal intra coding is performed, otherwise the
nly. In predicted and interpolatéd) pictures, if the spatial temporal weight class is 0, prd
nly, if the spatial temporal weight class is 4, prediction is spatial-only, otherwise one or a pair of]
used to combine the spatial and.témporal predictions.

ble spatial temporal weights are given in a weight table which is selected in the picture spati
Up to four different weight tables are available for use depending on whether the current and lowe
or progressive, as indicated in Table 7-20 (allowed, yet not recommended values given in brackets).

Tablé 7-20 — Intended (allowed) spatial temporal weight code_table index values

bied to the

pied to the

block type
use of the
ination of

prediction
diction is
prediction

1 scalable
layers are

Enhancement layer | spatial _temporal weight
Lower layer format format code_table_index
Progressive or interlaced Progressive 00
Progressive coincident with enhancement layer top | Interlaced 10 (00; 01; 11)
fields
Progressive coincident with enhancement layer from | Interlaced 01 (00; 10; 11)
bottom fields
Interlaced (picture_structure == Frame-Picture) Interlaced 00 or 11 (01; 10)
Interlaced (picture_structure != Frame-Picture) Interlaced 00

In macroblock modes(), a two bit code, spatial temporal weight code, is used to describe the prediction for each field
(or frame), as shown in the Table 7-21. In this table spatial temporal integer weight identifies 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

NOTE

When the
the top fid
field whic

When the
which is d

The precis
pel pred
pel pred|y
appropriat

If the spat

spatial _temporal spatial_ spatial_ spatial_ spatial_
weight_code_table_ temporal_ temporal_ temporal_ temporal_
index weight_code weight (s) weight class integer weight
00® - (0,5) 1 0
01 00 0; 1) 3 1
01 (0; 0,5) 1 0
10 0,5;1) 3 0
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 0,5;1) 3 0
11 (0,5; 0,5) 1 0
a) For spatial temporal weight code table index == 00 no spatial-temporal weight code is trans-
mitted.

e method for predictor calculatiod is as follows:

pel_pred[y][x] = pel_pred_temp[y][x];

- Spatial-only prediction (weight_class == 4) is signalled by different values of macroblock_type (see Tables B

spatial temporal weight combination is given in the' form (a; b), "a" gives the proportion of the pre
Id which is derived from the spatial prediction_and "b" gives the proportion of the prediction for
1 is derived from the spatial prediction for that field.

spatial _temporal weight is given in the “form (a), "a" gives the proportion of the prediction for
erived from the spatial prediction for(that picture.

emp[y][x] is used to denote the temporal prediction (formed within the enhancement layer) as d
][x] in 7.6. pel pred-Spat[y][x] is used to denote the prediction formed from the lower layer by extfacting the
e samples, co-located-with the current macroblock position, from spat_pred pic.

al_temporal weight is zero, then no prediction is made from the lower layer. Therefore:

5 to B.7).
diction for

he bottom

he picture

efined for

If the spat

pel_pred[y][x] = pel_pred_spat[y][x];

al _temporal_weight 1S one, then no prediction 1S made irom the enhancement layer. 1 heretore:

If the weight is one half then the prediction is the average of the temporal and spatial predictions. Therefore:

pel pred[y][x] = (pel pred temp[y][x] + pel pred spat[y][x])//2;

When progressive frame == 0 chrominance is treated as interlaced, that is, the first weight is used for the top field

chrominance lines and the second weight is used for the bottom field chrominance lines.

Addition of prediction and coefficient data is then done as in 7.6.8.
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7.7.5 Updating motion vector predictors and motion vector selection

In frame pictures where field prediction is used the possibility exists that one of the fields is predicted using spatial-only
prediction. In this case no motion vector is present in the bitstream for the field which has spatial-only prediction. For the
case where both fields of a frame have spatial-only prediction, the macroblock type is such that no motion vectors are
present in the bitstream for that macroblock.

The spatial temporal weight class also indicates the number of motion vectors which are present in the coded bitstream
and how the motion vector predictors are updated as defined in Table 7-22 and Table 7-23.

Table 7-22 — Updating of motion vector predictors in Field Pictures

frall'ﬁ:_mu tiuu_l yYPtT

macroblock_motion_forward
macroblock_motion_backward
macroblock_intra
spatial_temporal_weight class
Predictors to update

Field-based® -1 -1 0 PMV[1][0][1:0] = PMV[0][0][1:0]®)
Fielfd-based 1{1]0 0 PMVT1][0][1:0] = PMVTO0][0][1:0]

PMVI1][1][1:0] = PMVTO][1][ 1.0]
Field-based 1{0]0 0,1 PMVT1][0][1:0] = PMVTO][Q11:0]
Field-based of1]0 0,1 PMVT1][1][1:0] = PMPTO}[1][1:0]
Fiel-based? oflofo 0,1,4 PMVIF[s][f] = 02
16 X 8 MC 11110 0 (None)
16 X 8 MC 11701(0 0,1 (None)
16 X8 MC of1]0 0,1 (None)
Dual prime 11010 0 PMVT1][0][1:0] = PMVTO][0][1:0]

2) field_motion_type is not present in the-bitstream but is assumed to be Field-based.
b) If concealment_motion_vectors(s zero then PMV[r][s][{] is set to zero (for all r, s and £).
©) PMVTr][s][#] is set to zero (for all , s and 7). See 7.6.3.4.

NOTE - PMV[r][s][1:0] = PMJVTu][v][1:0] means that:

PMVIr][s][1] = €MV[u][v][1] and PMV[r][s][0] = PMV]u][v][0]

7.7.5.1 Resetting.motion vector predictors

In addition todhe cases identified in 7.6.3.4, the motion vector predictors shall be reset in the following cases:

e Ina P-picture when a macroblock is purely spatially predicted (spatial temporal weight class ==4)

e In a B-picture when a macroblock is purely spatially predicted (spatial temporal weight class == 4)

NOTE - In case of spatial temporal weight class == 2 in a frame picture when field-based prediction is used, the
transmitted vector is applied for the bottom field (see Table 7-25). However this vector[0][s][1:0] is predicted
from PMV][0][s][1:0] . PMV[1][s][1:0] is then updated as shown in Table 7-23.

7.7.6 Skipped macroblocks

In all cases, a skipped macroblock is the result of a prediction only, and all the DCT coefficients are considered to be
Zero.

If sequence_scalable extension is present and scalable_mode = "spatial scalability”, the following rules apply in addition
to those given in 7.6.6.
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Table 7-23 — Updating of motion vector predictors in Frame Pictures

frame_motion_type

macroblock_motion_forward
macroblock_motion_backward
macroblock_intra
spatial_temporal_weight_class
Predictors to update

Frame-based? -1 -1 0 PMVI1][0][1:0] = PMV0][0][1:0]°)
Frame-based 11110 0 PMVT1][0][1:0] = PMVTO0][0][1:0]

PMVT1[1][1:0] = PMVTO][1][1:0]
Fraipe-based 1{0]0 0,1,2,3 | PMVT1][0][1:0] = PMVTO][0][1:0]
Fraipe-based of17]0 0,1,2,3 | PMVT1][1][1:0] = PMVTO][1][1:0]
Frame-based® | 0 [ 0 | 0 | 0,1,2,3,4 | PMVr][s][t] = 09
Field-based 11110 0 (None)
Field-based 1 {00 0,1 (None)
Field-based 1{0]0 2 PMVT1][0][1:0] = PMVTO0][0][1:0]
Field-based 1{0]0 3 PMVT1][0][1:0] = PMVTO][0][1:0]
Fielfd-based 01110 0,1 (None)
Field-based of1]0 2 PMVT1][1][1:0] = PMVTO][1]f1:0]
Field-based of1]0 3 PMVI1][1][1:0] = PMVTOA[1][1:0]
Dugl prime® 11010 0,2,3 PMVT1][0][1:0] = RMPT0][0][1:0]

2) frame_motion_type is not present in the bitstream but.is‘assumed to be Frame-based.
b) Dual prime can not be used when spatial temporal integer weight ='0'".

o If concealment_motion_vectors is zero then PMWr][s][¢] is set to zero (for all r, s and £).
9 | PMVTA[s][{] is set to zero (for all r, s and £)¢See 7.6.3.4.

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

PMVTr][s][1] = PMV[u][v][1}and PMV[r][s][0] = PMV]u][v][0]

In I-picturps, skipped macroblecks are allowed. These are defined as spatial-only predicted.
In P-pictuges and B-pictures, the skipped macroblock is temporal-only predicted.

In B-pictufes a skipped 'macroblock shall not follow a spatial-only predicted macroblock.

7.7.7 VBV buffer underflow in the lower layer

In the case of spatial scalability, VBV buffer underflow in the lower layer may cause problems. This is because of
possible uncertainty in precisely which frames will be repeated by a particular decoder.

7.8 SNR scalability

See Figure 7-15.

This clause describes the additional decoding process required for the SNR scalable extensions.

SNR scalability defines a mechanism to refine the DCT coefficients encoded in another (lower) layer of a scalable
hierarchy. As illustrated in Figure 7-15 data from two bitstreams is combined after the inverse quantisation processes by

adding the DCT coefficients. Until the data is combined, the decoding processes of the two layers are independent of one
another.
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Table 7-24 — Predictions and motion vectors in field pictures

field _motion_type

macroblock_motion_forward

macroblock_motion_backward
macroblock_intra
spatial_temporal_weight class
Motion vector Prediction formed for
Field-based® -1 —-11 0 vectorT0][0][1:0]® None (motion vector is for concealment)
Field-based 11110 0 vectorT0][0][1:0] Whole field, forward
vectorT0][1][1:0] Whole field, backward
Field-based 1{0]0 0,1 vector'T0][0][1:0] Whole field, forward
Field-based 0110 0,1 vectorTO][1][1:0] Whole field, backward
Field-based? oflofo 0,1,4 vectorT0][0][1:0]9 D Whole field, forward
1¢ x 8 MC 11110 0 vector'T0][0][1:0] Upper 16 x 8 field, forward
vector'[1][0][1:0] Lower 16 x 8 figld, forward
vectorTO][1][1:0] Upper 16 x 8 field, backward
vector[1][1][1:0] Lower 168 field, backward
1¢ x 8 MC 1]101(0 0,1 vector'T0][0][1:0] Upper-16 x 8 field, forward
vector[1][0][1:0] Lower 16 x 8 field, forward
16 x 8 MC 0110 0,1 vectorT0][1][1:0] Upper 16 x 8 field, backward
vector[1][1][1:0] Lower 16 x 8 field, backward
Dpal prime 110[0 0 vectorT0][0][.1:0] Whole field, same parity, forward
vector[2][0][1:019) © Whole field, opposite parity, forward

2) field_motion_type is not present in the bitstreani but is assumed to be Field-based.
b) The motion vector is only present if concéalment_motion_vectors is one.

o 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.

°) These motion vectors are detived from vector[0][0][1:0] as described in 7.6.3.6.

NTE — Motion vectors are listed’in the order they appear in the bitstream.

Subclause| 7.8.1 defines~how to identify these bitstreams in a scalable hierarchy, however they can be clpssified as
follows.

The loweq layér, yderived from the first bitstream, can itself be either non-scalable, or require the spatial of temporal
scalability]decoding process (and hence the decoding of additional bitstreams) to be applied.

The enhancement layer, derived from the second bitstream, contains mainly coded DCT coefficients and a small
overhead. The decoding process for this layer and the combination of the two layers are described in this subclause.

NOTE - All information regarding prediction is contained in the lower layer bitstream only. Therefore it is not possible to
reconstruct an enhancement layer without decoding the lower layer bitstream data in parallel.

Furthermore prediction and reconstruction of the pictures as described in 7.6, 7.7 and 7.9 for the combined lower and
enhancement layer is identical to the respective steps for decoding of the lower layer bitstream only.

Semantics and decoding process described in this subclause include a mechanism for "chroma simulcast". This may be
used (for instance) to enhance 4:2:0 in the lower layer to 4:2:2 after processing the enhancement layer data. While the
luminance data is processed as described before, in this case the chrominance information retrieved from the lower layer
bitstream (with exception of intra-DC values, see 7.8.3.4) shall be discarded and replaced by the new information with
higher chrominance resolution decoded from the enhancement layer.
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Table 7-25 — Predictions and motion vectors in frame pictures

frame_motion_type
macroblock_motion_forward
macroblock_motion_backward
macroblock_intra
spatial_temporal_weight class
Motion vector Prediction formed for
Frame-based? -1 —-11 0 vector'T0][0][1:0]9) None (motion vector is for concealment)
Frame-based 11110 0 vectorT0][0][1:0] Frame, forward
vector'[0][1][1:0] Frame, backward
Ffame-based 11010 0,1,2,3 vector'[0][0][1:0] Frame, forward
F1ame-based 01110 0,1,2,3 vectorTO][1][1:0] Frame, backward
Flame-based® | 0 [ 0 | 0 | 0,1,23.4 vectorT0][0][1:0]9 © Frame, forward
Field-based 1 {10 0 vector'[0][0][1:0] Top field, forward
vector[1][0][1:0] Bottom field, forward
vectorT0][1][1:0] Top field, backward
vectorT1][1][1:0] Bottom,field; backward
Field-based 1100 0,1 vectorTO][0][1:0] Top-field, forward
vector[1][0][1:0] Bottom field, forward
Field-based 1100 2 Top field, spatial
vector'[0][0][1:0] Bottom field, forward
Field-based 110[0 3 vector[0][0][ 1.0} Top field, forward
Bottom field, spatial
Field-based o110 0,1 vector'f0[1][1:0] Top field, backward
veefor[1][1][1:0] Bottom field, backward
Field-based 01110 2 Top field, spatial
vector'[0][1][1:0] Bottom field, backward
Field-based o110 3 vector'[0][1][1:0] Top field, backward
Bottom field, spatial
Dhpal primeb 1| ON\NO 0,2,3 vectorT0][0][1:0] Top field, same parity, forward
vectorT0][0][1:0]9 Bottom field, same parity, forward
vectorT2][0][1:0]9 D Top field, opposite parity, forward
vector[3][0][1:0]9 D Bottom field, opposite parity, forward
2) frame_motion_type is not present in the bitstream but is assumed to be Frame-based.
b) Dual prime cannot be used when spatial temporal integer weight="0'
o The motion vector is only present if concealment_motion_vectors is one.
9 These motion vectors are not present in the bitstream.
©) The motion vector is taken to be (0; 0) as explained in 7.6.3.5.
f These motion vectors are derived from vector[0][0][1:0] as described in 7.6.3.6.
NOTE — Motion vectors are listed in the order they appear in the bitstream.

It is inherent in SNR scalability that the two layers are very tightly coupled to one another. It is a requirement that
corresponding pictures in each layer shall be decoded at the same time as one another.

In the case that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not this Specification), then two different
IDCT mismatch control schemes are being used in decoding. Care must be taken in the encoder to take account of this.
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7.8.1 Higher syntactic structures

The two bitstream layers in this subclause are identified by their layer id, decoded from the
sequence_scalable extension.

The two bitstreams shall have consecutive layer ids, with enhancement layer bitstream having layer id = idephance and
the lower layer bitstream having layer id = ideppance—1-

The syntax and semantics of the enhancement layer are as defined in 6.2 and 6.3, respectively.

In the case that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not this Specification), then both this lower
and the enhancement layer shall use the "restricted slice structure" defined in this Specification.

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 Inve_,rse_
Data »  Length Inverse Scan Quantisation
Decoding Arithmetic
Lower Layer
Ehhancement Layer QFS [n] QF [V][u]
E oded Variable Inverse F7 vl
S(a)tae —P Length Inverse Scan Quantisation
Decoding Arithmetic
F” enhance [v][u]
Framestore Memory
F’[vlu] F vl
i Mismatch Motion » Decoded
Saturation Control Inverse DCT Compensation Samples
\ \
fIVIix] dylix]

Figure 7-15 — Illustration of decoding process for SNR scalability

Sequence header

This header shall be identical to the one in the lower layer bitstream except for the values of bit_rate, vbv_buffer size,
load intra_quantiser matrix, intra_quantiser matrix, load non_intra quantiser matrix and non_intra_quantiser matrix.
These can be selected independently except for load_intra_quantiser matrix which shall be zero.
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Sequence extension

This extension shall be identical to the one in the lower layer bitstream except for the values of
profile_and_level indication, chroma_format, bit rate extension and vbv_buffer size extension. Those can be selected
independently.

A different value of chroma format in each layer will cause the chroma_simulcast flag to be set as specified by
Table 7-26.

Table 7-26 — chroma_simulcast flag

chroma_format chroma_format chroma_simulcast
(lower layer) (enhancement layer)
4:2:0 4:2:0 0
4:2:0 4:2:2 1
4:2:0 4:4:4 1
4:2:2 4:2:2 0
4:2:2 4:4:4 1
4:4:4 4:4:4 0

The chronpja_format of the enhancement layer shall be higher or equal to the chroma Mormat of the lower layer bitstream.

In the cpse that the lower layer bitstream conforms to ISO/IEC . 44)[72-2 (and not This Spegification),
sequence_fextension() is not present in the lower layer bitstream, and the, following values shall be assunfed for the
decoding process.

brogressive_sequence =1

hroma_format = “4:2:0"
horizontal size extension =
bertical size extension =
bit_rate_extension =
bv_buffer size extension =
ow_delay =

rame rate extension_n

S oL © o o o

rame rate extension d =
The sequepce extension() in-the‘enhancement layer shall have the values shown above.
Sequenceldisplay extension

This extension shall not be present as there is no separate display process for the enhancement layer.

Sequence(scalable extension

This extenss

GOP header

This header shall be identical to the one in the lower layer bitstream.

NOTE 1 — The GOP header must be present in each layer in order that the temporal reference in each layer are reset on the same
frame.

Picture header

This header shall be identical to the one in the lower layer bitstream except for the value of vbv_delay. This can be
selected independently.

Picture coding extension

This extension shall be identical to the one in the lower layer bitstream except for the value of q_scale type and
alternate scan. These can be selected independently.
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chroma 420 type shall be set to '0' if chroma_simulcast is set. Else it shall have the same value as in the lower layer
bitstream.

In the case that the lower layer bitstream conforms to ISO/IEC 11172-2 (and not this Specification), then
picture coding_extension() is not present in the lower layer bitstream and the following values shall be assumed for the
decoding process:

f code[0][0] = forward f code in the lower layer bitstream or 15
f code[O0][1] = forward f code in the lower layer bitstream or 15
f code[1][0] = backward f code in the lower layer bitstream or 15
f code[1][1] = backward f code in the lower layer bitstream or 15
intra_dc_precision =0

picture structure = “Frame Picture"

op_field first =0

rame pred frame dct =1

oncealment motion_vectors = 0

ntra_vlc_format =0

epeat_first field =0

hroma 420 type =1

progressive frame =1

omposite_display_flag =0

The picture_coding_extension() in the enhancement layer shall have theyaldes shown above.

For the loyver layer q scale type and alternate scan shall be assumed'te have the value zero.

NOTE P — q_scale_type and alternate_scan can be set independently in the enhancement layer.
Quant m4trix extension
This extension is optional. Semantics are described in 6,31.

load_intra] quantiser matrix and load chroma_intta¥duantiser matrix shall both be zero.

NOTE B — 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 separaté\diSplay process for the enhancement layer. If pan-scan functionality is desired, it can be
accomypllished already by using-the information conveyed by the pan-scan extension of the lower layer bitstream.

Slice header

Slices shall be coincident'with those in the lower layer. The value of quantiser scale code can be set independently from
the lower Jayer bitstream.

7.8.2 Macroeblock

Subsequerltty theTuITemt TACTobocK ™ deNotes the CUITemty processed Macrobiock. 1 e current macrovtock of the
lower layer denotes the macroblock identified by having the same macroblock address as the current macroblock.

The decoding of the macroblock header information is done according to semantics in 6.3.17.

NOTE — Table B.8 which is used if scalable mode = = "SNR scalability" will never set the macroblock intra,
macroblock motion forward or macroblock motion backward flags, since a macroblock in the enhancement layer contains only
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 det_type is present in the macroblock modes() in both layers it shall have identical values.
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7.8.2.2 Skipped Macroblocks

Macroblocks can be skipped in the enhancement layer bitstream, meaning that no coefficient enhancement is done
(F" onhancelvl[u] = 0, for all v, u). Regarding this, the decoding process detailed in 7.8.3 shall be applied.

When macroblocks are skipped in both, the lower and the enhancement layer bitstreams, the decoding process is exactly
as specified in 7.6.6.

Macroblocks can also be skipped in the lower layer bitstream, while still being coded in the enhancement layer bitstream.
In that case the decoding process detailed in the following has to be applied, but F"j,,,.,[v][u] = 0, for all v, u.

7.8.3 Block

The first part of the decoding process of the enhancement layer block is independent from the lower layer.

The secon{d part of the decoding process of the enhancement layer block has to be done jointly with the decoding process
of the coirjcident lower layer block.

Two sets ¢f inverse quantised coefficients F"|gwer and F"epnance are added to form F" (see Figure 7-15).
F"jower 18 flerived from the lower layer bitstream exactly as defined in 7.1 to 7.4.2.3.
F"enhance 1 derived as is defined in the clauses below.

The resulting F" is further processed, starting with saturation, as defined in 7.4.3 to 746-(7.7, 7.9).

7.8.3.1 Variable length decoding

In an enhpncement layer block the VLC decoding shall be performed according to 7.2, as for a non-intra block (as
indicated by macroblock intra = 0).

7.8.3.2 nverse scan

Inverse scqn 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 [block.

In the casp that the lower layer bitstream .conforms to ISO/IEC 11172-2 (and not this Specification), then the "inverse
quantisati¢n arithmetic" used to derive (B"|ower[VI[u] (see Figure 7-14) shall include the IDCT mismatgh control
(oddificatijon) and saturation specified(inyISO/IEC 11172-2.

7.8.3.4 Addition of coefficierts\from the two layers

Corresponding coefficients from the blocks of each layer shall be added together to form F” (see Figure 7-15).

F"IVI[u] = F"lowerlVIu]l + F" ennancelv1[u], for all u, v

If chroma | sindulcast = 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"[0][0] = F"1ower[O1[0] + F"ennnancel 01[0]

F"Iv][u] = Feonnancel vl[ul, for all u, v exceptu=v=0

NOTE — Chroma simulcast blocks are inverse quantised like non-intra blocks and use the chrominance non-intra matrix.

Table 7-27 gives the index of the chrominance block whose DC coefficient (£"},,,.[0][0]) is to be used to predict the DC
coefficient in the coincident chrominance block of the enhancement layer (F".,,54nc2[01[0]).
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7.8.3.5

After addition of coefficients from the two layers, the remainder of the macroblock decoding steps is.exactly as
in 7.4.3 t0|7.6 (7.7, 7.9, if applicable), since there is now only one data stream F"[v][u] to be processed.

In this prdcess, the spatio/temporal prediction p[y][x] is derived according to the macrobloc¢ktype syntax eld
flags for the current macroblock known from the lower layer bitstream.

7.9

Temporal

layers profess the same spatial resolution. The enhancement layer enhanees the temporal resolution of the 1
and if temporally re-multiplexed with the lower layer provides full temporal rate. This is the frame rate indic

enhancemgnt layer. The decoding process for enhancement layer pigtures is similar to the normal decodipg process

described

The refer¢gnce frames for prediction are selected by reference select code as described in Tables 7-28 anl
P-pictures| the forward reference picture can be one of the“following three: most recent enhancement picture, 1
lower laygr frame, or next lower layer frame in display order. Note that in the latter case, the reference franj
layer used|for prediction is backward in time.

ISO/IEC 13818-2

Table 7-27 — Block index used to predict DC coefficient

Block index

chroma_format 4 5 6 7 8 9 10 11
base: 4:2:0 4 5 4 5
upper: 4:2:2
base: 4:2:0 4 5 4 5 4 5 4 5
upper: 4:4:4
base: 4:2:2 4 5 6 7 4 5 6 7
upper: 4:4:4

: 2000 (E)

Remaining macroblock decoding steps

Iemporal scalability

scalability involves two layers, a lower layer and an enhancement™ayer. Both the lower and the en|

in 7.1 to 7.6. The only difference is in the "Prediction field and frame selection" described in 7.6.2.

Table 7-28 — Prediction references selection in P-pictures

reference_select_code Forward prediction reference

00 Most recent decoded enhancement picture(s)

01 Most recent lower layer frame in display order

10 Next lower layer frame in display order

11 Forbidden

described

ments and

hancement
bwer layer
ated in the

d 7-29. In
host recent
e in lower

Table 7-29— Prediction references selection in B-plctures

reference_ Forward prediction reference Backward prediction reference
select
code

00 Forbidden Forbidden

01 Most recent decoded enhancement picture(s) Most recent lower layer picture in display

order

10 Most recent decoded enhancement picture(s) Next lower layer picture in display order

11 Most recent lower layer picture in display | Next lower layer picture in display order
order
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In B-pictures, the forward reference can be one of the following two: most recent the enhancement pictures or most
recent (or temporally coincident) lower layer frame whereas the backward reference can be one of the following two:
most recent lower layer picture including temporally coincident picture in display order or next lower layer frame in
display order. Note that in this case, the backward reference frame in lower layer used for prediction is forward in time.

Backward prediction cannot be made from a picture in the enhancement layer. This avoids the need for frame reordering
in the enhancement layer. Motion compensation process forms predictions using lower layer decoded pictures and/or
previous temporal prediction from the enhancement layer.

The enhancement layer can contain I-pictures, P-pictures or B-pictures, but B-pictures in enhancement layer behave
more like P-pictures in the sense that a decoded B-picture can be used to predict the following P-pictures or B-pictures in
the enhancement layer.

When 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

- LR Y - 1 Rl O E= A T T - Vo - 1
used for P-pluulc dlld D=pPICtUITsS alC SHOWIT I T'dUIC 7=26 dlIU 1 dUIC 7=27 TCSPTULIVCLY.

The lower]and enhancement layers shall use the restricted slice structure.

Figure 7-16 shows a simplified diagram of the motion compensation process for the enhancement/layer using temporal
scalabilityj]

I-pictures Ho not use prediction references; to indicate this, the reference_select code for I-picttires shall be '11].

Depending on picture coding_type, when forward temporal reference or backward semporal reference do|not imply
references|to be used for prediction, they shall take the value 0.

7.9.1 Higher syntactic structures

The two Dbitstream layers in this subclause are identified %by" their layer id, decoded [from the
sequence_fscalable extension.

The two Hitstreams shall have consecutive layer ids, with enhancement layer having layer id = id,, 54 and the lower
layer having layer id = idgupance—1-

The syntax and semantics of enhancement layers are as defined™n 6.2 and 6.3 respectively.

Semantic festrictions apply to several values in the headers'and extensions of the enhancement layer as follows,
The lower]layer shall conform to this Specification (and not to ISO/IEC 11172-2).

Sequencefheader

The valuep in this header can be different@rom the lower layer except for horizontal size value, vertical size| value and
aspect_ratjo_information.

Sequence|extension

This extepsion shall be identical to the one in the lower layer except for values of profile and level [indication,
bit rate ektension, vbv_buffer size extension, low delay, frame rate extension n and frame rate extension d. These
can be selected independently. Note that progressive sequence indicates the scanning format of the enhancement layer
frames only rather than of the output frames after multiplexing. The latter is indicated by mux_to_progressivq sequence
(see sequence scalable extension).

Sequenceldisplay extension

This extension shall not be present as there is no separate display process for the enhancement layer.
Sequence scalable extension
This extension shall be present with scalable mode = "Temporal scalability".

When progressive sequence = 0 and mux_to_progressive_sequence = 0, top_field first and picture_mux_factor can be
selected.

When progressive_sequence = 0 and mux_to_progressive_sequence = 1, top_field first shall contain a complement of
the value of top_field_first of the lower layer but picture_mux_factor shall be 1.

When progressive sequence = 1 and mux to progressive sequence = 1, top field first shall be =zero but
picture_mux_factor can be selected.

The combination of progressive_sequence = 1 and mux_to_progressive sequence = 0 shall not occur.

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


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

ISO/IEC 13818-2 : 2000 (E)

o mmEEE——— n‘
{
I H
i H
Y ;
|2 E -"
Lower L e T s S s S A ™
ower Layer L HE H H L »
Bitstream D: : —I>: : 4>: : - i o
yepp——_t EmmmE- yepp——_t \ ]
Meemm————— -"
Lower Layer Decoder
Prediction
Field/Frame Framestore
Selection J Framesiores
vector [r[s][f] — |
Additional Scaling Half-sample
Dual-Prime for Colour Prediction
Aritmetic Components Filtering

vector ‘[r][s][f]

Half-Sample Info,
Ffom ) Vectqr
Bltstream Decoding
PV — |
y
Vector 2 Decoded
Predictors Samples
fIylix] d [ylix]
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 wvalues in this extension can be different from the lower layer except for top field first,
concealment motion vectors, and chroma 420 type and progressive frame. The top field first shall be based on
progressive_sequence and mux to progressive _sequence (see  sequence scalable extension above) and
concealment_motion_vectors shall be 0. Chroma 420 type shall be identical to the lower layer. Progressive frame shall
always have the same value as progressive sequence.
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Picture temporal scalable extension

This extension shall be present for each picture.

Quant ma

trix 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

enhancement p
predictionf 1t

In case

non-uniqueness of temporal references (which are reset at each group of pictures header). This, -ambiguit
resolved with help of systems layer timing information.

7.10 Data partitioning

Data partitioning is a technique that splits a video bitstream into two layers, called, partitions. A priority

indicates ¥
The remai
picture hg
redundant
extensions
sequence |

NOTE

The interp

0 O DICLUTCS A OStratcd 0y 1avies 7-28 and 7-29.

hich syntax elements are placed in partition 0, which is the base partition*(also called high priorityj]
nder of the bitstream is placed in partition 1 (which is also called lgw priority partition). Sequence,

scalable extension().

icture being predicted. It is a requirement on the bitstreams that P-pictures and B-pictures shall form

roup of pictures_header occurs very often in lower layer, ambiguity can occur due.foypossibility of
y shall be

breakpoint

partition).
GOP, and

aders are redundantly copied in partition 1 to facilitate error. recovery. The sequence end code is also
y copied into partition 1. All fields in the redundant headers must be identical to the original oned. The only
allowed (and required) in partition 1 are sequencé extension(), picture coding extensfon() and

- The slice() syntax given in 6.2.4 is followed in both pattitions up to (and including) the syntax element extra_pit_slice.
retation of priority breakpoint is given in Table/7<30.
Table 7-30 — Priority’breakpoint values and associated semantics
priority_break . . .
f Syntax elements included in partition zero
point
0 This,\\value is reserved for partition 1. All slices in partition 1 shall have af
prierity 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.
B8 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.

Otherwise, continue decoding from partition 0. Remove sequence, GOP, and picture headers from both
partitions.

An example is shown in Figure 7-17 where the priority breakpoint is set at 64 [one (run, leveb)pair].

7.11 Hybrid scalability

If current_partition = 1, check the priority breakpoint to see if the next item to be decoded is\gxpected in
partition 0.

If yes, set current_partition to 0. Next item will be decoded from partition 0.

Otherwise, continue decoding from partition 1.

Quant DC DCT DCT DCT DC DCT

Scale coeff coeff 1 | coeff2 | coeff3 EOB coeff coeff 1 EOB

Flgure 7-17 — A segment from a bitstream with two partitions, with priority breakpoint set to ¢4
(one (run, leyeD) pair). The two partitions are shown, with arrows indicating how the decoder

O ) Quant DC DCT DC DCT
Scale coeff coeff{ coeff coeff 1

()
© @—

Partition 0

DCT DCT

coeffi2- | coeff 3 EOB EOB Partition 1

needs to switch between partitions

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.

Table 7-31 — Names of layers

layer_id Name
0 Base layer
1 Enhancement layer 1
2 Enhancement layer 2
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For the scalability between the enhancement layers 1 and 2, the enhancement layer 1 is its lower layer, and the
enhancement layer 2 is its enhancement layer. No layer can be omitted from the hierarchical ladder. E.g. if there is SNR
scalability between enhancement layer 1 and enhancement layer 2, the prediction types in enhancement layer 1 are also
valid for the combined decoding process for enhancement layers 1 and 2.

The coupling of layers is more loose with spatial and temporal scalability than with SNR scalability. Therefore, in these
kinds of scalability, first the base layer has to be decoded and upconverted before it can be used in the enhancement
layer. In SNR scalability, both layers are decoded simultaneously. The decoding order can be summarised as follows:

Case 1
base layer
<spatial or temporal scalability>

enhancement layer 1

<SNR scalability>
enhancement layer 2
First decofle the base layer, and then decode both enhancement layers simultaneously.
Case 2
base layer
<SNR scalability>
enhancement layer 1
<spatial or temporal scalability>
bnhancement layer 2
First decogle the base layer and the enhancement layer 1 simultanedusly, and then decode the enhancement layef 2.
Case 3
base layer

<spatial or temporal scalability>

enhancement layer 1

<spatial or temporal scalability>

enhancement layer 2

First decogle the base layer, then decode the enhancement layer 1, and finally decode enhancement layer 2.

7.12 Dutput of the decoding process

This subclause describes-the output of the theoretical model of the decoding process that decodes bitstreams donforming
to this Spdcification:

The decoding process input is one or more coded video bitstreams (one for each of the layers). The video|layers are
generally multiplexed by the means of a system stream that also contains timing information.

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 chrominance
samples of the reconstructed frames are output by decoding process in the form of progressive frames and the output rate
is the frame rate. Figure 7-18 illustrates this in the case of chroma_format equals to 4:2:0.
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The same
repeat_firs
chroma_fq

XOX[ XOX XOX XOX
XOX[ XOX XOX XOX
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XOX XOX XOX XOX

Frame period

= 1/frame_rate
Figure 7-18 — progressive_sequence ==\1

reconstructed frame is output one time if repeat first field\is equal to 0, and two or three consecuti
t field is equal to 1, depending on the value of top_field first. Figure 7-19 illustrates this in t
rmat equals to 4:2:0 and repeat_first_field equals 1¢

Frame period
= 1/frame_rate

1

ve times if
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Figure 7-19 — progressive_sequence = = "1’; repeat_first_field =="1"
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When decoding an interlaced sequence (progressive sequence is equal to 0), the luminance samples of the reconstructed
frames are output by the decoding process in the form of interlaced fields at a rate that is twice the frame rate.
Figure 7-20 illustrates this.

X X X

X X X X

X X X X
X K X X

X X X X
X K X X

X

Field period }47

Frame period
= 1/frame_rate

Figure 7-20 — progressive_sequence == 0

It is a reqpirement on the bitstream that the fields at the output\of the decoding process shall always be altefnately top
and bottorh (note that the very first field of a sequence may be either top or bottom).

If the recpnstructed frame is interlaced (progressive frame is equal to 0), the luminance samples and chrominance
samples afe output by the decoding process in the ferm of two consecutive fields. The first field output by th¢ decoding
process is[the top field or the bottom field of the reconstructed frame, depending on the value of top field_first

Although pll the samples of progressive frames represent the same instant in time, all the samples are not oytput at the
same time|by the decoding process when'the sequence is interlaced.

If the recgnstructed frame is progressive (progressive frame is equal to 1), the luminance samples are output by the
decoding process in the form of fiyo'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|chrominance samples of the reconstructed progressive frame are output by the decoding process at the same
time as thg first.field of luminance samples. This is illustrated in Figures 7-21 and 7-22.

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.
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Figure 7-21 — progressive_sequence == 0 with 4:2:0 chreminance
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Figtre 7-22 — progressive_sequence == 0 with 4:2:2 or 4:4:4 chrominance

In this clabserthe constrained parts of the defined prnﬂ]Pq and levels are described All syntactic elements and parameter
values which are not explicitly constrained may take any of the possible values that are allowed by this Specification. In
general, a decoder shall be deemed to be conformant to a given profile at a given level if it is able to properly decode all
allowed values of all syntactic elements as specified by that profile at that level. One exception to this rule exists in the
case of a Simple profile Main level decoder, which must also be able to decode Main profile, Low level bitstreams. A
bitstream shall be deemed to be conformant if it does not exceed the allowed range of allowed values and does not
include disallowed syntactic elements.

Attention is drawn to 5.4 which defines the convention for specifying a range of numbers. This is used throughout to
specify the range of values and parameters.

The profile and level indication in the sequence extension indicates the profile and level to which the bitstream
complies. The most significant bit of profile and level indication is called 'escape bit'. When the escape bit is set to
zero, the profile and level are derived from profile and level indication according to Tables 8-1, 8-2 and 8-3.
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Table 8-1 — Meaning of bits in profile_and_level indication

Bits Field Size (bits) Meaning
1 Escape bit

[6:4] 3 Profile identification

[3:0] 4 Level identification

Table 8-2 specifies the profile identification codes and Table 8-3 the level identification codes. When the escape bit
equals zero a profile with a numerically larger identification value will be a subset of a profile with a numerically smaller
identification value. Similarly, whenever the escape bit equals zero, a level with a numerically larger identification value
will be a subset of a level with a numerically smaller identification value.

Table 8-2 — Profile identification

Profile identification Profile
110to 111 (Reserved)
101 Simple
100 Main
011 SNR Scalable
010 Spatially Scalable
001 High
000 (Reserved)

Table 8-3 — Leyelidentification

Level identification Level

1011 to 1111 (Reserved)
1010 Low

1001 (Reserved)
1000 Main

0111 (Reserved)
0110 High 1440

0101 (Reserved)
0100 High

0000 to 0011 (Reserved)

Table 8-4 describes profiles and levels when the escape bit equals 1. For these profiles and levels there is no implied
hierarchy from the assignment of profile and level indication and profiles and levels are not necessarily subsets of
others.

Attention is drawn to Annex E, which describes in detail those parts of ISO/IEC 13818-2 that are used for a given profile
and level.
NOTE 1-0On 4:2:2 Profile: The ITU-T Rec. H.262 | ISO/IEC 13818-2 compression algorithm exploits temporal redundancy,
spatial redundancy, and human psycho-visual properties and is not a lossless algorithm. For sequences with substantial spatial and

temporal redundancies, or without many sharp lines/edges, the quality of the sequences obtained after decompression will be
higher than that obtained for sequences with lower redundancy, or with a large number of sharp lines/edges.

The 4:2:2 profile can provide higher video quality, better chroma resolution and allows a higher bit rate (at Main level, up to
50 Mbit/s) than MP@ML. It also provides the capability to encode all active lines of video.

Although it is not part of the hierarchy of profiles and levels, the 4:2:2 profile @ Main level decoder is required to decode all the
bit streams decodable by MP@ML decoders.
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The 4:2:2 profile does not support scalability. This allows implementation architectures to be similar to those of MP@ML.

This profile can be used for applications requiring multiple generations of encoding and decoding. In the case of multiple
generations without picture manipulation or change in picture coding type between generations, the quality remains nearly
constant after the first generation. Use of picture manipulation or change in picture coding type between generations causes some
degradation in quality. Nevertheless, the resulting quality is acceptable for a broad range of applications.

The 4:2:2 profile permits all I-picture encoding. This enables fast recovery from transmission errors and can simplify editing
applications. This profile allows the high bit rates required to maintain high quality while using only I-picture coding. The 4:2:2
profile also allows the use of P- and B-picture coding types which can further improve quality or reduce bit rate for the same
quality.

See Annex J for more information on the picture quality of the 4:2:2 profile.

NOTE 2 — On Multi-view Profile: The Multi-view Profile (MVP) is envisioned to be a profile appropriate for applications that
require multiple viewpoints within the context of ITU-T Rec. H.262 | ISO/IEC 13818-2. MVP supports stereoscopic pictures as its
source images for a wide range of picture resolution and quality as requested by the applications to be used. A base layer of MVP
is assigned to a left view and an enhancement layer is assigned to a right view.

Table 8-4 — Escape profile_and_level indication identification

profile_and_level indication Name
10001111 to 11111111 (Reserved)
10001110 Multi-view profile @ Low level
10001101 Multi-view profile @ Main level
10001100 (Reserved)
10001011 Multi-view profile @ High1440 level
10001010 Multi-view profile @) High level
10000110 to 10001001 (Reserved)
10000101 4:2:2 profile @ Main level
10000011 to 10000100 (Reserved)
10000010 4:2:2 profile @ High level
10000000 to 10000001 (Reserved)

A monoscppic coding with the same tols as Main Profile (MP), including ISO/IEC 11172-2, is applied to the pase layer.
An enhangement layer is coded using. Temporal Scalability tools and a hybrid prediction of motions and dispakity can be
utilized in|the enhanced layer.

MVP, viewed as one of thelscalable profiles in terms of multiple viewpoint layers, is expected to have the sane type of
compatibility features otherscalable profiles have, such as compatibility with MP. For example:

[) decoders compliant to MVP at a certain Level are capable of decoding the bitstreams compliarft to MP at
the-corresponding Level (i.e. forward compatibility);

D) / decoders compliant to MP at a certain Level are capable of decoding the bitstream in the bage layer of
MVP (i.e. backward compatibility).

8.1 ISO/IEC 11172-2 compatibility

ISO/IEC 11172-2 "constrained parameter” bitstreams shall be decodable by Simple, Main, SNR Scalable, Spatially
Scalable and High profile decoders at all levels. Additionally Simple, Main, SNR Scalable, Spatially Scalable and High
profile decoders shall be able to decode D-pictures-only bitstreams of ISO/IEC 11172-2 which are within the level
constraints of the decoder.

8.2 Relationship between defined profiles

The Simple, Main, SNR Scalable, Spatially Scalable and High profiles have a hierarchical relationship. Therefore the
syntax supported by a 'higher' profile includes all the syntactic elements of 'lower' profiles (e.g. for a given level, a Main
profile decoder shall be able to decode a bitstream conforming to Simple profile restrictions). For a given profile, the
same syntax set is supported regardless of level. The order of hierarchy is given in Table 8-2.
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The syntactic differences between constraints of profiles are given in Table 8-5. This table describes the limits which
apply to a bitstream. Note that a Simple Profile conformant decoder must be able to fully decode both Simple profile,
Main level and Main profile, Low level bitstreams.

Table 8-5 — Syntactic constraints of profiles

Profile
Syntactic Element Simple Main SNR Spatial High 4:2:2 Multi-view
chroma_format 4:2:0 4:2:0 4:2:0 4:2:0 4:2:2 or 4:2:0(4:2:2 or 4:2:0 4:2:0
frame_rate_extension_n 0 0 0 0 0 0 0
frame_rate_extension_d 0 0 0 0 0 0 0
aspect_ratjo—information——006+-00+6;-066+-601+6;1-666+-06+6;1066+-06+6;1060+06+0—006+06+6:—16901, 0010,
0011 0011 0011 0011 0011 0011 0011

picture_coding type I,P ILP,B LP,B ILP,B LP,B ILP,B ILP,B
repeat_firgt field Constrained Unconstrained Constrained (Unfonstrained
sequence_gcalable_ No No Yes Yes Yes No Yes
extension(
scalable_mode - SNR SNR or SNR or - Temporal

Spatial Spatial
picture_spptial scalable No No No Yes Yes No No
extension(
picture_temporal_scalable No No No No No No Yes
extension(
intra_dc_grecision 8,9,10 8,9,10 8,9,10 8,9,10 8,9,10,11 | 8,9,10, 11 8,9, 10
Slice strucfure Restricted

6.1.2.2

For all deffined profiles, there is a semantic restriction on the bitstream that all of the data for a macroblogk shall be
represented with not more than the number of bits indicated by Table 8-6. However, a maximum of two mactoblocks in
each horizontal row of macroblocks may exceed this limitation.

Table 8-6—~ Maximum number of bits in a macroblock

chroma_format Maximum number of bits
4:2:0 4608

4:2:2 6144

4:2:2-(in 4:2:2 Profile) Unconstrained

4:4:4 9216

In this context, a macroblock is deemed to start with the first bit of the macroblock address increment (or
macroblock _escape, if any) and continues until the last bit of the 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
VBYV buffer size. Refer to Tables 8-12, 8-13 and 8-14.

Decoders that are Simple profile @ Main level compliant shall be capable of decoding Main profile @ Low level
bitstreams.

8.2.1 Use of repeat_first_field

The use of repeat_first field in Simple and Main profile bitstreams is constrained as specified in Table 8-7.
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Table 8-7 — Constraints on use of repeat_first field for Simple and Main Profiles

: 2000 (E)

Repeat_first_field
frame_rate_code frame rate value progressive progressive
sequence== sequence==

0000 Forbidden
0001 24 000 = 1001 (23,976...) 0 0
0010 24 0 0
0011 25 Oorl 0
0100 30 000 = 1001 (29,97...) Oorl 0
010 30 Oorl 0
011 50 Oorl 0
011 60 000 = 1001 (59,94...) Oorl Oorl
100 60 Oorl Oorl

Reserved
111 Reserved

Additiona] constraints exist for Main profile @ Main level and Simple profile @-Main level only:

Additiona

8.3
The Low,
'higher' ley

to decode

The differ

p if (vertical size > 480 lines) or (frame_rate is "25Hz") thendfipicture coding_type == 011 (i.e.
repeat_first field shall be 0.

b if vertical size > 480 lines frame rate shall be "25HZ"

ly, the following constraints exist for 4:2:2 profile. @ Main level only:

b if vertical _size > 512 lines,

then if picture_coding_type=011 (i.e~B-picture), repeat_first field shall be 0;

b if vertical size > 512 lines frame rate shall be "25Hz".

Relationship between defined levels

rel equal or exceed fhe constraints of 'lower' levels (e.g. for a given profile, a Main level decoder sh
p bitstream conforiming to Low level restrictions). The order of hierarchy is given in Table 8-3.

bnt parameter constraints for levels are given in Table 8-8.

8.4

B-picture),

Main, High-1440 and) High levels have a hierarchical relationship. Therefore the parameter consfraints of a

all be able

Ncalable lavers

The SNR Scalable, Spatial Scalable, High and Multi-view profiles may use more than one bitstream to code the image.
These different bitstreams represent layers of coding, which when combined create a higher quality image than that
obtainable from one layer alone (see Annex D). The maximum number of layers for a given profile is specified in
Table 8-9. The scalable layers are named according to Table 7-31. The syntactic and parameter constraints for these
profile/level combinations when coded using the maximum permitted number of layers are given in Tables 8-11, 8-12,
8-13 and 8-14. When the number of layers is less than the maximum permitted, reference should also be made to
Tables E-21 to E-46 as appropriate.

It should be noted that a bitstream of the base layer of SNR Scalable and Multi-view profiles can always be decoded by a
Main profile decoder of equivalent level. Conversely, a Main profile bitstream shall be decodable by either SNR Scalable

or Multi-v

iew profile decoder of equivalent level.
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Table 8-8 — Parameter constraints for levels

Level
Syntactic Element Low Main High-1440 High

f _code[0][0] (forward horizontal ) [1:7] [1:8] [1:9] [1:9]
f_code[1][0]? (backward horizontal) [1:7] [1:8] [1:9] [1:9]
Frame picture
f_code[0][1] (forward vertical) [1:4] [1:5] [1:5] [1:5]
f_code[1][1]® (backward vertical ) [1:4] [1:5] [1:5] [1:5]
Vertical vector range® [-64:63,5] | [-128:127,5] | [-128:127,5] | [-128:127,5]
Field picture
f_code[0][1] (forward vertical) [1:3] [1:4] [1:4] [1:41
f_code[1][1]® (backward vertical ) [1:3] [1:4] [1:4] [1:49
Vertical vector range? [-32:31,5] [-64:63,5] [-64:63,5] [564:63,5]
frame_rate_code [1:5] [1:5] [1:8] [1:8]
Sample Density Table 8-11
Luminance Sample Rate Table 8:12
Maximum Bit Rate Table 813
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, this restriction applies to all the followingwvalues:

vector'[0][0][1]

((vector'[0][0][1] * m[parity_ref][parity pred})’/2)

((vector'[0][0][1] * m[parity_ref][parity,pred])//2")" + e[parity_ref][parity pred]

((vector'[0][0][1] * m[parity_ref][parity, ‘pred])//2")" + dmvector[1]

((vector'[0][0][1] * m[parity_ref][parity pred])//2")" + e[parity ref][parity pred] + dmvector[1]

Table 8-9 — Upper bounds for scalable layers in SNR Scalable, Spatial Scalable, High
and Multi-view profiles

Profile

Level Maximum Number of

SNR

Z

Spatial High ulti-view

High All-layers (base + enhancement) 3
Spatial enhancement layers 1
SNR enhancement layers 1

0

Tpmpr\ra] auxiliary lavers

— o oN

High-1440 All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers

Temporal auxiliary layers

O —— W
—ooN

Main All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers

Temporal auxiliary layers

O =W | o= =W
— oo N

Low All layers (base + enhancement)
Spatial enhancement layers
SNR enhancement layers

Temporal auxiliary layers

OSO— O | O—ON
— o OoON
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8.4.1 Permissible layer combinations
Table 8-10 is a summary of the permitted combinations, and is subject to the following rules:

e SNR Scalable and Multi-view profile: maximum of 2 layers; Spatial Scalable and High profile: maximum
of 3 layers. (See Table 8-9.)

e Only one SNR and one Spatial scale allowed in 3-layer combinations, either SNR/Spatial or Spatial/SNR
order is permitted. (See Table 8-9.)

e  Chroma simulcast, which allows to add 4:2:2 chroma information to a 4:2:0 base layer and defined in 7.8
is implemented with SNR scalability.

e A 4:2:0 layer is not permitted if the lower layer is 4:2:2. (See 7.7.3.3.)
o (level — 1) is defined as follows:
—HevelHs Main—Hevel s Lew:

— iflevel is High — 1440, (level — 1) is Main;
— iflevel is High, (level — 1) is High — 1440.
Table 8-10 — Permissible layer combinations
Scalable mode Profile/level
of simplest base layer decoder
Profile Base layer Enhancement layer 1 Enhancement layer 2 (level reference top layer) ¥
SNR 4:2:0 SNR, 4:2:0 — MP@same level
Spatial 4:2:0 SNR, 4:2:0 £ MP@same level
Spatial 4:2:0 Spatial, 4:2:0 - MP@(level — 1)
Spatial 4:2:0 SNR, 4:2:0 Spatial, 4:2:0 MP@(level — 1)
Spatial 4:2:0 Spatial, 4:2:0 SNR, 4:2:0 MP@(level — 1)
High 4:2:0 - - HP@same level
High 4:2:2 - — HP@same level
High 4:2:0 SNR, 4:2:0 - HP@same level
High 4:2:0 SNR, 4:2:2 - HP@same 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) Y
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) Y
High 4:2:2 SNR, 4:2:2 Spatial, 4:2:2 HP@(level — 1) Y
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) Y
Multi-view 4:2:0 Temporal, 4:2:0 — MP@same level

a) The simplest compliant decoder to decode the base layer is specified, assuming that bitstream may contain any syntax and
parameter value permitted for the stated profile @ level, except scalability. Note that for High profile @ Main level spatially
scaled bitstreams, 'HP @ (level — 1)' becomes 'MP @ (level — 1)'. In the event that a base layer bitstream uses fewer syntactic
elements or a reduced parameter range than permitted, profile _and level indication may indicate a 'simpler' profile @ level.

b) Note that 4:2:2 chroma format is not supported as a lower spatial layer of High profile @ Main level (see Table 8-12).

Details of the different parameter limits that may be applied in each layer of a bitstream and the corresponding
appropriate profile_and_level indication that should be used are given in Tables E.20 to E.45.

8.4.2 Multi-view Profile specific constraints
Both the enhancement and base layers have the same frame rate.

The picture_mux_enable, picture_mux_order and picture_mux_factor are not used in this profile and shall be ignored.
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The reference_select code should be "00" or "01" for the P-frames in the enhancement layer. The reference select code
should be "01" for B-frames in the enhancement layer.

If the base

layer coded frame is the first frame of the Group Of Pictures then the corresponding frame in the enhancement

layer should be either I-frame or P-frame with the reference select code value of "01".

In a P-field picture with reference select code = "01" and which is the first field of a frame, the following restriction
applies:
—  Dual prime prediction shall not be used.
—  Field prediction in which motion_vertical field select indicates the second field of the base layer frame
shall not be used.
— If base and enhancement layers do not have the same value for top field first, there shall be no
macroblocks that are coded with macroblock motion_forward zero and macroblock intra zero.
- If base and enhancement layer do not have the same value for top field first, there shall be.fo skipped
macroblocks.
In a B-field picture which is the first field of a frame, the prediction shall not make reference to the'second field of the
correspongling base layer frame.
It is inher¢nt in the Multi-view Profile that the two layers are tightly coupled to one another.dt is a requiremgnt that the
pictures in enhancement layer shall be decoded immediately after their corresponding fequired reference pjctures are
decoded unless this requirement makes one to decode the enhancement layer pictures(out of display order. In that case,
the picturds in the enhancement layer should be decoded in the display order.
8.5 Parameter values for defined profiles, levels and layers
See Table[8-11.
Table 8-11 - Upper bounds for<sampling density
Spatial Profile
Level resolution
layer Simple Main SNR Spatial High 4:2:2 Multi
Enhancement | Samples/line 1920 1920 1920 1920
Lines/frame 1088 1088 1088 1088
Frames/sec 60 60 60 60
High .
Lower Samples/line 960 1920
Lines/frame - 576 - 1088
Frames/sec 30 60
High- |[Enhancement | Samples/line 1440 1440 1440 1440
1440 Lings/frame 1088 1088 1088 - 1088
FRrames/sec 60 60 60 60
Lower Samples/line 720 720 1440
Lines/frame - 576 576 - 1088
Frames/sec 30 30 60
Enhdncement | Samples/line 720 720 720 720 720 720
Main Lines/frame 576 576 576 576 608 @ 76
Frames/sec 30 30 30 30 30 0
Lower Samples/line 352 720
Lines/frame - - - 288 - 576
Frames/sec 30 30
Enhancement | Samples/line 352 352 352
Low Lines/frame 288 288 - 288
Frames/sec 30 30 30
Lower Samples/line 352
Lines/frame - - - 288
Frames/sec 30
In the case of single layer or SNR scaled coding, the limits specified by 'Enhancement layer' apply.
) 512 lines/frame for 525/60, 608 lines/frame for 625/50
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The syntactic elements referenced by this table are as follows:

— samples/line: horizontal_size;
—  lines/frame:  vertical_size;
—  frames/sec:  frame rate.

The upper bound for frame_rate is the same for both progressive_sequence == 0 and progressive_sequence == 1.

Table 8-12 — Upper bounds for luminance sample rate (samples/s)

Spatial Profile
Level resolution
layer Simple Main SNR Spatial High 4:2:2 Multi-view
High Enhancement 62 668 800 62 668 800 (4:2:2) 62 668 800 62 668 800
83558400 (4:2:0)
Hower - 14745600 (4:2:2) = 62 668 800
19 660 800 (4:2:0)
High- | Enhancement 47001 600 47001600 | 47001600 (4:2:2) - 47001 600
10 62 668 8004:2:0)
Hower - 10368000 | 11059200 (4:2:2) - 47001 600
14745 600 (4:2:0)
Main  |HEnhancement | 10368000 | 10368000 | 10368 000 11059200 (4:2:2) 11059200 19368 000
14745 600 (4:2:0)
LBower - - - - - 19 368 000
3041280 (4:2:0)
Low Enhancement 3041280 | 3041280 - B 041280
Lower - - - B 041280

NOTE - In the case of single layer or SNR.s¢aled coding, the limits specified by "Enhancement layer" apply.

The luminpnce sample rate P is defined as follows:
- For progréssive sequence == 1:
P'= (16 * ((horizontal_size + 15) / 16)) x (16 * ((vertical _size + 15)/ 16)) X frame_rate

-\ \For progressive_sequence == 0:

P = (16 * ((horizontal_size + 15) / 16)) x (32 * ((vertical _size + 31) / 32)) X frame_rate

8.6 Compatibility requirements on decoders

Table 8-15 defines the requirements on compatibility for decoders. There is a requirement that a decoder of a profile and
level represented by a column in Table 8-15 be capable of decoding correctly all bitstreams with profile and level
indication marked by an X in the column. In case of scalable hierarchy of bitstreams, the profile and level indication are
that of the upper layer.

NOTE — For Profiles and Levels which obey a hierarchical structure, it is recommended that each layer of the bitstream contain
the profile and level indication of the "simplest" decoder which is capable of successfully decoding that layer of the bitstream. In
the case where the profile and level indication Escape bit == 0, this will be the numerically largest of the possible valid values of
profile and level indication.
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Table 8-13 — Upper bounds for bit rates (Mbit/s)

NOTE 3 —|1 Mbit =1 000 000 bits

Profile
Level
Simple Main SNR Spatial High 4:2:2 Multi-view
High 100 all layers 300 -
80 80 middle + base layer 130 both layers
25 base layer 80 base layer
High- 60 all layers 80 all layers -
1440 60 40 middle + base layers | 60 middle + base layers - 100 both layers
15 base layer 20 base layer 60 base layer
Main 20 all layers _
15 15 15 both layers 15 middle + base layer 50 25, both layers
10 base layer 4 base layer I'5 pase layer
Low - -
4 4 both layers v 8 Yoth layers
3 base layer 4 base layer
NOTE 1 - This table defines the maximum rate of operation of the VBV for a coded bitstream of the given profile and|level. This
rate is indifated by bit_rate (see 6.3.3).
NOTE 2 - This table defines the maximum permissible data rate for all layers up to and in€luding the stated layer. For multi-layer
coding applications, the data rate apportioned between layers is constrained only by the maximum rate permitted for a gien layer as
stated in tHis table.

Table 8-14 — VBV buffer size requirements (bits)

Profile
Level Layer

Simple Main SNR Spatial High 4:2:2 Multi-view

High Enhancement 2 12 222 464 -
KEnhancement 1 9 781 248 15 898 480
lfase 9 781 248 3047424 | 47 185920 | |9 787 248

High- nhancement 2 7340032 | 9781248 -
1440 nhancement 1 4 882 432 7 340 032 - 12 222 464
ase 7 340 032 1 835008 2441 216 7 340 032

Main KEnhancement 2 - 2441216 -
KEnhancement 1 1 835008 1 835008 3047 424
Base 1835008 | 1835008 | 1212416 475136 | 9437184 | [1 835008

Low Enhancement 2 - - —
Enhancement 1 475136 950272
Base 475136 360 448 475136

NOTE 1 — The buffer size is calculated to be proportional to the maximum allowable bit rate, rounded down to the nearest multiple
of 16 x 1024 bits. The reference value for scaling is the Main profile, Main level buffer size.

NOTE 2 — This table defines the tofal decoder buffer size required to decode all layers up to and including the stated layer. For
multi-layer coding applications, the allocation of buffer memory between layers is constrained only by the maximum size permitted
for a given layer as stated in this table.

NOTE 3 — The syntactic element corresponding to this table is vbv_buffer size (see 6.3.3).
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Table 8-15 — Forward compatibility between different profiles and levels

Decoder

Profile and Level | HP | HP | HP |Spatial| SNR [ SNR | MP | MP | MP | MP | SP |4:2:2P | 4:2:2P | MVP | MVP | MVP | MVP
indicationin | @ | @ | @ | @ |@ | @ | @ |@|@|@|@| @ | @ |e@|e|e@|a

bitstream HL |H-14| ML | H-14 | ML | LL | HL |H-14| ML | LL | ML | ML | HL | HL |H-14| ML | LL
HP@HL X

HP@H-14 X | x

HP@ML X | x| X

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 x9 | X

MP@H-14 X | X X X | X XN x| x
MP@ML X | x| X X | X X | x| X x0) N9 | x | x ||x
MP@LL X | x| X X | X | x| x| x| x| x [x®d[&XV] x| x| x||x]x
SP@ML X | x| x| x | x X | X | x X~ x® | x9 | x | X |[x

ISOMEC 11722 | X | X | X X X | x| x| x| x| xN x| xD]x9| x| x ||x|x

4:22@ML X | x9

4:2:2@HL X

MVP@HL X

MVP@H- 14 X | X
MVP@ML X | x |[x
MVP@LL X | x [|x | x

X indicate that the decoder shall be able to decede the bit stream including all relevant lower layers.
a) SP@ML. decoders are required to decode MP@LL bitstreams.

b) A 422 profile@Main level decoder.shall be able to decode Main profile@Main level, Main profile@Low level and Simple profilef@Main level
bitstregms, as well as ISO/IEC [1172-2 constrained system parameter bitstreams.

©) A422 profile@High level decoder shall be able to decode 4:2:2P@ML, MP@HL, MP@HL-1440, MP@ML, MP@LL and SP@ML, as well as
ISO/IEC 11172-2 constrained'system parameter bitstreams.

9 Registration of Copyright Identifiers

9.1 General

Parts 1, 2, and 3 of ISO/IEC 13818 provide support for the management of audiovisual works copyrighting. In
ITU-T Rec. H.222.0 | ISO/IEC 13818-1 this is by means of a copyright descriptor, while ITU-T Rec. H.262 |
ISO/IEC 13818-2 and ISO/IEC 13818-3 contain fields for identifying copyright holders through syntax fields in the
elementary stream syntax. This Recommendation | International Standard presents the method of obtaining and
registering copyright identifiers in ITU-T Rec. H.262 | ISO/IEC 13818-2.

ITU-T Rec. H.262 | ISO/IEC 13818-2 specifies a unique 32-bit copyright identifier which is a work type code identifier
(such as ISBN, ISSN, ISRC, etc.) carried in the copyright descriptor. The copyright identifier enables identification of a
wide number of Copyright Registration Authorities. Each Copyright Registration Authority may specify a syntax and
semantic for identifying the audiovisual works or other copyrighted works within that particular copyright organization
through appropriate use of the variable length additional copyright info field which contains the copyright number.
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In the following subclause and Annexes G, H and I, the benefits and responsibilities of all parties to the registration of
copyright_identifier are outlined.

9.2 Implementation of a Registration Authority (RA)

ISO/IEC JTC 1 shall call for nominations for an international organization which will serve as the Registration Authority
for the copyright_identifier as defined in ITU-T Rec. H.262 | ISO/IEC 13818-2. The selected organization shall serve as
the Registration Authority. The so-named Registration Authority shall execute its duties in compliance with Annex H of
the JTC 1 Directives. The registered copyright identifier is hereafter referred to as the Registered Identifier (RID).

Upon selection of the Registration Authority, JTC 1 shall require the creation of a Registration Management Group
(RMG) which will review appeals filed by organizations whose request for an RID to be used in conjunction with
ITU-T Rec. H.262 | ISO/IEC 13818-2 has been denied by the Registration Authority.

Annexes ¥ H _and 1 to this Qppr\{ﬁr\qh‘r\n prr\v{r‘p mformation—on—the. prr\nnr]nrnc for rpgi‘cfnrihg a unique

copyright |identifier.
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Annex A

Inverse discrete transform

(This annex forms an integral part of this Recommendation | International Standard)

The N x N two dimensional DCT is defined as:

N-1 N-1
2 2x+ ur 2y + Dvr
F(u,v) = C(u)C(V) Z Z f(x, y)cos N cos N
x=0 y=0
with u,v,x,y=0,1,2,... N-1
where X, y are spatial coordinates in the sample domain

u, v are coordinates in the transform domain

foruv =20

1
C(w), C(v) = {2

1  otherwise

The definftion of the DCT (also called forward DCT) is purely informative. Forward DCT is not used by th¢ decoding
process dgscribed by this Specification.

The mathdmatical real-number IDCT is defined as:

N-1 N-1
fxy) =5 > 2 COCMmFvcos SN oo BYIIVE

u=0 v=0

f (x, y) is 4 real number.
The mathgmatical integer-number IDCT is defined as:
f'(x, y) = round(f(x, y))

where roupd() is the rounding to the n€arest integer, with half-integer values rounded away from zero. No clamping or
saturation fis performed.

The saturated mathematical dnteger-number IDCT is defined as:
f"(x, y) = saturate(f'(x, y))

where satyrate() is\the/saturation in the range [-256, 255], defined as:

{— 256 x<-256

o Vi d

Vel ok
SALUTAIC (X)) = JIJ AN~ LD
X

—-256<x<255

The IDCT function f]y][x] used in the decoding process may be any of several approximations of the saturated
mathematical integer-number IDCT f "(x, y), provided that it meets all of the following requirements:

1) The IDCT function f[y][x] used in the decoding process shall have values always in the range [-256, 255].

2) The IDCT function f]y][x] used in the decoding process shall conform to the IEEE Standard Specification
for the implementation of 8 by 8 Inverse Discrete Cosine Transform, IEEE Std. 1180-1990, 6 December
1990.

3) This item applies only when input blocks of DCT coefficients cause all the 64 values output of the
mathematical integer-number IDCT f'(x, y) to be in the range [-384, 383]. When f'(x, y) > 256, f]y][x]
shall be equal to 255 and when f'(x, y) <-257, f[y][x] shall be equal to —256. For all values of f'(x, y) in
the range [-257, 256] the absolute difference between fy][x] and f "(x, y) shall not be larger than 2.
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4) LetF be the set of 4096 blocks Bi[y][x] (1=0 ... 4095) defined as follows:

a) Bi[0][0] =1i—2048.
b) Bi[7][7] =1 if Bi[0][0] is even, Bi[7][7] = 0 if Bi[0][0] is odd.
¢) All other coefficients Bi[y][x] other than Bi[0][0] and Bi[7][7] are equal to 0.

For each block Bi[y][x] that belongs to set F defined above, an IDCT that conforms to this specification
(see Annex A) shall output a block f[y][x] that has a peak error of 1 or less compared to the reference

saturated mathematical integer-number IDCT f "(x, y). In other words, | fly][x] —f "(x, y) | sha
for all x and y.

Il1be<=1

In addition to these requirements, the following is a recommendation on the accuracy of the IDCT function f]y][x].

120

5) When item 3) does not apply, i.e. for input blocks of DCT coefficients causing the output of the
mathematical integer-number IDCT f'(x, y) to contain one or more values out of the range [-384, 383], it
is desirable that f[y][x] be as close as possible to T (X, y) for all bitstreams produced by reasojably well-
designed encoders.

NOTE t Clause 2.3 IEEE Standard 1180-1990 "Considerations of Specifying IDCT Mismatch Errors" requirésjthe spegification of

periodi
before

excludg
indicatq

intra-picture coding in order to control the accumulation of mismatch errors. Every macroblock isdequired to

d from the counting because they do not lead to the accumulation of mismatch errors. This\tequirement is
d in 1180-1990 for visual telephony according to Recommendation H.261.

be refreshed

t is coded 132 times as predictive macroblocks. Macroblocks in B-pictures (and skipped macreblocks in P-pictures) are

he same as

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


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

ISO/IEC 13818-2 : 2000 (E)

Annex B

Variable length code tables

(This annex forms an integral part of this Recommendation | International Standard)

B.1 Macroblock addressing
See Table B.1.

Table B.1 — Variable length codes for macroblock _address_increment

maerobloek—address maerobloek—address
increment VLC code Increment value increment VLC code Increment valug
1 1 00000101 01 18
o1 2 0000 0101 00 19
010 3 0000 0100 11 20
o011 4 0000 0100 10 21
0010 5 00000100 011 22
0001 1 6 0000 0100 010 23
00010 7 0000 0100 001 24
0000 111 8 0000 0100 000 25
0000 110 9 0000 0014411 26
0000 1011 10 000000M 110 27
0000 1010 11 00000011 101 28
0000 1001 12 0000 0011 100 29
0000 1000 13 0000 0011 011 30
00000111 14 00000011 010 31
0000 0110 15 0000 0011 001 32
0000 0101 11 16 0000 0011 000 33
0000 0101 10 17 0000 0001 000 macroblock escape
NOTE } The "macroblock stuffing” entry that is available in ISO/IEC 11172-2 is not available in this Specification.
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B.2 Macroblock type

The properties of the macroblock are determined by the macroblock type VLC according to Tables B.2 to B.8.

Table B.2 — Variable length codes for macroblock_type in I-pictures

macroblock type VLC code

macroblock_quant

macroblock_motion_forward

macroblock _motion_backward

macroblock_pattern

macroblock_intra

spatial_temporal weight code flag

permitted spatial_tempotal weight_classes

Description
1 ofojJofoj1]oO Intrd 0
01 1{0f[O0fO0]1 0 Intra, Quant 0

Table B.3 — Variable length codes for macroblock_type in P-pictures

macroblock type VLC code

macrobloek quant

macroblock_motion_forward

macroblock_motion_backward

macroblock_pattern
macroblock_intra
spatial_temporal_weight_code_flag
permitted spatial temporal weight classes
Description
1 ofrjofrjofo MC, Coded 0
01 ofojJof1r]j0]O No MC, Coded 0
001 ofrj]ofo0ojo0]oO MC, Not Coded 0
0001 1 ojofo]joO]|]1]|oO Intra 0
0001 0 r{1]of1]0foO MC, Coded, Quant 0
0000 1 I1{ojJof1]0foO No MC, Coded, Quant 0
0000 01 1{o0jO0O]J0O]1]O0 Intra, Quant 0
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Table B.4 — Variable length codes for macroblock type in B-pictures

macroblock type VLC code

macroblock quant

macroblock_motion_forward

macroblock motion_backward
macroblock_pattern
macroblock_intra
spatial_temporal_weight_code_flag
permitted spatial temporal weight classes
Description
10 O)j1{1]0f0]0 Interp, Not Coded 0
11 011 1 110(0 Interp, Coded 0
010 ofojJ1f{0]0]O Bwd, Not Coded 0
011 ofojJ1|{1]0O0]O Bwd, Coded 0
0010 oj1|10]0]0OfoO Fwd, Not Coded 0
0011 ofrjof1rjofo Fwd, Coded 0
0001 1 ojofo]joO]|]1]|oO Intra 0
0001 0 1 1 1 110(O0 Interp, Coded,-Quant 0
0000 11 Ir{1]o0f1]0f0O Fwd, €oded, Quant 0
0000 10 1rj{o|1f{1]0foO Bwd, Coded, Quant 0
0000 01 r{ojJofo]1foO Intra, Quant 0

Table B.5 — Variable length codes for macroblock _type in I-pictures with spatial scalability

macroblock type VLC code

macroblockxquant

macroblock_motion_forward

macroblock_motion_backward

macroblock_pattern

macroblock_intra

spatial_temporal weight code flag

permitted spatial temporal weight classes
Description
{ 0jJ]ofo]1f[0]O0 Coded, Compatible 4
Ol I 0 0 I 0 0 Coded, Compatible, Quant 4
0011 ofojJofoj1]oO Intra 0
0010 r{ojJofo]1fo Intra, Quant 0
0001 0OJ]0[O0O]JOfO]O Not Coded, Compatible 4
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Table B.6 — Variable length codes for macroblock type in P-pictures with spatial scalability

macroblock type VLC code

macroblock_quant
macroblock_motion_forward
macroblock motion_backward
macroblock_pattern
macroblock_intra
spatial_temporal_weight code flag
permitted spatial temporal weight classes
Description
10 ofrjofrjofo MC, Coded 0
011 o1 ]0|1]O0][]1 MC, Coded, Compatible 1,2,3
0000 100 ojojofj1]0foO No MC, Coded 0
0001 11 ojofOo]1]0]1 No MC, Coded, Compatible 1,2,3
0010 oj1|10[0]0OfoO MC, Not Coded 0
0000 111 oOjofO0]O]1][O Intra 0
0011 0]1]0]0]0]T1 MC, Not coded, Conipatible 1,2,3
010 r{1]of1]0fo MC, CodedyQuant 0
0001 00 1{ojJof1]0fO No MCiCoded, Quant 0
0000 110 r{ojJofo]1foO Infra, Quant 0
11 1 110101 ME)Coded, Compatible, Quant 1,2,3
0001 01 1r1ofo]1f[o0]1 No.MC, Coded, Compatible,Quant 1,2,3
0001 10 0O1O0]O0O[O]O][1 No MC, Not Coded, Compatible 1,2,3
0000 101 ojojo|1]0f"0 Coded, Compatible 4
0000 010 1100 14{@©710 Coded, Compatible, Quant 4
0000 011 o000 Q[O0]0O0 Not Coded, Compatible 4
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macroblock type VLC code

macroblock_quant

macroblock_motion_forward

macroblock_motion_backward

macroblock_pattern

macroblock_intra

spatial_temporal weight code flag

permitted spatial_temporal_weight_classes

Description
10 011 110[0]0 Interp, Not coded 0
11 011 1 110(0 Interp, Coded 0
010 0OjJ]o0of1]0([O0]O0 Back, Not coded 0
011 ofojJ1|{1]0O0]O Back, Coded 0
0010 oj]1[0]0O0f[O0]O0 For, Not coded 0
0011 ofrjofrjofo For, Coded 0
0001 10 0OlO0f[1]0fO0]1 Back, Not Coded, Compatible 1,2,3
0001 11 01011 1101 Back, Codeds-Compatible 1,2,3
0001 00 Ol1]0[O0]O0][1 For, Not Ceded, Compatible 1,2,3
0001 01 oj1[0]1]0](1 For{Coded, Compatible 1,2,3
0000 110 ofofofofrL|oO Intra 0
0000 111 1 1 1 110(O0 Interp, Coded, Quant 0
0000 100 r{1]of1]0foO For, Coded, Quant 0
0000 101 rj{o|ltrf1jofo Back, Coded, Quant 0
0000 0100 L{fofofo{a1o0 Intra, Quant 0
0000 0101 1 110 (L7101 For, Coded, Compatible, Quant 1,2,3
000001100 110 [« 110711 Back, Coded, Compatible, Quant 1,2,3
000001110 0|10 O0O[O]O Not Coded, Compatible 4
00000110 1 1°LojO0|1]0]O Coded, Compatible, Quant 4
00000111 1 Ojojlof|1]0foO Coded, Compatible 4
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Table B.8 — Variable length codes for macroblock type in I-pictures, P-pictures and
B-pictures with SNR scalability

macroblock_type VLC code

macroblock quant

macroblock_motion_forward

macroblock_motion_backward

macroblock_pattern

macroblock intra

spatial_temporal_weight_code_flag

permitted spatial_temporal_weight_classes
Description
1 ofojJof1r]O0]oO Coded 0
01 Irj{ojof1])0foO Coded, Quant 0
001 ofojJofojo]|oO Not Coded 0

NOTE - There is no differentiation between picture types, since macroblocks are 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.

ISO/IEC 13818-2 : 2000 (E)

Table B.9 — Variable length codes for coded_block_pattern

coded_block pattern

coded_block pattern

VLC code cbp VLC code cbp
111 60 0001 1100 35
1101 4 0001 1011 13
1100 (%] 00011010 40
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 006Q 43
0101 1 1 0000111 25
01010 61 0000 1110 37
0100 1 2 0000 1101 26
01000 62 0000 1100 38
0011 11 24 0000 1011 29
0011 10 36 0000 1010 45
0011 01 3 0000 1001 53
0011 00 63 0000 1000 57
0010 111 5 0000 0111 30
0010 110 9 0000 0110 46
0010 101 17 0000 0101 54
0010.100 33 0000 0100 58
0010 011 6 0000 0011 1 31
0010010 10 0000 0011 0 47
00TO 00T T3 0000 0010 1 55
0010 000 34 0000 0010 0 59
0001 1111 7 0000 0001 1 27
0001 1110 11 0000 0001 0 39
0001 1101 19 0000 0000 1 0 (Note)

NOTE - This entry shall not be used with 4:2:0 chrominance structure.
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B.4 Motion vectors

See Tables B.10 and B.11.

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
0000001 11T =13
0000 0100 001 -12
0000 0100 011 -11
0000 0100 11 -10
0000 0101 01 -9
0000 0101 11 -8
0000 0111 =7
0000 1001 -6
0000 1011 <3
0000 111 -4
0001 1 -3
0011 -2
011 -1
1 0

010 1

0010 2

0001 0 3

0000 110 4

0000 1010 5

0000 1000 6

00000110 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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Table B.11 — Variable length codes for dmvector|[t]

ISO/IEC 13818-2 : 2000 (E)

Code Value
11 -1
0 0
10 1

DCT coefficients

o

See Table

i
D.1

i
0 DH.10.

Table B.12 — Variable length codes for dct_dc_size luminance

Variable length code dct_dc_size_luminance
100 0
00 1
01 2
101 3
110 4
1110 5
11110 6
111110 7
1111110 8
11111110 9
11111110 10
I 11111 11

Table B.13 =*Variable length codes for dct_dc_size chrominance

Variable length code dct_dc_size chrominance
00 0
01 1
10 2
110 3
11110 5
111110 6
1111110 7
11111110 8
111111110 9
1111111 10 10

11111111 11

11
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Table B.14 — DCT coefficients Table zero

Variable length code (Note 1) Run Level

10 (Note 2) End of Block

1 s (Note 3) 0 1
11 s (Note 4) 0 1
011s 1 1
0100 s 0 2
0101 s 2 1
0010 1s 0 3
0011l 1 g 3 1
00110s 4 1
0001 10's 1 2
0001 11s 5 1
0001 01 s 6 1
0001 00 s 7 1
0000 110°s 0 4
0000 100 s 2 2
0000 111 s 8 1
0000 101 s 9 1
0000 01 Escape

00100110 s 0 5
0010 0001 s 0 6
0010 0101 s 1 3
0010 0100 s 3 2
00100111 s 10 1
0010 0011 s 11 1
0010 0010 s 12 1
0010 0000 s 13 1
0000 0010 10 s 0 7
0000 0011 00's 1 4
0000 0010141 s 2 3
00000011 11s 4 2
0000 0010 01 s 5 2
0000 0011 10 s 14 1
00000011 0TS TS5 T
0000 0010 00 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
00000001 0010 s 4 3
0000 0001 1110 s 6 2
0000 0001 0101 s 7 2
0000 0001 0001 s 8 2
0000 0001 1111's 17 1
0000 0001 1010 s 18 1
0000 0001 1001 s 19 1
0000 0001 0111 s 20 1
0000 0001 0110 s 21 1
0000 0000 1101 0s 0 12
0000 0000 1100 1 s 0 13
0000 0000 11000 s 0 14
0000 0000 1011 1's 0 15
0000 0000 1011 0s 1 6
0000 0000 1010 1 s 1 7
0000 0000 10100 s 2 5
0000 0000 1001 1's 3 4
0000 0000 1001 0's 5 3
0000 0000 1000 1 s 9 2
0000 0000 1000 0% 10 2
0000 0000 LLNLI s 22 1
0000 0000.11T10s 23 1
00009000 1110 1 s 24 1
000070000 11100 s 25 1
0000 0000 1101 I's 26 1
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Table B.14 — DCT coefficients Table zero (continued)

Variable length code (Note 1) Run Level
0000 00000111 11's 0 16
0000 00000111 10 s 0 17
0000 00000111 01 s 0 18
0000 00000111 00 s 0 19
0000 00000110 11's 0 20
0000 00000110 10 s 0 21
0000 0000 011001 s 0 22
00000000011000 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 111s 1 8
0000 0000 0011 110 s 1 9
0000 0000 00K 101 s 1 10
0000 0000.,0011 100 s 1 11
00009000 0011 011 s 1 12
000070000 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 1111s 27 1
0000 0000 0001 1110 s 28 1
0000 0000 0001 1101 s 29 1
0000 0000 0001 1100 s 30 1
0000 0000 0001 1011 s 31 1
NOTE 1 — The last bit 's' denotes the sign of the level: '0' for pogitive, '1' for negative.
NOTE 2 — "End of Block" shall not be the only code of the'block.

NOTE 3 — This code shall be used for the first (DC) coéfficient in the block.
NOTE 4 — This code shall be used for all other coefficients.
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Table B.15 — DCT coefficients Table one

Variable length code (Note 1) Run Level

0110 (Note 2) End of Block

10s 0 1
010s 1 1
110s 0 2
0010 1s 2 1
0111s 0 3
0011 1s 3 1
0001105 4 ]
00110s 1 2
0001 11s 5 1
0000 110°s 6 1
0000 100 s 7 1
11100 0 4
0000 111 s 2 2
0000 101 s 8 1
1111 000 s 9 1
0000 01 Escape

1110 1s 0 5
0001 01 s 0 6
1111001 s 1 3
00100110 s 3 2
1111 010s 10 1
0010 0001 s 11 1
00100101 s 12 1
0010 0100 s 13 1
0001 00 s 0 7
00100111 s 1 4
1111 11005 2 3
1111 110%s 4 2
000000010 0 s 5 2
00000010 1's 14 1
0000 0011 1's 15 1
600000101 16 T
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Table B.15 — DCT coefficients Table one (continued)

Variable length code (Note 1) Run Level
1111 011s 0 8
1111 100 s 0 9
0010 0011 s 0 10
0010 0010 s 0 11
0010 0000 s 1 5
0000 0011 00 s 2 4
0000 0001 1100 s 3 3
00000001 0010 s 4 3
0000 0001 1110 s 6 2
0000 0001 0101 s 7 2
0000 0001 0001 s 8 2
0000 0001 1111's 17 1
0000 0001 1010 s 18 1
0000 0001 1001 s 19 1
0000 0001 0111 s 20 1
0000 0001 0110 s 21 1
11111010 s 0 12
11111011 s 0 13
1111 11108 0 14
1111 1111 s 0 15
0000 0000 1011 0s 1 6
0000 0000 1010 1 s 1 7
0000 0000 10100 s 2 5
0000 0000 1001 1's 3 4
0000 0000 1001 0's 5 3
0000 0000 1000 1 s 9 2
0000 0000 1000 0% 10 2
0000 0000 LLNLI s 22 1
0000 0000.11T10s 23 1
00009000 1110 1 s 24 1
000070000 11100 s 25 1
0000 0000 1101 I's 26 1
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Table B.15 — DCT coefficients Table one (continued)

Variable length code (Note 1) Run Level
0000 00000111 11's 0 16
0000 00000111 10 s 0 17
0000 00000111 01 s 0 18
0000 00000111 00 s 0 19
0000 00000110 11's 0 20
0000 00000110 10 s 0 21
0000 0000 011001 s 0 22
00000000011000 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 111s 1 8
0000 0000 0011 110 s 1 9
0000 0000 00K 101 s 1 10
0000 0000.,0011 100 s 1 11
00009000 0011 011 s 1 12
000070000 0011 010 s 1 13
0000 0000 0011 001 s 1 14
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Table B.15 — DCT coefficients Table one (concluded)
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Variable length code (Note 1) Run Level
0000 0000 0001 0011 s 1 15
0000 0000 0001 0010 s 1 16
0000 0000 0001 0001 s 1 17
0000 0000 0001 0000 s 1 18
0000 0000 0001 0100 s 6 3
0000 0000 0001 1010 s 11 2
0000 0000 0001 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

NOTE 1 —The last bit 's' denotes the sign of the level: '0' for positive, '1' for negative.
NOTE 2 — "End of Block" shall not be the only code of theblock.

Table B.16 — Encoding of run and/level following an ESCAPE code

Fixed length code Run
0000 00 0
0000 01 1
0000 10 2
T1M 11 63

Fixed length code signed_level
1000 0000 0000 reserved
1000 0000 0001 -2047
1000 0000 0010 -2046
1111 1111 1111 -1
0000 0000 0000 Forbidden
0000 0000 0001 +1
0111 11111111 +2047
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Annex C

Video buffering verifier

(This annex forms an integral part of this Recommendation | International Standard)

Coded video bitstreams shall meet constraints imposed through a Video Buffering Verifier (VBV) defined in this annex.
Each bitstream in a scalable hierarchy shall not violate the VBV constraints defined in this annex.

The VBV is a hypothetical decoder, which is conceptually connected to the output of an encoder. It has an input buffer
known as the VBV buffer. Coded data is placed in the buffer as defined below in C.3 and is removed from the buffer as
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_delay C\.iuala OITIC, dcuudiué a piutulc at-the uuuuan_y CAPCthL‘l time ulig‘ut cause-theVBV-buffertounderfiow. If this
is the case) the picture is not decoded and the VBV buffer is re-examined at a sequence of later times specified|in C.7 and
C.8 until if is all present in the VBV buffer.

All the arfthmetic in this annex is done with real-values, so that no rounding errors can propagate.'For example, the
number of{ bits in the VBV buffer is not necessarily an integer.

C.1 [he VBV and the video encoder have the same clock frequency as well as the'same frame rate, and are
operated synchronously.

C.2 [he VBV buffer is of size B, where B is the vbv_buffer size coded irivthe sequence header and sequence
extension |f present.

C3 ['his subclause defines the input of data to the VBV buffer. Two mutually exclusive cases are defingd in C.3.1
and C.3.2]In both cases the VBV buffer is initially empty. Let Ripax be thebitrate specified in the bit_rate field.

C3.1 n the case where vbv_delay is coded with a value not equalyto hexadecimal FFFF, the picture data jof the n-th
coded picture enters the buffer at a rate R(n) where:

R(n)=d*, / (t(n) -t F1) + 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.

1, is the number of bits after, the final bit of the n-th picture start code and before and includirlg the final
bit of the (n + 1)-th picture'start code.

[ (n) s the decoding delay.coded in vbv_delay for the n-th coded picture, measured in seconds.

(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.

Ambiguity at the beginnirg, of a sequence:

The intervial of time-typy — t, between removal of two consecutive pictures can normally be derived from the bjtstream as
described n C.9,.Cu1'0, C.11 and C.12.

When ranglofiraccess is made in a sequence, t,,; — t, cannot be determined from the video bitstream alone fpr the first
picture(s) fter the sequence. header since the prpvimm caded P- or I-frame does not exist in the decoded sequénce. If the

bitstream is multiplexed as part of a systems bitstream according to ITU-T Rec. H.222.0 | ISO/IEC 13818-1, then it is
possible (but not certain) that information in the systems bitstream may be used to determine unambiguously this interval
of time. This information is available if Decoding Time Stamps (DTS) are transmitted for pictures n and n+1.

If the rate R(n) cannot be determined unambiguously, it is not possible for the VBV to precisely determine the fullness in
trajectories in the VBV buffer during a limited period (always less than the maximum value for vbv_delay, which is
approximately 0.73 seconds), therefore strict VBV verification of the entire bitstream is not always possible. Note that an
encoder always knows the values of t,,| — t, after each repeated sequence headers and therefore knows how to generate a
bitstream that does not violate the VBV constraints at those points.

The ambiguity may become a problem when the video bitstream is remultiplexed and delivered at a rate different from
the intended piecewise constant rate R(n).

It should also be noted that the input rate for the bits preceding the first picture header cannot be determined from the
bitstream.
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Ambiguity at the end of a sequence:

The input of all the bits following the picture start code of the picture preceding an end of sequence code cannot be
determined from the bitstream. There shall exist an input rate for these bits that does not lead to an overflow or, if
low_delay is equal to 1, an underflow of the VBV buffer. This rate shall be less than the maximum rate specified in the
sequence header.

After filling the VBV buffer with all the data that precedes the first picture start code of the sequence and the picture start
code itself, the VBV buffer is filled from the bitstream for the time specified by the vbv_delay field in the picture header.
At this time decoding begins. The data input continues at the rates specified in this subclause.

For all bitstreams R(n) <= R;,,,x for all picture data.

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 n the case where vbv_delay is coded with the value hexadecimal FFFF, data enters the MBY| buffer as
specified in this subclause.

If the VBY buffer is not full, data enters the buffer at Ry,

If the VBV buffer becomes full after filling at Ry, for some time, no more data enters theybuffer until some data is
removed ffom the buffer.

After fillinng the VBV buffer with all the data that precedes the first picture start codelof the sequence and the pjicture start
code itself, the VBV buffer is filled from the bitstream until it is full. At this-time decoding begins. The |data input
continues pt the rate specified in this subclause.

C4 Btarting at the time defined in C.3, the VBV buffer is examined @t successive times defined in C.9 tq C.12. C.5
to C.8 defines the actions to be taken at each time the VBV buffer is examined.

CS5 ['his subclause defines a requirement on all video bitstrears.

At the tinje the VBV buffer is examined before removing. any picture data, the number of bits in the buff¢r shall lie
between zgro bits and B bits where B is the size of the VBM buffer indicated by vbv_buffer_size.

For the pyrpose of this annex, picture data is defined as all the bits of the coded picture, all the header(s) andl user data
immediatgly preceding it if any (including any stuffing between them) and all the stuffing following it, up fo (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 if the picture data.

sequence_header(), sequence_extension(), extension_and_user_data(0),
group_of_pictures_header() and extension_and_user, data(1) and picture_start_code

\4

0 1 l2 I In Th+t1 | | t
———vbv_delay———»

Figure C.1 — VBV Buffer Occupancy — Constant bit-rate operation
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C.6 This subclause defines a requirement on the video bitstreams when the low_delay flag is equal to zero.

At each time the VBV buffer is examined and before any bits are removed, all of the data for the picture which (at that
time) has been in the buffer longest shall be present in the VBV buffer. This picture data shall be removed
instantaneously at this time.

VBV buffer underflow shall not occur when the low_delay flag is equal to 0. This requires that all picture data for the
n-th picture shall be present in the VBV buffer at the decoding time, t;,.

C.7 This subclause only applies when the low_delay flag is equal to one.

When low_delay is equal to one, there may be situations where the VBV buffer shall be re-examined several times
before removing a coded picture from the VBV buffer. It is possible to know if the VBV buffer has to be re-examined
and how many times by looking at the temporal reference of the next picture (the one that follows the picture 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 pictyre.

If picture furrently to be decoded is a big picture, the VBV buffer is re-examined at intervals of 2 field‘peripds before
removing the big picture, and no picture data is removed until the final re-examination.

At this tinje, the number of bits the VBV buffer immediately before removing the big picture-shall be less thap 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 ihstantaneously. Then, normal operation of the VBV resumes, and C.5 applies,

The last cgded picture of a sequence shall not be a big picture.
C.8 [his subclause is informative only.

The situa]ion where the VBV buffer would underflow (see C.7) can happen when low-delay applicatior]s transmit
occasionally large pictures, for example in case of scene-cuts.

Decoding such bitstreams will cause the display process associated with a decoder to repeat a previously decoded field or
frame unt]l normal operation of the VBV can resume. This\process is sometimes referred to as the occprrence of
"skipped pictures". Note that this situation should normally not occur except occasionally. It shall not ofcur when
low_delay]is equal to 0.

C9 ['his subclause defines the time intervals.between successive examination of the VBV buffer in the ¢ase where
progressivie_sequence equals to 1 and low_delay equals to 0. In this case, the frame re-ordering delay always|exists and
B-pictureq can occur.

The time Interval t, . | — t, between twa successive examinations of the VBV buffer is a multiple of T, whefe T is the
inverse oflthe frame rate.

If the n-th|picture is a B-picturewith repeat_first field equals to 0, then t, ;. | —t, is equal to T.

If the n-th picture is a B<Ricture 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-isTa B-Picture with repeat_first field equal to 1 and top_field first equals 1, then t, . | —[t, is equal
to 3*T.

WL oo o NP o o ; PP
If the n-tr PICUUIC IS d I'=I'ICUUIT O I=IICUIC dIIT 11 UIC PICTVIOUS I'=I'ICHUIT O I=-FICTUIT 1IdS TTPTAl IS TICIA .,qual to 0,
then t, + | — t, is equal to T.

If the n-th picture is a P-Picture or I-Picture and if the previous P-Picture or I-Picture has repeat first field equal to 1 and
top_field first equal to O, then t, , | —t, is equal to 2*T.

If the n-th picture is a P-Picture or I-Picture and if the previous P-Picture or I-Picture has repeat_first field equal to 1 and
top_field first equal to 1, then t, , | —t, is equal to 3*T.

C.10 This subclause defines the time intervals between successive examination of the VBV buffer in the case where
progressive_sequence equals to 1 and low_delay equals to 1. In this case the sequence contains no B-Pictures and there is
no frame re-ordering delay.

The time interval t, . | — t, between two successive examinations of the VBV buffer is a multiple of T, where T is the
inverse of the frame rate.
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If the n-th picture is a P-Picture or I-Picture with repeat_first field equal to 0, then t, , | —t, is equal to T.

If the n-th picture is a P-Picture or I-Picture with repeat_first field equal to 1 and top_field first equal to O, thent, , | —
t, is equal to 2*T.

If the n-th picture is a P-Picture or I-Picture with repeat_first field equal to 1 and top_field first equal to 1, thent, , | —
t, is equal to 3*T.

C.11 This subclause defines the time intervals between successive examination of the VBV buffer in the case where
progressive_sequence equals to 0 and low_delay equals to 0. In this case, the frame re-ordering delay always exists and
B-pictures can occur.

The time interval t, , | — t,, between two successive examinations of the VBV input buffer is a multiple of T, where T is
the 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 0, then t,, , | —t,, is equal fo 2*T.
If the n-th|picture is a frame-structure coded B-frame with repeat_first field equal to 1, then t,, , | — t, 1S ¢qual fo 3*T.
If the n-th|picture is a field-structure B-picture (B-field picture), then t, , | —t, is equal to T.

If the n-tH picture is a frame-structure coded P-frame or coded I-Frame and if the previous’coded P-Fram¢ or coded
I-Frame hjs repeat_first field equal to O, then t, , | —t, is equal to 2*T.

If the n-thy picture is a frame-structure coded P-Frame or coded I-Frame and if thevprevious coded P-Fram¢ or coded
I-Frame hjs 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 tp T.

If the n-th picture is the second field of a field-structure coded P-Frame or coded I-Frame and if th¢ previous
coded P-Frame or coded I-Frame is using field-structure or has %epéat first field equal to O, then t, , | — [, is equal
to (2*T - 1).

If the n-th picture is the second field of a field-structire coded P-Frame or coded I-Frame and if th¢ previous
coded P-Frame or coded I-Frame is using frame-structure*and has repeat first field equal to 1, then t, . | —[t, is equal
to B3*T - 1.

Figure C.2 shows the VBV in a simple case with only frame-pictures. Frames P, B, and B4 have a displdy duration
of 3 fields

Buffer fullness

A
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Figure C.2
C.12 This clause defines the time intervals between successive examination of the VBV buffer in the case where

progressive_sequence equals to 0 and low_delay equals to 1. In this case the sequence contains no B-Pictures and there is
no frame re-ordering delay.

The time interval t, , | — t, between two successive examinations of the VBV input buffer is a multiple of T, where T is
the inverse of two times the frame rate.
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If the n-th picture is a frame-structure coded P-Frame or coded I-Frame with repeat_first field equal to 0, thent, , | — t,

is equal to 2*T.

If the n-th picture is a frame-structure coded P-Frame or coded [-Frame with repeat_first field equal to 1, thent, y | — t,

is equal to 3*T.

If the n-th picture is a field-structure coded P-Frame or coded I-Frame, then t, . | —t, is equal to T.

Figure C.3 shows the VBV in a simple case with only frame-pictures. Frames I, P, and P4 have repeat_first field equal

to 1.

Buffer fullness
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Figure C.3
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Annex D

Features supported by the algorithm

(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.

3) The decoder can use 3:2 pull down to represent a ~24 fps film as ~30 fps video.

4.\

Fhe-disptayed-videoeamrbe-seleeted-by-amovable-pan-sean-window-within-atargerraster:
b) A wide range of picture qualities can be used.

h)  Both constant and variable bitrate channels are supported.

/) A low delay mode for face-to-face applications is available.

B)  Random access (for DSM, channel acquisition, and channel hopping) is available,

D) ISO/IEC 11172-2 constrained parameter bitstreams are decodable.

|0) Bitstreams for high and low (hardware) complexity decoders can be geherated.

| 1) Editing of encoded video is supported.

| 2) Fast-forward and fast-reverse playback recorded bitstreams can.be’implemented.

[3) The encoded bitstream is resilient to errors.

D.2 Video formats

D.2.1 Sampling formats and colour

This Speciification video coding supports both interlaced\and progressive video. The respective indication i provided
with a propressive sequence flag transmitted in the Sequence Extension code.

Allowed rpster sizes are between 1 and (214 — B\luminance samples each of the horizontal and vertical dire¢tions. The
video is rdpresented in a luminance/chrominance colour space with selectable colour primaries. The chrominahce can be
sampled i either the 4:2:0 (half as many sdmples in the horizontal and vertical directions), 4:2:2 (half as many samples
in the hotlizontal direction only). Furthétmore, application specific sample aspect ratios and image aspect| ratios are
flexibly supported. A chroma_format parameter is contained in the Sequence Extension code.

Sample aspect ratio informationfs-provided by means of aspect ratio information and (optional) display horizontal size
and displqy vertical size in-the/sequence display extension(). Examples of appropriate values for signals ampled in
accordancp with Recommendation ITU-R BT. 601 are given in Table D.1.

This Speclfication 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

D.2.2 Movie timing

A decoder can implement 3:2 pull down when a sequence of progressive pictures is encoded. Each encoded movie
picture can independently specify whether it is displayed for two or three video field periods, so "irregular" 3:2 pull
down source material can be transmitted as progressive video. Two flags, top field first and repeat first field, are
transmitted with the Picture Coding Extensions and adequately describe the necessary display timing.
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D.2.3 Display format control

The display process converts a sequence of digital frames (in the case of progressive video) or fields (in the case of
interlaced video) to output video. It is not a normative part of this Recommendation | International Standard. The video
syntax of this Specification does communicate certain display parameters for use in reconstructing the video. Optional
information (in the sequence display extension) specifies the chromaticities, the display primaries, the opto-electronic
transfer characteristics (e.g. the value of gamma) and the RGB-to-luminance/chrominance conversion matrix.

Moreover, a display window within the encoded raster may be defined as, e.g. in the case of pan and scan. Alternatively
the encoded raster may be defined as a window on a large area display device. In the case of pan-scan the position of the
window representing the displayed region of a larger picture can be specified on a field-by-field basis. It is specified in
the Picture display extension described in 6.3.12. A typical use for the pan-scan window is to describe the "important”
4:3 aspect ratio rectangle within a 16:9 video sequence. Similarly, in the case of small encoded pictures on a large
display, the size of the display and the position of the window within that display may be specified.

D.2.4 ransparent coding of composite video

Decoding |from PAL/NTSC before transmission and re-coding to PAL/NTSC after transmission of ¢emposite source
signals in|non-low quality applications, such as contribution and distribution, requires a precise re€onstruction of the
carrier amplitude and phase reference signal (and v-axis switch for PAL).

The input [format can be indicated in the sequence header using the video format bits. Possible'source formatq are: PAL,
NTSC, SECAM and MAC. Reconstruction of the carrier signal is possible by using the-carrier parameteys: v_axis,
field sequence, sub carrier, burst amplitude and sub carrier phase that are “enabled by seftting the
composite| display flag in the picture_coding_extension().

D.3 Picture quality

High pictyire quality is provided according to the bitrate used. Provisien. for very high picture quality i§ made by
sufficiently high bitrate limits relating to a certain level in a particuldt profile. High chrominance band quality can be
achieved By using 4:2:2 chrominance

Quantiser matrices can be downloaded and used with a small a quantiser_scale code to achieve near lossless cqding.

Moreover] scalable coding with flexible bitrate allows forsservice or quality hierarchy and graceful degradation. E.g.
decoding p subset of the bitstream carrying a lower resolution picture allows for decoding this signal in p low-cost
receiver with related quality; decoding the complete bitstream allows to obtain the high overall quality.

Furthermdre, operation at low bitrates can be accommodated by using low frame rates (by either pre-procesging before
coding or frame skipping indicated by the temporal reference in the picture header) and low spatial resolution.

D.4 Data rate control

The numbkr of transmitted bits per unit time, which is selectable in a wide range, may be controlled in two whys, which
are both sypported by this Spegification. A bit_rate description is transmitted with the Sequence Header Code.

For Consthnt Bitrate (CBR).coding, the number of transmitted bits per unit time is constant on the channel| Since the
encoder ogitput rate generally varies depending on the picture content, it shall regulate the rate constant by buffering, etc.
In CBR, pjcture quality,may vary depending on its content.

The other|mode-i§the Variable Bitrate (VBR) coding, in which case the number of transmitted bits per unif time may
vary on the £hannel under some constriction. VBR is meant to provide constant quality coding. A mode| for VBR
applicatiof is.ear-constant-quality coding over B-ISDN channels subject to Usage Parameter Control (UPC).

D.5 Low delay mode

A low encoding and decoding delay mode is accommodated for real-time video communications such as visual
telephony, video-conferencing, monitoring. Total encoding and decoding delay of less than 150 milliseconds can be
achieved for low delay mode operation of this Specification. Setting the low_delay flag in the Sequence Header code
defines a low delay bitstream.

The total encoding and decoding delay can be kept low by generating a bitstream which does not contain B-pictures.
This prevents frame re-ordering delay. By using dual-prime prediction for coded P-frames, the picture quality can still be
high.

A low buffer occupancy for both encoder and decoder is needed for low delay. Large coded pictures should be avoided
by the encoder. By using intra update on the basis of one or more slices per frame (intra slices) instead of intra frames
this can be accommodated.
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In case of exceeding, for low delay operation, the desired number of bits per frame the encoder can skip one or more
frames. This action is indicated by a discontinuity in the value of temporal reference for the next picture (see the
semantic definition in 6.3.9) and may cause C.7 of the VBV to apply, i.e. the decoder buffer would underflow if some
frames are not repeated by the decoder.

D.6 Random access/channel hopping

The syntax of this Specification supports random access and channel hopping. Sufficient random access/channel hopping
functionality is possible by encoding suitable random access points into the bitstream without significant loss of image
quality.

Random access is an essential feature for video on a storage medium. It requires that any picture can be accessed and
decoded in a limited amount of time. It implies the existence of access points in the bitstream — that is segments of

information that are identifiable and can be decoded without reference to other segments of data. In this Specification
access po{ ts_are prn‘ 1ded ]‘\y cpqnpnnp_hpqr‘pr() and this is then followed hy ntra-information (piphn‘p data llat can be

decoded without access to previously decoded pictures). A spacing of two random access points per sécgnd can be
achieved Without significant loss of picture quality.

Channel hppping is the similar situation in transmission applications such as broadcasting. As sooncas a'new channel has
been seleqted and the bitstream of the selected channel is available to the decoder, the next data entty, i.e. random access
point has to be found to start decoding the new program in the manner outlined in the previous-paragraph.

D.7 Scalability

The syntax of this Specification supports bitstream scalability. To accommodate the'diverse functionality requirements of
the applications envisaged by this Specification, a number of bitstream scalability.tools have been developed:

p SNR scalability mainly targets for applications which require graceful degradation.
p Chroma simulcast targets at applications with high chreiminance quality requirements.
p Data partitioning is primarily targeted for cell lossdesilience in ATM networks.

p Temporal scalability is a method suitable for dnterworking of services using high temporal|resolution
progressive video formats. Also suitable for high quality graceful degradation in the presence pf channel
errors.

p Spatial scalability allows multiresolution coding technique suitable for video service inferworking
applications. This tool can also pro¥ide 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 servicg with two
different quality levels is expected to become useful in the future for some TV broadcast applications, espedially when
very good| picture quality isneeded for large size display receivers. The sequence is encoded into two bitstrepms called
lower and|enhancement layer-bitstreams. The lower layer bitstream can be decoded independently from the enhancement
layer bitsfream. The Aower layer, at 3 to 4 Mbit/s, would provide a picture quality equivalent to the current
NTSC/PALL/SECAMquality. Then, by using both the lower and the enhancement layer bitstreams, an enhanc¢d decoder
can delivef a picture quality subjectively close to the studio quality, with a total bitrate of 7 to 12 Mbit/s.

D.7.1.1 Additional features

D.7.1.1.1 Error resilience

As described in D.13, the SNR scalable scheme can be used as a mechanism for error resilience. If the two layer
bitstreams are received with different error rate, the lower layer, better protected, stands as a good substitute to fall back
on, if the enhancement layer is damaged.

D.7.1.1.2 Chroma simulcast

The SNR scalable syntax can be used in a chroma simulcast system. The goal of such a scheme would be to provide a
mechanism for simultaneous distribution of services with the same luminance resolution but different chrominance
sampling format (e.g. 4:2:0 in the lower layer and 4:2:2, when adding the enhancement layer and the simulcast
chrominance components) for applications which would require such a feature. The SNR scalable enhancement layer
contains some luminance refinement. The 4:2:2 chrominance is sent in simulcast. Only chrominance DC is predicted
from the lower layer. The combination of both layer luminance and of the 4:2:2 chrominance constitutes the high quality
level.
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D.7.1.2 SNR scalable encoding process

D.7.1.2.1 Description

In the lower layer, the encoding is similar to the non scalable situation in terms of decisions, adaptive quantisation, buffer
regulation. The intra or error prediction macroblocks are DCT transformed. The coefficients are then quantised using a
first rather coarse quantiser. The quantised coefficients are then VLC coded and sent together with the required side
information (macroblock type, motion vectors, coded block pattern()).

In parallel, the quantised DCT coefficients coming from the lower layer, are dequantised. The residual error between the
coefficients and the dequantised coefficients is then re-quantised, using a second finer quantiser. The resulting
refinement coefficients are VLC coded and form the additional enhancement layer, together with a marginal amount of
side information (quantiser scale code, coded block pattern() ...). The non-intra VLC table is used for all the
coefficients in the enhancement layer, since it is of differential nature.

D.7.1.2.2

lalll ICIdarky

Since the prediction is the same for both layers, it is recommended to use the refined images in the metion [estimation
loop (e.g. the images obtained by the conjunction of the lower and the enhancement layer). Thus, there|is-a drift between
the prediction used at the encoder side and what the low level decoder can get as a prediction. This ‘drift does gccumulate
from P-pi¢ture to P-picture and is reset to zero at each I-Picture. However, the drift has been found to have ljittle visual
effect when there is an I- picture every 15 pictures or so.

Since the [enhancement layer only contains refinement coefficients, the needed overhead ‘is quite reduced: most of the
informatign about the macroblocks (macroblock types, motion vectors ...) are included.ih the lower layer. Therefore the
syntax of this stream is very much simplified:

- the macroblock type table only indicates if the quantiser scale’code in the enhancement|layer has
changed and if the macroblock is NOT-CODED (for first aiid last macroblock of the slicps), which
amounts to three VLC words.

- quantiser_scale code in the enhancement layer is sentdf'the value has changed.

- coded block pattern() is transmitted for all codedumacroblocks.

All NON{CODED macroblocks that are not at the beginninig or end of a slice are skipped, since thg overhead
informatign 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.

D.7.2 ultiple resolution scalability bitstreams using SNR scalability

The aim df resolution scalability is to.decode the base layer video suitable for display at reduced spatial resplution. In
addition, if is desirable to implement a decoder with reduced complexity for this purpose. This functionality if 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 subclauge uses the
SNR Scaljbility syntax outlined in clause 7 to transmit the video in two layers. Note that none of the options| suggested
in this suljclause changes the structure of the highest resolution decoder, which remains identical to the one putlined in
Figure 7-14. The bitstream generated on both layers is compatible with the HIGH profile. However, the [base layer
decoder cquld besimplemented differently with reduced implementation complexity suitable to software decodipg.

D.7.2.1 Decoder implementation

In decoding to a smaller spatial resolution, an inverse DCT of reduced size could be used when decoding the base layer.
The frame memory requirement in the decoder MC loop would also be reduced accordingly.

If the bitstream of the two SNR Scalability layers was generated with only one MC loop at the encoder the base video
will be subject to drift. This drift may or may not be acceptable depending on the application. Image quality will, to a
large extent, depend on the sub-sample accuracy used for motion compensation in the decoder. It is possible to use the
full precision motion vector as transmitted in the base layer for motion compensation with a sub-sample accuracy
comparable to that of the higher layer. Drift can be minimised by using advanced sub-sample interpolation filters (see
[12], [13] and [16] in the Bibliography of Annex F).

D.7.2.2 Encoder implementation

It is possible to tailor the base layer SNR Scalability bitstream to the particular requirements of the resolution scaled
decoder. A smaller DCT size can be more easily supported by only transmitting the appropriate DCT-coefficients
belonging to the appropriate subset in the base layer bitstream.
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Finally it is possible to support a drift-free decoding at lower resolution scale by incorporating more than one MC loop in
the encoder scheme. An identical reconstruction process is used in the encoder and decoder.

D.7.3  Bitrate allocation in data partitioning

Data partitioning allows splitting a bitstream for increased error resilience when two channels with different error
performance are available. It is often required to constrain the bitrate of each partition. This can be achieved at the
encoder by adaptively changing priority breakpoint at each slice.

The encoder can use two virtual buffers for the two bitstreams, and implement feedback rate control by picking a priority
breakpoint that approximately meets the target rate for each channel. Difference between target and actual rates is used to
revise the target for the next frame in a feedback loop.

It is desirable to vary the bitrate split from frame to frame for higher error resilience. Typically, I-pictures benefit from
having more of the data in partition 0 than the P-pictures while B-pictures could be placed entirely in partition 1.

D.7.4 lemporal scalability

A two laygr temporally scalable coding structure consisting of a base and an enhancement layer is showr'in Higure D.1.
Consider yideo input at full temporal rate to temporal demultiplexer; in our example it is temporally demulfiplexed to
form two yideo sequences, one input to the base layer encoder and the other input to the enhancemént layer enpoder. The
base layer|encoder is a non-hierarchical encoder operating at half temporal rate, the enhancement layer encodpr is like a
MAIN prdfile encoder and also operates at half temporal rate except that it uses base layer‘deécoded pictures for motion
compensafed prediction. The encoded bitstreams of base and enhancement layers are multiplexed as a singlg stream in
the systen}s multiplexer. The systems demultiplexer extracts two bitstreams and inputs-eorresponding bitstreams to base
and enhancement layer decoders. The output of the base layer decoder can be shown“standalone at half tempgral rate or
after multiplexing with enhancement layer decoded frames and shown at full temporal rate.

Enhancement Enhancement
"] Encoder d "/ Decoder
TDMX 5 y TRMX
X o]
In Temporal 3 g Temporal pOut
demux 2 _22_> 9, remux Enhance
s &
Lower Lower o Out]
"1 Encoder g "|  Decoder " Lower

Figure D.1 & A'two-layer codec structure for temporal scalability

The following forms of temporal scalability are supported and are expressed as higher layer: base layer-to-enhancement
layer pictyre formats.

|) ProgreSsive: progressive-to-progressive Temporal Scalability.
P)  Pregressive: interlace-to-interlace Temporal Scalability.

B)  /Interlace: interlace-to-interlace Temporal Scalability.

D.7.4.1 Progressive — Progressive-to-progressive temporal scalability

Assuming progressive video input, if it is necessary to code progressive- format video in base and enhancement layers,
the operation of temporal demux may be relatively simple and involve temporal demultiplexing of input frames into two
progressive sequences. The operation of temporal remux is inverse, i.e. it performs re-multiplexing of two progressive
sequences to generate full temporal rate progressive output (see Figure D.2).

D.7.4.2 Progressive — Interlace-to-interlace temporal scalability

Again, assuming full temporal rate progressive video input, if it is necessary to code interlaced format video in base
layer, the operation of temporal demux may involve progressive to two interlace conversion; this process involves
extraction of a normal interlaced- and a complementary interlaced sequence from progressive input video. The operation
of temporal remux is inverse, i.e. it performs two interlace to progressive conversion to generate full temporal rate
progressive output. Figures D.3 and D.4 show operations required in progressive to two interlace and two interlace to
progressive conversion.
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Figure D.4 — Two-interlace to progressive conversion
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Figure D.S — Temporal demultiplexer and remultiplexer for

D.7.4.3 Interlace — Interlace-to-interlace temporal scalability

Assuming|interlaced video input, if it is necessary to code interlaced- format video in base-and enhancement
operation |of temporal demux may be relatively simple and involve temporal demultipléxing of input framg
interlaced|sequences. The operation of femporal remux is inverse, i.e. it performs e;multiplexing of two
sequences|to generate full temporal rate interlaced output. The demultiplexing and\re-multiplexing is simila

Figure D.3.

D.7.5 Hybrids of the spatial, the SNR and the temporal scalable exténsions

This Recgmmendation | International Standard also allows combinafigns of scalability tools to produce m
video layqrs as may be useful and practical to support more demanding applications. Taken two at a time,)

progressive — Interface-to-interface temporal scalability

layers, the
S into two
interlaced
to that in

bre than 2
3 explicit

combinatipns result. Moreover, within each combination, the order in which each scalability is applied, when

interchanged, results in distinct applications. In the hybrid scalabilities involving three layers, the layers are ref
base layer| enhancement layer 1 and enhancement layer 2.

D.7.5.1 Ppatial and SNR hybrid scalability applications

)

HDTV with standard TV at two qualities:

Base layer provides standard TV resolution at basic quality, enhancement layer 1 helps genera
TV resolution but at higher,'quality by SNR scalability and the enhancement layer 2 empla
resolution and format which is coded with spatial scalability with respect to high quality stz
resolution generated by using enhancement layer 1.

Standard TV atawo qualities and low definition TV/videophone:

Base layer, prevides videophone/low definition quality, using spatial scalability enhanceme

erred to as

e standard
ys HDTV
ndard TV

nt layer 1

provides, standard TV resolution at a basic quality and enhancement layer 2 uses SNR scalability to help

generaté.high quality standard TV.
HDTV at two qualities and standard TV:

Base layer provides standard TV resolution, using spatial scalability enhancement layer 1 proy

rides basic

quality HD'T'V and enhancement layer 2 uses SNK scalability to help generate high quality HD'T

D.7.5.2 Spatial and temporal hybrid scalability applications

a)

b)

High temporal resolution progressive HDTV with basic interlaced HDTV and standard TV:

Base layer provides standard TV resolution, using spatial scalability enhancement layer 1 provides basic
HDTV of interlaced format and enhancement layer 2 uses temporal scalability to help generate full

temporal resolution progressive HDTV.

High resolution progressive HDTV with enhanced progressive HDTV and basic progressive HDTV:

Base layer provides basic progressive HDTV format at temporal resolution, using temporal

scalability

enhancement layer 1 helps generate progressive HDTV at full temporal resolution and enhancement

layer 2 uses spatial scalability to provide high spatial resolution progressive HDTV (at ful
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).

b) Enhanced progressive HDTV with basic interlaced HDTV at two qualities:

Base layer provides interlaced HDTV of basic quality, using SNR scalability enhancement dayer 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 Recqmmendation | International Standard 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 Spedification supports compatibility between different resolution vidég)formats. Compatibility is prpvided for
spatial andl temporal resolutions with the Spatial Scalability and Temporal<Scalability tools. The video is enfoded into
two resolytion layers. A decoder only capable or willing to display a’lower resolution video accepts and dpcodes the
lower laygr bitstream. The full resolution video can be reconstructed by accepting and decoding both resolufion layers
provided.

D.8.2 Compatibility with ISO/IEC 11172-2 (and Recomimendation H.261)

The syntak of this Specification supports both backward ‘and forward compatibility with ISO/IEC 11172-3. Forward
compatibility with ISO/IEC 11172-2 is provided t8ince the syntax of this Specification is a super§et of the
ISO/IEC 111172-2 syntax. The Spatial Scalability.tool provided by this Specification allows using ISO/IEC 11172-2
coding in the lower resolution, i.e. base layer, thus-achieving backward compatibility.

The video|syntax contains tools that are needed to implement H.261 compatibility that may be needed for posgible future
use, howeyer, this is currently not supported by any profile.

Simulcast[serves as a simple alternative method to provide backward compatibility with both Recommendation H.261
and ISO/IEC 11172-2.

D.9 PDifferences between this Specification and ISO/IEC 11172-2
This subclause listshe 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 decod¢ MPEG-1
constrainefd-bifstreams.

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.
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 ISO/IEC 11172-2 (MPEG-1).
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MPEG-2 — The IDCT mismatch control consists in adding (or removing) one to coefficient [7] [7] if the sum of all
coefficients is even after inverse quantisation. This is described in 7.4.4 of MPEG-2.

D.9.2  Macroblock stuffing

MPEG-1 — The VLC code '0000 0001 111' (macroblock stuffing) can be inserted any number of times before each
macroblock address_increment. This code must be discarded by the decoder. This is described in 2.4.2.7 of MPEG-1.

MPEG-2 — This VLC code is reserved and not used in MPEG-2. In MPEG-2, stuffing can be generated only by inserting
zero bytes before a start-code. This is described in 5.2.3 of MPEG-2.

D.9.3 Run-level escape syntax

MPEG-1 — Run-level values that cannot be coded with a VLC are coded by the escape code '0000 01' followed by either
a 14-bit FLC (-127 <= level <= 127), or a 22-bit FLC (=255 <= level <= 255). This is described in Annex B, 2-B5 of
MPEG-1.

MPEG-2  Run-level values that cannot be coded with a VLC are coded by the escape code '0000 Q1 follpwed by a
18-bit FL (—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 the way between!lyminance samplgs. This is
described jn 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 pf MPEG-2.

D.9.5 Blices

MPEG-1 + Slices do not have to start and end on the same horizontal.few of macroblocks. Consequently it is possible to
have all the 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 horizental row of macroblocks. This is described in 6.1.2
of MPEG2.

D.9.6 D-Pictures

MPEG-1 1 A special syntax is defined for D-pictures (picture coding_type = 4). D-pictures are like I-pictureg with only
Intra-DC doefficients, no End of Block, and a special end of macroblock code '1'.

MPEG-2 4 D-pictures (picture_coding_type,= 4) are not permitted. This is described in 6.3.9 of MPEG-2.

D.9.7 Full-pel motion vectors

MPEG-1 4 The syntax elements-full pel forward vector and full pel backward vector can be set to '1'. Wher this is the
case, the |motion vectors that“are coded are in integer-sample units instead of half-sample units. Motjon vector
coordinatgs 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 'D'. Motion
vectors ar¢ alyays coded in half-sample units.

D.9.8  Aspectrativinfornration

MPEG-1 — The 4-bit pel aspect ratio value coded in the sequence header specifies the sample 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
sample aspect ratio is derived from this and from the frame size and display size. This is described in 6.3.3 of MPEG-2.

D.9.9 forward_f code and backward _f code

MPEG-1 — The f code values used for decoding the motion vectors are forward f code and backward f code, located in
the picture_header().

MPEG-2 - The f code values used for decoding the motion vectors are f code[s][t], located in the
picture_coding_extension(). The values of forward f code and backward f code must be '111' and are ignored. This is
described in 6.3.9 of MPEG-2.
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D.9.10 constrained_parameter_flag and maximum horizontal_size

MPEG-1 — When the constrained parameter flag is set to 'l', this indicates that a certain number of constraints are
verified. One of those constraints is that horizontal size <= 768. It should be noted that a constrained MPEG-1 video
bitstream can have pictures with an horizontal size of up to 768 luminance samples. This is described in 2.4.3.2 of
MPEG-1.

MPEG-2 — The constrained parameter flag mechanism has been replaced by the profile and level mechanism. However,
it should be noted that MP @ ML bitstreams cannot have horizontal size larger than 720 luminance samples. This is
described in 8.2.3.1 of MPEG-2.

D.9.11 Bit_rate and vbv_delay

MPEG-1 — Bit_rate and vbv_delay are set to 3FFFF and FFFF (hex) respectively to indicate variable bitrate. Other
values are for constant bitrate.

MPEG-2 4 The semantics for bit_rate are changed. In variable bitrate operation, vbv_delay may be set to FEEH (hex), but
a differenf value does not necessarily mean that the bitrate is constant. Constant bitrate operation is simply 2 special case
of variablg bitrate operation. There is no way to tell that a bitstream is constant bitrate without examining all of the
vbv_delay] values and making complicated computations.

Even if the bitrate is constant the value of bit rate may not be the actual bitrate since bit rate‘need only b¢ 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 varigble bitrate
operation.

MPEG-2 + VBV is only defined for variable bitrate operation. Constant bitrate operation is viewed as a spedial case of
variable b{trate operation.
D.9.13 temporal_reference

MPEG-1 { Temporal reference is incremented by one moduldy1024 for each coded picture, and reset to zqro at each
group of pictures header.

MPEG-2 } If there are no big pictures, temporal referenee is incremented by one modulo 1024 for each codgd picture,
and reset to zero at each group of pictures header (assin MPEG-1). If there are big pictures (in low delay bitstrdams), then
temporal feference follows different rules.

D.9.14 MPEG-2 syntax versus MPEG:1 syntax

It is possiple to make MPEG-2 bitstreamis that have a syntax very close to MPEG-1, by using particular valfies for the
various MPEG-2 syntax elements that do not exist in the MPEG-1 syntax.

In other words, the MPEG-1 ,d¢coding process is the same (except for the particular points mentioned earlier) as the
MPEG-2 decoding process when':

progressive _sequence ='l' (progressive sequence)
hroma_fermat ='01' (4:2:0)

rame-raf¢_extension n =0 and frame rate_extension_d = 0 (MPEG-1 frame-rate)

ntrd dc_precision = '00' (8-bit Intra-DC precision)

picture_structure ='11' (frame-picture, because progressive sequence ="'1")
frame pred frame dct=1 (only frame-based prediction and frame DCT)
concealment_motion_vectors ='0' (no concealment motion vectors)
q_scale_type ='0' (linear quantiser_scale)

intra_vlc_format ='0' (MPEG-1 VLC table for Intra MBs)

alternate_scan ='0' (MPEG-1 zigzag scanning order)

repeat_first field ='0' (because progressive sequence ='1")
chroma_420 type ='1' (chrominance is "frame-based", because
progressive_sequence ='1")

progressive frame ='1' (because progressive sequence ='1")
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Complexity

The MPEG-2 Standard supports combinations of high performance/high complexity and low performance/low
complexity decoders. This is accommodated by MPEG-2 with the Profiles and Levels definitions which introduce new
sets of tool and functionality with every new profile. It is thus possible to trade-off performance of the MPEG-2 coding
schemes by decreasing implementation complexity.

Moreover, certain restrictions could allow reducing decoder implementation cost.

D.11

Editing encoded bitstreams

Many operations on the encoded bitstream are supported to avoid the expense and quality costs of re-coding. Editing,
and concatenation of encoded bitstreams with no re-coding and no disruption of the decoded image sequence is possible.

There is ajeonthet-between-therequirementforhichcompresstomrand-easy-editine—The-codinestrae

not been

been inclulded that enable editing of coded data.

Editing of encoded MPEG-2 bitstreams is supported due to the syntactic hierarchy of the encdded video

Unique st
can be en
editing of
D.12

Certain D

The MPE|G-2 syntax supports all special access, search and scan mode$ of ISO/IEC 11172-2. This funct

supported

video seqyence. It can be assisted by MPEG-2 tools which providebitstream scalability to limit the access |

Data Part

provided by a DSM.

The decoder is informed by means of a 1-bit flag (DSM_trick mode flag) in the PES packet header. This fla|
that the bjtstream is reconstructed by DSM in trick mede, and the bitstream is valid from syntax point of
invalid frgm semantics point of view. When this bit is-set, an 8-bit field (DSM_trick_modes) follows. The sg
DSM_trick modes are in the ITU-T Rec. H.220.0 {ISO/IEC 13818-1.

D.12.1
While the

Pre-procgssing

When the

Post-processing

When the

lesigned with the primary aim of simplfying editing at any picture. evertheless, a number of feg

irt codes are encoded with different level in the hierarchy (i.e. video sequence, group‘of pictures, e
oded with Intra-picture/intra-slices access points in the bitstream. This enables the-identification,
parts of the bitstream without the necessity to decode the entire video.

IFrick modes

gital Storage Media (DSM) provide the capability of trick modes, such as Fast Forward/Fast Revers|
with the syntactic hierarchy of the video bitstream which enables the identification of relevant parj

tioning and the general slice structure). This subclause’ pfovides some guideline for decoding 4

Decoder

decoder is decoding PES Packét-whose DSM_trick mode flag is set to 1, the decoder is recommend

- Decode bitstream and display according to DSM_trick_modes.

decoder encounters PES Packet whose DSM_trick mode_flag is set to 1, the decoder is recommendg

- Clearmnon trick mode bitstream from buffer.

syntax have

tures have

bitstream.
c.). Video
hceess and

e (FF/FR).
ionality is
Is within a
pitrate (i.e.
bitstream

b indicates
view, but
mantics of

ed to:

d to:

d to:

ceoder encounters PES Packet whose DSM_trick mode flag is set to 0, the decoder is recommend

—  Clear trick mode bitstream from buffer.

Video Part

While the decoder is decoding PES Packet whose DSM _trick_ mode_flag is set to 1, the decoder is recommended to:

—  Neglect vbv_delay and temporal reference value.

—  Decode one picture and display it until next picture is decoded.

The bitstream in trick mode may have a gap between slices. When the decoder encounters a gap between slices, the
decoder is recommended to:
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—  Decode the slice and display it according to the slice vertical position in slice header.

—  Fill up the gap with co-sited part of the last displayed picture.
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D.12.2 Encoder

The encoder is recommended to:
—  Encode with short size of slice with intra macroblocks.

—  Encode with short periodic refreshment by intra picture or intra slice.
DSM
DSM is recommended to provide the bitstream in trick mode with perfect syntax.
Pre-processing

DSM is recommended to:

— __ Complete "normal" bitstream at picture_header() and higher syntactic structures.

System Part

DSM is recommended to:
- Set DSM_trick mode_flag to 1 in a PES Packet header.
- Set DSM_trick _modes(8-bit) according to the trick mode.

Video Parxt

DSM is recommended to:
- Insert a sequence_header() with the same parameters as a normalbitstream.
- Insert a sequence_extension() with the same parameters as anormal bitstream.

- Insert a picture_header() with the same parameters as.a)normal bitstream except that it may be|preferable
to indicate variable bit rate operation. One way to achieve this is to set vbv_delay to FFFF (hex)

NOTE — In most cases temporal_reference and«wbv_delay are ignored in a decoder, therefore the D$M may not
need to set temporal reference and vbv_delay to correct values.

- Concatenate slices which consists of intrascoded macroblocks. The concatenated slices should|have slice
vertical positions in increasing order.

D.13 Error resilience

Most digifal storage media and communication channels are not error-free. Appropriate channel coding schethes should
be used and are beyond the scope of this Specification. Nevertheless the MPEG-2 syntax supports error resiljent modes
relevant t¢ cell loss in ATM networks and bit errors (isolated and in bursts) in transmissions. The slice structure of the
compressipn scheme defined/inthis Specification allows a decoder to recover after a residual data erfor and to
re-synchrdnise its decoding(Therefore, bit errors in the coded data will cause errors in the decoded pictures to|be limited
in area. Decoders may bérable to use concealment strategies to disguise these errors. Error resilience includgs graceful
degradatiqn in proportion-to bit error rate (BER) and graceful recovery in the face of missing video bits or dafa packets.
It has to b¢ noted that all items may require additional support at the system level.

Being an ¢xample of a packet-based system, B-ISDN with its Asynchronous Transfer Mode (ATM) is address¢d in some
detail in the following. Similar statements can be made for other systems where certain packets of data arg 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.

As an indication of the impact of cell loss in an ATM environment Table D.2 summarises the average interval between
cell losses for a range of CLR and service bitrates based on simple statistical modelling. (A cell payload must be
assumed for this. Allowing 1 byte/cell for AAL functions leaves 376 bits = 47 bytes). Note, however, that this summary
ignores cell loss bursts and other shorter term temporal statistics.

Bit Error Ratios (BER) corresponding to the above mean times between errors can be calculated easily for the case of
isolated bit errors. The BER that would cause the same incidence rate of errors is found by dividing by the cell payload
size, i.e. BER = CLR/376.
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Table D.2 — Average interval between cell losses for a range of CLR and service bitrates

Average interval time of error
5 Mbit/s 10 Mbit/s 50 Mbit/s 100 Mbit/s
102 7,52 ms 3,76 ms 0,752 ms 0,376 ms
1073 75,2 ms 37,6 ms 7,52 ms 3,76 ms
104 752 ms 376 ms 75,2 ms 37,6 ms
10°3 7,52 s 3,76 s 752 ms 376 ms
1076 1,25m 37,6 s 7,52's 3,76 s
1077 12,5m 6,27 m 1,25m 37,6 s
To® 2,091 IR0 T25m 6,27 m

The following techniques of minimising the impact of lost cells and other error/loss effects are pfavided for| reference,
and indicqte example methods of using the various tools available in this Specification to proyvide good perf¢grmance in
the presenice of those errors. Note that the techniques described may be applicable in the cases of packets of pther sizes
(e.g. LANE or certain storage media) or video data with uncorrected errors of different charagcteristics, in addifion to cell
loss. It mgy be appropriate to treat a known erasure [uncorrected bit error(s) known to-exist somewhere in a data block]
as a lost data block, since the impact of bit errors cannot be predicted. However, this-should be a decoder option. The
discussion that follows refers generally to "transport packets" where appropriate,\t6 emphasise the applicability to a
variety of|transport and storage systems. However, specific examples will refer\to’ Cell Loss Ratios (CLR) b¢cause cell
transport i the most completely defined at the time of preparing this Specificatien.

The error fesilience techniques are summarised in three categories, coyering methods of concealing the error pnce it has
occurred, pnd the restriction of the influence of a loss or error in both\space (within a picture) and time (from picture to
picture).

D.13.1 (Concealment possibilities

Concealmgnt techniques hide the effect of losses/errorgionce they have occurred. Some concealment methgds can be
implemenfed using any encoded bitstream, while others are reliant on the encoder to structure the data pr provide
additional|information to enable enhanced performance.

D.13.1.1 Temporal predictive concealment

A decodet can provide concealment of theerrors by estimating the lost data from spatio-temporally adjacen{ data. The
decoder uses information which hag been successfully received to make an informed estimate of what [should be
displayed [in place of the lost/errored data, under the assumption that the picture characteristics are fairly sinfilar across
adjacent blocks (in both the spatialrand temporal dimensions). In the temporal case, this means estimation of|errored or
lost data ffom nearby fields or{frames.

D.13.1.1.1 Substitution from previous frame

The simplpst possibléyapproach is to replace a lost macroblock with the macroblock in the same location in the previous
picture. This appreach is suitable for relatively static picture areas but block displacement is noticeable for moyjing areas.

The "prevjous picture” must be interpreted with care due to the use of bi-directional prediction and a differenge between
picture coded-orderand picturedisplay order When a macroblock—islost in-a P or Lpicture it can-becohcealed by

Sor—aha—protar oo pity - HoH—— e 000 c—T 1o >t O ——prottr St ootioe

copying the data corresponding to the same macroblock in the previous P-picture or I-picture. This ensures that the
picture is complete before it is used for further prediction. Lost macroblocks in B-pictures can be substituted from the
last displayed picture, of any type, or from a future I- or P-picture held in memory but not yet displayed.

D.13.1.1.2 Motion compensated concealment

The concealment from neighbouring pictures can be improved by estimating the motion vectors for the lost macroblock,
based on the motion vectors of neighbouring macroblocks in the affected picture (provided these are not also lost). This
improves the concealment in moving picture areas, but there is an obvious problem with errors in macroblocks whose
neighbouring macroblocks are coded intra, because there are ordinarily no motion vectors. Encoder assistance to get
around this problem is discussed in D.13.1.1.3.

Sophisticated motion vector estimation might involve storage of adjacent macroblock motion vectors from above and
below the lost macroblock, for predictions both forward and backward (for B-pictures) in time. The motion vectors from
above and below (if available) could then be averaged.
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Less complex decoders could use, for example, only forward prediction and/or only the motion vector from the
macroblock above the lost macroblock. This would save on storage and interpolation.

D.13.1.1.3 Use of Intra MVs

The motion compensated concealment technique outlined in D.13.1.1.2 could not ordinarily be applied when the
macroblocks above and below the lost/errored macroblock are Intra-coded, since there is no motion vector associated
with Intra-coded macroblocks. In particular, in I-pictures, this type of concealment would not be possible with the
normal calculation and use of motion vectors.

The encoding process can be extended to include motion vectors for intra macroblocks. Of course, the motion vector and
coded information for a particular macroblock must be transmitted separately (e.g. in different packets) so that the
motion vector is still available in the event that the image data is lost.

When "concealment motion vectors" = 1, motion vectors are transmitted with Intra macroblocks, allowing improved
concealme aVaril: . aders-The concealment motion vector associated with an Intra-coded-macroblock is
intended tp be used only for concealment (if necessary) of the macroblock located immediately below theNhntra-coded
macroblodk.

For simplicity, concealment motion vectors associated with Intra-coded macroblocks are always .forward, and are
considered as frame motion-vectors in Frame pictures and field motion-vectors in field pictures.

Therefore] encoders that choose to generate concealment motion vectors should transmit,) for a given Inhtra-coded
macroblodk, the frame- or field-motion vector that should be used to conceal (i.e. to predict, with forward| frame- or
field-basedl prediction respectively) the macroblock located immediately below the Intra-coded macroblock.

Concealmgnt motion vectors are intended primarily for I- and P-pictures, but the \Syiitax allows their use in B-pictures.
Concealmgnt in B-pictures is not critical, since B-pictures are not used as predictors and so errors do not propagate to
other pictyres. Therefore, it may be wasteful to transmit concealment motion veetors in B-pictures.

Concealmgnt motion vectors transmitted with Intra macroblocks located in' the bottom row of a picture cannjt be used
for concdgalment. However, if "concealment motion vectors" =(1,*those concealment motion vectors must be
transmittedl. Encoders can use the (0, 0) motion vector to minimise‘the coding overhead.

When corjcealment motion vectors are used, it is a good idea)to have one slice contain one row of macrdblocks (or
smaller), 4o that concealment can be limited to less than omne,row of macroblocks when a slice, or part of a slfce, is lost.
This meafs that the loss of macroblocks in two successive rows is much less likely, and therefore the ¢hances of
achieving pffective concealment using concealment mgtion vectors is improved.

NOTE |- When "concealment motion vectors" =’ Predictors for Motion Vectors (PMV) are NOT reset whe¢n an Intra
macrobjock is transmitted. Ordinarily, an Intra macroblock would reset the PMVs.

D.13.1.2 Bpatial predictive concealment

The generption of predicted, concealment macroblocks is also possible by interpolation from neighbouring mpcroblocks
within the| one picture (see Annex F, Bibliography, reference [17]). This is best suited to areas of high motjon, where
temporal prediction is not successful, or as an alternative means of concealment for Intra macroblocks when cqncealment
motion vegtors (see D.13.1.}-3)-dre not available. It also could be particularly useful for cell loss after scene changes.

There are [several possible\approaches to spatial interpolation, and it could be carried out in the spatial or DQT domain,
but normally it is onlyfeasible and useful to predict the broad features of a lost macroblock, such as the DC fkoefficient
and perhaps the lowest AC coefficients. Spatial prediction of fine detail (high frequencies) is likely to be urpsuccessful
and is of little value in fast-moving pictures anyway.

Spatial prgdictive macroblock concealment may also be useful in combination with layered coding methodg (i.e. Data
Partitioning or SNR scalability, see D.13.1.3). If in the event of cell loss some DCT coefficients in a macroblock are
recovered from the lower layer, it is possible to use all information available (DCT coefficients recovered in the same
macroblock from the lower layer and all DCT coefficients received in the adjacent macroblocks) for error concealment.
This is especially useful if the lower layer only contains DC coefficients due to bandwidth constraints.

D.13.1.3 Layered coding to facilitate concealment

It is possible to assist the concealment process further by arranging the coded video information such that the most
important information is most likely to be received. The loss of the less important information can then be more
effectively concealed. This approach can gain from use of a transmission medium or storage device with different
priority levels (such as priority-controlled cell-based transmission in the B-ISDN, or where different error protection or
correction is provided on different channels). The components produced by the coding process can be placed in a
hierarchy of importance according to the effect of loss on the reconstructed image. By indicating the priority of bitstream
components and treating the individual components with due importance, superior error concealment performance may
be possible.
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Strategies available for producing hierarchically ordered bitstreams, or layers, include:

—  Data partitioning — The coded macroblock data is partitioned into multiple layers such that partition zero
contains address and control information and lower order DCT coefficients, while partition one contains
high frequency DCT coefficients.

—  SNR scalability — Two sets of coefficients are dequantised and then added together at the receiver before
decoding. One set of coefficients could be a refinement of the quantisation error of the other, but other
combinations (including an emulation of data partitioning) are possible.

—  Spatial scalability — The lower layer may be coded without regard for the enhancement layer, and could
use other standard coding methods (ISO/IEC 11172-2, etc.). The enhancement layer contains the coded
prediction error from a prediction based on the lower layer.

—  Temporal scalability — The enhancement layer defines additional pictures which, when re-multiplexed
with the base layer, provides a combined picture sequence of greater picture rate.

These strgtegies produce layers which, when added progressively, produce increasing quality of the-xedonstructed
sequence. [While some of these source coding techniques may result in a bitrate increase compared to tHe'syst¢m without
layering, the performance of the layered systems, when subjected to channel errors, may be greater.

Considerifg error resilience alone, the hierarchically ordered layers should be handled with dueiquality, such| that some
function (puch as picture quality for a given total bitrate) is optimised. The bitstream domponents may [be treated
differently] at one or more of the following locations:

b Encoder — Different channel coding might be used.

b Channel — The channel may be able to provide different «cell/packet loss probabilitie§ or error
characteristics to the different bitstream components.

b Decoder — Error concealment could be performed differently within each bitstream.

D.13.1.3.1 Use of data partitioning

Data partifioning allows a straightforward division of macroblock data into two layers. The Priority Break Ppint (PBP)
pointer determines the contents of each layer. Ordinarily, data partition 0 contains the address and control information
and the low frequency DCT coefficients, while data partition] contains the high frequency DCT coefficients.

At the engoder the value of the PBP pointer may bedifferent for each slice such that the distribution of bits bgtween the
two layer§ may be controlled (e.g. maintained constant). The distribution may be different for I-, P-, and B-fijames. The
managemgnt of rate between the layers couldymean that, for some macroblocks, data partition 0 contains no DCT
coefficienfs or motion vectors.

Good tolefance to errors can be achievedf channel errors are distributed so that data partition 1 receives most prrors.

It is assunped that errors can be detected at the decoder, so that actions can be taken to prevent errored data from being
displayed.|For data partition 1{ ¢rrored data is simply not displayed (i.e. only data partition 0 is used). Losses ¢r errors in
data partitjon 0 should be mimimised through use of high reliability transport. Decoder concealment actions njay also be
necessary.

D.13.1.3.2 Use of SNR scalable coding

SNR scalgble eoding provides two layers with the same spatial resolution but different image quality, degending on
whether onéor'both layers are decoded. This technique is mainly intended to provide a lower-quality layer that is usable
even when the enhancement Iayer is absent. However, it also provides good error resilience if the errors can be mainly
confined to the enhancement layer.

In case of errors in the enhancement layer, the lower layer can be used alone for the affected image area. Especially in
the case of frequent errors, temporary loss or permanent unavailability of the enhancement layer this concealment is very
effective, since the displayed signal can be made relatively free of non-linear distortions like blocking or motion
jerkiness.

If the enhancement layer is permanently unavailable and so only the lower layer is decoded, a small drift may occur in
the case where only one MC prediction loop is implemented in the encoder. However, this drift is likely to be invisible in
most configurations (e.g. M = 3, N = 12 would normally provide correction often enough).

The lower-layer of an SNR Scalable system is well suited to concealment in the case of a very high error rate, temporary
or permanent loss of the enhancement-layer signal. However, the enhancement-layer quality in the error-free case does
not achieve that of a sub-band like layered scheme (e.g. data partitioning).
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D.13.1.3.3 Use of spatial scalable coding

Spatial scalable coding allows the lower layer to be coded without regard for the enhancement layer, and other standard
coding methods (ISO/IEC 11172-2, etc.) could be used. The enhancement layer contains the coded prediction error from
a prediction based on the lower layer. In case of errors in the enhancement layer, the upconverted lower layer can be used
directly as concealment information for the affected image area. Especially in case of frequent errors or temporary loss of
the enhancement layer, this concealment data is relatively free of non-linear distortions like blocking (which could arise
if high frequency DCT coefficients are completely absent from the lower layer) or motion jerkiness (if the motion
information is omitted from the high priority layer).

In the error-free case the upconverted lower layer is used as an additional source of predictions in a macroblock-adaptive
way to improve the enhancement-layer coding performance. The enhancement layer bitstream therefore consists of the
quantised temporal or lower layer prediction errors.

Spatial scplable coding provides a lower layer that 1s very suitable for concealment in case of a high_erfor rate or
temporary| loss of the enhancement layer. However, the quality of the enhanced picture when both layets\ar¢ available
will not, i general, be as good as other layered coding approaches.

D.13.1.3.4 Use of temporal scalable coding

Temporal [scalability is a coding technique that allows layering of video frames. The spatial Tesolution of franpes in each
layer is thp same but the temporal rates of each layer are lower than that of the source;-however the combinefl temporal
rate of theltwo layers results in full temporal rate of the source. In case of errors in _the ‘enhancement layer, the|base layer
of full spa}ial resolution can be easily used for concealment. Especially in case of-fréquent errors or temporary|loss of the
enhancemgnt layer, the base layer offers good concealment properties.

In some tdlecommunications applications a high degree of error resilience @ight be achieved with temporal scglability by
encoding fthe base layer using the same spatial resolution but only“half the temporal resolution of the dource; the
remaining| frames corresponding to the other half of the temporalresolution are coded in the enhancement layer.
Typically,|the enhancement layer data may be assigned lower priority and when lost, the base layer decoded frames can
be used fgr concealment by frame repetition. This type of concealment leads to only a temporary loss of full temporal
resolution|while maintaining full spatial quality and full spatial resolution.

In HDTV |applications such as those using high temporal resolution progressive video format as source, high degree of
error resillence can be achieved with temporal scalability. Such an application is envisaged to require 2 laygrs, a base
layer and hn enhancement layer, each of which process same picture formats (either both progressive or both jnterlaced)
but at halff the temporal rates. Temporal re-multiplexing of the base and enhancement layers irrespective of their chosen
formats alfvays results in full progressive teniporal resolution of the source. In HDTV transmission, if the lower priority
enhancemgnt layer is corrupted, the base*layer can be used for concealment, either directly, as in case of grogressive
format bage layer or after reversal of.parity of fields for interlaced format base layer.

Typically,|the enhancement ldyer data may be assigned lower priority and when lost, the base layer decoded frames can
be used fpr concealment by Jeither frame repetition or frame averaging. This type of concealment leads|to only a
temporary|indistinguishable loss in temporal resolution while maintaining full spatial quality and full spatial resolution.

D.13.2 Ppatiallocalisation

Spatial lofaliSation encompasses those methods aimed at minimising the extent to which errors propagatp within a
picture, by providing carly resynchronisation of the elements in the bitstream that are coded dilferentially between
macroblocks.

Isolated bit errors may be detected through invalid codewords and so a decoder designer may choose to allow an errored
sequence to be decoded. However, the effect on the picture is difficult to predict (legal, but incorrect, codewords could
be generated) and it may be preferable to control the error through concealment of the entire affected slice(s) even when
only one bit is known to be in error somewhere in a block of data.

When long consecutive errors occur (e.g. packet or cell loss), virtually the only option is to discard data until the next
resynchronisation point is located (a start code at the next slice or picture header). By providing more resynchronisation
points, the area of the screen affected by a loss or error can be reduced, in turn reducing the demands on the concealment
techniques and making the errors less visible at the expense of coding efficiency. Spatial localisation of errors is
therefore dependent on controlling the slice size since this is the smallest coded unit with resynchronisation points (start
codes).
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D.13.2.1 Small slices

The most basic method for achieving spatial localisation of errors is to reduce the (fixed) number of macroblocks in a
slice. The increased frequency of resynchronisation points will reduce the affected picture area in the event of a loss. It is
effective in any transport or storage media, and in any profile since the slice structure is always present in MPEG coded
video.

The method results in a small loss of coding efficiency due to the increase of overhead information. The loss is about 3%
for 11 Macroblocks per slice and 12% for 4 Macroblocks per slice based on Recommendation ITU-R BT.601 picture
format at 4 Mbit/s, (percentages calculated relative to a system using 44 Macroblocks, or one picture width, per slice).
The efficiency loss results in degradation of picture quality up to about 1 dB with 4 Macroblocks per slice and 0,2 dB
with 11 Macroblocks per slice without errors at 4 Mbit/s. However, the method performs approximately 1 to 5 dB better
at CLR = 1072, depending on the concealment method used (simple macroblock replacement or motion compensated
concealment).

From the fiew point of perceived picture quality, the performance ol this method 1s generally dependent on fhe relative
size of slige size and picture. Therefore, the slice size should be decided by considering the picture size (insmacroblocks)
and the trgde-off between coding efficiency and visual degradation due to errors.

D.13.2.2 Adaptive slice size

There is g significant variation in the number of bits required to code a picture slice, depending on the coding mode,
picture activity, etc. If slices contain only a few macroblocks, it will be possible that one.transport packet, eyen a short
packet or|cell, could contain several slices. Offering multiple resynchronisation points in the same transport packet
serves no purpose. Another problem with the simplistic short slice approach is that_beCause no account is tgken of the
transport packet structure, the first valid transport packet after a loss could contajn.most of the information for p slice, but
it is unusaple because the start code was lost.

An impropement over the small slice method may be to use adaptive slice sizes. As the encoder is proglucing the
bitstream, [it keeps track of the data contents within transport packets. The start of a slice is placed at the first gpportunity
in every tiansport packet (or in every second, third, ...). This approdehican achieve about the same spatial locglisation of
errors as sall, fixed size slices, but with a greater efficiency.

However, [this method ONLY gives an advantage for cell or packet based transmission, or where error detection occurs
over a large block of data. The frequent resynchronisationoints of small slice localisation are only wasteful iffmore than
one is lost in the event of an error. If isolated bit erross affect just one slice anyway, then there is no adyantage in
adapting the slice size.

Furthermdre, the adaptive slice size technique requires an intimate connection between encoder and packetisdr, to allow
a new slicp for a new packet or cell. As such, it may not be appropriate for some applications (e.g. stored video intended
to be distr{buted by multiple means) becaus¢-only one transport packet structure would be assumed during encdding.

D.13.3 Temporal localisation

Temporal [localisation encompasses those methods aimed at minimising the extent to which errors propagate frpm picture
to picture|in the temporal sequence, by providing early resynchronisation of pictures that are coded differeptially. An
obvious why to do this is te_make use of intra mode coding.

D.13.3.1 Intra pictures

By use oflintra pictures a single error will not stay in the decoded picture longer than (N + M —1) pictures if|every Nth
picture is ¢oded intra and (M-1) B-pictures are displayed before each I-picture.

While the intra pictures, normally used as "anchors" for synchronising the video decoding part way through a sequence,
are useful for temporal localisation, care should be taken in adding extra intra pictures (i.e. reducing N) for error
resilience. Intra pictures require a large number of bits to code, take up a relatively large proportion of the encoded
bitstream and, as a result, are more likely to be affected by losses or errors themselves.

D.13.3.2 Intra slices

To avoid the additional delay caused by intra pictures, some applications requiring low delay may want to update the
picture by coding only parts of the picture intra. This may provide the same kind of error resilience as intra pictures. As
an example assume that a constant number of slices per picture from top to bottom are intra coded so that the whole
picture is updated every P-pictures. Three aspects of this kind of updating should be kept in mind:

e  While an errored portion of the scene will ordinarily be erased within P-pictures (with an average duration
of about P/2), it is possible that motion compensation will allow the disturbance to bypass the intra refresh
and it may persist as long as 2P-pictures.
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e To ensure that errors are not propagating into the updated region of the picture, restrictions could be put
on motion vectors, limiting the vertical vector components to ensure that predictions are not made from
the "oldest" parts of the picture.

e The visual effect of clearing errors can be similar to a windscreen wiper clearing water. This windscreen
wiper effect can become noticeable in some cases in the error free sequence, unless the rate control

mechanism ensures that the quality of the intra slice is close to that of the surrounding non-intra
macroblocks.

D.13.4 Summary

Table D.3 summarises the above error resilience techniques, with a guide to their applicability.

Table D.3 — Summary of error concealment techniques

Category Technique Profile/Applicability.

Concealnjent Temporal predictive— Substitution | Any profile. Most suited to static pictlires.
from previous picture
Temporal predictive — Motion Any profile. Choice of sophistication in motign vector
compensated estimation.
Temporal predictive — Using Any profile, but calculatidn of Intra MVs is an encodpr option.
concealment MVs
Spatial predictive Any profile. Not,stutable for static, complex pictures,
Data Partitioning Not currently) used in a profile, but may be [added as

post/pre-processing. Minimal overhead and cgmplexity.
Depending on bitrate allocation, lower layer may n¢t provide
usable pictures by itself.

SNR Scalability SNR SCALABLE, SPATIALLY SCALABLE, HIGH profiles.
Suitable for very high error rates or temporary unavailability of
the enhancement layer. Relatively simple to implement.

Spatial Scalability SPATIALLY SCALABLE and HIGH profiles. Suitable for
very high error rates or temporary unavailabilify of the
enhancement layer.

Temporal Scalability Not currently used in a profile. Suitable for very high error
rates or temporary unavailability of the enhancement [ayer.
Spatial L¢calisation Small Slices Any profile
Adaptiye slice sizes Any profile, but requires knowledge of trahsmission
characteristics when packet size is decided.
Temporall Localisation Intra pictures Any profile, but has delay implications.
Intra slices Any profile, but errors may persist longer than for Infra picture
method.

It is not possible to provide a concise indication of error resilience performance, because assessments must necessarily be
subjective and application dependent, and so should be taken as nothing more than a guide. It is also true that several
different approaches to error resilience are likely to be used in combination. However, the following descriptions are
provided as some guidance to performance. They are the results of cell loss experiments, looking only at cell-based
transmission of video information.

A simple macroblock substitution from a previous frame combined with the small-slice method (4 macroblocks per slice)
will provide adequate picture quality for most sequences in the presence of rather low error rates of around CLR = 103
(in a reference 4 Mbit/s, Main Profile, Main Level system).

Including sophisticated motion compensated concealment (with full spatial and temporal interpolation of motion vectors

for lost macroblocks, and concealing losses in P-pictures that use intra slice updating, i.e. N = infinity, M = 1) provides
adequate picture quality at CLR = 103 (again, in a reference 4 Mbit/s, Main Profile, Main Level system).
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Operation in environments with greater loss may require use of one of the layered coding methods. With adequate
protection of the high priority information, these schemes can provide adequate performance in the face of CLRs as high
as 1072 or even 101, Data partitioning, implemented as a post-processing function to a 4 Mbit/s Main Profile, Main
Level system, with 50% of the rate allocated to each partition and no loss in the base layer, has been shown in one
example to give approximately 0,5 dB loss in SNR at a CLR of 1073, about 1,5 dB loss at 102, and with almost no
visible degradation in either case.

Given the range of different layered coding approaches that are possible, some general comments may be useful. In
general, it is not expected that inclusion of the most complex layered coding methods could be justified purely on the
basis of error resilience. Instead, they could be utilised for error resilience if they were required to satisfy other system
requirements. Data partitioning is very simple to implement and is likely to provide error resilience very nearly the same
as any of the other methods except in the case of extremely high error rates (> 10% loss) or where the enhancement layer
could be lost completely. SNR scalability is slightly more complex, and has slightly lower efficiency than data
partitioning, but it is easier to produce lower layers of a usable quality when the enhancement layer is absent. Spatial
scalabilitys—nere-eomplex—again—but-provides-a—sgoodlowerlayerpicture—quality-at-the-expense—of-overal(two layer)
efficiency

D.14 Concatenated sequences

Sequence foncatenation occurs when an elementary stream contains a sequence ending with a sequence _end_dode that is
followed by another sequence starting with a sequence_start code. Any parameter including'but not limited|to profile,
level, VBY buffer size, frame rate, horizontal size, vertical size, or bitrate, which is not allowed to change witHin a single
sequence nay change from sequence to sequence.

The behayiour of the decoding process and display process for concatenated sequences is not within the sc¢pe of this
Recommepdation | International Standard. An application that needs to use¢ coficatenated sequences must|ensure by
private arfangement that the decoder will be able to decode and play concatenated sequences.

Applicatiqns should ensure that decoders will have an acceptable behaviour when parameters change. Fqr example
changes tq the

- frame size;
- frame rate;

- field parity of the first displayed field of\the new sequence versus the field parity of the fina] displayed
field of the previous sequence;

- buffer status,

amongst ofhers may cause problems.
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Annex E

ISO/IEC 13818-2 : 2000 (E)

(This annex does not form an integral part of this Recommendation | International Standard)

E.1 Syntax element restrictions in profiles

This annex tabulates all of the syntactic elements defined in this Specification. Each is classified to indicate whether it is
required to be supported by a decoder compliant to a particular profile and level. Note that normative specifications for
compliance are given in ISO/IEC 13818-4.

NOTE - This annex is informative and is simply intended as a summary of the normative restrictions set out in clause 8.

If, becafise of an error in the preparation of this text, a discrepancy exists between clause 8 and Annex E, the norm:

clause § shall always take precedence.

In the Tablles E.2 to E.19 a number of abbreviations are used as shown in Table E.1.

Table E.1 — Abbreviations used in the Tables of Annex E

tive text in

their use\is beyond the scope of this Recommendation

International Standard.

Abbreviation Used in Meaning
X Status Must be supported by the decaoder.
o Status Need not be supported by the-decoder.
D Type Item with Level-dependent parameters.
I Type Item independentofithe Level in the Profile.
P Type Item for post-processing after decoding; the decoder must [be
capable of decoding bitstreams which contain these items, Put

NOTE - "Status" is kept blank if an entry is not a syntactic element.
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Table E.2 — Sequence header

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Cofmments
01 | horjzontal_size value X X X X X X D | Table 8-
02 | vertical_size value X X X X X X D | Table8-11
03 | aspgct_ratio_information X X X X X X P
04 | frampe rate code X X X X X X D, | Table 8-11
05 | (sarhple rate) D' | Table 8-12. Sample ratefis a
NOJE - This is not a syntactic element product of samples/line,
lines/frame and frames/spc.
06 | bit |rate_value X X X X X X D | Table 8-13
07 | vbv| buffer_size value X X X X X X D | Table 8-14
08 | conptrained_parameters_flag X X X X X X I Set to "1" if ISO/IEC 11]172-2
constrained,
Set to "0" if ITU-T Rec.[H.262 |
ISO/IEC 13818-2
09 loacr_intra_quantiser_matrix X X X X X X 1
10 intlla_quantiser_matrix [64] X X X X X X I
11 | load_non_intra_quantiser_matrix X X X X X X I
12 | non intra_quantiser_matrix[64] X X X X X X 1
13 | seqyience extension() X X X X X X I | Always present if ITU-T|
Rec. H.262 | ISO/IEC 13818-2
14 | seqyence display extension() X X X X X X P
15 | seqyence scalable extension() 0 o X X X 0 I | Table 8-9 for maximum pumber
of scalable layers
16 | uset data() X X X X X X I | Decoder may skip this data
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Table E.3 — Sequence extension

ISO/IEC 13818-2

: 2000 (E)

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | profile_and_level_indication X X X X X X D | Profile: one of 8values
Level: one of\16Values
Escape bjt; on€ of 2 valyes
02 | progressive_sequence X X X X X X I
03 | chrpma_format X X X X X X I | Table'8-5
04 | horjzontal_size_ extension X X X X X X Dr | Input picture size related
05 | vertical size extension X X X X X X D | Input picture size related
06 | bit |rate_extension X X X X X X D | Input picture size related
07 | vbv| buffer_size_extension X X X X X X D | Input picture size related
08 | low| delay X X X X X X 1
09 frape_rate_extension_n X X X X X X I | Setto "0" for all defined]profiles
10 fral‘ne_rate_extension_d X X X X X X 1 | Setto"0" for all defined|profiles
Table E.4 — Sequence display extension elements
Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Comments
01 | video_format X X X X X X P
02 | colour_description X X X X X X P | Input format related
03 colour_primaries X X X X X X P
04 transfer_characteristics X X X X X X P
05 matrix_coefficients X X X X X X P
06 | display_horizontal_size X X X X X X P | Input format related
07 | display_vertical size X X X X X X P | Input format related
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Table E.5 — Sequence scalable extension

Status Type
Multi-view
4:2:2
HIGH
SPATIAL
SNR
MAIN
SIMPLE
# Syntactic elements Compments
01 | scalable_mode o 0 X X X 0 X SNR Profile; SNR Scalapility
Spatial and’High Profilef SNR
and/aD-Spatial Scalabilit
Multisview Profile: Temporal
Scalability
02 | lay¢r_id o o X X X o X
if (§patial scalable)
03 Tower_layer_prediction_ o o o X X o I Table 8-12 for luminancg
horizontal_size sampling density
04 Tower_layer_prediction_ o o o X X o o Table 8-12 for luminancp
yertical_size sampling density
05 horizontal_subsampling_ o o o X X o o
Hactor_m
06 orizontal_subsampling_ 0 o Q X X o o
actor_n
07 ertical_subsampling o 0 o X X o o
actor_m
08 j'ertical_subsampling_ Q o o X X o o
actor_n
if (tpmporal scalable)
09 ?icture_mux_enable o o o o o o X
10 +1ux_to_progressive_sequence o o o o o o X
11 +icture_mux_0rder 0 o o o o o X
12 *icture_mux_factor o o o o o o X
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